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Abstract.

Materials of natural origin such as ore and minerals often contain high level of radioactivity caused by

radionuclides of uranium and thorium series. Generally, mining operations are usually accompanied
by dumping of large quantities of tailing in the environment. Tailing are rich in radioactive minerals
and are dumped at close proximity. Prominent mining and milling tailing in Nigeria is as a result of
several years of mining and processing of casseterite (tin ore) and (niobium ore) columbite, mining,
crushing and processing of coal and phosphate rock. Of environmental importance are the tailing from
mining, milling and processing of casseterite, columbite, coal and phosphate. Extraction and
processing of these mineral produce tailing which are contain significant amount of radionuclide. This
paper gives a review of tailing in Nigeria and it environmental impact.

Keywords: radioactivity; radionuclide; uranium; thorium; casseterite; niobium; columbite;
environmental.

INTRODUCTION

Mining and related activities contributes not in little amount to the work force of the Nigeria. The
economic effects of these activities are considered of high importance with little or no regard to the
consequent environmental implications. Natives and small-scale enterprises usually dominate mining
activities in Nigeria. The informal operators use primitive mining and processing techniques of
digging and panning. Magnetic and electrostatic separator are usually employed by the small scale
mill occupying area approximately 100 x 100m with a mill shade of 20 x 20 m size, an office block
and the rest of area occupied by tailing and heaps accumulated over the years [1,2].

The trailing is considered non-hazardous because of the technique of mining and milling, the mining
and milling waste are regarded as natural occurring radioactive materials (NORMs). The volume of
trailing from local mining activities produced annually could reach a level so high that existing low
level radioactive waste (LLRW) facilities would be readily occupied by NORM, if control disposal
procedure is not adopted. These radioactive materials cannot just be ignored as being below
radiological concern (BRC) or lower than the exemption concern level (ECLs). The IAEA [3] and the
French Commissariat a I’Enerie Atomique [4] have already established exemption concentration level
(ECLs) which are quite similar for natural occurring radionuclide. ECL are derived from annual dose,
which is a small fraction of annual average received from a natural source of radiation by use of time
dependent environmental pathway scenarios and dosimetric models.

Radiation exposure resulting from these abandoned tailing are not different from those observed from
over the world. This results in contamination of vicinity [5,6] with radionuclide, contamination of the
soil, ground water, biota and release of dust laden with radionuclides. Access to dump sites are not
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restricted, natives and informal miners have direct access and regular visit to these sites. Tailing dump
sites of abandoned mines are generally not perceived as hazardous by member of the public, the tailing
debris are used in intensively in construction and farming [5]. Schuler [7] report that raw materials and
processed building products can vary greatly in radionuclide contents, reflecting their origin and
geological conditions at site of their production. Animals also wonder on this sites grazing on pasture
without restriction. WHO [8] and Health Canada [9] classified the consequences of exposure by
human into carcinogenic and non-carcinogenic effects, based on radioecological risk by radiations of
radionuclide isotopes and the chemical risk of heavy metals. Hazards resulting from radioactivity
exposure include cancer (thyroid, breast, liver, leukemia e.t.c.), chromosome aberrations, stillbirths,
Down’s syndrome, respiratory diseases and liver tumors. Documented effects in other parts of the
world with similar situation poses the same problems as in Nigeria. Major activities that produce
tailing in Nigeria include the underlisted;

I Cassiterite and Columbite (Tin and niobium)

Tin mining in Jos plateau started in 1904, in mid 1920’s more cassiterite discovery were made
resulting in greater demand for more mechanized extraction techniques. These result in generation of
grate amount of tailing, resulting in radioactive contamination of soil in this vicinity [5,6].

Determination of the radiological assessment of tin and columbite mining activities in Jos plateau and
environ was conducted by Ibeanu [10] as indicated in Table 1, who [10] estimated the annual mean
external effective dose around 100mSvy™ for the tailing sites and about 10mSvy" for staying on
contaminated site. These measured values are in accordance with the external dose rate performed in
twelve different Malaysia [11] and Thai plant [12].

Table 1. Mean measured dose rates and annual mean external exposure
Sample Measured dose rate(pGGy  Annual effective external dose(mSv y 1)
h 1)
Measured Computed  Measured/Computed
Contam, soils  74(5.6-10.%) 91=14 72+1.2 1.2
Tailing sites 815 (58.9-1027) 000 +48 889+40 11
Control 0.1(0.05-0721) 012=001 011001 1.1

The mean values from Table 1 [10] exceed the dose limit recommended by the ICRP 60 [13] and
TIAEA [15]. Since access to theses sites are not restricted, the local populace spend time and use this
radiation materials. Annual exposure for worker in the processing mill ranges between 2-180mSvy™
[1] far above the recommended 20mSvy™ [13,15].

