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ABSTRACT 

Drinking water plays a major role regarding quality of human life because polluted water is the main cause of many 
types of diseases. Besides other pollutants, high concentration of uranium above a certain level in drinking water is also 
hazardous. As water and food are the main sources of uranium intake, it is absolutely imperative that their level of con-
centrations is monitored regularly for safety of the general public. In this regard, trace amount of uranium in drinking 
water samples collected from different locations of Faisalabad city has been carried out using Neutron Induced Fission 
Track Technique. The water samples along with the standard of known uranium concentration were poured and dried 
over Lexan track detectors and then irradiated with thermal neutrons in Reactor. After etching, the tracks produced in 
the detectors as a result of 235U (n, f) reaction were counted under an optical microscope. The uranium concentration 
was determined by counting and comparing the observed fission track density in the samples and the standard. The ob-
served uranium concentration in the studied water samples varied from (1.04 ± 0.30) µg·L−1 to (21.08 ± 2. 95) µg·L−1 
with an average value of (7.39 ± 1.30) µg·L−1 and is found to be within safe limits as far as uranium related health haz-
ards are concerned. 
 
Keywords: Drinking Water; Uranium; Fission Tracks; Etching; Health Hazard 

1. Introduction pounds are insoluble. Besides other pollutants, water also 
contains trace amount of uranium which may find its way 
right to the human food [3]. Besides being radioactive, 
uranium is highly chemically toxic thereby resulting in 
health hazards if exceeds certain limits. 

Uranium is a radioactive element found in nature discov-
ered by Martin Heinrich Klaprothe in 1789. It has three 
isotopes namely, 234U (0.0055%), 235U (0.720%) and 238U 
(99.2745%), all of which are long-lived alpha emitters. It 
can be present in almost all soil, minerals, rocks, sand, 
plants food and water in the varying proportions due to 
their natural occurrences or introduced by the activities 
of human [1]. The average uranium concentration in the 
earth’s crust has been reported to be 4 ppm by weight 
while in the phosphate rocks its value may be as high as 
120 ppm by weight [2]. 

Uranium may enter into drinking water or food chain 
from naturally-occurring deposits by leaching processes 
or as a result of human activity, such as mining and mill-
ing [4]. After it enters into the human body through in-
gestion, most of the ingested uranium is eliminated from 
the body. However, a small amount is absorbed and car-
ried through the bloodstream into the kidneys. The inges-
tion of high values of uranium in drinking water and 
foodstuffs therefore damages kidneys, preventing normal 
elimination of urea and other waste products, resulting in 
renal dysfunction [1]. Therefore, it may be hazardous if 
inhaled or ingested in excessive quantities [1,5-9]. Water 
having uranium concentration above the proposed Maxi- 

Uranium and its salts are highly toxic and may exist in 
the +2, +3, +4, +5 or +6 valence states. The most preva-
lent are the hexavalent and tetravalent states states [1]. 
The hexavalent state is particularly important in water 
and other food items because almost all tetravalent com- 
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mum Acceptable Concentration ranges of 9 - 30 g·L−1 is 
not safe for drinking purposes as it leads to harmful 
health effects in humans [10-13]. Studies show that ele-
vated levels of uranium in drinking water can increase a 
person’s risk of kidney damage. The increased kidney 
damage/cancer risk depends on the concentration of ra-
dioactivity found in the drinking water, the amount of 
water consumed on a daily basis, and the duration one 
has consumed the water. 

Uranium has been extensively studied in soil, minerals, 
rocks, sand, plants, food and water [1,3,9,14-20]. Due to 
industrialization, most of the drinking water sources have 
been polluted in industrial cities of Pakistan [21-24]. 
Hence, the assessment of health risk due to the high con-
centration of uranium in water is most important. In this 
context, an industrial city of the Faisalabad city was 
chosen. Drinking water samples were collected from 
different locations of the city (see, Figure 1) and ura- 

 

 

Figure 1. Map of the Faisalabad city showing location of sampling. 
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nium concentration in these samples were estimated us-
ing Neutron Induced Fission Track Technique [2,3,14,15, 
18,25,26]. Main objective of this investigation was to 
save the people from harmful effect of uranium if any 
because the people of city use this water for drinking and 
other domestic purposes.  

