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Figure 1: Sedimentary basins of Nigeria (Adopted from Obaje, 2009).

2.2. The Anambra Basin

Nwajide (2013) and Wright er al. (1985) defined the Anambra Basin as “the upper Senonian-
Maastrichtian to Paleocene depositional area located at the Southern end of the Benue Trough,
within which the Nkporo Group and younger sediments accumulated, and which extended
towards the Southwest as the Niger Delta Basin”. This definition is both geologic and
geographic and it refers to the sediments-filled area between the southernmost end of the Benue
Trough and the Northern end of the Niger Delta. There seems to be a sort of sedimentological
continuity among the three interrelated basins, their respective different lithological

characteristics notwithstanding (Figure 4).
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Figure 4: Geological map of Anambra Basin (Adopted from Chiaghanam ez al,, 2013)

Stratipraphically, the Anambra Basin consists of the uppermost coal measures which are made
of the Nsukka, Ajali and Mamu Formations, underlain by the Awgu Formation (Chiaghanam
et al, 2013).

2.3. The Coal Mecasures

The Nigenian coals are sub-bituminous (black coals) of Cretaceous age and lignites (brown
coals) of Ternary age (Nigenian Geological Survey Agency, NGSA bulletin, 2™ edition, 1987).
However, the coal deposit at Obi, near Lafia in Nasarawa state has been described as coking
cozl. Generally, the quality of a coal depends largely on its geological age, hence the Nigerian
coals and lignites which are dated Cretaceous to Tertiary age are believed to be of poorer
quality than the older Carboniferous coals of Europe and America. The black coals occur in
strata of 1wo different ages in the Lower and Upper Coal Measures and are almost entirely
restncted to the Benue Trough and the Anambra basin of Nigeria. The Upper Coal Measures
are hosted by the Nsukka Formation while the Lower Coal Measures are hosted by the Mamu
Formation. The Mamu Formation consists of alternations of sundstones, siltstones, mudstones
coul seams und rare shales. This is overlain by the Ajali Formation which is mainly sandstone.
The Ajaly Formation is in tum overlain by the Nsukka Formation typically comprising of
sandstones, blackshales, coal, mudstones und marine limestones, The coals of the Jower

measures are of medium quality, non-coking and sub-bituminous They are excellent for gas
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g 0 roduces high tar-oils, self-binding under pressure, suitable for production of
mal-..ld coali conversely, the coals of the upper measures are thinner and of poorer quality.
ligu!

JATERIALS AND METHODS

ield work and Samples Collection

. field work, ten coal locations were selected within the country for this study. The ten

unne s were chosen to cover the whole length of Benue Trough and parts of the Anambra
loci.moréoal samples from Ibobo, Udane-Biomi and Odu-OkpalakiAfe (Ogboyoga) ( Kogi
pasin- [va Valley and Okpara ( Enugu State) were obtained from coal seams exposed on the
State)"ther along river banks and/or beds, or in areas where the coal seams or beds have been
field €1 by erosion. Samples from Onyema (Enugu State), Owukpa (Benue State) and
expose r (Lafia-Obi) (Nassarawa State) were obtained from old and abandon coal mines

gwaghshi . :
hile in Okaba (Kogi State) and Maiganga (Gombe State) the samples were obtained from the
W

ecent mine sites. . '
Four representative coal samples were obtained at each of the ten study sites with the aid of a

seological hammer. The sampling was done randomly but in areas where the coal seams were
:/ell exposed as in Maiganga, the samples were collected at the various coal seams seen in the
mine site. During the sampling, a bulk sample of about 300g each of coal was collected from
our points within each of the study areas. The samples collected were sealed in polythene bags
and were subsequently transferred into polyvinyl chloride (PVC) canisters and labeled
appropﬂ'atel)’ for later transport to the laboratory for the various analyses. The coordinates and
elevations of the sampling locations were taken with an Etrex Garmin model of GPS (Global
positioning Satellite). Coal samples were collected from freshly exposed mine faces (at
Maiganga, Okaba, Tbobo), exposed seams as a result of weathering (at Ogboyoga, Onyema,
Jva Valley, Udane Biomi and Okpara) and core samples at Lafia Obi coal deposits. Location
maps of the coal deposits were prepared from the GPS coordinates using ArcGis version 10.2.2.

