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9.1 INTRODUCTION 

Nigeria is located be tween  a b o u t  3" a n d  15" E longitude a n d  between 4" 
a n d  16" N lat i tude a n d  has a n  a rea  of  924,000 k ~ n '  with a n  e\timntcil p o p u -  
la t ion of  100 million. T h e  count ry  c a n n o t  cul-rently be regarded as  industr i -  
alized b u t  increased nat ional  revenue  f r o m  pe t ro leum has resulted in rapid 
industria1iz:ition a n d  urh:inization s ince t h e  1970s. 1 ike mos t  developing 
count r ies ,  considerat ion h:ts no t  been  given t o  t h e  envi l-onmental  pol lut ion 
t h a t  is usually t h e  s ide effect  of  industrinlization, urb:rnizntion, a n d  rel;ltt.d 
e c o n o m i c  activities. S i m ~ n o n s  (1 974) notes:  



ncceptnhility of the pollutnnt by-products of economic activity vnries 
u i th  aftluence. Poor countries and the poorer regions of the indus- 
t r i~ l ized  ni t ions 3re prepnred to tolerate the effects of pollution i f  
thcir li i ing s tan~lnrd is raised by oper.ltion of the t..~rlier p.lrts of the 
resource process. 

T h e  inability of developing countries t o  tackle pollution problems for  
economic reasons is a fact of life. In addition, due  to the lack o f  knowledge 
in Xigeria about  the environment. it is difficult to  ascribe environmental 
changes to  particular factors. Therefore, in  viewing acidification caused by 
sulfur dioxide and oxides of nitrogen in Nigeria. the first problem is t o  iden- 
tify the relationship between acidification and prevailing economic activities, 
hased on the experience of the developed world. 

9.2 SOURCES OF ACIDIFICATION 

9.2.1 Power Generation 

Nigeria's power generating plants a re  shown in Table 9.1 and Figure 9.1. 
Total installed capacity is 3,700 megawatts (.MW) of which 1,300 is hydro- 
generated while 3,100 b1W a r e  generated f rom thermal stations fired mainly 
by natural gas. However, the  installed capacity is seldom reached; in 1982. 
2.900 X1W were generated f rom the thermal stations. Some of the gas 
pipelines t o  the thermal stations have not  been completed so  oil is used. 

Table 91 Power generating stations i n  Nigeria (Oyekunle, 1985) 

Station 
Power Total 

generated capacity Extension 
(XtW) ( U W )  ( M W )  

Hydro 

1.  Kainji 
2. Jebha 
3. Shiroro* 

Thermal 

I .  Sapele 
2. Xfam (Port llarcourt) 
3. Ijora I L ~ g o s )  
3.  Delta ( ~ g h e l l i )  
5. Oii 
h. ~ i b i n  (Lagos) 

* Srill under c o n ~ t r u c t i o n .  
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tants a re  expected from the Kaduna plant. T h e  O n n e  plant, which uses the 
Haber-Bosch process, is probably emitting oxides of nitrogen (SO,) .  

9.2.5 P u l p  and  Paper  Industr ies  

,\ nea \pr in t  rnonufac tur in~  pl,lnt u i th  :in i n s t ~ l l c d  cnp.tcity of I O U , ~ O O  
tonsiyear is located in Cross River state, and  another  plant that will have 
a capacity of 60,000 tons is under  construction a t  Iwopin in Ogun state. T h e  
Jebba plant has been in production since 1963 and has a capacity of 130,000 
tons. T h e  paper  manufacturing process results in S O z  emissions (Grundy. 
1972). 

9.2.6 Chemicals  

T h e  Nigeriun Industrial Directory (1980) has 12 unspecified establishments 
listed as  producing basic indurtrial chemicals. Ten  nre located in the Lagos 
area. These and other  manufacturing concerns imported about  2,900 tons 
of sulfur and  unroasted iron pyrites in 1982. 

