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Abstract— Uranium (VI) forms a complex with potassium 

hydrogen phthalate. This complex is adsorbed onto a hanging 

mercury drop electrode (HMDE) and uranium is determined by 

differential pulse cathodic stripping voltammetry (DPCSV). This 

method is applied for the determination of U (VI) in 10 rock 

samples and 15 underground water samples. The reduction 

current of adsorbed complex of uranium (VI) was measured by 

differential pulse cathodic stripping voltammetry (DPCSV), 

preceded by a period of accumulation onto the electrode surface. 

Concentration of U(VI) found were ranged from: nil  ــ  

3.34µgL-1in ground water samples and 0.167 – 3.637 mgkg-1 in 

rock samples. The statistical parameters (standard deviation, 

correlation coefficients, for estimation and confidence interval for 

standard deviations) are made by linear regression method. The 

values reveal the accuracy and reliability of the proposed method 

for monitoring of U(VI) in underground water and rock samples. 

Index Terms— Differential pulse cathodic adsorptive stripping 

voltammetry, Uranium, Uranium (VI), rocks, underground 

ground water samples. 

I. INTRODUCTION 

Uranium metal (U) is in homogeneously distributed in 

nature. The recovery of (U) from the earth’s crust has been 

gaining much attention in recent years because of its ever 

increasing demand in nuclear technology. It has been 

determined in different materials viz. ores, rocks, minerals 

and seawater etc. by several research workers [1-4]. It 

occurs in rock materials at minor and trace levels. An 

analysis of (U) in natural origin (geological) samples is 

necessary not only in view if its significance for nuclear 

technology and economic value, but also for its 

environmental significance. Due to the importance of (U)  it 

is desirable to use an analytical technique that is highly 

sensitive especially at trace levels, specific , precise and 

yields much elemental information , even for a small sample.  

Local rocks and soils appear to be the natural source of the 

(U). Drinking water is a minor source of uranium exposure, 

contributing 5% or less of the total daily intake. However, it 

should be noted that the total daily intake of (U) resulting 

from consumption of water and of diets containing typical 

levels of (U)  would be considerably lower than the 

Acceptable Daily Intake (ADI) (i.e., -10% of ADI).   
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Moreover, the (U) content of foodstuffs does not appear to 

be appreciably higher in areas where concentrations in water 

are high. The Maximum Acceptable Concentration (MAC) 

has been derived, therefore, assuming that the estimated 

proportion of total (U) intake normally ingested in drinking 

water is 90%.  This was based on the consideration that the 

total daily intake of (U) from food and from drinking water 

containing concentrations at the MAC (assuming 90% 

allocation to drinking water) is unlikely to exceed the ADI 

[5]. However, adsorptive stripping voltammetry is a 

powerful technique useful for (U) trace analysis. This 

method has been applied to the stripping voltammetric 

determination of (U) in the absence and in the presence of 

various complexion reagents [6]. The levels of (U) in 

underground water are in the range that has been associated 

with nephrotoxicity, high blood pressure, bone dysfunction 

and likely reproductive impairment in human populations. 

We consider the risk associated with drinking the 

groundwater with elevated levels of (U) to be a matter for 

some public health concern and conclude that the paucity of 

data on chronic effects of low level exposure is a risk factor 

for continuing the injury to many people. Some studies also 

suggest small functional changes in the kidney when humans 

are exposed to high (natural) (U) doses with drinking water 

at doses of 20 to 200 µg U/day; the kidneys as the organs 

most sensitive to the chemical  toxicity of (U).  Compounds 

complexed with ions and proteins in the blood, are 

distributed to all tissues, and preferentially deposited in bone 

and kidneys [7]. Because (U)  is a relatively mobile element 

in many  surface or near surface environment, its 

geochemical exploration methods require the measurement 

of the trace quantities of metal ion in water samples [4,5] 

along with that in plants, soils, and rocks. The (U) 

concentration of seawaters is lower than 3.3 ng ml
−1

 [8] in 

freshwater. Thus, highly sensitive methods are required for 

accumulation and determination      of (U) in water samples 

collected for prospecting purposes. It should be noted that 

because of (U) is a chemically toxic and radioactive; the 

safety profiles for (U) compounds are well established [8, 9]. 

