
The Islamic University-Gaza                                             

Deanship of Graduate Studies 

Faculty of Science 

Master of Environmental Science- 

Environmental Monitoring and Management   
 

 

 

Potential Toxicity of the Herbicides; Diuron,  Diquat, 

Terbutryn and their Mixtures to Cyanobacterial Mats, 

Wadi Gaza, Palestine 

 

By 

 

Salah M. F. Kerkez 

 

Supervised By 

 

          Dr. Zeyad Abu Heen             Dr.Yasser EL-Nahhal                   

 

A Thesis Submitted in Partial Fulfillment of the Requirement for the    

Degree of Master of Science in Environmental Science-Environmental 

Monitoring and Management   

 

The Islamic University – Gaza – Palestine 

 1434هـ -2012 م

غزة –الجبمعت اإلسالميت   

 عمبدة الدراسبث العليب

 كليت العلوم

-مبجستير العلوم البيئيت  

 اإلدارة والمراقبت البيئيت



ii 

 

 

 

 بِسْمِ الَلّهِ الزّحْمَهِ الزّحِيمِ 

 جُىُىبِهِمْ  وَعََلَى وَقُعُىدًا قِيَامًا الَلّهَ  كُزُونَ يَذْ  "الّذِيهَ 

 وَيَتَفَّكّزُونَ 

رْضِ رَبّىَا مَا خََلَقْثَ هَذَا بَاطًًِل 
َ ْ
فِي خََلْقِ السّمَاوَاتِ وَاْل

 )191 اآلية: ) آل عمزانسُبْحَاوَكَ فَقِىَا عَذَابَ الىّارِ" . 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.bh30.com/vb3
http://www.bh30.com/vb3
http://www.bh30.com/vb3
http://www.bh30.com/vb3
http://www.bh30.com/vb3
http://www.bh30.com/vb3
http://www.bh30.com/vb3


iii 

 

DEDICATION 

 

To  my parents whom I owe everything since I was born. 

                                            ****** 

To  my wife who supported and encouraged me at all stages of my 

study. 

                                             ****** 

To  my beloved sons Deya El-deen , Mohammed, and beloved daughter  

Romaysa  who have been a great source of motivation and inspiration to 

me. 

                                             ****** 

To  my brothers, sisters, friends, and all those who believe in the 

richness of learning. 

 

 

                                                                        
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



iv 

 

ACKNOWLEDGMENT 

 

First of all, I praise Allah for blessings and guidance in fulfilling this goal. I would 

like to thank all those who have assisted, guided and supported me in my studies 

leading to this thesis. I also would like to express my sincere gratitude to my 

supervisors Dr. Zeyad Abu Heen Assistant professor, Environmental and Earth 

Science Department- Faculty of Science- Islamic University Gaza Strip and 

Dr.Yasser EL-Nahhal Environmental Chemistry of Pesticides ; Environmental and 

Earth Science Department- Faculty of Science - Islamic University Gaza Strip for 

their encouragement, guidance , constructive advice, support and great help  . Special 

appreciation  goes to teaching members committee in Environmental Science 

Program.  

 

I would like to extend my thanks and appreciation to all stuff of  Environment and 

Earth Science Laboratory in the Islamic University for providing all means of 

support needed in my experimental work. Special deep gratitude to my family for 

their unlimited support, encouragement and affection. Finally, thanks goes to all my 

friends who supported or helped me. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



v 

 

 

680

680

 

96

50(%50

0.0215.44

500.009(5032.32 

0.019.59 

%500.034(%5035.89

0.0110.3650 0.381

   (%50 23.45 

50 

150200

%70 % 30

%500.00450  40.23 

-1.21%50 % 50 

(%500.01 (%5041.64

0.37%30 %70%500.012

%5046.101.61



vi 

 

%33.3  %33.3 %33.3

%500.043%5044.17

2.07 %50  % 25   %25

%500.002%5047.52

-0.71%25  %50 

%25%500.01%50

41.110.82 %25  % 25 

%50 %500.001%50

   38.94-1.3 %15  %  

15 % 70%501.5E-11

%5034.32-7.5

-7.06E     يساوي%1550 15 %  %70

07%5043.23-4 

%15  % 70 %15%50

2.9E-07%5024.91-

4.4

 

 

 

 

 

 

 

 

 

 



vii 

 

ABSTRACT 

 
A application of herbicides  in agricultural section creates environmental problems 

for plants and ecosystems . The present study investigates the toxicity of  diuron, 

diquat and terbutryn, as single or mixture, to cyanobacterial mats collected from 

Wadi Gaza-Palestine. Toxicity of herbicides to cyanobacterial  mats were 

investigated by growth inhibition of  cyanobacterial  mats exposed to various 

concentrations of herbicides. Growth of cyanobacterial mats was evaluated by 

maintaining the optical density of suspension from time zero (culturing the cells) up 

to 8 days. The most suitable wavelength monitoring culture growth was 680 nm. 

There was  a positive relationship between growth and OD680nm in all tested 

cyanobacterial mats. The toxicity of selected herbicides to cyanobacterial mats were 

evaluated  by calculating (% growth inhibition) and toxic units as individuals, binary 

mixture and tertiary mixture during 0-4days  by using spectrophotometer . The EC50 

and ET50 was estimated by using the linear regression equation.  

 

Concentrations of the tested herbicides were as the following: diuron from 0.02 to 

15.44 µ mole/l , diquat from 0.01 to 9.59 µ mole/l and terbutryn from 0.01 to 10.36 µ 

mole/l. Results showed that cyanobacterial mats grow very fast under laboratory 

conditions . The adaptation period was very short , then the bacteria grow 

exponentially the 100 h of growing cultures. The stationary phase was 50h and the 

decay phase starts after 150h and went down to the minimum loud at 200h. 

 

Single toxicity tests showed that the toxicity of diuron, terbutryn and diquat were 

89.35, 76.02 and 71.24% respectively . Binary toxicity tests of ( diuron and diquat), 

indicate that reducing the concentration of duiron from 70% to 30% in the mixture 

reduced the toxicity from77.35% to 65.33 %. This may indicate antagonistic effects .      

 

EC50 for diuron, terbutryn and diquat was 0.009 , 0.031and 0.381 µ mole/l while 

ET50 was 32.32, 35.89 and 23.45 h respectively. In the binary mixture tests,  The 

EC50 of (0.70 diuron :0.30 diquat) was 0.004 TUS while ET50 was 40.23h and 

Mixture Toxicity Index (MTI) equals -1.12. The EC50 for (0.50:0.50) was 0.01 TUS 
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and ET50 was 41.64 h and MTI equals 0.37. The binary mixture (0.30:0.70) was and  

EC50 was 0.012 mg ai/l while ET50 was 46.10 h and MTI equals 1.61 . 

 

Tertiary testes (diuron:diquat:terbutryn) performed and EC50 of (0.333:0.333:0.333) 

was 0.043 TUS while ET50 was 44.17 and MTI was 2.07. The EC50 , for 

(0.50:0.25:0.25) was 0.002 TUS while ET50  was 47.52 and MTI was -0.71. The 

tertiary mixture (0.25:0.50:0.25) was used where EC50 , ET50 and MTI were 0.01TUS 

, 41.11h and 0.82 respectively  . The EC50 of (0.25:0.25:0.50) as tertiary mixture was 

0.001TUS while ET50 equal 38.94h and MTI was -1.3 . The mixture       

(0.15:0.15:0.70) was used where  EC50 , ET50 and MTI were 1.5E-11TUS, 34.32h and 

-7.5 respectively . The EC50 for (0.70:0.15:0.15) was 7.06E-07 TUS while ET50 was 

43.23h and MTI equals -4 . The tertiary mixture (0.15:0.70:0.15) was used and  EC50 

was 2.9E-07 TUS while ET50 was 24.98h and MTI equals -4.4 . Thiazolyle blue was 

used to evaluate the toxicity of diuron . Farther studies needed about this technique to 

get more accurate results.  

 

From these results we can conclude that the used herbicides in Gaza Strip, especially, 

those tested , have toxic effect on eco-systems and their danger impacts increased 

due to the excessive use of different herbicides types. These results are reached for 

the first time in this field and have scientific significance. It is considered to be 

guidance for researchers in future .  Although this study shows the positive sides of 

the research, there are still some other sides that need further studies. 

  

Key words : Toxicity, Herbicides , Cyanobacterial mats , EC50 , ET50, Toxicity Units 

 

 

 

 

 

 

 

 



ix 

 

LIST OF ABBREVIATIONS AND ACRONYMS 

 

ACCase : Acetyl coenzyme carboxylase 

ARSUSDA: Agricultural Research Service/United States Department of 

Agriculture. 

APHA : American Public Health Association.         B1 : Binary 1  

DPR: Department of Pesticide Regulation 

2, 4 - D : 2,4-Dichlorophenoxyacetic acid 

EC 50 : Effected Concentration Fifty  

ET 50 : Effected Time Fifty                                  Exp. : Experiment 

GI  :  Growth Inhibition 

KOW : Log octanol/water coefficient 

HSDB: Hazardous Substances Data Bank  

mg ai/l : Milligrams Active ingredient  per Liter. 

MTT :Tetrazolium salt.                            T1: Tertiary 1 

MB1: Binary Mixture 1                            MTI : Mixture Toxicity Index 

M.o.A : Ministry of Agriculture 

OD: Optical Density                              ODC: Optical Density of Control 

OD t: Optical Density of Treated Samples 

OD max : Optical Density at Maximum Growth 

OD o : Optical Density of Growth at Zero Time. 

ppm : Part per Million.                            PSII : Photo System II 

TDS : Total Dissolved Solids                  TUS  : Toxic Units 

UNEP : United Nation Environment Program 

U.S. EPA: United States for Environmental Protection Agency. 

VS: Versus                                                WG :  Wadi Gaza 

WHO: World Health Organization. 

http://www.google.ps/url?sa=t&rct=j&q=++what+is+HSDB&source=web&cd=2&ved=0CC8QFjAB&url=http%3A%2F%2Fwww.nlm.nih.gov%2Fpubs%2Ffactsheets%2Fhsdbfs.html&ei=w0dgT7LIAuTD0QWhg7igBw&usg=AFQjCNF1eU_-irTkod3tgPntULf1EvVsbQ
http://www.google.ps/url?sa=t&rct=j&q=++what+is+HSDB&source=web&cd=2&ved=0CC8QFjAB&url=http%3A%2F%2Fwww.nlm.nih.gov%2Fpubs%2Ffactsheets%2Fhsdbfs.html&ei=w0dgT7LIAuTD0QWhg7igBw&usg=AFQjCNF1eU_-irTkod3tgPntULf1EvVsbQ


x 

 

TABLE OF CONTENTS 

 Content                                                                                 Page 

 

DEDICATION........................................................................................iii 

ACKNOWLEDGMENT........................................................................iv 

ABSTRACT...........................................................................................vii 

LIST OF ABBREVIATIONS AND ACRONYMS.............................ix 

TABLE OF CONTENTES.....................................................................x 

LIST OF TABLES ..............................................................................xiii 

LIST OF FIGURES..............................................................................xv 

CHAPTER (1): INTRODUCTION……………………………….…..1 

1.1 Identification of the problem ..........................................................1 

1.2 Demographic and environmental situation of Gaza Strip………....3 

1.3 Environmental situation of Wadi Gaza …......................................4 

1.4 Aim of study....................................................................................7 

1.5 Objectives study ..............................................................................7 

CHAPTER (2): LITERATURE REVIEW ………………………..…9 

  2.1 Cyanobacteria and cyanobacterial mats… …………......................9  

  2.2 Toxicity of herbicides to non-target phytoorganisms......................10 

  2.3 Toxicity of herbicides to cyanobacteria.........................................11  

2.4 Toxicity of mixtures........................................................................12 

CHAPTER (3): MATERIAL AND METHODS…………………....13 

   3.1 Materials  ………………………………………………………..13                                            

      3.1.1 Duiron………………………………………….........……………...14  

      3.1.2 Diquat…………………………………………..........……………..14 

      3.1.3 Trebutryn …………………………………………………..............15 

      3.1.4 Thiazolyl blue tetrazolium bromide ………………………..…...…16    

  3.2 Methods ……………………………………………………….....16 



xi 

 

      3.2.1 Sampling of cyanobacterial mats……………..........……………...16 

      3.2.2 Growth media ……………………………………………….......... 17 

      3.2.3 Preparation of cyanobacterial mats stock solution…..........………..17 

      3.2.4 Growth of cyanbacterial mats under laboratory condition…............18 

      3.2.5 Toxicity of  herbicides ……………………………………….….....18 

      3.2.5.1 Bioassay technique……………………………………….............18 

      3.2.5.2 Toxicity of single herbicides…….......………………….........…..19 

      3.2.5.3 Toxicity of herbicides as binary mixture…………………........... 20 

      3.2.5.4 Toxicity Tests  of herbicides as tertiary mixture……………........21 

      3.2.5.5 Calculation of herbicides toxicity ..................................................22 

      3.2.5.6 Chemical assay technique ………………………………….........23 

3.3 Statistical analysis………………………………………………….24 

CHAPTER (4) : RESELTS ………………………………………….….25 

  4.1 Growth of cyanobacterial mats under laboratory condition……...25 

  4.2 Growth of cyanobacterial mats under different conditions in                                                                                            

laboratory during the experimental period......................................................26 

