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ABSTRACT

The concentrations of twelve trace and major el enents
were determned in dry and wet collections of Harmattan dust
in Kano and Zaria Station.

Various nethods of extraction were tried, however,
hydrofluoric acid - hydrochloric acid - nitric acid
di gestion; a nodified hydrofluoric acid - hydrochloric acid
di gestion; and Hydrofluoric acid - Sodium Carbonate fusion
hydrochl oric acid digestion were found to be the nost
sui tabl e.

Determ nation of cobalt, chrom um copper, nickel
magnesi um nmanganese, Sodi um potassium zinc, calciumBead and
iron in Harmattan dust sanples were carried out by atomc
absorption spectroscopy.

Two paraneters were cal culated: "enrichnent factor”
(Ef) which is the ratio of anelenent to Fe in the nedia
analysed relative to the ration of the sane elenents in
soil (Crust), and the wet and drt deposition (W and DD
respectively) rates of the Harmattan dust.

Attenpts were made to charaterise the mnerals in the
Harmattan dust using X - ray diffraction technique, to
determne the particle size ranges using sedinentation
nmet hod, and to find the percentage of benzene sol uble

organi ¢ conpounds in the sanple.
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CHAPTER I

1o INTRODUCTTION
11 ALl OF THE PROJECT

There appears to be no reliable data, collected
Systematically over an adequate number of years, on the quantity$
periodicity and chemicol composition of dust received by
soils of natural and agricultural ecosystems in oases,
desert fringes and morc distant peripheral vegetatione
Studies are necde: on the nutrient regimes of such soils

and the dynamics of nutrient inputs via dust in order to

determine whether air - borne deposition represents a
significant percentage of the “total", "plant available"”
and "supplying power™ for nutrients in different soil types.
Such studies arc of particular importante with respect
to the macro = nutricnts (ilagnesium, Calcium, Potassium and
Sodium) and with micro - nutrients (Cobalt, ¥-anganese,
Copper, Zinc and Nickel)
142 AEROSOLS
An aerosol in thce atmosphere is de€ined as being a disper-

sion of so0lid or liguid matter ir 1ir. whem the natural



2a
acrosol is supplemented by pollutant aerosol in the form
of smoke, ash, acid mist, and soluble salts, the properties
of the atmosphere may be adversely affected.

The physical properties of the atmospheric acrosol
aficet human health, either by allowing penetraticn of the
lung and causing irritztion to the internal membranes,
or by Ltransportinf adsorbed toxic dages and vapours
deeper into the lungs than they would normally travel.

The respiratory ailr passages begin at the nasal cavity,
pass through the trachea, bronchi and bronchioles, ond cond
at the alveolia The diameter of these passages and the
velocity of air flow thpough them also decrease ib this
order. Larger particulates are therefore unable to penetra
te into the narrow branches of paséages, but smaller ones
can easily reach the alveoli.2 . -

A wide range coforganic compounds has been fourd in the
atmospheric serosl. These include all the straight -
chain alkcnnesi’z, from C18 to C34, at least thirty poly-
cyclic hydrocarbons, and many heterocylic compounds, The

best known aromatic polycyclic hydrocerbons are the benzpyrehese.



‘Harmattan:

Apparently @ native name in West /frica, from h.ramata, the name in
the Fanti or Twi language of West africa (1671).

hccording to Norris (1780) “a corruption of iherramantah,
compounded of sherramsn .o blow and tah tallow, ,reause, with which
the patives rub their skin to prevent their groving dry and rough.
L desiccating wind in Africa, blows from the norili east between
November and April in the north and for a decrc .ning period in the
south, ‘It has a hurtful effect on vegetation :nd on the human body,
drying up the eyes, nostrils ana mouth,
1.3 Mobilisation of Saharan Dust:

Desert dust originatas3 from wind erozion of alluvial deposits
in desert mountain valleys.

Thus fine dust material would be ultimately iroduced by
chemical weathering of primary minerals in mountuins.

On the other hand, some o the desert dust may be produced

by crystalline breckage of saltating grains (b (5)



The production of dust is related to verinbley of surface soil

texture, wind speed, vegetation, vegetative reusiiune, surface
roughness, soil aggregate, size distribution and soil moisture,
There are different kinda of disturbances uf"ecting parts
of the Saharan area during different seasons.7'u'
~ The impact of human action can considerably iﬁ&rease wind
erogion through: Cultivation (fcr subgigtence ond market economy),
improper grazing, cutting wood foxr fuel or other use, ete, o
There are several well documented cases uvlicre an atmogpheric
traneport of Saharan dust over distances of up tc several thousand

3,9.

kilometers has been evident. ;
These trangports have been dﬁcumentéh.by metruements of
furbidity and of dust concentraticn in the air, wnd have also been
confirmed by statellite images. | |
There is also no dou'.% that & considerable trinsport of dust
takes place from an area sputhwest of Tibesti rexsion of the central
Saharan into the countries along the northern cocat of the Cuwlf of

. 8 .
Guinea.” Occasional intrusion of Saharan dust into Iurope as far

north asg Scandinavia have also been documented,



It has been estimate’ that the contribution of Saharan

dust to the total burden of tropospheric aervsols ie about

60 - 2000 million tons per year.h It is clecr that the Saharan

is a very important source and that appreciable variations

in its strength could have significadfimglications on the
regional and global burdem of mineral dust, Lhis implies that
changes in the dust output from the Saharun {be they natural
or man-made) is of potential significance for ihe regional
and global climate.

1.4 Deposition of Saharan Dust

Saharan dust is said to be the source for
deposits in places such as Israel, the Nile valley and the
Cape Verde Islands.

It has been suggested that it also may be the origin
of some soils on Islands in the Western .tlantic such as
Bermuda, the Bahamas and the ‘est Indies.11

The deposition of nutricnts associated with Saharan
dust into ocean water may under certain conditions contribute
significantly to the productivity of the suriice waters, for

example, off the coast of West Africa, 2* '3

5.
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Saharan dust most likely also gives significant
contributions to the sediments in the Mediterrancan and in

the Western parts of the equatorial Atlantic.

1 « 5 Production of Eoiian Dust in_jjg;jﬁyy%{_Zoné and in

the Sahara:

The aridity of the Sahara, the high temperatures

reached by its scil and the strong diurnal thermic turbulence
resulting from these, are all factors which favour the produc-

tion of dust and its suspension in the atmosphere. The
directions of the prevailing winds account for the transport
of this dust towards the Sudan and towards thce Atlantic off
Mauretania and Senegal, but do not explain its movement
towards the continent of Europe.

The Sahara, with its axis aleong the troplc of Cancer,
is a hot desert, perhaps a typical example of a hot desert,
It is a region where rckn 1s extremely rare.

Drought is therefore a normal phenomenon. To this lack
of rain is added the great evaporating power of the Saharan
atmosphere. The lack of rain and the strong potential

evaporation result in a thinning out and, later disappearance
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of the Vecctation cover, which in its turn facilitates an
eolian soil drift.

In vifnter and at ground level all the Sudaness regions
are under the influence of the Ssharan desert climate
swept by the harmattan, drought sets in every where, ponds
disappear and their alluvial surfaces become the prey of
wind erosion. Thermic turbulence, due to high near-ground
temperatures, is considerable in the day-time and keeps in
suspension the dust torn away from the soil of the Southern
Sahara and th= Sudanes® Sahel during dust stormse.

This constitutes what has been aptly named the
"harmattan haze" or "dry haze" or again "dust - haze".
This haze 1s a striking phenomenon for aeroplane passengers
as it entirely conceals the country side, in the same way
3s low clounds.

Indeed, it is difficult to distinguish between haze
due to dust in suspension and that caused by humidity in the
air, when the two are not combined. Their effect upon the
soil is, however not the same.

The harmattan dust particles are very fine opalescent
particles which are so minute that they can remain air-borne

for a considerable length of time.



The presence of these harmattan dust .crticles
constitutes a dusty atmospherc and a dusty =taosphere is
defined as an atmosphere in which obstruction to vision
is brought about by the presince of extremely dry 2and minute
dust particles in the air with vieibility reduced to less
than 1 kilometre by natursl dust.

It is known that the dust which affect ~ (reater part of West &
Africa in winter, particularly the Nigerian Zone, comes
m2inly from the north eastern Oazhara usually :ilong the alluvian
plain of Bilma and Faya Largeau, W15

This is illustrated in Figure 1, There ..re several
source areas for the Saharan dust, but lhe ome which is
responsible for the existence of the dustgr tmosphere over
Nigeria and adjoining West Africa countries iz the Bilma-Faya
Largeau area,

The dust particles are then transporie. down wind from
the source region in a "Plume' form towards lhe Culf of
Guinea by the strong north-ecsterly winds izi:on a southe-
westernly trajectory over Higeria.

On the average it takes about 2 hours for the dust to
reach the northern border of liigeria with the dust front

moving at 15 knota.16 (1 knot - 1,853 metres per hour),



the transport of the Saharan dust.

The moisture content of the atmosphere or lvmidity is

perhaps one of the most importunt factors conirolling dust

e



. . | ) . . . 10‘
transport in the atmosphere. Characteristically tﬁe tiny
dust particlee belave as condensation nucleil whézh have a
great arfinity for water and by absorbing water they grow
becoming heavier and Sediment out of the atmospherea.

Thus 1f the Sahara dust comes over to a section of the
atmosphere where the molsture content is high, the immediate
result will be that a large amount of it would Sediment out

giving rise to improved visibility.

1 « 6 E;esent sStudies

Analytical study of Harmattan dust samples collected
from Zaria and Kano over the period October '79 - May5 &0
by dry and wet methods of collection have been carried out
to: _
(i) determine the requisite condition to bring sampiesjinto
Solution,
(ii) determine Ca, !igyMn, Co, Ni, Pb, Fe, Zn, Cu, and Cr
Using A 3400 Atomic Absorption mode, and K and Na by the
Emiscion mode of the same spectrophotometere
(1iii) investigate the organic materials by suitable extration
methods andg

(iv) determine the particle size ranges of the Harmatian dusta.
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CHAPTER IT

EﬁMPLE COLLECTION AND ANALYSIS

2 .1 Collection of The Harmattan Dusta.

The dést collection technique was designed to measure
the amount of Harmattan dust falling onto the groud from
suspension in the atmosphere. Dust traps were set up 9 metpes
1 above ground level on the roof of a building on the
campuses of Ahmadu Bello Universaity, Zaria, and Bagero
University Kanc, lisclated from local s0il dust movement.
Buckets exposed in the air stream to collect dry particles
wgs used to estimate dry depositione

Particles can blow both in and out of a container in
varying degrees depending on the wind speed, and the
particle size, Wet deposition method was then designed by
placing distilled water in the buckets te avoid loss of
dust alresady collected.

Experimental

Materials:
Enamel cooking bowl with a top diameter of about

60em and 20cm deep;



Polyethylene buckets, eaclh 30 ﬁm diametér
and 30cm deep;

Plagstic and glasse beakers;

Mosquito mesh built into a wooden frame;
Brush,

Procedure for Wet Deposition Methed (I D)s

The dust trap {or wet deposition method was either an

enamel cocking bowl or Polyethylene buckets filled to a depth

of about Bem with de~ionised water. To detor birds Trom

drinking the water and polluting the Sample, 2 similar bowl

was placed on the same roof filled to the toy with tap woter.

Here, the birds find it eagier to drink since they czn stand on

the tip of the bowl., They therefore avoid the collecting
bowl. |

Water level was maintained daily., The dust Samples
were collected weekly, The dust laden water was carefully
transferred to large plastic beakers and the bowl carefully
washed out with de~ionised water. The beakeors were then
' placed in large oven to evaporate off the de—ionised water.
When the volums has been substantially reduced the sample

was washed with de~ionised water into small pre~weighed

124
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glass beakera and evaporated to dryness. 'lhe dust sample
was then weighed and transferred tc a sample bottle for

subsequent analysis.

Procedure For Dry Jepogition Method (LD):

This congists of enamel bowl coverec with a moogquito
mesh built inte a wooden frame. This regquires no attention
and was collected weekly. The mesh was firsy brushed and
then removed. Dust material wuc dissolved/rinsed out of
the dry enamel bowl with de~ionised water, “

The dust and de-ioniced water were curefully iransfered
to large plasiic beakers and the bowl carefully washed out
with de~ionised water. The waler was evaporuated in laboratery
ovens weekly and the residue weighed,

The rate of deposition of the harmottan dust for the
period of collection (October - May) both in Kano ind Zaria

is shown in table 1.