Several techniques have been developed for determination 

of (U) including spectrometry [9, 10], neutron activation 

[11], spectrophotometry [12], molecular fluorescence 

spectrometry [13], gas chromatography [14], and complex 

metric titration [15]. There are few precedents on the use of 

inductively coupled plasma – mass spectroscopy (ICP-MS) 

for the determination of (U) in water [16]. These methods 

are not sufficiently sensitive for the direct determination of 

(U); so that accumulation stage is necessary. However, the 

accumulation step is too much time-consuming and of labor 

intensive. Adsorptive cathodic stripping voltammetry 
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(AdCSV) is a powerful technique for determination of levels 

(ng ml
−1

) or even sub ppb of metal ions and organics. The 

technique is based upon adsorptive accumulation of the 

metal ion complexed with a suitable ligand onto the 

electrode surface and then scanning the potential of the 

electrode in the negative direction. Advantages of AdCSV 

for trace analysis are high sensitive, low instrumentation and 

running costs, the possibility of analysis sailing matrices, 

such as seawater, without the need of prior separation. 

Several complexing reagent already have been applied to 

determine uranium by AdCSV [6] such as potassium 

hydrogen phthalate on a hanging mercury drop electrode and 

then reduction of the adsorbed complex [17]. catechol, 

mordant blue 9, oxine, cupferron 

(nitrosoarylhydroxylamines), DTPA, propyl gallate, 2-TTA-

TBP, xylidyl blue, TTA,triphosphineoxide, dipicolinic acid 

(DPA), chloranilic acid, (U),PAR and N,N-ethylenebis 

(salicylidenimine) onto the hanging mercury drop electrode 

prior to the reduction of the adsorbed species, but most of 

the procedures often suffer from interferences due to 

overlapping stripping peaks (from some coexisting metals) 

or high level of detection , long accumulation time (10 min) 

and short linear range .    (U)  occurs in rock materials as 

minor and trace levels and it is present as a trace level and is 

generally associated with Th, Cs, Fe, Mn, Cu, Si and Ca 

[18]. Adsorptive pulse polarography had been developed for 

determination of (U) oxinate in chloroform and its use for 

the analysis of uranium mineral ores [19]. This paper 

describes a sensitive and selective cathodic adsorptive 

stripping voltammetric procedure for determination of 

uranium in rocks and underground water samples. 

II. EXPERIMENTAL 

A. Instrumentation 

Differential pulse stripping voltammogram were recorded by 

Polarographic Analyzer Stripping Voltammeter Model 264 A 

(EG&G, Princeton Applied Research; Princeton, NJ, USA), 

coupled with a PAR 303A Static Mercury Drop Electrode 

(SMDE; drop size: medium, area of the drop: 0.014 cm2). 

The polarographic cell bottom (PAR Model K 0060) was 

fitted with Ag/AgCl 3.5 M KCl, reference electrode, and 

platinum wire used as a counter electrode. A PAR 305 stirrer 

was connected to the 303 SMDE. A PAR Model RE 0089 

X-Y recorder was used for recording the voltammograms.  

B. Chemicals 

The following reagents were prepared. A 0.01 mol L-1 

aqueous stock solution of uranyl acetate (BDH) U(VI) was 

prepared.  A 0.01mol L-1 solution of, potassium hydrogen 

phthalate (Merck) was prepared by dissolving the appropriate 

amount in distilled water.  The solution was used for few days 

only to avoid the bacterial effects. An aqueous Solutions of 

0.1 mol L-1 sodium perchlorate were used as supporting 

electrolyte. Carbonate free sodium hydroxide solution (0.1 

mol L-1) was used to adjust the pH of the supporting 

electrolytes using an HANNA instruments pH 211 

microprocessor pH meter. 