  4.3 Some  physical and chemical properties for collected cyanobacterial  

mats cells  ...............................................................................................27         

 4.4 Single  toxicity tests.........................................................................28 

        4.4.1 Toxic effect as a function of herbicide concentrations....................28 

        4.4.2 Toxic effect as a function of exposure time....................................30 

4.5 Toxicity of mixtures..........................................................................32 

       4.5.1 Binary mixture tests..........................................................................32 

       4.5.1.1 Toxic effect as a function of binary mixture concentrations........32 

       4.5.1.2 Toxic effect as a function of exposure time for binary mixture...34 

   4.5.2 Tertiary mixture...................................................................................37  

      4.5.2.1 Toxic effect as a function of tertiary mixture concentrations..................37 

      4.5.2.2 Toxic effect as a function of exposure time for tertiary mixture..............41 

   4.5.3 Mixture Toxicity Index (MTI).............................................................46 



xii 

 

4.6 Chemical assay technique ................................................................46 

     4.6.1 Toxic effect as a function of herbicide concentrations.......................46 

     4.6.2 Toxic effect as a function of exposure time.......................................47 

CHAPTER (5) :DISCUSSIN ...............................................................49 

CHAPTER (6):CONCLUSIONS AND RECOMMENDATIONS...58  

    6.1 Conclusions ..................................................................................58 

    6.2 Recommendations ..............................................................................60 

REFERANCES......................................................................................61 

APPENDIXES.......................................................................................73 

APPENDIX (a).......................................................................................73 

APPENDIX (b)......................................................................................74 

APPENDIX (c).......................................................................................75 

APPENDIX (d)......................................................................................77 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xiii 

 

LIST OF TABLES 

Table                                                                                       Page 

 

Table (1.1): Twenty-one herbicides used in the last ten years in  the Gaza Strip –

Palestine........................................................................................................2 

Table (3.1) : List of herbicides were used in the research and their chemical 

class and mode of action ……………………………................................….13 

Table (3.2): Some physical properties of Diuron , Diquat and Terbutryn (U.S. EPA, 

2004a ;WHO, 2009)............................................................................................14 

Table (3.3): Composition of binary stock solutions ………......................…20 

Table (3.4) : Composition of  tertiary stock solutions.....................................21 

Table (3.5) : Mixture toxicity scale....................................................................22 

Table (4.1) : Growth of cyanobacterial  mats cells under laboratory 

conditions.........................................................................................................25 

Table (4.2) : Growth of cyanobacterial mats on four days periods during 

different laboratory conditions  .......................................................................26 

Table (4.3) : Properties of stock solutions for cyanobacterial  mats cells during 

the research period....................................................................................................27 

Table (4.4): Essential parameters of individual herbicides toxicities versus 

concentrations.............................................................................................................30 

Table (4.5): Essential parameters of individual herbicides toxicities versus time.....32 

Table (4.6): Essential parameters of binary mixtures toxicities versus  

concentrations.............................................................................................................34 

Table (4.7): Essential parameters of binary mixtures toxicities versus time.............36 

Table (4.8): Essential parameters of tertiary mixtures toxicities versus 

concentration...............................................................................................................41 

Table (4.9): Essential parameters of tertiary mixtures toxicities versus time............45 

Table (4.10): Mixture Toxicity Index (MTI).............................................................46 

Table (4.11): Essential parameters of Diuron toxicities ( with thyazolyl blou ) versus 

concentrations.............................................................................................................47  



xiv 

 

 Table (4.12): Essential parameters of Diuron toxicities ( treated with thyazolyl blue) 

versus time..................................................................................................................48 

 Table (5.1):  Statistical analysis of individuals, binary and tertiary tests................56 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xv 

 

LIST OF FIGURES 

Figure                                                                                    Page 

 

Figure (1.1): Location map of Gaza Strip....................................................................4 

Figure (1.2 ): Wadi Gaza area and site boundaries......................................................5 

Figure (1.3): Photo of the heavily polluted site of WG location at the Mediterranean 

coast shows some development of cyanobacterial mats...............................................6 

Figure (3.1): Structure of duiron ...........................................................................14 

Figure (3.2 ): Chemical Structures of Diquat .................................................15 

Figure (3.3): Molecular structure of terbutryn.........................................................15 

Figure (3.4): Photo of cyanobacterial mat collection from Wadi Gaza in July 

2011.............................................................................................................................16 

Figure (4.1): Population growth dynamics of cyanobacterial mats cells...................26 

Figure (4.2): Coloration between time and relative growth growth of cyanobacterial 

mats on four days periods during different laboratory conditions 

.......................................................................................................................27 

Figure (4.3): % Growth inhibition of cyanobacterial mats cells versus concentration 

of Diuron at 96 h...............................................................................................28 

Figure (4.4): % Growth inhibition of cyanobacterial mats cells versus concentration 

of Diquat at 96 h..............................................................................................29 

Figure (4.5): % Growth inhibition of cyanobacterial mats cells versus concentration 

of Terbutryn at 96 h..........................................................................................29 

Figure (4.6): Dynamic effect of Diuron on the growth of cyanobacterial mats 

cells......................................................................................................................30  

Figure (4.7): Dynamic effect of Dquat on the growth of cyanobacterial mats 

cells.................................................................................................................31  

Figure (4.8): Dynamic effect of Terburtryn on the growth of cyanobacterial mats 

cells.................................................................................................................31  

Figure (4.9): Effect of Diuron Diquat mixture (0.70 : 0.30) on the growth of 

cyanobacterial mats cells after 96h .....................................................................33  

Figure (4.10): Effect of Diuron Diquat mixture (0.50:0.50) on the growth of 

cyanobacterial mats cells after 96h ....................................................................33  



xvi 

 

Figure (4.11): Effect of Diuron Diquat mixture (0.30 : 0.70) on the growth of 

cyanobacterial mats cells after 96h............................................................................34 

Figure (4.12): Dynamic effect of mixture B1  concentration on the growth of 

cyanobacterial mats cells......................................................................................35 

Figure (4.13): Dynamic effect of mixture B2  concentration on the growth of 

cyanobacterial mats cells...........................................................................................35 

Figure (4.14): Dynamic effect of mixture B3  concentration on the growth of 

cyanobacterial mats cells.....................................................................................36 

Figure (4.15): Effect of Diuron diquat and terbutryn mixture (0.33 : 0.33 : 0.33) on 

the growth of cyanobacterial mats cells after 96h..................................................37 

Figure (4.16) : Effect of Diuron diquat and terbutryn mixture (0.50 : 0.25 : 0.25) on 

the growth of cyanobacterial mats cells after 96h................................................38 

Figure (4.17): Effect of Diuron diquat and terbutryn mixture (0.25 : 0.50 : 0.25) on 

the growth of cyanobacterial mats cells after 96h.................................................38 

Figure (4.18) : Effect of Diuron diquat and terbutryn mixture (0.25 : 0.25 : 0.50) on 

the growth of cyanobacterial mats cells after 96h...................................................39 

Figure (4.19): Effect of Diuron diquat and terbutryn mixture (0.15 : 0.15 : 0.70) on 

the growth of cyanobacterial mats cells after 96h...................................................39 

Figure (4.20): Effect of Diuron diquat and terbutryn mixture (0.70 : 0.15 : 0.15) on 

the growth of cyanobacterial mats cells after 96h......................................................40 

Figure (4.21): Effect of Diuron diquat and terbutryn mixture (0.15 : 0.70 : 0.15) on 

the growth of cyanobacterial mats cells after 96h................................................40 

Figure (4.22) : Dynamic effect of mixture T1  concentration on the growth of 

cyanobacterial mats cells..................................................................................42 

Figure (4.23): Dynamic effect of mixture T2  concentration on the growth of 

cyanobacterial mats cells ......................................................................................42 

Figure (4.24) : Dynamic effect of mixture T3  concentration on the growth of 

cyanobacterial mats cells........................................................................................43 

Figure (4.25): Dynamic effect of mixture T4  concentration on the growth of 

cyanobacterial mats cells...........................................................................................43 

Figure (4.26): Dynamic effect of mixture T5  concentration on the growth of 

cyanobacterial mats cells............................................................................................44 



xvii 

 

Figure (4.27): Dynamic effect of mixture T6  concentration on the growth of 

cyanobacterial mats cells............................................................................................44 

Figure (4.28): Dynamic effect of mixture T7  concentration on the growth of 

cyanobacterial mats cells............................................................................................45 

Figure (4.29): % Growth inhibition of cyanobacterial mats cells versus concentration 

of Diuron treated with thyazolyl blou  at 96 h............................................................47 

 

Figure (4.30): Dynamic effect of Diuron treated with thyazolyl blue  concentration 

on the growth of cyanobacterial mats cells.................................................................48 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



1 

 

Chapter (1) 

 

Introduction 

 

1.1 Identification of the problem  

 

Environmental pollution is a  global  problem with local repercussions. One such 

problem is the pollution of aquatic eco-systems by pesticide, especially with 

herbicides. The toxicity is defined as, Sum of adverse effects or the degree of danger 

posed by a substance to living organisms ( Rozman  1998). The increasing 

application of pesticides   led to pollution  of aquatic eco-systems (Wang and 

Freemark, 1995) . Similarly, the application of pesticides  has resulted in 

contamination of food samples and agricultural commodities in many countries in the 

Middle East (El-Nahhal, 2004) . It is clear that the uncontrolled use of pesticides led 

to harmful of nontarget organisms  (Miller, 2009 ). 

  

 Herbicides may enter freshwater ecosystems by spray drift, leaching, run-off, or 

accidental spills and present potential risks for several aquatic organisms  . On the 

other hand, sustainable agriculture cannot give high yielded materials within 

reasonable prices without use of pesticides (El-Nahhal, 2004).   

 

Multiple pesticide often used so residues are present as mixtures in the environment. 

Moreover pesticides are applied as formulates consisting of active and inert (e.g., 

solvents and carrier compounds) ingredients, Their  toxic effects may  differ from a 

single compound. Specifically, they may undergo additive synergistic or antagonistic 

effects that can alter the  balance  of  an ecosystems ( Wendt, et al., 2004) . 

 

Cyanobacteria are nontarget unicellular organisms, which are typically found in 

mats. They are useful in ecotoxicology testing as they are naturally occurring 

environmental (aquatic) microorganisms. Their ecological position at the base of 

most aquatic food webs and the essential roles in the nutrient cycling and oxygen 

http://www.businessdictionary.com/definition/sum.html
http://www.businessdictionary.com/definition/adverse-effect.html
http://www.businessdictionary.com/definition/degree.html
http://www.businessdictionary.com/definition/danger.html
http://www.sciencedirect.com/science/article/pii/S0306987798901141
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product (from photosynthesis process)  are critical to all ecosystems (Breitholtz, et 

al., 2006). 

Cyanobacteria is a member of the heterotrophic free-living micro fauna of aquatic 

ecosystems.  They fix atmospheric nitrogen (Okman & Uger, 2011; An & Kampbell, 

2003; Saker & Neilan, 2001). Moreover, they play a key role in the transfer of matter 

and energy within the microbial loop and serve as an early warning indicator of 

pollution. Previous studies highlighted the ability of cyanobacteria to degrade 

organic pollution (Abed et al., 2002, Safi 2004). 

 

The rationale for these studies is based on the fact that cyanobacterial mats contains 

chlorophyll and are able to use sun light in the photosynthesis to produce oxygen and 

carbohydrates. Herbicides are toxic to plants and organisms that contain chlorophyll 

According herbicides may toxic to the cyanobacterial mats (Ma et al., 2010). 

 

 According to Palestine Ministry of Agriculture, about twenty-one herbicides belong 

to fifteen chemical classes having seven modes of action are currently being used in 

the last ten years in Gaza Strip for weed control (Table 1.1). 

 

Table (1.1): Twenty-one herbicides used in the last ten years in  the Gaza Strip -

Palestine (M.o.A. Palestine, 2012) 

# Name Chemical class 

1 2,4-D Aryloxyalkanoic acid 

2 Bentazone benzothiadiazinon 

3 Bromacil Uracil 

4 Cycloxydim Cyclohexanedione oxim 

5 Diquat Bipyridylium 

6 Diurone Urea 

7 Ethalfluralin Dinitroaniline 

8 Fluazifop-butly Aryloxyphenoxypropionate 

9 Glyphosate Glycine derivative 

10 Linuron Urea 

11 Metribuzin 1,2,4-triazinone 
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12 Ametryne 1,3,5 triazine 

13 Oxadiazon Oxadiazole 

14 Oxyfluorfen Diphenyl ether 

15 Pendimethalin Dinitroaniline 

16 Prometryne 1,3,5-triazine 

17 Paraquat Bipyridylium 

18 Pyridate Phenylpyridazine 

19 Sethoxydim Cyclohexanedione oxim 

20 Simazine 1,3,4-triazine 

21 Terbutryn 1,3,5 triazine 

 

In this investigation the toxicity of Diquat, Diurone, and Terbutryn, each 

representing a different chemical class of herbicides were researched. Specifically, 

the toxicity of these three herbicides either as singles or mixtures to cyanobacterial 

mats cells collected from Wadi Gaza - Palestine are reported. 

