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ABSTRACT 

The extensive use of the antibiotics for human and animals health creates many 

environmental problems. The present study aimed to investigate the growth inhibition 

effect of Penicillin G, Ciprofloxacin,  and Tylosin as single and mixtures to non-target 

microorganism cyanobacterial mats collected from Wadi Gaza - Palestine. Toxicity of 

antibiotics to cyanobacterial mats was tested at various concentrations. Concentrations 

of  the tested antibiotics were as follows: Penicillin G and Tylosin from 0-80 mg/l and 

Ciprofloxacin was 0-1 mg/l. Single toxicity tests showed that EC50 of Penicillin, 

Ciprofloxacin and Tylosin were 0.13, 0.71, 5.28 mg/l respectively. Relative toxicity 

showed that Penicillin and Ciprofloxacin were more toxic to cyanobacterial mats than 

the standard toxic material which is Diuron. Binary mixtures have toxicity values 0.077, 

0.103, 0.292 TU, for (Penicillin+Tylosin), (Ciprofloxacin+Tylosin) and (Ciprofloxacin+ 

Penicillin) respectively. Tertiary mixture showed toxicity higher than binary mixtures 

and has EC50 0.034 TU. Potential antagonistic effects between tested compounds in 

binary and tertiary mixtures were observed. Statistical analysis of the results indicated 

significant differences between the toxic effects of compounds and mixtures to 

cyanobacterial mats. The toxic effects over the time indicated that cyanobacterial mats 

were able to overcome the toxic effects after, approximately 72h of exposure time. 

From these results we can conclude that the antibiotics exert dangerous toxic effects to 

the environment. This study recommend the rational use of the antibiotics for human 

and animals. To the best of our knowledgment this results are considered the first results 

that demonstrate the toxic effects of antibiotics in Palestine and may be in the Arab 

world.  

Key words: Antibiotics, Cyanobacterial mats, Penicillin, Tylosin, Ciprofloxacin 

Toxicity. 
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 صةالم تخم
 

سااحةتتسا  ةاتتتا اا مةتتم  تت   اإل ستتض االستتداماا ااساستتن اا لتتضا ات اتتضماة ااحةسةتت  ا تتح  
ااسبرسفتسكسضستة  ساادةتسستة  س   الادبضر اادأثةر ااس ي اتب ستة  همفة هذه اامراس  .اا شضكل اابةئة 

. اادبتتترة فتستتلة  - بشتتكل احتتضم  اس اعئتتل ستتتتب ااستتةض سبكدةرةض اادتتي دتتا ز   تتتض  تت  سام   تتز 
ستتت ة  اا اتتتضماة ااحةسةتتت  ستتتتب ااستتتةض سبكدةرةض بدراكةتتتز  ادتمتتت . كض تتتة دراكةتتتز اا اتتتضماة ااحةسةتتت  

.  زا/ادتر 1-0سااسبرسفتسكسضستة   ت   زا/ادتر  00-0اا ادبر  كضادضاي: ااب ستة  ساادةتسسة   ت  
( EC50% )50اظ تترة فحس تتضة ااستت ة  بشتتكل   متترم ات ركبتتضة ا   ة تت  اادركةتتز اا تت ثر ب ستتب  

 5.20،  1..0،  0.13 ض كض تتتتتتتةت  ستتتتتتتتب ااسةض سبكدةرةتتتتتتتت  ساادةتسسةتتتتتتتتااسبرسفتسكسضسةتتتتتتتس  اتب ستتتتتتتتة 
ادتتتتتتر ستتتتتتتب اادتتتتتتسااي. ااستتتتتت ة  اا ستتتتتتبة  بة تتتتتتة ا  ااب ستتتتتتتة  سااسبرسفتسكسضستتتتتتة  اكثتتتتتتر ستتتتتت ة  / زتتتتتتا

اتاتةل  (EC50بة ة اامراس  ا  اادركةز اا  ثر ) اتسةض سبكدةرةض    اا ضم  ااسض   ااقةضسة  )مةرس (.
ااث ضئي )ااب ستة  + اادةتسسة (، )ااسبرسفتسكسضستة  + اادةتسستة ( س)ااسبرسفتسكسضستة  + ااب ستتة ( 

0.0..  ،0.103 ،0.292  ((TU  ستتتتب اادتتتسااي. اظ تتتتترة اامراستتت  ا  ستتت ة  اااتتتتةل ااثعثتتتي
ةراة  اضم  اسحظة دأث  .(TU) 0.034اتسةض سبكدةرةض اكبر    س ة  اااتةل ااث ضئي بدركةز   ثر 

 حد تتت  بتتة  اا ركبتتضة اا ادبتتر  فتتي اااعئتتل ااث ضئةتت  ساااتتتةل ااثعثتتي. اادحضاةتتل اإلح تتضئة  ات دتتضئ  
 اة ااستتتت ة  ات ركبتتتتضة ساااعئتتتتل ستتتتتببتتتتة  اادتتتتأثةر  إح تتتتضئة سزتتتتسم فتتتترسا ذاة مالاتتتت   إاتتتتبدشتتتتةر 

دستدلةن اادلتتع ستتب  ضا  ااستةض سبكدةرة إاتبااسةض سبكدةرةض. اادأثةراة ااس ة  ستب  مى ااس ة دشتةر 
 ا تتضهتتذه اا دتتضئ   ستد د  ا  اا اتتضماة ااحةسةتت   ت   ز تت  ااد تتر .  تت  ستضس  2.هتذه ااستت ة  ب تتم 

اإل ستض   ا اتضماة ااحةسةت ا استداماادرشتةم دأثةراة س ة  الةر  ستب اابةئ . دس تب هتذه اامراست  ب
اة ااست ة  ات اتتضماة ااحةسةتت  دبتتة  اادتتأثةر  اادتياألساتتب  حستتع   رفد تض هتذه اا دتتضئ د دبتتر . سااحةتسا 

  في فتسلة  سرب ض اا ضاا اا ربي.
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1 CHAPTER 1 

INTRODUCTION  

1.1 Identification of the Problem 

Pharmaceuticals and personal care products (PPCP), which include all human and 

veterinary drugs, dietary supplements, and other consumer products, are emerging 

contaminants of concern (Daughton and Ternes, 1999). Among these pharmaceuticals 

and personal care products, antibacterial agents (or antimicrobials or antibiotics) are one 

of the most widely used groups, not only for human and veterinary medication but also 

for livestock and aquaculture growth promotion (Sarmah et al.,2006). After normal 

application of the antibiotics, 50 to 90% of these compounds and/or their metabolites 

are eliminated from the body, mainly through urine and feces, which then enter the 

environment indirectly through sewage treatment plants (STP) or directly through 

fertilizers application to agricultural land (Schlusener and Bester,  2006).  

Antibacterial agents have frequently been detected in wastewater effluents, 

surface waters, and ground waters at low micrograms to nanograms per liter 

concentrations (Kolpin et al.,2002 and Ying & Kookana, 2007) . Consequently, in spite 

of their relatively short environmental half lives, they are ubiquitous in aquatic 

environments. In addition to the human health risks of the presence of an increasing 

amount of resistant bacteria in the environment (Kim & Aga, 2007 and Kummerer, 

2009b), and the unwanted presence of antibiotics in drinking water (Zuccato et al., 2000 

and Ye et al., 2007), there is a growing concern for the ecological risk of antibiotics in 

the aquatic environment. Antibiotics are specifically applied to fight pathogenic 

bacteria, but in the environment non-target organisms are inevitably exposed (Flaherty 

and Dodson, 2005) resulting in a potential risk of negative effects on indigenous 

microorganisms. These non-target microorganisms not only provide important 

ecosystem services, such as nutrient cycling, organic matter mineralization and 

degradation of pollutants (Naslund et al., 2008), but also primary producers, like 

microalgae and especially cyanobacteria, being prokaryotes, may be vulnerable to 

antibiotics (Cabello, 2006 and Maul et al., 2006). Thus, antibiotics may affect both 

primary producers and decomposers, potentially disrupting ecosystem processes. 
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Therefore, it is essential to monitor and assess the impact of antibiotics on aquatic 

ecosystems. 

1.2  Antibiotics in the environment  

Antibiotics are widely used in human and veterinary medicine to prevent or to 

treat microbial infections as well as in livestock production to promote the growth of 

animals. 

1.2.1 Antibiotics definitions 

An antibiotic in a broader sense is a chemotherapeutic agent that inhibits or 

abolishes the growth of microorganisms, such as bacteria, fungi, or protozoa. Other 

terms which are often used are chemotherapeutics or antimicrobials, however, these 

terms are not synonymous. For example, antimicrobials can also be effective against 

viruses. The expression ‘‘chemotherapeutical” refers to compounds used for the 

treatment of disease which kill cells, specifically microorganisms or cancer cells. In 

popular usage, it often refers to anti-neoplastic drugs used to treat cancer. The 

termchemotherapeutical may also refer to antibiotics (antibacterial chemotherapy). The 

term antibiotic originally referred to any agent with biological activity against living 

organisms; however, antibiotics now refers to substances with antibacterial, anti-fungal, 

or anti-parasitical activity. There are currently about 250 different chemical entities 

registered for use in human and veterinary medicine (Kummerer, 2003). The first 

antibiotics were of natural origin, e.g. Penicillins produced by fungi in the genus 

Penicillium, or streptomycin from bacteria of the genus Streptomyces. Currently, 

antibiotics are obtained by chemical synthesis, such as the sulfa drugs (e.g. 

sulfamethoxazole), or by chemical modification of compounds of natural origin. The 

classical definition of an antibiotic is a compound produced by a microorganism which 

inhibits the growth of another microorganism. Over the years, this definition has been 

expanded to include synthetic and semi-synthetic products. Antibiotics that are 

sufficiently non-toxic to the host are used as chemotherapeutic agents in the treatment 

of infectious diseases in human, animals and plants ( Kummerer, 2009b). 
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1.2.2 Antibiotics classification 

Antibiotics may be classified based on bacterial spectrum (broad versus narrow), 

route of administration (injectable versus oral versus topical), type of activity 

(bactericidal versus bacteriostatic), and origin (natural versus synthesized). However, 

the most useful way of classification is based on chemical structure. Antibiotics within a 

structural class generally have similar patterns of effectiveness, toxicity, and allergic 

potential (Mojica and Aga, 2011). 

