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Abstract

This study was initially formulated specifically gorovide data of radioactivity and
elemental content of soils from two regions; Ngulidnd Maumba, in Kwale District,
that are earmarked for Titanium mining project. loer, while radioactivity levels for
both Nguluku and Maumba regions were assessedgeataimanalysis for heavy metals
was only carried out for Maumba. A total numberfity samples were analyzed for
heavy metals using energy dispersive x-ray flu@ese (EDXRF) system which consists
of a radioisotope cadmium-109 source and a silltbium drifted (Si(Li)) detector.
Radioactivity levels of the samples were determinmgthg a high purity germanium
(HPGe) detector.

Iron and titanium were observed as the major el¢éaheonstituents of the Maumba soils
with concentration levels of 1.21% and 1.57%, resipely. Zirconium and manganese
levels were also found to be high, with mean lewals1193.3ug/g and 822.2ug/g
respectively. Niobium concentration level was foundvary between (13.77 - 79.24)
ug/g with a mean of 31.8{lg/g in these samples. These levels were found tower
than those reported earlier for Mrima Hill soil gaes. Concentrations distribution of

titanium and zirconium in the samples were fountdee a strong correlation of r=0.97.

Activity concentrations of the three major prima@idiradionuclides — thorium-232,
uranium-238 and potassium-40 — in the fifty samfteen Maumba and seven samples
from Nguluku were assessed. High contributions fdm232 and U-238 determined as
72.0 and 50.2 Bg/kg in Maumba and 178 and 162 BipKdgguluku soil samples. These
levels are much higher than the world average dB@&g. Contribution from K-40 was

found to be negligible in all the samples analysed.
Elemental concentrations of titanium, iron, ziraomi and niobium were found to

correlate significantly with the activity concertom levels of radionuclides in the Th-
232 and U-238 series.

Vii



Using an occupancy factor of 0.2, annual effeatiese to an adult due to gamma rays, in
air 1 m above the ground was estimated to beuB6in Nguluku. This level exceeds the
world average effective dose (< @8v) by a factor of two. Results for Maumba samples
have been presented for three sub-regions — Miemidaumba Central and Maumba ya
Chini. The annual effective dose levels for theeghsub-regions are 84, 44 and &3/

respectively.

viii



Table of Contents

DECLARATION . ...ttt ettt e e e e e e e e e et e e e e senmnreeeeaeeeenanans I
DEDICATIONS ...ttt re et e e e e e e et r et e e e e e e e smnneee e e s e e s annnnees Il
ACKNOWLEDGEMENTS ...ttt e e e I
LIST OF IMPORTANT ABBREVIATIONS ...ttt e Vv
AB ST RACT ..ttt e e et et e e e e e e et e e e e e e e e e e e e e VIl
CHAPTER 1 INTRODUCTION ...cciiiiiiiiitiii et ettt eeeees 1
(Ol = F=Tod (o | (o 1] o o [P P 1
1.1 Natural Source of lonising Radiation .......ccecccoeeiiiiiiiiiiieeeeee 3
D22 [ 014 g T N = To | = A [ o IR 4
1.3 Monitoring of Natural RAiation .................eeueiiiiiiii e 5
1.4 Monitoring of Radioactivity iN KENYa......cceueeuiiiiieeesis s ssenenenes 6
1.5 Area Of the STUY ....ooeeiiiiiieeeee e 10
RS T0 A Wo Tt Ui (o] o HE U 10
1.5.2 Geology and Titanium Mineralization of Kwale...................ccn. 10
1.5.3 NQUIUKU REQION ... 12
1.5.4 Maumba REGION ......cooiiiiie e e 13
1.6 Statement Of the ProbIlem ... 15
1.7 Objectives oOf the StUAY .........ooo i 16
1.8Hypotheses of the Study ... 16
1.9 Justification and the Significance of the Study.............ccccciiiiee. 17
CHAPTER 2 LITERATURE REVIEW  ....ooiiiiiiiiiiiiiie e 18
2.0 Contributions to Global Data on Radiation M@aBeNts ..........ccooeeveieiiieeeieeeeeeeeen 18
2.1 Global Monitoring of Natural Radiation..............ccooooriiiiiiinie s 19
2.2 Studies on natural radioactivity iN KENYa............coeuvveiiiiiiiiiiiiiiiiiiiiiiiirieeeeeseees 26



CHAPTER 3 EXPERIMENTAL PROCEDURES.........otiiiii e 30

G O [ 1 (oo [0 o i o] o IO PP 30
3.1 SAMPIING ettt mmmmnn e e bbb e b bbb e nnnrnnna 30
3.1.1 NQUIUKU SAMPIES ...ttt e 32
3.1.2 Maumba SampIes......coo e 32
3.2 Sample Preparations for Radioactivity Measurgme.............cccceeeeeeeeeeeeeeeeeennn. 33.
3.3 Sample Preparations for X-ray FluorescenceySial...........ccccoeeeviiiiiiieiiinnninnnnns 35.
3.4 EDXRF Instrumentation and MeasUremMents ....cuue..vieeeeiiviiiiiiiin e 36
3.4.1 Accuracy of EDXRF by the Fundamental Paramdgghod ...................ccceevneee. 37
3.4.2 Lower limits of Detection, LLD ........cccoueiiiiiiiiiiiiiie e 37
3.4.3 Calculations of Elemental Concentrations..............ceveveviiiiieieeiieeeeiieieeieeeeess 38
3.5 The Gamma-ray Spectrometric InstrumentationMedsurements ............c.ccc.o...... 38
3.5.1 Apparatus And Spectral COIECLION ... oo eeeeeeeriiiiiiiiiiiiiiiiieiieiieieeierirereee e 39
3.5.2 Detector CalibDration..............uuiieeeee e 41
3.5.3 Standard Reference Material for INtEerCOMPAILS............covveieeiiiiiiiiiiiiieeeieiaa 41
3.5.4 Calculation of Radionuclide Concentrations............ccvvvevevieeeerriiiiiieeeieeenns 42
3.6 Determination of Dose Rate and EXPOSUIE...........cccoovvvviiviiiiiieeeeceeeiii e 43
CHAPTER 4 RESULTS AND DISCUSSIONS ....oooiiiiiiiieeeieeeeseiieeee e 45
4.0 INEFOTUCTION ...ttt ettt e e e e e et e e s eessn e e e e e e e e e e anannes 45
4.1 Results of EDXRF ANAIYSIS ......uuuicmmmmm e e 46
4.1.1 Accuracy of the Si(Li) Detector in determinatof Elemental Concentrations..... 46
4.1.2 Detection Limits of Si(Li) Detector for théefhents of Interest...........cccceeeveeeeeee. 47
4.1.3 MaumMba SAMPIES .....cooiiiiiiiiieeie et 48
4.1.4 Occurrence and Distribution of Elemental Goriations of Maumba Samples ... 48
4.2 Results of Gamma Ray ANAIYSIS ... 55
4.2.1 Accuracy of the Gamma Analysis Method Used.............cccccvvviiiiiiiinenenn, 55
4.2.2 Detection Limits for Gamma Analysis for Th228)-238 and K-40..................... 56
4.2.3 Activity Concentrations of Th-232, U-238 afdl0 in Soil Samples from Maumba
.................................................................................................................... 58
4.2.4 Activity concentrations of Th-232, U-238 afdlO in soil samples from Nguluku ..
........................................................................................................... 63
4.3 Outdoor Gamma Dose Rate Levels in Maumba ..., 66
4.4 Exposure and Dose Rate Levels in NQUIUKU .coeeee..eeiiiiiiiiie e 67



CHAPTER 5 CONCLUSIONS AND RECOMMENDATIONS ... 68

IO [ 1o To [1 T i o o PP 68
5.1 General CONCIUSIONS ......ccoiiiiiiiiiicmmmmce et s e e e et e e e e e e e e e e enne e e e eeeees 68
5.2 Recommendations and Suggestions for FurthegdRes...............ccccevvvvvveiiiiiennnnen. 69
REFERENGCES ... .ottt sttt e e e e e e e e e s sr e e e e e e e e e e 71

Xi



List of Figures

Figure 1.1: Map of Kenya showing the location of &ev District in the Coast Province
.............................................................................................................. 11

Figure 1.2: Map of Kwale District showing the admtrative boundaries and the roads
NEIWOTK ...ttt ettt e e e st e e e e e e e snnnnee e e e 12

Figure 3.1: Map showing the sampling sites of NguluMaumba and their environs in

KWaIE DISTICE. ....veeieiiiiiiec ettt snreee 31
Figure 3.2: Direct samples excitation with ann@ladmium-109.............ccccvvvvvviiininnnne 37
Figure 3.3: Schematic diagram of an EDXRF detesystem ............cccoeeeeeeeieieeeeeeeeenn. 40
Figure 4.1: Activity levels of Th-232, U-238 & KB4n Miembeni samples ................. 60
Figure 4.2: Activity levels of Th-232, U-238 & K84n Maumba Central..................... 62
Figure 4.3: Activity levels of Th-232, U-238 & KB4n Maumba ya Chini................... 64
Figure 4.4: Activity levels of Th-232, U-238 & KB4n Nguluku samples.................... 65

Xii



List of Tables

Table 2.1: Values of Maximum Permissible Dose andéOLimits for Specified Organs

and Tissues as Recommended by ICRP and IAEA ....cccc.iviiiiiiiiiiiiininne. 21
Table 2.2: The mean activity concentrations of &;28h-232, Ra-226, and K-40 for

different countries in comparison with the worlceeage values.................. 27
Table 3.1: Samples Descriptions — Nguluku Samples........ccccooeeiiiiiiiiiiiiiiinines 32
Table 3.2: Samples Descriptions — Maumba Samples..........cccccccveeieiieiiveeiiinnnnne. 33
Table 3.3: Some Important HPGe Detector Parameters...........cccvvvvvvvviiieeeeennnns 40

Table 3.4: Activity concentratin levels of radiotides under investigation in the
standard reference material as at December 31, 1991.............c.cceeeeee. 42

Table 4.1: Results of EDXRF Analysis of CertifiedfBence Material, IAEA Soil 7... 46
Table 4.2: Lower Limits of Detection of Si(Li) féhe Elements of Interest................... a7
Table 4.3: Elemental concentrations for soil sasflem Miembeni, Maumba............. 50
Table 4.4: Correlation Matrix Table for EDXRF Resuwf the Major Constituents....... 51
Table 4.5: Elemental concentrations for soil sasifiem Maumba Central.................. 51
Table 4.6: Elemental concentrations for soil sasflem ‘Maumba ya Chini’............. 52

Table 4.7: Correlation Matrix Table for Activity @oentrations of Th-232 and U-238
and the Elemental Concentrations of Titanium, lod Zirconium ............ 53

Table 4.8: Results of Gamma Analysis of CertifieefdRence Material, IAEA Soil 375.
.............................................................................................................. 56

Table 4.9: Lower Limits of Detection of the HPGet8&ator for the radionuclides of
11 (=] (1) SRR 58

Table 4.10: Activity concentrations of Th-232, U&and K-40 in soil samples from
IMIEMIDENT .. ee e e 59

Table 4.11: Activity concentrations of Th-232, U&and K-40 in soil samples from
Maumba Central............cooiiiiiiiiiiie e 61

Xiii



Table 4.12: Activity concentrations of Th-232, U&and K-40 in soil samples from

‘Maumba ya Chini .....cooooieiie e 63
Table 4.13: Activity concentrations of Th-232, U&and K-40 in soil samples from

NGUIUKU ..ottt ennnee e 65
Table 4.14: Outdoor Dose rate and Annual Effedlese for Maumba ..............ccce..... 66

Table 4.15: Outdoor Total Dose Rate and Annual diffe Dose Rates for Nguluku
[£=T0 ] (0] o TN PP PP TTPPTPTPT 67

Xiv



APPENDICES

Appendix I: Uranium-238 DECAY SEri€S.......cuemmmerrrrrrrrmiirrerrrrninnnenrnnnennnnnenrmnnnneee 77
Appendix II: Thorium-232 DECAY SEIES.......coourriiiiiiiiieiiiiiiiiiiiiiiiieeiiaeieeneenenneneeees 78
Appendix IlI: Typical AXIL computer generated elental concentrations report......... 79
Appendix IV: Typical EDXRF Spectrum - Standard S&m@oil-7 ...........ccoeeveieienenenn. 80
Appendix V: A typical spectrum from titanium beagiore samples of Kwale — sample
2AAL .. e a e aean e s 81
Appendix VI: A typical spectrum from titanium bé&ay ore samples of Kwale — sample
2B e 82
Appendix VII: A Typical Gamma SPECLIUM .......camerriiiieeeeieee e 83

XV



Chapter 1

Introduction

1.0 Background

Naturally occurring radioactive materials (NORMshder certain conditions, can reach
radiologically hazardous levels. The natural radivéty in soil comes mainly from the
radionuclides in the U-238 and Th-232 series, amtDKThe radiological implication of
these radionuclides is external radiation expo®yrgamma rays and internal exposure

due to inhalation of radon and its daughters. (UNAR, 1988).