 

 

1.2  Demographic situation of Gaza Strip, Palestine 

The Gaza strip is semi arid region that extended for about 42 km along the eastern 

coast of the Mediterranean Sea, the width of the strip ranges from 6 to 12 km, and the 

total area is around 365 km
2
 , representing the western side of coastal plain as shown 

in Figure (1.1) . On this narrow strip, which is considered one of the highest 

population densities in the world, almost 1.428 million Palestinian live and work 

(Palestinian Central Bureau of Statistics Website, 2010) . 

 

http://www.pcbs.gov.ps/Default.aspx?tabID=1&lang=en
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 Figure (1.1): Location map of Gaza Strip-Palestine  

 

The environment in Palestine suffers from considerable stress. The effect of high 

population density,  foreign occupation  and the shortage of resources. Shortage of 

water and deterioration of water quality constitute an additional limiting factor in the 

economic development of Palestine. Frequent disruption in international trade has 

disrupted economic , municipal activities in the Gaza Strip, aggravated pollution in 

cities, towns and villages in Palestine (Palestinian Environmental Authority, 2001). 

  

1.3 The environmental situation of the Wadi Gaza  

The Wadi Gaza, like the whole Gaza Strip, is located in the transitional zone between 

the temperate Mediterranean climate to the west and north and the arid desert climate 

of the Naqab and Sinai deserts to the east and south (Abou Auda et al.,2009). 

 

The Wadi Gaza is considered one of the small areas that remain in the Gaza Strip  

where biodiversity is evident. It is an indispensable part of natural life in Palestine; 

Wadi Gaza 
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it has a rich history in terms of fauna and flora (Abd Rabou, 2005) .The watershed of 

Wadi Gaza is estimated to cover more than 3500 km
2
 of the Northern Naqab Desert 

and the Hebron Mountains as well as the small catchments in Gaza (Web Team, 

2001) . The Wadi’s length from origin to mouth is about 105 km, with the last 9 km 

being located in Gaza Strip (Figure 1.2) 

  

 

  

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure (1.2 ): Wadi Gaza area and site boundaries 

 

More specifically, the Wadi Gaza extends from southern Hebron, at a place called 

Wadi Khalil, near the village of Alsamou, to the southern part of Gaza City and to 

the northern part of Deir El-Balah City (Palestine Wildlife Society, 2004). The water 

of the Wadi reaches the Mediterranean Sea as its final destination.  

 

A wetland or an estuary lake is formed prior to reaching the Mediterranean. This 

wetland is an important habitat for migratory and resident water birds. The Wadi is 

naturally exposed to fluctuating salinity due to seasonal seawater intrusion and 

freshwater run-off. The seasonal changes in temperature, salinity and water level, 

 

mailto:vmatile@gmail.com
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lead to marked changes in the appearance of the mats. The Wadi gains in its 

importance from the fact that it is the only surface water resource in the Gaza Strip. 

Since it is also the main natural feature of Gaza, it is a major place for biodiversity 

(Abd Rabou et al.,2008).  

 

Coastal and seawater pollution is one of the more serious problems currently 

affecting the Gaza Strip (Safi, 1995). Wadi Gaza is heavily used for disposal of 

sewage and solid waste as well as industrial wastewater. The eastern part of the Wadi 

is influenced by untreated wastewater discharge. Therefore, most of the 

cyanobacterial mats reside in the western part of the Wadi (Figure 1.3) where they 

are found as green mats floating on the surface of the Wadi water but often in the 

presence of a high level of pollution by petroleum  products and municipal solid  

waste (Safi et al., 2001) 
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Figure (1.3):  Photo of a heavily polluted site in Wadi Gaza located near the 

Mediterranean coast shows some development of cyanobacterial mats. 
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1.4  Aim of study 

To study the toxicity of herbicidal active ingredients to cyanobacterial mats 

cells. 

1.5  Objectives of study 

1. To study the toxicity of the herbicides ; Diquat,  Diurone,  and Terbutryn as 

single and mixtures either in binary or tertiary ones to cyanobacterial mats 

cells , Wadi Gaza, Palestine. 

2. To study toxicity using biological and chemical techniques. 

3. To evaluate the responses of cyanobacterial mats to the herbicides. 
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Chapter (2) 

Literature Review 

 

2.1  Cyanobacteria and Cyanobacterial mats 

Cyanobacteria are a group of prokaryotic, autotropic organisms that are abundant in 

terrestrial, freshwater, and marine environments . They are commonly termed blue-

green algae. While they are not a true algae but get their name is derived from the 

bluish pigment phycocyanin, which they use to capture light for photosynthesis 

(Hans et al.,2000). 

 

The majority of cyanobacteria species like other aerobic photo-autotrophs require 

only water, carbon dioxide, inorganic substances and light to live and reproduce. The 

location of cyanobacteria at the base of most aquatic food webs means they perform 

an essential role in oxygen production and nutrient cycling (Breitholtz, et al., 2006). 

Cyanobacteria consist of both unicellular to multicellular prokaryotic organisms that 

possess chlorophyll a and carry out oxygenic photosynthesis associated with 

photosynthesis I and II (Castenholz and Waterbury, 1989). Cyanobacteria are able to 

fix atmospheric nitrogen which has critical implications for other organisms in the 

community (An and Kampbell, 2003; Okman and Ugur, 2011). 

 

Cyanobacteria are known to be comparatively sensitive to many chemicals and the 

inclusion of these organisms in test batteries has been shown to improve the capacity 

of such batteries to predict the most sensitive response of the ecosystem (Ma et al., 

2005). 

 

Cyanobacterial mats are heterogeneous, being composed of physiologically different 

groups of microorganisms; cyanobacteria as well as oxygenic phototrophic diatoms , 

chemolithotrophic sulfur bacteria , anaerobic phototrophic purple bacteria  and 

anaerobic sulfate-reducing bacteria comprise the mates. Other numerically less 

important groups in mats include nitrifying/denitrifying bacteria (Stal, 1995) . 

 

http://www.ucmp.berkeley.edu/glossary/gloss3/pigments.html
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Filamentous cyanobacteria play a lead role in the colonization of new sites. 

Krumbein (1994) reported that filamentous cyanobacteria stabilize the sediment by 

trapping sand grains in secreted exopolymers. Representatives of this group of 

organism are found in a large number in the mats, often dominating the upper few 

millimeters (Jorgensen et al., 1983; Stal, 1995). Oxygenic phototrophs like diatoms  

can also be observed in the upper layer of these mats. However these eukaryotic 

organisms are often not observed in mats of extreme environments becouse 

eukaryotes have more limited metabolic capabilities as compared to prokaryotes 

(Stal, 2000). By contrast, the prokaryotic cyanobacteria not only perform oxygenic 

photosynthesis, but are also capable of sulfide-dependent an oxygenic photosynthesis 

and fermentation. Their wider range of metabolic capabilities enables them to 

survive the changing environmental conditions (Revsbech et al.,1983; Stal, 2000). 

 

The production of oxygen and organic carbon by photosynthetic activity is the key 

function of cyanobacteria in microbial mats. Their photosynthetic activity provides 

the basis for the rest of the microbial community including the methanogenic 

bacteria. Due to the spatial separation (i.e., lamination) of the mat community and 

metabolic differences of mat-inhabiting microorganisms, steep gradients of light, 

oxygen and sulfide are developed (Revsbech et al., 1983; Des Marais 1995; Stal 

1995). 

 

The cyanobacterial communities in the mats are taxonomically complex, 

metabolically interactive, and self-sustaining which are  often the only living biota 

during extreme environments (Hans et al. , 2000).  Cyanobacteria-dominated mats 

are not unique to the Wadi. They may be found in a variety of extreme environments, 

ranging from the equator to the poles. Intertidal mud and sand flats, hyper saline 

lagoons and ponds,  thermal springs and alkaline lakes are some of the extreme 

conditions that possess cyanobacterial mats (Vincent and Howard-Williams, 1989). 

The fossil record indicates that such laminated mats represent the earliest aspects of 

the earth's biosphere (Hans et al., 2000) . 
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2.2 Toxicity of herbicides to non-target phyto-organisms 

In 1962 , Rachel Carson  reported  diverse of pesticides application to non target 

organisms ,where wildlife and human are the most harmful organisms ( Miller , 

2009). Herbicides are chemicals used to control weeds in agricultural activities. 

Herbicide contamination of water systems has been of major concern in recent years. 

The pollution of aquatic environments with herbicides is effected through their use in 

the control of aquatic weeds, leaching and runoff  from agricultural fields (Ying and 

Williams, 2000). About 250 tons of formulated pesticides and an additional  900 tons 

of methyl bromide, are used annually in agricultural fields and in public health in 

Gaza Strip, Palestine (Safi et al., 1993). In addition, about 193 tons of herbicides      

with different classes are used from 2005 to 2012 for weed control ( M.o.A. 

Palestine, 2012) 

 

Several studies have determined harmful effects of pollutants on aquatic organisms 

(Fairchild et al., 1997; Waldhoff et al., 2002). Among these aquatic organisms, 

phytoplankton such as unicellular algae, which are important components of the 

aquatic food chain have attracted most of the concern. Contamination of surface 

water with herbicides has been reported to have direct toxic effects on populations of 

phytoplankton (Ma et al., 2002). . In addition, the application of herbicides can affect 

the structure and the function of the aquatic communities by changing the species 

composition of the algal community (Ma et al., 2003) . 

 

Ma et al.(2001)  examined the effects of 33 herbicides  on green algae Chorella 

pyrenoidase. Different mechanism operating at different molecular sites of action. 

These mechanism include;  blocking the denovo synthess of fatty acid (e.g., 

Diclofop-p), inhibition the activity of acetyle-CoA carbotylase (e.g., Tribenuron), 

Inhibition for the activity of acetolactate syntheses ((e.g., Tribenuron), inhibit the 

activity of protopph rinogen oxidase (e.g.,Oxyfluorfen), inhibiting microtubule 

formation in mitosis (e.g., Cinmethylin), stimulating ethylene biosynthesis, which in 

turn lead to growth retardation and senescence (e.g.,  Auxin ) and inhibiting 

photosynthetic process ( e.g., duiron).  
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2.3 Toxicity of herbicides to cyanobacteria 

 

Toxicity studies of herbicides using cyanobacteria have appear regularly in the 

literature over the past quarter century. Mishra and Pandey (1988) studied the effects 

of 2,4-dichlorophenoxyacetic acid (2,4-D), Machete, and Saturn, on the paddy field 

nitrogen-fixing cyanobacteria Nostoc linckia, Nostoc calcicola, Nostoc sp., and 

Anabaena doliolum. They found that, these cyanobacteria were more tolerant of 2,4-

D than Machete or Saturn. More specifically, the study revealed that the uptake of 

nutrients, such as NO
-
3 and NH

+
4 was inhibited. 

 

Hans et al., (1994) evaluated phytotoxicity of 23 different pesticides to cyanobacteria 

(i.e., Microcystis aeruginosa, Oscillatoria sp., Pseudoanabaena sp., Anabaena 

inaequalis and Aphanizomenon flosaquae) and found that triazine herbicides, and 

diquat inhibited the carbon uptake of all cyanobacteria. 

 

Toxicity of pesticides to aquatic microorganisms (e.g.canobacteria) were examined  

 by DeLorenzo  et al. , (2001)  who found that, herbicides are generally most toxic to 

phototrophic microorganisms, typically by disrupting photosynthesis . Rao and Lal 

(1987) and Marie et al., (2001) found rapid uptake of endosulfan in the cyanobacteria 

Aulosira and Anabaena, with levels reaching 700 times more than the exposure 

concentration  within 48 hours.  

 

Chen Z.  et al. (2007) examined the effects of butachlor, bensulfuron-methyl, and 

dimethoate on the growth, photosynthesis, and photoinhibition of the edible 

cyanobacterium. They found that, severe growth inhibition in the presence of four- to 

six-fold of field concentration of butachlor and very high concentrations of 

bensulfuron-methyl and dimethoate. Aslim and Ozturke (2009) reported the effects 

of trifluralin, 2,4-D, and linuron on the growth of ten aquatic cyanobacterial isolates. 

 

Ma et al. (2010) studied the toxicity of seven herbicides (i.e., Diclofop, Triclopyr, 

Ametryne, Simazine, Prometryne, Cyanazine and Simetryn) to three species of 

cyanobacteria ( M. flosaquae, M. aeruginosa and A. flosaquae). Their results showd 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22DeLorenzo%20ME%22%5BAuthor%5D
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that the toxicity of photosynthesis-inhibitors > acetyle-CoA carboxylase inhibitors > 

protophrinogen oxidase inhibitors. Moreover the sensitivity of the various species 

exposed to cyanazine, diclofop, prometryn, simazine and simetryn varied by over 

one order of magnitude Ma et al., 2010). An investigation of the effect of herbicides   

commonly used against weeds of rice crop on cyanobacteria was the aim of a study 

by Inderjit Kaushik  (2010). He examined the toxic effects of propanil, pretilachlor 

and glyphosate, on Anabaena fertilissima.  