The Neutron Induced Fission Track Technique has 
been applied for determination of uranium in solid and 
liquid samples by many workers [3,14,15,18,27,28]. This 
technique is based on using 235U (n, f) reaction whose 
fission cross-section is 4.2 barns for thermal neutron. The 
basic principle of the technique is that in natural uranium, 
only 235U is fissionable by thermal neutrons. Hence, if a 
drop of unknown liquid sample and standard of known 
uranium, dried on nuclear track detectors, irradiate si-
multaneously by the same integrated flux of thermal neu-
trons in the reactor, the uranium content in the unknown 
sample is calculated after chemical etching by counting 
and comparing the total number of observed fission 
tracks produced in the detectors due to uranium in the 
samples and standard as a result of (n, f) nuclear reaction 
in the reactor (Figure 2). 

2. Materials and Methods 

In this study, twenty eight water samples of different 
sources were collected from different locations of the 
Faisalabad city in 500 ml plastic bottles as shown in Ta-
ble 1. From each bottle 250 ml water was taken into a 
conical flask and was heated on a hot plate until 5 ml 
concentrated solution was left behind. All the water sam-
ples were concentrated one by one and kept separately in 
glass bottles. Standard solution of uranium was also pre-
pared from uranium oxide (having certified composition 
of 99.94% U3O8). After concentration, most widely used 
plastic detector material for recording fission particles 
namely Lexan (C16H18O3) with trade name of Lexan  
 

 

Figure 2. Schematic representation of the neutron induced 
fission track analysis technique. 

Table 1. Results of uranium contents in water samples from 
different localities of Faisalabad city, Pakistan (µg·L−1). 

Sample 
No.

Sampling Site 
Source  

of Water 

Track  
Density 

(#/cm2)  103

U Conc. ± 
1σ* 

(µg·L−1)

F-1 Shadab Colony Hand Pump 90.15 ± 1.87 19.53 ± 2.81

F-2 Gulfishan Colony Hand Pump 35.70 ± 1.23 7.74 ± 1.44

F-3 Partab Nagar Hand Pump 74.41 ± 1.74 16.13 ± 2.47

F-4 Civil Lines Hand Pump 42.51 ± 1.40 9.21 ± 1.67

F-5 Civil Lines Filteration Plant 4.78 ± 0.40 1.04 ± 0.30

F-6
Office, Motorway 

City Sargodha Road.
Hand Pump 21.55 ± 0.95 4.67 ± 0.98

F-7
Plot 69, Motorway 

City Sargodha Road
Hand Pump 18.90 ± 0.80 4.10 ± 0.84

F-8 Muslim Town-3 Hand Pump 40.39 ± 1.27 8.75 ± 1.55

F-9 Ali Town Hand Pump 41.38 ± 1.35 8.97 ± 1.62

F-10 Ali Town Tube Well 58.43 ± 1.66 12.66 ± 2.14

F-11 Islam Nagar Tube Well 10.36 ± 0.65 2.24 ± 0.56

F-12 Millat Town Tube Well 6.67 ± 0.51 1.44 ± 0.40

F-13
Kaleem Shaheed 

Colony 
Hand Pump 11.73 ± 0.71 2.54 ± 0.62

F-14 Hajwari Town Hand Pump 47.56 ± 1.41 10.31 ± 1.77

F-15 Bilal Colony Hand Pump 24.76 ± 0.97 5.36 ± 1.06

F-16 Bilal Colony Tube Well 17.27 ± 0.85 3.74 ± 0.83

F-17 Peoples Colony-1 Tube Well 12.09 ± 0.77 2.62 ± 0.66

F-18 Peoples Colony-1 Hand Pump 97.28 ± 1.90 21.08 ± 2.95

F-19 Rabbani Colony Tube well 8.44 ± 0.60 1.83 ± 0.49

F-20 Rabbani Colony Hand Pump 61.38 ± 1.54 13.30 ± 2.11

F-21 Rabbani Colony Tube Well 23.92 ± 0.89 5.18 ± 1.00

F-22 Peoples Colony-2 Tube Well 24.85 ± 0.89 5.38 ± 1.02

F-23 Mansoor Abad Hand Pump 51.14 ± 1.36 11.08 ± 1.81

F-24 Nishat Abad Hand Pump 25.45 ± 1.08 5.52 ± 1.14

F-25
Peoples Colony 

No-2 
Tube Well 22.58 ± 1.06 4.89 ± 1.06

F-26
Gulistan Colony 

No-2 
Tube Well 12.26 ± 0.65 2.66 ± 0.61

F-27
Jamil Town,  
G.M. Abad 

Tube Well 8.02 ± 0.61 1.74 ± 0.48

F-28 Jinnah Hall, UAF Hand Pump 60.39 ± 1.60 13.09 ± 2.13

Average Concentration             7.39  1.30 µg·L−1 

Minimum Concentration            1.04  0.30 µg·L−1 

Maximum Concentration          21.08  2. 95 µg·L−1 

*Statistical counting error = 1 SD. 
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(supplied by General Electric Company, USA) having 
125 m thickness was cut into small pieces each of size 
1 cm × 1 cm. A drop of 0.05 ml of concentrated solution 
of each water sample and standard were taken separately 
with the help of an accurately calibrated micropipette and 
poured over the surfaces of the sensitive face of the 
Lexan detectors. After drying the drop over the surfaces 
of the Lexan detectors, the solid residue left behind on 
each detector was then covered with another Lexan de-
tector of the same size so as to sandwich the residues. 
The procedure was repeated for every sample. 