Measurements of radiation exposure by gamma rays RORMs, and consequently the
determination of the respective dose rate are meddeimplement radiation safety

measures. Over time, the exposure of human bengatural sources of radiation have
been carefully evaluated and constitutes about 80%e dose received by an average

person (WHO, 1972).

According to UNSCEAR report (1993), the tendenayaads an increase in radioactivity
at the global level must be closely monitored. Tisiparticularly important in connection
with the disposal of radioactive wastes into tha ard elsewhere in isolated areas and
also from the peaceful use of nuclear energy deveémt. The development of nuclear
technology for national defense and generation @ivgs, and the applications of
radionuclides in medicine, industrial research, emasumer products result in the release
of radioactive material into the environment. Othetivities that have led to increase in

radioactivity in the environment include productiohnon-nuclear fuels such as coal, oil



and gas; production of industrial minerals like gploate and clay materials and also
failures in the waste containment systems (IAEAQ3)0 Testing of nuclear weapons,
including the use of depleted uranium, has also tedwidespread radioactive

contamination in the environment.

Monitoring of radiation is done both on global cational scale, and on local scale
around installations such as nuclear plants orarekeinstitutions. According to WHO
(1972), environmental radiation monitoring systemese first organized in a number of
countries to monitor radiation fallout from nuclegeapon tests. At a later stage, these
systems were developed to monitor the radiatiorléevaround nuclear installations,
nuclear power stations and research reactorshelneicent past, monitoring has also been
extended to non-nuclear industries involving ndtuadioactivity (Botezatiet al, 1999)
such as mineral mining and processing plants. @alty, these monitoring systems were
under the responsibility of national atomic enecgynmissions, and it was only later that
public health authorities in some countries becamslved in the monitoring of

radioactivity levels in the environment (WHO, 1972)

Processing of earth minerals for economic purposag expose miners and the general
public to additional natural radiation exposure wiigese minerals, or their by-products,
contain above-average concentration levels of aHlyuroccurring radionuclides.

According to UNSCEAR report (2000), very little anfation is available to assess these

additional exposures and hence the related expdsseestimates are highly uncertain



.1 Natural Source of lonising Radiation

The main natural sources of ionizing radiation exé&ra-terrestrial; comprising cosmic
radiation and cosmogenic radionuclides, and tera¢stdiation due to the primordial
radionuclides (SIPRI, 1981). The exposures fronseéhgources vary very slightly with
time. The magnitude of exposures to cosmic is lgrgependent on the geographical
location and altitude. For instance, the higher #fttude, the higher the exposure.
Cosmogenic radionuclides are those formed as dt rekunteraction of the primary
cosmic ray with earth’s atmospheric elements. Exam@are C-14, H-3 and Be-7.
Primordial radionuclides are those that are thouglitave occurred since the creation of
the earth. They include U-235, U-238, Th-232, andK These are often characterized

by long half-lives in the order of hundreds of tkands of years.

The other category of exposures is the technoltlgieahanced natural exposure. These
are exposures to natural sources of radiation #nat caused by human activities.
Examples of technologically enhanced exposuresid@ckexposures to cosmic radiation
during air and space travels. For example, at 1Chkight, aircraft crews and frequent
travellers are subjected to 1 to 218v/h near the equator and 4 taBv/h above 5N
(Kraus and Kendall, 1999). Additional cases of emleal exposures include mining
activities in phosphate industry, processing of arite sands for rare earths extraction,

oil and gas industry and coal-fired work stations.



.2 lonizing Radiation

lonizing radiation may be divided into two main gps: the electromagnetic radiation (x-

rays and gamma rays) and the corpuscular radiggame of which (alpha particles, beta
particles, and protons) are electrically charge@nefs others (neutrons) have no electric
charge. The corpuscular or the particulate type bmayegarded as projectiles whose
energy is greater than that binding the atoms entbal compounds. They are thus
capable of breaking chemical bonds and dividingedteetrically neutral molecules into

positively and negatively charged ions.

When x-rays and gamma rays are absorbed, highyemdegtrons are released in the
irradiated materials, and it is these electricalharged particles that are the effective
ionizing agents. The action of the neutrons is ntam@plex. When they collide with the
nuclei of hydrogen atoms, these nuclei (or protosw® set in motion and produce
ionization. Neutrons may also enter the atomic eiudausing such instability that the
atoms themselves disintegrate and emit radiati@t, tim turn, produces ionization.
Mechanisms of radiation interaction with matter discussed in details by Knoll (Knoll,
1979). The common characteristic of all the typkgsadiation, whether electromagnetic
or corpuscular, is that charged particles are preduand are responsible for the

ionization effects they ultimately produce.

The biological effects of these types of radiatimhjch are related to the ionization that
they are capable of producing in living tissue, assentially similar. However, the

distribution of damage they cause in the body vally according to the type, energy and



penetrating power of the radiation involved. Acéogdto IAEA report (1974), alpha
particles, for example, have ranges of only abodit @ 0.07 mm in soft tissue and less
in bone. Beta particles have ranges in soft tissfitise order of several millimetres, that

is, much greater than those of alpha particlesiah $issues.

In human beings, radiation exposure may cause giseglases as blood cancer and may
also cause somatic and genetic effects. In the toraffects, the victim carries the
hazard whereas in the case of genetic effects,tita offsprings of the irradiated victim,
or the future descendants that may suffer the cuesees. To avoid such negative
effects, various organizations worldwide have capevith standards on radiation safety
guidelines. Among them are: International Commissan Radiological Protection
(ICRP), International Atomic Energy Agency (IAEAnternational Labour Organization
(ILO), International Commission on Radiological ¥nand Measurements (ICRU) and
the United States’ National Council on RadiationtBction and Measurements (NCRP).
These organisations recommend that the guidelineg produce may be adopted or
improved on by national regulatory organisations.stich, practically all countries have
such organisations; in Kenya, the Radiation PraiectBBoard is the organisation

responsible for matters relating to radiation usgsnitoring and protection.

1.3 Monitoring of Natural Radiation
As a result of effects from ionizing radiation oonfan beings, monitoring of natural
radiation has been a concern of the scientific canity for several decades. The oldest

of the scientific organisations in this area is theernational Commission on



Radiological Protection (ICRP) formed in 1928. ICRd&s maintained continuous studies
in radiation monitoring and protection problemsttla@e of special relevance to the
radiation control programs. UNSCEAR, establishef5] $resents to the United Nations
General Assembly, and thereby to the world commyunis latest evaluation of the

sources of ionizing radiation and effects of itp@sures. IAEA was set up in 1957 within
the United Nations family as the world’s centercooperation in the nuclear field to
promote safe, secure and peaceful nuclear techieslogAEA, in its part, while

responding to the needs of its member states, ttgceaunched an environmental
remediation project dealing with problems of radibee contamination worldwide

(IAEA, 2006b). Its aim is to collate and dissemenanformation concerning the key

problem affecting the environment and remediatiboomtaminated sites.

The techniques employed globally in radiation mannilg include periodic physical
examinations and estimation of internally deposti@dioactivity by bioassay and total
body counting. Personnel monitoring, radiation aocontamination surveys, and
continuous environmental monitoring are other apphes utilised in radiation

monitoring.

1.4 Monitoring of Radioactivity in Kenya
Over time, various surveys to monitor the levelsaafioactivity have been carried out in
Kenya by researchers in the universities and ajsthé Radiation Protection Board. In

the year 2000, a South African private firm, cocted by Tiomin (Kenya) to do an



environmental impact assessment of the proposechilirn mining area reported on the

radioactivity levels (CES, 2000).

Mangala (1987) reported that the high radiatiorelevat Mrima Hill, about 60 Km
Southeast of the Mombasa Island and about 30 KnthSzfuKwale Township, was due
to occurrence of thorium and uranium. Titanium a0 reported as one of the major
constituents in rocks samples from Mrima Hill; é@ncentrations were observed to be in

the range of 1- 9% with a mean value of 4.7% fosthsamples analysed.

Mustapha (Mustapha, 1999) and Mustamhaal (1999 carried out an assessment of
human exposures to natural radiation in Kenya, lywam Nairobi, Kiambu, Kwale
Mombasa, Machakos, Bungoma and Trans Nzoia, arategpan average effective dose
of 3.79 mSv.§. This value is above the world average of 2.4 wi%and therefore

dictates further assessments of even smaller regibtne studied areas.

The Kenyan coastal region, in particular, has beeoncern to many researchers as a
region of high background radiation. Austromineiah, Austrian minerals prospecting
company, in collaboration with the government ofni&, carried out a mineralization
study of the South Coast in 1978 (Austromineral/&)9 It was found the sediments
containing zircon ore and some concentrations dibetive isotopes of lead and zinc
were distributed in the region. Niobium and rargleawere found to be concentrated in
Mrima-Jombo areas leading to the high alkalinityredf partially dominant igneous rocks

in the regions. According to Patel (1991a & b), gaaradiation levels were found to be



usually high at and around Mrima hill area, iniédd to the cosmic content, which may

expose the residents beyond world average lint4mSv annually.

According to Radiation Protection Board report (RPB99), some patterns of high
radioactivity were reported in some areas of thetis@€oast area mainly due to the high
levels of radiation from the Mrima Hill confirmingye results of Patel (Patel, 1991b). The
Radiation Protection Board carried out externaiat@oh measurements at Mrima Hill
and along the roads known to have been gravelléty usdioactive materials from
Mrima. Other places such as Mombasa Island, wheesetwas no effect of the
radioactive gravelling materials, were also surdef@ comparisons. Radiation levels
from Mombasa Island were found to be very low, al8fuBg/kg of Th-232 on average,
as compared to Likoni-Lunga Lunga highway, thetstrdrom Msambweni to Kenya -
Tanzania border point (Figure 1.2), where along #tretch, an average activity of 600
Bg/kg of Th-232 was recorded on the tarmac 15 mepdand as high as 1200 Bg/kg
(Th-232) at the base gravel, 500 cm deep. Howdram Lunga Lunga to Msambweni
Hospital still along this highway, where no graveim Mrima Hill was used, values
recorded averaged 70 Bg/kg(Th-232). Other areasNiwangwei-Majoreni-Jego road, a
loose gravel road, recorded 1200 Bg/kg of Th-23@nFthese measurements, the annual
effective dose rate from outdoor terrestrial radiatwas determined to be 6.1 x“18v/a
and for the indoor exposure, using an occupanctoffaaf 0.8, the annual effective
exposure dose equivalent was determined to be 219*xSv/a, which is within the
UNSCEAR 1993 recommendations of an annual effectiee not exceeding 3.5 x40

S/a.



According to a report by Coastal and Environme®@ivices (2000), a South-African
consulting firm, the physical environment at Kwgleoposed titanium mining site is
composed of two large sand dunes separated by thieuiMmudzi River. This river

serves as a source of water for domestic purpeost tneighbouring households. Owing
to its vicinity to the proposed titanium site, highntamination of the water is highly

inevitable in future once the mining process comreen

According to Wamichaet al (2000), rutile and zircon, two titanium bearing revere
found to contain appreciable concentrations of wranand thorium for samples from
Msambweni titanium mineral deposits. Rutile wasniwuo have about 28g/g of
uranium and 24.7.g/g of thorium. Zircon was found to contain abo@93.g/g of
uranium and 143.g/g of thorium. Iimenite was found to contain nacentrations of

these two radioactive elements.

Other studies which have been carried out on natadiation measurements in the
country include Mainat al (2002) on indoor radon (Rn-222) in Coastal and Rélley
regions of Kenya and Agola (2006) on natural raoiatevels in (Olkaria) Geothermal

region and Nderito (unpublished) on natural radiagtudy in Kerio Valley.

The mentioned studies, which have been discussgidefuin Chapter 2, have largely
contributed to the continuous radiation monitorprggram in Kenya. This is especially
important to the government of Kenya in general amcparticular to the radiation

monitoring section of the Ministry of Health whids responsible for radioactivity



mapping, monitoring and protection in the countryhis study aims at contributing
further to the ministry efforts in and gatheringmaaformation on possible enhancement
of radiation exposure in Kenya and particularlytla¢ titanium mining sites in the

southern coastal region.

1.5 Area of the Study

1.5.1Location

The study area is located in Kwale district, in ttwastal region of Kenya, and lies
between longitudes 381’ and 3831E and latitudes®30’ and 445S. The region borders

the Taita Taveta district to the northwest, Kidistrict to the north, Mombasa district to
the northeast, Indian Ocean to the south east amzahia to the South as shown in

Figure 1.1.