 

 

 

C. Chemicals 

The following reagents were prepared. A 0.01 mol L-1 

aqueous stock solution of uranyl acetate (BDH) U(VI) was 

prepared.  A 0.01mol L-1 solution of, potassium hydrogen 

phthalate (Merck) was prepared by dissolving the appropriate 

amount in distilled water.  The solution was used for few days 

only to avoid the bacterial effects. An aqueous Solutions of 

0.1 mol L-1 sodium perchlorate were used as supporting 

electrolyte. Carbonate free sodium hydroxide solution (0.1 

mol L-1) was used to adjust the pH of the supporting 

electrolytes using an HANNA instruments pH 211 

microprocessor pH meter. 

Table 1: The Sources of Underground and Bottled 

water samples 

D. Treatment of water samples  

The fifteen water samples were collected in April 2010 from 

Assiut city, viz ten samples represent underground water 

(wells) from five positions and five samples represent mineral 

(Bottled) water as shown in Table 1. Samples were collected 

in previously cleaned polyethylene bottles (1 - 1.5 liter) after 

15 min from the opening of the taps then acidified to about pH 

~ 2 by adding suitable amount of concentrated nitric acid 

(Analar), stored in polyethylene bottles and kept in a 

refrigerator at -4.0 °C until analysis [20]. 

E. Treatment of rock samples 

The ten rock samples were collected in 2010 from Eastern 

Desert (Egypt). C1 - C5 Clays from Gabal Dababiya and 

Gabal el-Qreiya , P1 – P3 Phosphate rocks from  Gabal Abu 

Tartur and (western desert) G1 – G2  Granite from Aswan and 

Gabal Gharib, Red Sea as shown in Table 2.     0.6 g of 

powered ore sample was transferred into a 100 ml beaker, and 

boiled with 15 ml of 12 M hydrochloric acid on a hot plate, 

then 5 ml of 16 M nitric acid was added and boiled the 

solution almost to dryness. Another 5 ml nitric acid was added 

to the residue (1:1) and boiled for 15 min, filtered and washed 

Location 
Code of 

Sample   

El Moalman  *UW1  

El Weledayah 
UW2  

UW3  

Nazlet Abdellah 

UW4  

UW5  

UW6  

Tekseum Alhokoukieen  
UW7  

UW8  

Manqbad 
UW9  

UW10 

Bottled  water  

*BW1 

BW2 

BW3 

BW4 

BW5 

*U= 

Underground 

water 

*B= Bottled 

water 
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with 5% hot nitric acid solution, transferred the filtrate into a 

100 ml flask and diluted to volume [21].  

Table 2: The Sources of rock samples 

 

F. Procedure 

A known volume, 7.5 ml of water sample or 5ml from rock 

sample solutions,  0.01 mol L-1 sodium perchlorate  as 

supporting electrolyte and 0.01 mol L-1 potasium hydrogen 

phthalate pH~7( total volume 10 ml)  was deaerated with 

nitrogen for 16 min. The accumulation potential of -0.4V   (vs. 

Ag/AgCl); was applied to the fresh mercury drop electrode 

for a period of time, while the solution was stirred at 400 rpm. 

The stirring was then stopped as controlled by the 

microprocessor and after 15 s (equilibrium time) the 

voltammogram with negative potential scan was recorded. 

The scan rate was 5 mVs-1 for differential pulse cathodic 

stripping voltammetry (DPCSV) with 50 mV pulse amplitude 

and pulse duration of 1 s. All data were obtained at room 

temperature (25±1°C). After the stripping voltammogram has 

been recorded for each sample alone , different concentration 

from the standard (U) ion  were added to the cell using an 

automatic pipette (Volac 10-100 µl) to a new mercury drop , 

while keeping the preconcentarion  time constant. The 

solution was stirred and purged with nitrogen for 30 sec, after 

each spike the voltammogram recorded. The concentration of 

U (VI) in the electrolytic cell was calculated in the sample 

solutions by using standard addition method, Then the 

concentration in ppb of each samples were calculated.  

