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Radiological and chemical risk assessment from uranium

concentrations in groundwater samples collected from

Al-Kufa area, Iraq

Ali Abid Abojassim and Hayder Hussan Neama
ABSTRACT
In nature, uranium is composed of three isotopes, including 238U, 235U, and 234U. Emitting alpha

particle leads to radionuclides decay. The aim of this work is to set up a database for uranium

concentrations in groundwater samples collected from Kufa city, Al-Najaf governorate, Iraqi. Twenty

four samples have been examined for detecting the presence of uranium levels using CR-39 detector.

The measured uranium concentrations were used to determine uranium isotopes with their ingested

radiological toxicity risk (annual effective dose to uranium isotopes and excess cancer risk) and

chemical toxicity risk (lifetime average daily dose and hazard quotient) from consumption of the

water samples in the present study. The results show that the average value of uranium

concentrations, uranium isotopes 238U, 235U, and 234U (1.20± 0.04) μg/L, (1.48± 0.06) Bq/L, (0.069±

0.002) Bq/L and (1.49± 0.06) Bq/L respectively. Also, it is reached that, the total average of annual

effective dose and excess cancer risk in all regions under study were (0.10± 0.004) mSv/y and

(0.31± 0.013) × 10�3 respectively. Moreover, the average value lifetime average daily dose, and

hazard quotient was 0.0389± 0.0016 μg/kg.day and, 0.0649± 0.0026 respectively. All results of

radiological and chemical risk assessment from uranium concentrations in groundwater samples

collected from Al-Kufa area when used as drinking water were within the global limitations of the

organization International Commission on Radiological Protection (1.9 μg/L; 1 mSv/y and 0.18 mSv/y)

and World Health Organization recommended (0.6 μg/kg/day). Finally, it can be concluded that

uranium concentrations dose not health effect humans according to radiation contents.
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HIGHLIGHTS

• In this manuscript, I have been affording in a truly innovative way the issue to put the basis

towards the realization for the first time of a baseline for assessment of the exposure of Iraq’s

people to naturally occurring Radiological and chemical risk assessment from uranium

concentrations in groundwater samples collected from Al-Kufa area, Iraq. The results show that

the occurrence of naturally occurring radioactivity in samples is with the reference levels issued

by the UNSECR.
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INTRODUCTION
The knowledge of radionuclide distribution and radiation

levels in the atmosphere is essential to determine the effects

of radiation exposure from terrestrial and man-made
sources. The radionuclide is exposed to natural sources

and to people from human sources in human life (Qifan

et al. ). Naturally occurring terrestrial radionuclides
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are present in the environment in varying levels including

the human body itself. Only those radionuclides with half-

lives equivalent to the earth’s age and their products for

decay occur in these compounds in quantities (Pujol &

Sanchez-Cabeza ). Terrestrial radiation radionuclides

are mainly derived from three separate decay chains, Thor-

ium–232 (232Th), Uranium–238 (238U) and Uranium–235

(235U). The half-life times of those radionuclides are compar-

able to the old of the earth. 238 U decay series has a relative

isotopic abundance of 99.27% and a half-life of 4.5 × 109 y

(Bolıvar et al. ). The uranium atom consists of three

different isotopes: about 99.3% of naturally occurring 238U,

about 0.7% 235U and trace quantities of about (0.005%)
234U (Ivanovich & Harmon ). Radionuclides pass in

the same pathways through the atmosphere as other

materials. They move in the air, water (both groundwater

and surface water) and the food chain (Risher ). In

fact, uranium is commonly found in very small amounts

in rocks, soil, water, plants, typically provides low levels

of natural background radiation present in the environ-

ment. Uranium is not absorbed through the skin, and

alpha particles that are released by uranium cannot also

pass through the skin. Therefore, uranium that exists out-

side the human body posing less harm than it would be

inhaled or ingested (Gubel et al. ). Uranium is widely

used in the industry of nuclear power, for weighting bal-

ances of aircraft, radiation shielding, not to mention the

use of uranium in military purposes in particular, in

munitions. Naturally occurring uranium has a smaller

quantity of radioactive materials than the uranium used

in nuclear reactors, in which the uranium-235 isotope

has been enriched (Hore-Lacy ). Such processes of

mine and refinement create waste such as mill dust

which, if not properly controlled, can be returned to the

environment through wind and water. Manufacturing of

nuclear fuel and other human activities also release

uranium to the environment (Sztajnkrycer & Otten

). Uranium is a chemically and radiologically toxic

substance. Its toxicity depending upon, its concentration,

chemical nature exposure route, exposure period, its solu-

bility and the route of its elimination from the body (Risher

). Uranium concentrations that occur spontaneously

in drinking water sources rely on factors such as uranium

concentrations in the host aquifer rock, the partial
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pressure of CO2, O2 existence and complexion agents in

