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Abstract: The study area is the city of Zintan, in northwestern Libya, which has grown over the past 

30 years. Its current population is roughly 30,000. Although the city is in part commercial, most 

of the population engages in agriculture and primarily grows cereal crops (wheat and barley). The 

demand of the growing city for agricultural products has increased, intensifying, the use of fertilizers, 

pesticides, and insecticides. Consequently, concentrations of potentially toxic elements (PTE) in 

the soil have increased. To assess the soil quality (to provide a snapshot of the condition of the 

soil), systematic sampling, was undertaken across a grid of about 2 km x 2 km. The main objective 

was to determine the chemical and mineral composition of the area of interest, keeping, in mind 

the geological footprint of the terrain. The geologic framework itself is not conducive to elevated 

concentrations of elements like U, Th, Mo, As, Hg, Pb, and Cr. Therefore, metal concentrations 

greater than the amounts in the Earth's crust are most likely of anthropogenic origin. A total of 

143 samples were collected and chemical analyses were performed using, a Thermo Fisher Scientific 

Niton XL3t GOLDD+ XRF analyzer for the following, elements: Mo, Zr, Sr, U, Rb, Th, Pb, Au, Se, 

As, Hg, Zn, W, Cu, Ni, Co, Fe, Mn, Cr, V, Ti, Sc, Ca, K, S, Ba, Cs, Te, Sb, Sn, Cd, Pd, and Ag. This 

paper provides examples of elevated concentrations, potentially harmful to the environment, such as 

those of the following; sulfur of unknown origin (two to three times higher than the Earth's crust 

averagje); arsenic, given that there are no related natural phenomena (all the samples measured 

displayed concentrations higher than those found in the Earth's crust); mercury (concentrations much 

higher than permissible levels); cesium (additional investigations required to determine the origin); 

molybdenum; and uranium likely resulting from the use of superphosphates (concentrations nearly 

always significantly higher than those in the Earth”s crust). 

Keywords: urban setting; farmland; distribution; potentially toxic elements; Zintan; Libya 

1. Introduction 

Human activity and the over-exploitation of natural resources degrade the environ- 

ment, including farmland [1]. Both developed and underdeveloped countries face issues in 

this regard. The planning of land use is a major challenge [2-5]. It is necessary to meet the 

demands of the population and, at the same time, keep future generations in mind. This 

is the goal of urban development, which is quite a task for urban planners and decision 

makers [6-9]. On the other hand, natural resources are limited, and their quantities will 

reduce dramatically for future generations [10,11]. 
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�M�i�n�e�r�a�l�s� �2�0�2�3�,� �1�3�,� �1�0�4�8� �2�o�f�2�3� 

�O�v�e�r� �t�h�e� �p�a�s�t� �s�e�v�e�r�a�l� �d�e�c�a�d�e�s�,� �t�h�e� �g�l�o�b�a�l� �p�o�p�u�l�a�t�i�o�n� �h�a�s� �g�r�o�w�n�,� �a�n�d� �t�h�e� �n�e�e�d� �f�o�r� 
�u�r�b�a�n�i�z�a�t�i�o�n� �h�a�s� �i�n�c�r�e�a�s�e�d� �c�o�n�t�i�n�u�o�u�s�l�y� �[�1�2�,�1�3�]�.� �P�o�t�e�n�t�i�a�l�l�y� �t�o�x�i�c� �e�l�e�m�e�n�t�s� �(�P�T�E�)� �a�n�d� 
�p�o�l�l�u�t�a�n�t�s� �a�r�e� �c�u�r�r�e�n�t�l�y� �m�a�j�o�r� �e�n�v�i�r�o�n�m�e�n�t�a�l� �i�s�s�u�e�s� �[�1�4�]�.� �T�h�e�r�e�f�o�r�e�,� �t�h�e�y� �a�r�e� �i�n�c�r�e�a�s�i�n�g�l�y� 
�t�h�e� �f�o�c�u�s� �o�f� �r�e�s�e�a�r�c�h� �a�n�d� �s�t�u�d�i�e�s�,� �p�a�r�t�i�c�u�l�a�r�l�y� �i�n� �r�e�l�a�t�i�o�n� �t�o� �u�r�b�a�n� �l�a�n�d� �[�1�5�,�1�6�]�.� 