G. Blank Measurements: 

The ultra-trace amounts of the other elements under 

investigation probably found as impurities (if any) in the 

supporting electrolytes were determined using the optimal 

conditions and in the same standard addition method. This is 

more precise rather than the subtraction of the residual currant 

directly from the experimental readings of the sample. The 

graphs and the results are calculated by using Excel 2003 

programme. 

III. RESULTS AND DISCUSSION 

Differential Pulse Cathodic Adsorptive Stripping 

Voltammetric Determination of U(VI). 

A. In Water Samples 

7.5 ml of water sample in presences of 10 mM sodium 

perchlorate and 0.1 mM potassium hydrogen phthalate, pH ̴ 7 

at accumulation potential -0.4V gave symmetrical adsorption 

peak for U(VI) as shown in fig 1 for the analysis of UW2. The 

current signal may be considered as the result of reduction of 

U(VI) to U(V). The optimum accumulation times were tested 

to determine U(VI)  ions in all samples under investigation 

The effect of accumulation potential was studied and it was 

observed that the highest and best shape peak for U(VI) was at 

-0.4V. The optimal accumulation times were selected for all 

underground water samples in a manner that linear relation 

must be established between accumulation times and current 

signals Table 3. However, no peak was observed for samples 

UW3, 5, 6, 7 and all mineral water samples under the present 

set of experimental conditions. Fig.2 represents the 

differential pulse cathodic stripping voltammograms of WU9 

sample solution in absence and in presence of the addition of 

standard U(VI). On plotting of peak current against  added 

concentrations for water sample solutions (UWx) in the same 

supporting electrolyte at the same conditions, straight lines 

are obtained as shown in  Figs.3 and 4 .The uranium content 

of different water samples and its statistical parameters by 

linear regression method are tabulated in  Table 3. The values 

are ranged from nil - 3.34 mgL-1. The results indicate that the 

concentration of U(VI) ions content in six water samples is 

less than permissible value as given by EPA [21], Canadian 

Location Properties  Type 

Code 

of 

Sample 

Gabal 

Dababiya, 

 

Coprolite-rich 

shale, Dark 

grey phosphatic 

shale, 60 

million years 

old  

Clays 

C1  

Bone-bearing 

shale, Grayish 

brown 

phosphatic 

shale, 55 

million years 

old  

C2 

Clay bed, 55 

million years 

old 

C3 

Gabal 

el-Qreiya 

Black 

laminated 

non-calcareous 

shale, 60 

million years 

old  

C4 

Brown 

laminated 

gypsiferous 

calcareous 

shale, 60 

million years 

old  

C5 

Gabal Abu 

Tartur 

Phosphatic 

Packstone  

Phosphatic 

Rocks 

P1 

Phosphatic 

Packstone 
P2 

Phosphatic 

Grainstone  
P3 

Aswan 

Red Aswan 

granite, Aswan 

stone quarries, 

Ghiandone 

Aswan Granite  
Granite 

G1 

Gabal Gharib, 

Red Sea 

fluorite-bearing 

granitic 

plutons, 

anorogenic 

hypersolvus  

G2 
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Drinking Water Quality [22] and the World Health 

Organization's guideline of uranium in drinking water [5]. 

The SI unit for magnetic field strength H is A/m. However, if 

you wish to use units of T, either refer to magnetic flux density 

B or magnetic field strength symbolized as µ0H. Use the 

center dot to separate compound units, e.g., “A·m
2
”. 

Table 3: The sources and Uranium content of different 

water samples (a mean value ± standard deviation for n = 

5 at the 95% confidence level) 

 
Fig. 1: DPCS Voltammograms of U(VI)ions in sample 

UW2 in presence of  10 mM  sodium perchlorate  and 10-4 

M potassium hydrogen    phthalate accumulation 

potential -0.4 V  and different accumulation times: (a) 

zero;  (b) 15sec (c)  30 sec  (d)  60sec (e)  90sec and (f) 

120sec. 