Weekly Depogition Rates of Raimattan Sust (1979/80) In
Kano and Zaria Stations

WEEK PERIOD Kgﬁmé 252211 kb T3 E?§2
1 ! Qct. Sth=Oct. 12th - 2.3207 - 1.6509
2 l Oct, 12th«0ct. 19th - 3.9903 - 1.467h
3 { Oct. 19th~Oct. 26th - 3,569 - 1.0896
L ! Oct. 26th=Nov. =2nd { 2.1659 2.3017 2.9560 1.57.90
5 | Nov. 2nd-Nov. 9th | 3.1064 . 3.3016 3.6758 14782
& | Nov, 9th-Nov. 16th { 2,1739 2,6528 2.2715 1.2536
7 | Nov. 16th=Nov, 23rd | 3.1371 3.2767 347499 2.9789
8 | Nov. 23rd-Nov. 30th | 6.2180 5.4608 59550 247350
9 i Nov, 30th-Dec, Tth | 4.3712 L5535 5.6017 2.3817
10 | Dec. 7th~Dec. 14th | 2.9631 2.6079 2.5837 13574
11 | Dec. 14th-Dec, 21st | 3.2878 3.5002 3.7269 2.,0361
12.; Dec. 21st-Dec. 28th | 2.3593 2.9928 2.6443 1,1658
13 ibec. 28th=Jan. hth | 4.9233 3.9070 3.2911 1.9517
1y {Jan, Lth=Jan, T1th | 4.1955 Le56.97 Le1513 2,2679
15 " Jan. 11th=Jan. 18th | 3.4850. 3,288 3.5197 1.6152
16  Jan, 18th-Jan, 25th | 7.9660 6.1715 6,228 2,0557
17 ; Jan. 25th-Feb, 1st | 2,6020 2.8887 2.6203 1.4992
18 EFeb. 1st=Feb, Bth | 8,2788 7.0396 7.9735 35279
19 |} Feb, Bth-Feb. 15th | 5,8185 L. 1482 D.267) 31,6342
20 | Peb, 15th-Feb., 22nd { 6.0938 5.+9305 5¢1370 2.4632
21 | Feb. 22nd-Feb. 29th | 44,9569 L1571 5.0292 2.8758
22 | Peb. 29th-Maz. Tth | B8.296l 8.8838 8.4691 L.7356
23 | Mar. Tth=Mar. hth { 4,7356 4. 1482 }.9823 2.3127
24 | Mar. 1htheMar. 21st | 7.9294 7.2788 T.9470 341937 .
25 (Mar. 21gt-Mar. 28th | 6.8571 6£.5855 6.0135 2.5927
i -




Taple 1 cont'd

WEEK PERIOD mgl f_ Mmp i.‘»JDmgII :E:-.
26 | Mar. 28th-Apr. Lth| 5.1477 5.2117 5.552L 3.6488
27 | Apr. Lth-Apr. 11th| 5.6368 3.687L 5.4023 2,5025
28 | Apr. 11th-ipr. 18th] 6,1319 6.7863 6.2998 2.5025
29 | Apr. 18th-Apr. 25th] 6,64L0 6.,9136 6.8650 2.3416
30 | Apr. 25th-May 2nd | 12.89.80 13.6275 11.6092 7.5166
31 | May 2nd-May 9th | 11,9189 10.5473 11.8595 7.268L
32 | May 9th-May 16th - - - -

33 | May 16th~May 23rd - - - -
3L | May 23rd-May 30th 13.£289 14.3584 12,5075 -
TOTAL 167.7272 17340542 163.48L4 82,1597

KWD I Kano Wet Depositidn method I

Kwh II Kano Wet Deposition method II

KWwD III Bano " " method III

KDD Kano Dry Deposition

KESA Kano Dry Deposition Ecolngical Stction

ZhD I Zaria Dry Deposition method

Zp 11 Zaria Dry Deposition method II

2wD 1 Zaria Wet ®eposilion method I

ZWD 11 Zaria Wet Deposition




Table 1 cmnt'd

.

Weekly Deposition Rates of Hermattan Imst (1979780 In

Kano and Zaria Stations

e — e

. | K ESA | 20D 1 ; 7DD 11| WD I | WD IT
| WEEK! PERIOD b gfma ; g/mz gfmz gfmz E gfﬁz :
P Oct. 5th-Oct. 12th! 0.9912 1. 1006 141372 2.8630 -
2 Oct. 12th-0Oct. 19th| 2.0875 0.6761 0.7073 0.956 -
3 Oct. 19th-0Ost. 26th! 3,1522 0.5136 0.4879 21586 -
i« | Oct. 26th=Nov. 2nd{ 3.L716 1.0270 1.6292 2,5923 | 2,0955
5. | Nov. 2nd-Nov. 9th| 3.LL37 1.0243 1.0518 | 2.8603 | 2,9965
& | Nov, 9th-Nov. 16th| 2.3290 2, 2067 1.9829 | 2.914% | 2.0704
7 ! ¥ev. 16th-Nov. 23rd| 2.7542 2.096) 2.7247 3.0100 | 3,5772
8 Nov, 23rd=Nov. 30th|] 3.2940 2,382} 1.7173 5.6396 | 5.6935
9 { Mov. 30th-Dec. Tth| 3.20L8 1. 7LO7 101328 8955 | L2183
10 | Dee. Tth-Dec. thth| 3.1608 | 1,0852 1.259L | 22,7170 | 2,7703
11 | Dec. MWith-Dee. 21st! 3.0420 1.3001 1 1.4509 | 2.2471 } 2,834
12 | Dec. 21st~Dec. 28th| 3.9369 1.9796 1.5749 2,9028 { 2,4L738
13 { Dec. 28th-Jan. Lth{ 3,0575 1.5291 1,901 3.3867 | 3.2503 ;
i 1 Jan, LtheJan. 11th| 3.1679 1.8735 143321 3.1208 | 3.3433 i
15 Jan. 11th=Jan. 18th] 2.6608 1,2822 1.492) 3.0450 & 3.1708 }
16 | Jan, 1B8theJan, 25th] 3.1676 2.5583 2.3828 6,2759 | 6.1703
17 { Jan. 25th-Feb, 1st| 2.3090 1.9038 1.5712 2.4683 | 2.0653 ;
18 | Peb. 1st-Feb, 8thi L.03817 ! 3,0628 3,1938 6.3039 | 6.5936 |
19 Feb. 8th-Feb. 15th{ 3.7077 2.7597 743479 5.4976 | 5.1199
20 Feb. 15th=Feb, 22nd{ 3.2305 1.0278 1.068L 3.85L5 | 3.8966
21 Feb, 22nd-Feb. 29th | 3.9569 2.9177 241595 L6356 | 4.0633
22 | Peb. 29th-Mar. 7th| L.7532 3.2059 3.0L69 1 7.1305 1 7.9203
23 [ Mar., 7theMar. 14th| 2.4962 1.5785 1.5329 | L7811 ] L.8966
2l Mar. ihth=Mar. 21st| 3.3610 1.7621 17557 | 7.9001 | 7.7379
25 Mar. 21gt=Mar, 28th{ 3.6801 243541 2.8175 €.5537 | 5.6345




Table 1 cont'd

iwm{i PERIOD | B ; i e 3 'MD; | Mﬂ?—
\ — &’ - s o, S it N i | o
126 | Mar, 28th-Apr. Lth 3.2631 | 2,5018 | 2.6982 | 5.9470] L.9315
'27 | Apr. LtheApr. 11th  3.5567 | 2.3406 | 2.2708 | L.7001| 4.9315
’28 Apr. 11th-Apr. 18th| 2.1570 : 2.0352 2,0090 60411 | Gu4345
{29 | apr. 18thespr. 25thl 3.5932 | 2.2618 | 2.3120 [ 6.6011| 63625
i 30 | Apr. 25th-May 2nd|': 10,9575 ’ 11,7436 7.3088 | 10.,LL400 | 11.83L5
31 May 2nd-May 9th | 16,2867 | - - 12,0096 9.1868
32 |May 9th-May 16th { - | - » 11,5509 -
313 May 16th-May 23rd | - - - - -
34 | May 23rd-May 30th - J‘ - - il B
TOTAL 118.2712 ‘r 65,8906 ! 60.7u68 |158.809L 1137.3513 |

KwD T Kano Wet Deposition method I

KWD 11 Kano " " method II

KWD III  Kano " " method III

KDD Kano Dry Deposition

KESA Kano Dry Deposition Ecological Station

ZhD 1 Zaria Dry Deposition method I

ZbhD II Zaria Dry Deposition method 11

ZWD I Zaria Wet Deposition method I

WD 11 Zaria Wet Deposition methed II



2.2 Particle Size snalysis

This is done by the Sedimentation met..od, lwo types of
which are known the pipette ~nd the hydrometer nethods,.

The pipette method is the most aecunate,26 albeit a
very laborious and time-consuming method of the particle
size analysis. It involves the pipette sampling of the finer
ao’'L fractions, clay and silt, at a standard depth in a 1,000ml
eylinder and at specified times according to ihe temperature
of the suspension, and sieving mechanicall; %o separate
the different size grades of sand particles,

- Experimental

Materials:

Analytical -~ reagent grade chemicals were used throughout

Acetate buffer solution (PH 4.8).

208.,6ml of glacial acetic acid,

68,0L4g of sodium acetote trihydrate were made up to
S00ml with de-icnised witer

Hydrogzen Peroxide 305 volume

Calgon 0,1% (?/v) (sodiwn hexa ~ met: phosphate)

18,
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Procedures 2,0g of harmattan dust was weighed and

soaked over night in acetate buffer soﬁution to dissolve all
the Carbonates. The suspension was centrifuged to allow the
Soil Particles to settle., The supernatant liquid was thrown
away with the dissolved Carbonates. Distilled water was

added to the sample in the centrifuge bottle to wask the soil
Cclean of the acid and the dissolved scluble salts. It was
then centrifuge againe

The sample was transfered into a 1,000-ml beaker and
30% hydrogen peroxide was added. The beaker was place oh a
hot platc. | | | .

The dricd zample was transfered into é 200-ml
centrifuge bottle. Distilled water was added to wash away
the hydrogéﬁi;eroxide and the oxidised organic matters

It was then centrifuge again, _ ey

Calgon (0.1%) {(sodium hexa - metaphosphate) was added.
It was shaken overnight on a reciprocal shaker to disperse
the soil particles. The solution was transfered into a
1000=-ml graduated measuring cylinder and made up to mark

with gistilled water. The suspension was $tirred vigorously.
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It was allowed to settle for L minutes 195 seconds. The pipette was
lowered into the solution to a4 depth of 10cm und 2%-ml sample

was withdrawn. The sample was transfered inic & weighed
evaporating dish 2nd oven-dry at a constan:c uemperoture of

105°c, After drying, the soil and the dish wiz weighed,

The difference in weight (wt. of soil - dish minus wt. of dish)
is 1/hO of the weight of coarse and fine sil! nd clay in the
original sample of scil,

Immediately after takin; the sample «i & minutles
15 seconds, the suspension wos stirred again vigorously and
allow to settle for L7 minutes 20 seconds. 25ml sample at a
depth of 10em was pipetted into & weighed evauvorating dish, and
treated as the above, The difference in weight (wt. of soil + dish
minus wt of dish) is '/LO of the weight of fine sili and clay
in the original sample of soil, The weight of coargse silt was
then found,

The suspension was again siphoned off to bout 10cm above
the bottom of the cylinder, The rogidue was trancfered into

a 400-ml conical beaker, calibrated «t 10cm.,



It was made up to mark with distilled water, stirred
vigorously and allow to settle for 4 minutes 15 seconds.
The supermatant liﬂPid was siphoned off, This process was
repeated untll the supernatant liquid was clear., The sand
residue was then cven = dried at a temperature of 1058
after which it was put in a nest of sieves to obtain the
different size grades.

Calculations:

The weights of all the different size - grades from
clay to Coarse sand are added.
Each Welght is then expressed as a percentage of the
total weight of the fractions. The following is a step by step
description of calculations done in the sedimentation
analysis using an ordinary pipette of capacity 25ml.

