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ABSTRACT

Five water samples were drawn at random from locally dug well, . ñver, dam and

borehole in Faskari Local Government Area of Katsina State (Northern Nigeña) in

two litters of each, 1 Om! of concentrated nitñc acid were added for preservation and

evaporated in a beaker and transferred into a plancet till often residue. The S8lllples
counted for gross alpha and beta activity with proportional counter. The counter was

characterized for background, plateau and detection-limit. From the charactcñzation

results, it was discovered that the counter showed low background, good plateau and

low detection limit of the samples. It shows that the counts taken from chann.:l were

reproducible for the channel and for mode of counting. The overall result showed that

the alpha activity in water is secure while for beta activity, is only one area which is

Tukusha has (1.603) Bq/1, that the activity is hifher
than the practical screening level

of radioactivity in drinking water of 0.5 Bq/m for alpha and 1.0 Bq/m3 for beta as

recommended by CEC-FAD and World Health Organisation (WHO).
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CHAPTERONE

I.O Introduction

1.1 Radioactivity in Water

Water is a necessity to man and his environment; it existed long before man came into

existence. Man uses water for the following purposes: irrigation, power generation

and domestic activities. Sources of water are rain and ground waters as found in

rivers, dams, lakes, and streams. Human activities and natural phenomena constantly

pollute the sources of water and affect water quality. Water pollution arises as a result

of waste sewage disposal into the environment and rivers by industries, hospitals and

use of materials such as fertilizers by farmers. These disposed materials often contain

radionuclides. Another fonn of water pollution as a result of Naturally Occurring

Radioactive Materials (NORM) that emits alpha, beta and gamma radiation. These

usually have element in uranium and thorium series whose radioactive gaseous

daughter (radon and thoron) in particular cause an appreciable airborne particulate

activity and contribute to the radioactivity of rain and ground waters. This also affects

drinking water. Drinking water from deep wells is expected to contain a higher

concentration of radioactive elements compared to surface water. Flowing water may

encounter igneous and sedimentary rocks, shelves, and phosphate rocks rich in

daughters of uranium and thorium series in its course. Furthennore, man-made alpha

emitters, such as plutonium, and americium could be transported into springs or wells

there upon enhancing the activity level of the water. Radioactivity in drinking water is

an important mode of transfer of radionuclides from the environment to man. The
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most important natural radionuclides in drinking water are tritium, potassium-40,

radium, radon and their decay products, which are in essence beta and gamma

emitters. Therefore, there is the rieed to determine the concentration of alpha, beta,

and gamma emitting radionuclides in water.

Radioactivity in drinking water is an important mode of transfer ofradionuclidcs from

environment to man. The most important natural radionuclides in drinking water are

tritium, potassium-40, radium, radon and gamma emitters. Therefore, measuring the

radioactivity ln drinking water is of great interest in environment studies. A gross

alpha test is the first step to determining the level of radioactivity in drinking water.

This test serves as a preliminary screening device and determine whether additional is

advisable (WHO 2006). Gross alpha is more of concern than gross beta for natural

radioactivity in water as it refers to the radioactivity of Th, U, Ra as well as Rn and

daughters (USEPA, 1997). If the gross alpha and gross beta are less than 0.5 and

l.OBq/L respectively, it can be assumed that the Total Indicative Dose (TIO) is less

than the parametric indicator value O. lmSv/year and no further radiological

investigation is needed. If the gross alpha activities exceed 0.5Bq/L or gross beta

activity exceeds 1.0Bq/L, analysis for specific radionuclides is required (WHO, 2003).

Parts of Katsina State and environs, like many other parts in the country, due to

portable water scarcity, people nonnally collect water from wells, Rivers and

boreholes (deep and shallow). The public water boards are generally ineffective in

supplying portable drinking water; therefore most of the populations rely on untreated

ground water sources (borehole, rivers and well) for domestic and industrial purposes.

