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ABSTRACT 

 
     Industrial waste is one of the main forms of industrial pollution that lead to health 

and environmental hazards if not managed by scientific appropriate methods to reduce 

their environmental risks. Moreover, the addition of many toxic substances containing 

high concentration of heavy metals and salts to the sewage water lead to increase 

environmental pollution. Therefore, recent research has tended to biological treatment 

for its effectiveness and ease application. On the other hand, the treatment of high 

salinity effluent is one of the most important points that still need further study, since 

that the presence of high concentrations of salts in the wastewater reduced the       

efficiency of biological treatment. Accordingly, the recent study aims to isolate some                       

Halo-Thermphilic actinomycetes and use them in the treatment of some heavy metals 

in liquid waste. 

 

     The study was comprised an innovation of medium designed to isolated and 

growth halophilic actinomycetes which called (starch - glucose and yeast extract 

medium supported with artificial sea water). Also the study was observed the 

response of  halophilic actinomycetes isolates to some environmental stresses such as  

(salinity, temperature and metal pollution) and then were selected (6) isolates for 

extensive study among (36) isolates of  halophilic actinomycetes isolated at (10%) 

sodium chloride. The results reported a high amount of growth with increasing salt 

concentration, This could be due to the fact that increasing the amount of sodium 

chloride lead to high metabolic activity. In addition, it has found that all the isolates 

are Thermotolerant isolates, depending on their ability to grow until (50 C º). The 

results revealed the ability of the isolates to grow in the presence of gradual 

concentrations of heavy metals ranged between (100-600 mg/l), which contained 

cadmium, lead, copper, zinc and manganese, and showed a decline in the growth rate 

with increasing the amount of heavy metals consumption at a high concentration of 

heavy metals. It has been found that copper is the most inhibitory elements for 

growth, while manganese was the least influential. 

 

     The study observed the antibiotic activity of actinomycetes isolates which was 

limited towards bacteria. In addition, it was reported their ability to produce several 

extra cellular enzymes. The study has been identified actinomycetes isolates by partial 

sequence analysis of the gene (16SrDNA). The study also considered to treat some 

heavy metals throw bioaccumulation and biosorption by using synthetic wastewater, it 

was found out that lead is the highest elements removal in the both cases. Also it has 

been used raw industrial wastewater to study the ability of isolates in the intracellular 

bioaccumulation . The results reported that the addition of glucose (1%) to the raw 

industrial wastewater stimulated the growth of isolates and managed them for uptake 

heavy metals faster. On the other hand, the biosorption process did not record any 

change in the concentration of heavy metals before and after the treatment . Also , 

The study proved that the primary treatment of industrial wastewater contribute to 

reducing the content of heavy metals, and allowing better growth of actinomycetes 

and thus the success of biological treatment. On the other hand the applying of 

biological treatment system by halophilic actinomycetes isolates to sewage water that 

containing large amount of salts through bioaccumulation found out that 



actinomycetes isolates can  grow and remove large amount of total dissolved salts up 

to (86.95 %( . 

 

Summary 
 

     Industrial waste is one of the main forms of industrial pollution that 

became concerned problem, which in turn leads to health and 

environmental risks if not managed properly by designed scientific 

methods to finding appropriate ways for reducing their environmental 

risks. In addition to that, a host of toxic substances in the sewage lead to 

increasing environmental pollution as they contain a large amount of 

heavy metals and salts.                                          

 

      It was proved the increasing of heavy metals concentrations in the 

environment due to industrial activities, where there are releasing   a free 

heavy metals ions during industrial processes, which represent the most 

important inorganic contaminants in the environment and leading to the 

contamination of various water sources that result many health and 

environment warnings.                                                                                  

 

     In spit of there are several methods to remove heavy metals pollution, 

but most of these methods are not effective in practice. Therefore, recent 

research has tended to biological treatment due to their effectiveness and 

ease of application as well as its inexpensive and environmentally 

friendly. On the other hand, the treatment of high salinity effluent (which 

produces as a result of some industrial processes) is one of the most 

important points that still need further study since that the presence of 

high salt concentrations in wastewater reduces the efficiency of biological 

treatment.                                                                                   

