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ABSTRACT 
The present study was undertaken for the analysis of the physic-chemical and bacteriological characteristics of soil 
samples collected from various sites of the industrial zone of Hail city during the period 2016-2017. This area is 
suspected with known long-term pollution problems. The results showed that pH values were in alkaline side, they 
ranged between 8.82 and 7.47. The salinity increased to the highest value at site 7 (27.07 gl-1) and site 6 (17.51gl-1). The 
mean total dissolved solids (TDS)  was 5.5 gl-1, while the electrical conductivity (EC) ranged between less than 20 µS to 
more than 40 mS, with the highest value at site 7 and the lowest at sites 1 and 2. The oxidation-reduction potential (ORP) 
ranged between -27.7mv and -88.8mv. The bacteriological analysis indicted that the total bacterial counts mean of soil 
samples ranged from 5.8x108 to 2.5x106 (cfu/g). On the other hand, all soil samples were devoid of coliforms bacteria 
with exception to samples collected from ST.7 which contained high numbers of coliforms, faecal coliforms and E. coli. 
Nine bacterial genera were identified in the various soil sampling sites, however, Bacillus genera was the most dominant. 
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INTRODUCTION 
The functioning of the soil as a key framework and the support on its natural efficiency depends to a 
higher degree on the soil microflora action. That is the reason in the evaluating of anthropogenic soil 
contamination it is important to consider the adjustments in the size, piece and movement of the dirt 
microbial group [1]. There may be not yet an usually acknowledged framework for bio-indication with 
respect to soil contamination. Concerning illustration bioindicators would utilized pure culture 
microorganisms, sensitive to determined type of pollutant; the number and proportion of the 
fundamental taxonomic class and ecologic trophic groups of microorganisms; bacterial community 
tolerance; intensity of the microbiological processes – soil respiration, fixation of nitrogen, cellulose 
decay; soil enzyme activity and so on [2]. Soil may become contaminated with many because of an 
assortment of anthropogenic sources. Different possibly poisonous components, including heavy metals, 
might be available. Elevated concentrations of these mixes are known to influence soil microbial 
populations and their related exercises [3][4]. Several studies have demonstrated that microbial 
parameters may be useful as indicators of changing soil conditions caused by chemical pollution [5][6]. 
The changes in soil microbial balance can serve as an “early warning” for negative alterations in the soil 
conditions long before they could be distinguished by established chemical methods, furthermore in the 
recent past they might turn into irreversible. The complex investigations on the soil biological activity 
should be conducted in assessing ecological risk of soil pollutants. The reliable microbiological indicator 
must be established and used [7]. The natural hazard from of heavy metal pollution is pronounced in soils 
adjacent to large industrial complexes. It is important to investigate the functioning of soil 
microorganisms in ecosystems exposed to long-term contamination by heavy metals. The long-term 
effects of metals or other pollutants added to soil are very difficult to assess, as there are few such 
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experiments and consequently few data [3][8]. In the Kingdom of Saudi Arabia, there is no information 
about the ecotoxicological effects of industrial pollutants on soil microorganisms. In this study, we 
analyzed soil samples from Hail industrial zone located east of the city for physicochemical and 
bacteriological characteristics. 
 
