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Effect of land use on manganese distribution in soil has been carried out in countries like Iran and Lagos city
of Nigeria, however, there is still a great scarcity of information regarding the concentration of manganese
in the ancient cities of Nigeria (Abeokuta and Ibadan) based on the different forms of land use. The study
aims to evaluate the impact of land use on manganese distribution in these soils under 8 different land uses
(crop farm, animal farm, education, residential, roadside, and industrial, market and forest). Soil samples were
collected at two different depths (0-20cm. 20-40cm with 3 replicates for each land use. Downward mobility of
manganese was evaluated up to the depth of 40cm. The range of the manganese concentration in the soils of
Abeokuta was 0.05-330 mg/ kg, while that of Ibadan was 0.36-560 mg/ kg. The results showed that the levels of
manganese concentration in the various soils under the different land uses were found to be at tolerable levels
compared to the world median of allowable levels of nickel concentration in natural soil. Correlation between
manganese and other soil parameters including other heavy metals (Cu, Zn, Cr, Cd, Ni, Pb), soil pH, electrical
conductivity, soil particle size, total nitrogen, phosphorus and carbon showed a positive correlation between
the soil parameters except for soil pH, silt, and clay which are negatively correlated with soil manganese. The
analysed soils were free from contamination but showed high concentrations in some soils.
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Abbreviations: CEA: Culture and Education Area; CG: Classical Gardens; PGS: Public Green Space; RA:
Residential Area: RSA: Roadside Area; IA: Industrial Area; Pb: Lead; Cd : Cadmium; Cu: Copper; Ni: Nickel;
Zn: Zinc; Mn: Manganese; Co: Cobalt; Al: Aluminium; Fe: Iron; OM: Organic Matter; BCFs: Bio-Concentration
Factors; MMED: Mass Median Equivalent Diameter; GPS: Global Positioning System; AAS: Atomic Absorption
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Introduction

Any toxic metal may be called heavy metals, irrespective of their

impacted by the oxidation of pyritic minerals exhibit elevated levels
of metal contamination. Wildlife can become poisonous due to heavy
metals. Urban soils have been significantly damaged due to intense

atomic mass or density (Neetu, et al. 2011). Such heavy metals as
mercury, arsenic, copper, cyanide, iron, lead, cadmium, chromium,
nickel, and manganese are found in highly urbanized areas (Louella
et al. 2006). It has been proven that Manganese is a heavy metal and
it is very dangerous to the health and to the environment. It may also
be known as a hazardous metal as high concentrations may harm an
organism and accumulate in animal bodies to produce a variety of
diseases.

High levels of heavy metal toxicity are being found in urban soils
(Adeniran, [lugbami & Oyeniran, [1]). Research has indicated that soils

human activity and high population density. As a result, a multitude
of environmental concerns have surfaced, with heavy metal contam-
ination continuing to be a primary concern [1]. Numerous sources,
including automobile emissions, the chemical industry, the burning
of coal, the deposition of dust and other suspended materials in the
environment, and municipal solid waste, can discharge pollutants
into the atmosphere. Heavy metals have been steadily introduced to
urban soils by these pollutants, and even after the sources of pollution
have been eliminated, these metals will still be there for many years. A
hazardous disease called manganese poisoning is brought on by pro-
longed exposure to manganese [2].
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Manganese-induced symptoms are often caused by exposure to
ambient manganese air concentrations more than 5 mg Mn/m3. It
may cause low energy, harm to the blood’s essential organs the liver,
kidneys, lungs, and central nervous system—as well as impaired or
diminished brain and central nervous system function. Long-term ex-
posure can induce a degenerative process of the muscles and nervous
system that resembles multiple sclerosis, Parkinson’s disease, Alzhei-
mer’s disease, and dystrophy [3,4]. Allergies are rare, and persistent
long-term contact with certain metals (or their compounds) can po-
tentially lead to cancer. Manganese, though widely distributed in soils,
also occurs naturally in food and water and unlike some heavy metals
with no known biological function, manganese is an essential nutrient
and in trace amounts is very essential for growth and development.
Land use affects and modifies soils positively or negatively as the case
may be. Soil contamination is growing alarmingly and it is grossly
determined by land use (Mercy et. al, 2013). The use of land cannot
be over-emphasised in every sphere of human activities. The land
encompasses all the features of natural resources including soil [5].
The positive results from the use of land are appreciated since they
improve the standard of living of human beings either directly or indi-
rectly. However, the adverse effects which sometimes result from the
different land use can be detrimental to human beings directly and
indirectly. There hasn’t been much study done on how heavy metals
are distributed across various land uses, though. It is desirable to do
research on the amounts of heavy metals in various urban soil types
because the contaminants in these soil types may have distinct effects
on public health [6,7].

This study has been carried out in countries like Iran by Sayadii
et al. (2013), also in Spain, by Eduardo et al. (2008) and Nigeria by
Elias et al. (2008) and in actual sense, the concentration of manga-
nese in the ancient cities of Nigeria (Abeokuta and Ibadan) has yet
been unknown based on the different forms of land use [8]. This study
is therefore aimed at studying the impact/effect of various land uses,
including business area (BA), classical gardens (CG), culture and ed-
ucation area (CEA), public green space (PGS), residential area (RA)
and roadside area (RSA), industrial area (IA) on the distribution of
Manganese in Abeokuta and Ibadan soils as it will provide us with sci-
entific data for evaluation of contamination level in the soils. The ob-
jectives of this study are to evaluate the effect of various land uses on
the distribution of manganese in some soils of Abeokuta and Ibadan
and to evaluate the downward mobility of manganese in some soils of
Abeokuta and Ibadan [9].