(1) Coarse Silt 4+ Fine Silt + Clay:

Weight of dish + Owen dried 25ml sample = 30.4663g
Welght of dish = 30,4248q
Weight of Qven dried 25ml sample = 0.0423g

3. Welght of Coarse Silt + Fine silt, + Clay

i

in original sample 0.0423 x 40g

1.6949.
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(2 Fine Bilt 4+ Clay: _
' Welight of dish 4 Oven~dried 25ml sample = 28,347g.
Welght of Oven-—dried 25ml sample = 0.0154qg.
te Weight of Fine silt 4+ Clay in the Briginal .. .
Samples = 0,0154 x 40g
= 0.616¢
(3) Clay
weight '1f dish 4+ Oven-dried 25ml sampld = 29.1625g
Welght of dish = 29,1584g
Weight of Oven-dried 25-ml sample = 0.,0041qg
s Weight of clay in the original sample = Dalb4g.

1t

Hence Coarse Silt

Welght of Fine 8ilt=

The sand residue is

1,694 - 0.6169

0e6161 = 0,164

OI452g.

then oven=dried at a tRuperature of

105%¢ after which it is put in a nest of sieves (106wn; 212um

2000umn) to obtain the different gize gradeéses L. oneide me

The result of the particle size analysis &5 shown in

Table 2 belows




TABLE 2 ¢

Particle Size Ranges of Harmattan Dust Samplez

| (CLAY
; { o~
{(1=2)}
Sample um
K2042 (16g] 0.653G
K2042 (2g) | 0.1668g
K2185 (10) | 0.60129
K2185 (2G) ] 0.1181g
Harmattan
Bust
ZDD 0.177g
KDD Q,164qg

1
an mr“ﬁ..u —l—-

23

.

_FINE ! COARSE| FINE { MEDI'IM
« SILP 1 ("9ZLT) SAND SAND
(2=-20) [(20=-63) | (63-106] (106~212)
um um um um

" Uy3573g| 40564 2.184g | 1.505g |
0.0725g] 0.8015¢ i 0e3935g 043318g

|
0+1757g] 249329 3.986g 0.888¢q
0.0636q| 8.5472 0.7926g| 0.1908¢
l
l

0.521g , 1.101g ! 0.092g | 0,038g
0.452g ji.O?Sg | 0.091g ! 0,036g |

| COARSE

SAHD

(212=2000
um

T 0.2202g

0.047%g

0.1084¢



Ze3 Digsclution of llarmattan Dust Lzmple:
2,17,18

When large quantities of gilicates are present
in ash, these become conjugated with 41, Fe, Mn, etcy and
the resulting compounds tend to be inzoluble.
This situation becomes more conepicous at higher temperatures,
but at ashing temperatures below SCUOC, the problem2 does
not arise with Fe, Cu or Al.

Carbon also frequently remains at ashing temperature
below 500°C due to insufficient ushing Of 17+ 2

Samples are generally ashed at 500—55000. However,
within this temperature range, tlwere are certain substances
for which a rigk of Volatile lost exists during the ashing
process., A compromise exists, between the dry and wet
aghing methods, in which a gmall quantity of concentrated
sulphuric acid or concentrated nitric acid is added to the
gample before heating. The ashing time is effectively
ghortened and some suppression of Carbon adseorption results.

Various methods have been reported to bring similar

samples into golution,

Among these, the importent ones are:

2%
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(i) Wet Oxidative decompogition

This is 2 method by wiich samples are thermally,
decompoged in some sirong oxidising agent such as Sulphuric
acid, hydrogen neroxide, perchloric acid etc,

Since decompogition is conducted at low temperature,
evaporative less of inorganic coupounds is lower than in
high temperature decompesition,

Many combinations of oxidizing agent are commonly used,
including sulphuric acid + nitric acid; nitric acid + hydrogen
peroxides nitric acid + Perchloric aecid; Sulphuric acid + nitric
acid + hydrogen peroxide etc.g’ 17y 18

(ii) Iusion decomposition:

Certain elements like Cr are insoluble in acids end
must be treated by a fusion process for their dissolttion.1?
In this method, sample oi' compounds which are essentially
ingoluble in acid are placed in & platinium crucible and
pubjected to a dissolution procedurs using a fusion reagent.2’18
Thig cowvexrds them to wiler or acid goluble compounds.

The fusion reagents include compounds which are alkaline

(1@03 or K, COy CaC0, + L) C1, etc) acidic (Kzszo,f).



. 26. .
oxidquive (NasCoz + Naplz, NezpCoz + KNO3, etc) and
reducing {(NaoH + KCN).

Qrganic Solutent Extraction

The objects of organic selvent extractlion are:
elimination of anions and interfering elements;
enhancement of sensitivity by the organic solvent effeck,
and concentration of the sample.
| Among the many extracting reagents, DDTC -Na (8odium
diethyl dithiocarbamate) and APDC (ammonium pyrrolidine
dithio carbamate) are the mast commonly useds

Dithizon (DZ) is also used in the analysis of lead
and cadmiume These extracting reagents form indissoluble
Chelated compounds, and the chelated compounds are extracted

to MIDK (methyl isobutyl Ketone) or n-butyl acetatea.
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2 . 4 Preparation of Sample Solution

Pretreatment of Sample

Wek ashing methed, in which a small guantity of concentra-
ted Sulphuric acid was added to a porcelain boat containing
the sample before heating in a muffle furnace was conducted.

About 15g of the harmattan dust was used for the wet
ashinge
_ The aim of the wet ashing was

(i) to suppress or prevent losses due to veolatilization

during ashing.

(ii) to make the combined samples homogeneous for subsequent

analysise

Before ashing, the combined samples were mixcd
thoroughly, followed by the addition of concentrated

Sulphuric acide The ashing was done at 425%  until the

_ fygmes of the concentrated Sulphuric acid esases.

The ashed sample was then mixed sufficiently enough, for

it to become homogeneocuse .

1 .0g each of the ashed sample was used in different methods

to dissolve the samples,.
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kxperimental

Reagents:

41l solutions were preparcd with de-ionised water and
analytical reagent grade materials, unless stated otherwise.

Hydrofluoric acid - (L4O,.);

Nitric acid, Sp. gr. 1.1,2;

Hydrochleoric acid Sp.gr. 1416

Nitric acid, 10M. Prepared by diluting LL3.Tml of HNO3
of Sp.gre. 1.42 to 1 litre with distilled water;
1000ppm of Cs and La, in 1.5M 130, Prepared by adding
66.55ml of nitric acid, Spe&ts 142 to 3.7g of La (N03)3.6H20
and 1,60g of CsBr and diluting to 1 litre with distilled water.
Hydrochloric acid, 6M
Sodium Carbonate
Hydrochlorie acid (141)
Hydrogen peroxide =~ 309% (m/v)

Nitric acid (2+98)
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ﬂgﬁthg:

—

(1)  Hydrofluoric acid -~ hydrochloric acid - nitric acid

digestion method.:

Procedure: 1409 of the dust samplé was wét ashed at
4258, Residue was dissolved in hydrofluoric acid (3ml),
nitric aci< (6ml) and hydrochloric acid (1.5m1) on a hot
plate. The mixture was evaporated to dryness on a hot plate
at 70°C. Residue was dissolved in 10ml, 10M nitric acid,

and then evapor ated to dryness., Residue was again dissolved
in 1Cml, 10M nitric acid and then evaporated to dryness.

The resulting residue was diluted to 25ml, using 1000ppm

-

of Cs and La in 1.5M HNO3.

(2) Hydrachloric acid = hydrofluoric acid digestion

. nethod:
Procedure: After ashing, the sample was tranfered to a
50ml egg~shaped flask and 6M, hydrochleoric acid was added.
After heating for 2 hours on a water bath with a reflux
condenser, the sample was filtered through a whatman No. 41
filter paper. The residue on the filter was transfered to

a crucible, ashed after drying in a drier and transfered to

B platinium Crucibles
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A small quantity of hydrochloric acid and subsequently
the same quantity of hydrofluoric acid were addeds
The mixture was heated to a solid residue which was 7/
dissolved in 6M hydrochloric acid for filterings. The
filtrate obtained was combined with the previously prepared
filtrate to serve as the test sclution,

(3) Hydrofluoric acid - nitric acid digestion method:

Frocedures
The digsolution of the dust sample was inltlated
by the dropwise addition of 1ml >f concentrated
hydroflucric acids The contents of the beaker were
gently warmed & low heat, until the hydrofluoric acid was
almost completely evaporated.

At this points, 1 - 2ml of nitric acid was added and
the heating continued gently until a few drop’ of nitric
aclid weras left, ‘

10ml of distilled water was added. The resulting

golution was boiled and filtered through a whatman 41 filter

paper intoc a glass beaker,
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The solution was transfered to 2 25ml volumetric flask.
The bea' » was rinsed down with another 10ml quantity of
distilled water, warmed and filtered into the same beaker.
This was again transfered to the 25ml volumetric flask
and the test sample was made up to the mark at 2500. The
contents of the volumetric flisk were mixed thouroughly after
adjustment to volume, This was linally transfered to
polyethylene storage bottle (screw cap, for storage of test
samples 30ml capacity).

(L) Sodium Carbonate fusion method:

Procedure: IResidual asiwd substances were transfered
to a platinum crucible and after adding 1=2g of Sodium
Carbonate, this was sealed.

The Crucible was placed dirvectly into the fire with
occasional shaking. On conclusion of the fusion procedure,
the crucible while still hot w-¢ placed on an iron or
polished rock plate and rapidly cooled to loosen the "melt"
from the crucible. Upon cooling, = small amount of water
was added and when this has been absorbed between the melt
and the crucible, the crucible vuns reheated using a small

flame from a burner. The crucible ond cover we e transfered
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to a 200ml beaker and the mell dissolved in a small quantity
of warm water.
Both the crucible and its cover were removed and rinsed
with a2 small gquantity of warm woter and the rinse was transfered
to the beaker.
Later, the solution and residue were separated by a filtering
operation.
The washing/rinsing oper.tion was repeated several
times to ensure high recovery of the element te be analysed.

(5) Sodium Carbonate fusion - hydrochloric acid

digestion method:

Procedure:

Residual ashed substanccs were transfered to a platinium
crucible and after adding 1~2g of Sodium Carbonate, this was
sealed. The cruveible was placed directly into the fire with
occational shaking.

On conclusgion of the fusion procedure, the crucible
while still hot was placed on uan iron or polished rock plate

and rapidly cooled to loosen the "melt" from the cruoible.
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.Upon cooling, a small amount eof water was added and
when this has been absorbed between the melt and the crucible,
© the crucible was reheatdéd using a small flame from a burners
The crucible and filter were transfered to w 200ml beaker
after cooling, and the melt was dissclved in a small guantity
of warm water.

The crucible and cover were removed and washed thoroughly
in a small portion of warm water. The washings were transfered
to the formaer beaker,

8ml of HC1 (141) and 1 drop of hydrogen peroxide (30%7/v)
were added to the beaker. The contents werc then boiled,

the Carbondioxide gas expelled, and the melt simultaneocusly

dissolveds
(&) Hydrochloric acid - hydrogen perqﬁidq_digestionn
method:

Procedure: After ashing , 1.0g9 of the sample was
transfered to a platinium crucible. Hydrochloric acid and

hydrogen peroxide were added.
The mixture was heated on a boiling watar bathe The

'resulting solution was filtered, and the filtrate evaporated

to drymesse.



Nitric acid (2+498) was added and the solution was transfered
to a 25ml volumetric flask. The contents were mixed thoroughly
after adjustment to volume. The contents of the volumetric

flask were itransfered to polyethylene storage bottle,

(7) Nitric acid - hydrogenperoxide digestion
mgthod:

Procedurc: After ashing, 1g of the sample was transf. red
to a platinium crucible, Nitric acid and hydrogen peroxide
were added., The mixture was heated on a boiling water bath.
The resulting solution was filtered, and the filterate
evaporated te dryness, | |

Nitric acid (2+98) was added and the solution was
transfared to a 25ml volumetric flask. The contents were
mixed thoroughly after adjustment to volume. The contents
of the volumetric flask were transfered to polyethylene

storage bhottle,

(
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(8) Hydrofluoric acid - digestion sodium carbonate

fusion = hydrochloric acid digestion method:

Procedure: The residual ashed substances were
transfered to a platinium crucible.

