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Most of the rock phosphates mined in the world (about 80%) are used for the production
of P-fertilizers and the rest for making detergents (12%), animal feed supplement (5%)
and other applications (3%), (Bigu et al., 2000). Phosphate processing operations include
mining and milling of phosphate ore and the manufacture of phosphate products by either
the wet process or the thermal process. In the wet process, most acidulation (95%) is done
with sulphuric acid, which produces phosphoric acid, the starting material for Di
Ammonium phosphate (DAP) and Triple Superphosphate (TSP) fertilizers, and
phosphogypsum as waste or by product (IAEA, 2003). Varying amounts of heavy metals
and radionuclide contaminants in rock phosphates';vill be transferred into P-fertilizers
depending on their concentration in the rock and on the manufacturing processes (Schung,
2005; IAEA, 2003; El-Mrabet et al., 2003). In general, about 80% of the 2*? Th, 30% of
the *Ra and 14 % of the 2**U is left in the phosphogypsum. Uranium and thorium become

enriched in the fertilizer to about 150% of their original value as shown in Figure 2.6

P-Fertilizers

—_—
Rock Phosphate L{. 411,80, |4 | 70-80% of U, 10-20% of Ra, 70-86% |
’ '\ of Th, 46- 70% of Cd, 0-36% of Cu, |

' 51-80% of Zn and 3-26% of Cr

| 100% of radionuclides (U, Th,Ra) | —— [ Phosphogypsum

Heavy metals (Cd, Cu, Zn and Cr 70-80% of U, 10-20% of Ra, 70-86%
| of Th, 46- 70% of Cd, 0-36% of Cu, |
51-80% of Zn and 3-26% of Cr

...........................................................

Figure 2.6: Transfer process of radionuclides and heavy metals from rock phosphate to P-

fertilizer and phosphogypsum during production (IAEA, 2003)

Figure 2.6 shows the industrial process of P-fertilizer production and its enrichment by
percentage composition with the radionuclides of Uranium, Thorium and Radium. The
amount of heavy metals and radionuclides in P-fertilizers is primarily due to impurities in

phosphate rock, which add continuously due to the long-term agricultural applications of
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fertilizers. At least 70% of U stays in final products (P-mineral fertilizers). Therefore, the
main cause of U discharge to agricultural soils is fertilization with mineral P-fertilizer.
High levels of U have negative effects on human health and ecological systems such as

sterility, skin reddening in whites, skin blackening in blacks, cataracts etc. (IAEA, 2003).

2.6.4 Behaviour of Long-Lived Radionuclides in Soil

The soil is contaminated either by radionuclide deposition originally discharged into the
atmosphere, or on the land surface by direct discharge of wastes. The concentration of
radionuclides in soil increases by adsorption with soil particles and their precipitation on
soil (Harb, 1983).

Losses of radionuclides from the plant root zone in some cases occur through infiltration
process into deeper soil layers and these losses are significant where soil permeability is
high and the adsorption of radionuclides to soil particles is low. The low radionuclide
adsorption capacity to soil particles leads to relatively high radionuclides uptake by plants
(Harb, 2004).

The behaviour of radionuclides in soil is affected by different biochemical processes, when
organic matter decomposition changes soil property from an oxidizing to a reducing
-medium. This will affect the chemical form of the radionuclide present in soil. An example
of this is when mobile hexavalent uranium is reduced to the tetravalent immobile form.
More so, the rock decomposition is enhanced which results in small soil particle size with
more water content, less permeability and high retention of radionuclides in the surface
soil (Eisenbud, 1987).

Radionuclides introduced into soil have different behaviours. It could adsorb on the soil

particles, undergo ion exchange, form complex organic matter or remain in ionic form
(Schulz, 1965).

The distribution of radionuclides between soil particles and soil water is described by the
distribution coefficient “Kq”. This is defined as “the quantity of radionuclide adsorbed per

unit weight of solids divided by the quantity of the radionuclide dissolved per unit volume
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of water (mkg'). Smaller multivalent ions usually adsorb more strongly (higher K value)

than larger univalent ions (IAEA., 2003).

The radionuclide to plant concentration ratio in soil is affected by many factors that control

plant uptake. These factors are:

(i) Physio-chemical form of the radionuclide: The Physio-chemical form of the
radionuclide strongly affects its retention by the soil particles and its availability for
uptake by plants. The most tightly bounded forms, of radionuclides (highest K4 value)
are also those which exhibit the lowest relative uptake by plant (Harb, 2004).

(ii) Soil characteristics: The soil type affects strongly the behaviour of radionuclides in
soil, and soil retention characteristics (Schulz, 1965). Sandy soils do not have the
retention capacity of clay soils. Clay soils are composed of smaller particle sizes with

larger surface area and negative charge surfaces (El-Reefy, 2006).

(iii)The soil’s pH value, affects the plants uptake. In alkaline soils (high pH) insoluble
precipitates may be formed with carbonate, hydroxyl, phosphate or sulphide ions.
These insoluble precipitates reduce the availability of radionuclides for plants. In acid
soils (low pH), hydrogen replace the adsorbed cations which become more available
to plants. In highly acidic soils (pH <5.5) some trace elements (particularly iron and

manganese) may become toxic to plant growth (Schulz, 1965).