 

2.4 Toxicity of mixtures 

In mixture toxicity, concentration-effect data is often used to generate conclusions on 

combined effect of toxicants. Studies examining the toxicity of chemical mixtures 

have focused on neutral organic substances (Broderius et al., 1995; Niederlehner et 

al., 1998), and pesticides (Anderson & Lydy, 2002; Trimble & Lydy 2006). 

 

In more recent studies, Christensen et al. (2007) studied mixture and single-substance 

toxicity of selective serotonin reuptake inhibitors (SSRIs) toward algae and 

crustaceans. They demonstrated that the mixture toxicity of the SSRIs in the two 

bioassays is predictable by the model of concentration addition. Phenylurea 

herbicides are considered to be moderately to highly toxic to aquatic and these 

herbicides can inhibit photosynthesis by blocking electron transfer organisms 

(Breugelmans et al., 2007). Bao et al., (2011) studied the acute toxicities of five 

commonly used antifouling booster biocides to selected subtropical and 

cosmopolitan marine species. The study showd acut toxicity for duiron  on these 

species. Koutsaftis and Aoyama (2007) evaluated the toxicity of four antifouling 

biocides and their mixtures on brine shrimp and observed synergistic interactions 

suggesting that water quality guidelines bases on individual compounds may 

underestimating the adverse effects of combining these chemicals. Andreozzi et al. 

(2008) evaluated the toxicity of ethyl parathion and cumene hydroperoxide by means 

of algal bioassays.  

 

 

 

 

http://www.springerlink.com/content/?Author=Shalini+Kaushik
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Christensen%20AM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Koutsaftis%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Koutsaftis%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
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Chapter (3) 

 

 

Materials and Methods 

 
The methodology used in the study was based on estimating the toxicity of 

herbicides to cyanobacterial mats cells as population growth inhibition by monitoring 

the optical density of growth samples. 

 

3.1 Materials 

 
Tested herbicides (Diuron , Diquat and Terbutryn) and thiazolyl Blue Tetrazolium 

Bromide  were purchased from Sigma Aldrich Chemistry Company ,Germany. 

Cyanobacterial mats samples were collected from Wadi Gaza. More details about 

sampling shown in methods. The three selected herbicides , their chemical classes 

and mode of action shown in Table (3.1).  Some physical properties of (Diuron , 

Diquat and Terbutryn) were presented in Table (3.2). 

 

Table (3.1): List of used herbicides, their chemical class and mode of 

action.(Schmalfuss et al., 2000 , Hess and Warren, 2002). 

Compound Chemical class Influenced mechanism 

 

Duirone 

 

Urea 

Photosynthetic electron transport 

inhibitor at photo system II. 

Diquat Bipyridylium Damages cell membranes and cytoplasm. 

Terbutryn 
 

1,3,5 triazine 

Photosynthetic electron transport 

inhibitor at photo system II receptor site. 
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Table (3.2): Some physical properties of Diuron , Diquat and Terbutryn (U.S. EPA, 

2004 ;WHO, 2009; Toxnet 1985) 

Compound 
Molecular weight 

(g/mole) 

Henry’s law constant   

(atm m3 mole-1) 
Log KOW 

Diuron 233.1 5.10 x 10-10 2.85 

Terbutryn 

 
241.35 5.76 X 10

-07
 3.66 

 

Diquat 
344.05 6.3 x 10-14 -4.6 

 

 

3.1.1 Diuron 

 
Diuron is a broad-spectrum residual herbicide inhibits photosynthesis registered for 

preand post emergentcontrol of both broadleaf and annual grassy weeds. It allows 

seeds to germinate normally, but causes them to lose their green color after which 

they soon die of starvation (Ferrell et al., 2000). Diuron has water solubility of 36.4 

mg/l (25º C), and chemical (IUPAC) name 3-(3,4-dichlorophenyl)-1,1- dimethylurea 

(C9H10Cl2N2O). Structure of duiron is shown in Figure (3.1). 

 

 

 

       

 

  

 

 

Figure (3.1 ): Structure of duiron (U.S. EPA, 2004). 

 

3.1.2 Diquat 

Diquat  has a molecular weight of 344.05 g/mole, water solubility of                   

700g/l and chemical (IUPAC) name 6,7-dihidrodipyrido (1,2-2-a:2,I
,
-I

,
-C) 
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pyrazinedium (HSDB,1998 and Merck Index,1996) . The class of diquat is  

Bipyridyliums and its mode of action is cell membrane disrupters . These chemicals 

can disrupt the internal cell membrane and prevent the cell from manufacturing food 

(Schmalfuss et al., 2000).Structure of diquate is shown in Figure (3.2). 

 

 

 

 

 

 

  

Figure (3.2 ):Chemical Structures of Diquat as salts, as the dibromide (Anna, 2000). 

 

3.1.3 Terbutryn 

 
Terbutryn(C10H19N5S;N-(1,1-dimethylethyl)-N -ethyl-6-(methylthio) -1,3,5-triazine-

2,4- diamine) is a triazine which is a selective herbicide.  

Terbutryn  has a melting point of 104-105 ºC, boiling point of  154-160 ºC and water 

solubility of 25 mg/l (WHO, 2009). Terbutryne classified frome the class 1,3,5, 

triazine and its action mode is photosynthetic electron transport inhibitor at 

photosystem II in photosynthesis process (Schmalfuss et al., 2000). Structure of 

terbutryn is shown in Figure (3.3). 

 

  

 

 

 

 

  

Figure (3.3 ): Molecular structure of terbutryn (The Wolfram General Chemistry) 
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3.1.4 Thiazolyl Blue Tetrazolium Bromide 

Thiazolyl Blue Tetrazolium Bromide  is a chemical compound used in this research. 

It is produced by Sigma Aldrich Chemistry Company, Germany. It also named 

tetrazolium salt MTT [3 - (4,5-dimethyl-2-thiazol-2-yl) -2,5-diphenyl-2h-tetrazolium 

bromide] and its use based on the reduction of its yellow color solution to dark blue 

(purple formazan) by the present of live cells (Zilberg and Sinai, 2006). The 

absorbance of this colored solution can be quantified by measuring at a certain 

wavelength (usually between 500 and 630 nm) by a spectrophotometer . 

 

3.2 Methods 

3.2.1 Sampling of cyanobacterial mats cells 

All the samples of cyanobacterial mats used in these research were collected from the 

western part of Wadi Gaza near the Mediterranean Sea beach by using algal net, and  

different volumes of plastic bottles ( Figure 3.4). 

Figure (3.4): Cyanobacterial mat collection from Wadi Gaza in July 2011. 

 

http://en.wikipedia.org/wiki/Formazan
http://en.wikipedia.org/wiki/Absorbance
http://en.wikipedia.org/wiki/Wavelength
http://en.wikipedia.org/wiki/Spectrophotometer
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Cyanobacterial mat samples ( around 10 cm x 15 cm) were collected at different sites 

in the western part of Wadi Gaza during May, June, July and August in 2011.  

Through these four months, the Cyanobacterial mat samples was collected twelve 

times . At the time of each sampling, the mats were submerged in plastic bottle full 

with green aqueous media from the surrounding of the mats (Safi, 2004). 

The average measured water temperature during the  four months was  between 24°C 

and 31°C and the salinity between 3% , and 3.6% where the average pH was between 

8.5 and 9 . In every sampling, a plastic bottle was filled with green aqueous media  

from the surrounding  of the mats  as a growth media. After each sampling, the mats 

were transferred to the laboratory of  environmental science of Islamic University- 

Gaza within two hours . Upon arrival, the mats were incubated in the lab room at 20-

25 °C (  Hans et al., 2003). 

 

3.2.2 Growth media 

Growth media, for cyanobacterial mat prepared from the same environment 

 surrounding the mats which contains nutrients needed for bacterial growth. The 

green aqueous media (culture media) was suctioned by using suction system ( pump 

and magnetic funnel with membrane filters (MF) , white, grid-marked, cellulose 

ester, 47-mm diameter, 0.45 μm) then sterilized at 120°C for 25 minutes in autoclave 

to insure that all types of microorganisms in the media were died.  The properties of 

growth media was measured to adapt with the  cyanobacterial mat solution collected 

from the Wadi.  The total dissolved salts (TDS) were between 3000 and 3600 ppm 

by using TDS meter – Sharp TDS WP . The pH  was measured to be  between 8 and 

9 by using pH meter Pen-Shape tester. The product growth media then put in the 

refrigerator to use when need (Bonnet et al., 2007). 

 

3.2.3 Preparation of cyanobacterial mats  stock solution 

Upon arrival, the mats were incubated in the libratory room at 20 -25 °C, then the 

sample of the mats in the bottle shake carefully then the aqueous mixture  of 

cyanobacterial mat was left for half hour . 100 ml of the suspension  solution which 

containing live cells  was isolated and tested under light microscope and considered 

as stock solution of cyanobacterial mats. After that , the salinity and pH of the stock 
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solution was measured to adapt with properties of growth media (Sauvant et 

al.,1999) 

 

Amount of stock solution of the mats diluted with amount of growth media to obtain 

law concentration solution of the mats with salinity and pH like that in its natural 

environment, then genteelly shake to insure normal distribution of cells by using  hot 

plates magnetic stirrer- KMC-130 SH for ten minutes (Bonnet et al., 2007). 

 

3.2.4 Growth of cyanbacterial mats under laboratory condition 

The idea here is to grow the mats as the previous way  and monitor the phases of the 

mats life cycle  by measuring the optical density(represent the concentration of cells 

in mats solution) of the mats solution using spectrophotometer at wave length 680 

nm (Ma et al., 2002). Ten ml of the mats solution was put in 50 ml Erlenmeyer flask 

in incubated condition and temperature was maintained at about 25°C. Irradiance 

was provided by 60 wt tungsten lamb 12-light:12-dark cycle using  special timer 

called Saturday o'clock (Chen et al,. 2007 ) .The experiment performed in five 

replicates and the optical density (OD) of the incubated mats solution was recorded 

at 0, 24, 48, 72, 96, 120, 144, 168 and 192 hour (h). The population dynamics of 

cyanobacterial mats was evaluated by plotting OD versus time (El-Nahhal et al., 

1998).   

 

3.2.5 Toxicity of herbicides  

3.2.5.1 Bioassay technique 

Toxicity of herbicides on cyanobacterial mats were estimated as growth 

inhibition (GI) of population by using biological tests. In this tests technical 

amount of the herbicide was dissolved in distilled water (chlorine free) up to 

its solubility limit and used as a stock solution. A wide range of concentrations 

(0.0- solubility limit in water mg/L) may be examined to find the adequate 

range of toxicity (linear dose response relationship). In these procedure, stock 

solution of cyanobacterial mats and gradient concentrations of the herbicides (five 

dilutions from the stock) were prepared.  Five ml of mats solution were added to 
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six Erlenmeyer flasks then 2 ml of each dilution of the herbicide was added  to 

every one of the flasks then genteelly shake to insure normal distribution of cells. 

One of the flasks received zero concentration of herbicide which represented the 

control sample (Bonnet et al., 2007). All concentrations were expressed in µ mole / l.  

 

The experiment was performed in five replication and all the dilutions of the 

herbicide in all following experiments were 0.0001, 0.001, 0.05, 0.01, 0.1 from the 

stock solution of the herbicide, for example: concentration of stock solution for 

Duiron is 154.5 µ mole /l and the gradient concentrations are 0, 0.02, 0.15, 0.77, 

1.54, and 15.44  154.5 µ mole.  The flasks was kept on a rotator shaker 100 rpm (Ma 

et al., 2000) and incubated at about 25°C at 12 h light: 12 h dark. By using CT-220 

Spectrophotometer, cell growth monitored by measuring the optical density (OD) at 

680 nm after 0,  24 , 48, 72, and 96h (Ma et al., 2002) .  

 

The dynamics of Cyanobacterial mats cells growth (relative growth) in the control 

samples evaluated by plotting time versus the ODmax / OD0 ratios, where OD max and 

OD0 are the optical densities at maximum growth and growth at zero time , 

respectively (El-Nahhal et al., 1998). By using Exile program, the previous 

correlations were drown, coefficient correlation ( r
2 

) and regression equations were 

recorded. From the regression correlation equation of % (ODc - ODt / ODc) versus 

log herbicide concentrations, the EC50 was estimated, where EC50 is the effective 

concentration that caused 50% inhibition compared with the control in a chosen 

toxicity endpoint (Ma et al., 2002). 

 

The regression  correlation equation of % growth inhibition versus log time was used 

to estimate the ET50 ,where ET50 is the effective time causing a 50% reduction in a 

chosen toxicity endpoint. The toxicity (% growth inhibition) at variant concentrations 

of herbicides was evaluated by plotting % growth inhibition versus time. 

