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1-Abstract 

The aim of this study was to remove Ra-226 from the contaminated soil samples which 

collected from one of oil company located at western desert of Egypt. Five soil samples (S-1, 

S-2, S-3,S-4,S-5) were collected from the bottom of evaporation pond from different positions 

of dry evaporation pond inside the oil  company. The activity concentration of Ra-226 

measured by using the Hyper Pure Germanium  detector (HPGe) connected to MCA . 

Electrodeposition  technique was used  to produce in situ metallic coatings by the action of an 

electric current on a conductive material immersed in a solution containing a salt of the metal 

to be deposited. Chemical agents added to the solution to increase the efficiency of 

contaminant removal  nitric acid HNO3 was added to improve the solubility of Ra-226. Three 

different  electrods made from stainless steel, aluminum and cupper poles  were used in this 

study. The data obtained showed that the highest removal  percentage of the Ra-226 found to 

be 73% when the aluminum pole was used. Therefore, from the obtained data, it is clear that 

the electrodeposition technique using aluminum poles for removal of Ra-226 can be used for 

remediation or treatment contaminated soil produced from oil industry. 
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2-Introduction 

Naturally Occurring Radioactive Materials (NORM’s) are those materials that contain 

radioactive isotopes of 
238

U and 
232

Th and  their progenies as well as 
40

K. NORM’s exist in 

soil, water, plants, animals, human, coal, lignite, petroleum, phosphate ores, geothermal 

wastes, wastewater…etc., in small varying amounts. On the other hand, nearly all the 

naturally occurring radioactive materials are considered in balance state. 
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The gamma radiation emitted from NORM is called terrestrial back ground radiation 

.materials such as rock, soil, under ground water and air contain various NORMS in different 

concentrations in various locations of the world were discussed in several studies. (Taqi.A.H, 

Al-Ani.L.A, et al,2016). 

Many oil companies in the world have used to discharge the water co-produced with the 

production of oil and gas into the environment in unlined artificial lagoons and pits for 

evaporation pond. This evaporation ponds become with time highly contaminated with 

NORM. (Ezz El-Din.M.R, 2008). 

Wastes associated with the various industrial activities, with enhanced levels of the 

natural radioactivity as a result of industrial process, causes what is called, “Technological 

Enhanced-Naturally Occurring Radioactive Materials”, to be named as acronym word ''TE-

NORM''. (Attallah . M. F, et al , 2012). 

The precipitated TENORM wastes around walls of the petroleum pipes reduce their 

efficiency and then disposed and replaced periodically by new ones (El-Afifi.E.M, 

Awwad.N.S, 2009). Both hazardous and non-hazardous solid wastes are generated during the 

refining process. Refinery wastes are typically in the form of sludge, spent process catalysts, 

filter clay, and incinerator ash. In addition, produced water contains enhanced naturally 

occurring radioactive materials (NORM) resulting from the 
232

Th and 
238

U series( Swann.c, et 

al, 2004) this water is currently considered to be the largest volume of radioactive waste 

generated by the petroleum industry . (Saleh.I.H, et al, 2018). 

Levels of activity in the oil-produced water can attain several hundred Becquerels per 

liter, depending on the source rocks of the oil reservoirs and the associated brine water Al-

(Masri. M.S, 2006). Discharging these types of wastewater into the environment causes 

environmental pollution as surface and ground waters as well as in soil, and thus exposure to 

the public and the workers. (Al Attar. L, Safia. B, 2013). 

During routine operations, workers in oil and gas fields are exposed to external gamma 

radiation. This external gamma radiation exposure is due to radioactive species precipitated at 

walls of pipes and vessels as well as that arising from TENORM contaminated soil. The dose 

rate at oil and gas fields could be in order of tens of micro Sievert per hour.(Ahmed.YA.A, et 

al, 2019). 

 NORM residues in the oil & gas Industry are typical examples of precipitated 

materials. These materials are generated by precipitation or sorption of radionuclides from 

fluids (or gases). Regarding their genesis, different types of radioactive scale formation have 

been identified in the oil and gas industry resulting in different types of NORM waste. Due to 
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differences in how the NORM waste occurs on the oil and gas installations it is beneficial to 

divide the waste into two categories: 

a- NORM loose materials: sediments, produced sand, slop, material from pigging (cleaning of 

tubulars and other equipment) 

b- NORM contaminated production equipment : production tubulars, other production 

equipment 

The oil and gas production NORM waste as it occurs is most often mixed with other 

components such as heavy oil components (tar, wax). In addition to corrosion products and 

sand/clay was produced. Apart from their radioactive properties, the non-radioactive 

components may require classification as hazardous waste. 

The activity concentration of NORM wastes follows typically a log-normal 

distribution. This must be taken into account when conceiving the measurement program. 