the aquifer as PH (Tebbutt ). The natural radioactive

isotopes in the water rivers depends on the nature geologi-

cal and topographical for that region. In Iraq, during the

last years, a war with the United States has been through

one of these wars, the use of depleted uranium and the

looting suffered by this nuclear facility led to significant

damage to public life, including water. Many studies

have been performed to investigate and measure the

uranium concentrations in water samples using different

techniques in Iraq and other countries (Tawfiq ;

Abojassim ; Abojassim & Mohammed ; Abojassim

et al. ; Matsuyama et al. ; Sekudewicz &

Gąsiorowski ). The aims of this study are to measure

uranium isotopes concentrations (238U, 235U, and 234U)

in the groundwater samples selected from Al-Kufa city

using a solid-state nuclear track detector (SSNTD) type

CR-39. In addition to assessing the risk of radiological

and chemical toxicity in all samples under study. At last,

mapping of some main results for the study area using geo-

graphic information system (GIS) technique.
AREA OF STUDY

Najaf province lies in southern part of Iraq, about 100

miles to Baghdad province which is the capital of Iraq

.Najaf province is 70 meters above sea level and lies on

longitude of 19 degree and 44 minutes, latitude of 31

degree and 59 minutes (Mohammed et al. ). There

are four Districts in Al-Najaf governorate which it is

Najaf District, Kufa District, Al-Meshkhab District and

Al-Manathera District. Kufa is a city in Iraq, about 170

kilometers (110 mi) south of Baghdad, and 10 kilometers

(6.2 mi) northeast of Najaf. It is located on the banks of

the Euphrates River. The estimated population in 2003

was 110,000. Study area (Kufa) located in the coordinates

latitudes 32� 030 4.10″ N and longitudes 44� 260 24.61″.

Figure 1 Iraqi Map shows Najaf Governorate and the

study area. In this study, twenty-four Kufa districts were

selected from Najaf to evaluate Radiological and chemical

toxicity risk of groundwater each of which contains a

number of studied wells.



Figure 1 | Map of study area.
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MATERIALS AND METHODS

Sample collection

For conducting the study, groundwater samples have been

approximately taken from all regions of Kufa, which may

be used some samples as drinking water and then release

it into populated districts. These samples can be distributed

as 24 samples taken from different parts of Kufa city as a

Table 1. Table 1 shows the sites studied in Kufa city which

were obtained by using (GPS) technical.
Experimental procedures

The study in hand utilizes specific methodology for measur-

ing the concentrations of certain components in
://iwaponline.com/ws/article-pdf/doi/10.2166/ws.2020.207/735433/ws2020207.pdf
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groundwater samples, namely uranium. The name of the

adopted methodology is standard source method. The

method of uranium Octoxide U3O8 was adopted to prepare

the solutions of the standard Uranium (Attiyah ; Nada

et al. ). A special Uranium dosimeter was utilized to

take precise measurements of the concentrations of the

Uranium in the above mentioned, standardized solutions

(Attiyah ). These solutions were exposed for as long

as 70 days, the uranium standardized solutions. The post

70 days mark saw the etching of the (CR-39) detectors in

the solutions of the (6.25 N) NaOH at 60 �C for ten

hours. Then, with the use of optical microscope, the

induced density of the tracks CR-39 were registered. The

previous measurements were performed to, including the

standard ones, every groundwater sample of the study

(Attiyah ; Abojassim & Mohammed ; Abojassim

et al. ).