 



 

      Although there are many studies for using different microorganisms  

in the biological treatment such as bacteria, yeasts and fungi , but the 

research for using  actinomycetes in the field of bioremediation is still 

very limited . Worthy mentioning the fact that actinomycetes is one of  

the largest and most important microbial communities in s the soil and 

includes a wide variety of bacteria that play an important environmental 

role in the soil, and many of which are known with economic importance 

as a producer of biologically active substances such as antibiotics          

and vitamins.                                                                                             

                                                 

     In recent years, the researches have been looking for Extremophilic 

microorganisms in general, to take their advantages for many industrial 

and commercial applications. On the other hand the research focused on 

the Minor group of actinomycetes including species which have difficulty 

during isolation and cultivation, and these that growing under extreme 

conditions such as salinity. It was found that actinomycetes isolated under 

such conditions showed morphological and physiological differences 

from other species isolated under normal conditions. However, there are 

many environmental factors that affect their presence and activity that 

allowing the use of them in a wide applications in particular in the field of  

bioremediation of various wastes.                                                                 

 

        In view of the industrial revolution that is taking place in many cities 

in the Kingdom, such as Yanbu and Aljubail, we are need of intensive 

scientific studies to get rid of industrial waste effectively in order to the 

positive returns can be achieved by such research on the economy, 

environment and health of the individual in the Kingdom.                        

    



 

       Accordingly, the present study aims to the following points: 

 1. Isolation and identification of  some actinomycetes isolates from the 

saline soils  in Jeddah  after the selection of Halo-Thermophilic isolates.   

                                                                                                        

 2. Study the response of  actinomycetes isolates to some environmental 

pressures such as ( salinity, temperature, metal pollution ) and the impact 

 of this factors on the growth and activity of the isolates.                             

                         

3. Development of the research methods for the studying and isolating      

 microorganisms , because  the possibility of finding new microorganisms 

in the same traditional methods have been started to decrease gradually as 

a result for the search of easy isolation and development microorganisms. 

             

4. Using actinomycetes isolates in the treatment of some waste such as 

industrial wastewater and  sewage water  that contain high concentrations 

of heavy metals and salts.                                                                        

 

      It has been observed during this study the difficulty of culturing 

actinomycetes isolates by using many actinomycetes media after the 

addition of sodium chloride in different concentrations to provide the  

ideal conditions of salinity .  Where the problem lies in the depression of 

the growth rate of actinomycetes isolates, in addition to decrease the 

amount of growth, this could be due to the fact that necessary growth 

factors for the growth of most halophilic microorganisms are produced 

slowly and therefore required special nutrition needs for growth.                               

 

 

 



     Since there are no specific media for isolated and cultivated of 

halophilic actinomycetes , It is attracting attention  that the study 

innovation a new culture medium designed for isolation and cultivation 

halophilic actinomycetes which called  (SGY) that consists of glucose , 

starch and yeast extract  supported with artificial sea water (Starch 

Glucose Yeast extract Supported with Artificial Sea Water ) .  It has been 

observed a good results by using ( SGY ) medium in the recultivation of 

halophilic actinomycetes  , where all isolates showed  the ability to grow 

during short period of time with a high amount of growth significantly 

when compared to other culture media .                                                                             

 

     Through this study, we were obtained ( 36 ) isolates of halophilic 

actinomycetes that isolated at 10% sodium chloride , and then were 

selected (6 isolates) for extending study depending on the ability of the 

isolates to tolerate  high concentrations of salts and heavy metals. The 

study revealed the ability of actinomycetes isolates to grow at different 

concentrations of sodium chloride, considering that the isolates (T4-U1) 

showed their ability to grow until (30%) . Whereas the isolates (G1-X3) 

can grow until (25%) , and  the isolates (K2-R2) until the concentration 

(20%)  which indicates that there are different extent appropriate for salt 

tolerance among the isolates.                                                                          