1.2.3 Mechanism of action 

Mozayani and Raymon, (2004) mentioned that antibacterial agents have 

selective toxicity against the infecting organisms and may act by:   

a) Destroying the microorganism i.e. they are bactericidal drugs 

b) Inhibiting the growth of the organism i.e. they are bacteriostatic drugs  

They added that agents primarily act by:  

1) Inhibiting bacterial cell wall synthesis e.g. Penicillins, Cephalosporins, 

Bacitracin  

2) Damaging/inhibiting the cell membrane function by affecting permeability of   

bacterial cell membrane and lead to leakage of intracellular compounds e.g. 

Polymixins, collistins, Polyene antibiotics and detergents. 

3) Inhibition of Protein synthesis and impairment of ribosomal functions. Some can 

act on the 30S of the ribosome subunit e.g. Streptomycin, Tetracycline. Others 

act on the 50S subunit like Chloramphenicol, Macrolides, Clindamycin. 

Lincomycin causing a reversible inhibition of protein synthesis. 

4) Inhibition of nucleotide synthesis thereby interfering with the transcription and    

translation of genetic information e.g. Quinolones, Metronidazole, Rifampicin, 

Ethambutol. It also can inhibit folic acid synthesis e.g. Sulphonamides, 

Trimethoprim. 

1.2.4 Application of antibiotics 

All antibiotics used in veterinary medicine are the same or closely related to 

antibacterials used in human medicine (Ungemach et al., 2006). In human medicine 

antibacterials are mostly used therapeutically against different bacterial diseases or as 
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chemical prophylaxis (infection prophylaxis for travellers in malaria regions or 

complications prophylaxis in operations). In veterinary practice antibiotics are used not 

only to treat disease and protect livestock’s health but also are used precautionary as 

feed additives. Antibiotics could be used for prophylactic and therapeutic purposes and 

as growth promoters.   

1.2.5 Source of environmental antibiotics 

Antibiotics enter the environment via several routes (Figure 1.1). The main 

origin is the pharmaceutical plant, which provides antibiotics for both human and 

animal usage. The manufacturing process produces unused compounds which can be 

transferred into sewage treatment plants (STPs) or be taken to landfill sites. From there 

the antibiotics enter water systems, sometimes via the soil. Excrement containing 

antibiotics (and also antibiotic resistant bacteria) from humans also can enter STPs, 

resulting in transmission to water systems. Manure from animals, containing antibiotics 

is often used as a fertilizer and is spread on fields, from which antibiotics can enter the 

soil system, and then are leached into the water system. This water may ultimately be 

utilized as drinking water (Herberer, 2002 and Kümmerer, 2003). 

 
Source: (Kummerer, 2003) 

Figure (1.1): Sources and distribution of pharmaceuticals in the environment. 
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1.2.6 Distribution of antibiotics 

It has been estimated by Wise in 2002 that, all countries worldwide, utilize 

100,000-200,000 kilograms of antibiotics per year in both agriculture and healthcare. 

Once administered, the antibiotic is rarely metabolized fully in the body. It is estimated 

that about (30-90%) of antibiotics are still active once excreted (Alcock, 1999). From 

this data, we can conclude that at best there may be approximately 30,000 kg (30% of 

100,000 kg) of active antibiotics entering the environment per year. Conversely, the 

worst case scenario may be that there is approximately 180,000 kg (90% of 200,000 kg) 

of active antibiotics in the environment. However, these values do not account for those 

drugs that are not suitably disposed of and those entering the environment in a fully 

active form. It is difficult to track antibiotics through the environment as the flow is 

complicated as shown in (Figure 1.1). This complexity, coupled with the release of 

antibiotics in the environment and the sheer volume of bacteria (of which we know 

relatively little) in the environment makes it difficult to predict ecosystem responses. 

These drugs will therefore be a difficult environmental pollutant to be controlled. 

Additionally, antibiotics that are used for human and animal usage are often 

synthetically modified, meaning that they are much less biodegradable, more persistent 

and hydrophilic (Kummerer, 2004 and Alighardashi, 2009) leading to a buildup of these 

compounds over time . 

1.2.7 Impacts of antibiotics in the environment 

As antibiotics are designed to be biologically active toward microorganisms, it 

would be interesting to understand how these chemicals could potentially reduce 

numbers of bacteria in communities and their ability to carry out important ecological 

functions. Among these organisms, one unicellular organism is of great interest: the 

luminescent bacterium cyanobacterial mats (blue green algae). Their ecological position 

at the base of most aquatic food webs and the essential roles in the nutrient cycling and 

oxygen product (from photosynthesis process) are critical to all ecosystems (Breitholtz 

et al.,2006). Cyanobacteria are member of free-living micro fauna of aquatic ecosystem, 

and can fix atmospheric nitrogen, which has important application for humans and 

aquatic organisms (Saker & Neilan, 2001 and An & Kampbell, 2003). It plays a key 
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role in the transfer of matter and energy within the microbial loop and is an early 

warning indicator of pollution.  

In Gaza strip, Palestine both human and/or veterinary antibiotics are extensively 

used that may be a concern issue now and in the future  as it may be a threat to human 

public health, and ecosystem components, whereas only limited research and 

ecotoxicological data has been conducted on the effects of these antibiotics to 

Cyanobacterial mats. To address this issue, three antibiotics  and their mixtures with 

different mode of action which are Penicillin G procaine, Tylosin tartrate, and 

Ciprofloxacin hydrochloride, widely used for human and animal health in Gaza strip 

were studied in this research for toxicity to cyanobacterial mats collected from Wadi 

Gaza – Palestine . 

1.2.8 The environmental situation of Wadi Gaza 

Wadi Gaza is an indispensable part of natural life in Palestine and has an 

interesting history and rich biodiversity in terms of fauna and flora (Abd Rabou, 2005). 

Wadi Gaza springs from the Negev Mountains and the southern heights of Hebron City 

in Palestine (Figure 1.2). It has a catchment or drainage area of about 3500 km
2
 

(MedWetCoast, 2003) . The total length of Wadi Gaza is about 105 km from its source 

to its end, with the final portion lying in the Gaza Strip extends 9 km from the Truce 

line in East Gaza to the coast where it discharges into the Mediterranean Sea. A wetland 

or an estuary lake is formed at the mouth of Wadi Gaza before reaching the sea. The 

wetland is the most important habitat for migratory and resident water birds. The 

maximum elevation of the Wadi is 30 meters above sea level, dropping to sea level 

where it reaches the Mediterranean (MedWetCoast, 2003). Wadi Gaza has a typical 

semi-arid Mediterranean climate; hot in summer and cold in winter. The average daily 

mean temperature ranges from 25ºC in summer to 13ºC in winter (MedWetCoast, 

2002).  
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Source: (MedWetCoast, 2002). 

Figure (1.2): Wadi Gaza area and site boundaries  

1.3 Objectives 

1.3.1 General objective 

The general objective of this research is to study the ecotoxicology of antibiotics 

Penicillin G procaine, Tylosin tartrate, and Ciprofloxacin hydrochloride, to 

cyanobacterial mats collected from Wadi Gaza. 

1.3.2 Specific objectives 

The specific objectives are :  

1- To characterize the toxicity of some antibiotics as individuals and mixtures to     

cyanobacterial mats. 

2- To evaluate sensitivity and responses of cyanobacterial mats to antibiotics as 

individuals and  mixtures. 

3- To generate reliable data of ecotoxicological effect of studied antibiotics on 

cyanobacterial mats  in Gaza-strip .  

Cyanobacterial mats sampling 

from   the western part of Wadi 

Gaza 
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CHAPTER 2 

LITERATURE REVIEW 

In contrast to the properties and effects desired from the therapeutic application 

of antibiotics, these same properties are often disadvantageous for those target and non- 

target organisms which are present in the environment. Cyanobacterial mats are one of 

the non- target organisms which are adversely affected by antibiotics. Cyanobacteria 

definition, occurrence, role in environment and impacts of antibiotics in the 

environment mentioned  in some previous studies are present in this chapter.  

2.1 Definition of Cyanobacteria 

Cyanobacteria are alga-like bacteria that can perform oxygenic photosynthesis 

and nitrogen fixation (Whitton & Potts, 2000 and Herrero & Flores, 2008). They have a 

long history and are diverse and widespread in marine, freshwater, and terrestrial 

environments. They are key primary producers in both microbial mat and planktonic 

ecosystems. As the initiators of plastids, they have played a fundamental role in algal 

and plant evolution (Raven, 2002). The names "cyanobacteria" and "blue-green algae" 

(Cyanophyceae) are valid and compatible systematic terms. This group of micro-

organisms comprises unicellular to multicellular prokaryotes that possess chlorophyll a 

and perform oxygenic photosynthesis associated with photo systems I and II 

(Castenholz et al., 1989). Cyanobacteria get its common name from the blue-green 

pigment, phycocyanin, which along with chlorophyll a gives cyanobacteria a blue-green 

appearance. Phycocyanin is a protein that functions as the photosynthetic pigment in 

photo system II, whereas in plants chlorophyll b is the pigment in photo system II 

(Clark et al., 1998). 