9.2.7 Transportat ion 

T h e  number  of vehicles o n  Nigerian roads has grown tremendously during 
the  past th ree  decades. .As of 1976. there were 431.000 cars and trucks in 
Nigeria (Oluwande. 1979) a n d  assuming that cars  and trucks make u p  two- 
thirds of vehicles, and motor  cycles one-third, a total of  700,000 vehicles 
were operational. T h e  oil b o o m  of the  1970s greatly encouraged the sale 
of motor vehicles. An estimated 1 million motor  vehicles are on Nigerian 
roads. Sationally, the estimated total vehicle mileage was 5 0  billion in 1985, 
PO times the  value reported for  1955 (Oluduro,  1985). Most of the growth 
in vehicle numbers  was in the  major cities. Traffic volumes on Lagos roads 
showed increases ranging f rom 130% t o  250% between 1966 and 1975, 
depending o n  location. In addition. many roads during this period in the 
metropolis experienced average 24-hour traffic volumes of between 40.000 
and 100,000 vehicles (Federal Xlinistry of Works, 1976). Current  rates can 
only be imagined with the estimated population in Lagos a t  7 million people 
(see Figure 9.3 for  m a p  of population distribution). 

In Ibadan, Sigeria's largest metropolis, central city locations showed 23- 
hour  traffic volumes of 2,500 t o  15,000 vehicles (Oluwande, 1979). The  loca- 
tion that had the highest traffic volume recorded a mean daytime (6 a.m.-6 
p.m.) S O z  concentration of 0.28 ppm (712 pg/m3). T h e  annual mean for  this 
location in 1 9 7 6 1 9 7 7  was 0.10 ppm (265 pgim3) which is far greater than 
the World Health Organization recommended mean of 0.02 ppm (figures 
f rom Oluwande, 1979). 

9.2.8 Emissions From Burn ing  and  Agr icu l tu ra l  Waste 

%lost of the s u b t ~ u m i d  savanna o f  Nigeria (Figure 9.4) is b!lrnrlcl n ~ n u - t l l v  
in the dry .;enson, gener.111) h y  pnstor.~li>ts 2nd suhsistencr f2rmcr5. Thi.; 
area iricludes Derived, Southern Guinea, and Northern Guinea zones (Kt..ly, 
1959) and covers more than 6 0  million hectares; 20.7 million hectares are  
grazing lands (UNESCO,  1979) and a re  usually burned annually. lsichei and 
Sanford (1980) estimate that 12-15 kg nitrogeniha is lost to  the atmo5phere 
in annual fires. These values a re  not  based o n  air  measurements but  o n  the 
total nitrogen content  of savanna plants just before burning and  a re  close 
t o  values arrived at o n  the Ivory Coast (Delmas, 1982). Ekeleme (1986). 
who obtained a value of 12.33 kgiha total nitrogen and 1.74 kg.'ha nitrate 
nitrogen in rainfall in southwestern Nigeria, has  observed that  most  of the 
nitrogen is found in the early rainy season showers preceding the f i r ~ s .  Due  
to  increasing degradation and the spread of the perennial weed C!zronoluc.nd 
odorala, forest fires a re  becoming commonplace in the semi-deciduous forest 
of southern Nigeria. No estimates o f  nitrogen emissions have been made in 
this area. 



Figure 9.4 Locativns of the Derived and Guinea savanna zones in Nigeria, where 
most vegetation burning occurs 

9.2.8.2 Fert i l izer  S i t rogen  

Bremner and  Blackmer (1978) reported that there a re  emissions of N z O  
from soils spread with ammonium sulfate and urea fertilizers. Emissions 
were insignificant when potassium nitrate was used. It  has been assumed 
that 10% of nitrate nitrogen fertilizer is lost as  a result of volatilization 
during storage and use in Nigeria (Singh and Balasubramanian, 1980). 

F o r  the  1986 planting season Nigeria imported about  590,000 tons of 
fertilizers. mostly 15-15-15 N P K  and urea (The Guardian Newspaper, 1986). 
Most (70%) was used in the  northern parts of t h e  country, particularly in 
Kano and  Kaduna. Northern Nigeria also has most  of the country's livestock 
zones, which emit  ammonia (Soderlund and Svensson. 1976). 

