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ABSTRACT 

As part of the study of air pollution in Africa, we present in this paper data on precipitation and aerosol chemistry of the 
IDAF (IGAC: International Global Atmospheric Chemistry /DEBITS: Deposition of Biogeochemical Important Traces 
Species /AFRICA) sites. These stations represent a transect of African ecosystems: dry savannas (Banizoumbou in Niger, 
Agoufou and Katibougou in Mali, Amersfoort and Louis Trischardt in South Africa), wet savannas (Lamto in Ivory Coast 
and Djougou in Benin), forest (Zoetele in Cameroon). An automatic wet-only precipitation collector was operated at 
those stations during eight years (2000-2007). Inorganic and organic contents of the precipitation were determined by 
Ion Chromatography (IC). Once per week, bulk particle samples were collected on the same sites, and soluble water 
material was determined by IC. Atmospheric deposition is an important source of nitrogen (N), and a large fraction of 
atmospheric N input is in the form of inorganic N. This paper presents an estimation of the atmospheric inorganic 
nitrogen budget into the IDAF African stations based on an eight-year monitoring including aerosol concentrations and 
precipitation. The average concentrations of the aerosol samples and precipitation content of nitrogen compounds (NH4 

+ and NO3-), over eight years were calculated and wet and dry depositions corresponding were estimated. In dry 
savannas, total deposit vary between 2.0 and 5.1 kg N/ha/yr, in wet savannas between 3.5 and 5.5 kg N/ha/yr and 
around 4.0 kg N/ha/yr in the forest of Zoetele. In dry savannas, these deposits correspond to various sources: mostly 
natural in West Africa (biogenic emissions from soils, livestock, etc.) but in South Africa it is necessary to add 
anthropogenic emissions. In wet savannas, we note an important source in the dry season due to biomass burning. In the 
forest, in addition to biomass burning, emissions from soil and vegetation were also an important source. 
Keywords: Dry deposition, wet deposition, African ecosystems, semi-arid savannas, biogenic emissions, anthropogenic 
emissions, atmospheric nitrogen. 
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INTRODUCTION 
The atmospheric nitrogen deposition can affect the soil nitrogen balance, which probably results in some 
negative effects on terrestrial and marine ecosystems through eutrophication and acidification [1, 2]. A 
large fraction of the atmospheric nitrogen input is in the form of inorganic nitrogen, mainly ammonium 
(NH4

+) and nitrate (NO3
-) [3]. Atmospheric NH4

+ is derived from heterogeneous reactions involving 
ammonia (NH3), while NO3

- is a gaseous oxidation product of NOx (NO2, NO) formed in the atmosphere 
[4]. Major sources of NH3 are linked with livestock farming and emission from natural or fertilized soils 
[5]. Emission sources for NOx include combustion of fossil fuels, biomass burning and biogenic soil 
emissions [6-8]. 
In Africa, deposition fluxes of nitrogen compounds are poorly quantified, and are likely to increase in the 
near future due to land use change and anthropogenic pressure. Reactive nitrogen compounds in the 
oxidized form NOx and the reduced form NHx play an important role in the chemistry of the atmosphere 
as well as the functioning of aquatic and terrestrial ecosystems [9]. Nitrogen inputs to ecosystems have 
considerably increased since pre industrial times and are still accelerating [10, 11]. Increased nitrogen 
supports the food and fuel needs of a growing human population, but it affects environmental 
sustainability, climate, the chemistry of the atmosphere, and the composition and function of terrestrial 
and aquatic ecosystems [11]. Therefore, it is important to study present N levels and underlying 
processes, to be able in the future to detect potential trends on N compounds exchanges in Africa. 
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This study presents the first estimation of the atmospheric inorganic nitrogen deposition into African 
sites. In the frame of IDAF Network, the aerosol N concentration a
(NH4