�T�h�e� �p�o�t�e�n�t�i�a�l�l�y� �t�o�x�i�c� �e�l�e�m�e�n�t� �(�P�T�E�)� �c�o�n�t�a�m�i�n�a�t�i�o�n� �o�f� �s�o�i�l� �r�e�f�e�r�s� �t�o� �t�h�e� �e�x�c�e�s�s�i�v�e� �d�e�p�o�s�i�-� 
�t�i�o�n� �o�f� �P�T�E�s� �d�u�e� �t�o� �v�a�r�i�o�u�s� �h�u�m�a�n� �a�c�t�i�v�i�t�i�e�s�.� �I�n� �s�o�i�l� �m�e�d�i�u�m�s�,� �t�h�e� �h�i�g�h�e�s�t� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� 
�P�T�E� �a�n�d� �p�l�a�n�t� �t�o�x�i�c�i�t�y� �a�r�e� �t�h�o�s�e� �o�f� �c�a�d�m�i�u�m�,� �l�e�a�d�,� �z�i�n�c�,� �c�o�p�p�e�r�,� �n�i�c�k�e�l�,� �v�a�n�a�d�i�u�m�,� �a�r�s�e�n�i�c�,� 
�e�t�c�.� �[�1�7�]�.� �T�h�e�y� �o�c�c�u�r� �i�n� �v�a�r�i�o�u�s� �f�o�r�m�s� �o�f� �i�m�p�u�r�i�t�y�,� �s�a�l�t�s�,� �o�r� �o�t�h�e�r� �c�o�m�p�o�u�n�d�s� �(�c�o�a�t�i�n�g�s� 
�o�f� �m�i�n�e�r�a�l�s�)�.� �T�h�e�y� �c�a�n� �a�l�s�o� �b�e� �o�f� �n�a�t�u�r�a�l� �o�r�i�g�i�n� �f�r�o�m� �b�a�s�e� �m�e�t�a�l�s�,� �m�i�n�e�r�a�l� �d�e�p�o�s�i�t�s� �e�t�c�.� 

�U�s�u�a�l�l�y�,� �o�n� �t�h�e�i�r� �o�w�n�,� �t�h�e�s�e� �e�l�e�m�e�n�t�s� �p�o�s�e� �n�o� �r�i�s�k� �t�o� �t�h�e� �q�u�a�l�i�t�y� �o�f� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t�,� �b�u�t� 