(iv)Fertilizers and agricultural chemicals: They are chemical compounds added to increase
the soil fertility and enhance plant production. They strongly affect both the stable
element concentration, and soil acidity (El-Reefy at. el., 2006). The effect of lime stone
(CaCOs) addition appears to raise soil pH, increasing exchangeable calcium
concentration, and decreasing the uptake of strontium. This is possibly due to the
decreased solubility of Strontium carbonate (SrCOs) in alkaline conditions (Harb,
2004). Fertilizer with nitrogen in the nitrate form (potassium or calcgium nitrates) and
phosphate fertilizers may decrease soil acidity (Foth, 1978). Organic fertilizer affects
the ion exchange capacity, pH, stable element content of soil, as well as soil retention

properties (Bianco Rodrieuez at. et., 2008).
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(v) Chelating agents: Chelating agents are organic compounds which increase the ion
mobility and reduce soil retention. This increases the plant uptake. Moreover, these
agents enhance the translocation ability within the plant itself (Baxter, 1993). In some
situations of plants nutrient deficiencies they are useful because they decrease soil
retention, therefore increasing plant uptake. Their effectiveness depend upon soil
properties (particularly soil pH), chemical form of the radionuclide and the nature and

concentration of chelating agent (Harb, 2004).

(vi)Distribution of radionuclides in soil: The distribu.t‘ion of radionuclides in the soil layer
equivalent to the depth of plant root zone is an effective factor for radionuclide plant
uptake. The root zone layer is dependent on the plant species and the water table depth.
The plant uptake of radionuclides is affected by the plant root distribution, and the
distribution of radio nuclide with soil depth (Harb, 2004)

2.6.5 Specific Activity Levels of U, Th and K in soils and Food crops

Studies carried out across some African countries showed the following results for the
specific activity levels in Bq/kg of U, Th and K in soils and food crops as shown in the
table 2.1.

Table 2.1: Activity Levels in Bg/kg of 2*U, #*2Th, and K

Noureddine et al, Soil 93-412

El-Reefy et al, Sandsoil 16-1379 '3-117 3-101 Egypt

(2006)

Shember,(1997)  Soil  265-282 76-97  87-128 Libya
‘Steinhausler and  Foodcrop 421100 | 3-38  45-49  Namibia |

Lettner, (1992) | | | |

Lemeriga, (1998)  Foodcrop 116-338 34.9-512 6.05- 12.67 Uganda
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2.7  Biological Effects of Radiation

Radiation effects on biological systems is one of the most widely investigated hazardous
agents. As living cells absorb radiation energy, molecules within them get damaged. This
damage can either destroy or cause malfunction of the cells through genetic mutation,
which can result into multiplication of cells leading to cancerous cell formation. Biological
effects of radiation on cells are assumed to result from both direct and indirect results of

radiation (Abrahams, 2002).

Depending on the dose, kind of radiation and the observed end point, the biological effects
of radiation can differ widely. Some occur relatively rapidly while others may take years
to become evident. Therefore biological effects of radiation can be divided in two general

categories; and they are discussed in the following subsections (Beretka at. et., 1985).

2.7.1 Stochastic Effects of Radiation (Statistical)

This is the effect that increases with the exposure to radiation. However small the radiation
a person is exposed to, it will result in an increased probability of genetic mutations or
cancer induction. Stochastic effects occur in statistical manner i.e. if a large population is
exposed to a significant amount of radiation, then an elevated chance or incidence of
cancer can be expected. Stochastic effects of radiation may not become evident for some
considerable time after exposure. Delayed reaction to stochastic effects is expressed by a
risk factor called probability coefficient. These factors can be individually assigned to
different conditions e.g. leukemia or grouped together to include an overall category e.g.
solid cancers of all types i.e. abnormal cellular growth in solid organs like breasts (IAEA,
2003).

2.7.2 Deterministic Effects (Non Stochastic Effects)

This is where the severity of the response to radiation increases with the dose. It shows a
clear causal relationship between dose and effect in a given individual e.g. in the case of
radiation accident where the doses may well have been appreciable, deterministic effects

become evident quite soon after exposure. Examples of deterministic effects of radiation
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include skin reddening in whites and skin blackening in persons with dark skins, cataract
formation etc. (Harb, 2004).

For many years, the genetic effects of radiation were considered to pose the greatest danger

to human population exposed to low level of radiation (the major concern today is cancer).

It has been found experimentally that a given large dose of radiation delivered accurately,

is generally more damaging biologically than the same dose delivered over extended

period of time. (IAEA, 2003). The summary of the effects in increase of radiation dose on

humans is presented in a Table 2.2

Table 2.2: Radiation Doses and Expected Effects (IAEA, 2003)

~Acute or chronic

No observabie effect

>100 Sy

01 -05 Acute or chronic  No observable effect, poss:ble cancer nsk
Erise— j”g'éﬁféhi?;'f - Increased cancerrisk :
05-1 | Acute " May see changes in blood cells bt the blood ."systemy
- quickly recovers
e ‘} chronic ~ Increased cancer rtgk_ =
1-2  Acute  Nauscaand fatigue -
2-3 Acute l Nausea and vomiting within 24 — 48 hours.
-3 — 5 ! Acute =T Nausea, vomltmg, and dlarrhea wnthm hours
57: taes ifAEugL leely lead tg death w1thm a few days =
>100Sv Acﬁte i Death w1thm a few hours !
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CHAPTER THREE: EXPERIMENTAL METHOD

3.1 Introduction

This study aimed at determining the specific activity levels and dose rates in food crop
samples obtained from selected tobacco farming areas. The areas of Tobacco farming
selected in this study in Terego County were Omugo, Odupi, Oriama, Aii-vu, Bileafe and
Katrini Sub-couties all in Arua district while the areas considered in Maracha district were

Tara, Yivu and Nyadri Sub-counties. These farming areas are shown in Figure 3.1.