Literature Review

Although heavy metals are naturally occurring components of the
earth’s crust, human activity has significantly changed the geochem-
ical cycles and biological balance of these elements. Because of this,
metals accumulate in plant portions that include secondary metab-
olites, which give rise to a specific pharmacological action. Human
health risks can arise from prolonged exposure to heavy metals as
manganese, cadmium, copper, lead, nickel, and zinc [10]. As well as

being an ill-defined subset of elements with metallic characteristics,
heavy metals are also hazardous metals. These consist of actinides,
lanthanides, transition metals, and some metalloids [11]. According
to one source, heavy metals include common transition metals like
copper, lead, and zinc. These metals are responsible for contamina-
tion of the environment from sources including leaded gasoline, in-
dustrial effluent, and acid rain’s leaching of metal ions from the soil
into lakes and rivers. Any species of metal (or metalloid) that appears
in an unwelcome location or in a concentration or form that has neg-
ative effects on people or the environment might be classified as a
“contaminant.” Lead (Pb), cadmium (Cd), copper (Cu), nickel (Ni), and
zinc (Zn) are examples of metals and metalloids. Other less frequent
metallic pollutants are molybdenum (Mo), manganese (Mn), cobalt
(Co), and aluminium (Al).

Heavy Metal and Living Organism

Heavy metal requirements differ among living things. Humans
need iron, cobalt, copper, and manganese. At greater amounts, all
metals are hazardous. The organism may be harmed by excessive con-
centrations. Some heavy metals, like lead and mercury, are poisonous
and have no known helpful or essential effects on living things. Over
time, they may accumulate in the bodies of animals and cause cata-
strophic sickness [12].

Types of Heavy Metals and their Effect on Human Health

There are two ways that heavy metals impair metabolic process-
es:

1)  They build up and cause malfunctions in important glands
and organs including the heart, brain, etc.

2) They interfere with the biological function of the essential
dietary minerals by moving them from their natural location.
However, living in a heavy metal-free environment is not feasible
[13].

Heavy Metals and Environmental Pollution

The content of metals in soil can vary from less than one to up to
100,000 mg/kg. The primary class of inorganic pollutants are heavy
metals, which are found in a sizable portion of the land due to their
usage in municipal compost or sewage, pesticides, fertilizers, and left-
overs from metalliferous mining and smelting enterprises. Regardless
of the source of the metals in the soil, high concentrations of various
metals can lead to reduced crop yields, poor quality agricultural out-
put, and deteriorating soil quality, all of which pose serious risks to
the health of people, animals, and ecosystems [14,15].

Micronutrients (Fe, Mn, Zn and Cu)

Certain elements that plants need in extremely tiny amounts are
referred to as micronutrients. This phrase is typically used to describe
elements found in plant tissues at concentrations of less than 100 mg/
kg (Foth and Ellis, 1997). The same authors state that, in contrast to
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boron and molybdenum, the four vital micronutrients that are present
in soil as cat ions are zinc (Zn), copper (Cu), iron (Fe), and manganese
(Mn). An important process for eliminating micronutrients from the
soil solution is adsorption of micronutrients, either by soil OM or by
clay-size inorganic soil components (Foth & Ellis, 1997). As a result,
each can be provided as a soluble salt, by mineral weathering, or by
mineralizing organic matter. This increases the soil’s supply of soluble
micronutrients (Foth & Ellis, 1997). Parent material, soil response,
soil texture, and soil organic matter are factors that impact the avail-
ability of micronutrients (Brady and Weil, 2002). According to Tis-
dale et al. (1995), micronutrients show negative relationships with
coarser sand particles and favourable relationships with fine mineral
fractions like silt and clay. This is because these elements diffuse due
to their high moisture retention (Tisdale et al., 1995). Micronutrient
availability is also highly influenced by the amount of organic matter
in the soil. As per Hodgson’s (1963) findings, the existence of organ-
ic matter (OM) might enhance the accessibility of certain elements
by providing soluble complex agents that disrupt their fixation. The
primary chemical factors influencing sedimentary manganese cycling
are the oxygen content of the surrounding water, the oxygen’s capac-
ity to penetrate the sediments, and the presence of benthic organic
carbon [16,17].

Manganese in soil has the ability to leach soluble substances from
it as well as disperse into the air and water as particulate particles.
The two primary variables that impact the solubility of manganese
in soils are the oxidation-reduction potential and pH. Aquatic biota
has the ability to significantly bio-concentrate manganese in water at
lower tropical levels. Bio-concentration factors (BCFs) have been es-
timated for the following: fish (35-930), phytoplankton (2500-6300),
marine microalgae (300-5500), intertidal mussels (830-830), and
freshwater and marine plants (2000-20,000). While dissolved oxygen
has little effect, temperature and pH have a considerable impact on the
absorption of manganese by fish and other aquatic invertebrates [18-
20]. It has been shown that manganese absorption rises when salinity
falls. The concentrations of manganese in the air are typically highest
in urban areas (65-166ng/m3), greater in rural regions (40ng/m3),
and lowest in distant places (0.5-14ng/m3). Quantities of manganese
in the air can exceed 8000ng/m3, with source-dominated locations
often having the greatest quantities. Air near foundries may have an-
nual averages of 200-300ng/m3 of manganese, whereas air near ferro
and silico-manganese industries may have concentrations of exceed-
ing 500 ng/m3. In naturally occurring waters with minimal human
interference, the levels of dissolved manganese can vary between 10
and more than 10,000pug/litre. Nonetheless, naturally occurring sur-
face waters typically have dissolved manganese concentrations of less
than 200ug/litre and very seldom surpass 1000pg/litre. Manganese
is an important mineral for bacteria, plants, and animals. Manganese
concentrations in river sediments ranged from 410 to 6700 mg/
kg dry weight; silt from an urban lake getting inputs from industri-
al sources. Terrestrial plants need between 10 and 50 milligrams of

manganese per kilogram of tissue. The critical nutritional values of
different species and cultivars of the same species differ significantly
[21-23]. Manganese-deficient plants grow in calcareous soils, particu-
larly those with high levels of organic matter and poor drainage.