Extensive fertilizer use is a relatively new phenomenon in Nigerian agri- 
culture. It became popular in the 1970s and its use will likely double well 
before the  end  of the century. No direct estimates a re  available for emissions 
resulting from this use. 
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9.2.9 Natural Background Emissions 

Delmas and Servant (1953) reported an emission figure of 15 kglha sulfur 
per yenr from the e ~ ~ ~ ~ : ~ t o r i n l  forest of the Ivory Coast. This t>pe  of er-ni\\iun 
might also be evpected from the Niger Delta nrea of Siserin. L)elm.lc c r  L i l .  

( 1 ~ ~ 0 )  e.ir1ic.r ~. t 'po~ . t r J  hydrogen si.~lriJe emissions of t-e.t,.~cen .;0 and 11.0 
1 pgi'm-.hr from the swnmF5 of the Ibory Const. They concludeJ these .*.e!-e 

a nonnegligible contribution to the  sulfur  cycle: the values were 5-10 times 
those obtained for temperate regions o f  France. Atmospheric concentratic~n 
in that zone of the lvory Coast ranged f r o m  0.10 to 8.7 pg!m3, and Del- 
mas er al .  (1980) suggest that hydrogen sulfide is an important  source of 
atmospheric sulfur when oxidized. 

T h e  Niger Delta, with an area of 21,000 km2,  has many oil spills and well 
blowouts that kill vegetation and  result in rapid turnover of organic matter. 
Nriagu er al .  (1985) obtained p H  values as  low as 2.8 in mangrove soils. This 
acidity can be attributed to  the production o f  hydrogen sulfide (H2S) during 
vegetation decomposition and the subsrquent  reaction of the  H 2 S  with iron 
compounds to  form pyrites which, when oxidized, result in the formation of 
sulfuric acid. Emissions are not expected f rom other  wetland soils in Sigeria  
because of their fairly high pH (Okusami,  personal communications). 

Servant er al.  (1951) report a tmospheric  concentrations of 1.4 pg/m3 for 
NO; and 0.64 for NH: in aerosol particles over the  tropical rainforest of the 
Ivory Coast. They observed that a m m o n i u m  ions occur  o n  particles that a re  
submicronic in size with 60% less than 0.4 p m  in diameter and a re  therefore 
no t  likely t o  be  dry deposited by sedimentation. Nitrate particulates o n  the  
o ther  hand, ranged in size f rom 0 t o  1 0  pg, suggesting dry deposition in the  
absence of rainfall scavenging. It should be  noted that ecological conditions 
o n  the lvory Coast are  applicable t o  Sigeria. 

Table 9.2 provides a summary o f  all emission processes, including rough 
quantitative estimates. Emissions of nitrogen oxides are  clearly dominated by 
biomass burning. For  sulfur compounds both burning and  natural emissions 
f rom forests seem to be  important.  Industrial emissions in both cases rep- 
resent only a small fraction of the  total. It should be emphasized, however, 
that  these quantitative estimates a re  extremely uncertain. 

9.3 ATllOSPHERIC DISPERSION O F  POLLUTANTS 

Nigeria has two climatic seasons, wet and  dry, which a re  determined by t h e  
prevailing air masses. T h e  southwesterly winds bearing rain originate in the 
Atlantic, and the dry northeast trade winds (called Harmattan)  come f rom 
the  Sahara Desert. The  point of convergence o f  these two air masses a t  anv 
t ime of the year is termed the intertropical Zone o f  Discontinuity (ITD) 
and determines which season a particular area expel-iences. A~ects south o f  



Table 9.1 Estimate of nitrogen and sulfur emis ions  in Nigeria 

Estimated emission Source Locality most affectcd Reliability Rctcrence.; 
of projection 

. Nitrogen (106kglyear) 
4 4 Natural ga\ h u r n i ~ ~ g .  Southcrn Nigeria where Reliable Osiighovo lint1 Jc;l.tlc.fulne, 

energy generation, most oil fields and 1485; Okoruji. 1W5; 
industries and flaring installations arc located Robertson aiid Roswall ,  19&6 