Figure 3.1: Map showing Sub-counties of Maracha and Terego (Google map, 2013)

The sample collection procedures employed are as discussed in the following section.

3.2 Sample Collection

Before the actual collection of the various crop samples, sub-countic§ in which farmers
grow tobacco substantially were identified by moving round the districts while inspecting
evidence of growing tobacco farming such as considering the number of bans and asking
members of public open and leading questions to establish the level of tobacco farming.
Substantial growth means the production of tobacco is at least from 5 tones and above
mainly for commercial purpose. The farmers who grow tobacco annually were also

identified. This was done by making inquiries in the community population by way of
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request to know the individuals who grow tobacco annually for purpose of this research.
Commonly grown food crops as post tobacco harvest like cassava, beans, simsim,
sorghum, maize, rice and groundnuts were also identified by way of observation and
selected per sub-county. This selection criterion was done for all the nine sub-counties

considered in this study.

The various food crop samples were collected by the researcher from the farmers who had
grown them in the fields where tobacco had been haryested either that same season or the
previous seasons. This was done by asking the farmers if the food crop was grown as post-
harvest of tobacco. The number of crop samples collected very much depended on their
availability in a particular sub-county. One to three samples of each crop were obtained
from different fields per sub-county. A total of 63 food crop samples were collected for
this study. Some crop samples were not found in other sub counties and as such were not
collected. It could have been good to also consider crops grown in areas where tobacco has
never been grown to compare the finding in this study. In fact with the significant levels of
tobacco cultivation in these selected counties, it was not easy to prove which fields have
never been used for tobacco cultivation in the past decades (1932 — to-date) and so food
crop samples that could have been used as control to compare results in this study were not

collected.

During sample collection care was taken to avoid incidences of contamination. This was
done by ensuring separate, careful and good packaging in polythene bags for each of the

food crop sample collected for the study.

3.3  Sample Preparation

Some crop samples such as rice, groundnuts and cassava were cleaned to remove husks
and covers to expose the parts humans usually consume. For rice samp'les, to remove the
husks a locally make pounding motor was used to remove the husks by hand and for
cassava the covers were removed by use of hand knives. The husks of groundnuts were
removed by means of human hand to expose the seeds. All the samples were dried to

remove moisture and crushed into powder form using a local pounding motor by hand: this
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gave the samples a finite uniform mixture and improved the sample geometry to enhance
detection efficiency (Mattetnik 1995). The samples were packed in polythene bags duly
labeled using the initials of the Sub-county names and that of the crop sample e.g. OMS
for Omugo Simsim, ODS for Odupi Simsim, KAB for Katrini beans etc., this was done to
avoid confusion and easy identification of samples during laboratory analysis. Then all the
samples collected were transported to the Radiation laboratory for Gamma ray

spectrometry analysis.

3.4 Experimental Gamma Ray Spectrometer Set up

In order to measure the specific activity levels of gamma ray emitting radionuclides in the
food crop samples grown as post tobacco harvests in these areas, Gamma Ray
Spectroscopy Technique (GRST) was employed to detect the gamma ray energies emitted
by the crop samples. Gamma ray spectrometer GDM20 module that uses Nal (TI) as the
inorganic Scintillator was used to measure the specific activity levels of the food crop

samples.
The simple experimental procedures used to obtain the spectrum for all samples include;

The various components of a Gamma ray spectrometer (GDM20) are shown in Figure 3.2

BComputer

Figure 3.2: Gamma ray spectrometer set up (Mattetnik, 1995)
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Figure 3.2 consists of the detector system in which the samples were fed, the amplification
unit which amplifies the gamma ray energy pulses and the computer unit from which the
input commands are given. It also provides the output where the spectrum being formed
is observed on the monitor. The gamma-ray spectrometry set-up is made up of a 7.62 cm
by 7.62 cm Nal (TI) detector housed in a 6 cm thick lead shield (to assist in the reduction
of the background radiation). The configuration and geometry was maintained throughout
the analysis. A computer based Multichannel Analyser Auto das programme was used for
data acquisition and analysis of gamma spectra (Mattetnik, 1995). This required that the

spectrometer be energy calibrated and this is discussed in the following subsection.

3.4.1 Energy Calibration using a Eu-152 Source

The energy calibration of the Nal (TI) detector was done using the *?Eu liquid source
which produced prominent peaks with good resolution when run for 6890s. The **Eu
source was placed in the detector and its spectrum obtained. The '**Eu spectrum contained
several photo peaks, but for the purpose of energy calibration, the peaks with energies of
0.344 and 1.41 MeV were chosen since this offered a good energy range with prominent
photo peaks. The energy calibration was necessary so as to calibrate other spectra of the

samples (Mattetnik, 1995). The calibration spectrum obtained is shown in the Figure 3.3

Counts |

40000 —
TO000 —

. -
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(=1 200 4400 00 |00 1000 1200 1400 ﬁs'cnc ‘kau

Figure 3.3 Calibration Spectrum of Nal(TIl) Detector using 152-Eu Source
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3.4.2 Efficiency calibration