Environmental Transport, Distribution, Transformation,
and Accumulation Transport and Distribution Between
Media

Although elemental manganese and inorganic manganese com-
pounds have very low vapour pressures, they can nevertheless be
found in the atmosphere as suspended particulate matter from soil
erosion or industrial emissions (US EPA, 1984). Manganese is like-
ly to be found in the troposphere as mineral complexes linked to its
natural occurrence in soil or rock, or in oxide, sulphate, or nitrate
forms (Stokes et al., 1988). Particles containing manganese are com-
posed of manganese and its compounds, which are mostly extract-
ed from the atmosphere by rain or gravity settling (US EPA, 1984).
Manganese-containing soil particle matter can travel through the
atmosphere. The size, density, wind direction, and speed all have a
major role in determining the destiny and movement of manganese
in the atmosphere. It is estimated that particles with a mass median
equivalent diameter (MMED) of less than 5 pm account for 80% of the
manganese in suspended particulate matter, while particles with an
MMED of less than 2 pm are responsible for 50% of this manganese.
It is unclear if these results apply to particles in urban or rural loca-
tions. It is known, however, that the size of manganese particles in the
air tends to differ depending on the source; big particles tend to pre-
dominate around mining operations, whereas small particles tend to
predominate around ferromanganese and dry-cell battery industries
(WHO, 1999). A mean manganese content of 1338 mg/kg was found
in airborne particles (>2 pm) collected over the seas (Lee & Duffield,
1979).

Widespread airborne dispersal would be anticipated based on
these results (IPCS, 1981). While manganese deposition showed little
spatial variation between urban and rural areas, Fergusson & Stew-
art (1992) reported that manganese concentrations in New Orleans,
Louisiana, USA, increased four times between rural and urban areas.
This is in contrast to other metals that are deposited in different ways,
such as copper, lead, cadmium, and zinc. On manganese’s atmospheric
reactions, very little information is known (USEPA, 1984). Manganese
can react with nitrogen dioxide and sulphur dioxide; however, it has
not been shown that these reactions happen in the atmosphere. Man-
ganese’s arithmetically averaged annual wet flow was 1900 pg/m?
for a sea loch in Scotland and 1190 pg/m? for the USA’s Chesapeake
Bay (Scudlark et al., 1994; Hall et al., 1996). Manganese deposition
rates in the western Mediterranean Sea (northwest Corsica) during
1985-1987 varied from 0.0023 to 0.0072pug/cm? daily. The greatest
manganese atmospheric deposition was caused by sporadic but pow-
erful Saharan sandstorms (Remoudaki et al., 1991). The manganese
deposition rate for Burnaby Lake, British Columbia, Canada, was de-
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termined to be 350 pug/m? per day. For the whole watershed, the an-
ticipated yearly position rate was 7.7 tons (Brewer & Belzer, 2001).
There are two primary types of manganese found in aquatic environ-
ments: Mn(II) and Mn(IV). Oxidation and reduction processes, which
can be abiotic or microbially driven, mediate the change between
these two forms (Nealson, 1983; Thamdrup et al.,, 2000; Heal, 2001).

pH and redox circumstances have a major role in the environ-
mental chemistry of manganese; Mn(II) predominates at lower pH
and redox potential, and in non-dystrophic waters, the fraction of
colloidal manganese oxy-hydroxides increases above pH 5.5 (LaZerte
& Burling, 1990). Dissolved manganese concentrations in waterways
receiving acid mine drainage varied from 250 to 4400ug/litre be-
low pH 3, but were less than 40 pg/litre above pH 5.5 (Filipek et al.,
1987). Cherry et al. (2001) found that manganese concentrations in
sediment dropped from 400 mg/kg at pH 5.6-5.9 to 8 mg/kg below
pH 3. This decline was attributed to manganese dissolution affected
by acid mine drainage. When Mn(II) is present in anaerobic condi-
tions, a complicated series of oxidation/ precipitation and adsorption
events take place, ultimately rendering the manganese as insoluble
manganese dioxide physiologically inaccessible. However, in waters
with a pH lower than 8.5, the kinetics of Mn(II) oxidation are sluggish
(Zaw & Chiswell, 1999). Days can pass in natural water before man-
ganese oxidizes and precipitates, but years can pass in artificial water
(Stokes et al.,, 1988). However, as pH rises or when catalytic surfaces
like manganese dioxide are present, manganese oxidation rates rise
as well (Huntsman & Sunda, 1980). Rapid manganese oxide oxida-
tion and precipitation occurred in a stream receiving manganese-rich
inflows due to accident drainage (Scott et al, 2002). The series of
events that precipitate as manganese dioxide after Mn(II) is oxidized
involves the simultaneous occurrence of multiple manganese forms
(e.g., dissolved Mn(II), hydrous oxides of Mn(III), Mn(II) adsorbed to
particulates, and Mn (II) ligand complexes), each of whose concen-
tration is influenced by a variety of variables such as pH, organic and
inorganic carbon, sulphate, chloride, temperature, and time (Stokes
et al,, 1988). Both chemically and bacterially reducing Mn(IV) to the
Mn(II) oxidation state is possible in low oxygen groundwater (Jaudon
etal, 1989).