The Lexan detector assemblies (Figure 3) along with 
one blank Lexan detector (for background) were irradi-
ated simultaneously with thermal neutrons in the Paki-
stan Research Reactor-I (PARR-1), PINSTECH, Islama-
bad, with thermal neutrons for 100 seconds under a 
thermal neutron flux of the order of 1015 neutrons cm−2·s−1. 
After irradiation, the detectors were etched in 6.5 M 
NaOH solution for 45 minutes at 50˚C  1˚C in etching 
bath. After etching, the fission tracks produced in the 
water drop area of all the etched detectors due to uranium 
were counted using Zeiss optical microscope at a magni-
fication of 400×. 

In order to determine uranium concentration in water, 
the observed track densities in water samples were re-
lated to the track density obtained in the standard of 
known uranium concentration. Because both the sample 
and the standard were irradiated and etched under similar 
conditions, the uranium concentration relative to a 104 
g·L−1 standard uranium solution was calculated by the 
relation [3,14,15,18,28]: 

S SX
UX US

S X X

I R
C C

I R




    
     

     
 

where the subscripts x and s stand for unknown and 
standard sample respectively. In the above relation, C is 
the uranium concentration, ρ is the track density, I is the 
isotopic abundance ratio of 235U and 238U and R is the 
range of fission fragments in the detector. The quantities 
RS/RX and IS/IX are correction factors applied when the 
composition of the sample and the standard are different.  
 

 

Figure 3. Experimental arrangement of the unknown and 
known sample assembly for neutron irradiation in the reac-
tor. 

The values of RS/RX and IS/IX were assumed to be unity in 
the present study because the same isotopic abundance 
ratio and range of fission fragments in the standard and 
unknown sample having almost same composition. 

3. Results and Discussion 

As mentioned earlier, the present study deals with deter-
mination of the uranium concentration in drinking water 
samples using Lexan based neutron Induced Fission 
Track Technique. The results of measured uranium con-
centration in each sample along with their sampling sites 
and sources of water samples collected from different 
locations of Faisalabad city area are shown in Table 1. 
As the water samples were 50 times concentrated, there-
fore, the uranium concentrations in the last column of the 
Table 1 are divided by 50. 

As may be seen in Table 1, the measured uranium 
concentration in the studied samples ranges from 1.04 ± 
0.30 µg·L−1 to 21.08 ± 2.95 µg·L−1 with an average value 
of 7.39 ± 1.30 µg·L−1. Uranium concentration in the sam-
ples is seen to vary from tube well to tube well, hand 
pump to hand pump and place to place showing slight 
variation in the water of the studied area. 

Higher uranium concentration were observed in the 
water sample collected from Peoples colony −1 (21.08 
µgL−1), Shadab Colony (19.53 µg·L−1) and Partab Nagar 
(16.13 µg·L−1), respectively. Although these concentra-
tions were towards higher side but were within the safe 
limits of 9 - 30 µg·L−1 set by different health agencies of 
the world [10-13,29,30]. Uranium concentrations in 
groundwater depend on the mineralogical, geochemical 
and chemical composition of the soil rock and water. A 
recent survey found that drinking waters depends on the 
local geology of the rock and soil, having uranium con-
tents dangerous for consumer health [31]. Although this 
area of the city was well established having good facili-
ties and infrastructure, the high uranium concentration in 
these hand pump water samples might be due to the 
presence of naturally occurring underground uranium- 
bearing local geological rocks/soil of the area.  

Minimum uranium concentration of 1.04 µg·L−1 and 
1.44 µg·L−1 were found in the water sample collected 
from the filtration plant of Civil Lines and tube well of 
the Millat Town, respectively. The people of the area had 
facility of filtration plant which might be the reason of 
low value of uranium concentration in the water sample 
taken from civil lines area. This water was taken from 
filtration plant (tube well having more depth) which was 
naturally filtered as well as filtered in the filtration plant 
to minimize the contaminations. On the other hand, water 
from tube well of the Millat Town contained lower con-
centration. This may be due to the fact this water was 
taken from more depth of tube well. Therefore, it was 
more safe as for as contaminations are concerned. So 
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water of both these areas was found to be more clean and 
safe for public use as for as uranium related hazards are 
concerned. 