+ and NO3
-) were measured at the 

To estimate atmospheric nitrogen deposition fluxes, including both wet and dry processes, we compiled 
the IDAF nitrogen data (aerosol particles and rain) for the long term period (eight years).
The IDAF activity is based on high quality measurements of atmospheric chemical data (gas, precipitation 
and aerosols chemical composition) on the basis of a multi
works on precipitation chemistry and wet deposition over the African continent by 
[12-21], must be mentioned. Presenting the dry deposition in particulate forms associated with wet 
deposition, our study complement
IDAF OBSERVATION NETWORK
The IDAF network is composed by 10 stations representative of great African ecosystems: 
Africa, 7 in West and Central Africa (Cameroon, Benin, Mali, Niger, and Ivory Coast). Figure 1 shows the 
location of the 10 IDAF stations on the African vegetation map published in 
the geographical coordinates and the
ecosystems. 
 

Fig. 1: Vegetation and localization map of the 10 measurement stations of the IDAF network.
Table 1. Geographic and ecologic characteristics of the Africa IDAF sites.

 
COLLECTION PROCEDURE AND CHEMICAL ANALYSIS
Collection Procedure 
Precipitation events were collected at the sampling station using an automatic precipitation collector, 
which have been designed for the IDAF (IGAC
designed to collect only wet deposition. It collects precipitation with a high degree of cleanliness in a 
single-use polyethylene bag, avoiding aerosol deposit before the onset of rain. A precipitation detector 
automatically controls the aperture of the
surface of rain collection is 225 cm
sampled in 50 ml Greiner tubes. For this study, all samples were stored in a deep fr
from collection to analysis. 
Aerosol samples were collected once per week, with Teflon Millipore filters (1 µm pore size). Sampling 
was performed with a power autonomous pumping unit. Each filter was conserved before analysis in a 
closed sterile individual container.
Chemical Analysis 
For precipitation, analysis set included determination of the inorganic (Na
SO4

2-) and organic ions (HCOO-, CH
(IC). Inorganic and organic ions were determined with a DIONEX DX500 and ICS 1000 ion chromatograph 

 
Ecosystem 

 
Station

 
 

Dry savanna 

Agoufou
Amersfoot

Banizoumbou
Katibougou

Louis Trischardt

Wet savanna Djougou
Lamto

Equatorial Forest Zoetele
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This study presents the first estimation of the atmospheric inorganic nitrogen deposition into African 
sites. In the frame of IDAF Network, the aerosol N concentration and N concentration in rain samples 

were measured at the great African ecosystems: dry savannas, wet savannas and forest. 
To estimate atmospheric nitrogen deposition fluxes, including both wet and dry processes, we compiled 

data (aerosol particles and rain) for the long term period (eight years).
The IDAF activity is based on high quality measurements of atmospheric chemical data (gas, precipitation 
and aerosols chemical composition) on the basis of a multi-year monitoring. Among recent studies, the 
works on precipitation chemistry and wet deposition over the African continent by 

Presenting the dry deposition in particulate forms associated with wet 
ur study complements these studies already done and cited above. 

IDAF OBSERVATION NETWORK 
The IDAF network is composed by 10 stations representative of great African ecosystems: 
Africa, 7 in West and Central Africa (Cameroon, Benin, Mali, Niger, and Ivory Coast). Figure 1 shows the 
location of the 10 IDAF stations on the African vegetation map published in 2000 [22]
the geographical coordinates and the ecological character of sites representative of key African 

Fig. 1: Vegetation and localization map of the 10 measurement stations of the IDAF network.
Geographic and ecologic characteristics of the Africa IDAF sites.

PROCEDURE AND CHEMICAL ANALYSIS 

Precipitation events were collected at the sampling station using an automatic precipitation collector, 
which have been designed for the IDAF (IGAC-DEBITS-Africa) network [16]. The automatic instrument 
designed to collect only wet deposition. It collects precipitation with a high degree of cleanliness in a 

use polyethylene bag, avoiding aerosol deposit before the onset of rain. A precipitation detector 
automatically controls the aperture of the cover, which hermetically closes the polyethylene bag. The 
surface of rain collection is 225 cm2. After each precipitation event, 50 cm3 of the collected precipitation is 
sampled in 50 ml Greiner tubes. For this study, all samples were stored in a deep fr

collected once per week, with Teflon Millipore filters (1 µm pore size). Sampling 
was performed with a power autonomous pumping unit. Each filter was conserved before analysis in a 

terile individual container. 