Manganese is relatively weakly linked to dissolve organic carbon,
and there is minimal evidence of organic connections between man-
ganese and natural fluids (L'Her Roux et al., 1998). Therefore, man-
ganese speciation in natural waters is not significantly influenced
by organic complexation. Even with significant amounts of naturally
occurring dissolved organic carbon, field research has shown that or-
ganically bound manganese is negligible (Laxen et al., 1984). Manga-
nese will often become more accessible when pH and redox potential
decrease because the Mn(II) ion is more soluble than the Mn(IV) ion
(Heal, 2001). Manganese solubility can be increased by the presence
of chlorides, nitrates, and sulphates, which will boost aqueous mo-
bility and plant absorption (Reimer, 1999). Manganese speciation

in tropical north Australia’s Magela Creek was investigated by Hart
et al. (1992). They postulated that equilibrium between Mn(II) and
oxidized species may be achieved during the typical residence peri-
od of water in the stream at higher temperatures (30 °C) and greater
rates of bacterially induced oxidation. Colloidal manganese has the
potential to dominate speciation through this method. There is proof
that surface waters now contain higher quantities of manganese due
to upland regions being reforested. Mean manganese concentrations
and the amount of conifer cover in the watershed are significantly
positively correlated, according to an analysis of sites in the United
Kingdom conducted between 1988 and 1996 (Heal, 2001).

Increased manganese concentrations result from the minerals be-
ing taken up by the trees from the environment through foliar leach-
ing and wash-off of manganese in fine mist and dry particles (Shanley,
1986; Heal, 2001). Conifer plantation litter may potentially accelerate
the leaching of manganese from the soil into runoff. There is ample
evidence linking increased manganese concentrations in surface wa-
ters to soil and water acidification in catchments covered with coni-
fers (Heal, 2001). Soil type and catchment hydrology affect how much
land use affects manganese concentrations in upland catchments
(Heal, 2001; Heal et al., 2002). According to Heal et al. (2002), the
summer-autumn hydrological transition and summer base flow are
crucial times for higher manganese concentrations in run-off. Manga-
nese will not become dominant in chemical processes and the system
will reach equilibrium speciation until it enters lakes, estuaries, and
the ocean, where residence durations are significantly longer (Laxen
etal., 1984). In rivers, manganese is frequently adsorbed to suspend-
ed particles.

The majority of the manganese in the Paraiba do Sul-Guandu Riv-
er, Rio de Janeiro, Brazil, that came from industrial sources (metallur-
gical and chemical industries), was attached to suspended particles
Malm et al,, 1988. For a wide range of UK rivers, a positive associa-
tion has been documented between manganese concentrations and
suspended sediment levels Laxen et al., 1984; Neal et al., 1998, 2000.
Soluble manganese compounds’ propensity to adsorb to soils and
sediments can vary greatly, primarily based on the soil’s organic con-
tent and cat ion exchange capacity Hemstock & Low, 1953; Schnitzer,
1969; McBride, 1979; Curtin et al., 1980; Baes & Sharp, 1983; Kabata
Pendias & Pendias, 1984. The “particulate” and “dissolved” phases
of rivers and streams may become dissociated from weathering pro-
cesses, according to Laxen et al. (1984). This might result in suspend-
ed sediment and influxes of Mn(II) species leaching from anoxic soil
and ground waters.

Materials and Methods
Study Area

Abeokuta: Abeokuta, the capital city of Ogun state is the largest
city in the southwestern region of Nigeria. It is located on the east-
ern bank of Ogun River, with its centre located at 70N & 30E, 48 mols
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(71 km) North of Lagos by railway, 81 miles (130km) by water. Olu-
mo Rock, a granite outcropping is located at the city centre and is of
course the site of traditional celebrations with a population of over
500, 000 people.

Ibadan: Ibadan is the capital city of Oyo state. It is also the third
largest metropolitan area; Ibadan is the largest and most populous
city with a population of 1,338,659. It is also located in the south-
western part of Nigeria, 128km inland northeast of Lagos and 530km
southwest of Abuja.

Sampling Sites: The soil samples were collected from eight dif-
ferent land uses in different areas in the two locations, Ibadan and
Abeokuta respectively. The eight land uses include crop farms, animal
farms, educational areas, residential areas, roadside, industrial areas,
markets, and forests in Abeokuta and Ibadan. The selected areas of
both locations are described in the tables below.

Sample collection: A total number of 96 soil samples were col-
lected from the selected areas. The soil samples were collected based
on two depths (0-20cm and 20-40cm deep, respectively), three repli-
cates, from different spots in each area of the two locations, Abeokuta
and Ibadan respectively. The samples were collected using soil auger.
The coordinates of each position of areas in which the samples were
taken with the Global Positioning System (GPS) tool (Table 1).

Table 1: Description of the selected areas in Abeokuta under the land

uses.
Land use Abeokuta Description
Crop farm Osicle The presence of vegetation including
arable crops
Animal farm FUNAAB Presence of animal dur?g, with little or
no vegetation
. Presence of vegetation such as weeds.
Education MAPOLY The presence of little stones in the soil
Residential Ibara Presence of vegetation including shade
trees and ornamental plants. Garden
Roadside Ifo / Ita-on Little or no vegetation
. Ewekoro / Cement factory, chemical manufactur-
Industrial . .
Ita-on er. Little or no vegetation
Market Ifo Little or no vegetation
Forest FUNAAB Secondary forest with little vegetation

Note: FUNAAB- Federal University of Agriculture Abeokuta
MAPOLY-Mashood Abiola Polytechnic

Sample Preparation: The soil samples were air-dried; the im-
purities such as stones and tree leaves were removed from them and
then passed through a 2mm sieve.

Sampling Analysis: The digestions of the samples were done,
and the concentration of the toxic element (Nickel) was measured
using Atomic Absorption Spectrophotometry, AAS (Burt, 2004). Soil
analysis of other soil parameters including soil pH, phosphorus con-

tent, electrical conductivity, nitrogen content and particle size was
done (Table 2).