The dissolution of the ashed dust sample was initioted
.by the dropwise addition of 3ml of hydrofluoric acid « The
contuens of the crucible were gently warmed at low heat,
untill the hydrofluoric acid was almost completely
evaporateds.
1 w 2409 of scodium carbénate was added, oy
W= . and the crucible was placed directly into the
fire with occational shaking. On cenclusion of the fusion .
Procedur«, Lhe crucible while still hot was placed on an
iron or polished rock plate and rapidly cooled to lossen
the “melt"™ from the crucible .

Upon cocling, the residue was dissolved in hydro~
chloric acid and the mixture was evaporated to dryness.

At this point 10ml mitric adid (2498) was added, and
the resulting solution was transfered to a 25ml volumeiric,

flaska
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- The crucible was rinsed down with another 10ml nltric
acid (2+98),

This was agaln transfered to the 25ml volumetric flask
and the test sample was made up to the marke.

The contents of the volumetric flask were mixed
thoroughly after adjustment to volume, This was finclly
transfered to polyethylene storage bottle,

Qrganic S0lvent Extration:

Reagent:

Ammonium citrate (II)solution - 10 m/v%,

Prepared by dissolving 59 of the citrate in 50ml
Of de - ionised water;

m - cresol purple solution 0.1"/v%;

pPrepared by dissolving C.1g in 100ml de - ionised water;
Anmonia water (1 : 1)

DDTC solution. 10™/v%. Prepared by dissolving 10q
in 100ml de - iopised water, | |
Nitric acid {1 +« 11).

Mitric acld (2 + 98)

n - butyl acetate,
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Procedure:
_ Tha sample scolution was placed into a separating
fﬁnnel. 16ml of ammonium citrate (II)} solution and a few
drops of m - cresol purple solution as indicator was added.
- ammonia water (1 o 1) was added until the solution
was slightly purple (BH 7.4 = 9.0)a -

S5l of DDTC scolution was added with shakinge 10wl of
n-butyl acetate was then added and mixed thoroughly for one
minute, It was then allowed to settle. The n - butyl
acelate was then separated and evaporated to dryness with
heat,.

10ml of nitric acid (1 + 11} was then added and also
evaporated to dryness by heatinge The content was then
cooled, and 10ml of nitric acid (2 + €8) was added. The
whole soltion was placed in a measuring ¥lask (25ml)

and nitric acid (2 + 98) was added to the mark line.



38.

(9 Hydrochloric acid —hydrofluoric acid digestion

followed by organic solvent extraction method:

1 1.0g of the dust sample was unashed and extracted with
hydrochlorlec acid - hydrofluoric acid digestione. This was

then following by organic solvent extraction.

10(0):  RHydrochloric acid =~ hydrofluoric acid - dlgestion

followed By organic sclvent ¢xtraction:

109 of the dust sample was ashed withput adding
Sulphuric acid fellowed by extraction with hydrochloric
acid hydrofluoric acid digestion, Organic solvent extraction

was then performeda.

2a and 2a(0)

Duplicate extractions were done on 1.0g ashed sample -
each ucing hydrochleoric ailecd « hydrofluoric acid digoestione
The combined extracts were divided into two ggual poriionse.

Organic Solvent extraction was performed using one of

the portionsa.
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2.5 Rlemental fnalysis of Harmaltan Dust Sample:

Flame methods of Analysig:

The quantitative aspect of speciral analysie relies
on the fact that these characteristic speciral lines |
differ in their intensity.

The intensity of a spectrum line or band is proporticnal
to the number of luminous atoms or molecules in the emitted
light.

The number of Juminous atoms or molecules is
proportional to the aggregate munber of the atoms or
molecules of that kind. Some flome emigsion and absorption
measurements19 are performed with oxyhydrogen and quite a
large number by air -~ acetyleae flames the latter is a
relatively hot flame.

Introduction of metals iong such ag godium, potassium,
and galgiumeo into flames of relatively high temperatures
produces intenge radiations, and the intensities of these
radiations are proportional to the concentrations of the

galts introduced into the flame.£1
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Non -~ metals for example Sulphurizphosphorus and the "

I'lr:llogens,22":'5

have their principal resonance lines in the
vacuum ultra-violet regicn of the spectrum, where the |
background absorption of the oxygen in the atmosphere, and
also of the burning flame gases is excesslvely highs

It 1s only recently that molecular emnissicon 1in cool
flames has been proposed as a technique to overcome the
difficulties encountered in the determination of non-metals
by flame spectroscopic methods, by using the emission of

2

simple molecular species such as 52,2 HPO23 and InCl.24



~Atomic Absorption spectroscopys

Atomic absorption spectroscopy has now become a common
analytical tool in many laboraztories, due to its high
sensitivity, accuracy and rewroducibility, the ease of
sample preparation and handling (incorporating less human

error), and the comparatively lou cost.

L1.

The principle of atomic absorption spectroseopy is first

to vaporise atomically the metal-containing material by

some appropriate method. The ground state atom absorbs a
specific wavelength of light trunsmitted through this atomic
vapour layer. The absorption is analyzed quantitatively
using a photomultiplier appa. tus,

The traditionaly type of atomic absorption spectroscopy
incorporates a furnace apparaius, This consists of a
nebulizer, disperser and burncr lead,

The sample is introduced into the sample atomizing
apparatus (burner) into the flame, IHere, the expected
element is atomised to yield fr.¢ ztoms.

The excitation energy hac no effect at all in contrast

to emission spectro-chemical annlysis,



The accuracy of analysis is very good since the ground

state, which has a steady elaction eonfiguration, is measured.
However, there is variability in mccuracy between different
instruments and different elements. That of the single beam
type depends on the stability of light emission from the lamp
the noise level iz highor and the accuracy lower than in the
double beam type.

The ecriteria governing the accuracy ares stability of
light source (hollow catheode lump), which depends on an
appropriate current; smooth nebulization, and cleanliness
of the burner.

The factors affe;:ting sengitivity are: the state of the
- flames selection of burning gas; efficiency of the nebulizer;
working condition of the light source; optical system
and dispersion ability of the diffraction grating.

The temperature of the [lume uged in atomie absorpiion
spectroscopy should be sufficiently high as to dissociate the
object clement and produce free atoms.

If the flame temperature iz higher than usual, ground

state atomg decrease, and excited stote atoms increase,

L|.2.
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and the over all sensitivity then remains below that with
a low temperature flame.

Of 68 elements now detectable by atomic absorptien
spectroscopy, 38 can be detected with an air-acetylene flame.
The defects of this flame are: +tihat the temperature is too
low for the detection of oxides wvhich do not dissociate easily
in the flame, and that flame absorption is quite strong
at far U,V, frequencies, rer.ering the signal of elements under
230nm too weak.

The nitrous oxide = acelyvlene flame is characterized
by its high temeprature and stron; reductive atmosphere,
which permit the detection of very low concentrations of
non=dissociable compounds that remain undetected with the
air-acetylene flame. The elemcnie which can be detected
only by the nitrous oxide - acetylene flame are A1, Be, B,
gi, Ti, Vv, W, Er, Bu, Gd, Hf, lio, Ir, Lz, Lu, Nb, Nd, Pr,

Re, Sc¢, Ta, Tb, Tn, U, Y, Yb and Zr,

These elements can form oxides (e.g.) A2, VO, TiO,

Zr0 etc.) which reguire a largc energy for dissociation, for
which the temperature of the air - ucetylene flame is too

low but the temperature of the nitrous oxide acetylene flame



is sufficient.

More over in the nitrous oxide - acetyleme flame,
these oxides cannot form readily due to the strong reductive
atmosphere.

EXPERIMENTAL:
Instrument:

The A 3400 Atomic Absorption, Bmission or fluorescence
spectro-photometer was ued. The atomie Absorption mode of
operation was used for the determination of Ca, Cu, Cr, Pb,
Mg, Mn, Ni, 2n, and Fe, The smiosion mode of eperation was
used for the determination of Na, and K,

The instrument consist of the energy source, the
burner system, oren sample prescniation area, a monochromator,
detector (photomultiplier) an ussociated power supply
and amplifier,

An energy source (hollow cathode lamp) for each element
to be analysed is required for the Atomic Absorption mode
only. A Boiling burner using acetylene - air as the fuel is

recommended for aq eous solutions,
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The specific operating instructions supplied by the
juanufacturer of the instrument was followed. The gamsral procedurT
includes ¢ Choice of proper
lamp, adjustment of lamp current, selection of propeor
monochromator wayYelength and slit width, adjusting thc fuel
and oxidant for the flame to proper values, adjusting the
burner and balancing the phototube- amplifier recorder
system, Working standardgwere then introduced and calibra-
tion Curves constructed. with the working curve prepared,
the samples were run,

A Set of standards must be run each time a scries of

sanples is rune

Preparation cf Standard solutions2

All solutions were prepared from analyfical reagent
grade materials using de-ionised water,

Lead Stock Solution, img/ml:

1.598g of lead nitrate was dissolved in dilute HNO3
(1 : 100) and made up to 1 litre with de-icnised wateres

CopperStock Solution, 1mgéml:

1.00g of copper flaskes was dissolved in 25ml of HNO3
’

boiled and after removal of nitrogen oxides, the remainder

was diluted with de-ionised water to make 1 litre.
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Manganese Stock Solution, 1mg/miz:

1.00g of metaltlic manganese was dissolved dn 10ml

HNO3 and made up to 1 litre with de-ionised wvater.

Niok#l Stock Solution, Img/ml:
1.000g of mretallic nickel was dissolved in dilute

-HNO3, and then made up to 1 litre with dé-lionised water,

Chromium stock Solution, Img/ml:

5.124g of chromium chloride was dissolved in 2M Hcl

and made up to 1 litre with de-ionised water.

Calcium Stock Solution, 1mg/ml:

2. 497g of CaC03 was dissolved in an n~xcess of diluted

Hel and made up to 1 litre with de~ionised watcr.

Cobalt Stock Sclution, img/ml:

4.940g of cobalt nitrate was dissolved in 2M Hcl and

made up to 1 litre with de-ilcnised water.

Zinc Stock Selution, 1mg/ml:

1.000g of metallic Zinc was dissolved in a slight
excess of dilute Hcl and made up to 1 litre with de-ionised

waters

‘
in

.

Pebrreium Sicck soluticn, won/inls:

- —

129067 ¢of KCI was dissolved in de~ioniscd water

to make up 1 litre,

T————T Sodium stock Solution; 1mg/ml;
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Potassium Stock Solution, Img/mi:
1.907g of K¢l was ddssclved in de-=ionised water to

make up 1 litro.

............

2.541g of Nacl was dissolved in de-ionised water

"to make up 1 litre.

. Magnesium Stock Salution, lmg/ml:

1.000g of metallic magnesium ribon was dissolved
in 100ml of diluke Hcl (1:100) and deionised water was

added to make € litre. :
|

_Iron Stock Solution, 1mg/ml:

1.0008 of iron wire was dissclved in 25ml of HNO3

and aftcr nitrogen oxides have been expelled,; was diluted

. . oA L I ST,

in de—inised water to make 1 litres
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Experimental Conditions i'or Lhe Determination

Of The Elcments Using ..tomic Absorption

Spectrophotometer A 3400:

Zinc
Wavelength of most sensitive absorption line is 2138.63.
A range of standards from O to O.6ppm are prepared from
the stock solution., ©oil extractants are included to

match the sample solutions.

Magnesium
Wavelength of most sensitive absorption is 2852.12'.
A range of standard from O to O.8ppm are prepared from
the stock solution., Sufficient LaCly solution (BDH
chemicals) are added to bring the concentration of Za to
800ppm both in the sample and standards, Soil extractants
are included to match the sample golutions.
Calcium
.1
Wavelength of most sensitive absorption line is L226.74
i range of standards from O to Z2,0ppm are prepared from the
stock solution. Sufficient stock LuCly (BDH chemicals)

solution are added to bring the concentration of La to 800ppm,
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both in the sample and standards. Soil extractandts are . . 2

included to match the sampla sclution, 'L
i
1
|

Manganese:

wavelength of most sensitive abscotption line is 2794.8 Re
A range of standards from O to 3ppm are preparcd from the

stock solutione, 8501l extractants are includad to match the

sample solutions.