                        

     The study has also showed a high amount of growth with increasing 

salt concentration in general, during the testing of the isolates to grow in 

the presence of gradual concentrations of sodium chloride , this could be 

attributed to the fact that increased  the amount of sodium chloride lead to 

higher metabolic activity due to uprising the enzyme activity.                                                 

         



     The study was also considered to test the ability of isolates to grow at 

different temperatures and the effect of temperature on the growth of 

actinomycetes isolates, as the needs of salinity and the ability to tolerate it 

based on some important conditions for development such as temperature 

and food components of the media . The results revealed the ability of  

the isolates (G1-K2-R2-U1) to grow at  (50 Cº )  with the limitation the 

highest rate of growth of all isolates at ( 40 Cº ) with exception for the 

isolate ( K2 ) which recorded the highest growth rate at  (45Cº ) which  

indicates that all of the isolates in this study are  a moderate thermophiles 

microorganisms.                                                                  

                                                                                                                          

      The study was show up the ability of actinomycetes isolates to resist 

heavy metals in the presence of gradient concentrations of heavy metals 

ranged between (100 - 600 mg / l), which contained cadmium, lead, 

copper, zinc, and manganese. The results of an estimated the amount of 

dry weight  and consumed heavy elements by the isolates  have shown 

generally a decline in the growth rate of the isolates as a results of an 

increasing  concentration of heavy elements . On the other hand, there are 

increased in the amount of consumable heavy metals at high 

concentrations with different amount of consumption among the isolates.                                                                  

                                                                    

      The results of the sensitivity of the isolates to heavy metals used in 

this study were found that copper is the most inhibitory elements of  the 

growth, followed by zinc , lead and cadmium, whereas the manganese is 

the least impact on the growth of isolates, it can be arranged as follows 

(Cu <Zn <Pb <Cd <Mn). The differently effect of heavy metals on the 

isolates may be attributed to the fact that the ability of biological 

oxidation of   heavy highly dependent on their solubility and toxicity.                              



      The results of (Antibiotic Activity) for actinomycetes isolates were 

reported the ability of all isolates to produced antibiotics with the 

exception of isolate (U1) . The antibiotic Activity of all the isolates was 

limited towards bacteria (antibacterial activity), while there are no any 

activity towards fungi (Antifungal Activity). In addition, the results also 

observed the ability of actinomycetes isolates on the production of several 

extra cellular enzymes. Where it was reported the analysis of starch by all 

the isolates and the cellulose by the isolates (G1-T4-U1), it was also 

recorded fat, protein degradation by the isolates (G1-X3-T4-U1). Since 

that the halophilic microorganisms is the primary source of enzymes that 

are resistant to salinity (Extremely Halophilic Enzymes), that called 

(Haloenzymes) which are characterized by their stability  at high salinity.  

 

     The study was also considered to test the ability of actinomycetes 

isolates for consuming  (9) different sources of carbon, where all  the 

isolates assimilated the glucose, fructose and starch efficiently. As for the 

other carbon sources it has been recorded significant variation  between 

the isolates in their ability for consuming . 

  

     The study has been identified actinomycetes isolates which selected     

for the study by using molecular sequence analysis of the gene 16SrDNA 

(500Pb 16SrDNA Gene Sequence Analysis), as it was quick and effective 

way for identifying  actinomycetes accurately and within a short period 

where it was rely directly on sequence databases.                                         

                                                                

      According to (NCIMB) laboratory report from the United Kingdom  

were searched through the EMBL public database. The closest EMBL 

database matches to the sequences of the isolates (G1-X3 ) were to the  

 



Species  Nocardiopsis halophila at (99.5%) for the isolate (G1) and 

percentage (99.6%) for the isolate (X3) , as for the isolates (K2-R2) were 

to the species  Nocardiopsis rosea at (99.1%) for both isolates.               