Table 2: Description of the selected areas in Ibadan under the land

uses.
Land Use Ibadan Description
National Horticul- .
. Presence of plantation crops and
rop farm | tural Research In- ornamental plants
stitute (NTHORT) plants.
Animal Presence of animal dung, with little
Bora farm .
farm or no vegetation
. University of Bare soil with the presence of little
Education . -
Ibadan stones in the soil
Residential Owode estate Presence of little rock and vegeta-
tion including weeds.
Roadside | Ibadan- Abeokuta I"oultry feed f.a ctory, food process-
ing factory, Little or no vegetation
Industrial Oluyole Bare soil
Market Kila Little or no vegetation
F Forestry Research Secondary forest with little vege-
orest . .
Institute tation

Procedure for Determination of Electrical Conductivity

1)  Gather afresh soil sample in a plastic zip-loc bag. Try to geta
profile from the top 6” of soil that the plants will grow in and take
care not to contaminate the sample by touching anything.

2)  Open the bag and let it air-dry for a few hours until it is
mostly dried.

3)  Mix the soil in the bag to ensure a homogenous sample and
then use a sieve with approximate 2mm spacing to remove any
large soil clumps.

4)  Measure out ¥ of a cup of the dried soil and put it into a
glass beaker.

5) Measure out % of a cup of distilled water and put this into
the glass beaker with the soil.

6)  Stir the mixture gently for 30 seconds. Do not mix too harsh-
ly as you may destroy the humus structure and the soil may give
up elements that it otherwise would not do in nature. Let the
soil-water suspension stand for 30 minutes.

7)  Stir water gently again before taking the EC measurement.
Insert the EC meter into the beaker and swirl it gently around in
the soil-water extract. After approximately 30-60 seconds or after
the EC reading has stabilized, read the digital display on your me-
ter.

Nitrogen Determination Procedure
Digestion:

1) Fill a digestion flask with about 1 g of the ground material,
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and note the weight (W) to the closest 0.1 mg. As a way to veri-
fy that the digestion settings are accurate, add reagent blank and
high-purity lysine HCI. For the purpose of determining dry matter
in a lab, weigh a second subsample.

2) Include 15 grams of potassium sulphate, 0.04 grams of an-
hydrous copper sulphate, 0.5 to 1.0 grams of alundum granules,
or 16.7 grams of K,SO,, 0.01 grams of anhydrous copper sulphate,
0.6 grams of Ti0,, and 0.3 grams of pumice. Add 20 mL of sulfuric
acid after that. In case the sample weight exceeds 1 g, add 1.0 mL
sulfuric acid for every 0.1 g of fat or 0.2 g of other organic stuff.

3)  Setthe flask on the burner that has been prepared; adjust so
that it will boil 250 mL of water at 25 °C for five minutes.

4)  Swirl slowly and heat for a further 90 minutes for copper
catalyst or 40 minutes for CuSO,/ TiO, mixed catalyst, or until
white fumes clear the flask’s bulb.

5)  Allow it cool, then slowly stir in 250 mL of distilled water to
bring it down to room temperature (less than 25 °C). Note: You
can add more water to the distillation, up to around 275 mlL, if
bumping happens.

Distillation:

1) To prepare the titration flask, fill it with water to the right
level so that the condenser tip is submerged. If you are not sure
how much acid to use, try 15 mL of it and 70 mL of water. Pour
around 85 mL of water into a pipette containing 1 mL of acid to
create the reagent blank. Add three to four drops of the indicator
solution methyl red.

2) Tolessen foaming, add two to three drops of tributyl citrate
or another antifoam agent to the digesting flask.

3) Include an additional 0.5-1.0 g of alundum granules.

4)  Add enough 45% sodium hydroxide solution (about 80 mL)
slowly down the side of the flask to make the mixture highly al-
kali. (To avoid losing ammonia, do not combine until the flask is
attached to the distillation device.)

5) Attach the flask to the distillation apparatus right away, and
distil until at least 150mL of distillate is collected in a titrating
flask at a rate of roughly 7.5 boil rate (temperature adjusted to
bring 250mL of water at 250C to boil in 7.5 min).

6) Take out the titrating and digestion flasks from the unit. As
you remove the flasks, rinse the condenser tube with distilled
water.

Titration: Record the volume to the closest 0.01mL (VNaOH) and
titrate surplus acid with standard sodium hydroxide solution to the
orange endpoint (colour shift from red to orange to yellow). Analo-
gously, titrate the reagent blank (B).

Determination of Organic Matter
The following methods are used to identify organic matter:
1) Transfer 1 gram of dirtinto a 500 millilitre Erlenmeyer flask.
2) Adda 1N potassium dichromate solution (10 millilitres).

3) Add 20 ml of sulfuric acid, and stir slowly for a minute, being
careful not to propel soil up onto the flask’s edges. Give it a half-
hour to stand.

4)  Use deionized water to dilute to 200 millilitres.

5) Include 10 drops of diphenylamine indicator, 0.2 grams of
ammonium fluoride, and 10 millilitres of phosphoric acid.

6) Titrate the solution with 0.5N ferrous ammonium sulphate
until the colour turns turbid blue from dull green. Drop by drop,
add the titrating solution until the colour changes to a vivid green,
which indicates the endpoint.

7)  Use the same procedures to prepare and titrate a blank.

8)  After each set of samples is examined, prepare one duplicate
sample and one quality control sample.

The Recommended Procedure for the Determination of
Soil pH

Wash the electrodes and the cup well after calibrating the equip-
ment. To get a rough estimate of the pH, fill the cup partially with the
solution to be tested. This value is generally considered to be an esti-
mate and will wander. The pH values obtained from taking numerous
readings on the same solution will become increasingly stable with
time. For well-buffered solutions, three parts could be enough to pro-
vide pH readings that exhibit drifts of less than + 0.04 unit in one or
two minutes and are repeatable to +0.04 unit. Up to six parts of the
test solution could be needed for extremely diluted or unbuffered
solutions, and the pH results might drift and only be repeatable to +
0.05 unit. To achieve a precision of more than 0.1 pH unit, the tem-
perature of the test solutions, glass and calomel electrodes, standard
solutions, and wash water must all be within 2 °C of one another. Ad-
ditionally, the electrodes, standard solutions, test solutions, and wash
water must all be maintained at the measurement temperature for a
minimum of two hours prior to the measurement in order to mini-
mize the effects of thermal or electrical hysteresis on the electrodes
(Table 3).
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Table 3: Sample collection locations in Abeokuta and their coordinates.