The ground water collected from dug wells and boreholes samples are not entirely free

from radioactive pollutants which are hazardous to human health.
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Therefore, there is need to determine the concentration of gross alpha and gross beta

particles in wells and boreholes water from these areas, assess the rad\ological health

risks due to consumption of water from wells, rivers and boreholes sources on the area

because communities from all parts of the country and beyond are involved This

research help in understanding a quantitative detection of gross alpha and beta

radioactivity which is important for a quick survey of both natural and man-made

radioactivity in dug-wells and boreholes water in the study area. Radioactivity in

drinking water is one of the major ways in which radionuclides from the environment

gets into the human body, which might consequently lead to radiation-induced

disorder (USEP A, 20 l O). There is evidence from both human and animal studies th¡¡t

radiation exposure at lower to moderate doses, may increase the long term incidence

of cancer and that the rate of genetic malformations may increase by radiation

exposure (Otton, 1994). It is therefore important to determine the amount of

radioactivity in drinking water for every area where people reside, so as to guard

against its deleterious effects (WHO, 2006).

1.2 Statement of Research Problems.

Inflow of waste-water from industries and rainwater flowing over farmland into the

rivers and other water bodies constitute a source of pollution to drinking water in a

particular area. Pollution may constitute heavy elements, as well as radioactive

elements whose existence could prove to be hazardous to health. Data on radioactivity

in drinking water is therefore important in determining quality and the health impact

such water could have on the populance. In the Faskari Local Government Area, there

is yet no established data on the radioactivity level in drinking water sources. Most of

the rural inhabitants of this area depend on water from wells, rivers, and boreholes for
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drinking, household activities and irrigation. It may be possible that the water they use

contain excess of Naturally Occurring Radioactive elements. Many farmers plant their

crops close to the riverside and most of them make use of fertilizers on their

farmlands. As rain falls, it washes some of this fertilizer into the underground water.

The fertilizers contain phosphates, which has a radioactive compound k-40, a beta and

gamma ray emitter other elements. This actually can enhance the amount of

radioactivity in drinking water and its contribution has not be investigated. The Centre

for Energy Research and Training, Zaria has acquired a proportional counter, whic?

has b?en characterized and put it into use. Therefore, the aim of this research is to use

it to develop data that will benefit the health of the people ofFaskari LG.A ofKatsina

State.

1.3 Theory

1.3.1 Radioactivity

For any element there is limited number of neutrons within the nucleus for it to remain

stable. Any deviation from this number will result in an unstable atom. An unstable

atom can become more stable by emitting energy in the form of radiation. Such atoms

are said to be radioactive and the process is called radioactivity. Natural radioactive

was discovered by Henri becquerel in 1896. He fund that a photographic plate gets

blackened, where place near double sulphates of potassium and Uranium. Further

observations in this respect led Becquerel to the conclusion that uranium emitted

special kind of rays and such rays were called Becquerel rays and such rays were

called Becquerel rays. Pierre and marrie curie found that the radiation from

pitchblende was found times stronger than that emitting from uranium. This led to an

•
·

ch fior the source of stronger radiation. Finally, in (1898) they succeeded
mtens1ve sear
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in discovering two new substances, which they named polonium (21084Po) and radium

(21\4Ra).

The spontaneous tran.sformation of an element into another with the emission of some

particle (or particles) or electromagmatic radiation is called natural radioactivity.

The substances capable for emitting radiations are calleq radioactive substances, As a

rule, radioactivity is displayed by the heavy nuclei occurring at the end of the periodic

table beyond lead.

Apart from naturally occurring radioactive substance, the radioactivity can also be

induced by artificial means through nuclear transmutation. The phenomenon of

artificial radioactivity was discovered by joliol and curie, when then they bombarded

aluminium with alpha particles obtained from polonium. They found that even when

the source of alpha particles was removed, the aluminium pieces continued moving

off sorne type of radiation. Also, it was found that the rate of emission of the radiation

was found to decrease exponentially as is the case with natmal radioactivity. Hence,

the phenomenon was termed as artificial radioactivity. The nuclear transformation as

follows:

4 2He+2711Al----• 301sP + 'on .

