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ABSTRACT

The gross alpha and beta radioactivity of water pls were measured using proportional gas couriike result
show that the gross alpha and beta radioactivitywater samples is higher than the maximum contamileaels of
0.1 and 1.0 Bg/L set by World Health Organizatig¥HHO). The range of the measured alpha activity fsasd to
be between BDL to 9.547+40.37 Bg/L with mean of 8113 Bq/L. Also the beta activity was measuredvieen
BDL t012.11940.46 Bg/L with mean of 8.33240.44 Bdlue to the high results obtained from the grdgha and
beta measurement, therefore there is need fordurshreening for radioactivity from the water besalcontinues
drinking may pose serious health side effectsaqithblic users.
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INTRODUCTION

Water quality is an important parameter of envirental studies. Radioactivity present in surfaceewe mainly
due the present of radioactive elements in theh@adrust. The earth crust contains small amouhtgranium,
thorium and radium, as well as radioactive isotoppotassium. Human activities (mining, milling apcbcessing
of uranium ores and mineral sands, manufacturertifiters, burning of fossils fuels, metal refigirfarming, etc.)
have raised natural radioactivity concentrationthim environment. These Radioactive materials eactr surface
continental waters by different pathways from eathhe processes or activities. Rivers and Dam meae be
contaminated by surface runoff of rainwater tram8pg leached radionuclides from cities, mine wasteil
weathering and agricultural areas [8].

Furthermore, another form of water pollution iseasesult of certain rock types containing radioscttlements
referred to as Naturally Occurring Radioactive Mals (NORM). When these rocks are disintegratawigh
natural processes, radionuclides are seep to thengbare carried to the rivers by rain and flofgls

Radioactivity in drinking water is one of the majgays in which radionuclides from the environmeetsgnto the
human body, which might consequently lead to ramfiainduced disorder [10].
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In developed countries, radioactivity measuremenalivays part of their water quality determinati®@a many
countries are now adopting the guideline activittesommended by the World Health Organization [1] o
concentration for drinking water quality. Howeverdountry like Nigeria, no any work has been dongaébe Dam,
Dutsinma of Katsina State, with regard to radiodigtimeasurement. This work is going to be a mamtribution

in providing information about the level of raditiaity and their possible health hazards in theaameder study.

To give an approximate idea of the amount of raditide in water, the gross alpha and gross befsitas are
measured. Gross alpha activity is defined as tt& &wtivity of the alpha emitters (includii@Ra) once radon has
been eliminated. Gross beta radioactivity is thiiviag of beta emitters excludingH, *“C and other beta emitters

2.

In order to guarantee an exposure lower tham8w,WHO recommends the guideline values for drinkingeva
0.1 Bg/L for alpha activity and 1.8q/L for gross beta activity. If the gross alpha acfiekceeds 0.Bg/L or the
gross beta activity exceeds BA/L, analysis for specific radionuclides is requirgd][

The aim of this work is to determine the gross alphd gross beta radioactivity in water samplekectgd from
four different locations of Zobe Dam and providebase line data which can be used to evaluate lgedsiture
changes.

MATERIALS AND METHODS

Area of Study and Location

The Zobe Dam is located between latitud®2I2 34.62 N to 12 2327.48 N and between longitud® 27 57.12 E
to 7°34 47.68 E, in Dutsinma Local Government Area of Katsinat&t The reservoir formed by the Dam cover
4500 hectares of rocky land and during the rairasee stores 177 million cubic metres of water wiécreleased
downstream for irrigation and town water suppli€ee Zobe Dam has only two tributaries; these ineluder
Karaduwa and river Gada in which river Gada drédngver Karaduwa. The Dam is constructed in rikaraduwa
and the Dam over Karaduwa is about 2.7 kilometoeg land flowing north westward to the Sokoto Basilong
the river course, there are no large cities, noingirites, no nuclear enterprises such as cheraitélphosphate
industries. Farmers’ lives in the area generallgr ranimals, raise crops and some vegetables. Theref
agrochemical such as fertilizers and pesticideyities are the main contaminant of the Dam reserkishing is
another major activity in the area.

Sample Collection Procedures

Water sample were collected from Garhi A, GarhiMakera and Tabobi. Garhi A, Garhi B and Makera thee
areas where farming, domestic/live stocks actiwiied fishing are very high. While Tabobi is thetcol area in
which the activities mentioned are very less. Tdmage collection method was achieved as describlhb

Sample Collection and preparation

Fifteen (15) water samples were collected. FoQrs@mples each were collected in an area whereirfgrm
domestic/livestock activities and fishing is verjgth and three (3) from the control area where fagni
domestic/livestock activities and fishing is veeg$. The stratified random sampling was used ih e&the four
regions. The point of collection of each sampleenmgiven a unique code and noted with its GPS coatditaken
with a handheld GPS device. Samples were collent@diter plastic bottles with tight covers. Thengpling bottles
were carefully washed in the laboratory and rinbede times with the sample water to be sure #yaipte collected
are representative of the bulk. The water was c@tbnear the bank of the Dam where there is lidgsod of the
washout from the surrounding environment. The sampt the time of collection were acidified witroab20nl of
nitric acid per litre to reduce the pH to 2. Thesd minimize precipitation of the radionuclide gegat in the sample
water and also to prevent the absorption of radiacby the walls of the sample container. Thengpée containers
were then labeled, tightly covered with a spacebwfut 1% and taken to the laboratory for analysis.