Land Use Location Replications Depth Tag Longitude Latitude Altitude
Industrial Ewekoro 1 0-20 IdA1 6.89005 3.19866 38
Industrial Ewekoro 2 0-20 IdA2 6.91283 3.21262 47
Industrial Ilese Awo 3 0-20 IdA3
Industrial Ewekoro 1 20-40 IdB1 6.89005 3.19866 38
Industrial Ewekoro 2 20-40 1dB2 6.91283 3.21262 47
Industrial Ilese Awo 3 20-40 1dB3
Education MAPOLY 1 0-20 EdA1 7.09665 3.33038 84
Education MAPOLY 2 0-20 EdA2 7.10048 3.33499 91
Education MAPOLY 3 0-20 EdA3 7.10333 3.33147 105
Education MAPOLY 1 20-40 EdB1 7.09665 3.33038 84
Education MAPOLY 2 20-40 EdB2 7.10048 3.33499 91
Education MAPOLY 3 20-40 EdB3 7.10333 3.33147 105
Residential Ibara housing estate 1 0-20 RdA1 7.12383 3.34723 110
Residential Ibara housing estate 2 0-20 RdA2 7.1253 3.34651 112
Residential Ibara housing estate 3 0-20 RAA3 7.12383 3.35014 113
Residential Ibara housing estate 1 20-40 RdB1 7.12383 3.34723 110
Residential Ibara housing estate 2 20-40 RdB2 7.1253 3.34651 112
Residential Ibara housing estate 3 20-40 RdB3 7.12801 3.35014 113
Market Arigbajo market 1 0-20 MKkA1 6.84112 3.19208 114
Market Arigbajo market 2 0-20 MKkA2 6.84064 3.19331 113
Market Arigbajo market 3 0-20 MkA3 6.84052 3.19152 114
Market Arigbajo market 1 20-40 MKkB1 6.84112 3.19208 114
Market Arigbajo market 2 20-40 MkB2 6.84064 3.19331 113
Market Arigbajo market 3 20-40 MKB3 6.84052 3.19152 114
Road side Papalanto 1 0-20 RoadA1l 6.87846 3.1925 56
Road side Akinale 2 0-20 RoadA2 7.02663 3.286 88
Road side lyana-Eleja 3 0-20 RoadA3 7.08849 3.29471 77
Road side Papalanto 1 20-40 RoadB1 6.87846 3.1925 56
Road side Akinale 2 20-40 RoadB2 7.02663 3.286 88
Road side Iyana-Eleja 3 20-40 RoadB3 7.08849 3.29471 77
Crop farm Osiele 1 0-20 CfAl 7.20913 3.46024 197
Crop farm Osiele 2 0-20 CfA2 7.21574 3.46028 195
Crop farm Osiele 3 0-20 CfA3 7.21826 3.46053 164
Crop farm Osiele 1 20-40 CfB1 7.20913 3.46024 197
Crop farm Osiele 2 20-40 CfB2 7.21574 3.46028 195
Crop farm Osiele 3 20-40 CfB3 7.21826 3.46053 164
Animal farm FUNAAB 1 0-20 AfAl 7.22683 3.44903 154
Animal farm FUNAAB 2 0-20 AfA2 7.22796 3.4277 157
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Animal farm FUNAAB 3 0-20 AfA3 7.2276 3.42841 144
Animal farm FUNAAB 1 20-40 AfB1 7.22683 3.44903 154
Animal farm FUNAAB 2 20-40 AfB2 7.22796 3.4277 157
Animal farm FUNAAB 3 20-40 AfB3 7.2276 3.42841 144
Land Use Location Replications Depth Tag Longitude Latitude Altitude
Forest Osiele 1 0-20 FrAl 7.21123 3.45953 204
Forest FUNAAB 0-20 FrA2 7.22644 3.44908 164
Forest FUNAAB 3 0-20 FrA3 7.22645 3.44905 164
Forest Osiele 1 20-40 FrB1 7.21123 3.45953 204
Forest FUNAAB 2 20-40 FrB2 7.22644 3.44908 164
Forest FUNAAB 3 20-40 Frb3 7.22645 3.44905 164

Note: FUNAAB- Federal University of Agriculture Abeokuta

MAPOLY- Mashood Abiola Polytechnic

Determination of Available Phosphorus in Soil by using
the Bray-1 Method

5 g of air-dried soil should be weighed, and in an extraction cup,
25 ml of 2NH4F + 25 ml of 2N HCl reagent should be measured. You
may either shake for five minutes on a mechanical shaker or stir for

one minute. Pipette the sample (8 ml) into a pair of cups. Mix well
after adding 5 drops of phosphorus ammonium molybdate solution.
Next, thoroughly mix with 5 drops of the phosphorus C reagent. After
letting the solution remain for half an hour, measure the wavelength
at 660 millimetres on the colorimeter. After taking measurements,
use the standard curve to calculate P values (Table 4).

Table 4: Sample collection locations in Abeokuta and their coordinates.