 

3.2.5.2 Toxicity of single herbicides 

For all the following experiments, samples were taken during their exponential 

growth phase (log phase) and the procedure described by Bonnet et al. (2007) using 



21 

 

flasks technique.  Stock solutions of 154 µ mole /l  for Duirone , 96.8 µ mole/l for 

Diquat and 104 µ mole /l for Terbutryn was prepared . The idea here is to treat the 

growth cyanobacterial mats solutions with law gradient concentration of these 

herbicides by two type of tests : bioassay and chemical assay technique.  

 

3.2.5.3 Toxicity of binary mixture herbicides 

Preliminary stock solutions of binary mixtures (Mixtures B) of the herbicides : 

Diquat and Diuron which represents different chemical classes were selected 

and mixed together (Schultz and Allison ,1979) according to the procedure 

described in Table (3.3) . From these stock solutions, the mixtures with the 

ratios 7 : 3 , 1 : 1 and 3 : 7 (v/v) were prepared  by combining aliquots duiron and 

diquat , respectively .  

Compositions of these mixtures stock solutions were presented in Table (3.3). 

 

 Table (3.3) : Composition of  binary stock solutions 

Solution Proportion of 

duiron : diquat (v/v) 

Concentration of components       

(µ mole /l) 

Duiron Diquat 

Mixture B 1 0.70 : 0.30 
108 28 

Mixture B 2 0.50 : 0.50 
77 47 

Mixture B 3 0.30 : 0.70 
43 67 

 

All the experiments in the binary mixture were performed by the same procedure 

used in individual testes of bioassay as in table (3.3). Mixture B 1 represents 70 % 

diuron and 30% diquat, mixture B 2 represents 50% diuron and 50% diquat while 

mixture B 3 represents 30% diuron and 70% diuat. The stock solution for binary 

mixture in the three experiments (mixture B 1, mixture B 2 and mixture B 3) was 

diluted to 0.0001, 0.001, 0.05, 0.01and 0.1. 
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3.2.5.4 Toxicity  tertiary mixtures herbicides   

Preliminary stock solutions of tertiary mixtures (Mixtures T) of the herbicides: 

Diquat , Diurone , and Terbutryn which represents different chemical classes 

were selected and mixed together (Schultz and Allison ,1979) according to the 

procedure described in Table (3.4) . The mixtures in ratios of 0.333 : 

0.333:0.0333 , 0.50: 0.25:0.25 , 0.25: 0.50 : 0.25, 0.25: 0.25:0.50 , 0.25: 

0.15:0.70 , 0.70: 0.15:0.15 and 0.15: 0.70:0.15 (v/v) were prepared  by 

combining aliquots Diquat , Diurone , and Terbutryn, respectively . Compositions of 

these mixture stock solutions were presented in Table (3.4). 

 

Table (3.4) : Composition of  tertiary stock solutions 

Solution Proportion of 

duiron : terbutryn : 

diquat (v/v) 

Concentration of components  

(µ mol /l) 

Duiron Diquat Terbutryn 

Mixture T 1 0.333 : 0.333 : 0.333 51 32 35 

Mixture T 2 0.50 : 0.25 : 0.25 77 24 26 

Mixture T 3 0.25 : 0.50 : 0.25 39 48 26 

Mixture T 4 0.25 : 0.25 : 0.50 39 24 52 

Mixture T 5 0.15 : 0.15 : 0.70 23 14 73 

Mixture T 6 0.70 : 0.15 : 0.15 108 14 16 

Mixture  T 7 0.15: 0.70 : 0.15 23 67 16 

 

Effects of the mixture on growth were monitored as described in binary tests. The 

stock solution for tertiary mixture in the seven experiments was diluted to  0.0001, 

0.001, 0.05, 0.01and 0.1. Plotting % growth data versus the concentration of the 

herbicide will be analyzed by linear regression to calculate the EC50 (effected 

concentration 50 %) and ET50 (effected time 50 %). 
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3.2.5.5 Calculation of herbicides toxicity   

 

a. Growth inhibition (GI) 

According to El-Nahhal et al.,( 1998), the % growth inhibition (GI) represents 

toxicity is calculated as the following : % (GI) = (ODc - ODt  / ODc) , where ODc 

and ODt are the optical density of the control and the treated samples, respectively. 

The toxicity (% GI) at variant concentration of herbicides is evaluating by plotting % 

growth inhibition versus time. 

 

b. Toxic units (TUS) in mixtures 

According to Sprogue and Ram say (1965), toxic units were calculated as :  

Toxic units = actual concentration in solution / lethal threshold concentration 

Furthermore, Ishaque et al., (2006) defined toxic units as the concentration of a 

chemical in the toxic mixture divided by its single toxic concentration for the end 

point measured. 

 

c. Mixture toxicity index (MTI) in mixtures 

To estimate the synergetic and / or antagonistic effects of herbicides mixtures  we 

calculated the mixture toxicity index (MTI) proposed by Konemann(1981) and 

Hermens et al., (1985).  MTI = 1- (Log M / Log n), where M = ∑ c / EC50 at 50% 

effect in the mixture, and    n = total number of compound in the mixture. Table (3.5) 

shows the scale of mixture toxicity. 

 

Table (3.5) : Mixture toxicity scale (Konemann 1981). 

MTI Classification for toxicity of mixture 

MTI < 0 Antagonism effect 

MTI = 0 No addition effect 

 0 < MTI < 1 Partial addition effect  

MTI = 1 Concentration addition effect  

MTI >1 Supra addition 
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3.2.5.6  Chemical assay technique  

These experiments were conducted as described previously in the bioassay test.  

This way called also colorimetric MTT assay and used to evaluate the effect of 

commonly used herbicides on Cyanobacterial mats (Zilberg, and Sinai, 2006, 

Mosmann, 1983) . 

Stock solution of 1.2 g/l from thiazolyl blue was used in the chemical assay to obtain 

yellow color and two ml of this stock solution were added to each control and treated 

flasks.  

The idea behind this assay base on cellular growth and survival where 

Cyanobacterial mats can reduce thiazolyl blue tetrazolium bromide and change the 

solution color from yellow to dark blue (purple formazan). Consequently, the toxicity 

of a compound can be calculated by measuring the optical density at time 0 (no 

herbicide) and any time (in the presence of herbicide concentrations) according to the 

following equation: 

% toxicity =100*(ODc- ODt)/ODc where ODc and ODt represent the optical density 

of the growth solution in the presence of cells at time zero ( control) and at any time 

(treated sampls) after adding the herbicide concentration (El-Nahhal et al., 1998).   

Only Duiron  was used in this test . The tested concentrations were  0, 0.02, 0.15, 

0.77, 1.54, and 15.44  154.5 µ mole. All the steps in the bioassay procedure were 

followed and 2ml of thiazolyl blue added to each flask of control and treated sample. 

All the samples were kept in the same conditions described above. The 0.0 

concentration always means , control sample (El-Nahhal et al., 1998) . 

 

The change of the yellow color in the control and treated samples was measured by 

determining the optical densities at wave length  570 nm (at zero time samples)  and 

a reference wavelength of 630 nm( after the change of color occurs) as   previously  

(Zilberg, and Sinai, 2006 , Mosmann, 1983) . The OD of the samples was measured 

at time 0, 24, 48, 72, and 96hr .Toxicity of a compound at certain concentration was 

evaluated by plotting % (ODc - ODt) / OD versus concentration which generat  a 

linear relationship . The dynamics of Cyanobacterial mats  growth in the control 

samples evaluated by plotting time versus the ODmax / OD0. EC50 and ET50 was 

http://en.wikipedia.org/wiki/Formazan
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estimated by the same way described in bioassay test (Bonnet et al., 2007; El-Nahhal 

et al., 1998). 

 

3.3 Statistical analysis 

All experiments were performed in five replicates. Averages and standard  deviation 

of the growth inhibition are calculated and fitted to the regression analysis. The 

averages of growth inhibition were compared by Tukeys test and P-values was 

determined to evaluate the differences among treatments. One-way ANOVA test was 

followed by using Exil program. 
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Chapter (4) 

 

Results 

The results of study in this chapter  show the phases of cyanobacterial mats cells life 

cycle, relative growth, toxic effect of  single and mixture herbicides , estimating of 

EC50 , ET50,toxic units and mixture toxic  index. 

 

4.1 Growth of cyanobacterial mats under laboratory condition 

Table (4.1) presents the data of cyanobacterial mats cells growth during 192 hour of 

incubation under laboratory conditions. 

 

Table (4.1): Growth of cyanobacterial mats cells under laboratory conditions. 

      

A plot of optical density versus time shows population dynamics of cyanobacterial 

mats cells ( relative growth) under lab condition (Figure 4.1). The following a lag 

phase of 24 hour cells grow linearly until 96 hour and then plateau for an additional l 

48 hour before declining. 

 

 

Time (h) Average optical density ± SD 

0 0.214 ± 0.001 

24 0.215 ± 0.005 

48 0.243 ± 0.022 

72 0.294 ± 0.0189 

96 0.368 ± 0.028 

120 0.368 ± 0.009 

144 0.359 ± 0.005 

168 0.215 ± 0.028 

192 0.137 ± 0.012 
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Figure (4.1): Population growth dynamics of cyanobacterial mats cells. 

  

 

4.2 Growth of cyanobacterial mats cells under different laboratory 

conditions during the experimental period                
 

 From the data in figure (4.1) we select the Log phase of cyanobacterial mats growth 

and culture the bacteria under different growth and adaptation conditions. The 

culture of cyanobacterial mats cells were performed eight time (eight experiments)   

during the research period. The data of these experiments are shown in                 

Table (4.2) .Plotting relative growth (ODmax / OD0) versus time indicate linear 

regression with high r
2
 values and shows strong positive association in figure (4.2).  

 

Table (4.2): Growth of cyanobacterial mats  under different laboratory conditions 

 

TIME (H) 
                         ODMAX/OD0           

EXP

.1 

EXP

.2 

EXP

.3 

EXP

.4 

EXP

.5 

EXP

.6 

EXP

.7 

EXP

.8 

0 1.72 2.42 1.64 2.38 2.43 1.87 1.83 2.38 

24 1.50 1.90

0 

1.35 1.91 2.19 1.35 1.51 2.13 

48 1.40 1.52

1 

1.28 1.57 1.65 1.08 1.35 1.61 

72 1.07 1.24

2 

1.07 1.23 1.28 1.01 1.18 1.27 

96 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
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Figure (4.2): Coloration between time and relative growth of cyanobacterial mats in 

four days period during different laboratory conditions. 

 

4.3 Some physical and chemical properties for collected          

cyanobacterial  mats cells 

The data of physical and chemical properties for collected cyanobacterial mats used 

in the above eight experiments were presented in Table (4.3). 

 

Table (4.3): Properties of stock solutions for cyanobacterial  mats cells during the 

research period. 

 

Property 
EXP.

1 
EXP. 

2 
EX. 

3 
EXP. 

4 
EXP. 

5 
EXP. 

6 
EXP. 

7 
EXP. 

8 

TDS 

(ppm) 
3000 3100 3100 3400 3400 3500 3600 3600 

pH 8 8 8.5 8.7 8.5 8.5 9 9 
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4.4 Single toxicity tests 

                                                

4.4.1 Toxic effect as a function of herbicide concentrations 

Toxicity of Diuron, Diquat and Terbutryn as a function of herbicide concentrations 

are shown in (Figure 4.3, 4. 4 and 4.5) respectively, more details are shown in 

Appendix ( a ). These data are converted to Log concentration and regressed versus 

% growth inhibition and gave nearly linear relationships. The EC50, r
2 

values and 

regression equations are presented in Table (4.4). 

 

Figure (4.3) : % Growth inhibition of cyanobacterial mats cells versus concentration 

of Diuron at 96 h 
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Figure (4.4) : % Growth inhibition of cyanobacterial mats cells versus concentration 

of Diquat at 96 h. 

 

 

Figure (4.5) : % Growth inhibition of cyanobacterial mats cells versus concentration 

of Terbutryn at 96 h 



31 

 

Comparison of toxicities among the tested herbicides are shown in Table (4.4) 

 

Table (4.4): Essential parameters of individual herbicides toxicities versus 

concentrations. 

Compound EC50 (µmole/l) r
2
 Equation 

Diuron 0.009 0.90 Y= 11.65X+ 73.7 

Diquat 0.034 0.97 Y=7.88X + 61.57 

Terbutryn 0.381 0.96 Y=23.09X + 59.65 

 

 

4.4.2 Toxic effect as a function of exposure time 

Toxicity of Diuron, Diquat and Terbutryn as a function of exposure time are shown 

in (Figure 4.6, 4.7 and 4. 8) respectively. These data are converted to Log time and 

regressed versus % growth inhibition and gave nearly linear relationships. The ET50 

and r
2 

values are calculated from the regression equations and presented in         

Table (4.5). 

 

Figure (4.6) : Dynamic effect of Diuron on the growth of cyanobacterial mats cells . 
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Figure (4.7): Dynamic effect of Diquat on the growth of cyanobacterial mats cells. 