A solution of **Eu was used to determine the efficiency of the detector at different gamma
ray energies. If the solution had a “gamma activity” of 4 Bq (Becquerel) for the 0.244
MeV transition, i.e. the solution emitted 4 gamma quanta per second with the energy 0.244
MeV, the activity of the solution measured for a preset time, #, and the area of the
corresponding photo peak were determined to Y pulses. The efficiency, £, of the detector

at that energy is computed from the expression .,

Y

-2 3.1
At

£

Since the efficiency is dependent on the solid angle at which the detector sees the sample,
it was important that the calibration source and the unknown samples be measured with

the same geometry (Mattetnik, 1995)

3.5 Measurement of Radionuclides

Samples were weighed using an analog beam balance to establish their exact masses. The
mass of empty Marinelli beaker was first determined on the beam balance. The samples
were then filled in the Marinelli beaker and weighted and the actual mass of the samples
obtained by subtracting the mass of the empty beaker from that containing the samples.
The Marinelli beaker was used for feeding the samples into the detector system. Marinelli
beakers were chosen because they are specially designed beakers whose three dimension
geometry could allow the detector to see through the samples more conveniently. The

samples were then placed in the detector, which was housed in a lead shielding.

The crop samples were analyzed for a time ranging from 5011 to 7106 seconds and a
spectrum obtained for each sample run in the detector. The activity measurements of all

crop samples were done using Nal (TT) detector and autodas software program.

3.6  Obtaining the Gamma Ray Energy

A background file of spectrum acquired without filling a sample in the detector was created

(BKGS 2014) after which a spectrum was obtained by running a sample. From the sample
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spectrum the contribution due to background radiation spectrum was subtracted.
Prominent peaks obtained from the spectra were then identified using the radionuclide
energy chart and the resulting spectra. Calculations of the areas under the peaks in the

spectrum were done for each file created using the Auto das software command.

3.6.1 Correction Coefficients for Nal (TI) Detector

The correction coefficients for Nal (TI) is given by the equation;

C=gn, 3.2
where ¢, is the detector efficiency and 7 is the branching ratio for the radionuclides.

Table 3.1: Correction Coefficients for Nal (Tl) Detector (Mattetnik, 1995)

Th (Th-228

U (Ra- 226)

U (Pb-214)

Table 3.1 shows the correction coefficients for the Nal (T) detector with the associated

energy of the radioactive decay series. This was used to identify the radionuclide peaks

present in the spectra and for calculating the specific activities for each sample analyzed.
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3.6.2 The Specific Activities

The specific activities for the radionuclides were calculated using the equation

N
S4=———, 3.3
txmxC
where, C is the correction coefficient for sodium iodide detector, m the mass of sample, N

number of photons, 7 the live time taken to run the sample in the detector.

Residual additional peaks at known energies existed and their activities for the
corresponding radionuclides were calculated using the expression
N

Sy = 3.4
) 2
fXﬂ?Xf](E,.] XE(E}

where N is the area of the rcsidual peak at energy Ei, 7 (&) the branching ratio of

radionuclides ¢mitting gamma rays with energy E;:, € (z; the efficiency of the detector for
the energy E;, t the live-time used for running the sample in the detector and m is the mass

of the sample.

The error limits in specific activities ( ASA) in all the samples were calculated using the

equation
ASA:[ﬂ}(mxc), 35
I

where N, is the number of radionuclides present in the sample and ¢ the live time used to

run the sample in the detector, m is the mass of sample and C is the correction coefficient.

3.7  Evaluation of Radiological Hazard Effects

The risk level associated with the eating of food crop samples whose natural radioactivities
were measured, were then determined by computing their absorbed dose rate, annual

effective dose equivalent. Each of these is discussed in the following subsections.
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3.7.1 Absorbed Dose Rate

Radiological clinical effects of ionizing radiation are directly related to the Absorbed Dose
Rate, D (Ramasamy et al., 2011) since the severity depends on dose level. The measured
activity concentrations were converted into doses by applying conversion factors 0.462,
0.604 and 0.0417 for Radium, Thorium and Potassium respectively (UNSCEAR, 2000).

This is illustrated by the equation.

D =0.4624,, +0.6044,, +0.04174, 3.6

where D is the dose rate in nGyh™' Az, A, and Ax are the activity concentrations (Bqkg’

" of ?Ra, **Th and *’K in the sample respectively.
3.7.2 Annual Effective Dose Equivalent

For samples not to pose a significant carcinogenic threat to the population, the annual

effective dose equivalent should not exceed 0.12 mSv year™ (UNSCEAR, 2000).

The annual effective dose equivalent, H (in mSv/y) was computed by use of the dose
criterion (UNSCEAR, 1993), given by the equation.

e =AR"+A”’ + A 3.7
y 740 520 9620
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CHAPTER FOUR: RESULTS

4.1 Introduction

This study aimed at obtaining the gamma ray energies for radionuclides present in the
food crop samples collected. Samples were weighed using a beam balance to establish
their masses and the samples were then run in the detector for a set time interval, after
which a spectrum was obtained. The specific activities for all radionuclides identified

from the spectrum were computed. The results are as presented in the following sections.

4.2  Sample Spectrum used.

To identify the radionuclides, a sample was run into a detector for a set time and a
spectrum obtained. The background radiation was automatically subtracted from the
sample spectrum using an autodas command and the resulting spectrum is shown in Figure
4.1. The spectrum was then used to identify all the radionuclides present in the sample.