For precipitation, analysis set included determination of the inorganic (Na+, NH4
+, K

, CH3COO-
, C2H5COO-, C2O4

2-) mixing ratios in water by ion chromatography 
Inorganic and organic ions were determined with a DIONEX DX500 and ICS 1000 ion chromatograph 

 
Station 

 
Latitude 

 
Longitude 

 
Elevation/m

Agoufou 
Amersfoot 

Banizoumbou 
Katibougou 

Louis Trischardt 

15°200’N 
23°00’S 
13°310N 
12°560N 
27°08’S 

01°290W 
30°02’E 
02◦380E 
07°320W 
29° 49’E 

300 
1.69 
220 
290 
956 

Djougou 
Lamto 

09◦390N 
06°130’N 

01◦440E 
05°020’W 

430 
105 

Zoetele 03◦150N 11◦530E 720 
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This study presents the first estimation of the atmospheric inorganic nitrogen deposition into African 
nd N concentration in rain samples 

dry savannas, wet savannas and forest. 
To estimate atmospheric nitrogen deposition fluxes, including both wet and dry processes, we compiled 

data (aerosol particles and rain) for the long term period (eight years). 
The IDAF activity is based on high quality measurements of atmospheric chemical data (gas, precipitation 

Among recent studies, the 
works on precipitation chemistry and wet deposition over the African continent by many researchers 

Presenting the dry deposition in particulate forms associated with wet 

The IDAF network is composed by 10 stations representative of great African ecosystems: 3 in South 
Africa, 7 in West and Central Africa (Cameroon, Benin, Mali, Niger, and Ivory Coast). Figure 1 shows the 

[22] and Table 1 shows 
ecological character of sites representative of key African 

 
Fig. 1: Vegetation and localization map of the 10 measurement stations of the IDAF network. 

Geographic and ecologic characteristics of the Africa IDAF sites. 

 

Precipitation events were collected at the sampling station using an automatic precipitation collector, 
The automatic instrument is 

designed to collect only wet deposition. It collects precipitation with a high degree of cleanliness in a 
use polyethylene bag, avoiding aerosol deposit before the onset of rain. A precipitation detector 

cover, which hermetically closes the polyethylene bag. The 
of the collected precipitation is 

sampled in 50 ml Greiner tubes. For this study, all samples were stored in a deep freeze environment 

collected once per week, with Teflon Millipore filters (1 µm pore size). Sampling 
was performed with a power autonomous pumping unit. Each filter was conserved before analysis in a 

, K+, Mg2+, Ca2+, Cl-, NO3
-, 

) mixing ratios in water by ion chromatography 
Inorganic and organic ions were determined with a DIONEX DX500 and ICS 1000 ion chromatograph 

Elevation/m 
 

Country 

Mali 
South Africa 

Niger 
Mali 

South Africa 

Benin 
Ivory Coast 
Cameroon 
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(IC) with two automatic samplers (AS50). The quality of measurements depends not only on the 
sampling, but also on the analysis and standardized procedures. Since 1996, the Laboratory of Aerology of 
Toulouse has participated in the quality control inter-comparison program organized twice a year by the 
WMO (World Meteorological Organisation). According to the results of the quality assurance program, 
analytical precision is estimated to be 5% or better for all ions, well within the uncertainties of all 
measured values presented here. 
The water-soluble content of the aerosol samples was also determined. Anions and cations were 
extracted in 15 ml of 18 mΩ water by ultrasonic stirring (15 mn). Then, ion concentrations were 
determined by IC using the same analytical procedure and precision mentioned for the rain samples. H+ 
ion concentration was calculated from the pH value measured using an ATI Orion 350 instrument with a 
combined electrode (ATI Orion model 9252) filled with KCl (4 M) and saturated with AgCl. For 
calibration, two standard solutions (WTW) at pH 4.01 and 7 are used. The resolution of the measure was 
0.01 pH unit. 
More details about analytical procedures are described in [16] and [23]. 
 