During the current study, it was found that about 71% 
water samples have uranium concentration levels below 
10 µg·L−1, while the percentage of the samples contain-
ing uranium concentration in the range 10 - 21 µg·L−1 
was only about 29%. 

The main rocks exposed in the geological formation of 
the area are sandstone, siltstone shale, conglomerate etc. 
These rocks generally do not contain high uranium con-
tent to pose any health threat but some contribution from 
these local rocks and soils is expected due to the leaching 
and weathering processes of the rocks which contain 
uranium. Contribution from industrial wastes and an-
thropogenic discharges from sources such as oil and coal 
power generation plants, wood burning, glass product 
manufacturing, bleaching agent in detergents, bleaching 
of clothes, leaching of treated wood/paper, consumer 
products (e.g., cosmetics, medicines, insecticides), pesti-
cides, copper smelters, fertilizer etc. into the nearby 
flowing streams might be the other cause of uranium 
concentration in the underground water aquifer.  

Table 2 shows observed concentration of uranium in 
water samples from the hand pumps of the Faisalabad 
city which ranges from 2.54 - 21.08 g·L−1 with an av-
erage of 10.09 g·L−1. Refering back to Table 2, the ura-
nium concentration in tube well water ranged from 1.44 
g·L−1 to 12.66 g·L−1 with an average value of 4.03 
g·L−1. Inter comparing hand pumps, tube wells and fil-
tration plants data, it was found that average concentra-
tion of uranium in hand pump was 9.7 and 3.9 times 
greater than filtration plants and tube well water samples 
respectively.  

The present data have also been compared with ura-
nium concentration in water samples reported for other 
countries of the world. The reported uranium concentra-
tions ranged from 1.4 - 7.4 in hot springs water in India 
[25]. The uranium concentration in the range of 0.015 - 
973.0 g·L−1 were reported in the domestic water sup-
plies of USA [32]. The uranium concentration in the 
range of 0.015 - 973.0 g·L−1 were reported in the do-
mestic water supplies of USA [33]. In a 1980-1981 sur-  
 
Table 2. The range of uranium contents and their average 
value in water samples from different sources of water. 

Sr. No. Source 
Range of U-Content 

µg·L−1 
Average Uranium 

Concentration µg·L−1

1. Hand pump 2.54 - 21.08 10.09 (16*) 

2. Tube well 1.44 - 12.66 4.03 (11*) 

3. Filtration plant 1.04 1.04 (1*) 

*The figures within parentheses indicate the number of samples. 

vey of 13 selected sites in south-central British Columbia, 
the mean uranium concentration in 519 water samples of 
surface and ground water (some treated) has been re-
ported to be 4.06 µg·L−1. The reported values of uranium 
concentration in various community water supplies of 
USA are greater than permissible limit of 30 g·L−1. In 
another study reported for USA, an average concentra-
tion of 3 g·L−1 uranium in drinking groundwater has 
been reported [1]. Uranium concentrations up to 700  
µg·L−1 have been found in private groundwater supplies 
of Canada [34]. The mean and median levels of naturally 
derived uranium in groundwater of 287 wells sampled in 
the southeastern Manitoba (1982-1984) were 58.3 µg·L−1 

and 10 µg·L−1, respectively, with a maximum value of 
2020 µg·L−1 [35]. The uranium concentrations varied 
from 0.67 - 20.26 g·L−1 in domestic and surface water 
samples from India [36]. Uranium concentration in water 
samples using fission-track technique from the Muzaf-
farabad area, Azad Kashmir varied from 0.03 ± 0.01 
g·L−1 to 6.67 ± 0.14 g·L−1 with an average of 1.36 ± 
0.05 g·L−1 [3]. The concentration of uranium in drink-
ing water samples from different states of India was 
found 0.1 ± −19.6 µg·L−1 by laser-induced fluorimetry 
[36]. An association between uranium in drinking water 
from drilled wells and of kidney function was studied 
The uranium content of well water samples was meas-
ured in the range of <0.20 - 470 µg·L−1 having a median 
value of 6.7 µg·L−1,while uranium levels in all samples 
of municipal water were below 0.2 µg·L−1 [19]. Typical 
concentration of U in uncontaminated groundwater in 
many parts of the world is below 1.0 g·L−1 although 
values in excess of 1000 g·L−1 water have been reported 
[31,37]. Average uranium concentration in tap water 
samples from various European countries was found to 
be 2.2 µg·L−1 and values above the WHO guideline (15 
µg·L−1) were reported from Germany, France, Sweden, 
and Switzerland [31]. An average uranium content of 2.5 
µg·L−1 was found in domestic water samples in US in a 
study performed by the National Uranium Resource 
Evaluation (NURE) program [31,38]. This comparison 
shows that, the range of uranium concentration in drink-
ing water found in this study lies towards the lower side 
of the ranges, reported for other locations. The results of 
the study can also be compared with the worldwide 
guidelines for the uranium concentration in drinking wa-
ter. The average observed uranium concentrations in the 
drinking water samples are found lower than the maxi-
mum acceptable concentration levels of Australia (20 
g·L−1; [10]), Canada (20 g·L−1; [12]), USA (30 g·L−1; 
[11]), WHO (9 g·L−1; [13]). Consequently, the health 
hazards related to uranium in drinking water were ex-
pected to be negligible. 