 

 

Fig. 2: DPCS Voltammograms of U(VI) ions in sample 

UW 9 spiked with different concentrations of U(VI) ions 

using  standard addition method with 10 mM sodium 

perchlorate and 10-4M potassium hydrogen phthalate, 

pH ~7 at deposition potential -0.4V and                            

accumulation time 210 sec. (a) Sample(S)        (b)  S + 0.5 

×10-8 ,      (c)  S + 1 ×10-8,   (d)  S + 2×10-8,     (e) S + 3 x10-8  

M  U( VI). 

 

Fig. 3: Standard addition plot for determination of U(VI) 

ions in UW1, UW2 and UW4 samples at accumulation 

time 180, 210 and 150 sec respectively. 

 

Fig. 4: Standard addition plot of U(VI) ions in UW8, UW9 

and UW10 samples at accumulation time 240, 210 and 180 

sec respectively. 

B. In Rock Samples 

The accumulation potential was tested for all rock samples, it 

was noticed that the optimum potential was -0.45V vs. g/AgCl 

reference electrode. Also the accumulation times were tested 

to determine U(VI) ions in all rock samples under 

investigation.  Fig.5 represents the (DPCSV) of U(VI) in 

sample (G1) in presence of 

Regression parameter  

Uranium 

content 

(mean±SD) 

µgl-1  

Td  

( Sec) 

Code of 

Sample  

 

Confidence  

 

 

Corr. 

Coef. 

 

 

Lower Higher     

0.00162 0.00830  0.9992  3.34 ± 0.002 180 UW1  

0.00120  0.00624  0.999  2.52 ± 0.002 210 UW2  

n.d. n.d. n.d. n.d.  240 UW3  

0.00144  0.00600  0.9997  2.28 ± 0.001  150  UW4  

n.d. n.d. n.d. n.d. 240 UW5  

n.d. n.d. n.d. n.d. 240 UW6  

n.d. n.d. n.d. n.d.  240 UW7  

0.00026  0.00470 0.9994  2.22 ± 0.002  240  UW8  

0.00032  0.00281 0.9994 1.57 ± 0.001  210  UW9  

0.00039  0.00288  0.9991 1.64 ± 0.001  180  UW10  

 

n.d: no peak was observed 
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Table 4: The sources and Uranium content of different 

rocks samples (a mean value ± standard deviation for n = 

5 at the 95% confidence level) 

10 mM sodium perchlorate and 0.1 mM potassium hydrogen 

phthalate, pH~7 at different accumulation times. (DPCSV) of 

sample (C3) in absence and in presence of the addition of 

standard U(VI) fig.6. On plotting of ip against concentration 

of U(VI) added using standard addition method,   straight 

lines are obtained as shown in Figs.7 and 8.  From the 

interception of these lines with the concentration axis at zero 

current signals, the concentration of U(VI) in each sample can 

be calculated. The results are tabulated in Table. 4 which 

indicates that concentrations of U(VI) are ranged from 

0.167–3.637 mkg-1. These values are less than the average 

value obtained by Altschuler [23]. 

 

Fig. 5: DPCS Voltammograms of U(VI) in sample G1  in  

presence of 10 mM  sodium   perchlorate  and 10-4 M 

potassium hydrogen phthalate , pH~7 accumulation 

potential -0.45 V  and different accumulation times: (a) 

zero; (b)15sec; (c)  30sec; (d)  60sec; (e)  90sec; (f) 

120sec;(g) 150sec ;        (h) 180sec. 

 

 

Fig. 6: DPCS Voltammograms of U(VI) in sample (C3) 

spiked with different concentrations of U(VI) at 

accumulation time 250 sec. (a) Sample(S)   (b) S + 5×10
-6

, 

(c) S + 10×10
-6

, (d)  S + 15×10
-6

, (e) S + 20×10
-6

   M U(VI) 

 

Fig. 7: Standard addition plots of U(VI) ions C1, C2, 

C5,P1 and P3 samples at accumulation time 30, 30, 90, 

120, and 30 sec respectively. 

 

 
Fig. 8: Standard addition plots of U(VI) ions C3, C4, 

G1,G2 and P2 samples at accumulation time 30, 120, 60, 

120, and 30 sec respectively. 