The isotope 3015p is unstable and radioactive. It decays as follows:

.(I.I)

.............. (1.2)

The half-life period of radioactive phosphorus is fatind to be 2.2 minutes (132

seconds). Soon, other. scientists started investigations and found that not only the alpha

paiticles but other projectiles like proton, dcuterons and neutrons can include artificial
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radioactivity. Further intense discoveries revealed that X-rays and gamma rays from

radioactive substances) belong to electromagnetic radiations of some velocity and

slightly different wavelengths. They are ionizing radiation, which can discharge a

charged electroscope. Alpha and Beta particles are also ionizing radiations. The

essential difference between X-rays gamma rays is origin. Whereas gamma rays result

from charges in the nucleus, X-rays are emitted when atomic electrons undergo a

change in orbit (Steven and Ann, 2002).

l.3.2 Radioactive Decay Law

Rutherford and soddy studied the phenomenon of radioactivity in details and

formulated the following laws, known as the law as of radioactive decay:

I. Radioactivity is a spontaneous phenomenon and oµe __ can110.t predict, when a

particular "atom in a given radioactive, sample will undergo disintegration".

2. When a radioactive a heavy atom disintegrates, either an alpha particle

(nucleus of helium) or a beta particle (electron) is emitted.

The new atom so formed (called daughter atom) may emit a gamma ray photon, in

case the nucleus is left in excited state on emitting the alpha or beta particles). Further,

both alpha and beta particles are never emitted simultaneously. It may also be pointed

out that a radioactive atom can never emit more than one alpha particle or a beta

pa1ticle at a time.

3. The number of atoms disintegrating per second Ófa radioactive sample at any

time is directiy proportional to the number of atoms present at that time. The

rate of disintegration of the sample cannot be altered by changing the external
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factors, such as pressure, temperature, e.t.c it is known as radioactivive decay

law.

Consider that a radioactive sample contains No atoms initially (t
= O). As the time

elapses, the atoms of the sample decrease due to disintegration. Suppose that after

time t, the number of the atoms reduce to N and after time t +-dt, the number of atoms

further decrease to N-Dn. Obviously, in the time interYal between t and t + dt i.e.

equal to dt, the number of atoms decrease by N-(N-dN) i.e. dN.

Therefore. rate of disintegration of atoms at time tis:

... (J.3)

Rt=?dt

According to radioactive decay law:

dN-o:N
dt

dN

dt = -µN ...

. . . . . . . ' . . . . . . . . ' . . . . . . .

........ , .. '" "'
,

(1.4)

Where the constant of proportionality µ is called decay constant of the radioactive

sample. It is also known as disintegration constant or transformation constant. The

negative sign shows that N decrease as time, t increases.

=? = -µdt
N

Solving equation by integration and taking natural log will result in equation
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Where No is the number of atoms of the radionuclide at time t = O. Equation is the

radioactive decay law.

1.3.3 Half Life (T112)

Different radionuclides are transformed at different rates, and each radionuclide has it

own characteristic transformation rate. Thus the time required for any given

radionuclide to decrease to one-half of its original quantity· is•called half-life (T112) of

the radionuclide (cember, 1996). The half-life of a radionuclide is a measure of the

speed with which it undergo radioactive transformation. from equation (1.2), at half-

life, N = N,/2 and I= TJ/2 so that the equation transformation to

, (1.6)

Solving the equation;gives

Till=? .........
µ

···························· .. (1.7)

1.3.4 Activity of Radioactive Substance

The activity of a radioactive substance may be defined as the rate at which the nuclei

of its atoms in the sample disintegrate. If a radioactive sample contains N atoms at any

time t, then its activity at time tis defined as

.................................. (1.8)

The negative sign shows that with the passage of time, the activity of the radioactive

substance decreases.