1.5.2 Geology and Titanium Mineralization of Kwale

The coastal region of Kenya, along the Indian Ogcesigenerally characterized by
sediments of Triassic to Jurassic ages, igneouksradé Cretaceous age and the
unconsolidated sediments of Tertiary to Quaternages (JICA, 1993). Triassic to
Jurassic sediments are mainly comprised of saneldbeds. Igneous rocks are widely
observed in the form of intrusive of alkaline roaifsvaried type. The unconsolidated
sediments are observed to be composed of Terteayments and the alluvial and
colluvial residues of Quaternary age (JICA, 1998)letailed discussion on the geology

of the area is presented by Caswell and Baker (1993
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Figure 1.2: Map of Kwale District showing the admiristrative boundaries and the roads
network

1.5.3 Nguluku Region

According to Austromineral report (Austromineral,97B) on Kenya's coastal

mineralization, Nguluku area is mainly comprised Méji-ya-Chumvi Formation and

Igneous rocks both of Duruma Group of Formationse Bther members of Duruma
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Group are Mariakani Formation, Mazeras Formatiomd &agarini Formation. The
geological arrangement is such that Nguluku Bodygassidered to be of a vent by
igneous activities of alkaline rock composed of Hwecalled “agglomerate”. Niobium
and rare earths can be expected to be the maina@nts of the alkaline igneous rock.
The same mineralization was reported in Mrima-Jorabea under the same alkaline
igneous conditions. Post-reef sediments and thed ceef sediments were associated with

zircon and limestone respectively.

In the JICA report (1993), the Maji-ya-Chumvi Fottioa is divided into such three
members as Upper, Middle, and Lower members in upweading. Lower and Middle
members are dominated by shale and siltstone bbils the Upper member consists of
sandstone beds. In the same report, a high covatre of salt has been reported in shale
beds of lower member to pose a sedimentary prabahihder arid environmental
condition hence the name “Maji-ya-Chumvi”, which ane “saline water” in Swabhili
language. Sandstone beds in Upper Member are reaasi are comprised of silty

sandstone beds with flaggy texture and well-devesdgpints.

1.5.4 Maumba Region

Rutile (TiO,), ilmenite (FeOTIQ) and zircon (ZrSiG) minerals appear in Maumba and
Nguluku with respective specific gravities of 4.422 to 4.3, and 3.9 to 4.7 (CES, 2000).
This shows that they are heavy sands (specificitgraeyond 2.9). They are therefore
deposited at similar sites through sedimentationvierine and marine waters. liminite

and rutile are titanium-bearing (titaniferous) nmade while zircon belongs to zirconium
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and zirconia-bearing minerals. Rutile and ilmerdte used to make titanium metal or
titanium dioxide (TiQ) pigment, a white non-toxic substance. Zircon sedimainly in

the manufacture of tiles and in the refractory fmahdry industries. Thus, rutile, ilmenite
and zircon are targets for titanium-mining projecthe near future of this region under

study.

According to CES (2000) the geological arrangemanMaumba region is actually
expected to greatly alter in the process of extrigcthese minerals. As such, this may
expose the environment to the suspected radiormsclioh the affected regions.
Information in the same report indicates that ia Maumba area, the titanium mineral
deposits constitute about %o70of the Magarini sediments. The concentrations cedu
southwards to about 3% in the Nguluku area. Carel deposits give high existence of
limestone whereas a lead/zinc mineralization agpahout 3 Km Northeast of Kwale
Township. Other minerals in the Southern Coasiggpsum and Kimberlitic Diatremes,
a diamond mineral (Ausrolmineral, 1978). Monaz#éaare earth bearing mineral, is one
of the principal sources of radioactivity of minkesands deposits. However, according to
CES (2001), Kwale deposits contain very low con@itns of monazite. This results in
very low contaminations of ilminite, rutile and @n hence low activity levels of 1.5, 5.2
and 49.8 Bqg/g. Typical activity ranges encountenetidwide in such minerals are

estimated to be 3 — 30, 3 — 20 and 30 — 65 Bqfmectively (CME, 2000).
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1.6 Statement of the Problem

Exposure to the naturally occurring radioactive eniats (NORMS) is actually enhanced
through mining/excavation works and the processofg minerals. According to
UNSCEAR report (1993), communities living near mailesands mining operations may
be exposed to about 100 times the normal backgrtaweds (approximately 2.4 mSv per
year). Heavy mineral sands usually contain highceatrations of uranium and thorium

compared to the average levels in normal soilsracks (UNSCEAR, 1993).

One of the ways in which the mining operations eagposures of the general public is
the use of mine by- or waste-products for buildamgl road construction. For example,
the use of gravels from Mrima Hill in the constioatof the Likoni — Lunga Lunga road

increased the external dose due to gamma emidSigst. generation and re-settling or
suspended particles may also lead to changes uigtréution of the naturally occurring

radionuclides in the environment around the mineatdl, 1991b). The use of the
titanium by/waste-products, e.g. in roads consimnainay enhance exposure to radiation.

(Mangala, 1987).

It was also noted (UNSCEAR, 1993) that informatmn exposures of members of the
public resulting from the mining and milling of neral sands is extremely scarce. This is
also true in Kenya, and one of the reasons that tluiee often no pre-operational baseline
data on the environmental radioactivity levels acmines. Therefore, it is difficult to

determine the radiological implications once thening operations have commenced.
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This project is intended to provide baseline valoéghe radioactivity levels in soil

around the proposed titanium mines.

1.7 Objectives of the Study
The main aim of this study is to provide informatiand data on the pre-operational
status of the elemental and radionuclides condsmnsain soil and rocks around the

titanium mining project site, Kwale district.

The specific objectives are:

1. To determine the elemental concentration in thé saminples of Nguluku and
Maumba,

2. To determine the activity concentrations of Th-28R238 and K-40 in soil
samples from the above areas,

3. To determine outdoor gamma dose rate in air abomengl in these areas,

4. To compare the obtained results with data fromrgplaets of the world.

1.8Hypotheses of the Study
Null Hypothesis
Radioactivity levels are low and hence radiatiorsedin the regions of Nguluku and

Maumba are below or equal to the world averagddeve
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1.9 Justification and the Significance of the Study

The minerals found in the proposed mining areadudec ilminite and rutile and
sometimes occur together with monazite, a rarehearineral that usually contain
thorium and uranium (Binge and Mason, 1996). Treppsed mining project therefore

poses a potential radiation exposure risk.

This study endeavours to determine the specificatiath levels around the proposed
mining site. This study, therefore, will be impataspecially to the Radiation Protection
Board in designing radiation protection control dglines. It is therefore of primary
importance that radioactivity data that is colleicter such regions earmarked for mining,

forms a basis for protection guidelines.

The results obtained in this study, together wabadrom other studies done earlier, will

enable projections on the possible levels of radigi#y enhancement due from the

radioactive sands extraction.
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Chapter 2

Literature Review

2.0 Contributions to Global Data on Radiation Meastements

In this chapter, various studies reported globallyd their scopes of coverage in
respective regions are discussed. It has beenwdasd¢hat most studies have largely
dwelled on exposure levels and their equivalenedd® formulate the world average
radionuclide content in soil in the year 2000, UNER®R (2000), for instance, considered
various studies done world over. The regions regbbly the UNSCEAR (2000) include
2 in Africa, 2 in North America, 1 in South Amerjck in East Asia and West Asia and

25 in Europe.

According to the UNSCEAR (2000) report, from Afriaanly Algeria and Egypt were
considered to contribute data to the world averagenuclide concentrations in soil and
other materials. In the formulation of the worldeeage radionuclide concentrations and
the associated external exposure rates in the URBCEOOO Report, there were
contributions from only two African countries — &lga and Egypt. In the formulation of
population-weighted averages due to external exposates from terrestrial gamma
radiation in the same report, contributions frond@uand Namibia were also considered
together with Algeria and Egypt. In Kenya, variaisdies have been carried out country
wide in areas suspected to be of high backgroudidtran levels. In order to contribute

to global data on natural radiation levels, compnsive studies need to be done.
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2.1 Global Monitoring of Natural Radiation

It has been established that, on average, thetieelsackground radiation dose rate is
about 2.4 mSv per year (UNSCEAR, 1993) and 1.1 m$fuhis dose is due to
background radiation and an equal contributiontduadon exposure. This is an average
value for people living near sea level; with in@ieg altitude, there is a slight increase in
natural radiation due to the more intense cosnd@at®n. In a few small regions of the
world, where the radioactive component of the éartirust is large, the terrestrial
component is enhanced, giving a natural backgrooind0-20 times greater (SIPRI,

1981).

Radiation exposures resulting from the extractiod processing of earth minerals have
also been studied. These exposures are relatioglyith comparison to the overall
exposure from the natural sources of ionizing tamia The average annual effective
dose worldwide arising from the extraction and pssing of earth minerals, according to
UNSCEAR (1993) is estimated to be about [2Bv. It is reported that (UNSCEAR,
1993), in an assessment of an Australian mineraingiplant, members of the public
who worked on the property adjacent to the plat® wiere estimated to receive a dose
slightly greater than 1 mSv/a attributed mainly éwrternal irradiation from heavy
minerals spilled on the property. Away from the=sihe main contribution to the dose
received by members of the public resulted frominh@lation of dust from the plant; the
highest doses were estimated to be about 2.5 ni8wvfae persons located 1.5-2 km

from the plant.
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In Africa, levels of terrestrial gamma radiation some parts of Sudan with mean
concentrations of 20.11 Bqg/kg from U-238, 19.10Kgqgffom Th-232 and 280.30 Bg/kg

from K-40 were reported to be within tolerable lisni The respective mean
concentrations were also below the world averagigeseof 25 Bg/kg for both U-238 and
Th-232, and 370 Bg/kg for K-40 (UNSCEAR, 1988). Mwerld average values for both
U-238 and Th-232 were further revised to 40 BQUW)ECEAR, 1993) on the basis of
higher levels reported in China and the United éstaHowever, a more recent country-
wide survey carried out in China by Pan (1999) wsttmmunication to UNSCEAR

Secretariat (UNSCEAR, 2000) indicated lower valiWsrld median values 400, 35, and
30 Bg/Kg and the population weighted values of 420and 45 Bqg/kg for K-40, U-238

and Th-232 have been suggested by UNSCEAR (200@) pdpulation weighted values
give an average absorbed dose rate in air outdiamrsterrestrial gamma radiation of 60

nGy/h with a median range of 50-59 nGy/h.

After regular global and national studies on ndtarad occupational radiation exposure
and its implications to man, various organizatiomsrldwide have formulated the
radiation protection standards and guidelines. I@&®mmendations are as shown in the
Table 2.1. The dose limits for members of the réipudre intended to be applied to the
effective dose equivalents to the members of thcalr group which should be a
representative of those individuals in the popalagxpected to receive the highest dose
equivalent. According to IAEA guidelines (IAEA, 1@p limit for the annual dose
equivalent is 5 mSv. However, if the exposure ef same individual extends over many

years, the average annual effective dose equivalentld not exceed 1 mSv.
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Table 2.1: Values of Maximum Permissible Dose (MPLand Dose Limits for
Specified Organs and Tissues as Recommended by ICRRd IAEA

Organ or tissue MPD for adults exposed in  Dose Limits for members of
the course of their work the public (average for
groups of individuals)

Whole body (in case of uniform50 mSv in a year, 5 mSvin ayear

irradiation), gonads and red bon@0 mSv in 13 weeks *1 mSv in a year for a prolonged
marrow exposure

Skin, bone & thyroid 300 mSv in a year, 20 mSv in a year

80 mSv in 13 weeks

Other single organs 150 mSv in a year, 14 mSv in a year
40 mSv in 13 weeks

Hands and forearms 750 mSv in a year, 75 mSv in a year.
200 mSv in 13 weeks

Source: WHO, 1972; *|AEA, 1990

According to Lin et al (1996), the indoor gamma el@ate in Taiwanese houses was
found to be 72 nSv/h, a level found to be high@ntin other countries. Indoor radon
level, however, was much lower than most other trees1 The annual effective dose for
adults in Taiwan which was found to be 1.56 mSv pased of 0.25 mSv from cosmic
rays, 0.58 mSv and 0.28 mSv from terrestrial ederand internal radiations
respectively, and 0.36 mSv from inhalation of Ri2-22ccording to the study, other
minor components such as cosmogenic radionuclidleslation of Rn-220, and ingestion
of Rn-222 were estimated to be comparable to thedwayerage. In Taiwan, therefore,
the natural radiation dose level by year 1995 veg®nted to be only about two-third of
the global average of 2.4 mSv reported by UNSCE&port of 1993 but very close to

Japanese level of 1.48 mSv (NSRA, 1992).
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On dose assessment, Lin et al (1996), considerantjor items as cosmic radiation,
cosmogenic radionuclides, terrestrial external eyp®, and the terrestrial internal
exposure including radon. Exposure levels were dawnbe 25.7 nGy/h at sea level and
26.9 nGy/h at ground level. According to Lin ef{#996), the exposure levels at 2100 m
high (Mt. Alishan) were found to be double the eaht sea level. Liet al (1996) also
measured the shielding effect of cosmic radiatiom i20-storey building. At 155 g/ém
concrete wall thickness, equivalent to 14 cm oflJedhe cosmic component was almost
completely attenuated. In Taiwan, most people livaeinforced concrete buildings.
According to study done by Lin a decade earlien (&t al, 1986), two layers of 12 cm
concrete (56 g/cf could absorb 20% of cosmic rays. The indoor cosmy intensity
was estimated to be 21.5 nGy/h and its annual atgnv dose to be 0.2 mSv. Annual
effective dose was later determined to be 0.25 nm8luding 0.015 mSv neutron

component and an ionizing component of 0.235 mSv.