Sample preparation and analysis was done at th&elClen Energy Research and Training (CERT) AhmBélio
University, Zaria, Kaduna State. The preserved msaenples were evaporated to a small volume usiBmpatone
regulated temperature hot plate and then transfeantitatively to a 7ch? counting planchet whose weight has
already been determined. Sample residue is driedristant weight using the infrared radiation laang reweighed
to determine the dry residue weight. The dry sannge then counted for alpha and beta radioactiVitye sample
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frequency, volume of sample used, alpha activity lagta activity were all obtained following the pedures earlier
reported by [12]. The counting was done with arheihannel-gas filled proportional counter whichswiast

automated by entering the pre-set time, countingage and number of counting cycles, along with ¢benter
characteristics (efficiency and background), volusheample used and sampling efficiency. The mddmoanting

was selected arbitrarily.

The sample efficiency, background measurementpkateau test were carried out using standard mstf&jd

Sample efficiency 2"3;'3—7_7‘“ X 100% (1)

Where: Wy is theweight of the empty planchél/;, s is the weight of planchet plus sample after evagon, and
0.077¢ng is the expected mass of the residue in the pktnch

Gross Alpha and Beta Counting

The gross alpha and beta counting equipment usehisnwork is a Eurisys System Low Background Mléi
(eight) Channel Alpha and Beta detector. The eqaifinis a gas flow proportional counter with 4§&n? and
thick window of diameter 6G@m It allows simultaneous counting on eight 808 or 55mm diameter samples.
Alpha (@) and betaf}) activity measurement on compound sources camlieetisre, sequential or simultaneous. The
procedure involves entering the present time, nundfecycles and the operational voltage. Also tloaird
characteristics (channel efficiency, and backgrocmaht rate), volume of sample used and sampleiefity were
entered [3].

The selective counting was adopted for gross atpbasurement. High voltage of 1650V was used anglgam
were counted for 5 cycles of 2700 sec per cyclee @lpha count and alpha activity were calculateédguthe
formula [6].

The alpha count ratex] (count/s) =—o & Count x60

)

Count time (sec)

Rate (a)—-Bgd (a)
Channel a ef ficiency x Sampl ef ficiency x Sample vol.

The alphaactivity () = (3
The selective counting was adopted for gross bet@sorement. High voltage of 1700V was used, anglesmvere
counted for 5 cycles of 2700 sec per cycle. Tha beunt rate and beta activity were calculatedgutiie formula

[6].

The beta count ratgg) (count/s) % (4)

The beta activity) = Rate ()= Bgd (B) )

Channel B ef ficiency x Sample ef ficiency x Sample Vol.

Data Presentation of Alpha and Beta Activity

Alpha Activity

The alpha activity in the prepared water samplexpressed as activity concentration C in Becqueeel litre
(Bg/L). The activity concentration is calculated usihg formula, [6].

_(Rp—Rp)Xx agxmx1.02
(Rs — Rg) X 1000 V

(6)

Where: Ris the observed sample count ra®)(R, is the background count rateJsR, is the observed standard
count rate §%), a is the specific activity of alpha standard, Vig tvolume of the evaporated in litre amds the
mass in mg of the residue from volume V and théofat.02 is included to correct fon of nitric acid added per
litre as a stabilizer.
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Beta Activity
The gross beta activity is expressed as activiticentration C iBg/L and calculated as;

_ (Rp - Rg) x14.4xmx 1.02 )
(Rs — Rg) x 1000 V

C

Where the valu% represent the specific activity 8K in Kcl, all other terms expressed have their isu@aning
as in equation (6).

RESULTS AND DISCUSSION

Concentration of Gross Alpha Activity

The measured activity concentrations of gross alphaater samples of four different locations inbgoDam are
gathered in Table 1. The observed gross alphaitgctound in water samples vary from BDL to 9.5473DBq/L
with average 6.187+0.3Bg/L. The highest gross alpha activity in the water feamd in Zone (A) and the lowest
gross alpha activity in water samples was founddne (B). The gross alpha activity in water sanmglprimarily
comprised uranium decay products such?Ra and*°’K. WHO recommends the parameter of gross alphaigcti
concentration to be 0BRg/L If the gross alpha activity does not exceedBHL, it can be assumed that the annual
total indicative dose is less than OmSv per year. The results obtained show that the medsactivity
concentrations of gross alpha in all water sampleshigher than 0.Bg/L which is the limit recommended by
WHO.