     On the other hand the closest EMBL database matches sequences of     

the isolate ( T4 ) was to unpublished sequences of the species 

Actinopolyspora salina at ( 99.4% ) .  as to the isolates (U1) ,The closest 

EMBL database matches sequences of this isolate was to unpublished 

sequences of the species Actinopolyspora mortivallis at  ( 98.2 % ) , but 

this is not considered high enough to be a species level match ,worthy 

mentioning it has been considered as a new species of the genus 

Actinopolyspora .                                                                            

 

     Although the study was observed the ability of actinomycetes isolates 

to growing and resisting heavy metals which are used in the study by 

adding them individually to the media used in the development . When 

we used the synthetic wastewater containing a mixture of heavy metals 

(Cd-Cu-Mn-Pb-Zn) the isolates did not able to grow during incubation 

period extended for 8 weeks , whereas the addition of mixture heavy 

metals has usually more strong effect on the microorganisms.                              

  

    It was observed clearly that the adding of glucose (1%) to the synthetic 

wastewater was stimulated the growth of actinomycetes isolates within        

4 weeks of incubation , then managed the actinomycetes isolates for 

uptake heavy metals faster  . This could be attributed  to the fact that 

actinomycetes were able to removing the adverse impact of heavy metals 

through active participation in the breaking down of organic materials, 

where the process of organic compounds oxidation is associated with 

heavy  metals reduced .  

                                               



     The results of estimating the amount of heavy metals remaining in the 

medium showed that lead is the highest consumed element, followed               

by copper, zinc, manganese and finally the cadmium. Where 

microorganisms interact with metals through a number of mechanisms, 

and active processes to remove metals by microorganisms due to the 

phenomenon of heavy metals bioaccumulation within the cells                       

( Intracellular bioaccumulation ). 

        

      The results of   removal  heavy metals from synthetic wastewater by 

using  biosorption through the dead biomass of actinomycetes isolates 

revealed  that the lead is the most absorbed elements by all the isolates 

(G1-K2-R2), where the percentage of  biosorption  (96.2, 100, 100%) of 

this  isolates  respectively, followed by both copper and zinc, manganese 

and finally the cadmium . Considering that the driving force for the 

biosorption process was resulting from the cell wall of this biomass that 

contain anionic groups which have high adsorbent ability towards ions. 

Moreover, the cell wall of actinomycetes has a high adsorption capacity 

due to the high content of peptidoglecan and teicoic acid in their cell wall.  

            

     The results of comparing the quantity of heavy metals removed from 

the synthetic wastewater that processed by bioaccumulation and 

biosorbtion revealed that lead is the highest elements removal in both 

cases .  Followed by copper, zinc, cadmium and finally the manganese 

with different amount among the isolates , although there was no 

evidence of an association between the microbial resistance of heavy 

metals and the biosorption dynamic.                                                                                                  

 

 



       The study was also used raw industrial wastewater  samples  ( A-B-

C-D ) to study the ability of actinomycetes isolates to grow and remove 

heavy metals from the samples. However  all the isolates can not grow on 

the samples (A-C-D), While the isolates (G1-X3-K2-R2) were able to 

grow on the sample (B) that containing zinc and lead at concentration 

(12.82, 29.84 mg/l) for each of them respectively. Considering that the 

percentage removal of lead and zinc (100%) by the isolates ( G1-X3-R2)  

in spite of the long time incubation period, which extended for 8 weeks. 

 

       After the addition of (1%) glucose to wastewater samples , the 

actinomycetes isolates (G1-X3-K2-R2) were able to grow on the sample 

(C) that containing aluminum, chromium and zinc at concentration            

( 38.37, 17.20, 7.05 mg / l) for this elements respectively . The results 

have been detected the removal of chromium at (100%) by the isolates  

(K2-R2), and the zinc were removed at (100%) by the  isolate (X3).            