In terms of dose, the four most important cosmagesnionuclides are C-14, Na-22, Be-
7 and H-3. The four nuclides according to Lin e(1#8196) have been measured routinely
by Taiwan Radiation Monitoring Centre (TRMC). Howey it has been difficult to
distinguish whether they came from cosmic rays)earaddetonation, or nuclear facilities.
Annual dose level from C-14 of 0.012 mSv/y reportbgdUNSCEAR (1993) has been
adopted since variability of dose from C-14 is madiologically significant and that

contribution from the other radionuclides is neijlig.

22



Miah et al (1998) determined the distribution oflicmuclides in soil samples in and
around Dhaka city, Bangladesh. Concentrations afium, thorium and of K-40 and a
fission product Cs-137 were determined by gammaspgctrometry; the values
compared were with other global radioactivity meaments. Concentration values of
Cs-137 found in near-surface samples ranged froim 50 Bqg/kg greater than levels
obtained from samples of greater depths. The Kalcentrations ranged from 402 to
750 Bg/kg with an average value of 574 Bqg/kg, R&-@&anium series) varied from 21
to 43 Bqg/kg while concentrations of Th-228 rangednf 9 to 22 Bqg/kg. The

concentrations of Ra-228 (thorium series) were dotanrange from 34 to 81 Bg/kg.

In India, Kumar et al (1999) analysed conventidmalding materials and by-products
from coal power plants for natural radiation dueRa-226, Th-232 and K-40 using
gamma ray spectroscopy. According to the studyyeotional building materials such as
clay bricks, sand, cement, fly ash and slag wenadao have radioactivity levels below
the world averages. The concentration of primordglionuclides in soil samples of
Gudalore Taluk in the Udagamandalam district of idndvas determined by

Selvasekarapandian et al (2000). The mean actvitieTh-232, U-238 and K-40 were
found to be 75.3 + 44.1 Bg/kg, 37.7 = 10.1 Bg/kgl 495.2 + 85.1 Bqg/kg respectively.
The average outdoor absorbed dose rate in aithatght of 1 m above the ground was
found to be 74.3 = 27.8 nGy/h, corresponding taaanual effective dose equivalent of
455.6 uSv. The dose equivalent ranged from 168.3 to 1250 In comparison with

world average activity values of 25 Bg/kg for Th22and U-238 and 370 Bqg/kg for K-40
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(UNSCEAR, 1988), levels in Gudalore were found ¢03) 1.5 and 0.53 times the world

averages (Selvasekarapandian et al, 2000).

Bajwa et al (2003) studied natural radioactivitysome water and soil samples of Punjab
State in India. Uranium concentration in AmritsaidaBathinda cities were determined
using Solid State Nuclear Track Detectors which leyga plastic-etch technique. The
values obtained varied from 0.6y/g to 1.27ug/g. Activity levels of Ra-226, Th-232
and K-40 were determined by use of a gamma speojpas technique; 43.9, 55.9 and

101.7 Bg/kg, respectively were obtained.

In the barren and cultivated soils of Bio-salines€arch Station in Pakka Anna, Pakistan
radioactivity levels due to Th-232, U-238 and K-m@re determined by Akhtar et al
(2005). In the barren soils radioactivity leveleda Th-232, U-238 and K-40 were found
to be in the range of 50 — 55, 26 — 31 and 5000-B3jlkg, respectively. Similar results
were found in fertilised soils; 50 — 64, 30 — 3& &60 — 635 Bq/kg, respectively. The
results from the two soils segments were foundetavithin the world median ranges of

11 - 64, 17 — 60, 140 - 850 Bqg/kg respectively (@E3R, 2000).

Dose rate was calculated (Akhtar et al, 2005) ftbenactivity concentration values and

were found to be in the ranges of 20.8 — 25.4, £21@.3 and 30.2 — 33.2 nGy/h from K-

40, U-238 and Th-232 in barren soils respectivaty 23.5 — 26.3, 13.8 — 17.5 and 30.2
— 39.2 nGy/h from K-40, U-238 and Th-232, respatyivn fertilised soils. The total

dose rates from the two soil segments were fourzktm ranges of 63 — 73 and 68 — 83
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nGy/h which were within the world median range 8f-193 nGy/h (UNSCEAR, 2000).
In the same study, effective dose rate valueshievirgin saline and the fertilised saline
soils were found to be 82Sv/y and 90uSv/y respectively, far below world average.
According to UNSCEAR (2000), the worldwide annuti¢etive dose is within 0.3 — 0.6

mSv range with an average of 0.48 mSv.

In Southern Italy, Bellia et al (1997) performedrgaa ray measurements for U-238, Th-
232 and K-40, on rocks and soils of the island sti¢h. The concentrations obtained
ranged from 15 - 164, 16 - 174 and 201 - 1,350 @agdspectively. The gamma activity
levels were compared to the mineralogical and cbahdata obtained by XRD and XRF
analyses and what was observed. The observed lef/¢lee primordial radionuclides

corresponded to the magmatological features ofdbles.

Sroor et al (2002) calculated the dose rate dumatiorally occurring radioactive materials
(NORMSs) in North Tushki area of the Egyptian souttestern desert from the
radioactivity levels obtained from the study. Thgéhaty concentrations due to Th, U and
K were found to be higher than the internationabremended limits as shown earlier in
this section. The study indicated averages of 3®074576.61 Bq/kg for U-238, 36.66 to
93,824.18 Bqg/kg for Th-232 and 427.17 to 10,20B#iig for K-40. Elemental analysis
of the soil samples was also carried out for threehuclides and the contents ranged
form 2 to 370.8ug/g for U-238, 3.7 to 23221 469/g for Th-232 and 6.3 to 33@/g for

K-40.
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In Kuwait, Saad and Al-Azmi (2002) carried out maasnents of radioactivity
concentrations in sediments and their correlatmrhe coastal structure. The average
activity concentrations obtained for U-238, Th-283-226, K-40 and Cs-137 for the
southern coastline were 13.5+6.2, 2.3+0.8, 18.4+¥19.3+40.7 Bq/kg respectively and
66.5£19.25, 11.2+4.0, 59.845.9, 384.4+133 and 2118 Bqg/kg respectively for the
northern region of Kuwait coastline. Activity comteation due to Cs-137 was found to
be below the detection limit for the southern cli@st According to Saad and Al-Azmi
(2002), Table 2.2 compares mean activity conceaotratin Bg/Kq, of different countries

with the world averages.

2.2 Studies on natural radioactivity in Kenya

Mustapha (1999) reported high concentrations o2B&-and Th-232 in soils samples
from various parts in the country. In that studytbe assessment of human exposure to
natural radiation in Kenya, samples (geological enals and water) from different
geological terrain, particularly the more denselypgated areas; Nairobi, Kiambu,
Kwale, Mombasa, Machakos, Bungoma and Trans Nazetdaals were in the study. The
overall mean activity concentrations of K-40, R&22nd Th-232 in the geological
materials were found to be 705, 65 and 163 Bg/kgeetively. The estimated effective
dose due to external exposure to terrestrial gamadetion varied from 0.06 to 2.00
mSv/y with an average of 0.76 mSv/y. Radon coneépfrs in various water sources

were reported to be higher than the accepted vemddage of 37.1 Bg/kg.
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Table 2.2 The mean activity concentrations of U-238Th-232, Ra-226, and K-40 for different
countries, Bg/kg
Activity concentration (ranges), Bg/kg
No Country References
U-238 Th-232 Ra-226 K-40
1 China 62 (26-119) 90 (35-228) 50 (18-135) 524(281) Zigiang et al (1988)
2 USA — Lousiana 34 36 64 472 Delune et al (1986)
3 Turkey 75 (15-224) 24 (5-63) (220-3202) enttu (1997)
4 Republic of Ireland 37 (8-120) 26 (3-60) 60 (1mp 350 (40-800) McAulay and Moran (1988)
5  Spain 49 (7-204) 45 (13-165) 650 (48-1586) Bazd (1992)
6 Netherlands (19-17) (22-77) (Z9D) Koster et al (1988)
7 Japan (5-185) (5-130) (75440 Megumi et al (1988)
8 Belgium (9-47) (13-43) (1800) Deworm et al (1988)
9 Norway (26-50) (720-1760) (7DO00) Stranden and Strand (1988)
10 ltaly (16-62) (17-630) (398% Buttaglia and Bramati (1988)
11  Greece 214 (15-1049) 43 (18-66) 212 (24-764) 01238-2464) Travidon et al (1996)
12 France 37 (9-62) 38 (16-55) 38 (9-62) 599 (12p6) Lambrechts et al (1992)
13 Banglandesh 38 (20-90) 66 (51-88) 36 (18-85) (212-320) Mantazul et al (1999)
14  Bulgaria (20-77) (5-110) (9-77) (11-760) Strezov et al (1998)
15 Portugal (60-85) (42-51) Caaeind Sequeira (1998)
16  Taiwan 18 (0.87-35) 28 (0.4-66) 479 (16-970) u@hal (1992)
17  Egypt 17 (5-64) 18 (2-96) 316 (26-653) Ibrahiemal (1993)
18  Algeria (27-133) (184-632) Naddine et al (1998)
19  Kuwait 36 (5-115) 6 (2-17) 36 (8-72) 227 (41-492 Saad and Al-Azmi 2002)
20  ‘World Averages 25 (10-50) 25 (7-50) 370 (100-700) UNSCEAR (1988)
21  World Averages (population 33 45 420 UNSCEAR (2000)
weighted values)

"The world average values are also presented fopanson purposes with the world average valuesgBaare given in

parentheseSaad and Al-Azmi, 2002).
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According to Mainaet al (2002) and Nderito (unpublished), a number of damp
analysed had reportedly higher values¥t) and?**Th gamma activity concentrations
than the world average of 40 Bg/kg for the two oadiclides. Agola (2006) also reported
mean activity concentrations of U-238 series, TB-28ries, Ra-226 series and K-40 as
73.72 +7.4,149.33 + 17.0, 163.81 + 18.6, and3.2® + 53.2 Bg/kg respectively in the
Olkaria geothermal area. Radon (Rn-222) mean &ctdancentrations in water ranged
from 1.95 + 0.4 to 8.63 + 0.1 KBgfwith an overall mean value of 5.56 + 0.5 KBd/m
The radon values obtained from water sources (Aq86) were therefore within the
recommended level of 10 KBgfmin water (UNSCEAR, 1993). The overall mean
concentration for radon in water was also far belbevUS-EPA, 1993 permissible level
of 11 KBg/m3. Radon activity concentration for timeloor environments ranged from
5.13 + 0.7 to 83.47 + 0.1 Bghwith a mean value of 41.05 + 3.2 Bd/mith a value

below the reference levels of 200-600 Bg/m

Agola (2006) computed absorbed dose rate in airaamial effective dose as 213.89
nGy/h and 0.53 mSv/yespectively. Comparing with the world average galwf 57

nGy/h and 0.46 mSv/y respectively, the area ofystadcording to Agola (2006), was
classified to be high background radiation aredotal mean effective dose due to Rn-
222 activity in water was obtained as 46.55 nSwsuaing dose to adults only and a
water consumption rate of 0.5 litres per day. Bifecdose for indoor radon activity was
0.09 mSv/ydue to radon gas and 1.87 mSulye to short-lived radon decay products

dissolved in soft tissues assuming equilibrium daaf 0.4. The geothermal are was
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therefore deduced to have significant levels oluradtradiation that pose some heath

risks to the residents.

According to Maina et al (2002) radon levels inmM@d constructed houses of Soi region
in Kenya's province of Rift Valley, were all belothe action level of 200 Bqth
recommended by IAEA. In Taita and Taveta regionshef country’s coastal province,
however, more than half of similar houses excedatiedlAEA limit. Thirteen houses
exceeded 400 Bgfinthe limit given by UNSCEAR 1993 report. Annuafeetive dose
was also computed and ranged from 3.1 — 3.6 m®wvilgeé coastal region and 0.4 — 2.6
mSv/y in Rift Valley. Based on the African culturarms, outdoor occupancy factors of
0.6 and 0.5 for men and women respectively frorselregions were used to compute the

effective dose.
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Chapter 3
Experimental Procedures and Sample Preparation

3.0 Introduction
In this chapter, the procedures followed for samplisample preparation, measurement

instruments and data evaluation are presented.