RESULTS AND DISCUSSIONS 
Ammonium contribution 
The Figure 2 shows the evolution of NH4

+ concentration in West Central and South African dry savannas 
and forest. Ammonium concentration in precipitation varies between 10 and 18 µeq.L-1 in West Central 
Africa, and between 10 and 20 µeq.L-1 in South Africa.  
- In West and Central African dry savannas, Ammonium content in precipitation results from the 
incorporation of gaseous ammonia and particles containing NH4

+ in clouds and rainwater. Major sources 
of NH3 include bacterial decomposition of urea in animal excreta and emission by natural or fertilized 
soils [24] which must be added domestic combustion; 
- In South Africa, the site of Amersfoort is influenced by sources of NH3 due to decomposition of urea in 
animal excreta, agricultural and industrial emissions activities. 
Nitrate contribution 
The Fig. 2 shows the evolution of NO3

- concentration in West Central and South African dry savannas. 
Nitrate concentration in precipitation varies between 6 and 12 µeq.L-1 in West Central Africa, and around 
22µeq.L-1 at Amersfoort in South Africa. 
Nitrate concentration in precipitation is the final result of homogeneous and heterogeneous processes of 
nitrogenous gases and atmospheric air particles and cloud water. Nitric oxide (NO), in the non-burning 
season, is the major nitrogen compound released from savanna soils. NO emissions from savanna soils 
present high spatial and temporal variability linked to a large number of parameters (soil texture, soil 
water content, soil nitrogen status, burning, etc.) [25-26]. Recently, Parsons et al. [27] measured, on 
infertile soils in the semiarid savanna of South African emissions of 3.5 ng N(NO) m−2 s−1, which are in the 
same order of magnitude as the deposition in the Sahel. We note that the industrial site of Amersfoort in 
South Africa is also polluted with NOx. 
 

 
Fig 2: Ion ammonium NH4

+ and ion nitrate NO3
- contributions 

Wet Nitrogenous deposition 
The volume-weighted mean (VWM) concentrations of ionic constituents in rainwater have been 
calculated by using the following equation: 

Laouali et al 
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VWM (µeq.l−1) = 
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where, Ci is the ionic concentration for each species in µeq.L-1, Pi the precipitation amount for each rainy 
event in mm, and N the total number of rain events.  
The annual wet deposition (WD) expressed in kg.ha-1.yr-1 is calculated by multiplying the VWM in mg L-1 
concentrations by the annual average rainfall amount (Pt in mm) according to equation (2): 

WD (kg.ha-1.yr-1) = VWM (mg.L-1)
100

tP
                                   (2) 

- In West and Central Africa, during the period (2000-2007), the average annual rainfall is: 449mm in 
Banizoumbou, 1274mm in Lamto, and 1558mm in Zoetele. 
- In South Africa the average annual rainfall is less homogeneous: 666mm in Amersfoort, and 690mm in 
Louis Trischardt. 
In almost all stations, the NH4

+ ions are the main nitrogen ions in the chemical composition of rainfall (Fig. 
3), we assume that it is representative of the signature of a combination of sources: domestic animals, 
agro-systems, domestic combustion and biomass burning.  
 

 
Fig. 3: Wet deposition of nitrate and ammonium in kg.N/ha/yr 

 
Wet deposition varies in West and Central Africa from 2 to 5 kg N / ha / year of 1 to 3.0 kg.N/ha/yr in 
South Africa. Wet Deposition dominated by reduced nitrogen (NH4

+) except in AMersfoort. Wet 
Deposition of nitrogen is comparable in western and southern Africa. 
Dry Nitrogenous deposition 
We have a negative gradient of nitrogen concentrations along the transect: dry savanna-wet savanna-
forest and in particular with the ammonium ion (Fig. 4). 
 