MATERIALS AND MERHODS 
Collection and preparation of soil samples 
Soil samples were collected from 7 different sites in the industrial zone, Hail city. The soil samples in 
these locales may encounter serious tainting with oils, cleansers and movement conditions. In addition, a 
control sample from a distance away from the industrial zone  (a garden soil). The choice of the inspecting 
destinations is mainly in view of the approach that testing must be done wherever conceivable that may 
guarantee high rates of polluted soils. The samples were transferred to an air-tight pre-sterilized 
polyethylene bag before transportation to the laboratory, numbered, and labeled with date and site of 
collection. When samples could not process immediately, they were stored at 4 °C for no longer than 18 to 
24 h. For preparation of soil samples for analyses, the samples collected in each location were divided 
into two parts, one part for physico-chemical analysis while the other for bacteriological.  
Physicochemical properties determination 
Each sample meant for physico-chemical analysis was air dried for five days, and then sieved to ensure 
homogeneity using a 2mm size sieve. 
The physico-chemical analysis was carried out according to methods described by Nelson and Sommers 
[9] and Thomas [10] at the Department Biology, Faculty of Science, University of Hail. Distilled water and 
sediment were mixed of one part soil to one part distilled water (1:1 by weight). The mixture was stirred 
for 15 seconds and then left to stand for 30 minutes before measurement. pH and oxidation reduction 
potential (ORP as mV) were measured using pH meter (pH 500 pH/mv/TEMP meter). Total dissolved 
solids (gl-1), salinity (gl-1), and conductivity (mS) were measured using CON 500 CON/TDS/RES/TEMP 
meter). 
Bacteriological analyses 
For bacteriological analysis of the soil samples, ten-fold serial dilutions of the soil samples were made as 
described by Collins and Lyne [11]; Harrigan and McCance [12]. The aerobic bacterial counts was 
estimated by standard spread-plate dilution method described by Seeley and VanDemarkin triplicate. 
Visible discrete colonies in incubated plates were counted and expressed as colony forming units per 
gram (cfu/g) of soil samples. 
The isolates obtained were purified by repeated sub-culturing on fresh agar medium and incubated under 
normal condition for growth. Pure colonies isolated were inoculated on agar slants using MacConkey 
bottles to serve as stock cultures, incubated at 37ºC and were stored in the refrigerator at 6ºC ± 2ºC for 
future research.  
For identification of bacteria species, the 10–2 dilution were placed in Bushnell Haas medium containing 
15.0 g/L of agar. Inoculated plates were purified repeatedly by sub culturing. Pure culture was stored in 
nutrient agar slants at 4°C. The presumptive identification of bacterial species was done using 
morphological tests as well as biochemical tests using APi identification kits according to manufacturer’s 
instructions. 
 
RESULTS AND DISCUSSION 
Soil and their characteristic are of great importance in an agribusiness economy. The pH is a standout 
amongst the most critical figures soil quality management. It indicates that acidity, neutrality and 
alkalinity of soil [13]. The amount of water, air and nutrients available for plant growth is affected by the 
soil physic-chemical properties and turf management practices, so determining these prameters will 
ultimately help to determine how to manage them effectively. 
Table (1) presents the physicochemical properties of soil samples collected from the industrial zone of 
Hail. pH values were in alkaline side. They ranged between 8.82 and 7.47. The highest pH value was 
measured at the first three sites. The pH estimation of an ordinary soil can be considered as a record of its 
interchangeable cation saturation. Hence, the accessibility of many plant supplements relies upon the pH 
of the soil. The pH of soil plays a very important role in maintaining the soil fertility [14]. 
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Table 1. pH, salinity, TDS, conductivity, and Oxidation reduction potential values at the industrial 
area in Hail City, KSA. 

Parameter Control ST. 1 ST. 2 ST. 3 ST. 4 ST. 5 ST. 6 ST. 7 
pH 7.64 8.52 8.51 8.17 7.82 7.8 7.47 7.81 
Salinity (gl-1) 6.95 1.293 0.694 0.408 2.349 1.627 17.51 27.07 
TDS (gl-1) 5.34 0.989 0.537 0.318 1.797 1.245 13.31 20.52 
Conductivity (mS) 11.12 0.0198 1.071 0.627 3.632 2.495 26.19 40.1 
ORP (mv) -39.2 -88.5 -88.8 -66.4 -47.3 -46.7 -27.7 -47.3 