.

l
|
Copper: ]

Wavelength of most sensitive absorption line is 3247,5 2.
A range of standards from O i 2ppm are prepared. Soll
extractants are included to match the sample solution.

|

Chromium:
Wavelength cf most sensitive absorption 1line is 23578,7 2.
A range of standards from O to Z2ppm are prepareds Scoil

extractants are included to match the sample solutione.

Lead: |
Wavelength of most sensitive absorption line is 2170.0 2
A range of standards from O “o Sppm are preparedas Soil

extractants are included to match the sample solutiona
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Cobalt:
Wavelength of most sensitive absorption line is 2407.3%.
A range of standards from O to Zppm are prepared. Soil

extractants are included to match the sample solution.

Nickels:
Wavelength of most sensitive absorption line is 23202.
A range of standards from O te Spom are prepared. Soil

extractants are included to match the sample solution.

Iron:

Wavelength of most sensitive absorption line is 24,83.0K.
A range of standards from 0 to 2,5ppm arc prepared. Soil

extractants are included to match the gample solution.

The determination of Sodium is corried out using flame
emission spectroscopic tectmique., The wavelength used is
5890R. A range of ctandards from O to 2,0ppm are prepared.
Excess Ces and sufficient soil exiractants are included to

match the sample solution,
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Potassiums
The determination of potassium is a3sc carried out using
flame emission Bpectroscopy technigues. The wavelength
used is 7864.9 R A range of standards from 0 to 2,0ppm
are prepared., Excess Cs and sufficient soil extractants
are included toma tch the sample sclutidn.

The result of the preliminary analysis of six elements

is shown in Table 3. |

Taoal 30
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- IABLE 3 . 82,

Result of chemical analysis of six elements ¢arried out

on 15g bulk sample (mixture of Samples) of harmatta.dust from

1979/80 collection using various digestion techniques:

éoncentration In Mg g-i.

Sample‘ qu“rjg{m.; Mn Ni cr Co
1 145 60 23245 85 150 1375
2 QD 45 33245 500 140 140
2A 90 30 180.0 200 140 B7.5
2A{0)] 145 55 85,0 560 75 2540
3 90 47.51240 10751 115 -

4 20 1245 - 65 25 -
5 50 25 125 85 80 11245

6. 62.5 | 48.751235.5} 75 - o5
7 20 a5 1195 75 S0 105
8 117«5] 20 g195 500 195 192.5
9(0) | 145 - F 85 - 75 -
10(0)] 117.5 50 1125 41245 75 105
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Hydroflucoric scid =~ hydrochloric acid - nitiic acid
digestion, and Hydrochleoric acid = hydrofluoric acid
digestion give the highest values for pb, Cu, Ni, and Mn.

Ashing of the rcsidue on the filter paper is involved
during the extraction procedure for hydrochloric acid =
hydrofluoric acid - digestion. It is probable that
contamination may arise from the ashed filter paper giving
rise to higher concehtration values observed in some cases
€.g/ Nickel,

j The organic solvent extraction performed; 2a(o0), 2(0)
Iénd 10(0) using hydrochloric acid-~ hydrofluoric acid |
digestion 1s only suitable for Ph.

Hydrofluoric acid digestion sodium carbonate fusiqn—_
 hydrochloric acid digestion is the most suitable ext;ctibn
Procedure for the determination of Cr and Co.

In view of thce result of the preliminary analysis the
Properties of hydrofluoric acid is summarised below:
Hydrofluoric acid attacks nearly all metals except gold and
Platinium, Silica is dissolved and converted partly into
S1licon tetrafluoride, and partly into hydroflucsilicic acid,

Ho SiFB - aAccording to the reaction:

i
|
|
]
i.
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8i0,, + LuF 2H20 + .;'il"Ll

2H20 - HEGLFé

2
8102 + 6HF

Most metal oxides are attacked by the acid, Most of
the oxides are transformed into fluorides and in many cases
dissolved.

In ghe anclysis of the Hammattan dust, hydrofluoriec
acid = hydrochloric acid = nitric acid digestion method
is used for the cxiraction of scme weekly samples. The
result of the analysis is shown in Table L4, 5, 6 and 7.

A slight modification is mode to the hydrofluoric acid
hydrochloric acid digestion., This modified extraction
technique given below is used for the monthly samples of
the Harmattan dust.

Modified hydrofluoric acid — hydrochloric acid

digestion method.
Reagents:

All solution were prepared with de-ionised water and
analytical reagent grade materials, unless stated otherwise.
Sulphuric acid
Hydrofluoric acid - LO%

Hydrochloric acid, 6M prepared by diluting 200ml of HC1l of
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specific gravity 1,16 to 1 litre with de-lonilsed water.
Procedures: 0.5; of sample was placed in porcelaia crucible
and heated overnight to 400 - 450°C in a muffle furnace
Gallen Kamp — G.PL. 500 KF. (0° = 1100°C)e

The sample was cocled to room temperature and transfered
with deé-ionised, distilled water into Platinium cruciblcse
Excess of distilled water was evaporated in an oven and a few
drops of distilled water, S drops of concentrated Sulphuric
acid wew® and 20ml of hydrofluoric acld were added.

The sample was heated on a water bath to drymess agdin.

Aftér coeling, 10ml of éM, Hcl was added and agadn

heated until all salt have been dissolved.

The solution was transfered to 100ml flask and made
up to the mark, after which was tranfeeed to polythylene
storage bottles.

This method was used for the monthly samples of the
harmattan dust, The result of this analysis is shown in
tables 8§ and Q.

The mean and the standard deviations of the rcadings

are calculated. As shown 1n the table:
g = Mean value of the readings : _ ~

N = Noe. Oof samples

S = Standard deviation



X is caleulated from the formular:

56.
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TASLE L

Elemental Concentration RMMHF.Dh.mmmm:m@ﬁBmdﬁms dust samples collected
Sample .w. §M | c | e | M | ne K
ZDD1 104/12/79 140 22,5 61.25 320 3750 17625
NSNS IPRLSSEE A SR o
s vjajon 4 0 1 EF j s U W | e
DD1 8/2/80 202,5 37.5 81.5 362.5 14160 17325
mmmwm;awmmmmm...:ina-.mro ,r¢emwmmmw;i S5 487.5 3750 15665
oot 22/2/30 | 280 | 62.50 | 120 510 360 | 16380
ZDD1 29/2/80 205 56,50 45 272.5 2500 136390
ponn /3/50 | 0 | 575 | e | esns | amo | vees
ZDD1 2/5/80 168 72.50 151.25 268.75| L60O 15500
1s;i-ia.;a:;:.mmmniyhata;m-;;;n;ﬁ%.-n| - - : -
I T | im.mm...mm{ .m.._J_.w.u_.o. 1 100.03 371.71 | 3715.62 | 16507.5
I O 0 2 B M

*Zaria Dry Deposition method

Table 4 Cont'd .../2



TABLE L4 Continued - 2 =

P L

vméﬂm T e 1 e | Fe | n ca | Mg
* - - P -
DD 14/12/79 42,5 31.25 L350 805 1625 4375
ey Al p— S Wi B0 e
DP1 1/2/80 150,6 564,25 4750 990 3625 4125
DD 8/2/80 205 70,0 | 7875 915 3305 1,105
DDII 15/2/80 .LT:o 35.25 L35 875 2,80 5205
DpD1 22/2/80 165,0 67.0 3750 730 L4630 11635
29/2/80 120, 35.0 3585 680 Lu8L5 3675
DDIT 1L/3/80 140 80.0 6135 780 + 3850 5790
¥oD1 2/5/80 117.5 37.50 3560 1000 1625 5875
s o i it i i
8 8 8 8 8 8
e TR RN M + +
X 147.5 51,63 L805 846.87 3623,12 4723,12
s 27.80 | 19.12 197.24 | 117.77 | 1131.52 | 816,31
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TABLE ¢
Elemental concentration (g m|4v of some Harmattan dust samples collected
mlaﬁ .rr.....H,; N~ _Pno Ln.;n. rlﬁn |.w ‘Na 4 pb ' Cu | Fe
rzu,_ 23/11/79 | 77.5 Jm, 50 m 86,25 | 300 Wuumo P;mqmo 150 AGﬁm _:Gm
w1 7/12/75 | 97 1130 _fmm- 297.5 {6750 hu750 |15 |77.5 16135

D1 18/1/80 | 275 100 q.oL.:...;-_Sm 19875 h:mumo 195 79.0 15985
KWDIII 26/1/90 | 132.5 1,29 92.5 | 257.5 8875 16125 150 60.0 |5375 |
KWDIII m_wm\mo 120 120 1110 365 meo ﬁmmwm 145 37.50 ; 4540 |
KWDIII 16/2/80 .mmﬂ.m ij.,.ty.w.o... :.t.ﬁu.m.iwl m.mq.m E Jmm 52.50 | 4750 - |
WDIT 22/2/80 | 310 61.25 120 397.5 _mm,\o.. fw 5890 | 136 55.0 |L625
KWDITI 7/3/60 | 335 50 |15 |10 4375 peozs | 132 |37.50 | 3750 L
o1 Th/3780 [hoo | Tizshias  |ueo |89 n31es [ 175 [77.5 |6375 :
KaDIT 23/3/80 | 257.5 | €0 110 265 |u7s h73so | nas 127.3 | 389
kD1 11/1/80 | 250 | 75.0 |121.25 t300 7125 2125 | 175 | 71.25 | 7875

WDITI .m.\lm.\.mm;..;_.@m 0 | 11.5 [123.75 | 312.5 | 3750 &mmmm 142.5 | 75.0 | 6450
KWD1 30/5/80 | 310 97.5 [137.5 [L67.5 [9125 {19400 210 85.0 | 5370
M.IIP ﬂw--{u...miHHL_w;tLrG 3 1 13 13 13 13

X J231.30 79,05} 113,55 | 339.6 | 6452,6916273.07] 160,38 | 59.44 | 5326.53

3 s [87.91 | 30.18] 19.90 | 69.092052,19176.63 | 2u.71[ 19.58] 1203.58

#Kano Wet Deposition Method

Table 5 Cont'd/...




TAZLE S5 Continued

- & ——a

hw!m.l_B.Mu-HW.ii o .....lla.s wt o Zn H Ca chpm -
Waatmw\:\é T 625 2375 3250
KWD1 7/12/79 | 865 | 5000 | 4375
KWD1 18/ A\mo. 835 5100 3905
KWDIII m,w\,_.\.u.m h .A.qu.m T 5750 :mrmmm |
KWDIII 1/2/80 | 735 3780 | 612
KWDIII 16/2/8C 937.5 | Looo | 5500
(kwpIT 22/2/%0 | 890 | 32L0 BETE
KWDIII 7/ w..m.m.m T 690 3655 rlrrmrm
KWD1 1L/3/80 587.5 | 41625 5125
WDII 28/3/80 | 790 | 3950 | 4880 s
w.zu\_ j\n\ 80 745 4,000 612
KWDIII .m.\.m,\mo.tnlw.mm 1285 | 1275
KDl u.mwm.,\;wot.,ils%lm;flrmwﬂmwjr 1:890
_ R 13 13
|~ X 707.5 | 14130.38] 493L.6
L .m;tsut 127.64] 861.96| 6u8.82




ol

TABLE 6

- . ) ’ -1 . #
Elementzl concentration Mg & ) of some Harmattan dust samples collected.

e e — -

Sample B m .mm-a.r T Co Cr Mn Na K |
K/ESA  19/10/79 235 80 95 522.5 3500 15650
k/ssh 26/10/79 95 | 61,8 92.5 375.0 2125 15625
KDD 30/1 q\.\Im.l 8 cfo 75 59.0 320 1,260 17535
KDD 11/1/80 B *” a_o 37.5 71.25 332.5 3750 16850
K/ESh  8/2/80 [ s 75 % | 5L 5755 16050
KDD 8/2/80 1 _m. 66.25 85 375 L000 15835
K/Esa  29/2/80 240 5745 80 350 2750 12300
KID | 18/L/80 362 |1cs 157.5 Lo | 81 15375
Kk 2/5/80 20 | 77.8 96.25 382.5 L3T75 19875
FAO Standard 0.5 10,15 22.5 330 a -

" s | s g 9 9 9
X . Smmu 71.25 92.38 LO6.9L L293.3 16121.66
) S -.. - .Q.....m _ |..4 8.2 _ 27.47 | 82.31 176L.93 2010.42

# Kano Wet Deposition method
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T/BLE 6 cont'd

- +*
Elemental concentration (g & ._v of some Harmattan dust samples collected.