2.2 Occurrence in nature 

The majority of cyanobacteria are aerobic photoautotrophs. Their life processes 

require only water, carbon dioxide, inorganic substances and light. Photosynthesis is 

their principal mode of energy metabolism. In the natural environment, however, it is 

known that some species of cyanobacteria are able to survive long periods in complete 

darkness. Furthermore, certain cyanobacteria show a distinct ability for heterotrophic 

nutrition (Fay, 1965). Cyanobacteria are often the first plants to colonies bare areas of 
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rock and soil. Adaptations, such as ultraviolet absorbing sheath pigments, increase their 

fitness in the relatively exposed land environment. Many species are capable of living in 

the soil and other terrestrial habitats, where they are important in the functional 

processes of ecosystems and the cycling of nutrient elements (Whitton, 1992).The 

prominent habitats of cyanobacteria are limnic and marine environments. They flourish 

in water that is salty, brackish or fresh, in cold & hot springs, and in environments 

where no other microalgae can exist. Most marine forms grow along the shore as 

benthic vegetation in the zone between the high and low tide marks (Humm and Wicks, 

1980). The cyanobacteria comprise a large component of marine plankton with global 

distribution (Gallon et al., 1996).  

A number of freshwater species of cyanobacteria are also able to withstand 

relatively high concentrations of sodium chloride. It appears that many cyanobacteria 

isolated from coastal environments tolerate saline environments (i.e halotolerant) rather 

than require salinity (i.e halophilic). As frequent colonisers of euryhaline (very saline) 

environments, cyanobacteria are found in salt works and salt marshes, and are capable 

of growth at combined salt concentrations as high as 3-4 molar mass (Reed  et al., 

1984). Freshwater localities with diverse trophic states are the prominent habitats for 

cyanobacterial mats. Numerous species characteristically inhabit, and can occasionally 

dominate, both near-surface epilimnic and deep, euphotic, hypolimnic waters of lakes 

(Whitton, 1973). Others colonise surfaces by attaching to rocks or sediments, 

sometimes forming mats that may tear loose and float to the surface. 

2.3 Role of cyanobacteria in environment 

Bacteria play an integral part in global cycling of nutrients, including carbon, 

nitrogen, sulphur, and iron and also in microbial bioremediation of pollutants (Madigan, 

2009). It has been shown that ecologically important bacteria, cyanobacteria, are more 

sensitive to antibiotics than green algae (Ando, 2007). Madigan, (2009) stated that 

cyanobacteria are oxygenic phototrophs found in aquatic systems and are accountable 

for greater than 1/3 of total free oxygen production and carbon dioxide fixation. This is 

a worrying finding considering the vital functions that these bacteria perform. If 

antibiotics are present in the environment in toxic doses, some bacterial processes that 

complete the cycles may be hindered. There is little evidence to how and which 
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bacterial processes are affected by environmental antibiotics and this is an issue that 

needs to be addressed. Polyaromatic hydrocarbons (PAHs) are persistent organic 

pollutants that are formed by the incomplete combustion of fossil fuels. They are 

bioaccumulative and carcinogenic (Douben, 2003). Polyaromatic hydrocarbons 

degradation is an important function carried out by some environmental bacteria. 

Polyaromatic hydrocarbons are widespread and are often found in air, soil and water. As 

soil and aquatic systems are often found to contain antibiotics, it is here that the impact 

of antibiotics on the pollution degradation process may be seen. 

Naslund et al., (2008), studied the effect of Ciprofloxacin (Fluoroquinolone) on 

the degradation of pyrene, PAHs found in marine sediments. Results demonstrated that 

small doses of Ciprofloxacin had little effect on bacterial community structure, or on the 

mineralisation of pyrene. However, at higher doses of Ciprofloxacin (200μg/L)  

significantly decreased the diversity of bacteria in the sediment and also the amount of 

pyrene degradation by 50%. Similarly, Constanzo, (2005) investigated the effect of 

several antibiotics on certain bacterial mediated processes of the Nitrogen cycle. 

2.4 Impacts of antibiotics in the environment 

Antibiotics are designed to stimulate a physiological response in human, 

animals, bacteria or other organisms. During the past decade, concern has grown about 

the potential impact of antibiotics that might have on human and ecological health.   

2.4.1 Impact of antibiotics on bacteria growth and community 

Antibacterial agents have frequently been detected in wastewater effluents, 

surface water, and ground water at low micrograms to nanograms per liter 

concentrations (Kolpin et al., 2002 and Ying & Kookana, 2007). While antibacterial 

agents at such low concentrations are probably not pharmacologically active to humans, 

they might be potential micropollutants in aquatic ecosystems. Deleterious effects on 

sensitive organisms can occur due to chronic exposure to low concentrations of these 

chemicals, e.g., emergence of resistant bacteria (Samuelsen et al., 1992). They may also 

have direct toxic effects on plants and animals through their bioaccumulation and/or 

transfer through food chains (Wilson et al., 2003) .  
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Wollenberger et al., (2000) investigated the acute and chronic toxicity of nine 

antibiotics used both therapeutically and as growth promoters in intensive farming on 

the freshwater crustacean Daphnia magna. The observed toxicity of oxalinic acid to D. 

magna indicates that this substance, which is a commonly used feed additive in fish 

farms, has a potential to cause adverse effects on the aquatic environment. 

Westergaard, (2001) observed that when the Macrolide antibiotic Tylosin, was 

added to soil, there was an immediate decrease in the bacterial population size and 

bacterial diversity. However, there was a notable difference between the population size 

decrease and the decrease in diversity in that after treatment, population sizes returned 

to normal after two weeks, whereas the change in bacterial diversity appeared to be 

more permanent. Similar result were obtained in another experiment conducted in 2006 

by Zielenzy.  

(Lindsey et al., 2001; Ternes et al.,2002; Lalumera et al., 2004; Yang and 

Carlson, 2004 & Richardson et al., 2005) have shown that macrolides and sulfonamides 

antibiotics had the highest residue levels (e.g., 1–2 μg/L) in surface water, ground water, 

and seawater. Macrolides antibiotics residue reached 75 μg/L in some groundwater in 

Taiwan (Lin and Tsai, 2009). Therefore, the potential environmental effects upon non 

target organisms driven from widespread usage have attracted increasing attention, 

especially to primary producers in aquatic ecosystems. Studies on the toxic effects of 

antibiotics in aquatic environments has shown that the EC50 (72 hr) to Selenastrum 

capricornutum was 2.97mg/L for ciprofloxacin, 7.8 mg/L for sulfadiazine, and 2.3mg/L 

for spiramycin (Holten - Lutzhot et al., 1999 and  Halling-Soensen, 2000). 

Brain et al., (2004)  found potential reduction in aquatic plant growth due to 

antibiotic exposure. Members of the fluoroquinolone, sulfonamide, and tetracycline 

classes of antibiotics displayed significant phytotoxicity.  

Pan  et al., (2008) reported that amoxicillin has toxic effects on the 

photosynthesis of Synechocystis sp. The toxic effect of amoxicillin on the PSII of 

Synechocystis sp. increases with increasing amoxicillin concentration. Higher 

concentration of (50 mg/L or over) amoxicillin severely inhibited PSII activity.  A few 

studies have reported the toxic effect of  β-lactam antibiotics on algae or cyanobacteria 

(Holten-Lutzhoft et al., 1999 and Kviderova & Henley, 2005). These studies have 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wollenberger%20L%22%5BAuthor%5D
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shown that β-lactam antibiotics affect algae in various ways depending on species and 

measurement methods. 

  Yang et al., (2008) investigated growth-inhibiting and binary joint effects of 12 

antibacterial agents on the freshwater green alga Pseudokirchneriella subcapitata 

(Korschikov) Hinda´k were investigated over 72-h exposures. The toxicity values (the 

median inhibitory concentration value, in micromoles) in increasing order of sensitivity 

were triclosan (0.0018), triclocarban (0.054), roxithromycin (0.056), clarithromycin 

(0.062), Tylosin (0.20),  tetracycline (2.25), chlortetracycline (3.49), norfloxacin (5.64), 

sulfamethoxazole (7.50), ciprofloxacin (20.22) sulfamethazine (31.26) and  trimethoprim 

(137.78). Simple additive effects were observed in binary mixtures of sulfonamides, and 

most Tylosin, triclosan, or triclocarban combinations. Potentially synergistic effects 

were observed in binary mixtures of the same class, such as macrolides, tetracyclines, 

and fluoroquinolones, as well as in some combined drugs, such as trimethoprim and 

sulfonamides or Tylosin and tetracyclines. Potentially antagonistic effects were only 

observed between Tylosin, triclocarban, triclosan, norfloxacin, and triclocarban and 

norfloxacin. 

  Liu et al., (2009) investigated that antibiotic residues in manure and soils may 

affect soil microbial and enzyme activities when they studied the effect of the potential 

impact of six antibiotics on plant growth and soil quality. Other study conducted by 

Bialk-Bielinska et al., (2011) found that sulfonamides are not only toxic towards green 

algae (EC50=1.54-32.25 mg L
-
¹) but have even stronger adverse effect on duckweed 

(EC50 = 0.024 mg L
-
¹) than atrazine - herbicide (EC50=2.59 mg L

-
¹). 