 
The salinity increased to the highest value at site 7 (27.07 gl-1) and site 6 (17.51gl-1). the). the salinity of 
soil refers to the amount of salts in the soil and it can be estimated by measuring the electrical 
conductivity (ec) of an extracted soil solution. salinity can have lowest values were measured at sites 2 
and 3 (st. 2 and st.3 significant impacts on agricultural production, water quality, changing the ecological 
health of streams and estuaries, terrestrial biodiversity and soil erosion 15]. salinity increases repair and 
maintenance costs for a range of services provided for public use as there is a need to replace 
infrastructure earlier than normal. The mean total dissolved solids (TDS)  was 5.5 gl-1.  It’s highest value 
was measured at site 7, while the lowest one was observed at site 3 (ST.3). TDS is a measure of the 
combined content all inorganic and organic substances contained in a liquid in molecular, ionized or 
micro-granular (colloidal sol) suspended form. TDS is not generally considered a primary pollutant (e.g. it 
is not deemed to be associated with health effects) it is used as an indication of aesthetic characteristics 
of drinking water and as an aggregate indicator of the presence of a broad array of chemical contaminants 
[16]. The electrical conductivity (EC) ranged between less than 20 µS to more than 40 mS, with the 
highest value at site 7 and the lowest at sites 1 and 2. Soil electrical conductivity (EC) is a measurement 
that correlates with soil properties that affect crop productivity, including soil texture, cation exchange 
capacity (CEC), drainage conditions, organic matter level, salinity, and subsoil characteristics 
(http://ext.vt.edu/).  The oxidation-reduction potential (ORP). ORP referred to as redox potential, can be 
used as an indicator of the degree of oxidation of sediments. Their values ranged between -27.7mv and -
88.8mv. The highest value was recorded at sites 1 and 2. ORP correlated positively with TDS (r=0.54) as 
in figure (1), and highly negatively correlated with pH (r= 0.99). 
 

 
  

Fig. (1). Correlation between ORP with TDS 
 
Bacteriological characteristics 
The results of the total bacterial counts of soil samples collected from various sites at Hail industrial zone 
are indicated in Table (1). The total bacterial counts mean of soil samples ranged from 5.8x108 (cfu/g) to 
2.5x106 (cfu/g), these values were lower than that  of the control sample which was 9.2x105(cfu/g). The 
differences in the averages total bacterial counts of the different sampling were not statistically 
significant. However, highest counts were observed in sample collected from ST.7, and lowest was found 
in ST.1. This increase in total bacterial counts could be attributed the accumulation  of organic matter, this 
sampling site has been located in Aledari valley which is exposed to the rain and washing neighbors as 
well as wastewater from various sources. 
The results obtained for the total bacterial counts fell within the range reported by many investigators 
[17][18][19][20]. 
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Bacteria populations are debilitated by dry conditions, acidity, saltiness, soil compaction and absence of 
organic matter. Be that as it may, by virtue of certain seed inoculation, it is greatly difficult to gather 
attractive populations of bacteria just by adding them to the soil. Relationship of high microbial counts 
with organic matter can be normal, since organic matter likely conveyed with water underpins 
development of soil microbial groups. Many researchers emphasize the effect of soil structure and spatial 
isolation on microbial diversity and community structure [21]. 
A few reviews show that the soil molecule measure influences the differing qualities of microorganisms 
and community structure to a more prominent degree than different elements, for example, mass pH and 
the sort or measure of accessible organic compounds [22]. Other reviews show that the type and amount 
of available organic matter strongly influence the abundance of microbial groups and their functional 
diversity in soils [23]. Fierer and Jackson [24] guarantee that the structure of soil bacterial groups is not 
irregular likewise mainland scale and that the differing qualities and composition of soil bacterial 
communities at large spatial scales can be predicted to a large extent by a single variable, that is soil pH.  
It has also been reported that in 1 g of the soil sample, there are 4000 different bacterial “genomic units” 
based on DNA-DNA re-association. It has also been estimated that about 5000 bacterial species have been 
described [25]. 

 
Table 1: Bacteriological characteristics of soil samples 

Serial No. Total bacterial 
count (cfu/g) 

Coliforms (MPN) Faecal coliforms 
(MPN) 

E. coli  (MPN) 

Control 9.2x105 ND ND ND 
S.T. 1 2.5x106 ND ND ND 
S.T. 2 5.4x105 ND ND ND 
S.T. 3 6.4x107 ND ND ND 
S.T. 4 8.5x104 ND ND ND 
S.T. 5 5.2x105 ND ND ND 
S.T. 6 5.5x105 ND ND ND 
S.T. 7 7.88 5.8x108 4.7x106 9.3x102 