 
Fig.4: Nitrogen concentrations in aerosol (μg/m3) 

 
The annual dry deposition (Ds) expressed in kg.ha-1.yr-1 is calculated by multiplying the Concentration Cx 
in (µg.m-3) by the rate of deposition Vd in cm.s-1 (according to equation (3)): Ds = Cx × Vd,                                                          
(3) 
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Dry Nitrogen Deposition was estimated from mean annual pNO3
-, and pNH4

+ and  
Vd = 0.15±0.015 cm.s-1 [28]. So, N dry deposition from particles estimated from our concentrations is very 
low from 0.04 to 0.08 Kg/ha/yr. 
Total Nitrogen deposition (Wet + Dry deposition) fluxes 
Table 2 presents atmospheric nitrogen budget in the great African ecosystems. 
The measurement-based (Wet+Dry) deposition fluxes of N oxidized + N reduced are estimated in west 
and central Africa: 
- Dry savannas (Banizoumbou and Katibougou: 7-8 kg.N/ha/yr; 
- Wet savannas (Lamto and Djougou) 7-9.5 kg N/ha/yr; 
- Forest (Zoetele): around 11 kg N/ha/yr. 
At the South African sites, Amersfoort (Wet+Dry) nitrogen deposition was estimated around 10 kg 
N/ha/yr, Louis Trichardt presents lower value 4 N/ha/yr. 
 

Table 2: Atmospheric nitrogen budget. 

 
 
CONCLUSION 
Total deposition fluxes of nitrogen compounds in the aerosol and the rains were estimated from their 
concentrations and deposition rate or annual average height of rainfall, respectively. The total nitrogen 
deposition varies between 4.17 and 9.66 kg N /ha/year in semi-arid savannas; 7.31 and 9.49 kg N/ ha/yr 
in wet savannas and around 10.94 kg N/ha/yr in forest of  Zoetele.  
Of the total deposits, the uncertainties are estimated around 30%. If wet deposition is known with a 
margin of 10%, dry deposition has increased uncertainty due mainly to deposits of computing speed. 
It is also important to note that the dissolved organic nitrogen and gaseous nitrogen were not been taken 
into account in this budget. Therefore, our estimates of atmospheric N deposition should be regarded as a 
lower limit of nitrogen deposited from the atmosphere. In conclusion, the measurement of concentrations 
of nitrogen compounds in aerosol and rain in the three type African ecosystems has to present for the 
first time an estimate of the total nitrogen deposition. Measure the concentrations of these atmospheric 
compounds should be pursued over the long term to better assess inter-annual variations and inter-
seasonal to those deposits. However, in future studies, it is essential to take account of the gas dry 
deposition contribution to total deposit. Our work on atmospheric nitrogen deposition budget, represents 
an important contribution as a way to discriminate the importance of different sources of N depending on 
the type of ecosystem (dry savanna, wet savanna or forest). Our perspective is to complete our study 
taking into account the dissolved organic nitrogen and gaseous nitrogen to the total N deposition budget. 
 
REFERENCES 
1. Goulding, K. W. T., Bailey, N. J., Bradbury, N. J., (1998). Nitrogen deposition and its  contribution to nitrogen 

cycling and associated soil processes. New Phytologist, 139,  (1), 49–58. 
2. Liu, X., Song, L., He, C., Zhang, F., (2010). Nitrogen deposition as an important  nutrient from the environment and 

its impact on ecosystems in China. Journal of arid Land, 2, (2), 137– 143. 

