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Ce rapport pibsente l'ensemble des données acquises par I'équipe de J.Y. 
GAk (LEbosratoire de Géologie, Orstom Dakar, Sénégal) depuis 1983 sur la qualité 
chmique des poussières atmospht5riques déposées en Afrique de l'Ouest. 

tes lieux d'observations concernes sont Nouakchott (Mauritanie) en 1983, 
D*n (Sen6gal) de 1983 A 1987, P6t6 (Shegal) de 1986 A 1987 et Mbour 
(Snegdl) de 1986 à 1987. 

Les analyses chimiques ont été réalisées pour une part par J. 
GAUTHEYROU du Laboratoire des Formafions Superficelles de I'Orstom fi Bondy 
(Rance) et pour une autre part par H. PAQUET du Cenfre de G6ochirnje de la 
Sm'bce du CNRS A Strasbourg (France). 

Les premiers résultats de ces analyses seront présentés au Congrés de 
W H S  en juillet 1993 au Japon par D. ORANGE. Cette communication correspond à 
t'a;tic!le ci-joint en annexe sous sa forme pre-print intitulé : Constituent composition 
of Harmattan dust and geochemical balance of atmospheric depositions in 
contiinental West Africa. 

1 \ Les résultats d'analyse chimique 

t e  tot d'echantillons analyses (85 au total) correspond à : 

- I 6chantillon de Nouakchott regroupant la pbriode 3-10/4183, 

- 49 Bchantillons de Dakar se rbpartissant en : 

- 2 échantillons événementiels de 1983, 

- 9 échantillons à regroupement mensuel de 1984, 

- 12 échantillons à regroupement mensuel de 1985, 

- 12 échantillons à regroupement mensuel de 1986, 

- 9 échantillons à regroupement mensuel de 1987, 

- 5 échantillons correspondant aux cinq dépôts journaliers les plus 

I -1 

Bt~vii?s die 1987 ; 

- 15 6chantillons de Pet4 se r6partissant en : 

- 9 kchantillons à regroupement mensuel de 1986, 

- 5 échantillons à regroupement mensuel de 1987, 

- 1 échantillon correspondant au plus fort dépôt enregistré en 1987 ; 

- 20 6chantillons de Mbour se repartissant en : 

- 12 échantillons à regroupement mensuel de 1986, 

- 8 échantillons à regroupement mensuel de 1987. 
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2il Lescalculs de movenne 

La moyenne annuelle est obtenue en pondérant les valeurs mensuelles par 
te taw moyen joumalier de dépôt du mois considére. Ensuite, la moyenne 
Zderannuelle est obtenue par une simple moyenne arithmétique des moyennes 
mnuelles préddemment calculées. 
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Tableau 2 : Parametres statistiques par station 

1 j YBOUR 
! i 

I 
ST&ï I Moyenne I Max Min Mediane NB NBVAL Ecertype Ecartypep Var Varp Sommeprod 

I P m  
I 

STAT I Moyenne Max Min Mediane NB NBVAL Ecartype Ecartypep Var Varp Sommeprod 

? 
1 1 
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* -  Tableau 3 : Moyennes par ann& et par station pondbr4es par le d@&t 

moyen mensuel (C des tableaux f )  

p e  Ï - Cremical composition of atmospheric dust collected in Senegal I I  
8 I I I l I I  I I I 

I 
MOYENNE PETE 

1986 1987 "'i4MI :IId:'EC. 
g 5 f . !  .;.; :!i. ;14;;{>:; t; 

;.; ;j t >;' ;; J:.i ip l  i4 
76,s 77.3 :76,8 ?I-' 
10.8 9-8 1..10,3 +&Q:: 
5,3 5,O . : 3,2 il~..Q,4:! 
0,94 0,90 0,92 +/;, 0,07 
0,103 . 0,086 '0,094 h-,0,013 
0,143 0,143 0,143 +/- 0,025 
0,67 1,15 0,91 +/- 0,43 
1-34 1,31 1,3Q +/:' 0,19 
1,16 1,OO 1,08 +/- 0,14 
0.10 0 , l l  0 , l l  +I- 0,02 

Tableau 4 : Moyennes par trimestre à Dakar et Mbour 

Tableau 5 : Moyennes interannuel/es par station et inter-stations (DPM) 

Alil : moyenne arithmétique 
MllxC : moyenne interannuelle inter-stations pondérée par le dépôt moyen annuel, 
d ~ s  moyennes interannuelles arithmétiques de chaque station 
MIC : moyenne interannuelle inter-stations non pondérée, des moyennes 
interannuelies pondérée par le dépôt moyen mensuel de chaque station 
Mil&% : moyenne interannuelle inter-stations pondérée par le dépôt moyen annuel, 
des moyennes interannuelles pondérée par le d6pÔt moyen mensuel de chaque 
stat ion 
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33 Représentations qraphiques des compositions chimiques 