 
Table (1) also show results of the coliforms test. It is obvious that all soil samples were devoid of 
coliforms bacteria with exception to samples collected from S.T.7 which contained high numbers of 
coliforms, faecal coliforms and E.coli. These samples as had been collected from Aledareh valley which is 
exposed to the rain and washing neighbors towards the valley. It has been demonstrated that a high 
number of viable bacterial counts and high organic matter could signify a more diverse groups of bacteria 
such as coliforms, faecal coliforms and Escherichia coli [26][27][28]. 
Identification of bacteria genera in soil samples  
Nine bacterial genera were identified in the various soil sampling sites (Table 2), however, Bacillus 
genera was the most dominant, while the least genera were Staphylococcus and Chromobacterium. Other 
bacterial genera included: Pseudomonas, Proteus, Flavobacterium, Aeromonas, Micrococcus and 
Alcaligenes. Bacillus bacteria was detected in all sampling sites, and that corresponded with that recorded 
in the literature. It has been reported that members of the genera Bacillus have long been considered to 
be common members of the soil bacterial community [29]. The results also indicated that the occurrence 
of bacteria genera varied in the various sampling sites, in that ST.1, ST.2, ST.3, ST.4, ST.5, ST.6 and ST.7 
contained 4, 5, 4, 5,3, 5 and 7 bacterial genera, respectively compared to the control sample which 
contained 5 bacterial genera. 
 

Table 2. Presence of various bacterial genera in soil sampling sites 
Soil Samples  Bacterial genera 
Control Bacillus, Pseudomonas, Aeromonas, Micrococcus, Chromobacterium,  
ST.1  Bacillus, Proteus, Micrococcus, Alcaligenes 
ST.2  Staphylococcus, Bacillus, Pseudomonas, Proteus, Chromobacterium 
ST.3 Bacillus, Pseudomona, Aeromonas, Alcaligenes  
ST.4 Staphylococcus, Bacillus, Pseudomonas, Proteus,  Flavobacterium 
ST.5 Bacillus, Aeromonas, Flavobacterium 
ST.6  Bacillus, Pseudomonas, Aeromonas, Micrococcus, Alcaligenes 
ST.7 
  

Staphylococcus, Bacillus, Pseudomonas, Proteus, Chromobacterium, Micrococcus, 
Alcaligenes 
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Soils play critical roles in buffering and filtering freshwater ecosystems. Soil microbes, bacteria, archaea, 
and fungi play diverse and often critical roles in these ecosystem services. In fact soils influence most 
ecosystem services on which we depend [30]. The vast metabolic diversity of soil microbes means their 
activities drive or contribute to the cycling of all major elements (e.g. C, N, P), and this cycling affects the 
structure and the functions of soil ecosystems as well as the ability of soils to provide services to people. 
Microbes play a pivotal role in the cycling of nitrogen; they exclusively mediate nitrogen fixation, 
denitrification, and nitrification [31].  
 
CONCLUSIONS 
The results of the present study have revealed the values or percentages of some physico-chemical 
parameters, and some bacterial counts that can be found in the industrial zone located at the eastern site 
of Hail city. This area is exposed to chemical and microbiological contamination as a result of  Cars 
maintenance activities. The testing areas are subjected to various levels of physical and bacteriological 
pollutants that could affect the soil. It is very evident that when the soil is contaminated, the close-by 
water body would be influenced. Diverse species of bacteria were isolated from Hail industrial zone, 
Kingdom of Saudi Arabia. The abundance of bacteria in the present study were ordinary of environment 
with high species abundance and functional diversity.  
It is highly recommended to carry out the continuous monitoring of industrial areas and their regions for 
conceivable transgressions. careful management of land as a resource is essential for meeting a major 
demand created by accelerated urbanization, industrialization and agricultural development. 
 
ACKNOWLEDGEMENTS 
The authors express their sincere gratitude to the Deanship of Scientific Research of University of Hail, 
Saudi Arabia for financing this research (Project No. 0150012). 
 