 

Regression parameter  

Uranium 

content 

(mean±SD) 

mg kg-1  

Td  

( Sec) 

Code of 

Sample  

 

Confidence  

 

 

Corr. 

Coef. 

 

 

Lower Higher 

2.060 2.559  0.9991  2.310±0.201 30 C1  

3.263  4.010  0.9992  3.637±0.301  30 C2 

0.361  1.179 0.9995 0.770±0.3298 30 C3 

0.957  1.243  0.9990  1.100±0.115  120  C4 

0.928 1.181 0.9994 1.055±0.102 90 C5 

0.558 1.825 0.9995 0.633±0.46 120  P1 

0.507 0.607 0.9991  0.557±0.040 30 P2 

0.419  0.486  0.9993  0.453±0.027  30  P3 

0.839  1.041 0.9994 0.941±0.081  60 G1 

0.166  0.168  0.9996 0.167±0.001  120 G2 
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IV. CONCLUSION 

The present study demonstrates that the cathodic adsorptive 

stripping voltammetric determination of uranium (VI) in the 

presence of 0.01 mol L-1 sodium perchlorate (pH ~7) as 

supporting electrolyte and 0.01 mol L-1 potassium hydrogen 

phthalate is excellent for determination of mgl-1 from 

uranium (VI) concentrations in underground water and rock 

samples without any pretreatment because of its high 

sensitivity and selectivity, simplicity and cost effective 

method. The values are ranged from nil - 3.34 mgL-1. In 

underground water samples which indicate that the 

concentration of U(VI) ions content in six water samples is 

less than permissible value as given by EPA and Canadian 

Drinking Water Quality. While U(VI) ions concentration in 

rock samples are ranged from 0.167–3.637 mgkg-1. These 

values are less than the average value obtained by Altschuler 

[24]. 

ACKNOWLEDGMENT 

We would like to thank to our organization to provide 

sufficient Lab facilities to fulfill this research work. 

REFERENCES 

[1] Sawant L. R, Kalsi P. K, Kulkarni A. V and Vaidyanathan S , J. 

Radioanal. Nucl. Chem. 207 (1996 ) 1 39-43.W.-K. Chen, Linear 

Networks and Systems (Book style). Belmont, CA: Wadsworth, 

1993, pp. 123–135. 

[2] Zamora M.L., Zielinski J.M, Meyerhof D.P, and Tracy B.L. German 

Federal Environment Agency 2005 48(2005 ) 7 822-827. 

[3] Shanon S. S, The and its Relation to the Nure  Effort Symposium on 

Hydrochemical and HSSR Program Stream–Sediment Reconnaissance 

for Uranium in the United States Grand Junction (1977) 1.E. H. Miller, 

“A note on reflector arrays (Periodical style—Accepted for 

publication),” IEEE Trans. Antennas Propagat., to be published. 

[4] Singhal R. K., Joshi V. M, Preetha J., Carped. R,   Kumar A. and Hegde 

A. G.  Water Air Soil Pollut.184 (2007) 17–27.C. J. Kaufman, Rocky 

Mountain Research Lab., Boulder, CO, private communication, May 

1995. 

[5] WHO. Uranium in drinking water. Background Document for                 

development of WHO guidelines for Drinking Water Quality;b. WHO/ 

SDE/03.04/118 (2005).M. Young, The Technical Writers Handbook.  

Mill Valley, CA: University Science, 1989. 

[6] Lin  L., Thongngamdee S., Wang  J., Lin Y. , Sadik  O. A and   Ly .S.Y.                  

Anal. Chim. 535(2005) 9–13.J. Jones. (1991, May 10). Networks (2nd 

ed.) [Online]. Available: http://www.atm.com 

[7] Wise, S.S., Thompson W.D, Aboueissa A.M., Mason M.D, and Wise. 

J.P.          Chem. Res. Toxicol. 20 (2007) 5 815-820. 

[8]    Domingo J. L, Handbook of Hazardous Materials: Corn, M.W. (Ed.),       

Academic Press, London. 705 (1993) 11-15. 