Since according to the radioactive decay law,
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d.N

di= •¡1N,

Toe equation ( 1.8) may be expressed as

R=

Since N = N¡¡<'1" we h,1vc

R =
N11e·J11

R = !?,?,-,,. c=:::->.-11

The activit) of a radioacti1 e sample is called one curie, if it undergoes 3.7 >< 1010

disintegrations per second. Thus.

l curie (Ci)= 3. 7 ,
l 01" disintegrations s·1.

1.3.5 Specific Activity

.-L1l'·,lil

Although, the activity is uscJ as a measure ai"thc quantit, c,tth, ?1..:_oc,•·.c: :o:-= ;-c·.:s."'7.c

it does not consider mass vr volume of the rmli,,a,·ti"· n,Jtcr'.J. :---e -, . .C:-:-:-c.cs'c'êC

between the activit) and the nw,,, ui th,· rndi,,<1r1i,c 111,11,r•,, , ,., '-" ?-,, ,,:-.."-' :·,,

activity, which is the activity pct unil tllil'•"• ,,¡ tk ,,.,¡¡,.,,,·u,,· , ... ,,,e•··"

specific activity is the mca,utc ,,I"' 11v111 ''""'·111,,.i,,•1•

.:_,¿,?- x·· -
.:::,:;:-

l\_'11:,\?•- --,;_'..::·'·,:__

expressed as:

Ad ¡ii!?

Asp?-;:¡-"' -A

Where N,i the Avu?.adt" I'"""'' 1 ,t11d I
¡I¡, .d• ,111;•

, .,. \, "'",'I•-:,,

!•'J

11(
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"' .... __ 1111?.:
-'"'-""""'""" j?,i,?
world in the past. A survey ba,d ?-¡-.¡/ 1 ,¡¡

.
_

. ,. /¡1{11
=

sources in Okpare- creek$, Deita Stat!! (Jl??t-
deduced that the alpha and beta activities in .?-?L??

I
· ,-,le -

practical screening level of radioactivity in drinking wa1er•it·.,]1

-

_

··,11 I

l .0Bq/L for beta recommend by WHO. Onoja (2004) ?ijl -

. .. .
. .

:;Jj
act1v1t1esm well water m Zaria area of Kaduna State. The remlt::i;;TTJ

'-'\ II

mean value of 75.53 Bqm3 (or 0.D75 BqL-1) for ¡I activity. Tâj?,1?
out a similar work in the Gwammaja area of Kano Metropolitan Çity:1,??1

shows a geometric mean value of 0.05 Bqm3 for ¡I activity. HAAil4'•·•?ti/).11 _

survey of gross beta radioactivity in wells and boreholes fronL10$ ?I:
,•,;A•:\:t

shows that the range of ¡I activity varied from 0.25 to 9.64 Bq/L, wmt?:it;i,i t:,-;
,.··:riJ??

mean of 1.56 Bq/L (Habita, 2008).

·

),:\,·íi,¡-,?.

The aim of this research is to determine the gross radioactivity conCélltra?ionin ?:
'·

..
•':(,

area. This study will also ascertain the safety of drinking water in Willi, tiver, dain llIKI•

boreholewater sources from the study area.

Page12of 25



CHAPTERTHREE

3.0 Materials and Methods

The method used for the r .
.samp mg 1s stratified random sampling (Williams, 1.977) .. Alt

the collected water sample where evaporated in order to obtain their v?ous teSidllt/S.
The sampling procedures include the following: The sample containct wu rimicd
three times with the water being collected to minimize contamination from thétc·

original content of the sample container. The amount collected was such that an,âlfc

space of about I% of container capacity was created for thermal expansion was left,,

The water samples were immediately acidified with 10ml of nitric acid per 2 liters of

sample collected to reduce PH and to minimize the absorption of radioactivity

walls of the containers (ISO, 1992) and the samples were tightly covered wid kept

the laboratory for analysis.