This procedure was followed for all the sample spectra obtained in this study

Ra (Pb -212)
counts| U (Pb -214)
U (Pb -214)
Th (Pb -208)

K -40

] 5‘“‘1“‘4"!1\
| WW’MJ . hmr,wffvomwfw-v*“

T 3 T T T Y T T
2 arau 400 e la] BOOD 1000 1E00 T 10 s

Figure 4.1: A typical Spectrum for Ground nut sample (Omugo sub-county)
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From Figure 4.1, five photopeaks of the gamma ray emitting radionuclides were identified
and their specific activity (S.A) computed. The radionuclides in the photopeaks shown in
Table 4.1 were identified using the correction coefficient (Table 3.1). The sample gamma

ray energies obtained from the spectrum shown in Figure 4.1 are presented in Table 4.1

Table 4.1: Gamma Ray Energy for Ground nut Sample -OMG1 (Omugo sub-county)

SOV .1 SOOI 1551511 . IO |

S/n - Radioisotope : Coeff  Cent FWHM SUM | Rate  S.A- Errorr--g
1 K40 00023 13152 241  56.5 ?1262 021 2905 82
2 Th(TI-208) 00101 15166 | 112 263 1791003 105=— 079
3 U(Pb-214) | 0.0237 |332135 182 79 00113 02
4 U(Pb-284) 100300 12572 188 =908 (180 1003 32 202

5 URa-226) 00043 1921 151 356 603 010 755 3.1

The details of gamma ray energies for other samples analysed are presented in the Annex
D.

4.3 Specific Activity Levels

Using the correction coefficients for Nal (TI) presented in Table 3.1 and gamma ray energy
data presented in Table 4.1, the specific activities of the radionuclides present in the
sample was calculated using Equation 3.2. This procedure was followed for all the samples
used in this study. The specific activities and mean specific activities computed for all

samples are presented in following Tables

In Table 4.3, cassava samples collected from Nyadri sub-county (NYC) showed the
highest mean specific activity level of Radium (117.8 Bg/kg) and the least mean specific
activity level (44.8 Bg/kg) for Radium was in cassava samples from Bileafe sub-county
(BIC). The cassava samples from Omugo sub-county (OMC) had the highest specific
activity level of Thorium (12.5 Bg/kg) and the least mean specific activity level (2.9

Bq/kg) for Thorium was observed in cassava samples from Yivu sub-county (YIC). The
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cassava samples from Oriama sub-county (ORC) had the highest specific activity level of
Uranium (4.9

Bg/kg) and the least level (2.4 Bq/kg) for Uranium was showed by cassava samples from
Yivu sub-county (YIC). The cassava samples again from Omugo (OMC) presented the
highest mean specific activity levels of Potassium (369.9 Bg/kg) while the cassava
samples from Yivu (YIC) had the least specific activity level (120.5 Bq/kg) for Potassium.
This may be so because, Omugo sub-county is thickly populated and with high level of
land fragmentation, there are chances that there could 'b‘e high annual rate of NPK fertilizer

application over the years (UNBS, 2012).

Table 4.2: Specific Activity for Cassava Samples Collected

Sample MEAN SPECIFIC ACTIVITY (Bq kg!)

D Ra-226 Th-232 U-238 K-40

NYCI [ 1280 =+ 38 [65 =+ 06 [3.1- =+ 02 [1416 = 55
NYC2 [1075 =+ 35 [30 + 04 |28 + 02 [1121 =+ 49
OMCI1 | 434 + 24 |162 + 09 [40 + 03 [3466 =+ 9.0
OMC2|681 +29 |87 £ 07 [51 =+ 03 [3932 =+ 96
ODC1 |'105.8 + 35 |40 + 04 [47 + 03 [2381 =+ 72
ODC2 (873 +33 |68 + 06 [29 + 02 |[2541 + 76
YICI [967 + 36 [35 + 04 |27 =+ 02 [1793 + 66
YIC2 (809 + 28 |24 £ 03 [22 =+ 02 [617 =+ 34
BICI [360 22 |[86 = 07 |47 + 03 [2948 =+ 86
BIC2 |535 + 25 |68 + 06 |40 £ 03 3270 =+ 84
ORCI | 466 +25 |78 = 07 [29 + 02 |[1131 + 53

ORC2 | 66.7 + 2.8 11.8 = 0.8 6.9 + 0.4 151.5 5.8
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The mean specific activity levels for cassava samples analysed were calculated using their

specific activities in Table 4.2 and are presented in the Table 4.3.

Table 4.3: Mean Specific Activity for Cassava Samples

Sample]ACTIVITY CONCENTARATIONS (Bq kg™)

ID  Ra-226 Th-232 U-238 K-40

NYC |117.8 = 37 |47 £ 05 [29. =+ 02 [1269 = 52
OMC |558 27 |125 =+ 08 |45 + 03 [3699 <+ 93
ODC |95 + 34 |54 =05 |38 £ 03 [2461 <+ 74
YIC (888 +32 |29 + 04 (24 02 [1205 =+ 50
BIC [448 +24 |77 +06 |44 + 03 (3109 <+ 85
ORC |566 +27 |98 +07 |49 + 03 [1323 <+ 55

The mean specific activity levels of cassava samples from the sub-counties where they

were collected are graphically presented in the Figure 4.2

400

R 226 B w232 T vz K40

I

350

Mean Specific activity (Bg/kg)
— '— Ll s L
2 ES = 2 =

T T T T T

£
-

Nyadri Onmgo Odupi Yivu Bileale Oriama
Sub-county

Figure 4.2: Graph of Mean Specific Activity levels in Cassava Samples collected
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In Table 4.5, Simsim samples collected from Odupi sub-county (ODS) had the highest

mean specific activity level of Radium (153.9 Bq/kg) and least mean specific activity level

(26.3 Bg/kg) for Radium was showed by Simsim samples from Aii-vu sub-county (AIS).