20.4 Gasoline use Throughout the country Reliable NNPC, I9b2. Kohcrtson and 
Rosswall, luhh 

269 Savanna annual  Throughout the country Rcliahle Isichci and S;cnfo~.ti, 1980; 
burning UNESCO. 1q70 

1,000 Burning of semi- Mid-regions of Nigeria Fairly reliable UNESCO. l117X; 
deciduous forest Robcrtson and Rosswall. 1986 

26 Soil NO, Throughout the country Fairly reliable Robertson ant1 Kos~wall ,  1986 
Esrimates extra- 
polated from 
Wcst African 
figures 

NI-IJ volatilization Throughout the country Fairly reliable Robertson ;ind Ra>>wall, 1986 
from soil I'.stimates extra- 

polated from 
West African 
tigures 

Denitrification in soil Throughout the country 1:airly reliahle Roberbon a~i t l  Ko>hwall, 198b 
Iistimates extra- 
polated from 
West African 
hgures 

Sulfur (10' kg) 
1,000 Paper mill Locations of papcr mills Not reliable Grundy,  1971; Nigri-ian 

Industrial I)II-ectory, 1980 

Petroleum refining Rcfinery location Not reliable Grundy,  1072; Nip.cri;rn 
Inttus~rial I)II-eclory. 1980 

1,000 Sulfuric acid plant Lagos area Not reliable Grundq, 1072; Nigerian 
Industrial I )~rcc[cr~y.  1U80 

32,000 Savanna hurning Savanna regions Irairly rcliahle Delmas, I ' j h 1  
(Ivory Coast 
tigure used) 

3 ,000 Natural erniwionb Niger Delta l , .~ i r ly  rc1i:ihIe I)cl~na, ; I I . I < I  <c,I.\:$I.II. 1083 
from fore5ts (Ivory Coast 

figure used) 



the ITD experience rainfall while those t o  the north are exposed to  the d ry  
northeast trades and have dry weather. T h e  ITD is mobile and its position 
bnries from the coastal areas at  the peak of the dry sen$on to the extreme 
north during the middle of the rainy period (Figure 9.5). At  the local level 
most tropical nr-ens experience !rent turbulence at the b ~ i n n i n g  ~ n d  end of 
the rrtiny seJson (Ojo, 1977). During the dry j e ~ s o n  fiarrn.trtan kinds have 
been observed to travel a t  u p  to  3 0  kmihour (XlcTainsh and Walker. 1982). 

Due to limited data it is difficult to estimate transport and deposition rates 
of NO, and SOz in Nigeria. It is likely that acidic depositions are mainly 
of the wet type because of t h e  high humidity year round, especially in the  
south. In the rainy season there a re  also frequen! mists. Rough estimates of 
the deposition of nitrogen a re  included in section 9.5. 

(a) Northeasterly and easterly winds l b )  Southwesterly and westerly winds 

Figure 9.5 Percentage frequency of wind direction in (1)  July, and (2) January 
(Ojo, 1977). Reprinted by permission of Heinemann Educational Publishers, Ltd 

Another climatic phenomenon that  may influence dispersion and depo- 
sition is Harmattan dust. T h e  Hormattan dust in Nigeria originates in the  
Bodele Depression around Faya Largeau in northern Chad and blows in a 

west-southwest direction. T h e  average particle size o f  the deposited dus t  de- 
creases from more than 5 0  p m  in the source area to  < 2  p m  in the Atlnntic 
(XlcTninsh nnJ I\'.';ilker. lq82). During the dry season all parts o i  Xi2zri.1 a r r  
.~fft.cted: depositions in Kano averaged I62 tons/km"year hetut.cn I t ) -o  . lnJ 
I Q - 0  (?.lcTlin5h. 1'185). Depositions fr~rrhcr  south .ire much ! c . \ i .  1 . , l r  \.I<- 
r.iinsh (19P5) u h s e r ~ e d  t h ~ t  the soils in the ~nidclle portions u t  \ i ; e ~ - i . ~  rr . :~!  
hake been formed from Quaternary dust depositions. Harmattan dus t  pnr- 
ticles may h e  important as centers of condensation of atmospneric droplets.  
Their mineralogical and chemical composition may also affect acidity. 