Liu et al., (2011) investigated the effects of three types of antibiotics 

(erythromycin, ciprofloxacin and sulfamethoxazole) on the photosynthesis of freshwater 

algae, Selenastrum capricornutum Printz, by determining the growth rate, chloroplast 

pigments content, seven main precursors (including-amino levulinic acid, 

porphobilinogen, uroporphyrinogen III, coproporphyrinogen III, protoporphyrin IX, 

Mg-proporphyrin IX and protochlorophyllide), and photosynthetic rate during 

chlorophyll biosynthesis. The antibiotics significantly decreased the growth rate, 

chlorophyll content, and photosynthetic rate. Erythromycin induced a decreasing effect 

at a concentration of 0.06 mg/L, while ciprofloxacin and sulfamethoxazole achieved the 

same results at concentrations higher than 1.5 mg/L. Only erythromycin significantly 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bia%C5%82k-Bieli%C5%84ska%20A%22%5BAuthor%5D
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inhibited chlorophyll biosynthesis, which indicated that it was considerably more toxic 

to S. capricornutum than ciprofloxacin and sulfamethoxazole, and may pose a high 

potential risk to aquatic ecosystems. 

Ebert et al., (2011) investigated the growth inhibition effect of the 

Fluoroquinolones antibiotics Enrofloxacin and ciprofloxacin on four photoautotrophic 

aquatic species: the freshwater micro alga Desmodesmus subspicatus, the 

cyanobacterium Anabaena flos-aquae, the monocotyledonous macrophyte Lemna 

minor, and the dicotyledonous macrophyte Myriophyllum spicatum. The 

cyanobacterium was the most sensitive species with median effective concentration 

(EC50) values of 173 and 10.2 µg/L for Enrofloxacin and ciprofloxacin, respectively. 

Liu et al., (2012) studied the Influences of spiramycin and amoxicillin on the 

algal growth, production and release of target microcystins (MCs), in Microcystis 

aeruginosa through the seven-day exposure test. Spiramycin were more toxic to M. 

aeruginosa than amoxicillin according to their 50 percent effective concentrations EC50 

in algal growth, which were 1.15 and 8.03 μg/l, respectively. At environmentally 

relevant concentrations of 100 ng/l-1 μg/l, spiramycin reduced the total MC content per 

algal cell and inhibited the algal growth, while exposure to amoxicillin led to increases 

in the total MC content per algal cell and the percentage of extracellular MCs, without 

affecting the algal growth. Synergistic interaction indicated that the toxicity of MCs 

were alleviated by spiramycin and enhanced by amoxicillin, and the latter effect would 

increase the threats to the aquatic environment. 

Gonzalez-Pleiter et al., (2013) have examined the individual and combined 

toxicities of amoxicillin, erythromycin, levofloxacin, norfloxacin and tetracycline in 

two organisms representative of the aquatic environment, the cyanobacterium Anabaena 

CPB4337 as a target organism and the green alga Pseudokirchneriella subcapitata as a 

non-target organism. The cyanobacterium was more sensitive than the green alga to the 

toxic effect of antibiotics. Erythromycin was highly toxic for both organisms; 

tetracycline was more toxic to the green algae whereas the quinolone levofloxacin and 

norfloxacin were more toxic to the cyanobacterium than to the green alga. Amoxicillin 

also displayed toxicity to the cyanobacterium but showed no toxicity to the green alga. 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ebert%20I%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Gonz%C3%A1lez-Pleiter%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23399078
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In most cases, synergism clearly predominated both for the green alga and the 

cyanobacterium.  

2.4.2 Impact of antibiotics in increasing bacterial resistance 

It is so important when studying the impacts of antibiotics on the environment to 

mention the role of these  compounds in increasing bacterial resistance . The majority of 

resistances can be attributed to the use of antibiotics in hospitals, used by medical 

practitioners and animal husbandry (Kummerer, 2004), all of which are anthropogenic 

activities. The extent to which anthropogenic impacts enrich the environmental stock of 

resistance genes is insufficiently understood (Auerbach, 2007) .  

These resistances are clearly advantageous to bacterial populations, but 

disadvantageous to humans. Resistance genes are themselves considered pollutants 

(Martinez, 2009). A pollutant is defined as a substance that is introduced into the 

environment by human activities and which has a negative impact on other organisms 

(Moriarty, 1983). It is clear that our anthropogenic influences are having a huge impact 

on the reservoirs of resistance genes in the environment, which has in turn serious 

impacts on health.  

It is thought that many resistances seen in pathogenic bacteria in a clinical 

setting may have been acquired from bacteria that have evolved resistant traits in the 

environment (Martinez, 2009). Because of the spread of this resistance, many diseases 

that were once easily treated are becoming problematic. For example, some strains of 

Meningitis are resistant to Cephalosporins and Fluoroquinolones (Walsh, 2003) and 

there are the commonly known hospital ‘superbugs’, MRSA, Clostridium difficile, multi 

resistance pseudomonas and Vancomycin resistant Enterococci that are causing 

significant levels of mortality. More concern of this issue is required as the rate of 

antibacterial agents being approved for use is declining. 

Petersen, (2002) studied the long term effect of six antimicrobials on the 

resistance patterns of two bacterial species present in integrated pond fish farms, 

Acinetobacter and Enterococcus. In this environment, manure from animals that had 

been treated with antibiotics for growth promotion and treatment of bacterial infections , 

is added to the water. The nutrients in the manure promote the growth of photosynthetic 

organisms, such as green algae, as a food source for the fish. As this pond system is 
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enclosed, antimicrobials inevitably accumulate in the water and surrounding sediments 

and exert huge selection pressure on bacteria. Resistance to all six antimicrobials 

(Chloramphenicol, Ciprofloxacin, Erythromycin, Oxytetracycline, Sulfamethoxazole 

and Trimethoprim) increased significantly in both test organisms over the study period. 

After 3 months, resistance seen in Acinetobacter to both Oxytetracycline and 

Sulfamethoxazole was found to be 100%, and resistance to Ciprofloxacin was >80%. A 

high level of resistance was also seen in Enterococcus bacteria. This is of significance 

as Acinetobacter and Enterococci are opportunistic pathogens and often cause 

nosocomial infections (Madigan, 2009). 

  El Astal, (2005) presented the incidence of ciprofloxacin resistance among 480 

clinical isolates obtained from patients with urinary tract infection (UTI) during January 

to June 2004 in Gaza Strip. The resistance rates observed were 15.0 % to ciprofloxacin, 

82.5% to amoxycillin, 64.4 % to cotrimoxazole, 63.1 % to doxycycline, 32.5 % to 

cephalexin, 31.9% to nalidixic acid, and 10.0 % to a mikacin. High resistance to 

ciprofloxacin was detected among Acinetobacter haemolyticus (28.6%), Staphylococcus 

saprophyticus (25.0 %), Pseudomonas aeruginosa (20.0%), Klebsiella pneumonia (17.6 

%), and Escherichia coli (12.0 %). Minimal inhibitory concentration (MIC) of 

ciprofloxacin evenly ranged from 4 to 32 μg/mL with a mean of 25.0 μg/mL.  

Elmanama et al., (2006 ) studied the resistance profile of bacterial isolated from 

Al-Shifa hospital in Gaza as a health institution and compared their profile to a non-

health institution. Wastewater samples were collected from three different sewers 

receiving wastewater in Al-Shifa hospital, from three sewers receiving wastewater in 

Islamic University of Gaza (IUG), from inlet and outlet of Gaza wastewater treatment 

plant (WWTP) and from sea water. A total of 45 samples were collected and 154 

different bacteria were isolated from these samples. From the isolated bacteria 30.5% 

were E. coli, 33.1% Pseudomonas sp., 10.4% Klebsiella sp., 4.5% Proteus sp. and 

21.4% Enterococcus sp. Isolates were subjected to antimicrobial susceptibility testing. 

The percent of resistance for Gram-negative bacteria to 15 antibiotics were as the 

following Cephalexin (52.1%), Co-Trimoxazole (41.3%), Tetracycline (41.3%), 

Chloramphenicol (39.7%), Nalidixic Acid (36.4%), Piperacillin (28.9%), Amoxycillin 

(35.5%), Ceftizoxime (14.0%), Azreonam (13.2%), Ciprofloxacin (12.4%), Tobramycin 

(11.6%), Gentamicin (10.7%), Ceftazidime and Amikacin (8.3%) and Imipenem (0.0%). 



  

 16 

The percent of resistance for Gram-positive bacteria (Enterococcus) to 5 antibiotics 

were as the following: Streptomycin (91.0%), Vancomycin (75.8%), Erythromycin 

(60.6%), Teicoplanin (9.1%) and Ampicillin (6.1%) . 
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CHAPTER 3 

MATERIALS & METHODS 

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

antibiotics to cyanobacterial mats. Population growth inhibition was monitored by the 

optical density of growing samples. 

3.1 Material 

Antibiotic compounds were selected from three classes (Table 3.1). These 

compounds were Penicillin G procaine, and Tylosin Tartrate which were purchased 

from The Advanced Company, Palestine. Ciprofloxacin hydrochloride which was 

purchased from Birzeit-Palestine Pharmaceutical company. However, Diuron was 

purchased from Sigma Aldrich Chemistry Company, Germany. The chemical structure, 

generic and IUPAC names of the antibiotics, and Diuron are  shown in (Table 3.2). 