For the purpose of analysis, an Acetone (a cleansing .agent) was used to wash the

equipment needed for the Sample preparation. About 500ml of the sampled water was

measured and transferred to a beaker. The sample was evaporated carefully on a

Binatone temperature adjustable hot plate. The evaporation was done at the

temperature less than 1 OOºC for eight hours until the volume was reduced to about

1 OOml and allowed to cool. The concentrated solution was transferred to a weighed

-

¡ Th b ker was carefully washed with a minimum amount of water wid the
Cruc1b e. e ea

.

¡¡ d to the Crucible. The sample was heated again to dryness and
washmgs trans erre

.
-

d Th Crucible and residue were weighed and by subtraction, the mass
residue obtame ·

e

.
.

•

d was obtained. The residue was dispersed evenly over the
(mg) of the 1g111ted res1 ue
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planchet with minimum requirecl weight of0.0770 _after ze?i!1_g the. :,veight ofplanchet

by slurring with a few drops of ethanol and allowed it to stick together, all this Wl!S

done by using analytical weighing balance. The planchet was weighed again to ensure

that no residue has been lost. This procedure was repeated for a.li the samples. Toe

actual volume of the residue was been calculated by converting the total $\Im

evaporated volume of water of the beaker into ml by weight of residue (g) multiply by

Required Weight (g).

l

V

/l , (J.J)sample uo wne =-¡:;
x w •·· •····· ··· ······

v= volume of water sample evaporated in litres

M= residue mass in (mg) from Y

Rw = Required Weight (g)

. fficiency was derived by taking the weight of the
Where the sample preparation e

W and the weight of the planchet plus sample after evaporation to

empty planche! B

•

W d W gives the weight of the residue.
W Tile difference between a+s an B

100ml, U•S·
•

l. weights of the residue to 0.0770g as specified
. f ti difference between t ie

.

The ratio o ie
. .

.

1

, . le efficiency as shown in equation (\OJ.
I. r d by 100 gives t 10 samp

by ISO mu tip 1e

. . -
Wa+s-WB x/00%. ..

Sample Efficiency
-

o.01109

.. (3.2)

where

We? Empty planche!.

E ty ¡1lanchet plus sample.
WB,s" mp
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The gross alpha/beta countin .

g equipment used· ,,..m "'15 w9rk is the MPC-2000-DP low

background alpha/beta detector. The alpha standards were 2:19¡,¡¡ whose ·1u11r life
•

2411 Oyears, while the beta 90
.

.

Ili

standards were Sr whose half life is 28yeats. 'IMlr

respective activities were calculated at the time of the calibration Sóum! .UNd tó

determine efficienc •

h
.

y m t e proportional counter and are presented in chapter threo.

The equipment is a non g
.

- as proportional counter with an ultra-thin wmdow. For 11:Ji,;

gross alpha/beta counting, the desired weight of 0.0770g of residue on the Plllli.ê?;..

was transferred to the sample carrier of MPC-2000-DP model detector. Platea.uJíi&f'

from proportional counter was run with the manufacturers calibration standards (Zl'llu
·'

and 90Sr) whose activities ranges from 133.29 to 185.S!Bq and 92.31 to 103.68Bqf.

respectively in all the three operating modes. This test was run for 1800s for five·

cycles.

The carrier was then placed on the sample drawer and closed. Counting was done

automatically according to the selected count mode when the appropriate sample

inforrnation was entered (The detector was operated in alpha and beta modes to obtain

the count rates of alpha and beta in counts per minutes respectively). For gross alpha

counting, the high voltage was set at 1600V and samples were counted for 5 cycles of

2700s per cycle. While the high voltage for gross beta counting was set at 1700V and

tcd for 5 cycles in beta only mode. The results were displayed as

samples were coun

t 4Smin (count/min), activity and standard deviation. The results

raw count; count ra e

ts count rate (CPM) were repeated three times each for all

were displayed as raw coun .
'

d the average value was obtained respectively.

the samples an

.