9.4 THE PRESENT LEVEL O F  ACIDIFICATION IN WATERS 
AND SOILS IN NIGERIA 

9.1.1 Rivers 

Surface water acidification is probably not yet a problem in Sizer ia  (Ajayi, 
1986). This assertion is supported by evidence obtained from measurements 
of pH in several Kigerian rivers. In a study of 2 6  rivers o n  the  wertern side 
of Nigeria, primarily in the industrialized oil production areas, Ajayi and 
Osibanjo (1981) found that pollution by solid waste was more  important  
than acidification. T h e  lowest p H  recorded was 5.4 with most values close t o  
7.0. T h e  mean pH for  the 2 6  rivers was 6.52. Okwuobi  and Ohagi  (1982) also 
obtained a range of 5.6 t o  7.0 in lkpoba River near Benin in southwestern 
Nigeria. T h e  five rivers surveyed by Oluwande er al .  (1983) u e r e  basic d u e  
to solid waste pollution. 

T h e  Warri River, which is adjacent to the Alndja steel plant, shouci t  p t l  
values of 6.5-6.8, sulfate concentrations between 0.7 and 5.5 nig liter, and 
nitrate concentrations of 1.9-3.1 mgiliter (Nriagu er al.. 1985). Sr ingu er a l .  
gave the pH of rainfall in five locations around Warri as 5. I b 5 . 8 7 .  Sulf.tte 
concentrations in the  five locations were always less than 0.20 mg liter while 
nitrate concentrations ranged from 0.12 to  0.52 mg,'liter. Effluents and  waste 
water from the steel plants showed elevated p H  with a sulfate concentration 
of between 3.3 and  3 6  mgli ter .  The  pH of River Niger h a s  c!ose t o  neutral 
(Nriagu e t  al., 1985). Anion concentrations in rainfall near the  Ajaokuta 
steel plant showed sulfate concentrations o f  0.20-0.53 mgiliter and  nitrate 
concentrations of 0.62-2.1 7 mgiliter. 

9.4.2 Soils 

There are  two major groups of  soils in Nigeria: ferralitic (Oxisols) a n d  trop- 
ical ferruginous (Alfisol) types (Jones and Wild, 1975). T h e  tropical ferrug- 
inous type is most c o m m o n  and  is usually formed from basement complex 



rocks (mainly metamorphic)  of Precambrian age. During the  process of 
leaching in an equatorial climate (Figure 9.6), silica and bases are  lost and 
nl~lminurn and iron tend to accumulnte. This is p:irticularly t rue in ferrnlitic 
soils. In ferruginous soils some of the original minerals and neo-formed ones 
rnny remain. This  effect o f  climate on F;lrent rock material results in low 
\oil pH.  

Jones and Wild (1975) give the mean pH values of 245 ferruginous surface 
soil samples as 6 .0  with a range of 4.8-8.2. and a mean of 6.0 and  a range of 
4.8-7.3 for  3 3  ferralitic samples. Measurements in the Warri area by Nriagu 
et al. (1985) show that mangrove soils have a pH range of 2 .64 .2  while 
upland soils have a range of 3.9-5.1. O n e  can say with certainty that soil 
p H  in Nigeria increases northward just as the amount  of rainfall decreases. 
Southern Nigeria, which is more prone t o  acidification, has naturally acid 
soils. D u e  t o  high humidity, acid depositions there are  likely t o  be wet. 

Figure 9.6 The climates of Nigeria; lined area indicates soil prone to acidity (Pa- 
padakis, 1961) 

9.5 EMISSION PROJECTIONS AND POTENTIAL PROBLEM AREAS 

From the few available measurements in rivers and soils, the current  level of 
acidification in the Nigerian environment appears to  be low. Nevertheless, 

in view of rapid industrialization and inadequate monitoring, it is important 
t o  examine possibilities snd  trends as 3 safeeuard for the future. 

