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Abstract: This paper present the findings of naturally occurring radionuclides (
226

Ra, 
228

Ra and 
40

K) carried out on 

produced water collected from seven oil and gas fields onshore of Delta State, using gamma spectroscopy. Twenty- one 

produced water samples from seven flow stations waste pit were collected within the oil fields using standard methods. The 

average specific activity concentrations for the radionuclides 
40

K, 
226

Ra and 
228

Ra are 48.78±13.67Bql
-1

, 6.04±2.48Bql
-1

 and 

5.18±2.14Bql
-1

 respectively. These obtained values are higher than the WHO, 2008 recommended standard limit of 10Bql
-1

, 

1.0Bql
-1

 and 0.1Bql
-1 

for 
40

K, 
226

Ra and 
228

Ra respectively. Radium equivalent have average activity concentration of 

14.36±5.55Bql
-1 

while the average absorbed dose rate of 6.68mSvy
-1

 was found to be higher than the UNSCEAR 2000 

acceptable standard of 1.5mSvy
-1

. Although the hazard indices (Hex, Hin) calculated are still within their tolerable levels, the 

estimated committed effective dose due to intake of the sampled water for all the produced water considered are far above 

the ICRP 0.1 mSvyr
-1 

maximum permissible limit. The result indicates some level of water pollution in the studied water 

samples. This work will add to the world data base of natural radionuclide in produced water from crude oil. 
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1. Introduction 

During oil exploitation large amounts of water 

accompany the production stream. This water is usually 

referred to as produced water, formation water or oilfield 

brine (Neff, 2002). This water may be formation water 

trapped within the reservoir for millions of years, or a 

mixture of seawater and formation water, when seawater 

has been injected in order to maintain pressure in the 

reservoir during oil and gas production (Gafvert. and 

Faerevik, 2004). 

Produced water is the highest volume waste generated in 

association with oil and gas production operations. Despite 

treatment before discharge to satisfy regulatory limitations 

on oil content, produced water contains a certain amount of 

Naturally Occurring Radioactive Materials (NORM) such 

as 
226

Ra and
228

Ra. NORM are difficult to remove from 

produced water, which make the assessment of their effects 

on human health important to the oil and gas producing 

industries. 

One component that has become the subject of much 

attention is naturally occurring radioactive elements, 

foremost radium, which may be present in the produced 

water. Four radium isotopes exist in nature (
226

Ra from the 

uranium decay series, 
228

Ra and 
224

Ra from the thorium 

decay series, and 
223

Ra from the actinium decay series) 

where 
226

Ra and 
228

Ra are the most long-lived, with 

physical half-lives of 1600 and 5.75 years, respectively  

(IAEA, 2003; Chowdhury et al., 2004). Radium enters the 

water from the surrounding rocks by direct alpha recoil into 

the water or chemical leaching (the latter may be facilitated 

by crystalline damage caused by recoil energy from 

previous alpha decays in the decay series).  Due to their 

short half-lives, 
223

Ra and 
224

Ra do not play a significant 

role in risk assessment. The high temperature and pressure 

in the oil reservoirs also aid in the leaching of radium from 

reservoir rock into the formation water. Produced water 

may contain radium components in addition to metals, 

polycyclic aromatic hydrocarbons, volatile organic carbons 

process chemicals. Two isotopes of radium,
226

Ra and
228

Ra 

are of most concern as they are leachable and mobile 

because of their high solubility in water (Vegueria et al; 

2002). Radium isotopes probably make up the bulk of 
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nuclide activity in produced water. The isotope
226

Ra emits 

mostly alpha particles and a small amount of gamma rays 

as whereas
228

Ra emits beta particles (Neff 2002). 

The essence of this gamma spectroscopy analysis is to 

ensure that the reference dose level (RDL) of committed 

effective dose of 0.1mSvy
-1

 in drinking water is not 

exceeded in any studied produced water since most of these 

water are not pre-treated or treated before discharging into 

the surface water body and the environment by the 

operating companies. Moreso, having established in earlier 

study that gross alpha and beta activities concentration 

were exceeded in drinking waters from some of the oil 

producing areas in Delta State (Agbalagba and Avwiri, 

2012), the need for the specific activity evaluation in these 

oil fields produce water sources arose and this lend 

credence to this study. This is to ascertain the safety of 

produced water disposal, surface and ground water for 

drinking before the eventual handover of the oil blocks to 

the new operators. 