Fi~ure I : Evolution des teneurs en fonction de l'intensité du dépbt 
/échantillons 6vt5nementieIs de Dakar en 1987) 
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Fjuure 2 : Evolution des teneurs moyennes annuelles A Dakar 

0.00 I 
1983 1984 1985 1986 1987 

Fe203 I 
/- I 4101 

1983 1984 1985 1986 1987 

Ca0 I 

:%I I 0'?983 1984 1986 1987 

I 0;0ti83 1984 1985 1986 1987 

I P205 
0.300 , 0.2001 
0.100 

--a--- = - - --. 

o.Oo0 J 
1983 1984 1985 1986 1987 

S¡O2(T) 

1983 1984 1985 1986 1987 

Al203 

5.00 
0,oo 
1983 1984 1985 1986 1987 

MgO 

-.-- 
1983 1984 1985 1986 1987 

1.50 l,oo t \ 
'm 

),O0 I 
1983 1984 1985 1986 1987 

Tableau 6 : DbptSts moyens mensuels et annuels (en g/m%jour) 

I A ~ A ( J  F H A H J J A s o H o I % p n n e i  

- - - - - - 0.32 0.18 0,18 0,29 0,16 0.35 
0.67 0.56 0.62 0.38 0,38 0,47 0.30 0,05 0,09 0.15 0.14 0,22 
0.36 0,47 0.43 0.42 0,31 0,47 0,14 0.06 0.10 0.16 0.24 0.30 

1 

1987 I - - - - - 0.08 0,06 0,06 0.03 0,04 0.06 - I - 
Pm 
1986 I - O,@ 0,45 0,28 0,49 0,35 0,31 - - 0,27 0,26 0,64 10.38 
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- Y  Ficrue 3 : Evolution des teneurs moyennes mensuelles ii Dakar en 
fonction de I'infensit6 du dbpôf 
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Fiqures 4 ef 5 : Evolution des teneurs moyennes mensuelles c? P6t6 et ii 
Mbour en fonction de I'intensitb du dbpôt 
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4\ thficuls des facteurs d'enrichissement des eaux de pluie de Bakel (NE du 
S h h a i )  par les poussi&res atmosphbriques 

Trois facteurs d'enrichissement des eaux de pluie par les poussières 
atmsph5flques sont testes ici, seul celui défini dans le tableau 7 a éte retenu dans 
l'aiSic!le qui suit en annexe. 

Les chlorures et les sulfates sont utilisés pour caractériser l'origine marine 
des mases d'eau de pluie. La teneur référence est fixée dans un premier essai a la 
teFeun eclregistrée dans l'océan (tableau 7), dans les deux essais suivants a la 
terîm enregistrée dans les eaux de pluie du mois d'août de Bakel (tableaux 8 et 9). 
Le mois d'août a été choisi car il est le mois le plus pluvieux, on peut donc supposer 
QUS ce mois-là l'influence des poussières atmosphériques est négligeable. 

Tableau 7 : Facteurs d'enrichissement par rapport aux chlorures (le 
signal de base etant les chloruresde l'oct5an) 

f Buie 3akel 1983 

: : :pa 1 
n 

O 1 O0 200 

Ed = (X/CI)i/(X/Cl)oc6an - I 

;;FmS, " i 
P i  

O 1 O0 200 j 
20 
O 
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- I  Tableau 8 : Facteurs d'enrichissement par rapport aux chlorures (le 

signal de base &ant les chlorures enregistrbs en août 8 Bake0 

Z!iuie Bake1 1983 

1 

TDS 0.2 * 
O 
i 52 too 

Ed = (X/Cl)i/(X/Cl)aout - I 

I 1 

Tableau 9 : Facteurs d'enrichissement par rapport 8 la somme C M O 4  
(le signal de base étanf enregistré en août 8 Bakel) 

O M 100 

:::f. , 

0 2  
O 
O 1 O0 200 1 O0 200 
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Flux chim-¡que 
Dust sah soud guin MOY MOY 

200 120 40 105 160 

0,133 0,080 0,027 0,070 0,080 
1,5 ' 1,5 13 1,s 2 

5) Biilan Q6OCh¡miQUe des apports atmosgheriques 

Composition chimique moyenne d e s  pluies (orange, 1992) 

rlwr cakulds pour 700 mm do plule par an. 
F= Vol M a s s ?  = (700 mm 1 ha) X men) = (7OOOm3).(Xc.IO(-3)k~/m3) = 7*X kg/ha/yr 

Qualltb chimique Flux chimique 

I 
CI ic c,i. f 

i 

80,OO 
70.00 
60.00 
50,OO 
40,OO 
30,OO 
20,OO 
10.00 
0,oo 

1 2 3 4 5  7 8 9 10 11 
HlO. 