Projections of emissions bnsed o n  avnilnble data  show that come pir:s of 
Nigeria could experience high levels o f  acidihcatiun in the near future. I ' h r  
nnturnl ~ 3 s  concurnption rate o f  3 x I0"n' .ind the sni  ;~:II lng :I[ ~ h , ; ~ t  

thr?e times this value are ekpected to result in emissions c ~ f  -14 x 10" k; 
Niyear from the oil-producing areas of  southern Nigeria. This is assuming 
a n  emission factor of  2.9 g N per  m3 o f  gas (Robertson and Rosswall, 1986). 
Using a factor o f  5.1 g N i l g  gasoline (again as  in Robertson and  Rosswnll). 
not  less than 20.4 x 10' kg N is emitted through gasoline consumption: 4 
x 10' kg gasoline was used in Nigeria in 1982 ( N S P C ,  1982) (Figure 9.7). 
Probably half of this value is emitted through the  use of kerosene and  fuel 
oil. 

Figure 9.7 Major cities of Nigeria. showing estimated concentrations of SOz i n  air 
(pgim')  based on 1982 gasoline consumption rates (Oluwande, 1979) 



? I2 Aciclificafion in Tropical Counfries 

F r o m  t h e  12-15 kg:ha nitrogen emission values reported by lsichei and 
Sanford (1980) for  savanna burning, an estimated 269 x 10h kg N is lost 
f rom 20.7 x l o h  ha of annually burned savanna in Nigeria. If it is assumed 
that semi-deciduous forest occupies 10 X IOh ha,  this represents one-third 
o f  all forest and woodland in Nigeria. Assuming further that  just one-fifth 
of  this semi-drciduous forest is burned, then an additional 1.000 x 10"g 
N is lost through burning. This  reasoning is based o n  500 kg Nlha for  this 
vegetation type (Robertson and Rosswall, 1986). Robertson and Rosswall 
(1986) noted the  prominent  role fire-caused emissions play in the nitrogen 
cycle in West  Africa. T h e  area brought under fire is spreading f rom the 
savanna zone  t o  t h e  drier forests and the implications of this change for  the  
nitrogen cycle must b e  considered. 

O t h e r  emissions include 26  x 106 kg NO, from soil, 36 x lo6 kg NH3 
from volatilization and 190 X lob kg N from denitrification. T h e  values 
{Robertson and RosswaII. 14%) are  based o n  the assumption that Nigeria's 
1:ind area is onc-sixth that of Li'est Africa and that climatic and vegetation 
patterns a r e  uniform for  the  West African region. These three figures include 
emissions caused by fertilizer use and livestock. 

No industrial emission figures for nitrogen can b e  given now. O n e  major I 
! 

source in the  future.  the ammonia fertilizer plant, has yet t o  begin produc- 
tion. 

Closed forest,  open  woodland. and scrub (31 X IOh ha in total) receive 
some 460 x 10' kg N in t h e  annual  rainfall of 1,200-2.000 m m  assuming 
I 5  kgiha a s  the  amount  of N returned in rainfall. T h e  rest of the country 
[receives a b o u t  300  x 10"g Y per year, assuming 5 kglha as the amount  of 
N returned in rainfall (Robertson and Rosswall, 1986). 

Rohertson and Rosswall (1986) estimate that a total of 1.5 x l o 9  kg Nlyear 
is lost through leaching, run-off,  and erosion in West Africa. based on  River 
Niger fluxes. About  50T0 of the  area drained by the Niger (excluding deserts 
and sub-deserts) is in Nigeria ( V E D E C O ,  1959). When the  areas drained 
by Nigeria's second largest river, the Benue, and other  major rivers are  
combined, a total river discharge of 1,000 X 10' kg  N can be estimated for 
Uiger ia. 