2. Materials and Methods 

2.1. Description of Study Area 

This study was carried out within the Oil Mining Leases 

26 & 30 (OMLs 26 & 30) in Delta state, onshore Western 

Niger delta of Nigeria. The study area lies within latitude 

5
0
18”N and 5

0
68”N and longitude 5

0
33”E and 6

0
40”E 

South-West of Niger delta region of Nigeria. The geology 

of the study area has been reported earlier (Taiwo and 

Akalia, 2009). The lithological log correlation showed that 

the topsoil layer, which is composed of plastic clay, has a 

thickness ranging from 30ft-35ft, which is capable of 

protecting the underlain aquifer unit from being 

contaminated by surface toxic discharge. A silty sand/sandy 

layer directly underlies this, which form the aquifer unit of 

the study area. The groundwater table ranges between 8ft-

10ft. The natural water system of the area depending on the 

location and depth and belong to two extremes of fresh and 

salt water with an intermediary represented by the blackish 

water (SPDC, EIA, 2004). Thus there is the likelihood of 

overflowing of this produced water from their waste pits, 

leaching and seepage into surface and underground waters 

outside the illegal disposal of these untreated wastes into 

the environment. 

2.2. Sample Collection and Preparation 

Twenty one produced water samples were collected from 

the seven selected flow stations which includes: Ogini 

(PWOG), Owhe (PWOW), Evwreni (PWEV), Afiesere 

(PWAF), Eriemu (PWER), Otorogun (PWOT) and 

Olomoro- Oleh (PWOL) 
At the point of sampling, 2-liter plastic container was 

used for the collection of the samples with about 1% air 

space of the container left for thermal expansion. Sample 

containers were raised three times with sampled produced 

water to minimize contamination from the original content 

of sample container. Produced water samples collected 

from the flow stations were immediately acidified with 

10ml±1ml of II MHCL per liter of samples collected to 

avoid absorption of radioactivity on the walls of the 

containers (IAEA, 2003; Tchokossa et al., 1999). The 

samples containers were than tightly covered with 

container cover and kept in the laboratory until analysis. 

Thereafter, samples collected were sent to the Centre for 

Energy Research and Development (CERD), Obafemi 

Awolowo University lle-lfe, Nigeria for analysis. 

At the radioactivity measurement laboratory centre for 

energy research and development (CERD), Obafemi 

Amolowo University lle-ife Nigeria beaker of one (1) liter 

volume capacity washed, rinsed with a dilute sulfuric acid 

and dried to avoid contamination with the sample 

containers were filled with known volume of the produced 

water samples were firmly sealed for four weeks to ensure 

that loss of radon does not occur and ensuring secular 

equilibrium to be established before the gamma-ray 

analysis. 

2.3. Sample Analysis 

The samples were analyzed at CERD Gamma Ray 

Spectrometry Laboratory, Obafemi Amolowo University 

lle-ife, using a thallium activated 3”x3” Sodium iodide 

[NaI(TI)] detector connected to ORTEC 456 amplifier. The 

detector, enclosed in a 100mm thick lead shield, was 

connected to a computer program SAMPO 90 window that 

matched gamma energies to a library of possible isotopes. 

Since the accuracy of the quantitative measurements is 

depended on the calibration of the spectrometry system and 

adequate energy. Background measurement and efficiency 

calibration of the system was made possible using Cs-137 

and Co-60 standard sources from IAEA, Vienna. Spectrum 

were accumulated for background for 29000s at 900volts to 

produce strong peaks at gamma emitting energies of 

1460keV for 
40

K; 609keV of 
214

Bi and 911keV of 
228

Ac, 

which were used to estimate the concentration of 
238

U and 
232

Th, respectively. The energy resolution of the detector 

using Cs-137 and Co-60 standards is 39.5% and 22.2% 

respectively while the activity of the standards at the time 

of calibration is 25.37KBq for Cs-137 and 4.84KBq for Co- 

60. The background spectra, measured under the same 

conditions for both the standard and sample measurements, 

were used to correct the calculated sample activities 

concentration in accordance with Arogunjo et al., 2005. The 

activity concentration (C) in Bql
-1

 of the radionuclides in 

the samples was calculated after subtracting decay 

correction using the expression: 

Cs=NEy/ɛEγ x Mv x tc x Pγ   (Bql-1)                              (1) 

Where Cs= Sample concentration, NEy= net peak area of 

a peak at energy, ɛEy= Efficiency of the detector for a γ-

energy of interest, Mv=Sample volume, tc= total counting 

time, Pγ=Emission probability of radionuclide of interest. 
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2.4. Radiation Hazard Indices Calculation 