Dry deposition of aerosol particulate 

(pNO3
- + pNH4

+) in kgN/ha/yr

Banizoumbou 

(Niger) Dry 

savanna

0.08-0.16 2.0 7.3

Katibougou (Mali) 

Dry savanna

0.07-0.14 3.4 8.25

Lamto (Ivory 

Coast Wet 

savanna

0.03-0.06 5.3 9.49

Djougou (Benin) 

Wet savanna

N/A 3.5 7.31

Zoetele 

(Cameroon) 

Forest

N/A 3.6 10.94

Amersfoort(South 

Africa)

0.3-0.6 4.4 9.66

Louis Trischardt 

(South Africa)

0.15-0.30 1.7 4.17

Site Wet deposition (NO3
- + NH4

+) in 

kgN/ha/yr

Total(Wet + Dry) deposition in 

kgN/ha/yr

Laouali et al 



RJCES Vol 4 [5] October 2016                     70 | P a g e      © 2016 AELS, INDIA 

3. Ayars, J., Gao, Y., (2007). Atmospheric nitrogen deposition to the Mullica river-Great  Bay estuary. Marine 
Environmental Research, 64, 590-600. 

4. Seinfeld, J. and Pandis, S., (2006). Atmospheric Chemistry and Physics: From Air Pollution to Climate Change, 
John Wiley and Sons, 2nd Edition, 1203 pp. 

5. Bouwman, A. F., Van Vuuren, D. P., Derwent, R. G., Posch, M., (2002). A global analysis of acidification and 
eutrophication of terrestrial ecosystems. Water Air Soil Pollut., 349– 382, doi:10.1023/ A:1021398008726. 

6. Yienger, J. J., Levy II.  H., (1995). Empirical model of global soil biogenic NOx emissions. J. Geophys. Res., 100, 
1447– 1464. 

7. Delmas, R. A., Serça D., and Jambert C., Global inventory of NOx sources, (1997). Nutrient Cycling in 
Agroecosystems 48: 51–60. 

8. Galanter, M., Levy II, H., Carmichael, G. R., (2000). Impacts of biomass burning on tropospheric CO, NOx, and O3. J. 
Geophys. Res., 105, 6633-6653. 

9. Vitousek, P.M., Aber, J.D., Howarth, R.W., Likens, G.E., Matson, P.A., Schindler, D.W., Schlesinger, W.H., Tilman, 
D.G., (1997). Human alteration of the global nitrogen  cycle: sources and consequences. Ecol. Appl. 7, 737e750. 

10. Galloway J N, Townsend A R, Erisman J W, Bekunda M, Cai Z, Freney J R, Martinelli L. A, Seitzinger S P and Sutton 
M A 2008 Transformation of the nitrogen cycle: recent trends, questions, and potential solutions Science 320 
889–92 

11. Galloway J N et al 2004 Nitrogen cycles: past, present, and future Biogeochemistry 70 153–226 
12. Mphepya, J. N., Pienaar, J. J., Galy-Lacaux, C., Held, G., and Turner, C. R. (2004). Precipitation Chemistry in Semi-

Arid Areas of Southern Africa: A Case Study of a Rural and an industrial Site, J. Atmos. Chem., 47, 1–24. 
13. Mphepya, J.N., Galy-Lacaux, C., Lacaux, J.P., Held, G., Pienaar, J.J., (2005). recipitation chemistry and wet 

deposition in Kruger National Park, south Africa. J. Atmos., 13-28. 
14. Mphepya, J. N., Galy-Lacaux, C., Lacaux, J. P., Held, G., Pienaar, J. J. (2006). Precipitation Chemistry and Wet 

Deposition in Kruger National Park, South Africa, J. Atmos. Chem., 53, 169–183. 
15. Galy-Lacaux, C., and Modi, A. I. (1998). Precipitation chemistry in the Sahelian Savanna of Niger, Africa, J. Atmos. 

Chem., 30, 319–334. 
16. Galy-Lacaux, C., Laouali, D., Descroix, L., Gobron, N., and Liousse, C.( 2009): Long term precipitation chemistry 

and wet deposition in a remote dry savanna site in Africa (Niger), Atmos. Chem. Phys., 9, 1579-1595. 
17. Laouali, D., Yoboue, V., Ilagouma, A., Galy-Lacaux, C. (2009). Study of atmospheric nitrogen gases by passive 

sensors IDAF at the scale of the two major ecosystems of West Africa. Annals of the University of Niamey Volume 
X-A, pp. 1-16.  