(C) in Becquerel's per Litre was calculated using equation

The activity concentratLon

(3).
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a or P (Bq/l)

Net count (CPM)=
.

···

??. i< 0,01(;7 ..•. ,,. (ll)sample eff x sample size x detector eff
To get the net count, equation (12) was used.

Net count= Rows count (CPM)-Background (CPM) .. , (/?
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3.1 Sampling Location Map

The sample for the analyses were collecte4 from Fas!cariL.G.A ofkalsina-li\difâenvironments.
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4.0 Result and
Discussion CfIApT:ER FOlJR

fabl• 3.i •h=, <h• ?l0,1'"'1 _, ?,.,,.of,..,,? - -?of_sample in ml, from the table, it is observed that Dam has highest actuar vrilwne
followed by U/Bara'u

indicating high level of
contamination which can be lead to

waterborne diseases
(vestcrgaard, 2004). While Blkwata has much less residuecompared to others. Which make it much safer for consumption.bl 3 I ShTa e .. . ows lC e

?

Required¡Sm
Sample Vol.

Weight Weight Weight Actual
ID

cvaporation(m Is) of of dish of volume Weightempty + residue
(g)dish Sample (g)

j_g) (g)

0.187 0.0770
500ml + 500ml1 95.!7 '95.99 0.82

l Boreholes
l 5001111+ 500ml

77.3 I 1.37 0.112 0.0770
500ml + 500ml+ 75.94

2 B/kwata
500ml+ 500ml

95.79 0.6 0.257 0.0770

-

500rnl + 500ml+ 95.19
3 U/ Bara'u

500ml+ 5001? ?

0.0770
?

95.28 0.15 0.462soomT+ 400ml+ 95.13
0.19 0.203 0.0770

4 Dam

75.91 79.10
5 Tukusha 500ml

li R suits íor the Eva oration of Water
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Table 3.2: Count Table ti
I sin I ?I ha and Beta.P a Alphaa

!,AA:i¡lpilihaã!Aij;iia11w;:--r-..::::-'--r:,----,count CPM count Alpha Beta Be--- CPM e t
.

.

ta. lleta

-?fl?fsC::=40?.-fslo7?:5a?v9e?r?a?¿a?v?erar!1e?-?:t:"·:·n?.:·?c?.f?M:,?-1·?;-r;:n;··t?? 196
·- Ul---?2?? ·

;•1•?--?l?.B?O??
Boreholes ?,__:?------..::!!__ __ll?.ll7_,....... __ :_,_

I - 37 1,43

BGK

2 8/ kwata 30 1.00

3 U/ Bara·u 75 2.50

-

4 Dam 36 1.20?---

5 Tukusha 57 1.90

40 1.33

59 1.97----

_7_3 __ 2.43

The concentration of gross alpha and beta particles in water by using proportional

counter is as shown in Table 3.2. the table depicts that borehole I has the most alpha

CPM and. that of Tukusha has the most beta CPM. This means that they have high

concentration of alpha and beta radioactivity respectively.
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Table 3.3:- ResuJt of G?ha!betaRadi
.

.

Alpha oaç.·tivit{.
s in test ?l!:a..u..•......

R.adlOactniity
·

llet.
· ?-::·F,,,.-.,.-.... __SINO SAMPLE 8-?ty

Concentration ( Bq/1)
ID

l. Bore hole¡ (7.09 ± 3.98) X !Q-02
(2.6Q6:1,4.2s)2. Tukusha (2.64 ± 5.88) X JO:JJZ (l.60HD.79Ji<

3. B/kwata (l.] 5± 2.17) X ]O:JJZ

4. Dam {6.39 ± 0.12) X 10.(j' (2.084 ± 2.27) X J()"'1
·

5. U/bara'u (4.95 ± 3.18) X 10'" (3.845± 1.00) • 10'"1

The alpha and beta radioactivity's water samples is as shown in Table 3.3. It can be

deduced from the table that Borehole I has the highest alpha activity, having the value

of 7.07±3.98x I 0·2 Bq/1, where Dam has the lowest alpha activity value of6.39±0.!2 x