3.1 Sampling
Samples of the heavy sands were randomly obtairmed fwo separate regional dunes
namely: Nguluku and Maumba (Figure 3.1). Bulk saaapheighing between 500 g and
1000 g, and considered to be representatives ofrdtdmactive heavy sands, were
obtained. At each sampling point, two samples vertained as follows; one sample of
sand at up to 30 cm - depth and the other obtahadlepth below 30 cm. During sample
collection, the following factors were put into cieration;
i. Cleanliness of the tools used was ensured agaiggi@ssible contaminants,
ii. Care was taken to obtain soils above 30 cm seafaten that of below this depth,
iii. Samples were collected from the entire cross @eaif each pit to ensure proper
presentation,
iv. The top humus and other vegetation were removed fhe sampling point prior to
sample collection,
v. All the samples collected were labelled and stamgablyethylene bags that were in
turn put in a shielded container to minimize radiatexposure level during

transportation.
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Sampling Regions
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3.1.1 Nguluku Samples
In the Nguluku region, only seven samples wereinbthfor radioactivity measurements.

A summary of samples description is presented biera. 1.

Table 3.1 Samples Descriptions — Nguluku Samples

Sample Description

Ngul Topsoil along the road, approx. 1.5 Km fronin@¥a Hills Border

Ngu2 Subsaoil, along the road, approx. 1.5 Km frdmm#a Hills Border

Ngu3 Surface run-off deposits, along the road &), approx. 0.5 Km from Nguluku
Ctr towards Shimba Hills

Ngu4 Topsoil, along the road (surface), approx. K from Nguluku Ctr towards
Msambweni

Ngu5 Topsoil, along the roadside, approx. 0.5 Kromfr Nguluku Ctr towards
Msambweni

Ngu6 Topsoil, Noma Centre

Ngu7 Subsoil, Noma Centre

3.1.2 Maumba Samples

Maumba region is geographically divided into thse®-regions namely; Miembeni (also
known as Mwaweche), Maumba Central and Lower Maurfkmeown ‘Maumba ya
Chini’). In these three regions the surface soksengenerally observed to be sandy and
pale brown in colour with some mix of black coldima. Intense black colouration could
be observed along the vertical profile of gulleydaat various erosion deposits. It is

important to note that the titanium plant was aiiyi erected at Miembeni.

Samples were collected from the farms where thalerts spend most of their time
during the day and along the roadsides where s@l® not disturbed. This was done

during and after the rains. Random sampling wasrtbst applicable method of sample
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collection due to various limitations during fieldvk. Inadequate resources and lack of
appropriate tools, like Geographical Informations@®yn (GIS), could not enable
application of modern sampling methods on the gystem. At every point, one sample
was collected at an approximate depth of 30 cmtlaeid labeled as sample A; the second
at a depth below 30 cm and labeled as sample Be&inGIS was not available during
sampling, further labeling of the samples was atergid important by noting the names
of the farm owners where sampling was done for ggep of future reference. A total of
50 samples were collected in all and labeled nusldg, 1B, ..., to 25A, 25B. A

summary of description of Maumba samples is preskeint Table 3.2.

Table 3.2 Samples Descriptions — Maumba Samples

Sample  Location of sampling point

l1to 1( Miemben

11to 1! Maumba Cent

14to 1" Maurrba CentreDuncar Ndegwa Pry. Sc
18to2( Maumba Centl

21to2¢ Maumba ya Chit

25 Miembeni, Surface ri-off deposit

3.2 Sample Preparations for Radioactivity Measuremets

The samples collected from the two regions wenesparted to the Institute of Nuclear
Science & Technology, University of Nairobi, fordiaactivity analysis. The samples
were oven-dried for 48 hours to constant weighfpige preparation. Storage of the

samples for a minimum period of one month was albwo enable equilibrium of Ra-
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226 with its decay products in the uranium serie$ Ra-228 with its daughters in the

thorium series.

The samples were crushed using a pestle and armtortaduce the particle sizes and
ensure homogeneity. This was followed by sievinge(sf mesh) to ensure patrticles sizes
less than less than the mesh. For each sample amieahgrinding was then carried out
using a Fritsch Pulverisette type 120 for aboutn@futes each to further reduce the
particle size and hence the interparticle sizemgias weights between 400-700 g were

portioned in a Marinelli beaker for gamma ray asely

To avoid detector contamination and sample crossacoination every Marinelli beaker
used was cleaned with a solution of EDTA, dried andnted empty to confirm the
absence of any residual activity before putting imew sample. To enable calculation of
activity concentration using the intercomparisonthod, the background spectrum,

standard reference material spectrum and the sarapéztra were collected.

The background spectrum was collected by countmgrapty Marinelli beaker for 20
hrs. Spectra acquisition for the samples and thedsird reference material was carried
out by counting a known mass of material for a munin period of 5.6 hrs. However, a
spectrum for the standard material was collectély €@z use in the activity calculations,
with sample spectra collected on any particular. d@ye collected spectra were then

stored in a PC for further analyses. Each sampseamalysed once.
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3.3 Sample Preparations for X-ray Fluorescence Angsis

In the preparations for EDXRF analysis, a smaltticm of every sample was obtained
by way of coning and quartering method. After taenple was ground, it was poured on
a clean sheet of paper in a small cone-like hehp.cbne was then flattened and divided
into four equal parts. Two opposite quarters weéoees separately while the other two
were further ground and sieved through a 200 mesdttain particles size of not more
than 75um. The remains after sieving were further groundl &l the two quarters
passed through the 200 mesh. The fine samplestivenedried in an oven at 10C for

48 hours to constant weight. The coning and quagequrocedure was repeated on the
dried samples so as to obtain a 25-g represengativiie whole sample which were then

stored in Petri-dishes.

The 25-g samples were further ground in a mortarethuce the particle sizes. Further,
they were diluted and homogenised using cellulast, dilution factors of 1- 2, in order

to reduce matrix effects and improve pellet formmti Due to the sandy nature of
mineralised soils, cellulose in the sample incrdake cohesiveness of the soil particles
that is needed in pelletizing. Small amounts of fihe soil samples were pressed into
pellets of 2.5 cm in diameter using a hydraulicsprat pressure of 2-3 kPa. Two pellets
were made from each sample, weighed and analy$edmass of the pellets was used in
the determination of elemental concentrations. Bach sample analysed, three

determinations were done.
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3.4 EDXRF Instrumentation and Measurements

The x-ray fluorescence detector system used ceudsist a Canberra Si(Li) detector
crystal model 2008 with 6 mm active diameter, 5 sensitive depth, and a beryllium
window thickness of 0.025 mm. The detector was atperat a negative bias of 1500 V
through an Ortec 456 high voltage bias supply, lzadia resolution of 200-230 eV at the
Manganese K spectral line of 5.9 KeV at a time shaping constain10 ps. Other
spectrometer electronics include a Canberra 2026tsgscopy amplifier with a pile-up
rejector (PUR) for pulse shaping and an interfdca Ganberra 8075 ADC and an S-100
PC based multi-channel analyser (MCA) for specttata acquisition storage and
analysis. Energy calibration of the detector’'s mthtannel analyser was carried out

using Cd-109 and Fe-55 radioactive excitation seairc

The pellets of the prepared samples were irradiated period of 1500s using a Cd-109
excitation source using the geometry shown in 2. A PC based MCA was used
spectral data collection and storage and the datanvolution was done using AXIL
program. The program enables for calculation ofkgemund subtraction by fitting a
polynomial function to the actual spectrum and deiees net peak areas of the elements
of interest present in the sample. Typical specfrétanium bearing ore samples from

Kwale district are shown in Appendices V and VI.

For each pellet, three measurements were done;lsaigme for 1500 s to acquire the

spectrum of interest and sample with multi-elentarget on top for 500 s, and the target

alone for 500 s for the purposes of absorptionemtion. The multi-element target used
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was a thick pellet of pure cellulose mixed witlatitum, manganese, zinc, bromine, and
niobium compounds of high purity. The energies bhracteristic x-rays of these

elements cover the energy of the multi-channelyesealcalibration.

Incident rays characteristic x-rays

ample
/ Source

— Beryllium
window

\
Detector

Figure 3.2 Direct samples excitation with annular admium-109

3.4.1 Accuracy of EDXRF by the Fundamental Parameteviethod
A soil reference material (Soil 7 SRM) was analysed the results compared to the

certified values to indicate the accuracy of thehoe used for quantitative analysis.

3.4.2 Lower Limits of Detection, LLD

The expression used for determining the lower liofitdetection for an element of

interest is given by
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whereRy, is the background count raf€, is the background count time, andis the

sensitivity expressed in count rate per unit cotregion of element of interest. Lower
limit of detection values in EDXRF analysis weretabed from the analysis of a
reference material; Soil — 7 SRM; which has a @immhatrix to the samples collected for

analysis

3.4.3 Calculations of Elemental Concentrations

The fundamental parameter method was used for teduation of elemental
concentrations in soil samples. The computatiorhotets programmed and available for
PC use at the Institute of Nuclear Science ant d@clgy laboratory and depends on
input results of AXIL (Analysis of X-rays using tive Least square method) software.
This is a modular program of the IAEA QXAS softwdhat allows for analysis of the
spectra for the element of interest. A typical stanmof EDXRF results from the

analysis tool, AXIL, is shown in Appendix III.

3.5 The Gamma-ray Spectrometric Instrumentation andMeasurements
The most important naturally occurring radionucliédaed the gamma lines used are given
below:
» The U-238 series (half-life of 4.5 billion year$b-214 (242.0, 295.2 and 351.9
KeV lines) and Bi-214 (609.3 and 1120.3 KeV lines)
* The Th-232 series (half-life 14 billion years): 228 (338.3, 911.2 and 969.0
KeV lines), Pb-212 (238.6keV line) and TI-208 (58&V)

» Potassium (K-40), half-life 1.3 billion years: K-4D460.8keV line)
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3.5.1 Apparatus and Spectral Collection

The gamma detector is a coaxial high purity geromanietector model CPVDS30-30185
from Oxford was used for gamma ray spectroscoghisiwork. Spectral collection was
done using a fixed geometry by placing a 500 mliMdli beaker with the sample over

the vertically mounted coaxial HPGe detector. Tipectrometer consists of the following

specifications:

Crystal characteristics

Diameter — 57.4 mm

Length — 56.9 mm

Active volume — 144 cubic mm

Germanium dead layer thickness — 600 microns
Detector-to-window distance 5xmm

End Cap Characteristics

Outside diameter — 76 mm, Aluminium 1mm thick
Front window — 1 mm thick Aluminium
Performance specifications

Operating HV supply bias — 3200 V

Polarity - positive

Bias

Gain setting to give 0.3 keV/channel for 1.33 Meffprmance

Gain setting to give 0.04 keV/channel for 122 keV

Pulse Height Analyzer
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« PCA-8000 with 8192 channels

The following schematic diagram illustrates theceleic set up of HPGe gamma

spectrometer.
HV Supply COMPUTER
3200 KV

Amp

Det — Detector

Amp - Amplifier

Figure 3.3 Schematic diagram of an HPGe detector siem

Other important parameters of the detector arensanzed as per Table 3.3

Table 3.3 Some Important HPGe Detector Parameters

Measured
Expected
June 12, 1995* June 14, 2007**

Efficiency 30% 29.7% Not measured
1.33 MeV (Co-60)
FWHM 1.85 KeV 1.80 KeV 3.94 KeV
FWTM/FWHM 1.90 KeV 1.83 KeV 1.78 KeV
;?%k to Compton 58:1 64:1 Not measured

Nuclide (h=270.5 d),
122 KeV (Co-57) 875 eV 850 eV concentration in the
FWHM -

std negligible
277 KeV (Ba-133) FWHM (a low energy close to Co-57) 2.70 KeV

*The measurements done by the suppliers, Oxforduim&nts Inc., Analytical Systems
Division, according to the IEEE standard ANSI/IEEE 325-1986.

** The measurements done at the Institute of Nucle@n8e and Technology, University
of Nairobi.
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3.5.2 Detector Calibration

This process was carried out using four energyslinea spectrum of a liquid standard
reference material, SRM-1 from Poland containingéhradionuclides: Am-241 (59.54
eV line), Cs-137 (661.66 eV line), and Co-60 (1243eV and 1332.50 eV lines). The
spectrum of the standard was used to determineggn&WHM and photoefficiency

calibration parameters by regression method thraudpmodule of Gamma, Activity and
Neutron Activation Analysis Software, GANAAS (Zamaet al, 1993). The energy and
FWHM functions are polynomials of the second degvddle the photoefficiency

function used was a logarithmically transformed poweries of the form given by the

n

%Z NG LT 3.2

equation £ =
whereg is the detector photoefficiency, In(E) is the matdogarithm of photon energy E

and ais the sought regression parameters. In this wetR,or n=4 gave a good fit.