Table 1 | The studied sites in Al-Kufa city

No. Location name Sample code Coordinates

1 AL SAOB AL SAGER K1 443,969.2558 3,545,601.787

2 MASGED AL KUFA K2 443,289.6462 3,544,045.341

3 AL RSHADEAH K3 443,564.8135 3,544,013.591

4 AL SAHLA K4 441,416.3925 3,544,966.093

5 AL GEDEDH K5 443,797.6472 3,544,585.092

6 DOR ALASATHEH K6 440,363.3487 3,548,980.492

7 AL ASKARY K7 441,520.9031 3,544,462.722

8 KENDAH K8 442,433.7174 3,543,569.752

9 ALSHOARAA K9 442,321.2693 3,543,007.511

10 AL MOALMEN K10 442,691.6867 3,543,781.419

11 AL SHORTA K11 441,699.4972 3,543,549.908

12 AL FORAT K12 443,247.3128 3,544,350.274

13 AL GEMHORIA K13 440,502.2552 3,544,568.556

14 NESAN 2 K14 439,359.253 3,547,320.889

15 NESAN 1 K15 439,994.2542 3,546,003.262

16 AL SENAAY K16 440,938.7444 3,547,238.636

17 AL MOTNBY K17 441,698.1743 3,543,997.716

18 CITY OF AL SADOR MIDCAL K18 440,687.4639 3,542,674.797

19 METHM ALTAMAR K19 442,872.9266 3,543,526.757

20 KUFA UNEVERSITY K20 440,967.9228 3,543,066.381

21 ALOT ALFAHL K21 440,905.1448 3,547,274.085

22 TAMOZ K22 442,480.3534 3,542,500.913

23 AL SERAI K23 443,581.8136 3,544,722.824

24 AL GEMAAH K24 442,194.269 3,544,352.561
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Calculations

Uranium levels

The CR-39 tracks density (ρ) (track/cm2.h) in the standard

was calculated in accordance with the following relation

(Abojassim & Mohammed ; Abojassim et al. ):

ρ ¼ No: of track
Area

(1)

The uranium concentrations in (ppb or μg/L) for the

water samples are determined according to the relationship

(Nada et al. ; Abojassim & Mohammed ; Abojassim
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et al. ):

Cx

ρx
¼ Cs

ρs
(2)

where, Cx and Cs are uranium concentrations in unidentified

and standard samples, respectively, ρx and ρs are track density

in unknown and standard samples, respectively. The uranium

concentrations (UC) in the water samples assessment using

calibration curve according to the previous studies (Attiyah

; Abojassim & Mohammed ; Abojassim et al. ).

The specific activity of uranium (A) in water samples can

be calculated for uranium isotopes (238U, 235U and 234U) by

determining the uranium concentrations (UC), specific

activity for Uranium (S.P.A.) and the mass fraction of them
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(I.A.M) and using the equation (Tawfiq ; Shafik et al.

; Abojassim & Mohammed ; Abojassim et al. ):

A
Bq
L

� �
¼ UC

mg
L

� �
× I:A:M(%) × S:P:A:

Bq
mg

� �
(3)

where, A is the specific activity (Bq/L), I.A.M is the isotopic

affluence (%) by mass fraction, and S.P.A is the specific

activity. The values of I.A.M and S.P.A were used in present

study that published in the previous studies (Wrenn et al.

; Radiation ; Lee et al. ; Majali ; Teyssier

& Giroux ).
Table 2 | UC and uranium isotopes in groundwater at Kufa city

No.
Sample
Code UC (μg/L)

Average uranium isotopes (Bq/L)