Table (3.1): Physicochemical properties and classification of the antibiotics and Diuron 

Generic name MW 

Water 

Solubility 

mg/l 

pKa 
Log 

Kow 
Classification 

Ciprofloxacin 331.3 1.1 
5.64 

8.87 
2.3 Fluoroquinolones 

Penicillin G 334.4 22 2.62 1.67 β –lactams 

Tylosin 917.1 5000 3.41 13 Macrolides 

Diuron 233.1   2.85 Urea 

 

Source: said et al.,1995; Lizondo et al.,1997; Hirsch et al.,1999; Schmalfuss et al., 

2000; Hess an; Warren, 2002. Thiele-Bruhn, 2003 ; CAS, 2004 ; U.S. EPA, 2004 

;WHO, 2009 and Toxnet, 1985). 
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Table (3.2): Generic name, Chemical structure and IUPAC name of the antibiotics. 
 

Generic name Structure IUPAC name 

Ciprofloxacin Hcl 

 

1-cyclopropyl-6-fluoro-4-oxo-7-(piperazin-1-yl)-quinoline-3-carboxylic acid . 

 

Tylosin tartrate 

 

 

2-[12-[5-(4,5-dihydroxy-4,6-dimethyl-oxan-2-yl)oxy-4dimethylamino-3-

hydroxy-6-methyl-oxan-2-yl]oxy-2-ethyl-14-hydroxy-3-[(5-hydroxy-3,4-

dimethoxy-6-methyl-oxan-2yl)oxymethyl]-5,9,13-trimethyl-8,16-dioxo-1-

oxacyclohexadeca-4,6-dien-11-yl]acetaldehyde 

 

Penicillin G procaine 

 

 

(2S,5R,6R)3,3Dimethyl-7oxo 6 (2  phenylacetamido) 4thia1azabicyclo [3.2.0] 

heptane2carboxylicacid compoundwith 2- (diethyl amino) ethyl p 

aminobenzoate (1: 1) monohydrate 

 

Diuron 

 

N-(3,4-dichlorophenyl)-N,N-dimethylurea (C9H10Cl2N2O) 

 

Source: Schmalfuss et al., 2000; Hess and Warren, 2002 ; U.S. EPA, 2004 and Sweetman , 2009). 

http://en.wikipedia.org/wiki/File:Penicillin_core.svg
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3.2 Methods 

3.2.1  Sampling of cyanobacterial mats 

All samples of cyanobacterial mats used in this study were collected from the 

western part of Wadi Gaza near the Mediterranean Sea beach using algal net (Figure 

3.1). Cyanobacterial mats samples were collected during February, March, and April in 

2013. Through these three months, the cyanobacterial mats samples were collected six 

times and are submerged in green aqueous media ( Safi, 2004 and El-Nahhal et al., 

2013). The average measured water temperature during the three months was 

between18°C and 25°C. However the electric conductivity was ranged between 3600 µ 

and 5100 µs/cm.  The average pH was between 7.5 and 8.7. Then the cyanobacterial 

mats were transferred to the laboratory of Environmental Science Department of Islamic 

University- Gaza (IUG) within one hour. Upon arrival, the cyanobacterial mats were 

incubated in the lab. at room temperature (20-25°C) for few hours (Kerkez, 2012).  
 

 

Figure (3.1): Cyanobacterial mats collection from Wadi Gaza in March, 2013. 

 

3.2.2  Growth media sampling 

The growth water samples were collected from Wadi-Gaza, from the same 

places of cyanobacterial mats sampling. The growth water was left in the Environmental 
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Science Department lab. of Islamic University for few hours to allow suspended matter 

to precipitate, then the supernatant was collected and filtered through a sand filter 

(Figure 3.2). The filtrated water was collected again and filtered by using 

microbiological filter paper (MFP), white, grid-marked, cellulose ester, 47-mm diameter 

and 0.45 μm ( micro mesh). Then the filtered water was autoclaved and used as growth 

media after cooling to room temperature. The properties of growth media were 

measured to be adapted with the  cyanobacterial mats solution collected from the Wadi. 

The EC was adjusted between 3600 and 5100 µs/cm by using EC meter. The pH was 

measured to be  between 7.5 and 8.7 by using pH meter Pen-Shape tester. The growth 

media then was put in the refrigerator to be used when it is needed (Bonnet et al., 2007). 

 

 

Figure (3.2): Filtration of the suspension of the growth water samples using sand filter   

in Laboratory of environmental science in Islamic University-Gaza). 
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3.2.3  Preparation of cyanobacterial mats  stock suspension 

The collected cyanobacterial mats were incubated in the laboratory room at 20 -

25 °C for few hours. The sample of the cyanobacterial mats in the bottle was shaken 

carefully using electrical shake then the aqueous mixture of cyanobacterial mats was left 

for half an hour. One hundred ml of the suspension, which contains living cells, was 

isolated and considered as stock suspension of cyanobacterial mats (Kerkez, 2012). The 

EC and pH of the stock suspension were measured to be adapted to properties of growth 

media (Sauvant et al.,1999) . An amount of stock suspension of the mat was diluted 

with amount of growth media to obtain low concentration solution of the mat with EC 

and pH like that in its natural environment, then it was gently shaken to insure normal 

distribution of cells by using plates magnetic stirrer- KMC-130 SH for ten minutes 

(Bonnet et al., 2007). 

3.2.4  Growth of cyanobacterial mats under laboratory conditions 

The idea here is to grow the mat in order to monitor the phases of the mat life 

cycle by measuring the optical density (which represents the concentration of cells in 

mat suspension) of the mat solution using CT-220 spectrophotometer at wave length 

680 nm (Ma et al., 2002 and Kerkez, 2012). Five ml of the mat suspension was put in 

50 ml Erlenmeyer flask in an 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 was 

performed in three replicates. The optical density (OD) of the incubated mats 

suspension was recorded at 0, 24, 48, 72, 96 hour (hr). The population dynamics of 

cyanobacterial mats was evaluated by plotting OD versus time (El-Nahhal et al.,1998). 

3.2.5  Preparation of solutions and bioassay technique  

Toxicity of different concentrations of single antibiotics in addition to their 

binary and tertiary mixtures, on cyanobacterial mats was evaluated by bioassay 

technique and the preparations were as follows: 
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3.2.5.1 Preparation of antibiotics and Diuron stock solutions  

Accurate amounts of Tylosin tartrate and Penicillin G procaine (100mg), were 

weighted by analytical balance, then transferred to a volumetric flask 1000ml  filled 

with distilled water (chlorine free). The volumetric flask was then left on plate magnetic 

stirrer for 48 hr to obtain a concentration of (100 mg/l). Five milligrams of 

Ciprofloxacin hydrochloride was dissolved in 5ml methanol 99.5% purity to obtain 

soluble solution of ciprofloxacin, 1ml of this solution was transferred to volumetric 

flask 1000 ml filled with distilled water and left on  magnetic stirrer for 48 hr to obtain a 

concentration of (1mg/l).    

3.2.5.2  Preparation of single antibiotic and Diuron doses 
 

A wide range of concentrations (0.0, 2, 20, 40, 60, 80 mg/l) for Penicillin and 

Tylosin, and (0.0, 0.02, 0.2, 0.4, 0.6, 0.8 mg/L) for Cipro. However ( 0.0, 0.4, 4, 8, 12, 

16 mg/l) for Diuron were examined to find the adequate range of toxicity (linear dose 

response relationship). 

3.2.5.3  Preparation of binary mixtures doses 
 

Penicillin G procaine, Tylosin tartrate, and Cipro were mixed together according 

to the procedure described by Kerkez, (2012) in (Table 3.3). From these stock 

suspensions, the mixtures with the ratio of 1: 1(v/v) were prepared. 

Table (3.3) : Composition of  binary  mixtures 

Mixtures 

Proportion of each 

antibiotic 

(ml) 

Concentration of components in 

mixture 

(mg /l) 

(B1) 

Penicillin: Tylosin 
0.5: 0.5 50 50 

(B2) 

Cipro: Tylosin 
0.5: 0.5 0.5 50 

(B3) 

Cipro: Penicillin 
0.5: 0.5 0.5 50 
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3.2.5.4  Preparation of tertiary mixture dose 

Tertiary mixture (Mixture T1) of Penicillin, Tylosin, and Cipro was prepared by 

mixing 0.333 : 0.333: 0.333 of each compound together according to the procedure 

described by Kerkez, (2012) in (Table 3.4). 

Table (3.4): Composition of  tertiary solutions 

Solution 

Proportion of 

Penicillin : Tylosin: 

Cipro (ml) 

Concentration of components in the 

mixture 

(mg /l) 

Penicillin Tylosin Cipro 

Mixture T 0.333 : 0.333 : 0.333 33.3 33.3 0.333 

 

3.2.5.5 Bioassay technique  

In this technique, growth inhibition of cyanobacterial mats was taken as 

indicator of toxicity. The high growth inhibition indicates high toxicity and low growth 

inhibition indicates low toxicity.  

Stock suspension of cyanobacterial mats and gradient concentrations of the 

antibiotics (five dilutions from the stock) were prepared. Five ml of mats suspension 

was added to six Erlenmeyer flasks, then 1ml, 10ml, 20ml, 30ml, 40ml of stock solution 

of the antibiotic was added  to every one of the flasks and completed to 50ml of growth 

media then they were gently shaken to insure normal distribution of cells. One of the 

flasks received zero concentration of antibiotics which represented the control sample 

(Bonnet et al., 2007). All concentrations of the antibiotics were expressed in mg/ml. 