The major factors influencing the occurrence of NORM in oil/gas production are: 

1. Type of production. Oil and gas installations differ largely with respect to types and 

amounts of NORM. 

2. NORM pre-history. It is usually well-known from the production phase where NORM 

is likely to be present on a given installation and what quantities that should be 

expected. 

3. The cleanliness state of the installation. The amount of NORM left to be handled 

during decommissioning will depend on the grade of NORM waste recovery 

performed in the installation's shut-down phase. 

4. The presence of oil storage tanks. If (produced) oil storage tanks are present, they may 

contain considerable amounts of NORM in bottom sediments. 

5.  The presence of pre-processing installations. If NORM is found to be present in the 

processing modules on the "mother" installation, it is likely that also "satellite" 

installations and the connecting pipelines and risers are NORM infected. ( Michele 

Peroni, et.al , 2012 ). 

3-Material, instrumentation and method 

3.1.Materials 

3.1.1.Collected Soil Samples 

         The soil samples used in this study were collected from  an evaporation pond of one of 

oil company located at western desert which considered one of highest contaminated soil in 

all areas surveyed undergone remediation technique in accordance with radiation protection 

principles. 
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five soil samples(S-1, S-2, S-3,S-4,S-5) were collected from different positions at the bottom 

of dry evaporation pond located inside oil& gas product field, Each sample were collected 

from the surface and sealed in250 ml marinelli container  for three weeks in order to maintain 

secular equilibrium. were measured by using a high purity germanium (HPGe) detector. The 

detector is coupled to a multi-channel analyzer (MCA) model ISOXSRCE, Canberra. 

    3.2.Instrumintation 

3.2.1.Gamma Spectrometric Analysis: 

Gamma spectrometry is a powerful technique for determining qualitative and 

quantitative low-level natural radioactivity in environmental and geological samples through 

their gamma-ray emission.  

The gamma spectrometric analysis of these samples enables a large number of nuclides 

to be covered in a single analysis without radiochemical treatment. The large number of 

publications on radiation monitoring, all over the world, indicates the reliability of gamma 

spectrometry. ( M. Abo-Elmagd, et.al, 2009). 

 

3.3.Method 

3.3.1. Removal of Ra-226 by Using Electrodeposition 

Electrodeposition is a well-known method to produce in situ metallic coatings by the 

action of an electric current on a conductive material immersed in a solution containing a salt 

of the metal to be deposited (A.A.Taha, 2008). 

Chemical agents added to the solution to increase the efficiency of contaminant 

removal. Acids, such as nitric acid, (HNO3) (2 Moler) and added to improve the solubility of 

certain contaminants with added also the salt NaOH(1Moler). 

Removal of Ra-226 from contaminated soil by electro-deposition technique using 

different electrodes materials ( stainless steel poles ,aluminum poles and cupper poles), the 

data obtained are shown in the following tables before and after experiments at fixed time and 

fixed rate. 

 

4-Result & Discussion 

The results of the present work may clear-up the risk of NORM to the environment 

and how to initiate method to deal with the radioactive contaminated soil. 
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4.1 Detarmination of Activity Concentration in the Investigated Soil Samples 

The activity concentration of the most important radionuclides in U-238 series and Th-

232 series in the investigated soil samples before using the electrodeposition technique  were 

measured and shown  in tables (1), and it will be used for comparison or calculation of 

removal percentages after using electrodeposition technique.  

 

Table (1):  The activity concentration in Bq/kg of the investigated  

                               soil samples (±SD) 

Sample 

No. 

U-238 (Bq/kg ) Th-232 (Bq/kg ) 

Ra-226 Pb-214 Bi-214 Ac-228 Tl-208 

S-1 45747 + 198 30749 + 31 50472 + 124 44729 + 91 22471 + 30 

S-2 40234 + 301 22175 + 55 42981 + 142 37744 + 101 20241 + 72 

S-3 49730 +318 44266 +53 72099 +213 46955 +145 19852 +120 

S-4 59253 +219 48951 +29 80022 +115 57453 +78 19952 +70 

S-5 22018 + 198 15749 + 31 24472 + 124 22729 + 91 10471 + 30 

 

4.2 Removal of Ra-226 from the contaminated soil using electrodeposition technique 

The removal of Ra-226 from the investigated soil samples was carried out using 

electrodeposition technique .The data obtained are shown in tables (2-7) and figure (1-3). 

From table(2) it is clear that the rate of removal of Ra-226 from the investigated soil samples 

(S-1) to (S-5) is varied from 55 to 61% . while table(3) shows the variation of time with 

percentage of Ra-226 removal and it is found that the highest removal percentage was reach at 

30 and 40 minutes using stainless steel  poles with (S-1). 
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Table (2): Ra-226 Deposition using Stainless Steel (S.S) Poles 

Sample 

No. 