Composition chimique moyenne d e s  dust  (orange, 1992) 

I I I I I l 1 Total 1 1944.8 1 1168.9 I 389.0 I 1021,O I 1555,8 

Flux chimique 
sah I soud I guin I MOY 
120 I 72 I 24 I 72 

A l n I n I I) 

I L I I 0,060 1 0,036 I 0,012 I 0,036 
I I I l 

L I c. I c 

I l I 1166,9 1 700.1 1 233,4 I 700,l 
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:' V '  Gecchemical balance of atmospheric inputs in continental West Africa (in kglhalyr) 
- 1  

Flux dissous 

Tomi I 88;OO I 148.50 I 124,80 I 83.87 

Flux dissous * Flux particulaire W Afridd 
Ftotal 

kglhalyr 
713 . 
1 3 2  
Q,8 
3,7 
1,4 
4 2  
233 
10,4 
8.4 
257,O 
20.3 
13,2 
3,Q 
0,rl 

-- 
-- 

- .  
-~ 

-- 

Cd dépôt de poussières mesuré ; 
Ce : dépet de poussières restant au sol après la remobilisation par le vent. 

6 )  Quelques remarques 

1. La diminution des teneurs en sodium entre les échantillons D5 et D6 
(Dakar en août et septembre 1986) est inexpliquée ! ? Par contre, la diminution des 
teneurs en potassium enregistrée entre les échantillons de Dakar de mars et avril 
1986 correspond au changement de laboratoire d'analyse !!! (tabeau I )  

2. Pour les événements de dépôts les plus importants à Dakar, la silice 
augmente alors que l'alumine et les oxydes de Ti et Mn diminuent nettement ; les 
autres oxydes de Fe, Ca, Mg et P semblent légèrement diminuer (figure I ) .  

3. Alors que de 1983 à 1987 à Dakar, le dépôt moyen annuel de poussières 
semble diminuer, les teneurs des poussidres en silice, en oxydes de Fe, Mg, Ca et P 
augmentent (figure 2). Les baisses de teneurs en oxydes de K et Na peuvent &re 
dues à des difficultés d'analyse. 

4. L'évolution des teneurs moyennes mensuelles des poussières déposées a 
Dakar montre que les oxydes de P, Fe, Mg, Ca et dans une moindre mesure Ti et AI 
diminuent avec l'augmentation du dépôt ;.à l'opposé, la silice semble augmenter 
(figure 3). A Mbour, I'évolution est similaire alors que rien de significatif n'apparaît 
sur les résultats de P&é (figures 4 et 5). 

5. tes tableaux 8 et 9 prouvent que les eaux de pluie ont leur composition 
.= chimique modifiée même lors du mois d'août, en pleine saison des pluies ! 
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. .  qz - Constituent composition of Harmattan dust and geochemical 
balance of atmospheric depositions in continental West Africa 

D- ORANGE, 
bborztoire d'Hydrologie, ORSTOM, BP 893, Bangui, République Centrafricaine 
J.X. GAC, 
biborztoire de Géologie, ORSTOM, BP 1386, Dakar, Sénégal 
A l l .  DIALLO, 
Département de Géographie, Université de Dakar, Sénégal 

Abstract - In West Africa, atmospheric dusts, corresponding to the Saharian dust particles 

bmugi-it by Harmattan wind, represent a seasonal climatic event as rainy season. They are 

calnst%uted basically by silt fraction and about 75% of their total deposited mass are formed by 

silica. The strong sensibility of calcium contents allows to use this element as tracer of source 

regiom. Phosphate is only chemical specy with a seasonal behaviour. The atmospheric dusts 

modify the chemical quality of rain waters which are alkaline and strongly mineralized. A 

geocbsmical balance of atmospheric inputs is established by continental West African climatic 

zatne. R reveals the existence of an African chemical signature of the atmospheric fluxes which 

repressnt a contribution in order from 1300 kg/ha/yr in sahelian zone to 365 kglhalyr in guinean 

mine. Silicium represents always the third of the total atmospheric inputs. On the other hand, 

there are different distributions of chemical species between the two forms of atmospheric 

inputs according to the climatic zone. Over the whole continental West Africa, the geochemical 

balance of dry and wet deposits is in the following order : Si >> HCO3 > Ca > AI > Fe > CI > K 
> N > Mg > (> Na > Ti > S > P >  Mn). 