Each experiment was performed in three replicates. The flasks were kept on a rotator 

shaker 100 rpm and incubated at about 25°C at 12 h light : 12 h dark. Cell growth was 

monitored by measuring the OD at 680 nm after 0,  24, 48, 72, and 96 hr by using  

Spectrophotometer, (Ma et al., 2002) .  

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

exponential growth phase (log phase) and the procedure described by Bonnet et 



  

 24 

al.,(2007) was used.  The idea here is to treat the growth of cyanobacterial mats 

suspensions with low gradient concentration of these antibiotics by bioassay technique. 

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

samples evaluated by plotting time versus the ODmax / OD0 ratio, where ODmax and OD0 

are the optical densities at maximum growth and growth at time zero respectively (El-

Nahhal et al., 1998). By using Excel program, the previous correlations were drawn, 

correlation coefficient (R
2
) and regression equations were recorded. From the regression 

equation of % [(ODc-ODt)/ODc] versus log antibiotic concentrations, the EC50 was 

estimated, where EC50  is the effective concentration that caused 50% growth inhibition 

compared with the control in a chosen toxicity endpoint (Ma et al., 2002). The 

regression equation of % growth inhibition versus log concentration was used to 

estimate the EC50. The toxicity (% growth inhibition) at various concentrations of 

antibiotics was evaluated by plotting % growth inhibition versus time.  

3.2.6  Calculation of antibiotics toxicity 

Toxicity of antibiotics as single and mixtures was calculated as follows:  

3.2.6.1  Percent growth inhibition (%GI) 
 

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

represents toxicity is calculated as follows: % (GI) = [(ODc-ODt)/ODc], where ODc 

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

toxicity (% GI) at various concentrations of antibiotics was evaluated by plotting % 

growth inhibition versus concentration. 

3.2.6.2  Toxic units (TUS) in mixtures 

According to (Sprague and Ramsay, 1965), toxic units were calculated as 

follows:  

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. 
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3.2.6.3  Mixture toxicity index (MTI) in mixtures 

To estimate the synergetic and/or the antagonistic effects of antibiotics mixtures  

we calculated the mixture toxicity index (MTI) (Table 3.5) 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 compounds in the mixture. 

Table (3.5): Mixture toxicity index (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 

3.3  Statistical analysis 

All experiments were performed in three replicates. Averages and standard 

deviation of the growth inhibition were calculated and fitted to the regression analysis. 

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

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

test which is used to analyze the differences between group means (three or more) was 

done by using Excel program. 
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CHAPTER 4 

RESULTS 

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

life cycle, toxic effect of single and mixtures of antibiotics, relative growth, estimating 

of EC50, toxic units, mixture toxic  index and statistical analysis. Then these results 

discussed as follows: 

4.1  Growth of cyanobacterial mats under laboratory conditions 

Relative growth of cyanobacterial mats were expressed as the increase in the 

optical density. Table (4.1) presents the data of cyanobacterial mats growth during 96 

hour of incubation under laboratory conditions. 

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

 

A plot of optical density versus time shows population dynamics of 

cyanobacterial mats under lab condition (Figure 4.1). The following  lag phase of 24 

hour in which cells grow linearly until 48 hour and then a plateau for an additional 24 

hour was observed before declining.  

 

Time (hr) Average optical density ± SD 

0 0.090 ± 0.002 

24 0.105 ± 0.007 

48 0.305 ± 0.022 

72 0.305 ± 0.006 

96 0.157 ± 0.083 
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Figure (4.1): Population growth dynamics of cyanobacterial mats. 

Figure (4.1) shows growth phases of cyanobacterial mats under lab conditions. It 

is obvious that there are four growth phases which are lag phase, log phase, stationary 

phase and decay phase. 

4.2  Some physical and chemical properties of collected cyanobacterial mats 

The data of physical and chemical properties for the collected cyanobacterial 

mats used in the above experiments were presented in (Table 4.2). 

Table (4.2): Properties of stock suspensions of cyanobacteria  mats during the research 

period. 

 

4.3  Single toxicity tests 

Toxicity of Penicillin G procaine, Tylosin tartrate, Cipro Hcl and Diuron are 

shown in Figures 4.2, 4.3,4.4 and 4.5, respectively. These data are converted to Log 

concentration and regressed versus concentration. The linear relationships allow us to 

Property EXP.1 EXP.2 EXP.3 EXP.4 EXP.5 EXP.6 

EC µs/cm  5100 4250 3600 4260 3600 3600 

pH 8.7 7.8 7.5 8 8.5 8 
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calculate the EC50, R
2 

values and the regression equations, data are shown in (Table 

4.3). The calculated EC50 and regression equation of the tested compounds are shown in 

(Table 4.3).  

 

Figure (4.2): %Growth inhibition of cyanobacterial mats versus Penicillin 

concentration at 72 h.  

Figure (4.2) shows steep increase of growth inhibition of cyanobacterial mats as 

Penicillin concentration increased, then no increase on growth inhibition was observed. 
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Figure (4.3): % Growth inhibition of cyanobacterial mats versus Tylosin concentration 

at 48 h. 

Figure (4.3) shows a gradual increase of growth inhibition as Tylosin concentration 

increased. 

 

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

48 h. 
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Figure (4.4) shows steep increase of cyanobacterial mats growth inhibition as 

Cipro concentration increased in the solution. Then no increase of growth inhibition was 

observed. 

 

 Figure (4.5): Effect of Diuron on cyanobacterial mats growth after 48h. 

Figure (4.5) shows a gradual increase of cyanobacterial mats inhibition as 

Diuron concentration increased in the solution. 

Table (4.3): Toxicity parameters of the tested compounds and Diuron 

Compound EC50 mg/l R
2
 Reg. Eq 

Diuron 1.92 0.82 Y=0.2302X+1.6336 

Ciprofloxacin 0.71 0.976 Y=0.7269X+1.8078 

Tylosin 5.28 0.984 Y=0.1906X + 1.5612 

Penicillin 0.13 0.957 Y=0.0994X + 1.7865 

Table (4.3) represents the toxicity parameters of the tested compounds. It 

indicates  that Penicillin is the most toxic one followed by Cipro as shown by the value 

of  EC50. The lowest value of  EC50 indicates the highest toxicity. Another interesting 

observation shown in this table is Penicillin and Cipro are more toxic than Diuron, the 

most toxic herbicide to cyanobacterial mats (Kerkez, 2012). 
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Table (4.4): Statistical analysis of the toxicity of the tested compounds and Diuron 

Binary mixture P-values 

Diuron : Penicillin 0.0003 

Diuron : Cipro 0.023 

Diuron :  Tylosin 0.006 

Tylosin : Penicillin 0.009 

Tylosin : Cipro 0.75 

Cipro   : Penicillin 0.35 

 

Table (4.4) shows the statistical comparison between the tested compounds and 

Diuron and among the tested compounds themselves and provides P-values. P-value 

above 0.05 indicates no significant differences whereas less than 0.05 indicates 

significant differences. 

4.4  Toxic effect as a function of exposure time 

Dynamic toxicity of Penicillin procaine, Tylosin tartrate, Cipro Hcl and Diuron 

as a function of exposure time are shown in Figure (4.6, 4.7,4.8 and 4.9) respectively. 

Figure (4.6) shows dynamic effect of Penicillin as the growth inhibition of 

cyanobacterial mats. It is obvious that % growth inhibition increased up to 72h. The 

effective concentration that cause about 90% growth inhibition of cyanobacterial mats is 

40mg/l. 

 

Figure (4.6): Dynamic effect of penicillin (40 mg/l) on cyanobacterial mats growth 

after 96 h. 
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Figure (4.7) shows dynamic effect of Tylosin on cyanobacterial mats growth. 

The maximum growth inhibition was obtained after 48h, The effective concentration 

that cause about 40% growth inhibition of cyanobacterial mats is 20mg/l. Then a 

decrease on the growth inhibition was observed. The lowest growth inhibition was 

obtained after 96hr.  

 

 Figure (4.7): Dynamic effect of Tylosin (20 mg/l) on cyanobacterial mats growth after 

 96 h. 

Figure (4.8) shows the dynamic effect of Cipro on cyanobacterial mats growth. 

The maximum growth inhibition effect was obtained after 48hr. The effective 

concentration that cause about 80% growth inhibition of cyanobacterial mats is 0.2mg/l. 

Then growth inhibition decreased gradually to reach the minimum after 96hr.   



  

 33 

 

Figure (4.8): Dynamic effect of Cipro (0.2mg/l) on cyanobacterial mats Growth after 

96h.  

Figure (4.9) shows the dynamic effect of Diuron on cyanobacterial mats growth. 

The maximum effect was observed after 48h. The effective concentration that cause 

about 40% growth inhibition of cyanobacterial mats is 4mg/l. Then a gradual decrease 

on growth inhibition was observed. The lowest effect observed after 96hr. 

 

Figure (4.9): Dynamic effect of Diuron (4mg/l) on cyanobacterial mats growth after  

96 h. 
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Relative toxicity of the antibiotic with respect to diuron, the most toxic 

compound to cyanobacterial mats, and the other tested compounds are shown in (Figure 

4.10). It is obvious that Penicillin and Cipro have relative toxicity less than 1( relative 

toxicity of Diuron) whereas Tylosin has toxicity more than 1 when compared to Diuron. 

 

Figure (4.10): Relative toxicity to the tested compound. 