I 0·3 Bq/1. Through all the values of alpha activities are below the recommended value

set by WHO which is 0.5 Blq/1. While for beta activity, the lowest value is from

(B/kwata) which is (2.05 l ± 3. 79) x J0-01, and the highest value is from (Tukusha)

which is, this may attributed to the geological formation of the area and industrial

h
·

¡ th t may contain beta emitting elements used in fertilizer
wastes, such as e em1ca s a

. . h d
.

1 the river and streams located in the area. With the
industries which are was e 10 0

.oo
B /l it is inferred that beta activity is higher than the

value of (I.603 ± 0.79)" IO q '

.
.

'ty 'n drinking water of I.O Bq/m3 for beta as
.

I el of rad10activ1 l

practical screenrng ev

ti is not fit for consumption.

recommended by WHO and there ore
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lFigure 3 .1: shows

pictur?s
of where water sample were collected

j

figure 3.7: Proportional
Figure 3_8: Analytical weighing balance
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?!!1!$Y assessment and comparison or result a bar chart was drawn of alpha and beta .
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1.6------
1.4-----
1.2 ------
1------

º·ª-----
0.6 -----

0.4------
0.2 ----
O-----·•

Bore hole 1 Tukusha

7

B/kwata Dam U/bara'u

Figure 3 .S: A bar chart showing the variations in beta activities on test water samplês,
It is observed from figure 3.5 that all samples except that of Tukusha have beta

activity values below the recommended value of I .OBq/1 by WHO. So therefore

whoever that consumes water from Tukusha area is at risk of contaminating diseases

which could lead to death.



CIIAp'fER J'f\l};
sJ..._muy, Conclusion and R

. econunendations

s.tSummary

The water sample were select••d ?
d' ......

·
· i ,,,:\ /'''- ,ro,11 rfli .•

,, ?·'···'.-",
.

erent sources of water well, rlver;•1iji¡f
¡;,

borehole m Faskari Local Government Arca of Kat
.

S

·
· ,,

.

.,,sina tate (Northern Nigeria)dli,two litters of each. I 01nl of con, HNo 1

_ •. , dd .
.

-' ic1c a cd tor preservation and evaporatediñ
a beaker and transferred into ,1 plan,ct till 1,, .d

.0 ,en resi uc. 1 he samples counted for

gross a and Jl activity with proportional counter. The counter was characterized for

background, plateau and dctc<:tion-limit. From the characterization results. it was

discovere? that the counter sh,mcd low ba,kground, good plateau and low detection

limit of the samples. It shows that the c,lllnts taken from channel were reproducible

for the channel and for mode of counting. The result discovered that the alpha activity

. .
.

·t,
·

i)' one area which is Tukusha has (1.603)
m water is safe while tor beta act1v1 ), 1s on

. mmended value of 0.5 Bq/1113 for alpha

Bq/1, that the activity is higher than the reco

AD d World Health Organisation (WHO).
and I.O Bq/m3 for beta given by CEC-F an

·

5.2 Conclusion

.

ti t the water samples investigated have a

. d it is obvious ia

Base on the results gatheic •

e al ha activities Jess than

d therefore hav p
·

f I J a emitters an
tivitieslow concentration o a P 1

. samples have beta ac
_

.

11
the watc1 ,

ti e other hand ª

r
. evident

D.5Bq/l for the samples. On l
.

.
•

I 6Bqll. It is there Ole

I
ac11v1tyis .

. kusha where tie
. Jess in Tukusha

below I .O Bq/1 except Ill Tu
. ·or consumption

un

. ·s safe ''
WHO

elected Jocat1ons
'

the set value by .

that water from all the 5

.
.

. which is above
dioacuv1tY

of beta ra
that has the highest value
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