It may be noted here that the average value of 7.39  
1.30 g·L−1 in the text as well as in Table 1 means the 
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average value of the measured data in this work. It does 
not mean the real average concentration of uranium in 
the water in the whole area. It is an easily obtainable fig-
ure from a limited number of water samples without tak-
ing into account of the water reserve represented by each 
sample. However, considering health hazard related with 
ingestion of drinking water having concentration of ura-
nium above recommended level. It is, therefore, desirable 
that uranium in drinking water samples survey on re-
gional scale should also be monitored to address this is-
sue of public health concern. 

By making a measurement relative to the concentra-
tion of uranium in standard, many sources of uncertainty 
are cancelled out and the remaining dominant uncertainty 
is the statistics of the track counting. The errors (repre-
sents 1 standard deviation) in the track densities were 
calculated by multiplying track density by (1/N)1/2, where 
N is the total number of tracks counted in that sample. 
The tracks of every detector were counted by taking 
more fields of view to reduce any statistical counting 
error in the total track density, and uranium concentra-
tions were determined with 1 standard deviation. The 
systematic error due to the clustering of tracks was small 
as the numbers of clusters found in this study were negli-
gible. The reliability of the results obtained by this 
method primarily depends upon the accurate measure-
ments of neutron flux and the number of counted fission 
tracks. However, the uncertainty due to the first factor is 
eliminated by comparing track counts for the same flux. 

The total uncertainties in the uranium concentration 
for each unknown were calculated by combining the sta-
tistical uncertainties of track number of unknown sample 
and that of standard sample as well as the uncertainty of 
uranium concentration of standard sample. The uranium 
concentrations were determined up to one standard de-
viation.  

In order to obtained a reasonably good statistics of 
track counts, 30 - 60 fields-of-view were selected ran-
domly on each of the detector surfaces, which was in 
contact with sample residue at the time of irradiation. In 
order to obtain accurate results, a blank detector was ex-
posed along with the sample to subtract background track 
density (track density resulting from fission of uranium 
present as a constituent of the detector) from the total 
track densities. However, background tracks contribution 
due to uranium in the Lexan detector was found negli-
gible.  

The uniformly distributed fission tracks formed due to 
the dissolved uranium were easily differentiated from the 
cluster-type fission tracks due to the suspended particles 
in water. From the results of the samples, it was obvious 
that the distribution of uranium is uniform except in few 
cases, where clustering of tracks (fission track stars) ap-
peared within the area containing droplet residue. In ad-

dition to the uranium, tracks produced due to thorium 
may interfere in the uranium determination. However, 
because of its low concentration in the water and rela-
tively smaller thermal neutron cross section, the contri-
bution of thorium was negligible. 

4. Conclusion 

To conclude, uranium concentration in drinking water of 
the Faisalabad city vary from 1.04 ± 0.30 to 21.08 ± 2.95 
µg·L−1 with an average value of 7.39 ± 1.30 µg·L−1. The 
observed uranium concentration in hand pump is ~10 and 
4 times greater than those of filtration plants and tube 
wells water samples respectively. The deep underground 
water obtained from tube well is safer for drinking pur-
poses as compared to shallow surface underground water 
from hand pump while the water from filtration plant was 
safest as far as uranium related health hazards are con-
cerned. The average observed levels of uranium concen-
trations in the studied water samples is within the safe 
limits (9 - 30 µg·L−1) set by different heath agencies of 
the world. Consequently, the health hazards related to 
uranium in drinking water in this area are negligible and 
use of this water for drinking and other purposes may not 
pose any health risk. However, health hazards related to 
other toxic and trace elements present in drinking water 
samples from this area should also be monitored with 
great care before declaring it free of any health related 
hazard. 
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