238U 235U 234U

1 K1 0.75± 0.029 0.92 0.043 0.93

2 K2 1.25± 0.037 1.55 0.072 1.56

3 K3 1.17± 0.036 1.44 0.067 1.45

4 K4 1.28± 0.038 1.58 0.074 1.59

5 K5 1.23± 0.037 1.52 0.071 1.54

6 K6 1.03± 0.034 1.28 0.060 1.29

7 K7 1.08± 0.035 1.33 0.062 1.34

8 K8 1.14± 0.036 1.41 0.066 1.43

9 K9 0.88± 0.031 1.09 0.051 1.09

10 K10 0.99± 0.033 1.22 0.057 1.23

11 K11 1.67± 0.043 2.07 0.096 2.09

12 K12 1.01± 0.033 1.25 0.058 1.26

13 K13 1.45± 0.040 1.80 0.084 1.81

14 K14 1.21± 0.037 1.49 0.070 1.51

15 K15 1.61± 0.042 1.99 0.093 2.00

16 K16 1.51± 0.041 1.86 0.087 1.88

17 K17 1.20± 0.037 1.48 0.069 1.49

18 K18 0.86± 0.031 1.06 0.049 1.07

19 K19 1.09± 0.035 1.34 0.063 1.36

20 K20 1.37± 0.039 1.69 0.079 1.70

21 K21 1.59± 0.042 1.96 0.091 1.98

22 K22 1.06± 0.034 1.30 0.061 1.32

23 K23 1.39± 0.039 1.71 0.080 1.73

24 K24 1.00± 0.033 1.24 0.058 1.25

Average± S.D 1.20± 0.04 1.48± 0.06 0.069± 0.002 1.49± 0.06
Risk assessment

It was evaluated two types of risks separately in this study

because the human health effects due to exposure of

uranium can be classified as a radiological risk by radiation

of uranium isotopes and as a chemical risk by heavy metal.

Radiological risk. The annual effective dose, ET (Sv/y), to

the population (after calculated the 238U, 235U and 234U,

that emanated from the drinking water ingestion), can be

reached according to studies (UNSCEAR ; Abojassim

& Mohammed ; Abojassim et al. ):

ET
Sv
y

� �
¼ A

Bq
L

� �
× 365(d) × Cw

L
d

� �
× e(g)

Bq
y

� �
(4)

where, e(g) is the dose coefficients (Sv/Bq) for 238U(4.5 ×

10�8), 235U (4.7 × 10�8) and 234U (4.9 × 10�8), Cw is con-

sumption rate of water (2 L/d) (Thorne ).

Excess cancer risk (ECR) was calculated by UC in Bq/L

(Bq/L; 1 μg/L of uranium is equivalent to 0.02528 Bq/L

(Mathews et al. )) and risk factor as following according

to US EPA(Environmental ; Kim et al. ):

Excess cancer risk ¼ uranium level of ground water (Bq=L)

× risk factor 6:07 × 10�5 per
Bq
L

� �

(5)

where, 6.07 × 10�5 per Bq/L is the risk factor (Agency ;

Water and Water, 2000; Kim et al. ).
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Chemical Toxicity. The chemical/non-carcinogenic risk for

uranium has been explained in terms of Lifetime Average

Daily Dose (LADD) and Hazard Quotient (HQ), Equations

(6) and (7) (Kumar et al. ; Mathews et al. ):

LADD
μg

kg:day

� �
¼

EPC
μg
L

� �
× IR

L
day

� �
× EF

day
year

� �
× ED(year)

AT (year) ×W(kg)

(6)

In the above expression; EPC is the exposure point con-

centration of uranium in water (μgL�1), IR is ingestion rate

(1.38 Lday�1), EF is ingestion frequency (365days y�1), ED



6 A. A. Abojassim & H. H. Neama | Uranium concentrations in groundwater Water Supply | in press | 2020

Uncorrected Proof

Downloaded fr
by CORNELL U
on 10 Septemb
is duration (69.89 y), AT¼Average time and W is the ideal

body weight (70 kg) (Jackson ).

HQ ¼
LADD

μg
kg:day

� �

RFD
μg

kg:day

� � (7)

where RFD is the reference dose limit taken as 0.6 μg/kg/

day (Davison et al. ).
Figure 3 | The percentage distribution of average activity uranium isotopes in the

samples under study.
RESULTS AND DISCUSSION

The results of uranium concentration (UC), the activity of

uranium isotopes (A), annual effective dose (ET), excess

cancer risk (ECR), lifetime average daily dose (LADD), and

hazard quotient (HQ) to the population during the year in

groundwater samples collected from Al-Kufa regions in Al-

Najaf were measured using CR-39 techniques were shown as

following: The values of uranium concentration and uranium

isotopes activities for 238U, 235U, 234U in groundwater of

study area are illustrated in Table 2. It is found that from

Table 2, UC values were changed 0.75± 0.029 μg/L in

sample K1 (AlSaob alsager) to 1.67± 0.043 μg/L in sample
Figure 2 | Comparing of the results uranium concentrations Kufa regions with world limit.
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K11 (Alshorta)with an average 1.20± 0.04 μg/L. While,

uranium isotopes activities for 238U, 235U and 234U in Bq/L

were ranged from 0.92 to 2.07 with an average value 1.48±

0.06, from 0.043 to 0.096 with an average 0.069± 0.002 and

from 0.93 to 2.09 with an average 1.49± 0.06 respectively.