 

 

Figure (4.8) : Dynamic effect of Terbutryn on the growth of cyanobacterial mats 

cells. 
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Comparison of ET50 among the tested herbicides are shown in Table (4.5) 

 

Table (4.5): Essential parameters of individual herbicides toxicities versus time. 

Compound ET50 (h) r
2
 Equation 

Diuron 32.32 0.99 Y=82.96X-75.23 

Diquat 35.89 0.92 Y=56.08X-37.20 

Terbutryn 23.45 0.99 Y=47.43X-34.99 

 

 

4.5 Toxicity of mixtures 

4.5.1 Binary mixtures tests 

4.5.1.1 Toxic effect as a function of binary mixture concentrations 

 Toxicities (%GI) of mixtures B 1 (70% diuron and 30% diquat) , B 2 (50% diuron 

and 50%   diquat) and B 3 (30% diuron and 70% diquat)  on cyanobacterial mats 

cells are shown in Figures 4.9 - 4.11, more details are shown in Appendix ( b ). 

Converting the results data in these Figures to log scale allow us to calculated the 

EC50 values . The EC50 and r
2
 values   are presented in (Table 4.6). Diuron and 

Diquat concentrations in the mixture are presented as mol/l. 
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Figure (4.9): Effect of Diuron Diquat mixture (0.70: 0.30) on the growth of 

cyanobacterial mats cells after 96h .  

 

 

Figure (4.10): Effect of Diuron Diquat mixture (0.50:0.50) on the growth of 

cyanobacterial mats cells after 96h .  
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Figure (4.11): Effect of Diuron Diquat mixture (0.30:0.70) on the growth of 

cyanobacterial mats cells after 96h .  

 

Comparisons of toxicities among the tested mixtures are shown in Table (4.6). 

 

Table (4.6): Essential parameters of binary mixtures toxicities versus concentrations. 

Mixture Fractions 
EC50 

(TUs) 
r

2
 Equation 

B1 Diuron 0.70:Diquat 0.30 0.004 0.98 Y= 12.149X + 79.262 

B2 Diuron 0.50:Diquat 0.50 0.01 0.92 Y= 8.4713X + 67.035 

B3 Diuron 0.3:Diquat 0.70 0.012 0.92 Y= 11.335X + 69.307 

 

4.5.1.2 Toxic effect as a function of exposure time for binary mixtures 

Effect of different combination ratios of Diuron and Diquat mixtures on 

cyanobacterial mats cells as a function of exposure time are shown in ( Figure 4.12, 

4.13 and 4.14) respectively. These data are converted to Log time and regressed 
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versus % growth inhibition and gave nearly linear relationships. The ET50 and r
2 

values are  calculated from the regression equations and presented in Table (4.7). 

 

 

Figure (4.12) : Dynamic effect of mixture B1  concentration on the growth of 

cyanobacterial mats cells . 

 

Figure (4.13): Dynamic effect of mixture B2  concentration on the growth of 

cyanobacterial mats cells . 
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Figure (4.14): Dynamic effect of mixture B3  concentration on the growth of 

cyanobacterial mats cells . 

 

Comparison of ET50 among the tested binary mixtures are shown in Table (4.7) 

 

Table (4.7): Essential parameters of binary mixtures toxicities versus time. 

Mixture Fractions ET50 (h) r
2
 Equation 

B1 Diuron 0.70 : Diquat 0.30 40.23 0.99 Y=74.91x-70.20 

B2 Diuron 0.50 : Diquat 0.50 41.64 0.98 Y=45.18x-23.17 

B3 Diuron 0.30 : Diquat 0.70 46.10 0.99 Y=52.46x-37.27 
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4.5.2 Toxicity of tertiary mixtures  

4.5.2.1 Toxic effect as a function of tertiary mixtures concentrations 

Effect of different combination ratios of Diuron Diquat and Terbutryn mixtures    

(T1-T7) on the growth of cyanobacterial mats cells are shown in Figures 4.15 - 4.21, 

more details are shown in Appendix (c  ). Converting the results data in these Figures 

to log scale enable us to calculated the EC50 values . The EC50 and r
2
 values are 

presented in (Table 4.8). Diuron, diquat and terbutryn concentrations in the mixture 

are presented as mol/l. 

 

Figure (4.15) : Effect of Diuron diquat and terbutryn mixture (0.33:0.33:0.33) on the 

growth of cyanobacterial mats cells after 96h.  
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Figure (4.16): Effect of Diuron diquat and terbutryn mixture (0.50: 0.25: 0.25) on 

the growth of cyanobacterial mats cells after 96h. 

 

 

Figure (4.17): Effect of Diuron diquat and terbutryn mixture (0.25: 0.50 : 0.25) on 

the growth of cyanobacterial mats cells after 96h. 
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Figure (4.18) : Effect of Diuron diquat and terbutryn mixture (0.25 : 0.25 : 0.50) on 

the growth of cyanobacterial mats cells after 96h. 

 

 

Figure (4.19): Effect of Diuron diquat and terbutryn mixture (0.15 : 0.15 : 0.70) on 

the growth of cyanobacterial mats cells after 96h. 
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Figure (4.20): Effect of Diuron diquat and terbutryn mixture (0.70 : 0.15 : 0.15) on 

the growth of cyanobacterial mats cells after 96h. 

 

 

Figure (4.21) : Effect of Diuron diquat and terbutryn mixture (0.15 : 0.70 : 0.15) on 

the growth of cyanobacterial mats cells after 96h. 
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Comparison of toxicities among the tested tertiary mixtures are shown in Table (4.8) 

 

Table (4.8): Essential parameters of tertiary mixtures toxicities versus concentration. 

Mixture Fractions EC50 (TUs) r
2
 Equation 

T1 
Diuron 0.33 : Diquat 0.33 : 

Terbutryn 0.33 
0.043 0.90 Y= 20.495X + 77.962 

T2 
Diuron 0.50 : Diquat 0.25 : 

Terbutryn 0.25 
0.002 0.90 Y= 15.264X+89.995 

T3 
Diuron 0.25 : Diquat 0.50 : 

Terbutryn 0.25 
0.01 0.96 Y= 15.382X + 80.529 

T4 
Diuron 0.25 : Diquat 0.25: 

Terbutryn 0.50 
0.001 0.96 Y=12.658X + 88.021 

T5 
Diuron 0.15 : Diquat 0.15 : 

Terbutryn0.70 
1.5E-11 0.99 Y= 3.3653X + 86.459 

T6 
Diuron 0.70 : Diquat 0.15 : 

Terbutryn 0.15 
7.06E-07 0.97 Y= 5.88X + 86.14 

T7 
Diuron 0.15 : Diquat 0.70 : 

Terbutryn 0.15 
2.9E-07 0.96 Y=4.73 X + 80.9 

 

4.5.2.2 Toxic effect as a function of exposure time for tertiary mixtures 

Effect of different combination ratios of Diuron , Diquat  and Terbutryn mixtures on 

cyanobacterial mats cells as a function of exposure time are shown in  Figure 4.22 – 

4.28 respectively. These data are converted to Log time and regressed versus % 

growth inhibition and gave nearly linear relationships. The ET50 , r
2 

values and 

regression equations are presented in Table (4.9). 
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Figure (4.22): Dynamic effect of mixture T1  concentration on the growth of 

cyanobacterial mats cells . 

 

 

Figure (4.23): Dynamic effect of mixture T2  concentration on the growth of 

cyanobacterial mats cells . 
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Figure (4.24): Dynamic effect of mixture T3  concentration on the growth of 

cyanobacterial mats cells . 

 

 
 
Figure (4.25) : Dynamic effect of mixture T4  concentration on the growth of 

cyanobacterial mats cells . 
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Figure (4.26): Dynamic effect of mixture T5  concentration on the growth of 

cyanobacterial mats cells . 

 

 

Figure (4.27): Dynamic effect of mixture T6  concentration on the growth of 

cyanobacterial mats cells . 
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Figure (4.28): Dynamic effect of mixture T7  concentration on the growth of 

cyanobacterial mats cells . 

 

Comparison of toxicities among the tested tertiary mixtures are shown in Table (4.8) 

 

Table (4.9): Essential parameters of tertiary mixtures toxicities versus time. 

Mixture Fractions ET50 (h) r
2
 Equation 

T1 
Diuron 0.33 : Diquat 0.33 : 

Terbutryn 0.33 
44.17 0.99 Y=102.0x-117.8 

T2 
Diuron 0.50 : Diquat 0.25 : 

Terbutryn 0.25 
47.52 0.98 Y=102.2x-119.7 

T3 
Diuron 0.25 : Diquat 0.50 : 

Terbutryn 0.25 
41.11 0.99 Y=92.47x-99.23 

T4 
Diuron 0.25 : Diquat 0.25: 

Terbutryn 0.50 
38.94 0.99 Y=86.42x-87.45 

T5 
Diuron 0.15 : Diquat 0.15 : 

Terbutryn0.70 
34.32 0.99 Y=77.79x-69.45 

T6 
Diuron 0.70 : Diquat 0.15 : 

Terbutryn 0.15 
43.23 0.99 Y=101.6x-116.2 

T7 
Diuron 0.15 : Diquat 0.70 : 

Terbutryn 0.15 
24.98 0.99 Y=58.95-32.39 
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4.5.3 Mixture Toxicity Index (MTI) 

Application of Mixture Toxicity Index (MTI) are shown in (Table 4.10) 

 

Table (4.10): Mixture Toxicity Index (MTI) 

Mixture Fractions MTI 

B1 Diuron 0.70 : Diquat 0.30 -1.12 

B2 Diuron 0.50 : Diquat 0.50 0.37 

B3 Diuron 0.3 : Diquat 0.70 1.61 

T1 Diuron 0.33 : Diquat 0.33 : Terbutryn 0.33 2.07 

T2 Diuron 0.5 : Diquat 0.25 : Terbutryn 0.25 -0.71 

T3 Diuron 0.25 : Diquat 0.50 : Terbutryn 0.25 0.82 

T4 Diuron 0.25 : Diquat 0.25 : Terbutryn 0.50 -1.3 

T5 Diuron 0.15 : Diquat 0.15 : Terbutryn 0.70 -7.5 

T6 Diuron 0.70 : Diquat 0.15 : Terbutryn 0.15 -4 

T7 Diuron 0.15 : Diquat 0.7 : Terbutryn 0.15 -4.4 

 

 

 

Chemical assay technique 4.6   
 

4.6.1 Toxic effect as a function of herbicide concentrations 

Toxicity of Diuron  as a function of herbicide concentrations using thiazolyl blue  

(incubated with the color) is shown in ( Figure 4.29. These data are converted to Log 

concentration and regressed versus % growth inhibition and gave nearly linear 

relationships. The EC50 and r
2 

values are calculated from the regression equations 

and presented in Table (4.11). 

 



47 

 

 

Figure (4.29): % Growth inhibition of cyanobacterial mats cells versus concentration 

of Diuron treated with thyazolyl blue  at 96 h. 

 

Toxicity of Diuron treated with thyazolyl blue on the cyanobacterial mats cells is 

shown in Table (4.11) 

 

Table (4.11): Essential parameters of Diuron toxicities ( with thyazolyl blou ) versus 

concentrations.  

Compound EC50 (µmole/l) r
2
 Equation 

Diuron 178.4 0.84 Y=10.62x+26.09 

 

4.6.2 Toxic effect as a function of exposure time 

Toxicity of Diuron  as a function of exposure time using thiazolyl blue  (incubated 

with the color) is shown in  Figure ( 4.30). These data are converted to Log time and 

regressed versus % growth inhibition and gave nearly linear relationships. The ET50, 

r
2 

values  and regression equations are  presented in Table (4.12). 
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Figure (4.30) : Dynamic effect of Diuron treated with thyazolyl blou  concentration 

on the growth of cyanobacterial mats cells . 

 

Table (4.12): Essential parameters of Diuron toxicities (treated with thyazolyl blou) 

versus time   

Compound ET50 (h) r
2
 Equation 

Diuron 113.92 0.98 Y= 47.16x - 46.99 
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Chapter (5) 

 

Discussion 

 

The data presented in Figure (4.1) indicated that there are four phases of 

cyanobacterial mats cells. These results agree with the previous studies in bacterial 

growth (Zwietering et al., 1990) . In this study, the Lag phase takes 24 h and show 

slow growth in the culture . These results results may refer to that, the row bacteria 

grow in  Wadi Gaza take more time to be adapted to the laboratory conditions . 

Similar results were shown previously for other studies (Abed et al., 2002). Also, 

Log phase of the cyanobacterial mats cells growth starts after 24 h and reached the 

maximum growth after 100 hr from culture of the cyanobacterial mats. Due to these 

results our experimental studies focused on the effect of growth up to 96 h which 

occur through log phase of cyanobacterial mats cells. Furthermore, the stationery 

phase takes very short and the decay phase reached the minimum growth within 48 h 

as observes in figure (4.1) 

 

The relative growth of cyanobacterial mats cells (figure 4.2) indicates linear 

relationships of all experiments. It is clear that there are some statistical variations in 

the beginning of each experiment .These variations are due to variation in the 

laboratory conditions during the experimental work. The collection of cyanobacterial 

mats  cells may undergo some community changes due to change of environmental 

conditions and chemical composition in the work . Abed et al., (2002) showed 

community changes of cyanobacterial mats cells exposed to different chemical 

compounds.  