Land Use Location Replications Depth Tag Longitude Latitude Altitude
Industrial Oluyole 1 0-20 IdA1 7.36574 3.85489 184
Industrial Oluyole 0-20 IdA2 7.36771 3.85655 185
Industrial Oluyole 3 0-20 IdA3 7.3677 3.8546 187
Industrial Oluyole 1 20-40 IdB1 7.36574 3.85489 184
Industrial Oluyole 2 20-40 1dB2 7.36771 3.85655 185
Industrial Oluyole 3 20-40 1dB3 7.3677 3.8546 187
Education Ul 1 0-20 EdA1 7.3671 3.90379 211
Education Ul 2 0-20 EdA2 7.44352 3.90378 224
Education Ul 3 0-20 EdA3 7.44609 3.90015 224
Education Ul 1 20-40 EdB1 7.3671 3.90379 211
Education Ul 2 20-40 EdB2 7.44352 3.90378 224
Education Ul 3 20-40 EdB3 7.44609 3.90015 224
Residential Owode Estate 1 0-20 RdA1 7.39317 3.79553 218
Residential Owode Estate 2 0-20 RdA2 7.39436 3.79402 207
Residential Owode Estate 3 0-20 RAA3 7.39586 3.79791 210
Residential Owode Estate 1 20-40 RdB1 7.39317 3.79553 218
Residential Owode Estate 2 20-40 RdB2 7.39436 3.79402 207
Residential Owode Estate 3 20-40 RdB3 7.39586 3.79791 210

Market Kila 1 0-20 MkA1 7.36851 3.66648 241

Market Kila 2 0-20 MkA2 7.3685 3.66611 244
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Market Kila 3 0-20 MKA3 7.3685 3.66571 244
Market Kila 1 20-40 MKB1 7.36851 3.66648 241
Market Kila 2 20-40 Mkb2 7.3685 3.66611 244
Market Kila 3 20-40 MKB3 7.3685 3.66571 244
Roadside Ibad‘i‘(rl‘l't‘;‘beo' 1 0-20 RoadAl 7.39985 3.77526 200
Roadside Ibadirl‘l't‘;‘beo' 2 0-20 RoadA2 7.38692 3.73619 201
Roadside Ibadirl‘l‘t‘;‘beo‘ 3 0-20 RoadA3 7.3832 3.68401 262
Roadside Ibadiﬁ‘t/:beo‘ 1 20-40 RoadB1 7.39985 3.77526 200
Roadside Ibadirl‘l‘t‘;‘beo‘ 2 20-40 RoadB2 7.38692 3.73619 201
Roadside Ibadi?l‘t‘:be"‘ 3 20-40 RoadB3 7.3832 3.68401 262

Crop farm NIHORT 1 0-20 CfA1 7.40300 3.85048 23
Crop farm NIHORT 2 0-20 CfA2 7.40309 3.85048 218
Crop farm NIHORT 3 0-20 CfA3 7.40300 3.85045 218
Crop farm NIHORT 1 20-40 CfB1 7.40309 3.85048 23
Crop farm NIHORT 2 20-40 CfB2 7.40300 3.85048 218
Crop farm NIHORT 3 20-40 CfB3 7.40309 3.85045 218

Animal farm Bora Farm 1 0-20 AfA1 7.38663 3.83676 192

Animal farm Bora Farm 2 0-20 AfA2 7.38671 3.83598 201

Animal farm Bora Farm 3 0-20 AfA3 7.3717 3.84797 188

Animal farm Bora Farm 1 20-40 AfB1 7.38663 3.83676 192

Animal farm Bora Farm 2 20-40 AfB2 7.38671 3.83598 201

Animal farm Bora Farm 3 20-40 AfB3 7.3717 3.84797 188
Forest FRIN 1 0-20 FrAl 7.40300 3.85045 218
Forest FRIN 2 0-20 FrA2 7.40309 3.85045 218
land use Location Replications Depth Tag longitude latitude Altitude
Forest FRIN 3 0-20 FrA3 7.38928 3.85995 217
Forest FRIN 1 20-40 FrB1 7.40300 3.85045 218
Forest FRIN 2 20-40 FrB2 7.40309 3.85045 218
Forest FRIN 3 20-40 FrB3 7.38928 3.85995 217

Note: FRIN- Forestry Research Institute of Nigeria

UI- University of Ibadan
NIHORT- National Horticultural Research Institute

Data Analysis

Manganese and other soil parameters were correlated after sta-
tistical analysis using Analysis of Variance (ANOVA) and Pearson’s
rank correlation (data with normal distribution) was completed.

Results

In the table below, it was observed that there was no significant
difference (P > 0.05) between soil depths (0- 20 and 20-40 cm) in

electrical conductivity in Abeokuta and manganese in both Abeokuta
and Ibadan soils. However, soil depth of 20- 40cm had significantly
higher manganese content than 0- 20cm in Ibadan soil. This suggests
that depth did not affect the distribution of manganese in Abeokuta
and Ibadan soils (Table 5) . The values of manganese in Ibadan are
relatively greater than that of Abeokuta. There is also evidence of
manganese movement down the profile in Ibadan. In Table 6, it was
observed that there was no significant difference (P > 0.05) between
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land uses (crop farm, animal farm, education, forest, industrial, resi-
dential, market, roadside) in electrical conductivity in Ibadan except
for Abeokuta where there was significantly different between land
uses in electrical conductivity. There was no significant difference (P
> 0.05) between land uses in manganese content in both Abeokuta
and Ibadan soils. However, the values of manganese concentration in
Ibadan are relatively higher than that of Abeokuta with industrial, for-
est and residential areas with the highest values.

Table 5: Effect of soil depth on manganese concentration and the
electrical conductivity of Abeokuta and Ibadan soils.

EC Mn (m,
Depth (e 0 (mg/kg)
Abeokuta Ibadan Abeokuta Ibadan

0.122 2.88 557.0
0-20 0.28%

0.08° 2.79 596.6
20-40 0.572

Ns ns Ns

Table 6: Effect of land use on manganese concentration and the elec-

trical conductivity of Abeokuta and Ibadan soils.