RFERENCES 
1. Асеves, M., Grace, C., Ansorena, J., Dendooven, L. & Brookes, P. (1999) Soil Microbial Biomass and Organic C in a 

Gradient of Zn Concentrations in Soils around a Mine Spoil Tip. Soil Biology and Biochemistry, 31(6), 867-
876.CrossRef 

2. Alarcon, A., Delgadillo-Martines, J., Franko-Ramirez, A., Davies, F. T. & Ferrera-Cerrato, R. (2006) Influence of two 
polycyclic aromatic hydrocarbons on spore germination and phytoremediation potential of Gigaspora margarita 
- Edynochloa polystachya symbiosis in benzo[a]pyrene polluted substrate. Revista International Embiental, 
22(1), 39-47. 

3. MacGrath, S. P.: (1994).Effects of heavy metals from sewage sludge on soil microbes in agricultural ecosystems, 
p.242–274. In Ross, S.M. (ed.), Toxic metals in soil-plant systems. John Wiley, Chichester . 

4. MacGrath, S. P., Chaudri, A. M., and Giller, K. E.: (1995).Long-term effects of metals in sewage sludge on soils, 
microorgan-isms and plants. J. Ind. Microbiol., 14., 94–104.  

5. Chander, K. and Brookes, P.C.: (1991). Effects of heavy metals from past applications on microbial biomass and 
organic matter accumulation in a sandy loam U.K. soil. Soil Biol. Biochem., 23, 927–932.  

6. Chander, K. and Brookes, P. C.: (1993).Residual effects of zinc, copper and nickel in sewage sludge on microbial 
biomass in a sandy loam. Soil Biol. Biochem., 25, 1231–1239.  

7. Wang Y1, Shi J, Wang H, Lin Q, Chen X, Chen Y. (2007). The influence of soil heavy metals pollution on soil 
microbial biomass, enzyme activity, and community composition near a copper smelter. Ecotoxicol Environ 
Saf. 2007 May;67(1):75-81.. 

8. Speir, T. W. and Ross, D. J.: (2002).Hydrolytic enzyme activities to assess soil degradation and recovery, p. 407–
443. In Burns R. G. and Dick, R. P. (ed.), Enzymes in the environment. Activity, ecology and applications. Marcel 
Dekker, New York .  

9. Nelson, D.W and Sommers, L.E. (1996). Total carbon, organic carbon and organic matter. In D. L. (3rd Edn.) 
methods of organic carbon and matter. Agronomical Monographs. 9. ASA, Madison, pp. 961-1010. 

10. Thomas, G.W. (1982). Exchangeable cations. In A.L. Page et al. (2nd Edn.) methods of soil analysis, Agronomical 
Monographs. 9. ASA and SSSA, Madison, WI. pp. 159–164. 

11. Collins, O. H and Lyne, F. M. (1979). Microbiological Methods. Great Britain: Butterworth and Company Limited. 
pp. 26  

12. Harrigan, E. F. and McCance, M. E. (1976). Laboratory Methods in Food and Dairy Microbiology. 
London:Academic Press, pp. 67.  

13. Wagh, N.S., M.Y.Khan, S.R. Thorat and S.B. Wagh. (2000). “Study of physicochemical parameters of 
Pharmaceutical industry at Aurangabad, M.S., India.” Proceeding on Environmental Issues and Sustainable 
Development of National Symposium held at Dr. B.A.M. University, Aurangabad, pp. 66-67. 

14. Patil, S. S., Gandhe, H. D. and Ghorde, I. B. (2014). Assessment of Physicochemical Properties of Soil Samples of 
Ahmednagar Industrial Area, Ahmednagar (Maharashtra). European Academic Research Vol. 11, Issue 2/ 2014. 

15. https://www.qld.gov.au/environment/land/soil/salinity/impacts/ 

    Sulieman  et al 



ABR Vol 8 [6] November 2017 87 | P a g e       ©2017 Society of Education, India 

16. https://en.wikipedia.org/wiki/Total_dissolved_solids 
17. Okoh LA, Badejo MA, Nathaniesl IT, Tian G (1999). Studies on the bacteria, fungi and springtails (collembola) of 

an agroforestry arboretum in Nigeria.Pedobio. (43): 18: - 27. Pelczar MJ, Chan ECS, krieg NR (1993). 
Microbiology: Concept and Application International edition McGraw-Hill, USA. Pp 281-324.  