I Phosphate Rock (Phosphate Mining).

Phosphate rock constitutes the bulk raw materials for the manufacture of phosphate fertilizers and
some phosphate base chemicals. Study by Ogunleye and his group [14] revealed that phosphate rock is
prominent in the Southeast section of Iullemmeden basin, Sokoto state, and in parts of Ogun state,
North-West and South-West Nigeria respectively have been documented by the Geological Survey of
Nigeria and several workers [16,17]. Analysis by Ogunleye et al. [14] Table 2 indicated the rock
contain enriched significant amount of uranium and thorium with average concentration of some toxic
elements like As, Sb, Cr and Zn not in appreciable difference from agricultural soils. Guimond and
Hardin [18] also report that phosphate rock generally have high concentrations of **Ra daughter of
uranium decay.
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Table 2. Elemental concentrations of Sokoto and Togolese phosphate rocks. Values in g g ', otherwise
weight % where stated. [14]

Element Sokoto Togo Element Sokoto Togo

(n =4y (Mean = SD) (Mean+58D) {(n=4) (Mean+ 8D) (Mean + S5D)
Al % 1.45+=0,03 074015 Mo Fh2 4142

Ca % 46.9=04 527406 Ba 397445 302+29
Fe % 2.1+003 0.3+0.01 Cl — 1298+90
Ma 230010 108610 I — 0.22+002
Mg — 22444 Cs 0.40.03 -—

Mn 5716=45 149+2 As 111 907

Se 11,8403 116401 Sh 00.4+0.03 0,6+0.1
Ta 07+01 — La 243+04 120+1

Co 19.8+04 1.2+0.05 Ce 47442 235+2

Cr 2542 T5+2 MNd 233417 100+11
Hf 1.5+0.1 (0.5+0,05 Sm S6+1 25+0.5
Zr §10+=105 THS+66 Eu 13.8+0.2 7.6+0.1
Zn 5045 143497 Gd 1469 56+6

v 6543 681 Th 9.4+01 384072
n  — 259+41 Tm 22+1 142+1
Th 32402 174402 b 2044 7.9+0.1

u B5403 T2403 Lu 34401 1,201
Pt 15.1=001 154+0.01

III Bituminous Coal

Nigeria coal reserve was estimated at about 2.75 billion tones and it is widely distributed over 13
states of the federation. It is largely a bituminous type [19]. Presently mining is carried out at Enugu,
Okoba, and Omaraku. Like all ore, coal is also associated with natural occurring radioactive elements
due to the content of ***U, ***Th and *’K [18]. This certainly has radiological implications not only for
the miners but also for the populace in the immediate environment of the mines and the users. Balogun
et al., [19] determined the activity concentration of **U, ***Th and *’K from samples collected from
Enugu The activity concentration of radionuclide determined ranged from 0.02+0.002 to 48.42+5.32
BgKg™'. Overall natural radionuclide contribution to the radioactivity of the environment was found to
be 404.16+ 23.44BqKg-' major contribution by coal tailing 49.5% of the above value. The outdoor
and indoor exposure rates in air 1 m above the ground are estimated to be (6.31£1.20)x10™* and
(7.57£1.20) x10°* Gy h™' respectively, for the mining environment. The resulting annual effective
dose equivalent estimated is (4.49+0.74)x10* Sv yr ', this is below dose limit levels for workers
recommended by ICRP 60 [13] and IAEA [15]. Comprehensive radioecological effect of coal mining
in Nigeria still need to be done.

Conclusion.

Death due to unknow causes and illness are usually experienced among local indigene of Nigeria One
major cause of this may be as a result of radiation exposure. This cannot be adequately diagnose
because community clinics available to the natives are not adequately equipped diagnose and treat
radiation related illness. These makes it impossible to have an actual documentation of radiation
related sickness and death. A comprehensive radiological assessment of the critical group, mining and
related activities and need to be carried out to know the present level of radionuclide contamination
and to be used for future monitoring references. Protection and relevant government agencies have
much work to do in respect of inspection, regulation and enlightenment of people on the health
implications of radiation exposure.

The government has made it mandatory the conduction of environmental impact assessment before

mine permit are issued but most governmental ministries lack the capacity of enforcement. The
licensing procedure for mineral exploration should adequately include estimate on volume of NORMS

Page 3 of 4



30th Annual Conference of the Canadian Nuclear Society 2009 May 31 - June 3
33rd CNS/CNA Student Conference TELUS Convention Centre, Calgary, Alberta

waste to be generated and disposal option to be adopted. This should include participation from all
relevant government agencies, stakeholders and operators. Finally, remediation strategies need to be
instituted to remediate land and to avert the continued and potential exposure to the local population
including critical population group such as the children.
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