It is justifiable to exploit different known radiation health 

hazard indices analysis to arrive at a better and safer 

conclusion on the health status of a radiated or irradiated 

person and environment. To assess the radiation hazards 

associated with sources of water samples examined, three 

quantities have been defined (Zarie and Al Mugren, 2010; 

Agbalagba and Onoja, 2011) 

2.4.1. Radium Equivalent Activity Index (Raeq) 

To represent the activity levels of 
226

Ra, 
228

Ra and 
40

K by 

a single quantity, which takes into account the radiation 

hazards associated with them, a common radiological Index  

was used (Dieb et al., 2008). This Index is called Radium 

Equivalent (Raeq) activity and is mathematically defined by 

(UNSCEAR, 2000): 

Raeq = CRa + 1.43CTh + 0.077CK                          (2) 

Where CRa, CTh and CK, are the activity concentrations of 
226

Ra, 
228

Ra and 
40

K respectively. 

2.4.2. Estimation of Gamma Radiation Absorbed Doss 

Rate (D) 

UNSCEAR (2000) has given the dose conversion factors 

for converting the activity concentrations of 
238

U, 
232

Th and 
40

K into doses (nGyh
-1

 per Bql
-1

) as 0.462, 0.621 and 

0.0417, respectively. 

The gamma radiation population doses of those living in 

the area are given as: 

D= 0.462Au + 0.621 ATh + 0.0417Ak                       (3) 

Where D is the dose rate in nGyh
-1

 and Au, ATh and Ak are 

the concentrations of uranium, thorium and potassium, 
respectively. 

2.4.3. External Hazard Index (Hex) 

A widely used hazard Index (reflecting the external 

exposure) called the External hazard index Hex is defined as 

follows (UNSCEAR, 2000). 

Hex = CRa/370 + CTh/259 + CK/4810                    (4) 

2.4.4. Internal Hazard Index (Hin) 

In addition to external hazard index, radon and its short- 

lived products are also hazardous to the respiratory organs. 

The internal exposure to radon and its daughter progenies 

due to the consuming of water is quantified by the internal 

hazard index Hin, which is given by the equation 

Hin  = CRa/185  +  CTh/259  +  CK/4810                     (5) 

The values of the indices (Hex, Hin) must be less than 

unity for the radiation hazard to be negligible (Diab, et al., 

2008) 

2.4.5. Committed Effective Dose 

In this study, the effective dose over one year was 

calculated using the following relation. 

� � ����365                                  (6) 

Where I is the daily water consumption in l/day. A is the 

activity/l., C is a dose conversion factor in mSv/Bq. Dose 

conversion factors used to calculate the internal radiation 

exposure by ingestion of radionuclide by IAEA(IAEA, 

2003) were considered, see table 4 while the committed 

effective dose is assumed to be the arithmetic summation of 

the effective dose of the three radionuclides measured 

3. Results and Discussion 

Table 1: Specific activity concentration of 226Ra, 228Ra and 40 K and Radium equivalent activity (Bq/l) in Produced Water 

S/No CODE FLOWSTATION K-40 U-238 (Ra-226) Th-232 (Ra-228) 

1 PWOG OGINI A 16.36 ± 6.51 3.11 ± 1.23 2.40 ± 1.65 

2 PWOG OGINI B 9.08 ± 4.75 2.01 ± 0.65 1.15 ± 0.07 

3 PWOG OGINI C 17.24 ± 8.32 6.48 ± 3.01 8.42 ± 3.20 

4 PWOW OWHE A 25.53 ± 9.56 4.77 ± 2.80 ND 

5 PWOW OWHE B 19.68 ± 5.28 4.20 ± 1.60 12.30 ± 4.87 

6 PWOW OWHE C 57.22 ± 13.37 7.77 ± 2.37 6.31 ± 2.53 

7 PWEV EVWRENI A 84.84 ± 21.34 ND 7.24 ± 3.16 

8 PWEV EVWRENI B ND ND 2.31± 1.27 

9 PWEV EVWRENI C ND 3.50 ± 1.18 6.69 ± 2.28 

10 PWAF AFIESERE A 63.85 ± 14.13 7.32 ± 4.08 2.17 ± 1.38 

11 PWAF AFIESERE B 27.21 ±  7.46 5.11 ± 2.24 5.98 ±  2.57 

12 PWAF AFIESERE C 36.69 ± 13.14 12.17 ± 4.71 7.52± 2.37 

13 PWOL OLOMORO A 155.22 ± 32.27 13.19 ± 5.12 4.56 ± 1.77 

14 PWOL OLOMORO B 53.01 ± 19.51 8.43 ± 3.36 6.12 ± 2.09 

15 PWOL OLOMORO C 38.19 ± 12.26 ND 5.42 ± 3.14 
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S/No CODE FLOWSTATION K-40 U-238 (Ra-226) Th-232 (Ra-228) 