3.2 Laboratory Analyses
Pulverized coal samples were analyzed for trace and major elements. The detailed procedures

for the samples preparation for the analysis are described thus. A 5.00g of each sample was
weighed and kept in a dried clean conical flask. The samples were digested in different ratio of
acid mixtures (Sml HNO3, 3ml HCIO4 and 2ml HF). They were placed on hot plates for some
minutes and were later transferred to the fume cupboard where they remained for overnight,
The cooled solutions were made up to 100ml in volumetric flasks with de-ionized water and
were later stored in the refrigerator prior to the elemental analysis using Atomic Absorption
Spectrophotometry with a Perkin Elmer 3110 instrument. Absorbances were read in
quadruplets for reproducibility. The elemental analysis was carried out at the Engineering
Materials Development Institute (EMDI) of National Agency for Science and Engineering
Infrastructure (NASENI), Akure, Nigeria.
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Figure 5: Location map of the coal fields where samples were taken for the stud

Table 1: Information on the coal sampling points (sample origin, latitude and lon

gitude)

Coal Deposit Sample origin Latitude Longitude
Tbobo Run-off-mine N07 33 01.]

. . E006 57 15.5
Udane Biomi River channe] N07 34 512 E006 57 075
Ogboyoga River bank N07 40 152 E007 10 26.1
Gl Mine face NO7 28 432 E007 43 330
0: enl:: Abandoned mine N06 58 04.9 E 007 38 04-9
Ok:)ara Coal outcrop N06 28 199 E 007 26 43:2
Iva Vall Coal outcrop N06 24 002 E00727 055
Maigangy Coal outcrop NO06 27 020 '

a . '
Lafia O, Mine face

N

E 007 27 09.2

09 57 08.1 EO0I1 05 15.2
Core sample NO8 23 13, E 009 50 39.9

The coa deposits Where
Mai o |
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s;mllp\vhcm core samples were obtaineg from l:em;'s (ollhcr coals deposits) except for Lafia Opi
0l \ 18Cr1 . \
‘Osu cwa State (Tablel). gerian Coal Corporation site office at Obi
asare '

12 Elemcntnl concentrations of the coals
1o resulls of the trace elements analygi ,
5 ncen[rations'of'Mg, As and Au were not
e detection limit. Hen‘ce, l.hese elements
isCUSsed subsequently in this thesjs,

e:e sh0\.vn in Table 2. The results revealed that the
ccted in all the coq| samples whereas Ag was below

Wer
¢ excluded from the statistical analyses, and not
d

g have shown that coals ¢ :
Rcscarches . an contain 76 of th .
Fodic table (Schweinfurth, 2003, Sij anqd Abdullah 6732 ) Ao e ETEAS Ot

depositional environments, diagene

. oralization as well as hydrological :
mineraliza gical and hydrogeological conditions H '
: . He
of the elements can vary both intra fioe, Ihe concentration

and inter coal seams and ' '
lasses of elemental concentrations in coals: (1) major ele:q‘;‘r‘]][:eE:::]S]-yTv':;f: :;::::qﬁz
higher than 1000 ppm (0.1 wt. %), (2) minor elements, usually with concentrations bctwec‘n 100
0 1000 ppm (0.01 to 0.1 wt. %) and (3) trace elements, usually with concentrations below 100
ppm (0.01 wt. %) (Sia and Abdullah, 2011). In coal, the major elements include the coal forming
lements (C, H, O and N) and S. The minor elements include the mineral matter forming elements
(5i,Al, Ca, Mg, K, Na, Fe, Mn, and Ti) and halogens (F, Cl, Br, I). The major elements are treated
under the ultimate characteristics of the coals in this study. Hence, in this study, all elements with
concentrations within the range of 0.01 wt.% to above 0.1 wt.% are considered and discussed as

minor elements while those of elements with concentrations below 0.01 wt.% are regarded and
discussed as trace elements.