The Simsim samples from Bileafe sub-county (BIS) presented the highest specific activity

level of Thorium (10.1 Bg/kg) and least level (3.7 Bg/kg) for Thorium was observed in

Simsim samples from Katrini sub-county (KAS). The Simsim samples again from Katrini

(KAS) had the highest mean specific activity level of Uranium (5.1 Bg/kg) while the

Simsim samples from Oriama (ORS) showed the least level (2.9 Bq/kg) for Uranium. The

Simsim samples from Tara (TAS) had the highest mean specific activity level of Potassium

(188.6 Bg/kg) and the least mean specific activity level (78.5 Bg/kg) for Potassium was

observed in Simsim samples from Bileafe (BIS).

Table 4.4: Specific Activity level in Simsim Samples collected by Sub-county

Sample MEAN SPECIFIC ACTIVITY (Bq kg)

D Ra226 Th-232 U238 K-40

AIST | 125 15 |77 08 |42 = 03 |663 48
AIS2 | 40.1 25 |48 06 |39 = 03 |I1814 7.1
KASI | 753 35 [5.0 06 |51 = 04 |1898 76
KAS2 | 77.0 36 |24 04 |50 = 03 |1617 7.1
oDS1 | 129.4 44 |80 07 (31 + 03 |843 4.8
oDs2 | 178.4 52 |51 06 |42 = 03 |988 52
TAS1 | 64.1 30 |96 08 |45 + 03 |187.0 7.0
TAS2 | 45.0 28 |47 0.6 [39 = 03 |1903 77
BISI | 653 31 |115 09 |60 = 04 |91 5.1
BIS2 | 49.3 26 |87 07 (35 = 03 |60 4.0
ORS1 | 63.1 32 |76 0.7 |31 = 03 |85 5.0
ORS2 | 59.6 20 103 08 |28 + 02 |984 5.0




The general trend is that the activity levels for a particular radionuclide were in close range

for most of the samples analysed except for radium level in the Simsim sample from Aii-

vu sub-county that is much lower than values presented by other samples from the rest of

the sub-counties.

Table 4.5: Mean Specific Activity for Simsim Samples by Sub-county

Sample MEAN SPECIFIC ACTIVITY (Bq kg™)

1D Ra-226 Th-232 U-238 K-40

AIS [262914+20 [62 + 07 4.0 + 03 1238 + 59
KAS |76.1505+36 |37 =+ 05 5.1 + 04 1758 + 7.3
ODS |1539 +48 |65 =+ 06 3.7 + 03 915 =+ 50
TAS |545 +29 |71 =+ 07 4.2 + 03 1886 + 74
BIS |573 +29 (1001 + 08 4.8 + 03 785 + 4.6
ORS |613 +30 (90 =+ 08 2.9 + 03 917 =+ 5.0

The mean specific activity levels of Simsim samples per sub-county are as graphically

presented in the Figure 4.3
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Figure 4.3: Graph of Mean Specific Activity for All Simsim Crop Samples by Sub-county
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In Table 4.7, Maize samples collected from Yivu sub-county (YIM) had the highest mean
specific activity level of Radium (70.9 Bq/kg) and least mean specific activity level (25.0
Bg/kg) for Radium was showed by Maize samples from Aii-vu (AIM). The Maize samples
from Bileafe (BIM2) were observed to have the highest mean specific activity level of
Thorium (6.8 Bq/kg) and the least level (2.0 Bg/kg) for Thorium was showed by Maize
samples from Yivu sub-county (YIM). The Maize samples again from Bileafe (BIM) had
the highest mean specific activity level of Uranium (4.3 Bq/kg) while Maize sample from
Aii-vu (AIM) presented the least level (1.9 Bq/kg) ‘for Uranium. The samples from Bileafe
(BIM2) showed the highest mean specific activity level of Potassium (102.7 Bg/kg) and
the least mean specific activity level (54.4 Bq/kg) for Potassium was observed in Maize

sample from Yivu (YIM).

Table 4.6: Specific Activity level for All Maize Crop Samples collected

Sample MEAN SPECIFIC ACTIVITY (Bq kg?)

D Ra7%6 Th-232 _ U238 K-40

AIM1 | 249 = 1.6 1.8 % 03 1.9 x 0.2 96.1 + 42
AIM2 | 249 3 1.5 3.0 & 0.3 1.8 = 0T 27.9 & 22
KAM]I | 35.5 % 1.8 3.0 + 0.3 2.2 + 0.2 88.3 £ 38
KAM2 [ 22.0 + 13 2.6 + 03 3.7 = 02 91.8 + 4.0
YIM1 | 79.6 & 2§ 2.6 + 03 29 + 02 60.5 £ 3.3
YIM2 | 62.1 + 24 1.5 + G2 1.8 + 0.2 48.2 & 2.9
BIM1 | 17.2 + 13 5.9 3 05 2.8 + 0.2 52.4 £ 2.9
BIM2 | 57.2 + 3.0 7.6 * 0.7 5.8 = 04 152.9 £ 6.7
ORMI | 34.3 & 1.8 4.8 + 04 22 £ 02 65.5 & 33
ORM2 | 69.5 % 2.5 3.0 = 0.5 4.0 & 02 75.8 x 35