3.5.3 Standard Reference Material for Intercomparisn

In this experiment, an IAEA SRM 375 Standard waedusThe standard was a soll
sample whose radioactivity concentrations of theows radionuclides commonly found
in geological materials have been predeterminede Malues of radioactivity
concentrations for this particular reference mateniere determined on December 31,
1991 as shown in the Table 3.4. The material wideated in Chernobyl region in 1990
and donated to the IAEA by the former USSR (AQC®9899). Among the
radionuclides whose concentrations were determamedrecorded are K-40, Th-232 and

U-238, which are of major concern in this work.
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Table 3.4 Activity concentration levels of radionutides under investigation in
the standard reference material as at December 31991

Radionuclide Activity Concentrations (Bg/kg)
Th-232 20.t
U-23¢ 24.4
K-4C 424.0

Source: AQCS (1998/99)

3.5.4 Calculation of Radionuclide Concentrations
The concentrations of the radionuclides of intereggre computed using the

Intercomparison Method.

ASMS= A e M e 3.3

l's | g

where,
As= activity concentration of a radionucliden the sample, Bg/kg,
Ms= mass of the soil sample, in g,
Is= intensity of a radionuclide I in the sample, isec,
Ar = activity concentration of a radionuclide i in teandard reference material,
in Bg/kg ,
Mgr= mass of the standard reference material, ing, a
Ir = intensity, in counts per second, of a radionwclidn the standard reference
material, in c/sec.

from which activity concentration, fas defined aboves calculated.
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The results obtained are further compared to theldwaverage as reported by
UNSCEAR (2000). Samples collected and their prepara analytical procedures,
measurements of radionuclide in food and activitthie environment, in the UNSCEAR
(2000) report, were done according to proceduresiged by IAEA in its technical and
quality control reports (IAEA, 2006b; IAEA, 2001AEA, 1989; AQCS, 1998) and

safety guidelines (IAEA, 2000a; IAEA, 2000b; IAE2A996a; IAEA, 1996bh ).

3.6 Determination of Dose Rate and Exposure
The gamma dose rates D in outdoor air at 1 m altoeweground was calculated using

equation 3.4 and the conversion factors publislygdMSCEAR (2000).

where
D is the dose rate in nGy/h,
Ac is the activity concentration in Bg/kg and,
Cr is the dose conversion factor in nGy/h per Bgédgsbrbed dose rate in air per

unit of activity concentration).

For an adult person, the absorbed dose rates wererted to effective dose rates by

using the following relationship given by UNSCEA&bort of 2000:
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where
He is the effective dose inSv/y,
D is the estimated absorbed dose rate in nGy/h,
T is the outdoor occupancy time factor (0.2 x286825 d~ 1753 h/y) and,

F is the adsorbed-to-effective dose conversiorofgéL7 x 13 uSv per nGy).
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Chapter 4

Results and Discussions

4.0 Introduction

In this chapter, the results of the study are prieskand discussed. First, the accuracy of
the analytical techniques is determined using stahdreference materials from
International Atomic Energy Agency (IAEA). The elental analysis results of the fifty
(50) soil samples from Maumba are then presentdddestussed. Concentration levels
of titanium, vanadium, manganese, iron, cobaltpeopzinc, thorium, yttrium, uranium,
zirconium, niobium and molybdenum are presented discussed for the three smaller
subdivisions of the Maumba area sampled. The Hidve also been compared to a

similar study on Mrima Hill soil.

Also discussed in this chapter are the activitycemtrations of Th-232 and U-238 in the
fifty samples from Maumba and the seven samples) fidguluku. The discussion is
limited to the two radionuclides owing to low adyv concentration values of K-40

present in these samples.

Elemental concentrations distribution of the thnemjor constituents of Maumba
samples; titanium, iron and zirconium, and thatmbium, a minor constituent, have
been compared to the distribution of Th-232 and38-activity concentrations. Finally,
dose rates due from exposure to the two radioreglits estimated using conversion
factors from the UNSCEAR (1993) and (2000) repods;0.0417, 0.462 and 0.604

respectively, for K-40, U-238 and Th-23Z'o convert dose rate to Sv, a factor of 0.7
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Sv/Gy was used. This was adapted the UNSCEAR (2@p@yt and Selvasekarapandian
study (Selvasekarapandian et al, 2000). The reshtwined are further compared to the

world average as reported by UNSCEAR (2000).

4.1 EDXRF Analysis

In this section, the accuracy and the detectiondiof the method used are presented and

discussed.

4.1.1 Accuracy of the Si(Li) Detector in determinabn of Elemental Concentrations

The results obtained after carrying out elemengtminination of the standard reference
material, IAEA Soil 7 using the Si(Li) detector greesented in Table 4.1. The measured
values of most of the elements of interest are doto be within the certified limits
whereas a slight deviation is observed for manganem and zinc. However, using two-
tailed student t-test, the difference between teasured mean from the certified mean is

found to be insignificant at 95% confidence limit.

Table 4.1 Results of EDXRF Analysis of Certified Rerence Material, IAEA

Soil 7
Element Measured concentration Certified concentration
Ti 0.28 % 0.30 %
Mn* 558 ug/g 631ug/g
Fe* 2.28 % 2.57 %
zZn* 79.4u9/g 104ug/g
Sr 111ug/g 108ug/g
Y 18.29/g 21pg/g
Zr 193ug/g 185ug/g
Nb* 20.3ug/g 12ug/g

* Elements whose measured concentrations are nirvthe certified intervals
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4.1.2 Detection Limits of Si(Li) Detector for the Eements of Interest
The lowest limits of detection of the method used the elements of interest were
obtained by applying Equation 3.1 and the resubt®ioed after analysis of the pellet

form samples are presented in Table 4.2.

Table 4.2 Lower Limits of Detection of Si(Li) Detetor for the Elements of Interest

Nuclide Detection limits (units inpg/g unless
Titanium Mhmﬁ)'f‘i% B/ZJMM
Vanadium 616.0
Manganese 253.8
[ron 196.1
Cobalt 104.0
Copper 74.50
Zinc 66.70
Yttrium 17.30
Zirconium 13.81
Niobium 13.70
Molybdenum 13.01
Thorium 8.90
Uranium 8.87

It can be deduced from Table 4.2 that the deteditioihimproves with increasing atomic
number. Lowest limits of detection (LLD) for theealents of interest were found to be
considerably higher than is usual the case. Thsati@ibutable to the detector resolution
(220-230 eV) during the time when these measuresneate done. Typical resolution

values of 180 — 200 eV yield much lower LLD values.
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4.1.3 Maumba Samples

The EDXRF analysis results of Maumba samples aesemted in Tables 4.3 to 4.5.
Sample numbers 25A and 25B, which had been cotidoten black erosion deposits had
significantly high elemental concentrations andenvirerefore excluded when computing

mean concentration values.

4.1.4 Occurrence and Distribution of Elemental Conentrations of Maumba
Samples
The occurrence of the major elements in the sahpdes was determined through

calculations of mean concentrations at 95 % confiddevel. The major constituents in
Maumba samples are titanium, manganese, iron awmonmm (Table 4.4). This is
partially comparable to Mangala (1987), where Mrikhi#l samples, soil sediments of
carbonatite, exhibited iron as the major constitudgspite the alkalinity of their origin.
Other constituents, in lower concentrations incjudec, vanadium, cobalt, yttrium,

thorium, niobium and molybdenum.

Low concentrations of copper, thorium, zinc and yhdenum are observed in very few
samples from Miembeni region of Maumba. Copperbiseoved only once (sample 25A)
with a level of 138.8 + 30.09ug/g. Zinc and molybdenum appear twice with
concentration levels of 109.1 + 23.26 & 155.1 $98\g/g and 22.17 + 5.09 & 58.01 +

9.90ug/g in samples 25A and 25B respectively. Thoriumpesps in three samples — 7B,
10A and 25B - in respective levels of 22.47 + 38333 + 2.81 and 40.93 * 7.28/g.

Uranium concentrations are observed below the tetelimits in all samples analysed.
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Titanium

This element is one of the major constituents atclwed in all the fifty (50) samples
analysed with a concentration range of 0.13 % 84%. and a mean range 1.21 + 0.21%.
These values are significantly lower (95% confidefevel) than the levels reported for
Mrima Hill samples analysed by Mangala’s study (@98rom which the element was
found to be one of the major constituent with aewam distribution in the concentration

range of 1.00 % to 9 % and a mean concentratidncsf %.

In this study, occurrence of titanium has been fbtnbe very strongly correlated to iron,
zirconium and niobium and weakly to manganese wapective coefficients of 0.96,
0.97, 0.90 and 0.25 as presented in Table 4.4didtsibution in the samples has been
found to correlate strongly with the activity contrations of Th-232 and U-238 with

respective coefficients of 0.88 and 0.83.

Other Elements

It was observed that concentration levels of coppec, thorium, uranium, niobium and
molybdenum were very low (<LLD) for most soil samplfrom Maumba. However,
zinc, molybdenum and thorium were observed in twm@es with highest levels
registered as being 155.1, 58.01 and 4@84&), respectively. Concentration levels of

yttrium and uranium were below detection limitsalhthe samples analysed.
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Table 4.3 Elemental concentrations for soil samplesom Miembeni, Maumba (in pg/g unless otherwise stated)+ 1STD;
n=2
Sample Ti (%) V Mn Fe (%) Co Y Zr Nb
1A 2.35+0.64 <616 (0.15+0.03) ¢ 2.87 +0.49 410 | 19.4+3.7 | (0.23+0.04) % 29.7 +6.4
1B 1.65 +0.47 920 +175 (0.11 +0.02) % 234+03] 333+ 90 | 18.0+2.8| (0.20+0.030 % 26.6 +7.5
2A 1.33 +0.05 <616 889 + 182 1.90 +0.45 <104 <17.3 (0.13+0.02) % 17.2+2.9
2B 2.51+0.70 704 +122 (0.17 + 0.04) % 2.98+0.75 186+ 52 <173 (0.24 + 0.06) 9 41.9+96
3A 1.72+0.41 640 + 98 679 + 126 1.90 +0.31 1381 <17.3 (0.19 + 0.04) % 31.2+323
3B 1.35+0.37 <616 375+ 87.7 1.58 +0.29 <104 817 | (0.1240.02) % 28.2+48
4A 0.93+0.23 <616 824 + 169 1.08 +0.22 <104 817.| 870+139 17.0+2.4
4B 0.47 £0.14 <616 922 + 213 1.18 +0.28 <104 817.| 547115 <137
5A 0.58 +0.16 <616 801 + 160 0.89 +0.24 <104 817.| 594107 <137
5B 0.93+£0.19 <616 652 + 115 1.21+0.37 <104 <173 850+ 167 16.5+3.0
6A 0.88 £0.20 <616 647 + 131 0.92 +0.21] <104 817.| 843156 155+3.0
6B 1.34+0.25 <616 634 + 125 1.38 +0.26 <104 817.| (0.15+0.03) % <13.7
7A 0.92 £0.16 <616 697 + 122 1.62 +0.43 <104 <17.3 (0.11+0.02)% <13.7
7B 1.42+0.32 | (0.11+0.02)% 820+ 174 1.99+05] 95253 <173 (0.15 + 0.03) % 227+38
8A 151+045 | (0.11+£0.03)% 957 + 223 1.98 +0.43 <104 <17.3 (0.14 +0.03)[% 30.4+2.3
8B 2.05+0.41 875 +138 (0.11 + 0.02) % 2.60 +0.58 485+ 88 <17.3 (0.17 £ 0.03) 9 37.6+6.5
9A 1.26 +0.27 <616 (0.16 + 0.03) ¢ 2.02 +0.32 1900 <173 (0.12+0.03) % <137
9B 2.78 +0.77 908 + 148 (0.16 +0.04) 9 311+08]1 812 46 | 19.6+50| (0.26+0.06)% 439+7.8
10A 281+0.49 | (0.10+£0.02)%  (0.25+0.06) % 2.98.69 282+51 | 228+51 (0.33+007)%  52.210.
10B 1.61+0.38 917 + 168 (0.12 +0.03) 9 2.17 + 054 104 19.8+4.3| (0.18+0.03)9¢ 57.0+9.8
25A 11.61+1.78 | (0.59+0.10)%  (0.14 +0.03) % 789891 | 675+117 | 67.3+0.4 (0.97+0.17)% 184 +31.
25B 16.6 +£3.44 | (1.14+ 021)% (0.18+0.04)%  13.7B&1 <104 86.2+53  1.86+0.31% 337 + 60.
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Table 4.4 Correlation Matrix Table for EDXRF Results of the Major
Constituents
Ti Mn Fe Zr Nb
Ti 1
Mn 0.25 1
Fe 0.96 0.33 1
Zr 0.97 0.22 0.95 1
Nb 0.90 0.19 0.88 0.90 1
Table 4.5 Elemental concentrations for soil sampleBom Maumba Central (in
ug/g unless otherwise statedz +1STD; n=2
Sample Ti (%) \Y Mn Fe (%) Co Zr Nb
11A | 2524065 | 752141278  (0.15+003)%  2.89470] 220+ 52 | (0.18 + 0.04)%  42.6+ 7.0
11B | 2.18+031 <616 718 + 140 2624053 <104 (0.18% 0.03)% | 635+ 14.0
12A | 1514037 <616 702 + 129 175+048  291+78 | (0.12+ 0.04)% 32650
19B | 1.34:0.24 <616 519+ 112 177+043 225+ 61| (0.11+ 0.02)% 852 5.1
13A | 153+0.25 <616 754+ 152 1614038  127+28| (0.13+ 0.03)% 5.92- 6.2
138 | 1.98+0.41 <616 948 + 190 2714071 268+ 68| (0.18+ 0.04)% 6.7 7.8
14A | 095021 <616 375+ 80 1354043 106+ 19 884 + 180 19.2.8
148 071£0.2 <616 250 + 57 137+039 222+ 41 738 + 137 3929
15A | 1.09+0.23 <616 360+ 76 131+029 <104 929 + 177 276+ 6.1
158 | 0.88+0.13 <616 411+ 80 136+02d <104 891 + 140 170+ 34
16A | 129 +2.21 <616 449 £ 78 164+003 132+ 22| (0.11+ 0.02)s 518.3.6
16B | 0.96+0.15 | 862.3+145.4 370 + 97 153+087 4580 933+ 163 209+ 5.8
17A | 055:012 | (011+0.03)% 388+ 81 097+024 <104 479+ 79 455+ 7.1
178 | 1.34+0.27 <616 373+ 62 167+03] <104 (0.11+ 0.02)%| 202+ 46
18A | 1224027 <616 772+ 91 1754041 196+ 41 776 + 124 93:017.9
188 | 0.96+0.24 <616 996 + 114 161£0.33 253 42 685 + 124 1382
19A | 174+047 | (012+002)% (0.13+ 0.02)% | 2.07+05¢ 187+ 41| (0.14+3)% | 286+ 5.2
198 | 0.90+0.19 <616 987 + 133 148+029 <104 747 + 121 <137
20A | 1.06+023 | (0.15+0.03)% 364+ 69 136+029 <104 980 + 213 16.7+ 3.2
208 | 1.05+0.21 <616 282 + 65 214+048 148+ 32| (0.16% 0.03)Pb .5264.3
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Table 4.6 Elemental concentrations for soil sampleBom ‘Maumba ya Chini’
(in ug/g unless otherwise statedX £1STD; n=2
Sample Ti (%) Fe (%) Zr
21A 0.18 +0.05 0.37 £0.09 353 +61
21B 0.30+0.08 0.29 +0.08 625 + 111
22A 0.13+£0.03 0.15+0.03 361 + 67
22B 0.28 £ 0.06 934.1 +210.3 741 £ 124
23A 0.18 £0.04 0.15+0.03 367 73
23B 0.19 +0.04 0.17 £0.04 278 + 49
24A 0.23 +0.06 0.15+0.03 536 + 109
24B 0.23 +0.05 0.14 +0.03 601 + 103
Manganese