Table 2: Average elemental characteristics of the coals (wt %)

Minor  LAFI -' IVA

Ele

A ONY OKA MAIG UDANE OKP OKO WUKP VALLE OGOBY
OBI EM BA ANGA BIOMI ARA BO Y 0GA

ments

Mg ND ND ND ND ND ND ND ND ND ND

Al 871 163 517 517 517 429 495 489 483 4.74
§i 2635 228 1432 1432 1432 1131 1357 1338 13.14 1285
P 028 013 021 021 021 019 021 020 020 020
S 124 630 377 377 371 440 392 396 401 407
K 160 005 08 08 083 063 078 076 0.5 0.73
Ca 723 006 3.64 364 364 275 342 336 329 323
T 1845 071 958 958 958 736 903 889 872 850
Tl‘ace

Ekment
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Au ND ND ND ND  ND gg Bdl  Bdl gff ND

bdl Bdl bdl Bdl  bdl l dl
ﬁf’, 006 Bdl 003 003 003 002 003 003 003

\0_03

Table 3: Enrichment/depletion ranking of the minor and trace elements of the studieq coals

Enrichment/Depletion factor T
(EDF) Limit Explanation Elements .
Elements <0.1 Depleted V, Cr, Co, Ni, Cu, 7,
Elements 0.1-2 No trend Pb, W, Rb

Elements 2.0-10 Slightly enriched P, K, Ti, Mn

Elements >10.0 Highly enriched Al S, Ca, Fe, Si

Note: - <- less than; > - greater than (Modified after Onyemali ef al., 2017)

From Table 3, the coals are depleted in V, Cr, Co, Ni, Cu, Zn; elements with no clear trend are

Pb, W and Rb; those that are slightly enriched in the coals are P, K, Ti and Mn whilst elements
that are highly enriched in the coals are Al, S, Ca, Fe and Si.

34.1 Geochemistry of the Elements

(i) Aluminum
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.ra and Onyema with the least concentration of Al (Table 2), High Al'in coals is related 10
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ubstantial portion of the constituent minerals that make up the couls,
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ii) K concentrations of the analyzed coals in wt.% are Lafia Obi (1.60), Onyema (0.05),
I)l:;ba (0.83), Maiganga (0.83), Udane Biomi (0.83),0kpara (0.63), Ibobo (0.78), Owukpa
0.76), Iva valley (0.75) and Ogboyoga (0.73). The K content of all the analyzed coals are
(‘.l ¢ than that of the world average K content of 0.01 wt.% in coals, Lafia Obi coal recorded
i ;,el hest variation of K from the average world K content of coals while the other analyzed
lhcals ghave slightly higher variations from the world K contents for coals. Higher K
zznccnualions in coals are due to the enrichment of mixed layer clay in the coals as opposed
to the enrichment of kaolinites in most of the world coals (Vassilev and Vassileva, 1996, Sia

and Abdullah, 2011).

jii) Tron

'(]'l‘;:z Fe concentrations in the analyzed coals are Lafia Obi (18.45), Onyema (0.71), Okaba
(9.58), Maiganga (9.58), Udane Biomi (9.58),0kpara (7.36), Ibobo (9.03), Owukpa (8.89), Iva
valley (8.72) and Ogboyoga (8.50). The Fe contents of the analyzed coals are higher than the
world average Fe content on coal except for the Onyema coals with lesser Fe content than 1
wt.% which is the world average. Iron in coals exist in various forms e.g. Fe sulphides, (pyrite
and marcasite), Fe carbonates e.g. siderite and ankerite, Fe -bearing clays, Fe sulphates e.g.
ferrous sulphate and jarosite and organically bound Fe (Wang et al., 2008, Sia and Abdullah,
2011). This element is highly enriched in the analyzed coals (Table3).

(iv) Calcium

Concentrations of Ca in the analyzed coals are Lafia Obi (7.23), Onyema (0.06), Okaba (3.64),
Maiganga (3.64), Udane Biomi (3.64),0kpara (2.75), Ibobo (3.42), Owukpa (3.36), Iva Valley
(3.29) and Ogboyoga (3.23) wt.% as against the 1 wt.% world average for Calcium in coals
(Table 4.6). The Ca concentrations in all the coals except Onyema are considerably higher than
that of the world average of 1 wt%. The higher Ca content suggests that these coals were
deposited in mire supplied by calcium-rich water (Stach ef al., 1982, Sia and Abdullah, 2011).
Cain coals can either be organically or inorganically bonded.