18. Laouali, D., Galy-Lacaux, C., Diop, B., Delon, C., Orange, D.,. Lacaux, J. P, Akpo, A., Lavenu, F., Gardrat, E., and 
Castera, P. (2012): Long term monitoring of the chemical composition of precipitation and wet deposition fluxes 
over three Sahelian savannas . Journal of Atmospheric Environment, 50 314-327 

19. Yoboué, V., Galy-Lacaux, C., Lacaux, J. P., and Silué, S. (2005): Rainwater Chemistry and Wet Deposition over the 
Wet Savanna Ecosystem of Lamto (Côte d’Ivoire), J. Atm. Chem., 52, 117–141. 

20. Sigha-Nkamdjou, L., Galy-Lacaux, C., Pont, V., Richard, S., Sighoumnou, D., and Lacaux, J. P.( 2003): Rainwater 
chemistry and wet deposition over the equatorial forested ecosystem of Zoétélé (Cameroon), J. Atmos. Chem., 46, 
173–198. 

21. Akpo, A.B., Galy-Lacaux, C., Laouali, D., Delon, C., Liousse, C, M., Adon, M, E. Gardrat, Mariscal, A., Darakpa, C., 
(2015). Precipitation chemistry and wet deposition in a remote wet savanna site in West Africa: Djougou 
(Benin). Atmos. Environ. 115, 110–123. 

22. Mayaux, P., Bartholomé, E., Fritz, S., and Belward, A.( 2004): A new land cover map of Africa for the year 2000, 
Journal of Biogeography, 31, 861-877. 

23. Adon, M., Galy-Lacaux, C., Yoboue, V., Delon, C., Lacaux, J.P., Castera, P., Gardrat, E., Pienaar, J., Al Ourabi, H., Dungall, 
L., Diop, B., Sigha, L., Akpo, A., Lavenu, F., Mougin, E., (2010). Long-term measurements of sulphur dioxide, nitrogen 
dioxide, ammonia, nitric acid and ozone in Africa using passive samplers. Atmos. Chem. Phys. 10, 7467-7487. 

24. Schlesinger, W.H., Hartley, A.E., (1992). A global budget for atmospheric H3.Biogeo-chemistry 15, 191-211. 
25. Ambus, P. and Christensen, S.(1994). Measurements of N2O emission from fertilized grassland : An Analysis of 

spatial variability, J. Geophys. Res., 99, 16549–16555. 
26. Levine, J. S., Winstead, L. E., Parsons, D. A. B., Scholes, M. C., Scholes, R. J., Cofers III,W. R., Cahoon Jr., D. R., and 

Sebacher, D. I.: Biogenic soil emissions of nitric oxide (NO) and nitrous oxide (N2O) from savanna in South Africa, 
J. Geophys. Res.,101, 23089–23697, 1996. 

27. Parsons, D. A. B., Scholes, M. C., Scholes, R. J., and Levine, J. S. (1996). Biogenic NO emissions from savanna soils as 
a function of fire regime, soil type, soil nitrogen and water status, J. Geophys. Res., 101, 23683–23688. 

28. Whelpdale D. M. (1996): Global acid deposition assessment, World Meteorological Organization, Global 
Atmosphere Watch, edited by: Whelpdale, D. M. and Kaiser, M. S., 106, WMO TD no. 777, 150 pp. 

 
 
 

 

CITE THIS ARTICLE  
D. Laouali, M. S. Mahamadou Tawaye, A. Manzola, C. Galy-Lacaux. Atmospheric Nitrogen Deposition Budget in Africa. 
Res. J. Chem. Env. Sci. Vol 4 [5] October 2016. 65-70 

Laouali et al 