The difference in uranium concentrations values in ground-

water samples understudy from place to another may be due

to the geological structure and water source depth of the

area, as well as, the changes in climate and geo-hydrological

processes active in the region. A summary of the results of

uranium concentration in groundwater samples at Al-Kufa



Table 3 | Results of radiological risk in groundwater at Kufa city

No. Sample Code

ET μSv/y

Total of ET mSv/y Excess Cancer Risk × 10�3238U 235U 234U

1 K1 30.27 1.47 33.25 0.065 0.198

2 K2 50.90 2.48 55.91 0.109 0.333

3 K3 47.32 2.30 51.97 0.102 0.309

4 K4 51.80 2.52 56.90 0.111 0.338

5 K5 50.01 2.44 54.93 0.107 0.327

6 K6 41.93 2.04 46.06 0.090 0.274

7 K7 43.73 2.13 48.03 0.094 0.286

8 K8 46.42 2.26 50.99 0.100 0.303

9 K9 35.65 1.74 39.16 0.077 0.233

10 K10 40.14 1.96 44.09 0.086 0.262

11 K11 67.95 3.31 74.64 0.146 0.444

12 K12 41.04 2.00 45.07 0.088 0.268

13 K13 58.98 2.87 64.78 0.127 0.385

14 K14 49.11 2.39 53.94 0.105 0.321

15 K15 65.26 3.18 71.68 0.140 0.426

16 K16 61.22 2.98 67.25 0.131 0.400

17 K17 48.66 2.37 53.45 0.104 0.318

18 K18 34.76 1.69 38.18 0.075 0.227

19 K19 44.18 2.15 48.52 0.095 0.289

20 K20 55.39 2.70 60.84 0.119 0.362

21 K21 64.36 3.14 70.70 0.138 0.420

22 K22 42.83 2.09 47.04 0.092 0.280

23 K23 56.29 2.74 61.83 0.121 0.368

24 K24 40.59 1.98 44.58 0.087 0.265

Average± S.D 48.69± 2.00 2.37± 0.10 53.49± 2.19 0.10± 0.004 0.31± 0.013

Figure 4 | Comparison between the total annual effective dose rate of ingestion for areas

under study with ICRP 1990 and 1993 limit.
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regions in Al-Najaf were shown in Figures 2. When comparing

the uranium concentration values with the permissible limit of

uranium concentrations in water (1.9 μg/L), recommended by

ICRP1993 (ICRP ), it can be seen that the 100% from the

investigated samples are less than the permissible limit value.

The percentage distribution of the average activity uranium

isotopes of the groundwater samples is illustrated in Figure 3.

The results of annual effective dose to 238U, 235U, 234U

and total with excess cancer risk at Al-Kufa region are

shown in Table 3, it is observed that the average of annual

effective dose to 238U, 235U and 234U were 48.69±

2.00 μSv/y, 2.37± 0.10 μSv/y and 53.49± 2.19 μSv/y

respectively. While the results of total average annual effec-

tive in mSv/y were varied from 0.065 to 0.146 with an
://iwaponline.com/ws/article-pdf/doi/10.2166/ws.2020.207/735433/ws2020207.pdf
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Figure 5 | Comparison between the excess cancer risk with acceptable level limit.

Table 4 | Results of chemical toxicity in groundwater at Kufa city

No. Sample Code
Lifetime Average Daily
Dose (LADD) μg/kg.day Hazard Quotient (HQ)