Electrode 

Type 

Ra-226 Activity 

before experiment 

(Bq/kg) 

Ra-226 Activity 

after experiment 

(Bq/kg) 

Radium 

Deposit 

(%) 

S-1 S.S 45747 ±198 17841.3±123 61 

S-2 S.S 40234 ±301 16898.3±118 58 

S-3 S.S 49730 ±318 22378.5±125 55 

S-4 S.S 59253 ±219 26071±134 56 

S-5 S.S 22018 ±198 9247.6±98 58 

 

Table (3): The relationship between time (min) and rate of deposition of radium-226 

Using Stainless Steel Poles and (S-1) Sample 

Time 

(min.) 

Ra-226 Activity 

before Experiment 

(Bq/kg) 

Ra-226 Activity 

after Experiment 

(Bq/kg) 

Radium 

Deposit 

(%) 

10 45747±198 44603±127 22 

20 45747±198 36305±134 49 

30 45747±198 29044±178 61 

40 45747±198 21783±145 61 

50 45747±198 27488±167 60 

 

Therefore, by using stainless steel  poles for deposition, it is found that  the deposition 

efficiency ranged between 22 to 61 % while sample 1 (S-1) give the highest deposition 

percentage (61%) 
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Figure (1):  Electro-deposition of 
226

Ra as a function of electro-deposition   time 

Using Stainless Steel Poles (S-1) Sample    

Figure (1)  shows the highest electro-deposition percentage achieved at 30 minutes then 

a little decrease between 40 and 50 minutes and with increasing time no more deposition due 

to saturation of the surface of stainless steel  poles. So, it is found that  the removal of Ra-226 

take short time to electrodeposition on stainless steel  poles. From table(4) it is clear that the 

% removal of Ra-226 from the investigated soil samples (S-1) to (S-5) is varied from 69 to 

73% , while table(5) shows the variation of time with % of Ra-226 removal and it is found 

that the highest removal percentage was reach at 30 minutes using aluminum  poles and (S-2). 

Table (4): Ra-226 Deposition using aluminum poles 

Sample 

No. 

Ra-226 Activity 

before experiment 

(Bq/kg) 

Ra-226 Activity 

after experiment 

(Bq/kg) 

Radium 

Deposit 

(%) 

S-1 45747±198 12809±124 72 

S-2 40234±301 10863±148 73 

S-3 49730±318 15416±156 69 

S-4 59253±219 16590±179 72 

S-5 22018±198 6385±110 71 
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In case of  using aluminum poles for electrodeposition, it is found that  the deposition 

efficiency is  varied between 69-73 % while sample 2 (S-2) give the highest deposition (73%). 

Table (5) shows the relationship between time and rate of deposition of radium on aluminum 

electrode (Plateau Curve). Figures (2) show electro-deposition of Ra-226 as a function of 

electrodeposition time. 

Table (5): The relationship between time and rate of deposition of radium-226 using 

aluminum poles and (S-2) sample 

Time 

(min.) 

Ra-226 Activity 

before Experiment 

(Bq/kg) 

Ra-226 Activity 

after Experiment 

(Bq/kg) 

Radium 

Deposit 

(%) 

10 40234±301 24542±158 39 

20 40234±301 18105±177 55 

30 40234±301 10863±185 73 

40 40234±301 11265±176 72 

50 40234±301 11265±176 72 

 

 

Figure (2): Electro-deposition of 
226

Ra as a function of electro-deposition time using 

aluminum poles and (S-2) sample 

In  figure (2) it is  show that the highest electro-deposition percentage was achieved at 

30 minutes then a little decrease between 40 and 50 minutes and with increasing time no more 

deposition due to saturation of the surface of aluminum poles. So, it is found that  the removal 

of Ra-226 take short time to electro deposition in aluminum poles. Table (5) show that the 
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percentage of Radium deposition on aluminum electrodes is ranged  between 39% to 73% 

through time 30 min. 

In case of using cupper poles, the data obtained are shown in table (6,7) and figure (3). 

Table (6) shows the percentage of separation of radium using cupper poles and Table (7) 

shows the relationship between time and rate of deposition of radium on cupper electrode 

(Plateau Curve). 

 

Table (6): Ra-226 Deposition using cupper poles 

Sample 

No. 

Ra-226 Activity 

before experiment 

(Bq/kg) 

Ra-226 Activity 

after experiment 

(Bq/kg) 

Radium 

Deposit 

(%) 

S-1 45747±198 36579±178 20 

S-2 40234±301 30980±158 23 

S-3 49730±318 39286±167 21 

S-4 59253±219 45032±128 24 

S-5 22018±198 17834±120 19 

 

Table (7): The relationship between time and rate of deposition of radium-226 

on cupper poles and (S-4) sample 

Time 

(min.) 