INTRODUCTION 

During the last decade, many studies have shown the importance of atmospheric dust transport 

above African cdntinent and their influence on the climate (D'Almeida, 1986, 1989 ; Tsoar & 

Pye, 1987 ; Bergametti ef al., 1989 ; Joussaume, 1990 ; Legrand, 1990). The present article 

concerns the role of atmospheric dust on the chemical properties of rain water in continental 

West Africa and the results on the geochemical balance of atmospheric inputs. In first, we 

determine the Characteristics and constituent composition of the Harmattan dust falling in West 

Africa. After, we compare these with the rain water chemistry. And in conclusion, a 

geochemical balance of wet and dry atmospheric inputs in continental West Africa is 
esta b l i  hed. 

Daily measurements of dust deposition were performed in few points of Senegal 

country from 1984 to 1989 by ORSTOM. It has been already shown that in West Africa 

1 
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atmas?herk dust is an important seasonal climatic event as rainy season (Orange & Gac, 1990 

; Orange, 1992). Their depositions vary between about 200 g/m2/y in the sahelian zone and 

abouf 40 g/m2/y in the guinean zone, with at least 40% of these dust inputs which are 

mob i l i zed  by the wind. Their contribution to input-output sediment budget seems negligible 

and &es not change the mechanical erosion balance. But their impact is important in the 

chemkal weathering budget because they modify the chemical quality of rain waters. Indeed 

t h e  dgst deposition is not insignificant during the wet season : it represents 25% of the total 

annuél dust flux. 

- 

MATERlALS AND METHODS 

Collecting systems of atmospheric dust have been set in three points of the Senegal (Fig. 1). 

This material is presented in Orange et al. (1990). It is a simple pyramidal receptacle of 40 cm 

of depth and 0.25 cm2 of collecting surface, located at 5 m above the ground and it delivers 

deposited dust into a collecting bottle when daily washed with distilled water. The samples are 

h e n e  filtered on 0.45 pm pore-size filters, dried up at 70°C and weighted. 

For the chemical analysis of the dust depositions, the samples have been collected 

together by month. There were 42 analysis results for Dakar from 1984 to 1987, 20 for Mbour, 

80 kn southwards on the Atlantic coast, from 1986 to 1987, and 14 for Pete, 400 km eastwards 

irni0 tire continental sahelian zone, from 1986 to 1987. 

Samples of rain waters have been collected in two points of Senegal, at Bake1 into the 

sahelian zone during the 1983 rainy season and at Kedougou into the sudanian zone during the 

1987 rainy season (Fig. 1). The sampling method and the results of chemical analysis have 

been previously presented in Orange & Gac (1 990). 

CONSTITUENT COMPOSITION OF HARMATTAN DUST 

The analysed material is basically represented by silt fraction. Size distribution measurements 

of atmospheric dust from Dakar have shown that 91% of particles have a diameter between 2 

and 51) pm, 6.5% have a diameter below 2 p-n and only 2.5% represent the sand fraction. 

The annual means have been calculated weighting the monthly analysis results by the 

monthly average of daily dust deposition. The interannual mean is calculated by simple 

arithmetical average. 

For each station, the annual means of dust chemical composition show a large stability. 

So the interannual means are characteristics of each station. There are not big variations 

between the three stations. The atmospheric dust is always basically siliceous. Silica is 
expressed in quartz (about 60%) or integrated in clay minerals (from 15 to 20%) (Orange, 

2 
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1992). The most abundant oxydes after silica are always Al203 (about 10%) and Fe203 (about 

Comparitively to the soil chemical composition of this geographical zone (Moberg of 
al-,, 1 Ssl), atmospheric dust is more siliceous, less aluminous and equal ferrous. Furthermore, 

sttmospheric dusts are very enriched in calcium, magnesium, potassium and sodium. So dusts 

are a murce of cations, as West Africa soils are cations depleted. 

5%) ~ 

In details, there are small differences of chemical species behaviour between dust 

wlllected in Dakar, very inhabited coast city, Mbour, a small coast city, and Pete, a small 

continental city. At Dakar, silica is less abundant. The results of the X-ray diffraction analysis 

show that this missing part of silica corresponds to the quartz fraction. On the other hand, 

oxydes of calcium, potassium and sodium are more abundant, except magnesium oxyde. 

These three chemical species seem to be linked to a human pollution. At last, we note the 

weak content of phophorus in the dust from Pete in comparison of the two other sampling 

points. Phosphorus can be used as a tracer of dusts falling over area close to the coast. 