 

    The study of heavy metals biosorption from crude industrial 

wastewater has observed that there are no change in the concentration of  

heavy metals before and after the treatment for all the samples (A-B-C-D) 

which indicates that there is no occurrence of biosorption process .  This 

could  be attributed to the overlap between the biosorption and the high 

concentrations presence of organic matter.  It can also be an overlap 

between the other ions with the important biosorption heavy metals to be 

absorbed, where there is a competition towards absorption sites leading to 

reducing heavy metals binding . Therefore, the lucrative marketing 

opportunities  for biosorption appear to be used as a secondary or (Polish 

Treatment) of wastewater or when it has been used to remove metals 

from liquid diluted waste.                                                              

   



     Primary treatment ( physio-Chemical ) has been performed in this 

study  through raising  the hydrogen ion concentration, where heavy 

metals are precipitated in the form of metal hydroxides. After the 

deposition of metals from industrial wastewater samples , sludge  was  

separated and estimated the heavy metals in the sediment . The results 

observed the presence of heavy  metals in large quantities when 

compared to primary concentrations in the samples before the treatment , 

which  indicate that the process of precipitation is leading to 

concentrating  metals in the solutions. 

                                                                                                 

     The aluminum was the highest elements in the sediment; followed by 

the zinc and finally the chromium. Also it was observed that there are 

some elements which give unread results before the treatment, such as 

(Ba, Cd, Cu, Ni, Pb, Mn) which indicates the presence of these elements 

mainly at low concentrations in the samples before the treatment.  

  

     The results of heavy metals analysis after primary treatment of 

wastewater revealed that there is a significant reduction in the 

concentration of heavy metals, whereas the sample (B) gave unread 

results for all heavy metals.  As for other samples it was detected unread 

results for all elements except of (Al, Cr, Zn) for the sample ( A ) and  

(Cr, Zn) for the samples (C-D).                                                                                                

      

      The study carried out the cultivation of actinomycetes isolates on 

wastewater samples ( A-C-D ) to test the ability of the isolates to 

accumulate heavy metals throw bioaccumulation after heavy metals 

precipitation . The results revealed the ability of the isolates (K2-R2) to 

grow on the sample (A) and they can removed the zinc at (100%) when  

 



its concentration (9.06 mg / l) , they were also able to remove chromium 

at (71.78 - 74.18%) for both isolates  respectively when the concentration 

its (69.03 mg/l) , and the aluminum at (84.32 - 85.10%) when the 

concentration is (12.62 mg /l).                        

 

     Also, all the isolates were able to grow on the sample (C) that 

containing  chromium only at (11.39 mg / l) , in which the isolates(G1-

X3-K2-R2) were able to remove it  at (71.11 - 71.64 -69.79 -37.74%) of 

the mentioned isolates respectively. As for the sample (D) that containing 

chromium and zinc at (146-2.82 mg /l) , all the isolates were able to 

remove the zinc at (100%). While chromium removal is varied among the  

isolates (G1-X3-K2-R2) where the removal percentage (75.68 - 83.90 - 

74.45 - 78.35%) of the mentioned isolates respectively.                                                                     

 

      The results of  treatment sewage water  that containing large amount 

of salts (17900 mg / l) by halophilic actinomycetes isolates revealed that 

the isolates (G1-X3-K2-R2) were able to grow on the sample. As well as 

the results of estimated the remaining of total dissolved salts (TDS) in the 

samples after actinomycetes culturing , revealed that isolate ( K2) is the 

highest consumption of salt among the isolates by (86.95%) .                   

      

       Finally, there is clear need for more basic research on the Waste 

Management of high salinity liquid waste since that high concentrations 

of salinity in the wastewater, reduced the effectiveness of biological 

treatment. Moreover the research on using halophilic microorganisms in 

waste treatment is limited and there is a little on the treatment of  

wastewater at high concentrations of salinity. Considering  that  

halophilic  

 



 

bacteria is characterized by several attributes that enable the treatment of  

Wastewater .  Where they can metabolism a wide range of materials as 

they can use many of them as electron receptors . In addition to the 

production of some materials outside the cells and accumulate stored 

materials inside the cells beside the means of adaptation to living in 

extreme saline environments.                                                                   

 

 (لايوجد ملخص عريي)