Fb Cu Fe

Zn Ca . Mg

Sample
- g T, . = e —— _
 KfzsA %, 10/79 142 69 L120 695 L90S i 5L70
K/ESa  26/10/79 160 175 1 7500 812.5 | 2250 | 3625
KDD 30/11/79 148 52.0 | LLED 680 - 3670 : L,ooo
KDD 11/1/80 120 52.8 . L7150 0 | L4200 , 5080
K/ESA 8/2/80 5e © 18.50 5L90 910 3455 M 3800 ,
i P ¥ e o e o e e o e et e !
KDD 8/2/80 148 LS.25 L875 640 5100 | Lé70
Kfosk  29/2/%0 11 3.25 | L760 630 5125 | 33715
D 18/L/50 i35 52.5 | U895 | 635 Less | k735 |
KDD 2/5/8¢C P 160 La.s ;3250 | 1062 - 3600 1 4250 M
FA0 Standard LS50 26,5 ¢ 13065 | 9ko | - | .
- ST o b - ~ . - .
n 9 19 i 9 | 9 & 9 9
- tI||l+ .- - - —_— 1 " p— ﬁ L“
% 147 L 52,33 1 WS"0 | 756.0 | L106.66| L333.8 |
s e .q $ m
S 0L 1377 | 118897 | 759 | 95L.571  702.39
[ = —e .” | - : m. ’ 2

% Kano Wet Deposition method
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blegental concentration (M 3'1) of some Harmattan dust samples collec ted.*
| ample Mi o, Cr wm | Ya —
; ZWD 1 12/10/79 280 - 75.0 120. 167.5 8750 ! 14,000
; ZWD 1 2/11/79 237 18,75 | 95 537.5 8875 ' 18125 |
f" ZD 1L 9/11/19 15745 | b ‘ 86.25 | 268.7 | 78715 19655 ﬁ
ZWD 1 16/11/79 : z-i.z'.s T ?&.75 ,T 92,5 1 265 L 5378 ! 176 30 7
am 11 7/12/79 o | 37.5 I 14750 16560 |
ZD 1 25/1/80 L 2};'7‘.;" | 75 % Le1s 4500 19250 J
ZWD 1 7/3/%0 ‘ ‘:”;?j.'-,“:di L5 : B87.5 J 240 {3000 ) 17035 '
WD 1T 21/3/80 L 155 _1: 25 | 123,75 312.5 | 2750 ; 16360 |
&D 1 28/3/80 | 1325 | 28.75 | 105.0 20475 210 | 875 |
| ZWD 1 L/L/80 o 120 37450 98.0 258.0 2750 | 16740 |
Z4D 1 11/1;/80-. ' 1‘-_:'0 .... 83.75 2.5 267.5 3200 17380
ZWD 1 18/1/80 s "T L5 L8.75 2U7.5 4750 17125
ZéD 1 25/1./80_1 _1.{2_:.5. ! 66425 B87.5 230 3125 12500 |
n 13 13 13 13 13 13 71
L i' - .:n_g_ 51,63 87.34 296,66 L8038 | 16710 J
s toas | el oss [ ones | easen | robst |

Zaria Jel Depogition

63



Elementq@hpgpcentrat@ggug*gJ{iT) of gome Harmattan dust samples collecied.®

[ R Y T I b ddd W el

Sample i b " cu Fe m - ca Mg
WD 1 12/10/79 150 81.25 6250 9.5 | LTS 6625
0 1 2/11/19 200 . 75 7430 B30 | 2150 ¢ Les
ZWD II $/11/79 185“_ ; 77.5 5820 875 L 4590 3895
WD 1 16/11/7—5“'“ 16‘5 27.5 3995 750 L4950 1 bhoo
D I 7/12/79 136 | b5.50 | L630 625 1355 | 6335
WD 1 25{1/50 ‘‘‘‘‘ 2.5 31.25_ 4255 B 755 3375 33?5
D 1 7/3/80 180 60 5395 710 2950 L3680
D 1T 24/3/80 155 30 3255 810 4675 3845
2D 1 28/3/80 132.5 31,25 | LSS 735 5280 | 3750
2D 1 1/1/80 13640 59.0 | L960 o | uers jf 14030
ZWD 1 11/1;/80 14245 81,25 5580 ) 730 3896 i £300
2D 1 18/L/80 217.5 71.25 | 7500 1095 2125 g 3000
Zwn 1t 25/h/80 100 31.25 L275 1185” 5270 : 4290
n n 13 13 13 13 T3 13

% 157,07 | sk 5215, 38 827,30 | 4135.38 | LLLB.l6

s T 317k 21,87 1286,15 158,47 | 1026,72 : 1067.38

*

Zaria Wel Deposition Method




TAoLE O

Elemental Concentration ‘M__T_)‘ oi some Harmettan dust samples collect ed” 65/
gample. T ] e 1 cer "M 1 Na ! K ?
oo N B W + -
®/10/79 215 66,0 | 92 482 | 7325 | 18636 |
Pf_/_1ﬁ1,/79 195 140 Jr 118 476 : 6875 E17985 N
K/12/79 235 Tj 126,0 | 138 500 | 6920 118125
/1'_/_,_9& 180 ir 168 { 132 460 E 5260 ! 17380
E/z/do 130 13l 114 452 1 5650 | 17560 ;
15/3/60 200 10,2 162 512 38675 | 19653 1]
(/1,/30 215 120 114 L2 | 7875 | 19360 [
,;x_{_g/so 295 85 106 292 3750 11,325 ‘
FAO Standard 20.5 10,15 22.5 330 - -

i 8 8 8 8 8 8

X 211,97 | 123.5 | 122.25 458.25 | 65L41.25] 17910.5
- S 48,83 33,19 21.36 | 70,03 1577.57| Lokl "‘}
#+Kano monthly saemples of the Harmatisn dust,

Table 8 Continued ,./2
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';Sample Pb Cu f f‘e — Zu Ca Mg
SNSRI SO ST NSO ROV -
€/10/79 o143 19,0 5988 925 14805 1,280
%/11/79 139 55.5 | 5100 835 3905 5120
K/12/79 170 59.0 6335 775 L4190 3375
K/1/80 163 70,0 5h15 1095 5320 1825
1/2/80 107 3.0 | L3135 1105 5536 3550
%/3/80 168 53,0 LL85 1005 5025 5365
K/L/80 172 70,0 3750 595 3640 L630
K/5/80 136 32.0 1585 730 3130 4480
FAO Stendard 48.50 | 25.5 | 13065 .0 | - -

0 8 8 8 8 8 8

X 15,.75 | 92,06 | L4996.62 | 895,62 | 4493.12 | L4495.6

s 1L.98 1 4l,06 879.09 | 161.38 | 815,22 6LB,2
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J . 67
mvmamﬁdnH.MMHmmwwwwnHob Me &) of some Harmattan dust samples collected,
mMmmmM..-r;- W] Co cr | Mn Na K |
2/10/79 270 140 78 516 6340 13935
z/11/79 185 36 96 636 6875 15960
z2/12/79 205 126 112 428 7560 17785
2/1/80 140 72 oL 368 5860 17595
2/2/30 115 32 100 3Lk 4375 15865
2/3/30 290 100 124 394 750 14,875
2/1,/80 330 60 92 379 7125 18890
2/5/80 315 36 122 586 8875 19350
FAO Standard 20.5 10,15 22.5 330 - - i

0 8 8 8 8 8 5
. X 531,25 | 67.75 | 102.5 156.37 | 6720 | 17406.87
S 81.L0 34,79 15.77 109,37 | 1708.03| 1663.47

#Zaria montnly samples of the Harmattan dust

Table 9 Continued/... 2
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Table 5 Continued - 2 -
S manwn_.m ' B - Pb o ..nab!.. Fe Nl Ca Mg
2/10/79 118 18,0 L4630 880 2740 5605
2/11/79 128 57.0 4825 695 5830 4285
2/12/79 135 75.0 | 6385 675 3905 14355
2/1/80 155 58 4230 790 3980 5295 ;!
m\m\mo 132 37,5 3250 320 1610 4630
2/3/80 13l 56,25 | 5450 690 3955 3000
w\:\mo 169 78 7680 dz5 19L0 3860
2/5/80 185 58 5580 940 235 6705
FAQ Standerd 18.50 26,5 13065 94,0 - -
5 8 8 8 8 8

X 150,75 53,46 | 5253.75 | 826.87| 352h.371 14716.87

S 19,63 13,15 | 1360,007 101.48}] 1370.561 1139.08
,




2.6 Egtimztion of the Orgmnic

Components in Harmattan Dust

69.

0.5g of the Harmattan dust is taken and extracted with

benzene using a soxlet extraction apparatus and the result

is given as the total amount of benzena soluble organic

substances.

The percentages of the orgunic content of the

Harmattan dust is found to vary between L.O0L% to 13.62%.

Percentages of the Organic Content

TABLE 10

Sample ! % of Organic Content
K/10/79 6.82
K/11/719 9434
K/12/79 8,45
k/1/80 13,62
K/2/80 10,14
K/3/80 10,98
K/L/80 4.04
K/5/80 720

z/10/79 11,85
2/11/79 9430
z/12/79 8,86
z/1/80 5496
K/2/80 6.38
z/3/80 L.18
z/L/80 { 11412
z/s/80 | 9.Lb
1
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2.7 X=-Ray Diffraction Analysis
Procedure: Harmattan dust samples were used for the

X-ray diffraction analysis., The oriented aggregates were
analysed and diffractograms obtained from the philips
X-ray instrument model PW1390 of the Department of Geology.
A typical X-ray diffractogroms of the harmattan dust
is shown in Figure 2,
The analysis of the spectra show that the major
components of the dust is {{ - ‘uarlg - :1102
Kaolinite - Al, 510205 (0}1)h
Traces amount of Felspar, chlorite (Mg10512 (Sieﬂlz)ozo(OH)16

Calcite 03003;
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CHAPTER 3 s

DISCUSSION OF RESULTS.

391 Deposition Rates of the Harmatt an Dust
Samplia

Matter is transfered from the atmosphere to the
surface of the EBEarth by a numbker of processes during

43,47, During wet periods,

both wet and.dry periodse
transfer occurs mainly by scavenging (in - cloud and

below cloud) gnd gravitational sedimentation of the preci-
pitation elements.

During dry periods, matter in both gaseous and parti-
culate phases is transfered by several processes including
gravitational secdimentation, turbuient diffusion and
molecular diffusionas

Buckets dnd howl exposed in the airgtream to collect
dry particles have been used to investigate dry depositione.
These teghniques, while simple, are self - defeating in
that all of them disturbk the natural air flow.

Further particles can blow both in and out of a
container in varying degrees depending on the design of the
collectory the wind speed and the particle size.

Ligquid is nlaced in the bucket tc aveoid loss of matter

already col%ected,

Yo



8.

Dry and wet deposition methods are used for the
collection of the harmattan dust both in Kano and Zarla
stations,batween October and May (1879/80).

Table 1 shows the weekly variation of the deposition
rates of the varlous methods.

The last three wet collections for Kano and Zaria
stations have high deposition rates which signifies the
commancemont of the rain = 1st rain in Kano = 1st May
1980, and ist rain in Zaria 28th April, 1980,

Table 11 helow shows the total deposition rates for the
various methodse

Wet deposition method show higher deposition rate
comparaed to dry deposition methode: ‘iiu

The deposition rate for the K/ESA (Ecological station)
stands oulL clear.

Although this is a dry depositicn, the result
(118.279/m2) showed variation from the KDD (also dry depo-
sition -~ 82.15g/m2).

This can be attributed to the location of the KESA
(Ecological station) and KDD {top of a building).

The latur is set up 9m above ground level on the rcof
of a bullding oh the campus of Bayero University, Kano,

isolated from local scil dust movementse
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The irap is a bacin of 20cm deep and a surface area of
O.27m2 for collecting dust. The former is placed on the
ground in the ecological study arca of Bayero University
which is surrounded by trees and ghrubs. Dust particles
freely settled on the leaves of thesze trees and shrubs.