The chemical composition of atmospheric dust does not show variation according to 

season. In Dakar, silica seems less important during wet season, but it is not confirmed by the 

two other sampling stations. Phosphorus is the only chemical specy having an annual cyclic 

evolution. Its high contents during wet season are accounted for by organic matter burning. 

Indeed b’iofogical emissions as particulate from vegetation are the major sources of phosphorus 

to €he atmosphere (Stallard & Edmond, 1981). 

- 

In terms of monthly variability, the most variable chemical species are in decreasing 

order Na20, P2O5, K20, Ca0 at Dakar, P2O5, Cao, Na20 at Mbour and Ca0 at Pete. Their 

standard deviation is superior at 20% (table 3). The fact that calcium is the only chemical specy 

variabte at each station, notes the large contribution of calcareous encrusting for the 

atmospheric dust generation (Paquet et al,, 1984 ; Loye-Pilot et al., 1986 ; Coudé-Gaussen, 

1989 ; Clarke & Karani, 1992). This element can be used as tracer of source regions. 

We have no explication for the strong variability of sodium and potassium in dust 

composition. Their low level of concentration can be at the origin of analytical problems. The 

comparison with bibliographic data does not allow to supply a solution (Moberg et al., 1991). 

CHEMICAL PROPERTIES OF RAIN WATERS 

In comparison with the world average, rain waters of continental sahelo-sudano-guinean zones 

are strongly mineralized (from 10 mg/l to 50 mg/]) and contain bicarbonates and calcium 

(Mathieu, 1976 ; Roose, 1980 ; Lewis, 1981 ; Travi et al,, 1987 ; Orange & Gac, 1990 ; YaÏr et 

al., 1991). Orange & Gac (1990) have shown that dissolved matter contents increase with 

increasing aridity and encounter of cloud masses of the monsoon with the Harmattan winds 

3 
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bhich are charged with dust particles. Furthermore the pH is slightly alkaline. In this 

geDgraphical country characterized by savannah, the incorporation into rain water of Harmattan 

dust counteract the effect of acidic rain noted in tropical forest, southwards of our study region 

(Lo,iie-Pilot et al., 1986 ; Jaffrezo, 1987 ; Lacaux et al., 1987 ; Caboi et al., 1992). 

At Bakel, the highest concentrations are observed at the beginning and at the end of 

the rainfall season ; a decrease in rain concentrations is observed during wet season (table 4). 

So, precipitations play a significant role in the self-cleaning of the atmosphere. This 

phenomenon was noted previously by several studies (Buat-Ménard et al., 1974 ; Lewis, 1981 ; 

Jaffrezo, 1987 ; Orange & Gac, 1990). 

For silica dissolved in rain water, the contribution of atmospheric dust is obvious. For 

the other chemical species, to characterize the load increasing due to the flushing of the dust 

suspended in the lower atmosphere, we use an enrichment factor noted Ed(X) of any chemical 

element X in rain water by the dust, defined as : 

where CX is the concentration of the element X, CCI is the concentration of chloride used as 

rekrence. Indeed chloride characterizes the marine source in agreement with previous studies 

(Shllard & Edmond, 1981 ; Meybeck, 1984). If Ed(X) is negative, then the chemical specy X is 

enniched in rain water. We have used the CxlCcl ratio given by Savenko (1 976). 

The results (table 5) show that the enrichment is stronger in June and Gctober. 

Magnesium is enriched only in June while bicarbonate, calcium and potassium are enriched 

dufiring the whole wet season. Bicarbonate is the chemical specy the most enriched. We see 

again here the importance of calcareous encrusting in the rainfall chemistry. We have no data 

concerning phosphate and nitrate. In conclusion, results from rain chemistry show the relative 

importance between wet and dry atmospheric inputs. 

GEOCHEMICAL BALANCE OF ATMOSPHERIC DEPOSITIONS 

The uniformity of chemical composition of West African rainfall and atmospheric dust noted by 

bibliographic study of Orange 8, Gac (1990) allow to calculate geochemical balance of 

atmospheric depositions by using data collected in three typical points of each concerned 

climatic zone : sahelian, sudanian and guinean zones. 

The average chemical composition of dissolved atmospheric inputs in continental West 

Africa has been estimated from the chemical composition of rain waters collected in sahelian 

zone (at Bakel), in sudanian zone (at Kedougou) and in guinean zone (at Korhogo, Ivory Coast 

(Roose, 1980)) weighted by rainfall amount of each station (Orange, 1992) (table 6). 
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The total load of dissolved inputs in continental West Africa is about 13 mg/l. In terms 

a f  equivaients, the order of total annual loads for soluble cations is Ca>NH4>Mg>Na>K. For 

saluble anions, the order of load is HC03>CI>SOpN03>P04. Soluble silicon load is low but 
-wpe&r at the world average. Bicarbonate is largely the major ionic specy (Fig. 2). Lewis 

(1981) gives the same order for the total annual load of soluble anions in a tropical watershed 

o f  Venezuela with a similar environment. For the soluble cations, the relative contribution of 

czilcium and ammonium is more important in our study, because of the large part of Harmattan 

dust in the continental West African atmospheric inputs. 