(v) Vanadium

Vanadium (V) is not listed among the PHTEs nor as a regulated constituents of coals by the
US Public law, 1990 and the US EPA,1976 (Sia and Abdullah,2011). This element can
however be leached from coal ash and constitute adverse health and environmental impacts.
According to Sia and Abdullah, 2011, there has not any report of adverse health or
environmental impacts of V contained in coal or coal ash. Anomalous V content has been
reported in coals from Western Kentucky and Guangxi province, Zhijin, Guizhou, Yanshan,
Yunnan in China without any cases of adverse impacts from their mining and usage (Sia and
Abdullah, 2011). Vanadium is depleted in the analyzed coals (Table3).
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(vi) Chromium .
Chromium (Cr) is listed as one of the PHTEs as well as regulated constituents of cog)g by the

US Public law. 1990 and the US EPA,1976 (Sia and Abdullah,2011). Though, there hyg S0 far
been little evidence of adverse effects from the element in coal mining and utilization (Swaine
1990), Ren ¢f al. (2004) reported that the lung cancer in the Shengbei coalfield of China Was‘
associated with high Cr and other toxic trace elements in lignite. Chromium is also deplegeq in
the analyzed coals (Table3).

(vii) Manganese

Although Manganese (Mn) is listed as one of thc PHTEs, there is no reported heal or
environmental problems from Mn in coals (Sia and Abdullah, 2011). Mn in coal is usually
associated with carbonate minerals, particularly with iron carbonate (Sia and Abdullah, 2011),
Manganese and Mg are known to substitute for Fe in siderite (FeCO3) forming a complete solig
solution between siderte and rhodochrosite (MnCO3) and between siderite and magnesite
(MgCO3) (Sia and Abdullah, 2011). Table 3 shows that the manganese has no clear trend i
terms of enrichment/depletion.

(viii) Nickel

Nickel (Ni) is depleted in the analyzed coals. Despite being listed among the PHTEsS, there has
been no reported health or environmental problems associated with Ni in coal mining and
utilization (Swaine, 1990). The modes of occurrence of Ni in coals are still skeptical and not
well understood, previous works suggests the association of Ni with clays, carbonates,
sulphides, as well as organically bound Ni (Sia and Abdullah, 2011). Ni is depleted in the
analyzed coals (Table 3).

(ix) Copper

Copper (Cu) is neither a PHTE nor a regulated constituent of coal (US Public law, 1990, US
EPA, 1976, Sia and Abdullah, 2011). Cu is depleted in the analyzed coals. The trace element
is not of environmental and health treats because it is depleted in the coals. Cu occurs in codl

mostly as chalcopyrite (CuFeS:) and can either be inorganically or organically bounded ©
coals.

(x) Zinc

Zinc (Zn) is not listed as PHTE and also not 4 regulated constituent of coal (US Public %
1990, US EPA, 1976, Sia and Abdullah, 20] 1). It has not been documented that Zn poses 37
deleterious health or environmental impacts from itg usage (Swaine, 1990). Table 3 shows that
Zn is depleted in the analyzed coals and has been reported to constitute no environmental

health hazard because of its low loxicity (Sia and Abdullah 2011). Zinc is usually present in
coals as sphalerites (ZnS). ' '

(xi) Lead
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(Tuble 7). It is depleted in the analyzed coals which imply that its content in the coals may
constitute little or no health or environmental problem as a result of the coals’ usage. Lead

occurs mainly as sulphides minerals such as galena (PbS), selenide (PbSe) and crocoite
(PbCI‘OA)

s, CONCLUSION

The ten major Nigerian coals are situated within the Benue Trough and Anambra Basin.The
depleted elements in the analyzed coals are V, Cr, Co, Ni, Cu, Zn, Pb, W and Rb, elements
with no clear trend are P, K, Ti and Mn, those that are slightly enriched in the coals are Al S
and Ca whilst elements that are highly enriched in the coals are Fe and Si. The concentrations
of the PHTESs could be reduced by coal washing and other appropriate coal cleaning methods

or emission control measures in order to minimize their impacts on the environments and
health.
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