 

It is oblivious that the toxicity of tested individual herbicides (Figure 4.3 - 4.5) are 

increased rapidly as the concentration of each compound increased in the solution. 

As the concentration increased  above 5 µ mole / l of each herbicide in the solution a 

steady increase of toxicity was observed in all cases. The explanation of these results 

refer to that at low concentration of herbicides the compounds available to react with 

the bacteria cells to produce the observed toxic effect. Whereas at high 
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concentrations above 2.5 µ mole / l the herbicides tends to evaporate from the system 

due to high evaporation rate at high temperature according to Henry's Law Constant 

(Table 3.2). Furthermore, due to the solubility of the experimental herbicides 

molecules tends to be salted out from the aqueous phase. In this case the effective 

concentration of the herbicide is reduced, and reduction or steady state toxicity was 

observed.           

  

Single toxicity tests of the studied herbicides were (Figure 4.3, 4. 4 and 4.5) 

demonstrated that the toxicity of duiron increased as its concentration increased in 

the solution and as the exposure time after  96 h increased . These results agree with 

previous reports for other cases (Chen et al., 2003). The relationships among 

concentrations of these herbicides and toxicity (% growth inhibition) for treated 

cyanobacterial mats indicate that, toxicity  increases  as the exposure time increased 

during four days. The exposure of cyanobacterial mats solutions to gradient 

concentration led to toxic effect on cyanobacterial mats cells . The same results were 

shown previously for other studies (Min et al., 2001). A potential toxicity of all 

tested herbicides even as individual or mixtures was absorbed where cyanobacterial 

mats were the most sensitive to these herbicides among non-target aquatic 

microorganisms. Previous studies indicated similar results (Nystr¨om et al., 1999;  

Sabater et al., 2002 ).  Also, the single testes indicted that small increase of growth 

inhibition at low concentration of Duiron , Diquat and Terbutryn 0.015,  0.01 and 

0.01 µ mole /l were observed respectively. Tang et al., (1995), reported similar 

results with atrazine.  In other studies , very law concentration of tested herbicides 

stimulated both growth and chlorophyll a content of soil green alga (El-Dib et al. 

1989) . These low toxicities  of herbicides at low concentration may be from 

evaporation result from evaporation system due to work under open system  . 

 

Comparison of toxicity tests (Table 4.4) indicate that Diuron is the most toxic one 

followed by diquat and terbutryn as shown by the value of EC50 .The lowest value of  

EC50 indicates the highest toxicity. Comparisons of time exposure are shown in 

(Table 4.5). It is obvious that ET50 values of Diuron and Diquat are higher than 

Terbutryn which shows lower ET5 values among them. It was expected that ET50 of 
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Diuron would be the lowest among them due to its lowest EC50 (Table 4.4). This 

description of these data explained by two factors; first factor is the value of KOW of 

each herbicide (Table 3.2) , Diuron has KOW higher than Terbutryn according to its 

possible diffusion from water to cyanobacterial mats cells which take longer time to 

produce the effect. Second factor is that the mode of action of Trybutryn is different 

from the others.  

 

Furthermore, the effects of all herbicides as singles or mixtures on cyanobacterial 

mats depended on the herbicide dosage. Similar results were shown previously for 

other studies (Chen et al., 2007). As obvious the tested herbicides clearly inhibit 

photo system I and/or II according they reduce the production chloroplast in 

cyanobacterial mats cells when they react to gather. The content of Chlorophyll a, 

gross photosynthetic rate and dark respiration rate were all significantly law when 

cyanobacterial mats colonies were treated with low concentration of herbicides, but 

declined with the increasing hrbicide concentration.  In agreement with our study, 

Wu et al. (2004) found that butachlor can significantly suppress the growth, 

photosynthesis and respiration of Ceratophyllum demersum. In our study The 

noncyclic or linear electron transport of cyanobacterial mats was depressed  may be 

due to the action of tested herbicides on PSII and  interference of herbicide with 

macromolecular synthesis (Chen et al.,2007 ; Singh and Datta, 2005) , which could 

explain the observed sharp increase of growth inhibition at higher herbicides 

concentrations in most testes.  

 

The data presented in (figure 4.3 – 4.5) show low growth inhibition in the low 

concentration of compounds .Growth inhibition leads to increase as the concentration 

of the herbicide in the solution increased. At the concentration point (2 µ mole/l) no 

further increase in growth inhibition was observed. The explanation of these results 

is that at low concentration of herbicides, the cyanobacterial mats cells may undergo 

some degradation of the herbicides as shown for other studies (Safi et al.,2001 and 

Awad et al., 2012), or community changes (Abed et al.,2002). Accordingly, steady 

state growth inhibition was observed at concentration above (2 µ mole/l). In addition 

the dead cyanobacterial mats cells remain in growth media and count as a live cells 
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when we measure the optical density as indicator of bacterial growth. In future 

studies we suggest to use more specific tools to measure the growth of cyanobacterial 

cells as indicator of toxicity such as O2 production or CO2 consumption devices. 

 

Furthermore it is observed that period of light exposure plays an important factor that 

effects the inhibition of growth for cyanobacterial mats (Andersson and Aro, 2001). 

In our sturdy the tested herbicides and their mixtures cause photo damage of PSII 

which linked to the light-dependent irreversible inactivation of PSII reaction center 

activity, but it is counteracted by an elaborate repair process (Chow and Aro, 2005). 

The photo inhibition of cyanobacterial mats was not absorbed in the control (figure 

4.1), but it is clear in all treated samples due to the concentration of compound. The 

exposure of treated samples to the lowest concentrations of tested herbicides (Tables 

4.3 - 4.28) show slow photo inhibition but its significantly sharp increase in the up 

concentrations (Xia, 2005).  This suggested that the repair cycle of PSII is partially 

inhibited by this increase of concentration for tested herbicides and the  high density  

and exposure period of light may be decreases the growth inhibition. Similar  studies 

agree with these results (Andersson and Aro, 2001; Chow and Aro, 2005). 

  

Comparison among the results of toxicity indicate Duiron was the most toxic one 

among the individual tests (Figure 4.3 - 4.5) . The explanation of these results is that 

as concentration increased, the needed fraction of herbicides to inhibit the growth of 

cyanobacterial mats is increased and consequently the % growth inhibition increased. 

In the other hand as the exposure time increased the growth inhibition increased. The 

explanation  of these results is that the herbicide needs time to be partitioned from 

water  (the aquatic medium of testing)  to organic layers of bacterial cells                   

(cyanobacterial cell wall and cell membrane) according to its KOW which is equal 

2.85± 0.03 at 25 ºC (Krishna & Martin ,1996; Pontolillo ; Eganhouse, 2001). 

 

Furthermore none of the tested compound reaches 100 % growth inhibition at 96h. 

The explanation of these results is that each compound has different   Henry’s law 

constant (5.10 x 10
-10

 atm m
3
 mol-1 at 25ºC for diuron) correlated with the 

evaporation of the herbicide. As the test tubes were open , a fraction of the herbicides 
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was evaporated from the aquatic system. Accordingly 100% growth inhibition was 

not reached. Delgado, (2010) observed similar results. The distribution and transport 

of herbicide continues until equilibrium, and then the herbicide moves from the 

bacterial cells to the aquatic medium. The maximum expected toxicity of herbicide 

occurs when distribution reaches to equilibrium. Moreover, distribution and transport 

potential of herbicides from aquatic medium to bacterial cells are variant from one 

herbicide  to another. The one with high Kow reaches faster and consequently may be 

more toxic than the lowest KOW values(Renner, 2002;  Delgado, 2010) . In contrast, 

Diuron has  the lowest KOW among all tested compound, but it showed the highest 

toxicity. This suggest that other factors (i.g. chemical composition) have a role in the 

toxicity.     

 

 EC50 and ET50 values for single tests (Table 4.4 and 4.5) indicate that the  diuron 

has the lowest EC50 value. Similar results were shown previously for other studies 

(Chen et al., 2007). The result for diquat and terbutryn is probably indicate similar 

explanation to what given above. The differences in ET50 between diuron and 

Terbutryne are probably due to the different KOW values and different mode of 

action.   

 

Toxicity of binary mixtures (Figure 4.9 – 4.11) showed similar trend of effects . It 

can be seen that the % growth inhibition of cyanobacterial mats cells increased as the 

concentrations of the herbicide increased in the solution. It can be seen that at low 

concentration, toxicity units below 0.2 the growth inhibition reached around 70%, 

whereas little increase in growth inhibition was observed above 0.2 TUS . This 

observation is most dominant in all binary mixture results (Figure 4.9 – 4.11). 

 

Comparison of EC50 values (Table 4.6) indicate that binary mixture B1 is the most 

toxic one. It is EC50 0.004 TUS is several times lower that others indicating high 

toxicity. This results agree with (Chen etnal., 2007) who found that diuron is very 

toxic to cyanobacteria in different mixtures.  

 

http://www.springerlink.com/content/?Author=Eduardo+J.+Delgado
http://www.springerlink.com/content/?Author=Eduardo+J.+Delgado
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In all tests of binary mixtures the toxicity of mixture  increased as the concentration 

of mixture (Appendix b ). Comparison among binary mixtures indicates that mixture 

B1 (Table 4.6) is the most toxic one since its EC50 is the lowest among all mixtures. 

Similar results were shown previously for other studies (Ma 2005) .  

ET50 values are different in all cases (Table 4.7) indicating different effects. These 

data are in accord with the toxicity data in (Table 4.6). 

 

 Results of tertiary mixtures (figures 4.15 – 4.21) have nearly similar trend toxicity to 

cyanobacterial mats cells, with some variations. In all cases the toxicity of tertiary 

mixtures increased in the very low concentrations of herbicides above 0.2 TUS 

(Appendix c). The explanation of these results is that the herbicide inhibits the 

growth of the cyanobacterial mats cells in the growth media and no more cells are 

exist in the solution. Furthermore, toxicity of mixtures for herbicides indicated that 

toxicity increased by time and by concentration. The explanation of these results is 

similar to what given above, but the variation at the end point indicates that there are 

different in the effects due to concentration. This is due to different herbicide mixture 

which consequently corresponding to KOW and Henry law constant as explained 

above. Furthermore the presence of duiron increases the toxicity of the mixture may 

be due to its KOW and Henry law constant. It has been shown that the duiron is a 

strong inhibitor for photo system I which directly correlated to the growth of 

cyanobacterial mats. Similar results were shown previously for other studies (Ma et 

al., 2010).  

 

In all tests of tertiary  mixtures  the toxicity of mixture  increased as the 

concentration of mixture  and the exposure time up to 96 h is increased (figure 4.22 – 

4.28). Farther more, there are statistically variants in the toxicity, EC50  and ET50  for 

these mixtures . Similar results were shown previously for other studieds (Moro et al., 

2012)  .The explanation of these results is similar to what given above. The 

comparison among tertiary mixtures (Table 4.8), indicates that mixture T 6  has the 

highest value of % growth inhibition (%87.01). This mixture (T6) contains high 

fraction of diuron solubility and has the highest toxicity in all tertiary tests. 

Moreover, mixture T 7 which contains the lowest fraction of diuron solubility toxicity 
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has the lowest toxicity in all tertiary tests. The interpretation of this result is similar 

to what given above.  

 

Effects of exposure time in the toxicity of cyanobaterial mats cells (figure 4.22 – 

4.28) indicate similar trends. Calculating ET50 values of tertiary tests (Table 4.9) 

showed different values. The variations of this value are due to differences in 

mixture composition and consequently different in KOW values for each mixture. The 

pressure of three fractions of herbicides concentration in thr mixture may undergo 

some chemical or physical interaction due to variations of KOW . One compound may 

act as a transporter or blocker to another one and a synergistic or antagonistic effect 

may be observed.  

 

Comparison of toxicity among tertiary mixtures (Table 4.8) indicates that mixture T5 

is the most toxic one among all mixtures where its EC50 equal 1.5E-11. Furthermore 

T6 and T7 have very low EC50 values indicating high toxicity. Never the less the 

toxicity order of mixtures can be ranked as T6 > T7 > T5 > T4 > T2 > T3 > T1 . These 

results lead us to classify mixtures into two classes; Class one includes the mixtures 

that do not have concentration portion above 0.5. This class includes mixtures T1 , T2 

, T3 and T4. Class two includes the mixtures that have of concentration mixture above 

0.7. This class includes mixtures T5 ,T6  and T7. In class one , it appears that Diuron 

and Terbutryn are the key toxic compounds of the mixture, where each of them has 

concentration portion equal to 0.5, EC50  value is several times lower than mixtures 

have equal concentration portion (e.g T1) or lower than 0.5 portion as in mixture T3. 

In class two, T5 is the most toxic one. This results suggests that Terbutryn portion is 

the key toxic element among others. These results agree with ( Quinn et al., 2009) 

who found that toxic effect of mixture increased as its concentration mixture 

increased.   