�t�h�e�i�r� �d�i�s�t�r�i�b�u�t�i�o�n� �i�s� �h�i�g�h�l�y� �c�o�m�p�l�e�x� �a�n�d� �l�a�r�g�e�l�y� �d�e�p�e�n�d�s� �o�n� �h�u�m�a�n� �a�c�t�i�v�i�t�y� �[�1�8�,�1�9�]�.� �S�o�i�l� 
�c�o�n�t�a�m�i�n�a�n�t�s� �c�a�n� �a�c�c�u�m�u�l�a�t�e� �i�n� �s�i�g�n�i�f�i�c�a�n�t� �q�u�a�n�t�i�t�i�e�s� �a�n�d� �h�a�v�e� �n�u�m�e�r�o�u�s� �e�c�o�l�o�g�i�c�a�l� �c�o�n�s�e�-� 
�q�u�e�n�c�e�s� �[�2�0�]� �n�o�t� �o�n�l�y� �f�o�r� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t�,� �b�u�t� �a�l�s�o� �f�o�r� �h�u�m�a�n�k�i�n�d�,� �d�i�r�e�c�t�l�y� �o�r� �i�n�d�i�r�e�c�t�l�y�.� 
�T�h�e�y� �p�r�i�m�a�r�i�l�y� �a�f�f�e�c�t� �h�u�m�a�n� �h�e�a�l�t�h� �d�i�r�e�c�t�l�y� �i�n� �s�i�t�u�a�t�i�o�n�s� �i�n� �w�h�i�c�h� �p�e�o�p�l�e� �l�i�v�e� �o�n� �o�r� �n�e�a�r� 
�d�e�g�r�a�d�e�d� �l�a�n�d�,� �a�n�d� �i�f� �t�h�e�y� �a�r�e� �u�n�d�e�r� �t�h�e� �d�i�r�e�c�t� �i�n�f�l�u�e�n�c�e� �o�f� �p�o�l�l�u�t�a�n�t�s�,� �o�r� �i�n�d�i�r�e�c�t�l�y�,� �i�f� 
�h�u�m�a�n�s� �u�s�e� �o�r� �c�o�n�s�u�m�e� �a�g�r�i�c�u�l�t�u�r�a�l� �p�r�o�d�u�c�t�s� �g�r�o�w�n� �o�n� �p�o�o�r�-�q�u�a�l�i�t�y� �s�o�i�l� �[�2�1�-�2�8�]�.� �I�n� �t�h�e�i�r� 
�r�e�v�i�e�w� �p�a�p�e�r� �[�2�9�]�,� �Z�u�r�q�n�i� �e�t� �a�l�.� �a�d�d�r�e�s�s�e�d� �t�h�e� �a�p�p�l�i�c�a�b�i�l�i�t�y� �o�f� �L�i�b�y�a�n� �s�o�i�l� �d�a�t�a�b�a�s�e�s�,� �w�h�i�c�h� 
�a�r�e� �n�e�c�e�s�s�a�r�y� �f�o�r� �e�c�o�s�y�s�t�e�m� �s�e�r�v�i�c�e�s� �a�n�d� �s�u�s�t�a�i�n�a�b�l�e�-�d�e�v�e�l�o�p�m�e�n�t� �g�o�a�l�s�.� �R�e�c�e�n�t� �r�e�s�e�a�r�c�h� �i�n� 
�t�h�i�s� �f�i�e�l�d� �h�a�s� �i�n�c�r�e�a�s�i�n�g�l�y� �f�o�c�u�s�e�d� �o�n� �a�g�r�i�c�u�l�t�u�r�e� �a�n�d� �t�h�e� �e�f�f�e�c�t�s� �o�f� �f�e�r�t�i�l�i�z�e�r�s� �o�n� �t�h�e� �q�u�a�l�i�t�y� 
�o�f� �s�o�i�l� �a�n�d�,� �c�o�n�s�e�q�u�e�n�t�l�y�,� �a�g�r�i�c�u�l�t�u�r�a�l� �p�r�o�d�u�c�t�s� �[�3�0�-�3�3�]�.� �I�n� �t�h�i�s� �r�e�g�a�r�d�,� �t�h�i�s� �p�a�p�e�r� �a�n�a�l�y�z�e�s� 
�t�h�e� �e�n�v�i�r�o�n�m�e�n�t�a�l� �i�m�p�a�c�t� �o�f� �t�h�e� �u�r�b�a�n� �e�x�p�a�n�s�i�o�n� �o�f� �t�h�e� �c�i�t�y� �o�f� �Z�i�n�t�a�n� �(�L�i�b�y�a�)�,� �b�a�s�e�d� �o�n� 
�s�o�i�l� �s�a�m�p�l�i�n�g�.� �T�h�e� �o�b�j�e�c�t�i�v�e� �o�f� �t�h�i�s� �r�e�s�e�a�r�c�h� �W�a�s� �t�o� �t�e�s�t� �f�o�r� �p�o�l�l�u�t�a�n�t�s� �i�n� �t�h�e� �Z�i�n�t�a�n� �a�r�e�a� 
�a�n�d� �d�e�s�c�r�i�b�e� �t�h�e� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �p�r�i�m�a�r�i�l�y� �p�o�t�e�n�t�i�a�l�l�y� �t�o�x�i�c� �e�l�e�m�e�n�t�s� �(�P�T�E�)� �[�1�7�]�,� �b�a�s�e�d� �o�n� 
�c�h�e�m�i�c�a�l� �a�n�a�l�y�s�e�s� �i�n� �t�h�e� �l�a�b�o�r�a�t�o�r�y� �o�f� �s�a�m�p�l�e�s� �c�o�l�l�e�c�t�e�d� �i�n� �s�i�t�u�.� 