The particulate inputs are calculated by arithmetical average from the average 

&lemical composition of dust collected at Dakar, Mbour and Pete. The result has already been 

pesented in table 2. 

T i e  geochemical balances of atmospheric inputs are calculated by using the results of the 

hydraclimatic study about West Africa done by Orange (1992). For the present period, the 

a v m g e  annual rainfall amount is about 400 mm/yr in sahelian zone, 1 I O0 mm/yr in sudanian 

zane and 1200 mm/yr in guinean zone. With a remobilization rate of 40% (Orange, 1992), the 

mean annual deposition of atmospheric dust is estimated at 120 g/m2 in sahelian zone, 70 

s/m2 in sudanian zone and 25 g/m2 in guinean zone. 

The results show that the atmospheric dusts constitute always the major part of 

atmospheric inputs whatever continental West African climatic zones (Fig. 3). Their 

contribution is the most important in sahelian zone, where they represent 93% of the total 

inputs. In sudanian zone, their contribution goes down to 83% of the total inputs and in guinean 

zone they fall to 66% only of the total inputs. So in continental West Africa, the inputs of 

atmospheric dust represent between 2 and 14 times the inputs of rainwater. 

In term of mass balance, the flux of atmospheric inputs is the most important in 

sahelian zone, because of the strong contribution of dust particles to the total atmospheric 

inputs in this climatic zone. It is about 1288 kg/ha/yr in sahelian zone while it is only about 365 

kg/ha/yr in guinean zone ; that represents a variation of 72% between these two West African 

extremes. In sudanian zone, the total atmospheric inputs amount to 868 kglhalyr. 

The distribution between dissolved and particulate chemical species is presented in 

table 7. Inorganic carbon, being only in the bicarbonate form, chlore, nitrogen and sulphur are 

brought into the landscape exclusively in dissolved form. Phosphorus, sodium, calcium, 

wassium, magnesium and silicium are represented in the two forms of inputs (wet and dry) 

with different distributions according to climatic zone, For instance, calcium is principally 

brought in particulate form in sahelian zone while it is above all brought in dissolved form in 

guinean zone. The silicium is always present especially in particulate form. Finally, aluminium, 

imn, titanium and manganese are exclusively in particulate form. 
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In details, the mass contribution of chemical species is function of the climatic zone 

becalzse of different distributions between wet and dry atmospheric inputs according to climatic 

zone flable 7). However, the succession of main chemical species brought by the atmospheric 

inputs is the same whatever the climatic zone : Si, HCO3, Ca, AI, Fe. The silicium is always the 

most abundant chemical element brought into the continental West African landscape ; it 

repregnts atways about the third of the atmospheric inputs. After the silicium, we find always in 

t h e  decreasing order the bicarbonate. Its contribution into the whole atmospheric inputs varies 

from 3% in sahelian zone to 16% in guinean zone. Then calcium is more or less abundant than 

aluminium and iron according to the importance of the part of atmospheric dust into the whole 

atmospheric inputs. In sahelian zone, aluminium and iron mass fluxes are superior than 

calcium mass flux, and inversely in sudanian and guinean zones (table 7). For the other 

amlysed chemical species, there is no characteristic order. We note only the strong variability 

of nitrogen inputs between the three climatic zones. From 0.8% of the total atmospheric inputs 

in sahelian zone, they amount to 20% of them in sudanian and guinean zones. 

At last, in conclusion, table 7 gives an estimation of the mass contribution for each 

chemical specy over the continental West Africa. This global balance has been established 

regarding the sudanlari tone as representatlve of We51 Africa. The flux of total atmospheric 
inputs over the continental West Africa amounts to about 850 +/- 50 kg/ha/yr, with one third 

represented by silicium. The chemical mass balance of dry and wet atmospheric inputs in 

crJntinental West Africa is in the following order : Si > HCO3 > Ca > AI > Fe > CI > K > N > Mg 

(> Na T i  > S > P > Mn). 

CONCLUSIONS 

The geochemical balance of atmospheric depositions underlines the importance of Harmattan 

dust in continental West Africa. Wet precipitations playing a significant role in the self-cleaning 

of the atmosphere, the water soluble fraction of the tropospheric aerosols governs the 

dissotved satts contents of rain waters. 