1 K1 0.0242 0.0404

2 K2 0.0407 0.0679

3 K3 0.0379 0.0631

4 K4 0.0414 0.0691

5 K5 0.0400 0.0667

6 K6 0.0336 0.0559

7 K7 0.0350 0.0583

8 K8 0.0371 0.0619

9 K9 0.0285 0.0475

10 K10 0.0321 0.0535

11 K11 0.0544 0.0906

12 K12 0.0328 0.0547

13 K13 0.0472 0.0786

14 K14 0.0393 0.0655

15 K15 0.0522 0.0870

16 K16 0.0490 0.0816

17 K17 0.0389 0.0649

18 K18 0.0278 0.0463

19 K19 0.0353 0.0589

20 K20 0.0443 0.0739

21 K21 0.0515 0.0858

22 K22 0.0343 0.0571

23 K23 0.0450 0.0751

24 K24 0.0325 0.0541

Average± S.D 0.0389± 0.0016 0.0649± 0.0026
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average 0.10± 0.004. The total annual effective dose of natu-

ral uranium in all collected samples was only a slight

fraction of the recommended ICRP 1990 and 1993 annual

effective dose of 1mSv (Thorne ) and 0.18 (ICRP

), respectively. Also, it was clear that the percentage

the average of total annual effective doses due to uranium

in Al-Kufa groundwater samples were very less than the per-

missible limit (see Figure 4). These levels were presented to

stand for a concentration that does not result in any substan-

tial danger to health over drinking water during the lifecycle.

The radiological risk evaluated as excess cancer risk was

estimated as shown in Table 3. In the present investigation,

the overall excess cancer risk ranged from 0.198 × 10�3 to

0.444 × 10�3 with an average of (0.31± 0.013) × 10�3.

Though the average value in all the directions of the study

area is low compared to the acceptable limit of 10�3 (The

acceptable level of radiological risk is 10�3) (Kim et al.

; Mathews et al. ), as shown in Figure 5.
Table 5 | Average of UC in some countries (Thorne 1992)

No. Country UC (μg/L)

1 Canada 0.40

2 Argentina 1.3

3 Jordan 2.4

4 Turkey 8.9

5 Kuwait 1.5

6 Iraq(Baghdad) 3.38 (Attiyah )

7 Present study 1.2



Figure 6 | The map of the values of uranium concentrations in the present study.
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The risk due to chemical toxicity LADD and HQ of

uranium in groundwater was estimated using Equations (6)

and (7) which it is shown in Table 4. The estimated LADD

in (μg/kg.day) unit is found to be in the range from 0.0242

to 0.0544 with an average 0.0389± 0.0016, while the value

of HQ were ranged from 0.0404 to 0.0906 with an average

0.0649± 0.0026. The values of LADD due to the ingestion

of uranium through groundwater samples at Al-Kufa city

(see Table 4) was lower than of the recommended by
Figure 7 | The map of the values of A.E.D in the present study.
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WHO of 0.6 μg/kg.day (Davison et al. ). Also, it is

shown the values of HQ for all groundwater samples col-

lected from the bore wells of the study area were lower

than the acceptable level (1) (Thorne ). Table 5 shows

the different Uranium concentrations that are present in

the different samples of water in the mentioned countries.

From the shown figure, one can note that the current results

of concentrations of Uranium are nuanced compared to

other countries.



Figure 8 | The map of the values of Excess cancer risk in the present study.
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The results of radiological and chemical risk exposure

levels of uranium were comparatively low than the accepta-

ble limit. Therefore, it can be concluded the groundwater

samples in Al-Kufa are safe according to uranium levels.

Finally, the comparison between the uranium concen-

trations in μg/L, total annual effective dose (A.E.D) in

mSv/y, and Excess cancer risk for all the samples of ground-

water in Kufa city are shown in Figures 6–8 which is drawn

by GIS technology, with ArcGIS 10.7.1.
CONCLUSIONS

The values of uranium concentrations all groundwater at Al-

Kufa regions of Al-Najaf were are less than the rec-

ommended value of ICRP (1.9 μg/L). Also, all results of

the total values of annual effective dose due to uranium iso-

topes in water were only a slight fraction of the

recommended ICRP annual effective dose of (1 and

0.18mSv), as well as all values of excess cancer risk, were

lower than the acceptable limit (10�3). Moreover, the risk

due to chemical toxicity LADD and HQ of uranium in

groundwater was lower than the acceptable level rec-

ommended by WHO and literature studies. As has been

previously shown, the existing concentrations of Uranium

that are part of our concerns are within safe limits within

the bounds of the study are that has been previously set,

and these concentrations do not represent alarming rates

of danger to the citizens.
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