[9]    Lewis R. J, ax’s Dangerous properties of Industrial Material, Van        

ostrand Reinhold, New York. A Textbook (1999). 

[10]  Ku T. L, Knaus K.G and Mathieu. G.G, Fiji Deep Sea Res. 302 (1983) 

         603-606. 

[11]  Holzbecher J and Ryan DE. Anal Chim Acta 119 (1980) 405-408. 

[12]  Florence T.M. and Farrer Y., Anal. Chem. 35 (1963) 1613. 

[13]  Li W.C , Victor D.M and Chakrabarti C.L , Anal. Chem. 52 (1980) 

         520. 

[14]  Siek R.F, Richard J.J. , Iverson K. and  Barks C.V., Anal. Chem. 43        

(1971) 913. 

[15]  Marsh S.F., Bets M.R. and Rein J.E. , Anal. Chim. Acta 119 (1980)        

401. 

[16]  Gholivand M. B and  Rashidi Nassab H., Electroanalysis . 17 (2004)         

719- 723. 

[17]  Farghaly O A.  and Ghandour M. A.. Talanta. 49 (1999) 31–40.  

[18]  Dostal J. Dupuy C(Nova Scotia, Canada) 45 (1983) 245-261 

[19]  Oates. C. J. and Price. R. C,.Geol. Soc. Aust., 30 (1983)1-2.          

[20]   Pournaghi-Azar M.H and   Zargharian, R. Anal.Chim.Acta.328(1996 )        

33-39.  

[21]   Mieczyslaw.K,.Katarzyna T and Malgorzata G. Talanta 72 (2007)        

957–961. 

[22]  National Primary Drinking Water Regulations. EpAs Drinking Water 

Standards. Wysiwyg://40// htt:// www.epa.gov/safewater  mcl.html. 

[23]  www.hc-sc.gc.ca/ehd/catalogue/bch Guidelines for Canadian 

Drinking Water   Quality http:// uranium.pd pubs/dwgsup-doc (2007). 

[24] Altschuler Z.S.,Sepm Special Publication. 29 (1980) 19. 27. 

 

 
Prof. Mahmoud Ali Ahmed Ghandour, Emeritus 

Professor, Department of Chemistry, Faculty of 

Science, Assiut University, 2003. Professor, 

Department of Chemistry, Faculty of Science, Assiut 

University, 2003 Associate Professor, Department 

of Chemistry , Faculty of Science, Assiut University 

Lecturer, Department of Chemistry, Faculty of 

Science, Assiut University, 1976 , 1986. Lecturer, 

Department of Chemistry, Faculty of Science, Assiut University, 1976. 

Assistant Lecturer, Department of Chemistry, Faculty of Science, Assiut 

University, 1970 Demonstrator, Department of Chemistry, Faculty of 

Science, Assiut University, 1963. 

 

 
Hassan Sedaira, Professor, Department of 

Chemistry, Faculty of Science, Assiut University, 

2000 Associate Professor, Department of Chemistry, 

Faculty of Science, Assiut University, 1991 

Lecturer, Department of Chemistry, Faculty of 

Science, Assiut University, 1985 Assistant Lecturer, 

Department of Chemistry, Faculty of Science, Assiut 

University, 1980 Demonstrator, Department of 

Chemistry, Faculty of Science, Assiut University, 1975. 

 

 
Azza M. M. Ali, Professor, Department of 

Chemistry, Faculty of Science, Assiut University, 

2001, Associate Professor, Department of Chemistry 

, Faculty of Science, Assiut University, 1995, 

Lecturer, Department of Chemistry , Faculty of 

Science, Assiut University, 1990, Assistant Lecturer, 

Department of Chemistry , Faculty of Science, Assiut 

University, 1986, Demonstrator, Department of 

Chemistry , Faculty of Science, Assiut University, 

1976. 

 
Dr. Mohamed M. A. Mansour, Lecturer, 

Department of Chemistry , Faculty of Science, 

Assiut University, 2013, Assistant Lecturer, 

Department of Chemistry , Faculty of Science, Sirt- 

Libya University, 2007. 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