4.5  Toxicity of mixtures 

Toxicity effects of antibioics were evaluated as binary and tertiary mixtures as 

follows:   

4.5.1  Binary mixtures tests 

Toxicity effects of binary mixtures on cyanobacterial mats growth were 

estimated as toxic units and the relationship between the tested compounds was 

predicted according to Konemann, ( 1981) as follows:    

4.5.1.1  Dynamic effect of binary mixture on cyanobacterial mats growth  
 

Toxicities (%GI) of mixtures B1 (50% Penicillin and 50% Tylosin) , B2 (50% 

Tylosin and 50% Cipro ) and B3 (50% Penicillin and 50% Cipro) on cyanobacterial 

mats are shown in Figures (4.11, 4.12, and 4.13) respectively. Converting the results 

data in these figures to log scale allows  us to calculate the EC50values. The EC50 and r
2
 

values, regression equation and mixture toxic index are presented in (Table 4.5). 

Diuron   Cipro               Penicillin           Tylocin 
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Penicillin, Tylosin and Cipro concentrations in the mixture are presented as mg/l. 

Statistical analysis of binary mixtures are shown in (Table 4.6). 

 

Figure (4.11): Effect of penicillin and Tylosin mixture on cyanobacterial mats growth 

after 72 h. 

Figure (4.11) shows growth inhibition of cyanobacterial mats as the toxic units 

of the mixture increase. It is obvious that there is a steep increase in growth inhibition as 

toxic units of the mixture increased up to 0.2. Then no further considerable growth 

inhibition was observed. 



  

 36 

 

Figure (4.12): Effect of Tylosin and Cipro mixture on cyanobacterial mats growth after 

48h. 

Figure (4.12) shows the effect of Tylocin and Cipro mixture on the growth 

inhibition of cyanobacterial mats. A gradual increase on the growth inhibition was 

observed as the toxic unit of the mixture increased. 

 

Figure (4.13): Effect of Penicillin and Cipro mixture of cyanobacterial mats growth 

after 48h.  

   2      20  40            60                     80 mg/1 

0.02              0.2                       0.4                     0.6                    0.8 mg/1 
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 Figure (4.13) shows the effect of Penicillin and Cipro mixture on the growth 

inhibition of cyanobacterial mats. It is obvious that a gradual increase of growth 

inhibition was observed, as the toxic units of the mixture increased. 

Table (4.5): Toxicity Parameters of mixtures 

Mixture Mixture 
EC50 

 (TU) 
R

2
 Reg Eq MTI 

Penicillin 0.5: Tylosin 0.5 B1 0.077 0.917 Y = 19.94X   +72.217 -3.70127 

Cipro 0.5: Tylosin 0.5 B2 0.103 0.966 Y = 41.612X + 91.08 -2.29392 

Cipro 0.5: penicillin 0.5 B3 0.292 0.83  Y = 43.859X + 73.46 -0.7918 

Penicillin 0.33: Tylosin 0.33:  

Cipro 0.33 
T1 0.034 0.988 Y = 25.08X + 86.718 -2.32488 

 

Table (4.5) shows the toxicity parameters of mixtures on cyanobacterial mats 

growth and indicates the relationship between the compounds of each mixture. 

According to Konemann, (1981) all tested compounds in binary and tertiary mixtures 

showed antagonistic effect.  

Table (4.6): Statistical analysis of the toxicity of the tested compounds 

 

 Table (4.6) shows the statistical comparison among mixtures and provides P-

values of the mixtures. P-value above 0.05 indicates no significant differences whereas 

less than 0.05 indicates significant differences. 

Symbol of 

mixture 
Mixture p-values 

B2: B3 [T+C]: [P+C] 0.167 

B1: B3 [T+P]: [P+C] 0.0001 

B1: B2 [T+P]: [T+C] 0.00012 

B2: T1 [T+C]: [P+C+T] 6.88395E-10 

B3: T1 [P+C]: [P+C+T] 2.03576E-22 

B1: T1 [T+P]: [P+C+T] 0.00192 
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4.6  Toxic effect as a function of exposure time for binary mixtures 

 Effect of different combination ratios of antibiotics mixtures on cyanobacterial 

mats as a function of exposure time are shown in Figure 4.14, 4.15 and 4.16, 

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

inhibition and nearly linear relationships were given. 

 

Figure (4.14): Dynamic effect of Penicillin and Tylosin at concentration equals to 0.025 

TU after 96 h. 

 

Figure (4.14) shows the dynamic effect of Penicillin and Tylocin on 

cyanobacterial mats.It is clearly shown that after 48hr,  The effective concentration that 

cause about 40% growth inhibition of cyanobacterial mats is 0.025 TU. Then the growth 

inhibition decreased. 
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Figure (4.15): Dynamic effect of Tylosin and Cipro at concentration equals to 0.025 TU 

after 72 h. 

Figure (4.15) shows the dynamic effect of Tylosin and Cipro on cyanobacterial 

mats growth. It is obvious that the maximum effect was obtained at 48hr, The effective 

concentration that cause about 25% growth inhibition of cyanobacterial mats is 0.025 

TU. Then a sharp decrease of growth inhibition was obtained.  

  

 

 

 

 

 

 

 

Figure (4.16): Dynamic effect of Penicillin and Cipro at concentration equals to 0.025 

TU after 96 h. 
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Figure (4.16) shows the dynamic effect of Penicillin and Cipro on 

cyanobacterial mats growth. It is obvious that the maximum effect was obtained after 

72hr, The effective concentration that cause about 15% growth inhibition of 

cyanobacterial mats is 0.025 TU. followed by a sharp drop of growth inhibition after 

96h. 

4.7  Toxicity of tertiary mixture 

Toxicity of testing mixture T1 on the growth of cyanobacterial mats is shown in 

Figure (4.17). Converting the results data in these Figures to log scale enable us to 

calculate the EC50 values. The EC50 and R
2
 values are presented in (Table 4.5). 

Penicillin, Tylosin and Cipro concentrations in the mixture are presented as mg/l. 

 

Figure (4.17): Effect of tertiary mixture (Cipro, Penicillin and Tylosin) mixture (0.33: 

0.33: 0.33) on the growth of cyanobacterial mats after 96h. 

Figure (4.17) shows a steep increase in growth inhibition followed by gradual 

increase in growth inhibition as the concentration of the mixture increased. 

Cipro: 0.0066 0.066 0.132 0.198 0.264 mg/1 

Penicillin: 0.66 6.6 13.2 19.8 26.4 mg/1 

Tylosin: 0.66 6.6 13.2 19.8 26.4 mg/1 
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4.8  Toxic effect as a function of exposure time for tertiary mixture 

Effect of combination mixture ratio of Cipro, Penicillin and Tylosin on 

cyanobacterial mats as a function of exposure time is shown in (Figure 4.18). These 

data are converted to Log scale and regressed versus % growth inhibition and nearly 

linear relationships were given. The EC50, R
2
values and regression equations and 

statistical analysis of the toxicity of the tested compounds are presented in (Table 4.5 

and 4.6) respectively. 

 

 

Figure (4.18): Dynamic effect of tertiary mixture (Penicillin, Cipro and Tylosin) at 

concentration equals to 0.025 TU after 96 h at cyanobacterial mats growth. 

Figure (4.18) shows the dynamic effect of Penicillin, Cipro and Tylosin on 

cyanobacterial mats growth. Similarly to other mixtures growth inhibition obtained after 

48h. The effective concentration that cause about 70% growth inhibition of 

cyanobacterial mats is 0.025 TU. The decrease of the growth inhibition obtained at 

72hr. 

 

 

 

Time h 



  

 42 

CHAPTER 5 

DISCUSSION 

The tested antibiotics are widely used in Gaza strip, not only for human and 

veterinary medication but also for livestock and aquaculture growth promotion. The 

toxic effect of these compounds is studied and the result discussed as follows:  

5.1  Growth rate of cyanobacteria 

The data presented in (Figure 4.1) clearly demonstrated the growth of 

cyanobacterial mats  during 96 h. It is obvious that the curve can be divided into four 

phases I, II, III, and IV.  Similar growth phases of cyanobacterial mats growth were 

reported (Kerkez, 2012). These growth phases represented, lag phase, log phase, 

stationary phase, and decay phase (Zwietering et al.,1990). (Figure 4.1)  shows that log 

phase was observed during 50 hr. Accordingly our toxicity investigation focused on this 

period of bacterial growth . 

5.2  Toxicity of individual Antibiotics 

All tested compounds were found to be toxic to the cyanobacterial mats. The 

toxicity of Penicillin, Tylosin, Cipro, and Diuron is increased rapidly as the 

concentration of each compound increased in the solution, respectively (Figures 4.2 - 

4.5). The low value of EC50 indicates high toxicity. Calculated toxicity of these 

compounds to cyanobacterial mats was different from each other. The EC50 of Penicillin 

was 0.13 mg/l, and the EC50  for Ciprofloxacin, Diuron, and Tylosin were 0.71 mg/l, 

1.92 mg/l, and 5.28 mg/l, respectively. Accordingly Penicillin was the most toxic 

antibacterial to cyanobacteria, within 72hr. The explanation of this toxic effect of 

Penicillin refer to the bactericidal action against sensitive organisms during the stage of 

active multiplication and due to inhibiting and blocking the critical step in the bacterial 

cell wall synthesis (Sweetman, 2009). Effect of exposure time of the toxicity of the 

tested compounds is presented  in Figures (4.6 – 4.9). It is obviously shown  that  the 

toxicity increased as the exposure time increased to 48 h or 72 hr in all cases, then 

decreased. The explanation of these results is that the tested compounds need time to 

reach the target site in cyanobacterial mats according to its Kow (Table 3.1). However 

the decreased toxicity after 48 hr suggests that the cyanobacterial mats tends to adapt 
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themselves to the toxic compound and begins to undergo community changes that 

enable the cyanobacterial mats to survive under hard conditions. Similar results were 

observed by (abed et al., 2002) when they exposed the cyanobacteria  mats to diesel oil. 