The chemical analysis of atmospheric dust falling in Senegal has shown that there are 

not big variations of chemical composition over the whole studied zone. The atmospheric dust 

is atways basically constituted by silt fraction and silica represents 75% of the total mass 

deposited on the ground, It appears also that dusts are a source of cations for the soil 

formation. In the main, there is no variation of the chemical composition according to the 

season ; phosphorus is the only chemical specy having an annual cyclic evolution due to the 

cyclic vegetation behaviour. At last, this study notes the large sensibility of particulate calcium 

to trace the source regions. 
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The impact of atmospheric dusts is important in the chemical weathering budget of 
West African landscapes, because they  modify the chemical quality of rain waters and so the 

chem-dry of surface waters. The enrichment, especially in bicarbonate, calcium, potassium and 
siiiicium, due to the flushing of the dust particles suspended in the lower atmosphere is the 

highest a t  the beginning and at the end of the wet season. Bicarbonate is the chemical specy 
the  mst enriched. 

The atmospheric dusts constitute always the major part of atmospheric inputs 
whichever continental West African climatic zones. The flux of atmospheric inputs is the most 

impofiant in sahelian zone ; there is a variation of 72% between the two extreme West African 

dfimatic zones. Phosphorus, sodium, calcium, potassium, magnesium and silicium are 

represented in the two forms of inputs (wet and dry) with different distributions according to 

dimatic zone. Of course, silicium is always present especially in particulate form. The 

succession of main chemical species brought by the atmospheric inputs is the same whatever 

t he  dimatic zone : Si, HCO3, Ca, AI, Fe. The flux of total atmospheric inputs over the 

continental West Africa amounts to about 850 +/- 50 kg/ha/yr, with one third represented by 
sijliicium. 

These results urideilirie the iriipacl of atrriospher'ic dust o11 the cheinistry of surface 
waters. Indeed playing an important role on the chemical composition of rain waters, the 

knowledge of the Harmattan dust geochemistry is necessary to understand the present 

chemical weathering of West Africa landscapes. 
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Year 1984 1986 1986 1987 M +/- SD 1986 ,1987 M +/- 80 I9116 4987 M + IL  Gß 
n 9 12 12 9 42 12 8 20 9 5 14 

si02  74.3 72.0 
Al203 12.6 12.9 
Fe203 5.1 5.1 
Ti02 0.95 0.92 
MnOp 0.073 0.067 
P2O5 0.224 0.215 
Ca0 2.04 2.07 
MgO 1.47 1.50 

2.20 2.21 
1.03 1.10 Na20 

K20 

74.2 
11.3 
5.7 

0.89 
0.080 
0.262 
2.08 
1.53 
1.57 
0.76 

74.7 
9.5 
5.7 

0.82 
0.084 
0.276 
2.46 
1.54 
1 .o1 
0.21 

73.8 
11.6 
5.4 

0.89 
0.076 
0.244 
2.1 6 
1.51 
1.75 
0.77 

- 
+I- 
+/- 
+/- 
+/- 
+/- 
+/- 
+/- 
+/- 
+/- 
+/- 

2.8 
1.9 
0.8 
0.09 
0.007 
0.121 
0.46 
0.16 
0.59 
0.42 

75.9 
10.5 
5.4 

0.88 
0.100 
0.248 
0.97 
1.51 
1 .O5 
0.14 

77.2 
9.6 
5.0 

0.86 
0.086 
0.1 91 
1 .o9 
1.39 
1 .o2 
0.12 

76.5 
10.1 
5.2 

0.87 
0.093 
0.21 9 

1 .O3 
1.45 
1 .O4 
0.1 3 

+I- 2.6 76.3 
+I- 1.5 10.8 
+I- 0.6 5.3 
+/- 0.10 0.94 
+/- 0,009 0.103 
+/- 0.076 0.143 
+I- 0.30 0.67 
+/- 0.21 1.34 
+/- 0.12 1.16 
+I- 0.03 0.10 

77.3 
9.8 
5.0 

0.90 
0.086 
0.143 
1.15 
1.31 
1 .o0 
0.1 1 

76.8 +/- 2.0 
10.3 +/- 0.9 
5.2 +I- 0.4 

0.92 +/- 0.07 
0.094 +I- 0.013 
0.143 +/- 0.025 
0.91 +/- 0.43 
1.33 +/- 0.19 
1.08 +/- 0.14 
0.11 +/- 0.02 

n, number of a n a l y s s d  samples ; M ,  i n t e r a n n u a l  mean ; SD, s t z n d a r d  d e v i a t i o n .  