16 PWER ERIEMU A ND 7.13 ± 3.18 7.42 ± 2.09 

17 PWER ERIEMU B 80.43 ± 22.58 3.45 ± 1.09 3.39 ± 1.31 

18 PWER ERIEMU C 25.45 ± 8.43 ND 0.75 ± 0.34 

19 PWOT OTOROGU A 32.09 ± 12.27 5.83 ± 3.12 ND 

20 PWOT OTOROGU B 29.05 ± 7.74 6.84 ± 2.26 2.34 ± 1.17 

21 PWOT OTOROGU C ND 2.36 ± 1.21 4.45 ± 2.19 

Table 2: Mean Specific activity concentration of 226Ra, 228Ra and 40 K and the Estimated Health Hazard indices of the Sampled Produced Water. 

S/N CODE K-40 
U-238   (Ra-

226) 

Th-232 

(Ra-228) 

 

Radium 

Equivqlent 

Raeq (Bq/l) 

Absorb 

Dose Rate 

(D) mSvy-

1 

Internal 

hazard 

index 

(Hin) 

External 

hazard 

index (Hex) 

Committed 

Effective Dose 

(mSvyr-1) 

1 PWOG 14.23±6.53 3.87±1.63 3.99±1.64 10.67±4.48 4.858 0.03 0.04 2.85±0.50 

2 PWOW 34.14±9.40 5.58±2.26 9.31±3.70 17.03±6.51 7.854 0.06 0.07 5.99±0.70 

3 PWEV 84.84±21.34 3.50±1.18 5.14±2.24 11.08±4.14 5.080 0.05 0.06 3.70±0.50 

4 PWAF 42.58±11.58 8.20±3.68 5.22±2.11 18.95±7.58 8.809 0.05 0.06 4.50±0.70 

5 PWOL 82.14±21.35 10.81±4.24 5.37±2.33 21.20±7.81 10.088 0.07 0.08 5.27±0.80 

6 PWER 52.94±15.51 5.29±2.14 3.85±1.25 11.75±4.00 5.494 0.04 0.05 3.26±0.60 

7 PWOT 30.57±10.01 5.01±2.20 3.40±1.68 9.82±4.31 4.570 0.03 0.04 2.87±0.40 

AVERAGE 48.78±13.67 6.04±2.48 5.18±2.14 14.36±5.55 6.68 0.05 0.06 4.06±0.60 

WHO 2008 

STANDARD 
10 1.0 0.1   0.1 0.1 0.1 

Table 3: Committed Effective Dose conversion Factor (Sv/Bq) for Member of the Public (ICRP, 1997; WHO, 2003 and Ismail et al., 2009) 

S/N Radioisotope 
Infant  ≤ 1yr Children 1-12yr Teenager 12-17yr Adult �17yr 

0.5 litre/day 1.0 litre/day 2.0 litres/day 2.0litres/day 

1 226Ra 4.7E-06 6.2E-07 1.5E-06 2.8E-07 

2 228Ra 3.0E-05 3.4E-06 5.3E-06 6.9E-07 

3 40K 6.2E-08 2.1E-08 7.6E-09 6.2E-09 
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Fig. 1: Bar chart showing comparison of 40k activity concentration (Bql-1) with standard. 
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Fig. 4: Comparison of Absorbed Dose rate
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Fig 5: Comparison of Estimated Committed Effective Dose Rate with IAEA Standard 