The exposure of cyanobacterial mats suspensions to gradient concentration led to a toxic 

effect on cyanobacterial mats. Similar results were observed previously from other 

studies (Ebert et al., 2011). A potential toxicity of all tested compounds even as 

individual or mixtures was observed, where cyanobacterial mats was the most sensitive 

to these compounds among non-target aquatic microorganisms (Halling-Sorensen, 2000 

and Yang et al.,2008). Similar observation was also noted by (Kerkez, 2012). For 

comparison of relative toxicity among various compounds to diuron (Figure 4.10), the 

toxicity order was Penicillin, Cipro, and Tylosin. Cipro showed strong toxic effect to 

cyanobacterial mats with EC50 (0.71). This effect is due to the antichloroplastic activity 

of these gyrase-specific drugs, DNA gyrase are enzymes that are required for replication 

and transcription in prokaryotes: these enzymes catalyze adenosine triphosphate 

dependent DNA supercoiling (Ebert et al., 2011). Previous studies reported several 

EC50 values for Cipro ranged from (2.97 mg/L - 20.6 mg/L) against green algae, 

cyanobacteria, Lemna sp, Pseudokirchneriella subcapitata and Chlorella vulgaris 

(Halling-Sorensen, 2000; Robinson et al., 2005; Nie et al., 2007 and Yang et al., 2008). 

The EC50 values for Cipro against Microcystis aeruginosa reported from previous 

studies are 0.005 mg/L (Halling-Sorensen, 2000 ) and 0.017 mg/L (Robinson et al., 

2005). Brain et al., (2004) reported EC50 values for Cipro against L. minor and L. gibba, 

which were 0.203 mg/L and 0.697 mg/L, respectively. These variations in the EC50 

values for Cipro (Table 4.3) in the present and the previous study are due to different 

tested organisms, laboratory conditions, and differences in the tested methods used.  

The results of this study indicate that EC50 of Tylosin (5.28mg/l), was of 

moderate toxicity and may pose a potential risk to cyanobacterial mats in aquatic 

systems. Tylosin is bacteriostatic which inhibits the growth of prokaryotes by binding to 

the subunit 50S ribosome, and thus inhibiting the translocation of peptides and 

interfering with protein synthesis (Tenson et al.,2003). Previous studies using green 

algae P. subcapitata growth inhibition, reported the limited EC50 values 0.95 to 1.38 

mg/l (Halling-Sorensen, 2000 and Eguchi et al., 2004). The high value of EC50 of 

Tylosin may be due to that Tylosin  is unstable in acidic and alkaline media and 
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relatively stable under neutral pH conditions pH (7), and it has high solubility and has 

been found to increase with an increase in solvent polarity (Wilson,1981; Salvatore and 

Katz, 1993). 

The EC50 value presented in (Table 4.3) clearly demonstrated that Penicillin has 

the lowest value compared to Diuron, and Tylosin has the highest value. This indicates 

that penicillin is more toxic to cyanobacterial mats. The high correlation coefficient 

value (R²) indicates strong positive association between toxicity (%GI) and 

concentration. 

5.3  Statistical analysis of toxicity of individual antibiotics 

Statistical analysis in (Table 4.4) shows significant differences among the tested 

compounds, where p-value was less than 0.05. It is obvious that our results agree with 

(Kerkez, 2012) who demonstrated that Diuron was the most toxic compound to 

cyanobacterial mats among other tested herbicide used in his study. Nevertheless 

Diuron was more toxic than Tylosin. Penicillin and Cipro, were more toxic to 

cyanobacterial mats than Diuron. The explanation of these results may be due to 

differences of the mechanism of action between these compounds. 

5.4  Toxicity of binary mixtures 

The data presented in Figures (4.11- 4.13) clearly demonstrate the toxicity of the 

mixtures to cyanobacterial mats. It is obvious that the toxicity of each mixture increased 

as the concentration of the mixture increased in the solution. The trend of toxicity is 

similar in all cases, indicating similar response of cyanobacterial mats to the mixture. 

However converting the data in the above mentioned figure to log scales allowed us to 

calculate the EC50 of mixture. The data in (Table 4.5) showed that the mixture B1 

(Penicillin and Tylosin) was the most toxic one. It has EC50 value that equals 0.077 TU, 

which is the lowest EC50 among all mixtures. The present study suggests that all binary 

mixtures have antagonistic effect (Table 4.5). Similar results were reported by Yang et 

al., (2008) for Tylosin-triclocarban, triclosan– norfloxacin, and triclocarban–norfloxacin 

which have slightly antagonistic effect. This may be due to the fact that compounds of a 

heterogeneous mixture often have different toxic sites and dissimilar modes of action. 

So concentration addition may not be expected (Broderius et al., 2005). Another 
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explanation of antagonistic effect could be due to competition for uptake same binding 

sites or suppression of the toxic effect of one drug to each other. In contrast (Yang et 

al., 2008) showed synergistic effect. This is probably due to the fact that we work on 

cyanobacterial mats which are a community of bacteria.  

5.5  Toxicity of tertiary mixtures 
 

Results of tertiary mixture (Figure 4.17) have nearly similar trend of toxicity as 

the binary one to cyanobacterial mats. The toxicity of tertiary mixture increased in the 

very low concentrations of antibiotics about 0.5 TU. The explanation of this result is 

that the antibiotics inhibit the growth of the cyanobacterial mats in the growth media 

and no more cells do exist in the solution, due to bactericidal and bacteriostatic effects 

of antibiotics. Furthermore, toxicity of  the mixture of antibiotics indicated that toxicity 

increased by time and by concentration as (Figure 4.18) shows.  

5.6  Statistical analysis of toxicity of binary and tertiary mixture 
 

Statistical analysis of the results indicates significant differences between the 

effects of mixture B1* B3 and B1* B2 whereas B1* T1 has similar effects regardless to 

the variations in TU values. Comparing the effects of binary mixture ( B) with the 

tertiary mixture ( T1 ) indicates significant difference in all cases. To evaluate the 

synergistic and antagonist effect, we calculated the mixture toxicity indices according to 

equation of Konemann, (1981). MTI for T1 mixture was less than zero which indicates 

antagonistic effect (Table 3.4).  The explanation for this result is just as for binary 

mixtures.     
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CHAPTER 6 

CONCLUSIONS & RECOMMENDATIONS 

6.1  Conclusions 

1. The present study provides data and information about the toxic effects of 

Penicillin, Tylosin, and Cipro to cyanobacterial mats.  

2. Single toxicity tests of the studied antibiotics demonstrated that the toxicity of 

these compounds increased as their concentrations increased in the solution, and 

as the exposure time increased.  

3. The EC50 in mg/l of the tested antibiotics as individual was penicillin 0.13 < Cipro 

0.71 <  Tylosin 5.28 .  

4. Single toxicity test of the studied herbicide were demonstrated that the toxicity of 

herbicide Diuron increased as its concentration increased in the solution and as the 

exposure time increased.  

5. Comparison of relative toxicity among various compounds with Diuron showed 

Penicillin, and Cipro, to be more toxic than Diuron to cyanobacterial mats.  

6. The study revealed that the toxic mode of those compounds to cyanobacterial mats 

is similar.  

7. The interesting outcome of  this study is that Penicillin is the most toxic 

compound to the cyanobacteria mas followed by ciprofloxacin. 

8. Penicillin and ciprofloxacin are several times more toxic than the standard Diuron. 

Where Tylosin is less toxic than the others to cyanobacterial mats.  

9. The effects over the time indicated that cyanobacteria masts were able to 

overcome the toxic effects after 72h of exposure time.   

10. The mixture B1 was the most toxic one, and showed antagonistic effect and both 

mixtures B2 and B3 also showed antagonistic effect.  

11. The EC50 TU in mg/l was as  follows for the three mixtures : B1 0.077 < B2 0.103 

< B3 0.292. For tertiary mixture also there was strong toxic effect to 

cyanobacterial mats with EC50TU 0.034 mg/l.  

12. The study also demonstrates that cyanobacterial mats as aquatic microorganisms 

are highly sensitive to antibiotics .  
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13. These results indicated the dangerous toxic effects that those antibiotics exert to 

environment Marine, soil, plants, and potable water) in general, especially aquatic 

microorganisms, and to public health, in particularly in Gaza-Strip, Palestine.   

 

6.2  Recommendations 

1- The Palestinian Ministry of Health and Agriculture should control, regulate, and 

monitor the rational use of antibiotics for human, animals and agriculture. 

2- Effluents of hospitals, medical clinics, and pharmaceutical factories should be 

collected in specific places and processed before ditched in the sewage. 

3- Imposing taxes for abuse of antibiotics since these compounds and their 

metabolites have potential toxic effects to human health, and ecosystem 

components.  

4- Further studies must be encouraged to generate better understanding of  toxicity 

of antibiotics to cyanobacterial mats in Wadi Gaza, Palestine. 

5- Further studies must be encouraged to study the potential ecotoxicity of 

antibiotics as mixtures to aquatic system. 

 

 

 

. 
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