�2�.� �G�e�n�e�r�a�l� �C�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �t�h�e� �E�x�p�l�o�r�e�d� �A�r�e�a� �w�i�t�h� �M�a�i�n� �G�e�o�l�o�g�i�c�a�l� �S�e�t�t�i�n�g�s� 
�2�.�1�.� �G�e�n�e�r�a�l� �C�h�a�r�a�c�t�e�r�i�s�t�i�c�s� 

�T�h�e� �r�e�s�e�a�r�c�h� �p�r�e�s�e�n�t�e�d� �i�n� �t�h�i�s� �p�a�p�e�r� �f�o�c�u�s�e�s� �o�n� �t�h�e� �Z�i�n�t�a�n� �M�u�n�i�c�i�p�a�l�i�t�y�,� �i�n� �n�o�r�t�h�w�e�s�t�-� 
�e�r�n� �L�i�b�y�a�,� �1�6�0� �k�m� �s�o�u�t�h�e�a�s�t� �o�f� �T�r�i�p�o�l�i�,� �i�n� �t�h�e� �N�a�f�u�s�a� �M�o�u�n�t�a�i�n�s�,� �a�t� �e�l�e�v�a�t�i�o�n�s� �r�a�n�g�i�n�g�,� 
�f�r�o�m� �6�5�0� �t�o� �7�1�0� �m�.� �I�t� �i�s� �s�i�t�u�a�t�e�d� �b�e�t�w�e�e�n� �t�h�e� �m�u�n�i�c�i�p�a�l�i�t�i�e�s� �o�f� �S�a�b�r�a�t�h�a� �a�n�d� �S�u�r�m�a�n� �t�o� �t�h�e� 
�n�o�r�t�h�,� �H�a�m�m�a�d�a� �A�l� �H�a�m�m�r�a� �t�o� �t�h�e� �s�o�u�t�h�,� �R�i�a�n�a�h� �t�o� �t�h�e� �n�o�r�t�h�e�a�s�t�,� �t�h�e� �c�i�t�y� �o�f� �M�e�z�d�h� �t�o� 
�t�h�e� �s�o�u�t�h�e�a�s�t�,� �a�n�d� �t�h�e� �R�a�j�a�b�a�n� �M�u�n�i�c�i�p�a�l�i�t�y� �t�o� �t�h�e� �w�e�s�t�.� �O�n� �e�l�l�i�p�s�o�i�d� �W�G�S�8�4� �i�n� �t�h�e� �U�T�M� 
�g�r�i�d�,� �t�h�e� �a�r�e�a� �f�a�l�l�s� �w�i�t�h�i�n� �z�o�n�e� �3�3� �N�,� �r�o�u�g�h�l�y� �b�e�t�w�e�e�n� �e�2�3�2�4�0�9� �a�n�d� �e�2�4�2�6�0�0�,� �a�n�d� �n�3�5�3�1�7�2�2� 
�a�n�d� �n�3�5�4�1�2�5�4� �(�F�i�g�u�r�e� �1�)�.� 