The concentration levels of this element is foumdange from 249.@g/g to 0.25 % in

forty-four (44) samples and a mean of 822&(g. Out of the eight samples from
Maumba ya Chini, however, the element appears twile with the highest value of
261.9ug/g. Manganese is weakly correlated to titaniumn,irzirconium and niobium as
shown in Table 4.4. This is in agreement with Mdada987), where the concentration
distribution of manganese was found to be weaklyetated to titanium and iron. The
concentrations of the element in Mrima Hill vari]dm 3556 ug/g to 17.1 % with a

calculated mean of 6.3 %. This difference is ex@diby the fact that Mangala mainly

considered rock samples as opposed to the finsawiples.

Iron
Iron occurs in all the samples analysed with a eamig0.09 % to 3.11 % and a mean of

1.57 %. When compared to other elements of inteaestrong correlation to zirconium
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and niobium is evident and is also comparable eacthrrelation to titanium. According to
Mangala (1987) study in Mrima Hills, the concentmatof the element varied from 5.00
% to 30.00 % with a mean of 21.25 %. This is muigfhér than the results in this study.
Like titanium, this element is also found to coatel strongly with the activity
concentrations of Th-232 and U-238 as shown in da#l2 and 4.3. However, a weak
correlation with manganese is observed in thisystaind which is in agreement with

Mangala (1987).

Table 4.7 Correlation Matrix Table for Activity Con centrations of Th-232 and U-
238 and the Elemental Concentrations of Titanium,ron and Zirconium

Ti Fe Zr Nb Th-232 U-23¢
Ti 1
Fe 0.96 1
Zr 0.97 0.95 1
Nb 0.90 0.88 0.90 1
Th-23z 0.88 0.82 0.83 0.74 1
U-238 0.83 0.78 0.77 0.68 0.92 1

Zirconium

All the samples exhibit moderate levels of zirconiut occurs with a range of 278.4/g

to 0.33 % with a mean of 1189,8/g. These concentration distributions of the eleme
correlate strongly to those of titanium, niobiundaron and weakly to manganese. These
values have been found to be slightly higher thenvialues of Mrima Hill reported by
Mangala. According to Mangala, the values repovtece between 94g/g and 72Qug/g

and a mean of 25{g/g. The correlation coefficients to the elememtd & the activity
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concentrations of Th-232 and U-238 have been pteden Tables 4.2 and 4.3.

Niobium

Niobium occurs in small quantities compared toniilan, iron and zirconium ranging
from 13.819/g to 79.2ug/g in 38 samples. Similar to the case of Manggnaseof the
eight samples from Maumba ya Chini, the elemeneaggponly twice above detection
limit with the higher value of 34.68g/g. The element occurs below detection limit ia th
rest of the 12 samples. The trend is similar witanglala’s study (1987) where the
element was also reported as one of the minor itoest within concentration range of
1000ug/g to 9000ug/g. A mean of 31.81 + 2.7dg/g was obtained from the 38 samples
compared to a mean of 40G8/g reported by Mangala (1987). Its concentratialues
correlated strongly to the concentrations of tiami zirconium and iron with a weak
correlation to that of manganese as shown in TahkesA fairly strong correlation with
activity concentrations of Th-232 and U-238 is destmated in Table 4.7. Typical
EDXRF spectra obtained from the titanium-bearingygias of Kwale are presented in

Appendices VI and VII.

Cobalt

This element appears in some selected samplestestations ranging from of 106.0
to 485.3ug/g. It is normally masked by Heline a fact that interferes with the results if
not well taken care of. In this study, a model spec which contained cobalt lines was

used to fit all the samples spectra thus givingirdor accurate reporting.
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4.2 Results of Gamma Ray Analysis

In this study, a high-purity germanium detectorctpmemeter was used for the analysis. A
comparative method using standard reference mkstevims used for evaluating

concentrations. It is important therefore to présém this section, the accuracy and
detection limits of the method and the results pélgsis of the standard reference

material.

4.2.1 Accuracy of the Gamma Analysis Method Used

The degree of agreement of measured values ancettied values for the reference
materials represents the accuracy of the analytehod. Accuracy of the gamma ray
spectroscopy method was confirmed using the stdré&rence material, SRM 375 soil.
A spectrum of the standard sample was collectedialy basis and used for spectral

analysis for the sample, using the equation 4.1.

whereg, is the detector efficiency at energdy, | is the intensity, in counts per second, of
a radionuclidd in the SRM,A; is the activity, in Bg/kg, of the radionuclideP; is the

emission probability of the radionuclideand M is the mass of the SRM in Kg. The
results of the analysis of the certified referentgerial (IAEA, Soil 375) are presented
in Table 4.8. The measured values for the thremmadlides are found to be within the

IAEA certified limits.
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Table 4.8 Results of Gamma Analysis of Certified Rerence Material, IAEA Soill

375
Radionuclide Activity Concentrations in Bg/kg Confidence interval
Measured Certified (certified)
Th-232 186+ 2.0 20.5 19.1-22.1
U-238 24.3+5.0 24.4 18.6 - 31.4
K-40 438.0 £ 6.0 424.0 417 - 432

4.2.2 Detection Limits for Gamma Analysis for Th-22, U-238 and K-40

Detection limit is a term used to express the deteccapability of a measurement
system under certain conditions. An estimate f@& libwest amount of activity of a
specific gamma-emitting radionuclide that can btected at the time of measurement
can be calculated from several different expressidngenerally accepted expression for
the estimate of the detection limits, which is freqtly referred to as the lower limit of
detection (LLD) and which contains a pre-selecisk of 5% of concluding falsely that

activity is present and a 95% degree of confiddoceetecting the presence of activity,

is as follows:
LLD = A 4.2
aP

y
where S is the estimated standard error of the net caugt r

[ is the counting efficiency of the specific nuclglenergy; number &

P, is the absolute transition probability by gammaayethrough the selected

energy as fdrl, number <.
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LLD of the above equation provides a means of dateng the operating capability of a
gamma measuring system without the influence ofrapte and is applicable on the
assumption that the count rate in the energy akentfor the specific nuclide and the

count rate in the region(s) taken for backgrourgdiaiependent.

A certified reference material, Soil 375, was usedbtain the detection limits of Th-
232, U-238 and K-40 by applying Equation 4.3. Actiog to IAEA (IAEA, 2000b),
detection limit is defined as the true signal lewdlich may be expected to lead to
detection. The parameter, LLDf a radionuclide by a gamma ray detector andraoog

to IAEA (IAEA, 1974), is mathematically given bywation 3.1 discussed earlier as

3/B
LD = 2 e X, ot 4.3
I:)A

where
Bg is the background counts obtained from gamma spact
Pa is the peak area or the net area of the gammarspeand

C is the activity concentration in Bg/kg of theesfic radionuclide of interest.

Lower limits of detection for Th-232, U-238 and KK-4re presented in Table 4.9. The
values for U-238 have been found to be two times di Th-232 while that of K-40 was
twenty times higher. However, decay energies anbability for decay also play a very
critical role in gamma ray detection limits. Emasiprobability of K-40 (1460.81 KeV
line only) is about 10.67% where as the emissiabgbilities for Th-232 (TI-208, 583.1

KeV line) and U-238 (Bi-214, 609.3 KeV line) are.@8% and 44.6% respectively.
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Another factor likely to contribute to the detectilimits is the efficiency of the detector.

The higher the efficiency, the better the detechimit is likely to become.

Table 4.9 Lower Limits of Detection of the HPGe Dedctor for the Radionuclides of

Interest
Radionuclide Detection limits (Bg/kg)
Th-232 2.04
U-238 4.78
K-40 44.97

4.2.3 Activity Concentrations of Th-232, U-238 andK-40 in Soil Samples from
Maumba
Samples from this region were sub-divided into ¢hgroups: Miembeni, Maumba

Central and Maumba ya Chini. The results of anslgéitained are presented in Tables

4.10to 4.12.

Miembeni Samples

The activity concentrations of samples from thigioa range from 49.2 0.1 Bqg/kg to
209+ 1 Bg/kg for Th-232; 11.4& 0.15 to 134+ 1 Bg/kg for U-238 means of 13621
and 73.1+ 15.8 Bqg/kg respectively. The K-40 concentratioasels are below the

detection limits (<45 Bqg/kg) for all the samples lggad as shown in Figure 4.1.

Samples 25A and 25B which had been collected framsi@ens deposits show high levels

of activity concentrations in comparison with thieer samples. These were 588 and 367

Bg/kg for Th-232 and U-238 respectively for samgleA and 616 and 358 Bqg/kg
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respectively for sample 25B. This is evidence ehahgt radioactive ores exist uphill of

Miembeni.

Table 4.10Activity concentrations of Th-232 and U-238 K-40 Miembeni

Soll Activity Concentration in Bg/ Kg for:
sample

Th-232 U-238
1A 204+ 1 107+ 2
1B 209+ 1 109+ 2
2A 156+ 1 88.4+ 1.4
2B 144+ 1 84.6+ 1.5
3A 138+ 1 84.8£ 0.2
3B 119+ 1 76.9+ 0.2
4A 49.2+ 0.1 31.3: 0.2
4B 49.9+ 2.0 321+ 0.1
5A 55.7+ 0.1 33.5:0.2
5B 61.7+ 0.9 35.1+ 0.1
6A 102+ 1 52.9+ 0.2
6B 102+ 1 104+ 3
TA 97.9+0.1 134+ 5
7B 93.4+0.1 128+ 3
8A 79.5£0.1 65.3t 0.2
8B 82.2+0.1 67.4+ 0.2
9A 80.2+ 0.1 11.4+ 0.1
9B 77.5+£0.1 60.1+ 0.2
10A 112.3£ 0.1 77.9£ 0.2
10B 110+ 1 79.4£ 1.2
25A 587 1 36& 4
25B 616+ 0.1 358t 6

[K-40 is below detection limit in all the samples
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Radioactivity Level of Miembeni Samples - Maumba
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Figure 4.1 Activity levels of Th-232 & U-238 in Mienbeni samples
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Maumba Central Samples

The activity concentration in samples collectedrfrblaumba Central, range from 30.6 -
107 Bg/kg with mean value 55.1 Bg/kg for Th-232 @5d7 - 100 Bg/kg and mean value
of 39.5 Bg/kg for U-238. Activities of levels for-KO are below detection limit in all the

samples (Table 4.11 & Figure 4.2).