 

Moreover application of mixture toxicity index (MTI) according to Konenmann and 

Musch (1981), Hermens et al., (1985), we can classify the effect of mixtures (Table 

4.10) into three categories as the following: Category one partial addition. This 

includes MTI values more than zero and below 1 ( B2 + T3) . Category two supra 
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addition B3 + T1 (>1) and category three antagonism B1 + T2 + T4 + T5 + T6 and T7  

(< 0). 

Statistical analysis of the data of single and mixture toxicity are shown in Table 

(5.1). 

 

Table (5.1):  Statistical analysis of single, binary and tertiary tests. 

COMPOUND P-VALUE VARIATIONS (+ / -) 

Diuron + Diquat 0.03 + 

Terbutryne + Diquat 0.08 - 

Mixture B2  + Diuron 0.3 - 

Mixture T1  + Diuron 0.02 + 

Mixture T5  + Terbutryn 0.31 - 

Mixture B2 + Mixture T7 0.02 + 

Mixture B1  + Mixture T4 0.06 - 

Mixture T5  + Mixture T7 0.14 - 

Mixture T7  + Mixture T4 0.002 + 

Mixture T2  + Mixture T4 0.0003 + 

Mixture T3  + Mixture T4 0.26 - 

Mixture T1  + Mixture T3 6.15E-06 + 

Mixture T1  + Mixture T2 0.13 - 

+  Indicate significant differences. 

 -   Indicate no significant differences. 

 

The toxicity of diuron on cyanobacteial mats by use of thiazolyl blue presented in 

Table (4.11) and Figure (4.29). The results show some time increase in growth 
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inhibition by increasing in concentration of diuron and increasing in exposure time. 

The exposure of cyanobacterial mats solutions to gradient concentration of  duiron  

through 96 h did not  lead to clear toxic effects. Similar studies show positive results 

when the protozoa Tetrahymena sp. used as tested organisms (Zilber et al.,2006). In 

our study the results of growth inhibition by using thiazolyl blue were not systematic 

and there are no significant results observed. The explanation of these results may be 

because the tested organism in our study was prokaryotic while in the case of Zilber 

study it was eukaryatic. Cyanobacterial mats cells as prokaryotic organism may be 

have not the capability to reduce or break the thiazolyl blue as in the case of 

protozoa.   
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Chapter (6) 

 

Conclusion and Recommendations 

 

6.1 Conclusion 

 

In this study the growth of cyanobacterial mats cells was performed and produced 

four growth phases. The raw bacteria were adapted and grew in the laboratory 

conditions. The experimental studies focused on the effect of growth up to 96h which 

occur through log phase of cyanobacterial mats cells. 

 

This study showed variation in response to the tested three herbicides and their 

mixtures to cyanobacterial mats cells. The toxicity of these herbicides and their 

mixtures to cyanobacterial mats cells varied from one herbicide to another due to the 

concentration, EC50 and exposure time. The results of single tests clearly demonstrate 

that diuron is more toxic than diquat and terbutryn . Furthermore, the results of 

mixture toxicity indicted the highest toxicity of the mixture that contain high fraction 

of diuron soluble in the mixture. In addition KOW and Henry law constant of the 

herbicide strongly influence the toxicity of all tests. Nevertheless it is not clear to us 

either mixing the tested herbicides may produce additive or antagonistic effects. 

 

 The results indicate that reversible  proportional between the toxicity of herbicide 

and ( EC50, ET50 ) during 96h.The results mean dissimilar 96h EC50 among selected 

individual herbicides due to the values of EC50 in µ mole/l as the following: diuron 

(0.009) < diquat (0.034) < terburtyn (0.38) and dissimilar values of  ET50  diquat 

(35.89h) > duiron(32.32h) > terbutryn(23.45h). There are  various values of 96h 

EC50  among binary mixtures herbicides expressed by (TUS) as the following: B3 

(0.012) >  B2 (0.01)  > B1 (0.004) and dissimilar values of  ET50  B3 (46.1h) >  B2 

(41.6h) > B1(40.23h) . Moreover, the results indicate dissimilar 96h EC50 among 

tertiary mixtures herbicides expressed by (TUS) as the following: T1 (0.043) > T3 

(0.01)  > T2 (0.002) > T4 (0.001) > T6 (7.06E-07) > T7 (2.9E-07) > T5 (1.5E-11) and 
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dissimilar values of  ET50 T2 (47.52) > T1 (44.17) > T6 (43.23) > T3 (41.11) > T4 

(38.94) > T5 (34.32) > T7 (24.98). The mixture of herbicides show partial addition of 

MTI for B2 (0.37) + T3 (0.82) , supra addition for  B3 (1.61) + T1 (2.07) and 

antagonism for B1(-1.12), T2 (-0.71), T4 (-1.3), T5 (-7.5), T6 (-4) and T7 (-4.4) .  

The compensation of herbicides may produce synergetic effects ( mixture B2 and T1)  

and antagonistic effects (mixture T4 – T7 and T2). 

 

The results of thiazolyl blue in toxicity of herbicides to cyanobacterial mats need 

more investigation, so it is  an area of research requiring further study. Finally, the up 

use of herbicides in Gaza Stripe may lead to toxicity on aquatic microorganisms.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



61 

 

6.2 Recommendations 

 

The following recommendations are proposed for further researches and studies in 

order to form a complete picture of evaluating the toxicity of herbicides to 

cyanobacterial mats cells:  

 Further studies must be encouraged to generate better understanding of  

toxicity of herbicides  to cyanobacterial mats cells in Wadi Gaza, Palestine. 

 The evaluating of toxicity for herbicides by chemical assay using thaizolyle 

blue is an area of research requiring further study 

 The toxicity of herbicides to bacteria, is an area of research requiring further 

study. 

 Varity of toxicity among the different tested herbicides on cyanobacterial 

mats cells indicated that a wide taxonomic range of tested herbicides and 

tested microorganisms are necessary in evaluating eco-toxic impacts in 

aquatic systems. 

 More specific parameters such as O2 production and CO2 consumption need 

to be included in the determination of toxicity. 

 Application of three herbicides should be used in different periods to avoid 

formation of herbicides mixtures in ecosystem. 
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Appendixes 
 

Appendix (a) 

Toxic effect of single herbicides 

Table (a-1):  Toxic effect of Duiron to cyanobacterial mats cells. 

DUIRON CONCENTRATION 

(µMOLE/L) 

% GROWTH INHIBITION 

0 0 

0.015 52.07 

0.155 59.50 

0.773 77.81 

1.545 80.03 

15.45 83.63 

 
 

Table (a-2):  Toxic effect of Diquat to cyanobacterial mats cells 

DIQUAT CONCENTRATION 

(µMOLE/L) 

% GROWTH INHIBITION 

0 0 

0.01 47.24 

0.1 53.33 

0.48 57.29 

0.98 60.29 

9.59 71.24 

 
 

Table (a-3):  Toxic effect of Terbutryn to cyanobacterial mats cells 

TERBUTRYN CONCENTRATION 

(µMOLE/L) 
% GROWTH INHIBITION 

0 0 

0.01 14 

0.1 30.55 

0.52 57.22 

1.02 65.4 

10.36 79.02 
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Appendix (b) 

Toxic effect of binary mixtures  

Table (b-1):  Toxic effect of binary mixture B1 to cyanobacterial mats cells. 

TOXIC UNITS 
DIURON:DIQUAT 

µMOLE/L 
%GROWTH INHIBITION 

0 0 0 

0.001 0.014 : 0.003 42.51 

0.010 0.105 : 0.03 55.45 

0.050 0.539 : 0.144 63.98 

0.100 1.079 : 0.298 69.35 

1.000 10.808 : 2.873 77.35 

 

 

Table (b-2):  Toxic effect of binary mixture B2 to cyanobacterial mats cells. 

TOXIC UNITS 
DIURON:DIQUAT 

µMOLE/L 
%GROWTH INHIBITION 

0 0 0 

0.00117 0.01 : 0.005 39.96 

0.01007 0.075 : 0.05 50.33 

0.04996 0.39 : 0.24 59.27 

0.10097 0.77 : 0.49 60.5 

1.00000 7.72 : 4.79 63.9 

 

 

Table (b-3):  Toxic effect of binary mixture B3 to cyanobacterial mats cells. 

TOXIC UNITS 
DIURON:DIQUAT 

µMOLE/L 
%GROWTH INHIBITION 

0 0 0 

0.0011 0.006 : 0.007 31.76 

0.0102 0.045 : 0.07 50 

0.0500 0.231 : 0.336 57.19 

0.1015 0.462 : 0.686 60.22 

1.0000 4.83 : 6.71 65.33 
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Appendix (c) 

Toxic effect of tertiary mixtures  

Table (c-1):  Toxic effect of tertiary mixture T1 to cyanobacterial mats cells. 

TOXIC 

UNITS 

DIURON:DIQUAT:TERBUTRYN 

µMOLE/L 

%GROWTH 

INHIBITION 

0 0 0 

0.0011 0.0066 : 0.0033 : 0.0033 24.53 

0.0098 0.0495 : 0.033 : 0.033 33.95 

0.0495 0.25 : 0.16 : 0.17 41.71 

0.0998 0.51 : 0.32 : 0.34 54 

1.0000 5.09 : 3.26 : 3.42 86.41 

 

 

Table (c-2):  Toxic effect of tertiary mixture T2 to cyanobacterial mats cells. 

TOXIC 

UNITS 

DIURON:DIQUAT:TERBUTRYN 

µMOLE/L 

%GROWTH 

INHIBITION 

0 0 0 

0.00115 0.01 : 0.0025 : 0.0025 40.78 

0.009878 0.075 : 0.025 : 0.025 59.31 

0.049997 0.389 : 0.12 : 0.13 77.32 

0.100514 0.77 : 0.245 : 0.26 78.36 

1 7.72 : 2.39 : 2.59 83.64 

 

 

Table (c-3):  Toxic effect of tertiary mixture T3 to cyanobacterial mats cells. 

TOXIC 

UNITS 

DIURON:DIQUAT:TERBUTRYN 

µMOLE/L 

%GROWTH 

INHIBITION 

0 0 0 

0.00109 0.005 : 0.005 : 0.0025 38.32 

0.01006 0.038 : 0.05 : 0.025 44.25 

0.05004 0.193 : 0.24 : 0.13 60.55 

0.10113 0.39 : 0.49 : 0.26 66.25 

1.00000 3.86 : 4.79 : 2.59 81.64 
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Table (c-4):  Toxic effect of tertiary mixture T4 to cyanobacterial mats cells. 

TOXIC 

UNITS 

DIURON:DIQUAT:TERBUTRYN 

µMOLE/L 

%GROWTH 

INHIBITION 

0 0 0 

0.00107 0.005 : 0.0025 : 0.005 48 

0.00986 0.038 : 0.025 : 0.05 63.84 

0.05008 0.193 : 0.12 : 0.26 72.25 

0.10068 0.385 : 0.245 : 0.52 79.24 

1.00000 3.6 :2.39 : 5.18 84.69 

 

 

Table (c-5):  Toxic effect of tertiary mixture T5 to cyanobacterial mats cells. 

TOXIC 

UNITS 

DIURON:DIQUAT:TERBUTRYN 

µMOLE/L 

%GROWTH 

INHIBITION 

0 0 0 

0.00103 0.003 : 0.0015 : 0.007 79.48 

0.00978 0.023 : 0.015 : 0.07 82.05 

0.05012 0.116 : 0.072 : 0.364 83.58 

0.10056 0.231 : 0.147 : 0.728 86.23 

1.00000 2.316:1.4385:7.252 79.48 

 

 

Table (c-6):  Toxic effect of tertiary mixture T6 to cyanobacterial mats cells. 

TOXIC 

UNITS 

DIURON:DIQUAT:TERBUTRYN 

µMOLE/L 

%GROWTH 

INHIBITION 

0 0 0 

0.00121 0.014 : 0.0015 : 0.0015 70 

0.00981 0.105 : 0.015 : 0.015 73.84 

0.04995 0.539 : 0.072 : 0.078 76.66 

0.10021 1.078 : 0.147 : 0.156 80.76 

1.00000 10.81 : 1.44 : 1.56 87 
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Table (c-7):  Toxic effect of tertiary mixture T7 to cyanobacterial mats cells. 

TOXIC 

UNITS 

DIURON:DIQUAT:TERBUTRYN 

µMOLE/L 

%GROWTH 

INHIBITION 

0 0 0 

0.00107 0.007 : 0.003 : 0.0015 65.84 

0.01020 0.07 : 0.023 : 0.015 72.75 

0.05005 0.336 : 0.116 : 0.078 74.24 

0.10155 0.686 : 0.231 : 0.156 77.3 

1.00000 6.71 : 2.32 : 1.55 80.02 

 

 

 

APPENDIX (d) 

PHOTOGRAPHY 

 

 
Figure (d-1): Monitoring of cyanobacterial mats cells growth after treated with 

herbicide (Laboratory of environmental science in Islamic University-Gaza)     
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Figure (d-2):Sampling of cyanopacterial mats from western of Wadi Gaza  
 

 

 

 

 

 



79 

 

 

 

 

 

 

 

 

 

 

 