�T�h�e� �c�i�t�y� �o�f� �Z�i�n�t�a�n� �h�a�s� �a� �c�e�n�t�r�a�l� �c�o�r�e� �f�r�o�m� �w�h�i�c�h� �r�o�a�d�s� �l�e�a�d� �t�o� �e�x�p�a�n�d�i�n�g�,� �r�a�n�d�o�m�l�y� 
�c�o�n�s�t�r�u�c�t�e�d� �s�e�t�t�l�e�m�e�n�t�s�,� �p�a�r�t�i�c�u�l�a�r�l�y� �t�o� �t�h�e� �s�o�u�t�h� �a�n�d� �s�o�u�t�h�e�a�s�t�,� �w�h�i�c�h� �u�s�u�r�p� �f�a�r�m�l�a�n�d�.� 
�Z�i�n�t�a�n� �i�s� �g�e�n�e�r�a�l�l�y� �s�u�r�r�o�u�n�d�e�d� �b�y� �t�h�e� �S�a�h�a�r�a� �D�e�s�e�r�t�,� �s�o� �i�t� �i�s� �e�x�t�r�e�m�e�l�y� �i�m�p�o�r�t�a�n�t� �t�o� 
�c�o�n�s�e�r�v�e� �f�a�r�m�l�a�n�d� �a�n�d� �s�u�p�p�o�r�t� �l�i�f�e� �i�n� �t�h�i�s� �c�i�t�y�,� �a�s� �w�e�l�l� �a�s� �i�n� �o�t�h�e�r� �c�i�t�i�e�s� �o�f� �L�i�b�y�a�.� �O�f� 
�t�e�r�r�i�t�o�r�i�a�l� �r�e�l�e�v�a�n�c�e� �t�o� �t�h�i�s� �r�e�s�e�a�r�c�h� �i�s� �a�n� �a�r�e�a� �a�p�p�r�o�x�i�m�a�t�e�l�y� �s�i�t�u�a�t�e�d� �a�l�o�n�g� �t�h�e� �m�o�u�n�t�a�i�n� 
�r�a�n�g�e� �i�n� �t�h�e� �n�o�r�t�h� �t�o� �2�0� �k�m� �t�o� �t�h�e� �e�a�s�t� �a�n�d� �u�p� �t�o� �1�0� �k�m� �t�o� �t�h�e� �s�o�u�t�h�.� 

�I�n� �i�t�s� �e�c�o�n�o�m�i�c� �h�i�s�t�o�r�y�,� �Z�i�n�t�a�n� �h�a�s� �t�r�a�d�i�t�i�o�n�a�l�l�y� �r�e�l�i�e�d� �o�n� �a�g�r�i�c�u�l�t�u�r�e�.� �H�o�w�e�v�e�r�,� �i�t� �h�a�s� 
�s�i�n�c�e� �b�e�c�o�m�e� �a� �l�a�r�g�e� �c�o�m�m�e�r�c�i�a�l� �c�e�n�t�e�r� �i�n� �t�h�e� �N�a�f�u�s�a� �M�o�u�n�t�a�i�n�s�,� �a�n�d� �t�h�e� �m�a�j�o�r�i�t�y� �o�f� �i�t�s� 
�i�n�h�a�b�i�t�a�n�t�s� �e�n�g�a�g�e� �i�n� �t�r�a�d�e�.� �D�e�s�p�i�t�e� �t�h�e� �r�a�p�i�d� �g�r�o�w�t�h� �o�f� �c�o�m�m�e�r�c�e� �a�n�d� �i�n�d�u�s�t�r�y�,� �m�a�n�y� 
�i�n�h�a�b�i�t�a�n�t�s� �a�r�e� �s�t�i�l�l� �f�a�r�m�e�r�s�,� �w�h�o� �g�r�o�w� �w�h�e�a�t� �a�n�d� �b�a�r�l�e�y� �[�3�4�]�.� �J�a�f�a�r�a�,� �m�o�u�n�t�a�i�n� �r�i�v�e�r�b�e�d�s�,� 
�a�n�d� �M�a�r�m�o�u�t�h�a� �h�a�v�e� �b�e�e�n� �m�o�s�t�l�y� �f�a�r�m�l�a�n�d� �f�o�r� �a� �l�o�n�g� �t�i�m�e�.� �E�v�e�n� �t�h�o�u�g�h� �t�e�m�p�e�r�a�t�u�r�e�s� 
�t�e�n�d� �t�o� �r�i�s�e� �i�n� �s�u�m�m�e�r� �a�n�d� �d�r�o�p� �i�n� �w�i�n�t�e�r�,� �t�h�e� �c�l�i�m�a�t�e� �i�s� �r�e�l�a�t�i�v�e�l�y� �t�e�m�p�e�r�a�t�e� �t�h�r�o�u�g�h�o�u�t� 
�t�h�e� �y�e�a�r�,� �a�n�d� �i�t� �i�s� �c�o�n�d�u�c�i�v�e� �t�o� �a�g�r�i�c�u�l�t�u�r�e� �[�3�4�]�.� 

