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ABSTRACT 

 

 

 

The research described in this thesis is a comprehensive account to remove excessive 

heavy metals and radionuclides contained in the most radiation-contaminated soil by 

using the most optimised electrokinetic remediation technique. This novel study that 

saved time and costs based on electrokinetic optimisation was the ultimate vision to 

be discovered on this thesis. In addition, reduction in terrestrial gamma radiation 

doserate (TGRD) by reducing soil pH level during electrokinetic processes was 

somewhat new and exciting in this study. The TGRD and soil pH of various soil type 

within Batu Pahat and Kluang districts were measured. Soil with the highest TGRD 

was selected to be remediated by various types of electrokinetics setup, to list out the 

best electrokinetic parameters. Results obtained from these setup led to the 

development of the most optimised electrokinetic setup, especially in remediating 

radionuclides. Data analysis showed that Holyrood-Lunas soil species taken from Sri 

Gading recorded the highest TGRD of 476.841.9 nGy h-1. The pre-electrokinetic 

examination by X-ray fluorescence (XRF) indicated that 10 heavy metals contained in 

the sample were significantly higher than the Environmental Protection Agency (EPA) 

contamination indices limit, in decreasing order, were Th>As>Sb>Sn>U>Cr>Pb>Ni> 

V>Zr. The post-electrokinetic analysis suggested the most optimised parameters for 

Th and U removals were 3.0 hours remediation time, 30 volts electrode voltage, 22 cm 

electrode spacing, plate-shaped electrodes by 88 cm and in 1-D electrodes 

configuration. Applications of these optimised parameters by high-pure germanium 

(HPGe) analysis gave a very low 232Th and 238U removals at 2.7423.78 and 0.232.64 

ppms, respectively, while for the pilot scale electrokinetic setup shows average 

removals at 1.4793.09 and 0.214.11 ppms, respectively. The relationships between 

232Th and 238U concentrations with soil pH changes supported the initial hypotheses 

that   reducing   TGRD   can   be   obtained   by   reducing  soil  pH  level  during  the   

electrokinetic remediation process. Thus it can be concluded that the findings of this 

research can contribute towards the best soil decontamination. 
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ABSTRAK 

 

 

 

Penyelidikan dalam tesis ini adalah satu kajian menyeluruh untuk menyingkirkan 

lebihan logam berat dan radionuklid dalam tanah paling tercemar secara radiasi 

menggunakan teknik pemulihan elektrokinetik paling optimum. Kajian terbaru ini 

yang menjimatkan masa dan kos berdasarkan pengoptimuman elektrokinetik adalah 

visi muktamad di dalam tesis ini. Tambahan pula pengurangan kadar dos sinar gamma 

terrestrial (TGRD) dengan cara mengurangkan pH tanah semasa elektrokinetik adalah 

agak baru dan menarik dalam kajian ini. Pelbagai jenis tanah sekitar Batu Pahat dan 

Kluang telah diukur TGRD dan pH tanah. Tanah dengan TGRD tertinggi telah dipilih 

untuk dirawat melalui pelbagai jenis persediaan elektrokinetik, bagi menyenaraikan 

parameter elektrokinetik terbaik. Keputusan persediaan elektrokinetik ini menjurus 

kepada pembangunan persediaan elektrokinetik yang paling optimum, terutamanya 

dalam memulihkan radionuklid. Analisa data mendapati spesies tanah Holyrood-

Lunas yang diambil dari Sri Gading mencatatkan TGRD tertinggi iaitu 476.841.9 

nGy jam-1. Pemeriksaan pra-elektrokinetik melalui analisa X-ray pendarflouran (XRF) 

mendapati 10 logam berat dalam sampel tersebut melampaui had indeks pencemaran 

Agensi Perlindungan Alam Sekitar (EPA), dalam susunan menurun: Th>As>Sb>Sn> 

U>Cr>Pb>Ni>V>Zr. Analisa pasca-elektrokinetik mencadangkan parameter paling 

optimum bagi nyah-singkir Th dan U adalah 3.0 jam masa rawatan, 30 volt beza 

keupayaan elektrod, 22 cm jarak elektrod, elektrod berbentuk plat bersaiz 88 cm dan 

konfigurasi elektrod 1-D. Aplikasi parameter optimum menerusi analisa germanium 

berketulenan tinggi (HPGe) memberikan nyah-singkir 232Th dan 238U yang sangat 

rendah iaitu 2.7423.78 dan 0.232.64 ppm, masing-masingnya, sedangkan 

elektrokinetik pada skala perintis menunjukkan purata nyah-singkir 1.4793.09 dan 

0.214.11 ppm, masing-masingnya. Hubungan di antara kepekatan 232Th dan 238U 

dengan  perubahan  pH  tanah  menyokong  hipotesis  awal  iaitu pengurangan TGRD   

boleh dilakukan dengan cara mengurangkan aras pH tanah semasa proses pemulihan 

elektrokinetik.  Oleh itu adalah dirumuskan dapatan-dapatan di dalam penyelidikan ini 

boleh menyumbang kepada nyah-kontaminasi tanah yang terbaik. 
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