Table 4.11Activity concentrations of radionuclides in soil sanples from Maumba

Central

Soil Activity Concentration in Bg/ Kg for:
sample
Th-232 U-238

11A 70.29+ 0.08 100.23 0.44
11B 63.56+ 0.06 52.82+ 0.13
12A 51.25+ 0.06 45.7%* 0.12
12B 51.63+ 0.08 43.46: 0.16
13A 34.53+ 0.06 31.56:0.13
13B 34.35+ 0.05 31.660.11
14A 30.63+ 0.06 28.03 0.07
14B 32.19+ 0.08 26.56: 0.10
15A 37.99+ 0.09 32.7#0.11
15B 40.83% 0.06 25.71% 0.07
16A 46.18+ 0.08 28.04 0.09
16B 48.47 0.06 28.9C: 0.06
17A 42.35+ 0.05 29.75 0.05
17B 46.84+ 0.05 26.81 0.06
18A 106.77+£0.11 55.5& 0.11
18B 82.57+0.10 42.48 0.13
19A 92.78+ 0.06 47.5@ 0.06
19B 65.01+ 0.08 44,01 0.09
20A 62.52+ 0.10 35.64t 0.13
20B 60.32+ 0.07 32.54- 0.09

[K-40 is below detection limit in all the samples
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Figure 4.2 Activity levels of Th-232 & U-238 in Maunba Central
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Maumba ya Chini Samples
The activity concentrations in samples collectemimnfrMaumba ya Chini’, range from
24.3 - 35.3 Bg/kg with mean value of 29.2 Bg/kgTbr232 and 16.2 - 24.6 Bg/kg for U-

238 and mean value of 19.5 Bg/kg (Table 4.12 & Fagu3).

Table 4.12Activity concentrations of radionuclides in soil saples from ‘Maumba

ya Chini’
Soll Activity Concentration in Bg/ Kg for:
Sample
Th-232 32

21A 24.3% 0. 17.1+£0.1
21B 26.5+0.1 18.7£ 0.1
22A 35.3+0.1 24.6x 0.1
22B 33.8+0.1 23.5+0.1
23A 27.6+0.1 17.5£0.1
23B 32.1+0.1 18.3+ 0.1
24A 28.8+ 0.1 20.1£0.1
24B 25.4+ 0.1 16.2+ 0.1

[K-40 is below detection limit in all the samples

4.2.4 Activity concentrations of Th-232, U-238 andK-40 in soil samples from
The glc%itj\)i?;uconcentrations of radionuclides ofematst are presented in Table 4.12.
Activity values range from 14.5 - 57.9 Bqg/kg withmeean 0f29.6 Bg/kg for Th-232 for
six samples and 11.0 - 35.3 Bqg/kg with a meal7f Bg/kg for U-232. Sample Ngu3
was a top soil collected from surface run-off defsoslit was found to be highly
radioactive in comparison with levels of Th-232 an@38 (502.43 = 3.87 and 292.19 +
4.06 Bqg/kg respectively). The results of this samphow that the soils uphill are

mineralised with the two nuclides. None of the sk®@nalysed had K-40, except for

samples Ngu2 and Ngu3 where activity concentration&-40 were 78.9 Bg/kg and 52
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Bg/K. Figure 4.4 shows the variation of the acyivibncentrations for the samples from

Nguluku.
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Figure 4.3 Activity levels of Th-232 & U-238 in Mamba ya Chini
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Table 4.13: Activity concentrations of Th-232, U-28 and K-40 - Nguluku

Ngu1l 37.59 +0.98 28.33 +1.04 <45
Ngu2 57.89 + 0.37 29.88 +0.36 78.88 + 1.40
Ngu3 502.43 + 3.87 292.19 + 4.06 51.98 +10.01
Ngu4 18.34 +1.11 35.25 +1.21 < 4E
Ngu5 15.04 £0.77 29.14 +0.82 <4t
Ngu6 14.46 +1.06 10.97 +1.17 <4t
Ngu7 34.16 + 0.44 28.89 +0.65 < 4E
600
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OTh-232
B U-238
OK-40

N
Q
S

ACTIVITY CONCENTRATION (Bg/Kg)

100

NGU1

Figure 4.4 Activity levels of Th-232, U-238 & K-40n Nguluku samples
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For most of the samples analysed, the activityl$efar the three nuclides namely U-238,
Th-232 and K-40 are < 100 Bg/K except for samplaidg300 — 500 Bg/K) from a

partially mineralised area.

4.3 Outdoor Gamma Dose Rate Levels in Maumba

The gamma dose rates D in outdoor air at 1 m ablm/ground was evaluated from the
results of radionuclides concentrations of samplesysed. Dose conversion factors for
K-40, U-238 and Th-232 used were 0.0417, 0.462 @&d4, in nGy/h per Bqg/kg
respectively (UNSCEAR, 1998). The dose rates foa@dmlt person compared to global

averages (Table 4.14).

Table 4.14 Outdoor Dose rate and Annual Effective &se for Maumba

Radionuclide  Mean activity Exposure (nGy/h) Dose (nSv) Annual
concentration (Bg/ Kg) (E-09 Gy/h) effective dose
(nSvly)
Miembeni
Th-232 106.1 + 21.26 64.08 + 12.84 44.86 £ 8.99 .055%11.03
U-238 73.14 +15.78 33.79+7.29 23.65+5.10 296.26
Totals 97.87 68.51 84.07

Maumba Central

Th-232 55.05+9.71 33.25+5.86 23.28+4.11 528 5.04
U-238 39.49 £ 7.96 18.24 + 3.68 12.77+257 1%8.15
Totals 51.49 36.05 44.24

‘Maumba ya Chini’

Th-232 29.24 +4.58 17.66 +2.77 12.36 +1.94 175 2.38
U-238 19.51 +2.56 9.01+1.82 6.31+0.83 7.2
Totals 26.67 18.67 22.91
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The outdoor annual effective doses for the thrdelisisions of the larger Maumba sand
dune — Miembeni, Maumba Central, and Maumba yaiGhame found to be 84.07, 44.27
and 22.91uSvly respectively. According to UNSCEAR (2000), terldwide annual
total effective dose due to external radiation ighiw 0.3 — 0.6 mSv range with an
average of 0.48 mSy, for the outdoor componenttlin@ uSv while for the indoor
component is 41QuSv. In comparison to the world averages only sampgtem

Miembeni exceed the required limit (<@d8v).

4.4 Outdoor gamma Dose Rate Levels in Nguluku

The total outdoor dose rates are estimated for3h&hd U-238 and are summarised in
Table 4.15 where activity from K-40 was found toibsignificant. Based on the mean
value of dose exposure rate for the entire Ngul@anual outdoor effective exposure
dose rate to an adult person was estimated to ®885Sv: double the world average.

Table 4.15 Outdoor Total Dose Rate and Annual Efféive Dose Rates for Nguluku
region

Annual
. . Mean activity effective
Radionuclide concentration (Bg/ Kg) Exposure (nGy/h) Dose (nSv) dose
(uSv/y)
Th-232 177.5+17.05 107.21 +10.30 75.05+7.212.09 + 8.85
U-238 162.5 +8.28 75.08 + 3.83 52.56 + 2.68 638929
Total Dose due from Th-232 and U-238 182 128 156
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Chapter 5

Conclusions and Recommendations

5.0 Introduction

In this chapter, the conclusions and suggestion&ifther studies are presented based on
the objectives of the study. Elemental concentratiistribution has been summarised for
the major constituents where thorium and uraniungugh major contributors to
radioactivity, have not been reported as major tesnts of Maumba and Nguluku

sands.

5.1 General Conclusions
The following conclusions have been drawn:
i.  The major elements in soil from Maumba area ars, itbanium and zirconium
with mean concentrations of 1.57 %, 1.21 % and BL8§/g.
ii.  The activity concentrations of Th-232 and U-238tagher than world average of
25 Bg/kg, apart from concentration levels for Maanyla Chini.
iii.  Annual effective doses to adults due to gamma dosé& 1m above the ground,
are below the world average value (<u&Y) for two sub-regions of Maumba (44
uSv for Maumba Central and 23 for Maumba ya Chinl alightly higher (84
uSv) than the world average value for the third sedien of Maumba
(Miembeni). An annual dose level for Nguluku wasreated as 15@Sv, higher

than the world average value by a factor of two.
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5.2 Recommendations and Suggestions for Further Resrch

A similar but more detailed study is highly recormded for entire Kwale district and
the environs. This should be extended to coveviggtevels in plants and water. Various
plants used for food or otherwise should be comsatiéor this study. Sources of water
used for drinking and cleaning purposes, such ds &ed boreholes and Mukurumudzi

River should also be investigated.

Further study should also be carried out, espgcial the neighbouring areas, to

determine levels of the indoor component of aneffalctive radiation exposure dose.

On the method of elemental analysis used, EDXRkeéb limits of detection (LLD) for
the elements of interest were found to be condiudgtagher than is usual the case. This
was attributable to the detector resolution (220-2%) during the time when these
measurements were done. Typical resolution valid80 — 200 eV yield much lower
LLD values. There should be an endeavour therefordoring down the detector

resolution to within the typical range.

It has been observed that variation in the depthghech samples were did not bring out
significant difference in both the elemental cotgesind radioactivity concentrations. It
would therefore be important that further resedreltarried out for soil samples of depth
1 — 2 metres or even at expected mining depthfuftirer investigation on the variation

of the two parameters with depth.

69



The Government of Kenya, through Radiation PratectBoard should ensure a
continuous radiation monitoring of Kwale distriatcathe environs especially following
excavation from currently on-going titanium miniagtivities. This would ensure that the
enhanced radioactivity level does not put the warkand the public at risk, and to
provide protective measures where and when radidéweels are found as a threat to

human health.
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APPENDICES

Appendix I  Uranium-238 Decay Series
Radionuclide Half-life Mode of Decay’ Gamma energy (KeV)
U-238 4.468 x 10a Alpha
Th-234 24.10d Beta 63.29 (4.8%), 92.38-92.8

(5.6%),

Pa-234m 1.17 min Beta 1001.03 (0.837%)
U-234 245 700 a Alpha
Th-230 75380 a Alpha
Ra-226 1600 a Alpha 186.211 (3.59%)
Rn-222 3.8235d Alpha
Po-218 3.10 min Alpha
Pb-214 26.8 min Beta 351.932 (37.6%)
Bi-214 19.9 min Beta 609.312 (46.1%)
Po-214 164.3is Alpha
Pb-210 22.20 a Beta 46.539 (4.25%)
Bi-210 5.012d Beta
Po-210 138.376 d Alpha
Pb-206 Stable

40nly major modes of decay are shown

PSome important gamma emissions
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Appendix [l Thorium-232 Decay Series

Radionuclide Half-life Mode of Decay’ Gamma energy (KeV)

Th-232 1.405x 19 a Alpha

Ra-228 5.75a Beta

Ac-228 6.15 h Beta 911.204 (25.8%)

Th-228 1912 a Alpha

Ra-224 3.66d Alpha 240.986 (4.1%)

Rn-220 55.6 s Alpha

Po-216 0.145s Alpha

Pb-212 10.64 h Beta 238.632 (43.6%)

Bi-212 60.55 min Beta 64.06% 727.330 (6.67%)
Alpha 35.94 %

Po-212 0.29%s Alpha

TI-208 3.053 min Beta 583.191 (84.5%), 2614.533

(99.16%)
Pb-208 Stable

40nly major modes of decay are shown
PSome important gamma emissions
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Appendix Ill Typical AXIL computer generated elemental concentrations report
(in g/g)
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Appendix IV Typical EDXRF Spectrum - Standard Sampk, Soil-7

Scatter peaks

12000 - /
10000 A Fe
8000 - Ca
o
3 6000 -
&)
Rb Zr
Sr
4000 -
Mn Zn
K Pb v
Ti
2000 A l
A N~ M O N d NN M 0O 0 A9 N M 0 ;N A9~ M 0O W0 A9 M 00 0N A9 M 06O’ A9 M 00 wn o
N IO MM O M 1D 0 O M © 0 4 M O© 0O 4 < © O N < M ON IO M ON IO 00O M 1 0 d
1 4 4 4 N N N N MO O O M & < < < 10 o0 mmn o O© O©O M M MMM~ 0O O 0 0 O
Channels

80

963
989

937
1015



Appendix V A typical spectrum from titanium bearing ore samples of Kwale —
sample 24A1
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Appendix VI A typical spectrum from titanium bearin g ore samples of Kwale —

Sample 2B2
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Appendix VII A Typical Gamma Spectrum
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