�B�a�s�e�d� �o�n� �t�h�e� �m�o�s�t� �r�e�c�e�n�t� �g�o�v�e�r�n�m�e�n�t� �s�t�a�t�i�s�t�i�c�s�,� �t�h�e� �p�o�p�u�l�a�t�i�o�n� �o�f� �Z�i�n�t�a�n� �i�s� �3�0�,�0�0�0�.� 
�H�o�w�e�v�e�r�,� �t�h�e� �f�i�g�u�r�e� �i�s� �a�c�t�u�a�l�l�y� �m�u�c�h� �l�a�r�g�e�r� �w�h�e�n� �e�s�t�i�m�a�t�e�s� �i�n�c�l�u�d�e� �p�e�o�p�l�e� �f�r�o�m� �Z�i�n�t�a�n� 

�w�h�o� �r�e�s�i�d�e� �i�n� �o�t�h�e�r� �c�i�t�i�e�s� �[�3�4�]�.� �T�h�e� �N�a�f�u�s�a� �M�o�u�n�t�a�i�n�s� �c�o�n�s�t�i�t�u�t�e� �a� �b�o�u�n�d�a�r�y� �b�e�t�w�e�e�n� �t�h�e� 
�L�i�b�y�a�n� �c�o�a�s�t�a�l� �l�o�w�l�a�n�d� �t�o� �t�h�e� �n�o�r�t�h�,� �k�n�o�w�n� �a�s� �J�a�f�a�r�a�,� �a�n�d� �a� �p�l�a�t�e�a�u� �t�o� �t�h�e� �s�o�u�t�h�.� �T�h�e� 
�s�e�d�i�m�e�n�t�s� �o�f� �t�h�e� �T�r�i�p�o�l�i�t�a�n�i�a�n� �p�l�a�t�e�a�u� �d�i�p� �t�o� �t�h�e� �s�o�u�t�h� �a�n�d� �n�o�r�t�h�.� �T�h�e�y� �c�o�n�s�t�i�t�u�t�e� �m�o�s�t� �o�f� 
�t�h�e� �N�a�f�u�s�a� �M�o�u�n�t�a�i�n� �p�l�a�t�e�a�u�,� �w�h�o�s�e� �e�l�e�v�a�t�i�o�n�s� �i�n� �p�l�a�c�e�s� �e�x�c�e�e�d� �7�5�0� �m� �[�3�5�]�.� �T�h�e� �h�i�g�h�l�a�n�d� 
�s�u�d�d�e�n�l�y� �e�n�d�s� �i�n� �t�h�e� �n�o�r�t�h�,� �a�t� �a�n� �e�s�c�a�r�p�m�e�n�t� �t�h�a�t� �c�r�e�a�t�e�s� �a�n� �e�l�e�v�a�t�i�o�n� �d�i�f�f�e�r�e�n�c�e� �o�f� �u�p