ORM3 | 55.9 + 2.3 3.3 + 04 4.2 + 03 87.3 3.5

H-
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The mean specific activity levels of maize samples calculated from specific activity levels

in Table 4.6 are presented in Table 4.7

Table 4.7: Mean Specific Activity for Maize Crop Samples collected by Sub-county

Sample MEAN SPECIFIC ACTIVITY (Bq kg™)

1D Ra-226 Th-232 U-238 K-40
AIM 249 + 1.5 24 + 03 1.9 + 0.2 62.0 + 3.2
KAM | 28.8 + 1.6 2.8 £ 03 ‘2.9 £ 02 90.0 = 4.0
YIM 70.9 + 2.6 2.0 +: 03 2.3 £ Q.2 544 - W |
BIM 37.2 0 2.1 6.8 += 0.6 43 + 03 102.7 + 4.8
ORM | 53.1 * 20 3.7 + 04 3.5 £ 0.2 155 £ 3.6

From Table 4.7 the activity levels for all radionuclides varied significantly from one sub-
County to another. This may be so because the samples were collected from different
geographical and geological areas. The distances between the fields in these sub-counties

from which the samples were collected on average is well over 30 km.

The mean specific activity levels of Maize samples per sub-county are graphically

presented in the Figure 4.4
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Figure 4.4: Graph of Mean Specific Activity for Maize Samples by Sub-county

Table 4.8: Specific Activity for the Groundnuts Samples collected by Sub-county

Sample MEAN SPECIFIC ACTIVITY (Bq kg?)
ID Ra-226 Th-232 238 K-40

AIGI | 203 20 |63 07 |23 03 |2516 95
AIG2 |55.9 29 |44 05 |32 03 |2298 8.1
AIG3 | 64.9 32 |58 06 |25 03 |2342 8.3
TAGI |518 25 |61 06 |28 02 |2903 7.9
TAG2 |33.8 20 |112 08 |40 03 |[2616 7.6
TAG3 | 61.5 25 |52 05 |16 02 |111.1 45

The mean specific activities for Groundnut per sub-county are presented in Table 4.9.







Table 4.10: Specific Activity for Bean Crop Samples by Sub-county
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Sample MEAN SPECIFIC ACTIVITY (Bq kg)

D Ra2%6 Th-232 U-238 K40

NYBI | 84.1 28 |76 = 05 |57 = 03 |2268 = 62
NYB2 | 102.3 37 |54 +06 [38 +09 |974 = 49
NYB3 | 64.7 23 |20 03 |19 02 |564 = 29
KABI | 60.3 23 [116 +07 |72 =+ 03 (5348 =+ 92
KAB2 | 76.6 26 113 + 06 |36 =+ 02 |507.7 % 9.1
OMBI | 305 17 |249 10 |61 =03 |5803 = 100
OMB2 | 62.5 32 |84 +08 |54 04 [1818 =+ 73
YIB1 | 845 28 |47 + 04 |36 £ 02 |[5088 £ 92
YIB2 | 1089 + 31 |92 £ 06 |52 = 03 4986 =+ 9.1

The mean specific activity levels for all bean samples collected per sub-county are

presented in Table 4.11

* Table 4.11: Mean Specific Activity for Bean Samples by Sub-county

Sample MEAN SPECIFIC ACTIVITY (Bq kg)
ID Ra-226 Th-232 U-238 K-40
NYB |87 =+ 29 50 = 05 38 = 02 |1268 = 47
KAB |685 + 24 Y4 & 03 54 + 03 [5213 + 91
OMB |465 =+ 24 166 = 09 57 + 03 [38L1 4+ 86
YIB |967 + 29 70 £ 05 44 + 03 |5037 <+ 9.

In table 4.11, bean samples collected from Yivu (YIB) had the highest mean specific

activity level of Radium (96.7 Bg/kg) and least mean specific activity level (46.5 Bg/kg)

for Radium was showed by bean samples from Omugo (OMB). The bean samples from
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Omugo (OMB) showed the highest mean specific activity level of Thorium (16.6 Bg/kg),
Uranium (5.7 Bg/kg) and the least mean specific activity level (5.0 Bq/kg) for Thorium,
Uranium (3.8 Bq/kg) was observed in bean samples collected from Nyadri sub-county
(NYB). The bean samples from Katrini (KAB) showed the highest mean specific activity
level of Potassium (521.3 Bg/kg) and the least mean specific activity level (126.8 Bg/kg)
for Potassium was presented by bean samples from again Nyadri (NYB). The mean
specific activity levels of Bean samples per sub-county are graphically presented in the

Figure 4.6
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Figure 4.6: Graph of Mean Specific Activity for the Bean Samples Collected by Sub-
County
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Table 4.12: Specific Activity for Rice Samples collected by Sub-county

Sample MEAN SPECIFIC ACTIVITY (Bq kg')

D Ra226 Th-232 U-238 K40

NYRI | 902 = 29 |42 04 |30 02 |53 % 38
NYR2 | 693 = 24 |10 02 |20 02 |56 = 09
OMRI|755 + 3.1 |95 07 |25 02 [2905 = 82
OMR2[369 = 1.7 |44 04 |38 02 |919 = 37
OMR3[320 = 17 |65 05 |3.0 02 |970 = 41
ODRI | 752 % 26 |25 03 |15 01 |114 £ 14
ODR2 [ 1160 =+ 39 |63 06 |38 03 |1845 = 66
KARI | 453 % 23 |41 04 |21 02 |1483 = 5.5
KAR2 [ 743 £ 31 |85 07 |46 03 |5948 = 12.0

The mean specific activities for all the rice samples collected per sub-county are

presented in Table 4.13.