Three naturally occurring radionuclides 
40

K, 
226

Ra and 
228

Ra were determined in all the produced water samples 

measured and the results are shown in Tables 1 and 2. The 

average activity concentration of 
40

K, 
226

Ra and 
228

Ra in 

produced water from the studied area are 48.78 ± 13.67Bql
-

1
, 6.04 ± 2.48Bql

-1
 and 5.18 ± 2.14Bql

-1
 respectively. The 

largest contribution of the overall activity concentration in 

all the various produced water samples come mainly form 
40

K with the lowest concentration of 9.08 ± 4.75Bql
-1

 and 

the highest concentration being 155.2 ± 32.27Bql
-1

. This 

relatively higher concentration of 
40

K can be attributed to 

the presence of clay that characterized the formation in the 

Niger Delta and its abundance in the earth crust (Ajayi et 

al., 2009; Tchokossa et al., 1999).  The specific activity 

concentration due to 
228

Ra is relatively low in all the 

produced water samples investigated compared to 
226

Ra, 

this is because 
226

Ra is more mobile than 
228

Ra (NCRP, 

1987).The obtained average values exceeded the (WHO, 

2008) standard values limit of 10Bql
-1

, 1.0Bql
-1

 and 0.1Bql
-

1
 for 

40
K, 

226
Ra and 

228
Ra respectively, these are clearly 

shown graphically in figures 1-3. These obtained activities 

concentration of 
226

Ra and 
228

Ra are higher than those 

reported value by Jerez Vegueira et al., (2002) in Brazil 

produced water, Gafvert et al., (2004) in Norway produced 

water and that reported by Strand et al., (1997) also in 

Norway. This high activity concentration may be attributed 

the geological formation of the areas. It can also be as a 

result of the drilling chemical (drilling mud), well logging 

equipments and other industrial radiography etc, used 

during oil and gas exploration, exploitation and production 

by the companies. The activity concentration 49.0Bql
-1

 for 
40

K reported by Tchokossa 1999 in a previous work in 

Delta State, agrees with the obtained 
40

K activity 

concentration. 

Table 2 shows the mean radium equivalent, absorb dose 

rate, internal and external hazard indices and the committed 

effective dose calculated from activity concentration of 
40

K, 
226

Ra and 
228

Ra using equations 2- 6. The radium equivalent 

have its highest concentration value 21.20 ± 7.81Bql
-1

 at 

Olomoro flow station and lowest concentration  of 9.82 ± 

4.31Bql
-1 

at Otorogu gas plant with average value is 14.36 

± 5.55Bql
-1

. The absorbed dose rate Olomoro flow station 

has the highest value 10.088mSvy
-1

 while Otorogu gas 

plant has the lowest value 4.570mSvy
-1

 with an average 

value of 6.679mSvy
-1

. The obtained results when compared 

with standard of 1.5mSvy
-1

 (UNSCEAR 2000) as shown in 

Fig 4, revealed that the average values of absorbed dose 

rate in all the produced water samples are higher than world 

standard limit. This could again be attributed to geology 

formation of the study area and the various radionuclide 

induce activities of the exploration companies. These 

obtained values are higher than that reported by Ajayi et al., 

2009) in drilled and hand dug well drinking water in 

Abeokuta, Ogun State and those reported by Yussuf et al., 

(2012) in drinking and mineral water in Johor Bahru, 

Malaysia. But these obtained values are lower than the 

values reported by Vesterbacka (2007) in drinking water in 

Finland. 

The value of the internal hazard index ranged from 0.03 

to 0.07 with an average value of 0.05, while the external 

hazard index ranged from0.04 to 0.08 with an average 

value of 0.06. These indices of predicting the hazard level 

of human is still within the recommended limits. 

Radionuclide may reach the gastrointestinal tract directly 

by ingestion or indirectly by transfer from the respiratory 

tract. From the small intestine the radionuclide can be 

absorbed to the body fluid. The effective dose due to water 

intake by adults and consequently the committed effective 

dose are calculated using equation 6 and table 3 as 

extracted from ICRP Publication 78 (ICRP, 1997). On the 

average, adults are considered to consume 2litres of water 

per day. This is a conservative estimation in summer in 

Nigeria. The average committed effective dose rate in 

produced water from crude oil ranged from 2.85±0.50 

mSvy
-1 

in Ogini flow station produced water to 5.27±0.80 

mSvy
-1

 in Oleh- Olomoro flow station produced water with 

mean value of 4.06±0.60 mSvy
-1

. The values obtained are 

in consonant with the reported values by Agbalagba et al., 

2013. However, they are well above the allowed dose 

contributed from water which is estimated to be 0.1mSvy
-1 

(WHO, 2003; Ismail et al., 2002). 
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4. Conclusion 

The concentration of natural radioactive series nuclides 

have been shown to vary from one oil field to another. The 

relatively high radionuclide activity concentration in most 

produced water over world standard average values and 

above values obtained in other parts of the world is 

attributed to the impact of oil and gas exploration and 

exploitation activities on the environment. This could result 

from contamination of aquifers, precipitation of radon 

daughters and effluent discharge at various magnitudes in 

the oil fields. The estimated committed effective dose if 

consumed by the public are well above their permissible 

limits. Therefore, the produced waters in these oil fields are 

highly contaminated radiologically. Though when 

discharged into underground or surface drinking water 

bodies, immediate health implication for the public users 

may not be observed at the present level, but long term 

accumulative health side-effects are highly probable in the 

host community, thus proper treatment of the water is 

highly recommended before discharge into water bodies. 

This work will add to the world data base of natural 

radionuclide in produced water from crude oil. 
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