Under windly condition, settled dust particles are
easily blown over the surrounding giving the XKESA a higher
value than expected.

It is observed that the depouition rate for Kano statien
is hi ‘her than Zaria station. Thinz is expected since the
guantity of the deposited dust decreases with distance from

the desert,

TABLE 11

Total deposition rates of vorious methods from 1979/80

collection:
_ Sample Tot~l deposition rate (g/mz)
EWD1 167.72
KWwDII 173.05
KwDIIT 163.48
XDD 82.15
KRBA 118.27
ZDDI €5.89
ZDDIT 60.7h
ZWDI 158,80

JWDII . 137.35
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The start of the harmattun pesson coinecides with the
end of the wet season go that during (October to January)
all grases abound and relative Mmmidity levels are high

thus minimising dust remobilisation., As the grasses die off

relative humidity decreases and the total amount of deposited dust

increases?8 conditions become couducive to remobilization and
gecondary deposition., This process might be accetuated by
gragd: burning during the latter part of the dry season adding
coargser particles to the measured deposition.

Table 12 shows the breckdown of the monthly deposition
ratess The histograms of the monihly deposition rates for the
varicus methods are sghown in figuve 3 to 11.

Deposition rates generally increases from December to
March (highest deposition rate in Narch). In April there ig
a géneral decrease in deposition r. tes.

This trend sugmest the poussibility of secondary deposition
mentioned above,

The histogrem of the KESA is nore interesting.-
There is a gradual increage in lhe daposition rate from
Hovember to Pebruzry and it graduully decreases again from

February to April.



Monthly Deposition rites of the harmattan dust in Kano and Zaria

stations for the period October to April (1979/80)

p——

Month KWD 1 | KWD II| XéD III , ¥DD | ZDD 1 , ZDD IT | KESA _ 24D 1
OCT. 2.1659 | 12.1823| 2.9560 | 5.7869] 3.3173| 3.9616 | 9.7028] 8.5

NOV, 14,6354 | 14.6919) 15,0522 | 8.4457] 7.7098! 7.L767

- - n ..t.L1n..||

DEC. 12.981L | 13.65LL 1 14.5566 | 6,941 3
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Figure 3
Menthly Deposition Rate for Kano Wet Deposition
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The harmattan dust particles may have relatively
little influence on visibility,

Therefore, measured dust de)osilion rates during
January-April overestimate the harmattan dust influx.

The relation between dust depcsition and visibility can
be used to predict expected depouition for each ueek.37

The difference between expected znd measured deposition
is agsumed to be secondary deposition.

When the corrected data are derived (from the Visibility
deposition regression line)BT. Llotal Hammattan dust deposition
at Kano during 1978-79 is 7)9,1&111—2.

This figure represents a reduction in total measured =
deposition of U1,7% which is the amount of Secondary deposition.

Based on this assumption, the corrected total deposition

rate is summarised in the table below.

o L 2
Sample _J Correc ted deposition rate Igtm )

KWDI 97.78
KWDII 100.88
KWDIII 95430
DD 47.89
KESA 63.95
ZDDI 38.41
Z0DII ; 35.41
ZWDI 92.58
ZWDIT 80,07
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Harmattan dust deposition measurements made by Brom-
#6107 555 Wb Ehis. Eres during 1969~72 amount to 2.6@n -

which is far lower than rates given here, and surprising
during a time of drought,

Bromfield collected dust in a dry daposition gauge
which can seriously underestimate deposition.38

Long-term total dust deposition monitoring 197929

Period of study Jan, Sth-March 26th (82 days):

Station . Deposition 5{!112
Kano (B.U.K.) 39.1
zaria (A.B.U.) | 10.8
Jos (Uni) 2.1
Maiduguri (Uni.) 32.9

Clearly the amount deposited f:1lls off rapidly as one
moves south.

This is in line with satellite photography of dust
plune ap\rcaad:i.ng.hB

Comparison of day and night deposition rates are also
made.

During the heavy harmattan of the period of Jan 20th- Jan 26th.

Samples are collected 8 a.m. and & p.m. giving a 12 hour

collection with the following result:



The results show clearly thot the dust is deposited

more during the day than the night.

—Deposition

Day 8 a.m.~8 p.m. Day Period

A 6~hourly collection29

more detail.

12.30 a.m,
7.00 aem,
12,30 a.m,
6.30 pem.

12,30 Della

0,802
0.768
0.674
0.931
1.079
1.173

_&fln’

Night period
0.435
0.439
0.276
0.329
0.182

0.212

on flarch 10th/11th gives

Deposition (g/hz)

7.00 a.,m,
12.30 a.m,
6.30 pem.
12,30 p.m,

6.30 p.m.

1.760
0,821
0.840
0.579
0,284

The cause of this daily variation is not clear.

Convection currents during the hent of the day might be

expected to keep dust in suspension but the revarse

result is obtained.

87.
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More data is needed but these studies can only be done
during heavy dust periods and they are very demanding on
time and resources,

342 particle  Size Analysis.

Results of partiele Size analysis aarried out on two
soil samples using the pipecte method and cal gon 0.1%"/v
as a dispersing agent showed that cne can use 10g as well as
2ge. This expericment is carried ocut because the amount of
Harmattan dust is too small.

For fraction 63um to 2000um the sieveing technique is
used,

Results obtained from Harmattan dust show that it is
mainly composed of silty material.

According to results of particle size analysis of some
Soils in Kano, there is no indication for Harmattan dust
throughout the soilse. The upper horizon are composed of
loomy to -sandy material.

Results shown in table 13 indicate the sand fraction
toc be major particle size in these scils. Due to this finding
one could assume Lhat there is not any Harmattan dust in

these scils.
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TABLE 13

Result showing percentéges of particle size

@nclysis carried outs:

ICLAY | FINE | COARSE | FINE . MEDIUM i COARSE
1(1—2). SILT | SILT ; SAND SAND . SAND
um 1 (2-20] (20-63)] (63-106] (106-212) (212-2000)
Sample | i_ um _um um E um _§ um
K2042 (100)| 9.3 3.9 | 44,2 23.8 | 16,4 | 2.4
K2042 (2g) | 942 : 4.0 | 44,2 2147 % 18. 3 % 2.6
K2185 (100) | 645§ 1.9 | 31.7 43,1 i 9.6 ; 72
K2185 (2g) 645 3.5 1 3051 43,6 10.5 . 548
Harmatéan Dust % ! ‘ :
KDD (2g) | 9 25 | 59 | 5 ; 2 | o
ZDD (2g) 9.2 27 57 E 4.8 i 2 S«
* .
Other Soil l : i 1 '
in Kano area \ i l i
A - horizon ; ! i !
1 8 b3 14 | 46 20 Lo
2 | 7 : 3 15 ! 54 13 ' 8
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3.3 Extraction Methods :

Eight different methods of extraction are investigated.
The objects of the organic solvent extraction in the
preclininary analysis are @
(1) «climinary of anions and intékfering elements. .77 &,
(1i) Enhancement of sensitivity by the organic zolvant
¢ffecty and
(iii) concentration of the sampléx

The effect of organic solvent extraction doc: not
show a marked enhancement in the readings obtained in the
preliminary analysis. The use of muffler furnace alone in
the ashing process is not s@fficient, but when it is used
in conjunction with the sulphuric acid treatment, 1t becomes
a very important piece of equipment in the preparation of
sample solutions,

Three methods are used for thé extraction of the
Harmattan duste

- Hydrofluoric acid - hydrochloric acid - nitfic acid

digestion method is used for the extraction of somc
weekly samples; a modified hydrofluoric acid -~ hydrochloric
écid digestion method is used for the monthly sampleé of the
haermattan dust, and hydrofluoric acid digestion - Sodium

Carbonate



91.

fusion - hydrochloric acid digestion method is found to
be the most sultakle extraction procedure for the determi-

nation of Cr and Co.

- 3e4 Elemental Concentration in Harmattan Dust Samples:

There seems to be no uniformity in the clemental
concentration of the Harmattan dust both in Kano and Zaria
stations to allow for meaningful discusgsione.

However the variation in concentsation of the tweive

elements determined is summarised in Table 14

TABLE 14
Variation in concentration of the Twelve Elemcnts

Determined:

Element ¢oncentrations (Hgg-i}*
Ni L 7.5 - 400
co ; 2245 - 168
cr ’ 33,75 = 162
Mn 125 - 636
Na 2125 - 29875
K 12125 - 18875
Pb?7 100 - 21745
Cu 26.5 - 85.0
Fe 3250 - 7875
Zn 625 - 1185
Ca 1610 - 5830
Mg 3000 - 6705

——



From this table the elementss Ni, Co, Cr, Pb and Cu
can be grouped as trace elements (<L50qugg"1) and Ca, Fe,

Zrny, K, Mg, Na, and Mn as major elements (;>50qqu"1).

The calculated mean values {X) and the standard
deviations (S) of the elemental concentration of the
Hermatian dust sample for the Kano and Zaria wet and
dry collections are summarised in Table 15,

A discussion of the elemental concédntration in terms

of "enrichment factor"™ Ef, is discussed in 3.5




TABLE 1

Mean Valveg and Standard Deviation of the Elemental Concentration

in Harmatian Dust

.

7DD ZMD Zaria
Weekly analysis Weekly analysis Monthly analysig
Blement X 5 X 8 X S

Ni 2L0.68 80,63 211,19 80.15 231,25 81,40
Co 510 16,30 51,63 21,13 87.75 3L.h9
Cr 100.03 35.85 87.34 25.72 102.5 15.77
Mn 551.?1 -;55;53 296,66 103.65 456,37 109,37
¥a | 3715.62 " 775092 1,803.8 2296, 77 6720 1708,03
K 1650745 1653.20 16710.38 198Y.97 17406.87 | 1663.48
b 7.5 27,80 157.07 31,70 150,75 19,63
Cu 51,63 19.12 7?& 21.87 58.46 13.15
Fe 4805 149724 5215,38 1286.15 5253.75 1360.007
n 8L,6.87 11777 827.30 158.47 826,87 101.48
ca | 3623.12 1131.52 | L135.38 | 1026.72 352,37 | 1370.56
Mg L4723.12 816,31 Lhh8.46 1067.38 LT16.87 1139.08

e




Mean Valves and Standsrd Deviation of the Elemental Conecentration

o e e o s

in Harmattan Dust

S P S

! e T — s o= |
- Weekly analysis _ Weekly analysis Monthly analysis
| Element X S X 8 X S
Ni 195.55 87.6 231.30 87.91 211.87 18.83
Co 71.25 18,2 79.05 30,18 123.5 33.15
o 92.38 27,47 113.55 19.90 122,25 21.36
Mn Lo6,.94 62,21 339.6 96,09 458.25 70.03
Nea L293.3 176L.93 64S2.69 2052.19 6541.25 1577.87
X 1612166 2010,42 16273.07 2178;63 17950,5 1494 .40
Pb pr R 16038 1 2h.71 150,75 11,98
Cu 52.33 .A13'77. 59.LL 19.58 o 55.06 14.06
Fe 4900 1155.17 535%.53 1203.58 4996, 62 879.09
AZn 756.0 147459 787.5 12?.6& 895,62 161,38
Ca L106.66 954.57 1130.38 861.96 Lb93.12 815.22
Mg 1333.8 702,39 ho3kL.6 8,8.87 LL95.6 6L8.24




3«5 Eﬂg&gﬁﬂgnt Facters in Air.

The abundances of many elements in the atmospheric

aerosol.are tontrolled by the crustal aerosell. This can

be seen most easily by enrichment factor analysis, that is.

by calculeting the enrichment factor of each element in the

aerosol relative to the crust and some reference elemaent .