Table 4.13: Mean Specific Activity for Rice Samples by Sub-county

Sample MEAN SPECIFIC ACTIVITY (Bq kg')
iy Ra-226 Th-232 U-238 K-40
NYR | 797 = 2.7 26 + 03 35 = 02 404 =+ 23
OMR |[481 =+ 22 68 + 0.5 3.1 % 02 159.8 + 53
ODR [956 + 32 44 + 04 26 = 02 979 + 40
KAR [598 + 27 63 + 06 33 + 03 3715 + 88

In table 4.13, rice samples collected from Odupi (ODR) had the highest mean specific

activity level of Radium (95.6 Bg/kg) and least mean specific activity level (48.1 Bg/kg)

for Radium was showed by rice samples from Omugo (OMR). However the rice samples
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from Omugo (OMR) presented the highest mean specific activity level of Thorium (6.8

Bg/kg) and least mean specific level (2.6 Bq/kg) for Thorium, (2.5 Bg/kg) for Uranium

and (40.4 Bg/kg) for Potassium was observed in the same rice samples from Nyadri

(NYR). The rice samples from Katrini (KAR) presented the highest mean specific activity

level of Uranium (3.3 Bg/kg), Potassium (371.8 Bq/kg). The mean specific activity levels

of rice samples per sub-county are graphically presented in the Figure 4.7
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Table 4.14: Specific Activity level for the Sorghum Samples Collected by Sub-county

Sample MEAN SPECIFIC ACTIVITY (Bq kg”)
D [Ra226 Th-232 U-238 K-40
KASOI[ 602 = 25 27 = 04 26 = 02 1262 5.0
KASO2| 414 + 21 36 + 04 44 + 03 172.0 57
YBOL | 735 2 27 22 + 03 28 + 02 82.8 e
YISO2 | 830 + 3.1 34 + 04 40 + 03 1192 5.0
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The mean specific activity levels for Sorghum samples collected per sub-county are

presented in Table 4.15

Table 4.15: Mean Specific Activity for Sorghum Samples Collected by Sub-county

Sample MEAN SPECIFIC ACTIVITY (Bq kg")
ID  |Ra226 Th-232 U-238 K-40
KASO 508 = 23 31 £ 04 35 + 02 1491 = 53
YISO 782 + 29 28 £ 04 34 £ 02 101.0 + 44

In Table 4.15, sorghum samples collected from Yivu sub-county (YISO) had the highest

mean specific activity level of Radium (78.2 Bg/kg) and least mean specific activity level
(50.8 Bg/kg) for Radium was showed by sorghum samples from Katrini (KASO). The
sorghum samples from Katrini (KASO) presented the highest mean specific activity levels
of Thorium (3.1 Bg/kg), Uranium (3.5 Bg/kg) and Potassium (149.1 Bqg/kg) while the least
mean specific activity level (2.8 Bg/kg) for Thorium, (2.8 Bq/kg) for Uranium and (101.0

Bg/kg) for Potassium was showed by sorghum samples from Yivu (YISO). Generally the

mean specific activity levels were in close range except the values for radium in KASO

was significantly low compared to that in YISO and that of potassium in KASO was

relatively greater than that in YISO. The mean specific activity levels of sorghum samples

per sub-county are graphically presented in the Figure 4.8
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Figure 4.8: Graph of Mean Specific Activity for Sorghum Samples Collected by Sub-

County
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Table 4.16: Mean Specific Activity for Food Crop Samples Collected

ample MEAN SPECIFIC ACTIVITY (Bq kg”)
D Ra-226 Th-232 U-238 K-40
RICE 683 =+ 26 |52 + 05 |29 =+ 02 |[1666 =+ 5.1

BEANS 74.9 + 2.9 94 = 06 4.7 * 0.3 35T =+ 715
G.NUTS |481 & 2.5 6.5 + 0.6 2.7 + 0.2 2298 + 1.7
SIMSIM 716 % 32 7.1 £ 0.7 4.1 + 0.3 1250 =+ 59
SORGHUM| 64.5 + 2.6 29 = 04 3.5 * 0.2 1251 =+ 4.9
MAIZE 43.9 + 2.0 3.6 = 04 3.0 + 0.2 76.8 % 37

CASSAVA | 76.7 + 3.0 i 5 + 0.6 38 + 03 2178 + 6.8

[ - - d 1 [
400~ (IR=-226 B Th232 U238 K40 4
350 e e e e e e e T A S o s G St i 45 e B B e S S Tl

Specific Ativity (Bg/kg)

Rice Beans G nuts Simsim Sorghum Maize Cassava
Crop sample

Figure 4.9: Graph of Mean Specific Activity for All Food Crop Samples
In Table 4.16, cassava samples showed the highest mean specific activity levels of
Radium (76.7 Bg/kg) while least mean activity (43.9 Bq/kg) for Radium was observed in
maize samples. Bean samples presented the highest mean specific activity levels of
Thorium (9.4 Bg/kg), Uranium (4.7 Bg/kg) and Potassium (354.7 Bg/kg) while the least
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