18. Brookes, P. (2001). The soil microbial biomass: concept, measurement and applications in soil ecosystem 
Research. Microbiology Environment, 16, 131-140. 

19. Okorafor, K. A, Andem, A. B  And Inyang, U. E. (2014). Some Physico-Chemical and Bacteriological Characteristics 
of Soil Samples around Calabar Metropolis, Cross River State, Nigeria. American Journal of Engineering Research 
(AJER) e-ISSN : 2320-0847 p-ISSN : 2320-0936 Volume-03, Issue-04, pp-166-172. 

20. Akan J.C., Abdulrahman F.I., Sodipo O.A. and Lange A.G. (2010). Physico-chemical Parameters in soil and 
vegetables samples from Gongulon Agricultural site, Maiduguri, Borno State, Nigeria. Journal of American 
Science, 12, 78-83.  

21. Torsvik V., Øvreås L. (2002). Microbial diversity and function in soil: from genes to ecosystems.Current Opinion 
in Microbiology  5:240-245. 

22. Sessitsch A., Weilhalter A., Gerzabek M.H., Kirchmann H., Kandeler E. (2001).Microbial population structures in 
soil particle size fractions of a long-term fertilizer field experiment. Applied Environmental Microbiology; 67: 
4215-4224. 

23. Grayston S.J., Griffith G.S., Mawdsley J.L., Campbell C.D., Bardgett R.D. (2001). Accounting for variability in soil 
microbial communities of temperate upland grassland ecosystems. Soil Biology and Biochemistry ; 33: 533-551. 

24. Fierer N., Jackson R.B. (2006). The diversity and biogeography of soil bacterial communities. Proceedings of the 
National Academy of Sciences ; 103: 626-631. 

25. Radha, K. R.; Dharmaraj, K.; Ranjitha, K. (2007). A comparative study on the physicochemical and bacterial 
analysis of drinking, bore well and sewage water in the three different places of Sivakasi. Journal of 
Environmental Biology, v. 28, no. 1, p. 105-108. 

26. Girdwood, R. W. A., Fricker, C. R., Munro, D., Shedden, C. B.,and Monaghan, P.: (1985). The incidence and 
significance of Salmonella carriage by gulls (Larus spp.) in Scotland, J. Hyg-Cambridge, 95, 229–241. 

27. Pommepuy, M., Guillaud, J. F., Dupray, E., Derrien, A., Leguyader, F., and Cormier, M.:(1992). Enteric bacteria 
survival factors, Water Sci.Technol., 25, 93–103.  

28. Abdalla S. Al-Shammary, Abdel Moneim E. Sulieman, Adil A. Abdelmageed, Vajid N. Veettil, (2017). 
Microbiological Study of the Soil in Hail industrial Zone, Kingdom of Saudi Arabia. Journal of Microbiology 
Research, 7(1): 8-13 

29. Garrity G M, Bell J A, Lilburn T G. (2004). Taxonomic Outline of Prokaryotes. Bergey’s Manual of Systematic 
Bacteriology. 2nd Ed. Rel. 5.0.Springer-Verlag. DOI: 10.1007/bergeysoutline200405 [online]. Available from 
141.150.157.80/bergeysoutline/main.htm. 

30. Dominati E, Patterson M, MacKay A (2010). A framework for classifying and quantifying natural capital and 
ecosystem services of soils. Ecological uptake in a boreal forest. New Phytologist 173: 611–620. 

31. Jackie, A  and Julie R. Deslippe (2013). Soil microbes and their contribution to soil services. Soil microbes and 
their contribution to soil services. In Dymond JR ed. Ecosystem services in New Zealand – conditions and trends. 
Manaaki Whenua Press, Lincoln, New Zealand. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Copyright: © 2017 Society of Education. This is an open access article distributed under the Creative Commons 
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the 
original work is properly cited.  

    Sulieman  et al 