Ra-226 Activity 

before Experiment 

(Bq/kg) 

Ra-226 Activity 

after Experiment 

(Bq/kg) 

Radium 

Deposit 

(%) 

10 59253±219 54512±89 8 

20 59253±219 52735±78 11 

30 59253±219 49772±120 16 

40 59253±219 45032±143 24 

50 59253±219 45624±134 23 

60 59253±219 47402±144 20 
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 From the data obtained in table (7) the deposition efficiency using cupper poles was  

varied between 19-24 % while sample 4 (S-4) give the highest deposition (24%) 

 

Figure (3): Electro-deposition of 
226

Ra as a function of electro-deposition time using 

cupper poles and (S-4) sample 

Figure(3)  shows that the highest electrodeposition percentage was achieved  at 40 

minutes then a little decrease between 50 and 60 minutes and with increasing time no more 

deposition due to saturation of the surface of cupper poles. So, it is  found that  the removal of 

Ra-226 take short time for  electrodeposition on cupper  poles. 

 

Conclusion 

In conclusion, The collected soil samples have been found to be highly contaminated 

with NORM, (Ra-226). With respect to this fact the electro-deposition technique used in this 

study as a removal technique to decrease the concentration of Ra-226 in the investigated soil 

by using different electrode materials ( stainless steel ,aluminum and Cupper electrodes).  

Remarkable progress has been achieved by this technique as shown in the followings: 

• 61 % removal efficiency of (Ra-226) by using the stainless steel   electrodes 

 73 % removal efficiency of (Ra-226) by using the Aluminum  electrodes 

 24 % removal efficiency of (Ra-226) by using the copper electrodes. 

Therefore, it is clear that the aluminum poles was the best electrodes to deposit the 

Radium-226. Therefore, from the obtained data, it is clear that the electrodeposition technique 

using aluminum poles for removal of Ra-226 can be used for remediation or treatment of 

contaminated soil produced from oil industry. 
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ثبللغخ العرثيخالولخص   

 

هن الترثخ الولىثخ 222-الراديىم خاستخذام تقنيخ الترسيت الكهرثبئى لازال  

 

رانب عجذ الىهبة عجذ الوطلت
۱

, اهبل هحوىد فرج الشرشبثى
2

,  هحوذ رضب عس الذين
۱

, احوذ عبدل طه 
۱  

 

۱
هصر -القبهرح -هذينخ نصر -الرقبثخ النىويخ والاشعبعيخئخ هي -الاشعبعيخ خقسن الىقبي   

2
هصر -القبهرح -جبهعخ عين شوس -كليه الجنبد للاداة والعلىم والترثيه -قسن الفيسيبء   

 هلخص الجحث

انري ذى جًؼها يٍ إحذي اشؼاػيا و يٍ ػيُاخ انرشتح انًهىثح  222-ذهذف هزِ انذساعح إنً إصانح انشاديىو 

،  S-1  ،S-2يصش. ذى ذجًيغ خًظ ػيُاخ يٍ انرشتح ) -انىاقؼح في انصحشاء انغشتيح انثرشول ششكاخ 

S-3  ،S-4  ،S-5 ٍقاع تشكح يرثخشج  داخم ششكح انثرشول. ذى قياط ذشكيض َشاط َقاط يخرهفح ت ( ي

ذى  يطياف يحهم يرؼذد انقُىاخ.انًرصم تـ فائق انُقاء  تاعرخذاو كاشف  جيشياَيىو   222-انشاديىو

ػيُاخ ذقُيح انرشعية انكهشتائً يٍ خلال ػًم ذياس كهشتائي ػهً يادج يىصهح يغًىسج في اعرخذاو 

تًحهىل  222-نرحغيٍ قاتهيح روتاٌ انشاديىو  HNO3حًض انُيرشيك  واضافح  ححم انذساعي حانرشت

و الأنىيُيىو وانُحاط  في  َهيظ عريم. ذى اعرخذاو ثلاثح أقطاب كهشتائيح يخرهفح يصُىػح يٍ الاعراانرشتح

 حىانًوجذخ   222-انري ذى انحصىل ػهيها أٌ أػهً َغثح إصانح نهشاديىو انُرائجظهش وذهزِ انذساعح. 

% 26، تيًُا الاقطاب الاخشي اػطد َغة اقم يٍ رنك وهً ٪ ػُذ اعرخذاو أػًذج الأنىيُيىو 37

أٌ ذقُيح انرشعية انكهشتائً  هزِ انُرائج يرضحنزنك يٍ خلال  % نهُحاط .  22و  َهيظ عريمنلاعرا

 اشؼاػيا و ًؼانجح انرشتح انًهىثحن كطشيقح تذيهح يًكٍ اعرخذايها انشاديىوتاعرخذاو أػًذج الأنىيُيىو لإصانح 

 انثرشول. تثؼض يىاقغ حقىل ششكاخانُاذجح 

 

 

 