Table 1: Alpha and Beta Activity Concentration for Water Samples measured in this work

Alpha and Beta Activity Concentrations in Bg/L

Sam_ple Sample Codes SampleID Alpha Activity Beta Activg  Coordinates
Locations
N12°22.784
WAL 11.397+0.38 10.997+.048 o557 oo
WA2 7618:028 6966036 N1222.787
E007 27.905
GARHI A Zone A N1222.642
WA3 1.087+0.31 BDL E00P27 926
N12°22.613
WA4 7.223+0.28 6.896:0.36 (1557 905
N12°21.173
WB1 7.458+0.32 BDL E00730.250
WB2 74755033 98726041 N1221.210
G E00730.256
ARHI B Zone B N12°21 216
WB3 0.595+0.26 BDL E00730.989
N12°21.261
WB4 1.713+0.62 2.83720.77 (0545130
N12° 22.480
WC1 0.826+0.23 BDL E00727 885
WC2 9.547+0.37 12.119+0.46 N12°22.496
E007 22.896
MAKERA Zone C »
weC3 BDL BDL N1Z 22.517
E00727.904
N12°22.433
WC4 8.940+0.33 65112043 [ 00 o0n
N12°23.121
wD1 BDL BDL E00730.715
N12°23.51
WD2 9.067+0.33 11.721+0.45 E00730.737
TABOBI Zone D
N12° 23.299
WD3 5.276+0.22 7.02520.27 oos'aneee
MEAN 6.187+0.37 8.332+0.44
MAX 9.547+0.37 12.119+0.46
MIN BDL BDL
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Concentration of Gross Beta Activity

The measured activity concentrations of gross betaater samples of four different locations in 2obam are
shown in Table 1. The observed gross beta actfoityd in water samples vary from BDL to 12.119+0Bi§/L
with average 8.332+0.4Bg/L. The highest gross beta activity in the water ¥eamd in Zone (D) and the lowest
gross beta activity in water samples was foundaneZ(B). The gross beta activity in water samplerimarily
comprised uranium decay products such?®Ra and*°’K. WHO recommends the levels of gross beta activity
concentration to be 1Bg/L If the gross beta activity does not exceedBqfl, it can be assumed that the annual
total indicative dose of adults is less than Bw\$vper year. The results obtained show that the medsautivity
concentrations of gross beta in all water samplesigher than 1.8g/L which is the limit recommended by WHO.
Figure 1 shows that the gross beta activities &kehn than the corresponding gross alpha activitesall water
samples.

10 ~
9

[e)] ~ [0
1 1 1

Activity Concentration in Bq/L
(9]

4 - H Alpha activity
3 - B Beta activity
2 4

1 .

0 .

ZONEA ZONEB ZONEC ZONED
SAMPLING SITES

Figure 1: Alpha and Beta activity concentration inall zones

The average value 6.187+0.B@/L of alpha activity obtained from this work excedhs Australia Causeway River
water alpha activity by 6.0Bq/L , the average alpha activity also exceed the geeapha activity of river Kaduna
(0.1173Ba/L) by 6.0697Bg/L [7]. However, the value is lower than the mearhalpctivity value reported earlier
for Okpare Creek [2] and is also lower than thehal@activity value of 6.7+0.07Bq/L reported for Opa River
irrigation farmland [4].

Comparing the average value 8.B/L of beta activity obtained in this work with: 0.CG®Bg/L obtained in Zaria
and 1.56Bg/L in Jos by [5] this shows that Gross beta actimigasured in all the sampling sites in Zobe Dam are
relatively high.

CONCLUSION

Concentrations ranging from BDL to 9.547+0.Bg/L with an average 6.187+0.3Bg/L and from BDL to
12.119+0.46Bg/L with an average 8.332+0.4q/L. were observed for the gross alpha and gross dmtities,

respectively. For all water samples the gross hetiaities are higher than the corresponding gedgka activities,
the higher value of Gross beta activity could beaagsult of the geological formation of the ardaose land is
highly invaded with phosphorus, a by-product of gfttate that has potassium-40 which is a beta antnga
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emitter whose source is fertilizer used by farmBigth gross alpha and gross beta activities afgentively higher
than 0.1Bg/L and 1.0Bg/L recommended by WHO. Since the gross alpha activityrinking water is higher than
0.1Bg/L and the gross beta activity exceedBdiL, it can be assumed that the annual effective dasigher than
0.1 mSwper year.

Nigeria has no public drinking water standardsréaioactivity yet. So, the above results are comiplarwith the
guideline values of WHO for drinking water. It isund that the water in all the sampling sites i safe for
livestock and domestic consumption. Therefore thereeed for further screening for radioactivitprfr the all
sampling sites and the whole Dam because continse®of the water for direct drinking from the Damaypose
serious health side effects to the public users.

The obtained data in this study serve as basediitee used to evaluate the possible health impdtteofvater. This
work could help to create a public awareness athautotal or gross alpha and beta activities inkdng water and
the radiological impact on the dweller’s health.
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