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Background:
In the past, between the 1950s and the 1970s, chemicals such as organophosphates and pyrethroids were routinely used to control mosquito larvae in water bodies of poor quality. Insect growth regulators (IGR) have also been developed. 
With the decline in the use of toxic chemicals, preparations that were based on petroleum distillates, Mosquito Larvicide Oil (MLO) have been developed. It was thought that MLO operates only mechanically on mosquito larvae that breathe atmospheric air. 
Among the chemical preparations, petroleum distillates have a relatively low damage potential. However, further examinations of the effect of petroleum distillates on water inhabitants found that the MLO preparations tested: GB111, “Oil 10”, and “Tippy 2222” harm organisms other than the pest control targets. 
Invertebrates that, like the mosquito larvae, breathe atmospheric air (aquatic insects), were found to be most sensitive to surface-active substances, such as MLO. 
Invertebrates and vertebrates that breathe dissolved oxygen are harmed as a result of being trapped in the oily layer on the water surface and by toxic water-soluble fractions.
A controlled investigation carried out in the Yarkon as part of a Masters research project by Mordechai Ofir and Prof Avital Gazit from the Faculty of Life Sciences at Tel Aviv University found that water inhabitants breathing atmospheric air (aquatic insects) are the most sensitive to petroleum distillates and are expected to be harmed the most.
Petroleum distillates (MLO preparations) are not environmentally friendly. They harm the vegetation in the water and on the river banks, and water organisms other than the pest control targets. MLO preparations used at the recommended concentrations appear not to harm fish and amphibians. 
Aiming to improve the control of mosquito larvae and minimise harm to the river, we tested the effectiveness of the “Bactush” preparation, manufactured and marketed by BioDalia Microbiological Technologies Ltd.

The preparation description (according to the manufacturer):
Bacillus thuringiensis var. israelensis, 1,200 ITU per mg 
· Species: Bactush contains protein crystals and spores of Bacillus thuringiensis var. israelensis, Serotype H-14, isolated from mosquito breeding ponds in the Negev. 
· Activity spectrum: Bactush is selectively active against larvae of Culex, Aedes, Culiseta, Anopheles, and Blackfly.
· A special formulation optimised for activity and extended shelf-life (over a year).
· Bactush acts quickly and eliminates larvae within 1–24 hours. 
· Environmentally friendly: Bactush is a biological preparation and is not harmful to humans, fish, and other animals, apart from the target larvae.
The complex mechanism of action of Bactush prevents the development of resistance.  

Technical information:
Active ingredient: Bacillus thuringiensis var. israelensis, 1200 International units (ITU) per milligram. (Equivalent to 1.28 billion ITU/litre) ----------------------------------------------------------------- 1.2%
Inactive ingredients: --------------------------------------------------------------------------------------98.8% 

					


Experimental procedure: investigating the effectiveness of the BTI preparation (Bactush)
1. Culex mosquito larval development was monitored by counting and tracking the larvae in two sections in the middle part of the Yarkon River. 
2. The company for the control of wild weeds was invited to carry out larvae elimination by BTI (Bactush) made by BioDalia. The treatment was applied from a boat equipped with a tank and a spraying system. 
3. In the two river sections, six treatments were applied in total, using three different doses that were each applied twice.
4. The BTI concentrate was diluted in a water tank of 150 litre, and the diluted preparations were used for spraying in final concentrations of 1, 2, and 3 litre/dunam of river water. The spraying was carried out along the banks of the Yarkon in a strip of about 2 meters from the riverbank. The material was sprayed on the water surface through a sprayer with a 60-micron nozzle while the boat was moving.  
5. Water containing mosquito larvae was sampled into clear containers before and after the BTI treatment. Samples obtained before the treatment were used as controls.
6. Larvae were counted, and the percentages of dead and live larvae were determined in the treatment and the control containers. Larvae were counted one, two, three, four, and 24 after treatment. 
7. In parallel to counting live and dead larvae in the containers, we also tracked and determined the percentage of live larvae remaining in the riverbed after the treatments. 
8. [image: ]During the week after the treatment, we continued to monitor the riverbed and tracked and counted the proliferation of the next cycle of mosquito larvae in the river. 



Results:
The survival of larvae in clear water containers with different doses of BTI (Figure 1)
In the control samples that were transferred into clear containers, there was only minimal mosquito larvae mortality of up to 10–15% (marginal mortality) in some samples.
In treatments with 2 and 3 litres per dunam (double the recommended dose), a 90% larvae mortality was determined one hour after the treatment, and after two and three hours, the mortality rate in the clear containers was 100%. 
[image: ]In the treatment of 1 litre per dunam (the recommended dose for the river), during the first three hours, mortality progressed more slowly than in the samples treated with 2 and 3 litres per dunam. After four, five, and 24 hours, the mortality rate in these samples was also 100%. 

Figure 1 The percentage of surviving mosquito larvae in samples transferred to clear containers, in different doses of BTI and the control

The survival of mosquito larvae in the Yarkon River with different doses of BTI (Figure 2)
We monitored mosquito larvae in the Yarkon riverbed by sampling the water before the BTI treatment and in the hours and week following the treatments with different doses. In treatments with 2 and 3 litres per dunam, the mortality rate reached 90% after one hour and 100% after three to four hours. 
In the treatment of 1 litre per dunam, mortality progressed more slowly. A 70% mortality was determined one hour after the treatment, and 100% mortality was determined at 6 and 24 hours after treatment. The proliferation and development of new, young mosquito larvae occurred already 36 and 48 hours after treatments with different doses. The proliferation and development progressed continuously until the following treatment cycle, six or seven days later. 


[image: ]
Figure 2 The percentage of mosquito larvae that survive and proliferate in the Yarkon water after treatments with different doses of BTI 

Toxicity to animals other than the target organisms:
In the current study of the effectiveness of the Bactush preparation in eliminating Culex mosquito larvae, we did not investigate the effect or toxicity of the preparation on other water inhabitants. The knowledge that Bactush is not toxic to other water inhabitants is based on previous studies and the manufacturer’s statement. When testing the effectiveness of the preparation in the Yarkon River, we found no evidence of harm or mortality of other water inhabitants, although Chirinomidae mosquito larvae have not been seen in the Yarkon since the treatment and could have potentially been harmed. As pointed out, this information is based on observation only.  
Animals that were observed in the samples and the monitoring: Daphnia, Notonecta glauca, Laccotrephes fabricii, Ephemeroptera larvae, Zygoptera larvae, Anisoptera larvae, Odonata.

Comparison of insect control costs:
In a dose of up to 1.5 litre/dunam, the cost of insect control by BTI (Bactush) is equal to that of MLO at a dose of 10 litre/dunam.


Summary:
· BTI (Bactush) is an effective biological preparation for the control of Culex mosquito larvae (Culicidae). 
· In this investigation, we found no harmful effects on other water inhabitants apart from the disappearance of Chirinomidae mosquito larvae. 
· The preparation is user-friendly and is preferred by pest controllers. It is non-toxic, not oily, does not contaminate the equipment and the workers, and does not require protective clothing. 
· In the area tested—the middle section of the Yarkon between the Geha Road and Sheva Tahanot— Bactush was effective at a dose of 1 litre/dunam. 
· It is possible that further up the river, where the water quality is lower, a concentration of 2–3 litre/dunam will be required to achieve a good level of mosquito larvae elimination.
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