Data concerning sulfur emission and deposition are  even more limited 
than that for  nitrogen. Consequently, any projections will be much less reli- 
3hle. However. in order  t o  meet the objective of guiding future monitoring. 
wnlt p: ~ j e c ~ i o n s  m.75 be rn;ide. O ~ e r  a thousand tons of sulfur dioxide may 
be emitted f:-om t h e  290,000 ton (total capacity) paper mills in Nigeria; the 
emission rates u w d  try G r u n f i  (1972) are applied. T h e  petroleum refineries 
in Nigeria should emit  76.000 tons of SO2 per year i f ,  again, Grundy's rates . 
are ~ 1 . ~ 3 .  T h e  vnly known sulfuric acid plant in Kigeria. located in Lagos I 
ui th  a capacity of 30,000 tons, is expected to  emit  about  1,000 tons SO:. 1 

Sulfur emis5ions from transportation will vary from place t o  place and, 
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Figure 9.8 Areas of Nigeria susceptible 10 acidification 

based on  the single-vehicle, traffic-related atmospheric concentration mea- 
surement  from Ibadan, the expected concentrations in the capital cities of 
t h e  19 states are  shown in Figure 9.7. These values are based on  1982 gaso- 
line consumption rates as well as o n  the  assumption that the  largest city in 
each state (the capital) consumes the same proportion of the state's gasoiine 
a s  Ibadan does in its state. The  six southern states of Nigeria consumed 6450 
of t h e  national gasoline in 1982. 

Delmas (1982) obtained an emission value of 1.4 kg Slha from savanna 
burning in the Ivory Coast. Applied t o  Nigeria this would result in a value 
of 32  X l o b  kg sulfur emitted over 20.7 X l o h  ha grazing land (usually 
burned annunll)) and 2 x 10" ha of burned semi-decidiiouq forest. D c l r n ? ~  
a n d  Servant (1983) further report a natural gaseous emission of 15 kg S ha 
f r o m  the equatorial forest zone of the Ivory Coast. The same tvpe of forest 
in the  Niger Delta occupies 2 x 10' ha and should, a t  the same rate, emit 
3 0  X l o b  kg Slyear. 

It thus seems likely that natural emissions, including burning, are  more 
important  than anthropogenic emissions of sulfur. More measurements o f  
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t h e  ac id-buffer ing capaci t ies  of  Nigerian soils, especially in t h e  s o u t h e r n  
region. a r e  necessary a s  soil a n d  wa te r  a r e  t h e  bes t  indicators of  acidification. 

T h e  s t ~ t u s  of t he  a b o ~ e  es t imnt ions  for  n i t rosen  a n d  sulfur is summar ized  
in Tab le  9.2. Locarionr in s o u t h e r n  Nigeria a n d  o n  the  K a n o - K ~ d u n a  axis 
x i l l  be most  nffectcd bk ac id~ t i cn t ion  due t o  in~lustrinlization and  oil-rel.lted 
a c t ~ ~ i t i e r .  These  arecis a r e  s h o a n  in Figure  9.3. A glaring need exists fo r  a i r  
concen t ra t ion  a n d  d e p o s ~ t i o n  measuremen t s  of  KO, and  S O z .  

Consider ing the  projected emissions,  acidification may %ell b e c o m e  a 
p rob lem in Nigeria in t h e  fu ture .  Acidification resulting f rom industrial-  
ization may n o t  yet b e  evident ,  partly because  mos t  industrial conce rns  a r e  
on ly  recently established. However ,  bu rn ing  o f  forests and  o t h e r  b iomass  
clearly represents  a ma jo r  source  o f  a i r  pol lu t ion in t h e  country.  Acidifica- 
t ion  of water  may b e  masked  by t h e  presence of  effluents, which decrease  
acidity. T h e r e  is obviously a s t r o n g  need f o r  m o r e  research a n d  mon i to r ing  
o f  t h e  acidification process  in Nigeria. 

Several peop le  showed in teres t  in t h e  issue o f  acidification in Nigeria. 
W e  thank  t h e m  for  the i r  encouragemen t  a n d  wish t o  ment ion specifically 
O l u f e m i  Ogunsanwo,  Ndud i  Esenwa ,  E.E. Balogun a n d  S. Ajayi. W e  a lso  
wish t o  t h a n k  Professor H e n n i n g  R o d h e  f o r  mak ing  Dr .  Isichei's participa- 
t ion in t h e  acidification mee t ing  possible. Professor  Rodhe  arranged f u n d i n g  
a n d  provided professional advice. 
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