This is usually done for an element by using the folliowing

formulas;

reposol: Crust Enrichment Factor =

H/rConcentration of element X

/

B

1 e L

\\ Concentration of reference element ;

B o ——

L
y
¢ aeroscl

" Concentration of element X

[P T N

........
A

i
1)

1
LY

Innprinciple any of

SCannareeverssvce

a

, Concentration of reference element}! cruste.

several elements (Si, Al, Pe, Ti,

} could be used for the crustal refcrence

element, but Al i8 the most common cholce. Because it is

relatively easily determined and lacks major pollutiocn

Sourscsa
Fe 1s the next most
The c¢rust reference
probably desert soil,but
crust (L.e rock) because
for rock than for scil.

from average calculation

common choice.

material rmrust” ought to be soil,
it is usually taken to be average
so much better data are available
The composition of crust is taken

by Mason®’ (1966)
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Iron is chosen as the reference clement because it is
the only one determined out of the othcr refcrence elementsa

The enrichment factor E 5 is then defined as

4

(x/fe) aerosol

A

fe

(x/fe) cruste
The monthly and weekly arithmetic mcan of the

concentration of the 12 elements determincd are used in the

calculation of Efe’

The arithmetic mean of the various ~ @elements are

shown in Table 16 and 17

TABLE 16
Arithmetic Mean of the Concentrations (Mg g—i) of the

Elements Determined for Zaria station

Element Monthly Analygis —  Weekly Analysis
Ni 231425 222,40

Co 87.75 5257

Cr 102.50 92,17

Mn 456437 341.45
Na 6720.,00 4890.71
K 17406 487 16633.09
Pp 150475 153442
Cu 58.46 53405
Fe 5253475 5059,.04
Zn 826.87 834,79
Ca 3524,37 3940,23

Mg

4716487

£553,09
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Arithmetic Mean of the Concentrations (Yg g‘i) of the

Elements Determined for Kano Station,

Eﬂement'_

Ni
Co
Cr
Mn
Na
K
Ph
Cu
Fe
zZn
Ca
Mg

The enrichment factors of the elements determined

Monthly analysis

Weekly anadysis

211.87
123450
122,25
458425
6541,25
17940450
154.75
55.06
4996.62
895,62
4493.12
4495 ,%0

216.68
75.86
104.89
367.16
5569431
16211627
154,20
56453
5152.04
774,60
4120468
41688,86

. in Kano and Zaria stations (calculation based om average

amounts of the elements in crustal rock527) are tabulzted

in Table -8,

Six elements

Cay Fey Mg, Mn, Na, and K, have

enrichment factors between 0,5 and 7. Four elements Cu, Cr,

‘Coand N1 have enrichment factors betwcen 8 and 50, while 2Zn

and Pb have enrichment factors batween 100 and 120.



Low enrichments close to unily imply a2 predominantly
direct terrestrial origin,

The enrichment factors of ithe elaments, basing the
calculation on average amounts of elemenis in some soil
sample around Zaria is shown in Table 19,

The high erpichment factors for some elements suggest
that the hammattan dust though” lo orizinate from the Faya
Largeau area in the Chad Basin (Fig. 1) are richer in these
clements.

This calculated enrichment [cctors show that the
harmattan dust is richer in Zn, Mg, Ca, Na and K.

Table 20 show the compariszon of enrichment factors of
Zaria cerosol particulates with other maaurements.2

This comparison is particularly valuable,

98.



‘PABLE 19

100,

Enrichment Factors (Efe) of the elements in the Harmattan

dust of Zaria station (calculation bosed on average amounts

of elements in some soils sampleho around Zaria)

particulates with other measurementg

Flement Enrichment Factors(Ere)
Pb 142
Cu 0.91
Fe 0.99
Mn L.t
Zn 30.59
Mg 21,89
Ca 18,72
Na 19.91
K 49.89
Cr 111

TABLE 20

Comparison of the enrichment factors of Zaria aerosol

Element | Zaria M. ?udunlﬂ.?g?ani Harwel Liege Chigigg_
Co 27.21 0,71 0450 ' 2.20 2.00 1,70
Cr 0% 0.92 2,70 7510 5e20 3.50
Mn Ly 0462 0,21 3.20 1.70 9.00
Na 19,91 0.28 0437 430 Oulily 0,23
zn  |30.58 ’?.90 b2.oc  B79.00 frBl.oo 182,00
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because ofthe differemce 1n the method of collection of the
samples,

Glant size particles which freely settled are collected
in Zaria but a high volume sampler constructed by Rothroe
and Mitche1128 is used for the other determinations,

The higher values of 2n, enrichments at I{arwellza,
Chlcagoy and Liwge compared to Kano and Zaria can be explained
by the fact that these cities are more urbanised than Zaria
and there is the tendency of industrial processes in these
areas.

The eﬁrichment of Co and Na is higher in Kano and
Zaria compared to N. Sudan, S. Sudan, Harwell,Licgc and
Chicagoe This can be attributed to the differences in the
particle 2ize ranges of the aerosol particulate. The
particle size ranges of the harmattan dust vary between
1~212ums High volume sampler is used for the collecction
of dust whose elemental concentration is determined at -
Hepwell, Chicago and Liege compared to Kano and Zaria,
where the dust is allowed to settle freely. There ig the

possibllity of adsorption of metals by the gilant partieles

giying rise to high enrichment factors for Co and Nae

B

(k}\
241*- Qh.
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Mn and Cr show slight variation in the enrichments of
the placos comparede.

Na data is avallable for the comparison of enrichments

for okher elements.

2.6  Physiclogical Effects of Harmattan Pust

It is very difficult to demonstrate chronic effects
caused by continued exposure to air pollution,.

However, alr pollution eplisedes with extremely high
concentrations have been found to cause acute sickmess and
death. %172

Gaseous and particulate lrritanhs are intercepted by
the cilia, which are bhairlike cells that protect the air
tracts, |

When the insult is too large, this protective
mechanism breaks downand the pollutants penetrate deeply
into the bronchicles and alveoll, the tiny air sacs deep i3

the lung.>>

If the insult centinues year after year in large enough
COncentrations then any one of the following major chronic

diseases may develope
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Asthmaz

An asthmatic attack consikts of the narrowing of the
bronchioles, which is caused by a muscle spasm, an
enrichment of the mucuous membrane, and by abundant

mucuous s@cTretionse.

_gggggh}g&igdqqg Emphysemat

The diagnosis of bronchiotls is justified, when the
sufferer has a chronic cough with sputum lasting for at
least four wecks.

In emphysema the patients air sacs or alveclli become
over excendwd and eventually break down,

Both Uronchitis and emphysema induce shortness of
breath in patients.

o In advanced stages they are wpsncle to blow ocut a

lighted match only a few 1inches away from their mouths,

Lung Cancers:

Cancur ic produced by uncontrolled cell growthe
Lung cancer i8 the abnormal and unceontrolled growth of cells
which usually originates in the bronchial mucucus membrane.55
A large numbcr of carcinogenic (Canccr producing) substances

are known, The best known is perhaps the 3,4, benzopyrene

(Ba P), a polycyclic hydrocarbons
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They are ores.nt in the air of cities and industrial arcass
They result from incomplete combustion and are prasoent
in large quantitics in automobile exhausts, cigarette
smoke, and industrial combustion preocesses, However large
urban areas as compared with smaller urban areas have a
higher rate of lung.cancere.
In general, irritation of the respiratcry epithelium

53,34 Irritants in the

causes reflex broncho-constriction,
nose change breathing, increase blcood pressure and slow the
heart,z“1 an possibly change pulmonany vascular resistance,

which mmy complicate any primary reflex on the air waysa

3 « 7 The Functions of Trace Elements in Plants:

At the present time the following trace elemmnts aée
known to be essential for the growth of plants:
Fe, Cu, Zn, Mn, Co and Na. Not all of these clements are
universally required by plants but all of them have been
shown to be required by some plant.

The classification of essential mineral elemant into @
(1) wmajor or macro element and
(i1) minor element, trace element refleets a large or a

small reguirement of these by plants,
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Although this may be aconvenient subdivision, it is
arbltrary and has obvious limitations. Thus, for
example, Ca, ia essential in large amounts for highecr
plants; whereas for micro organisms it is required at
mugh smaller lemels and could therefore be regarded as
trace elements. A number of the essential trace elements
for the growth of micro organisms and plants are transition
metals, Viz. Fe, Zn, Cu, Mn, Co and V, which have c¢lectronic
structures with distinct physical and chemical propertiess
These include variable oxidation states, complex formation,
metallic nature and catalytic activity,

Proteins that posséss Fe = 8 clusters as active siteé
LP!& been isolated from a wide variety of bacteria, plant
and animal sources and are usually known as ferredoxins.
These non-haem Fe =S proteins, which have small molecular
"welghts, are inveclved in key metabolic events such as
N2 Fixation 4 phcotosynthesis, electron transfer enzywcs
and hormone biosynthesisg’2
| In green plants, components of the respiratéry chain
located in the mitochondria are similar to those found in the
animal system.
| Varfous—haem- iron compounds are important respiratory
electron carriegs but these differ in detail from those in

[
animal mitochondria.



106

[
Special cytochromes are present in chloroplagts,
Cobalt is essential for N, fixation by free-living
bacteria, blue— green algae and symbiotic systems.
In root nodules the metal requirement is usuclly
associated with the production of cobamide compounds by the
rhizobia.

Cobamide coenzymes are required for metabelle processes

Of the bacteroids, especially for the enzymes methyl malonyl

CoA isomeraae.34

Knowledge of the functional role of Zn as a component
6f an enzyma is incomplete, It differs in many rcspects
from Fe, Thus Zn enzymes are colourless, and the atom has
nounpaired elewtrons at ambient temperature so that it has
onc stable state insolution.

The metal is usually tightly bound to the apoenzyme
and can be removed only with severe chemical treatment.

It forms strong complexes with radicals of polar

- groups containing oxygen, nitrogen and! Sulphur,

The oxidases catalysing reactions that reduce both

atoms of molecular oxygen to water, namely cytochrome C

oxidase, as-corbate oxidase and laccase, all contain Cu3§
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The catalytic unit of cytochrome C oxidase is thought
to contain two distinct forms of Cu in addition to cytoch-
rome a.

There are various forms-° of Cu present in laccase,
i.e two gu2+ %ypeébas well as a diamagnetic form consisting

2+ pair.

df a strongly coupled cu’* - cu
Arginase and phospho transferase are two Mn - dependent
enzymes. It is also known that this element substitutes for
Mg in many of the ATP - dependent enzymes of glycolygis,.
In addition, Mn appears to participate in the O2 -
evolving system of photosynthesis and there are reports
that the elements is required for glycellate formation
in green algae.37
The functions of Na in plants metabolism arc not
known with any certainty.
Lxperiments with radicactive 24Na indicate that the
element is present in various combined forms in plants;
cne form is readily exchangeable; with all cations, whereas

the other type exchanges with Na but only with difficulty

with Ca, K and Mge.
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3.8 Conclusion

It is clear that the mobilization of Harmattan dust in
the Sahara and its subsequent transport through the atmosphere
well beyond the Sahara is a natural process that has been
going on for a long period of time.

wet deposition method show higher deposition rate
compared to drv deposition method., The deposition rate of
harmattan dust for Kano station is greater than that for
Zaria staticn. The particle size t¢nalysis show that
Harmattan dust is mainly composed of silty material.

Ni, Ci, Co, Cr, Pb and Cu occur in trace amount in
the Harmattan dust and Ca, Fe, Zn, &k, Mg, Na and Mn as major
elements.

Six elements Ca, I-i'e, Mg, Na, Mn and K have enrichment
factors between 0.5 and 7.

Cu, Cr, Co and Ni have enrichment factors between 8 and
50, while Pb and 7Zn have enrichment factors between 100 and
120,

Approximately one-half of the (lements determined
in the harmattan dust occur in near-crustal proportions,
and are probably s»il derived. Deserts are likely to be

the main contributors.
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3 « @ Seope For Further Work

L)
(ii)

(4ii)
{iv)

(v)

The following further studies are proposed:

studics on the methods for dust deposition, including

comparisons boetween different methods.

Analysis of other elements not determined in the

proscnt studiese

Regular abservations by high volume samplers of

suspended particulate matters at all regional stations

and at a selection of climatological staticons in Nlgerla.
_ ool LT .8 R S L e

Wwind observations at suitably distributed stations

over Nigerla for cstablishment of the relationship

with alr borne dust frequency,

Investigation of the chemical and mineralogical comnositio

of the Harmattan dust as a function of particle size.
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3 . 10 Suggestions

It is essential that in all cases sufficicent reserve
samples should be stored for future research and follow up
studies, It is most essential that the sampling be done
by scientifically trained personel and tha t it should be
supplemcnted by mapping expeditions carried out by a team
of soil Scientists, geologists and mineralogists,

Again, this programme should be crganised in such
a way as to obtain maximum support from the appropriate

international organisations,
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