Land Uses = s
Abeokuta Ibadan Abeokuta Ibadan
Crop farm 0.05¢ 0.11° 318.4%® 587.7:0
Industrial 0.07b¢ 0.292 349.2° 834.0°
Animal farm 0.25% 0.622 373.12 494 4>
Forest 0.08> 1.702 452.0 649.3%
Roadside 0.04¢ 0.152 283.3% 508.8°
Education 0.07 0.222 359.5 472.8°
Residential 0.09 0.14* 240.4® 654.5%
Market 0.15 0.182 467.0° 421.7°

These denote that land use affected the distribution of manganese
content in some soils of both Abeokuta and Ibadan. The correlation
coefficients shown in Table 7 indicated that soil manganese is posi-
tively correlated with most of the other heavy metals at both locations
except pH, silt and clay in Abeokuta (-0.15, -0.31, -0.17, P < 0.01). In
Table 8, the table shows how the value content of electrical conductiv-
ity and manganese concentration were affected by the different fac-
tors including the soil depths, the locations (Abeokuta and Ibadan),
and the land use. The soil depths did not affect both the electrical
conductivity and manganese content as there are no significant dif-
ferences between the values of electrical conductivity and manganese
content respectively. There are significant differences between the
values of manganese content under the factor of locations in some
soils of both Abeokuta and Ibadan but there was no significant dif-
ference between the values of electrical conductivity in some soils of

both Abeokuta and Ibadan soils.

Table 7: Correlation between manganese and other soil parameters

in Ibadan and Abeokuta soils.

Mn
Parameters
Ibadan Abeokuta
Ni 0.19"
0.5
Cu 0.32ns
Zn
0.13 0.20"
Cr
Cd
0.52 0.39"
Pb
pH
0.53 0.26"
EC
Sand
0.25 0.48"
Silt
Clay
0.29 -0.15™
N
C 0.25 0.17"
P 0.14
0.04 0.10"
0.14 -0.31m
1 -0.17m
0.92 0.06"
0.29 0.22n¢
0.27 0.02°

Note: *, ** significant at P<0.05 and <0.01 respectively

Table 8: The effect of soil depth, location and land use on the distribu-
tion of electrical conductivity and manganese in both of the locations
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0.19 457.8
0-20
0.33 436.8
20 - 40
Ns Ns
Location
Abeokuta 0.09° 317.9°
Ibadan 0.46° 576.82
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Land use 4444+
0.172

Market 441.6
0.182

Industrial 443.0°
0.112

Residential 550.72
0.892

Forest 396.1°
0.092

Roadside 416.1°
0.142

Education 453.1°
0.082

Crop farm 433.82
0.43°

Animal farm Ns

This denotes that the locations have an effect on the distribution
of manganese concentration but do not have an effect on its electrical
conductivity. In comparing both locations, that is Ibadan and Abeoku-
ta respectively, Ibadan has the highest values of manganese. The cor-
relation coefficients shown in the table above indicated that the soil
manganese is positively correlated with other heavy metals at both
locations; and soil manganese positively correlated with most of the
other soil parameters (Sand, N, C, P at P < 0.05 and EC at P < 0.01).
There are also significant negative correlations between soil nickel
and pH, silt and clay (P < 0.01) in both locations (Table 9).

Table 9: Correlation between nickel and other soil parameters in
both the Abeokuta and Ibadan soils.

Parameters Mn
Ni 1.00
Cu 0.32
Zn 0.46
Cr 0.47
Cd 0.19
Pb 0.39
Ni 0.45
pH -0.01"
EC 0.18

Sand 0.35
Silt -0.31
Clay -0.30
N 0.11
C 0.18
P 0.05

Note: *, ** significant at P<0.05 and <0.01 respectively

Discussion

After the analysis, and from the result land use effect on Manga-
nese concentration should that there is a significant difference in the
values of land use although crop farm, forest, and residential land use
are not significantly different from each other so also, animal farm,
roadside, education and market area are also not significantly differ-
ent from each other, however, the values of manganese concentration
in Ibadan is significantly different from each other, however, the values
of manganese concentration in Ibadan is higher than that of Abeokuta
most especially in industrial areas. Forest and residential areas also
have high values of manganese concentration in Ibadan. This must be
because Ibadan has more industries than Abeokuta most especially
production industries e.g. 7 up companies. The electrical conductivity
of soils in Ibadan are not significantly different from each other while
it differs in Abeokuta as industrial, forest, education and residential
areas are not significantly different from each other while crop farm
and roadside are also not significantly different from each other, how-
ever, animal farms have the highest values of electrical conductivity.

The downward mobility of manganese in Ibadan is high howev-
er in some soils of Abeokuta; it appears that there is no downward
mobility of electrical conductivity. The electrical conductivity of some
soils in Abeokuta and Ibadan is not significantly different from each
other. The average manganese soil concentration is 40-900 mg/kg.
The soils analysed fell in the range of average manganese soil con-
centration in natural soil and this shows that the soils are not con-
taminated although this is no proof that other heavy metals are not
contaminating the soils. Correlation with other soil parameters most
especially soil pH, soil organic matter, particle size and phosphorus of
the analysed soils shows the relationship with each other.

Conclusion

The analysis revealed that land use affected the distribution of the
manganese in some soils of both Abeokuta and Ibadan. Manganese
concentration in Ibadan is very high in the industrial areas almost
reaching the maximum range of tolerable levels in natural soils. Ag-
riculture might be difficult to practice in these areas as it can be toxic
since manganese is needed in trace quantity for plant growth. Its tox-
icity alters physiological, biochemical and molecular processes at the
cell level. The downward mobility of electrical conductivity in both
soils is high and it is an indication of the amount of nutrients available
for crop absorption. It aids less use of fertilizer though weed control
will be more. Electrical conductivity measurements are consistently
correlated to soil properties that affect soil productivity including soil
texture, cat ion exchange capacity, and organic matter. It is a great pre-
diction of soil health.
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