Table 2 Geochemistry of atmospheric dustfall 
in West Africa and average chemical composition 
of a well-drained soil of Northern Nigeria (in % oxydes). 

dust soil (1) 

si02  75.7 
A1203 10.7 
Fe203 5.2 
Ti02 0.90 
Mn02 0.088 
p2°5 0.202 
Ca0 1.37 
MgO 1.43 
K20 1.29 

49.7 
29.6 
4.1 
1.64 
0.02 

0.08 
0.44 
0.90 

--L --L Na20 0.34 0.03 

Table 3 Variability of chemical species of atmospheric 
dust collected in Senegal (in % standard deviation). 

Station Dakar Mbour Pete 

s i 0 2  4 3 3 
17 14 8 
14 12 8 

A1203 Fe205 

T i02  10 12 8 
Mn02 9 10 14 
p2°5 50 35 17 
C a 0  21 29 48 
MgO 10 14 14 

34 12 13 
54 23 17 Na20 

K20 

(1) Moberg et a l . ,  1991. 



T&ie 4 Monthly chemical composition (in peq/l) of rain w a t e r s  collected at Bakel. 

June July August September October 

Pp(mm) 73 25 172 38 12 
MPp 4 1 9 5 3 

HC03 415 
CI 118 

40 
35 
11 

246 Ca 
lilg 194 
K 78 
Ma 149 

so4 
NO3 
PQ4 

W*4 1 

123 80 
63 61 
64 28 
12 9 
3 1 

98 57 
22 15 
12 8 
15 16 

110 70 

75 
84 . 
44 
19 
10 

103 
26 
16 
34 
46 

235 
122 
66 
31 

21 8 
46 
40 
49 

1 o9 

14 

H@Ï04 40 4 3 8 20 
pmMI 

TDS 52.7 18.9 12.4 16.2 35.1 
ng/B 
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Fp, amount  oi col lec ted  raixi water in ~ n m  ; N P p ,  number 
of rainfalls ; TUS, Total Dissolved S o l u t e  i n  mg/l. 

Table 5 Enrichment factors Ed of chemical major e l e m e n t s  of rainfall collected a t  Bakel. 

X June July August September October 

HCO3 151 84 56 38 83 
O 2 0.3 0.5 0.5 
15 11 6 8 12 Ca 

Ell g 7 0.6 0.2 0.5 0.8 
K 20 5 3 5 9 
Na 0.4 -0.7 -0.7 -0.6 -0.6 

s o 4  
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fable 6 Average chemical composition (in mg/l) of dissolved atmospheric inputs in 
sahelisn, sudanian and guinean climatic zones. 

sahelian sudanian guinean continental 
zone zone zone West Africa 

HC03 9.5 6.5 4.8 6.2 
CI 2.7 1.2 0.3 1 .o 
SO& 2.0 1 .o 1 .o 1 .I 
$403 1 .o 0.5 0.5 0.6 
PO& 0.2 0.3 0.3 0.3 
Ca 2.2 1.5 1.9 1.8 
h! g 0.6 0.2 0.1 0.2 
K 0.9 0.6 0.2 0.5 
Na 1 .o 0.3 0.3 O .4 
NH& 1.2 1 .o 0.3 0.7 
si02 0.7 0.4 0.7 0.6 

IDS 22.0 13.5 10.4 13.4 

YDS., Total Dissolved S o l u t e  in mg/l. 

Table 7 Geochemical balance of atmospheric inputs in continental West Africa (in 
kglhabjr). 

sahelian sudanian guinean continental 
zone zone zone  West Africa 

Fd Fp Fd Fp Fd FP Ftotal 

HC03 38.0 71.5 57.6 7’1.5 
wet CI 10.8 13.2 3.6 . 13.2 
only N 4.6 9.8 4.2 9.8 

S 2.7 3.7 4.0 3.7 

P 0.3 0.5 1 .I 0.3 I .2 0.1 1.4 
wet Na 4.0 1.5 3.3 0.9 3.6 0.3 4.2 
and Ca 8.8 11.7 16.5 7.0 22.8 2.3 23.5 
dry K 3.6 6.4 6.6 3.8 2.4 1.3 10.4 

Mg 2.4 10.3 2.2 6.2 1.2 2.1 8.4 
Si 1.3 424.8 2.1 254.9 3.9 85.0 257.0 

Al 33.8 20.3 
dry Fe 22.0 13.2 

Mn 0.7 0.4 
oniy Ti 6.4 3.9 

6.8 20.3 
4.4 13.2 
1.3 3.9 
0.1 0.4 

7d, dissolved f l u x  ; Fp, p a r t i c u l a t e  f l u x .  
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