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Abstract
This work deals with a biochemical degradation of three pesticides: diuron, carbaryl and
glyphosate. Analysis was conducted of 6 soil samples collected from two agricultural places
in the Gaza Strip (open fields and inside greenhouse) according to soil type map. The samples
were treated, and 82 types of bacterial strains were isolated. 14 of them showed good ability
of growth when using the tested pesticides as a sole source of nitrogen and carbon. The
identified bacteria belong to the following genera; Bacillus, Corynebacterium, Pseudomonas,
Morganella and Aeromonas. Three bacterial strains were used as representative bacteria in
studying the biodegradation rate of diuron, carbaryl and glyphosate on solid and liquid media.
The bacterial strains were identified through cultural and biochemical characterization as
Bacillus coagulans, Morganella morganii and Corynebacterium kutseri. These were capable to
degrade diuron, carbaryl and glyphosate. The three bacteria were inoculated with each of the
three pesticides at a concentration of 150 ppm for 11 days. The biodegradation rate of the
three pesticides on liquid media was determined using UV spectrophotometer. Also the
remaining concentrations of the tested pesticides were chromatographically measured using
TLC after optimization of solid phase extraction conditions. The results showed that the
bacteria Bacillus coagulans had a high efficiency to degrade carbaryl with rate 98.71% and rate
71.96% with diuron and less efficiency for glyphosate with degradation rate 20.50%. Bacteria
Morganella morganii showed moderate rate of degradation of the three pesticides (diuron
45.54%, carbaryl 87.37% and 47.69% for glyphosate), while the bacteria Corynebacterium
kutseri showed the best efficiency for glyphosate with rate 77.90%, and moderate efficiency
for carbaryl with rate 47.59%, and the least for diuron with rate 27.25%.
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"اﻝﺘﻜﺴﻴر اﻝﺒﻴوﻜﻴﻤﻴﺎﺌﻲ ﻝﺒﻌض اﻝﻤﺒﻴدات اﻝﻤﺴﺘﺨدﻤﺔ ﺒﺎﻷ راﻀﻲ اﻝزراﻋﻴﺔ ﺒﻘطﺎع ﻏزة"

ﺘﻌد اﻝﻤﺒﻴدات اﻝزراﻋﻴﺔ وﺴﻴﻠﺔ ﻤﻬﻤﺔ ﻝﻌﻤﻠﻴﺔ اﻹﻨﺘﺎج اﻝﻨﺒﺎﺘﻲ ﺤﻴث أن ﻝﻬﺎ ﻤﻤﻴزات ﻜﺜﻴرة و ﻤﻬﻤﺔ و ﻝﻜن ﻋﻠﻲ ﺼﻌﻴد آﺨر ﺘﺸﻜل
ﻤﺸﻜﻠﺔ ﺒﻴﺌﺔ ﺨطﻴرة ،ﻓﺘراﻜم ﻫذﻩ اﻝﻤواد اﻝﻜﻴﻤﺎﺌﻴﺔ ﺒﺎﻝﺘرﺒﺔ و وﺼوﻝﻬﺎ ﻝﻠﻤﻴﺎﻩ ﻴؤدي إﻝﻲ ﺤدوث ﻤﺸﺎﻜل ﺒﺨﺼوﺒﺔ اﻝﺘرﺒﺔ و ﺒﺎﻝﺘﺎﻝﻲ
ﻴؤﺜر ﺴﻠﺒًﺎ ﻋﻠﻰ اﻹﻨﺘﺎج اﻝﻨﺒﺎﺘﻲ و ﻴﺴﺒب اﻝﻌدﻴد ﻤن اﻝﻤﺸﺎﻜل ﻋﻠﻲ اﻝﻤﺴﺘوي اﻝﺼﺤﻲ ﻝﻺﻨﺴﺎن ﺒﺎﻻﻀﺎﻓﺔ إﻝﻰ ﺘﻠوث ﻤﺼﺎدر
اﻝﻤﻴﺎﻩ .ﻝذا ﻜﺎن اﻝﻬدف ﻤن ﻫذﻩ اﻝدراﺴﺔ ﻫو ﺘﻘﻴم اﻝﺘﻜﺴﻴر اﻝﺒﻴوﻜﻴﻤﻴﺎﺌﻲ ﻝﺒﻌض اﻝﻤﺒﻴدات ﺒﺎﻝﺘرﺒﺔ اﻝزراﻋﻴﺔ ﺒﻘطﺎع ﻏزة ،و ﻗد
اﺨﺘﻴرت اﻝﻤﺒﻴدات  Diuron, Carbaryl and Glyphosateﺒﺴﺒب طول ﻓﺘرة ﺘﺤﻠﻠﻬﺎ ﺒﺎﻝﺘرﺒﺔ و ﻤﻘﺎوﻤﺘﻬﺎ ﻝﻠﺘﻜﺴﻴر اﻝطﺒﻴﻌﻲ
ﺒﺎﻝﺒﻴﺌﺔ  ،ﻓﻘد ﺒﻠﻐت ﻓﺘرة اﻝﻤﻜوث ﺒﺎﻝﺘرﺒﺔ) (Half-lifeﻝﻤﺒﻴد  28-7 Diuronﻴوم ،و ﻝﻤﺒﻴد  72-4Carbarylﻴوم و ﻝﻤﺒﻴد
 197-2Glyphosateﻴوم.
ﻝدراﺴﺔ ﻤﻌدل اﻝﺘﻜﺴﻴر اﻝﺒﻴوﻜﻴﻤﻴﺎﺌﻲ ﻝﻠﻤﺒﻴدات اﻝﺜﻼﺜﺔ اﺴﺘﺨدﻤت دوارق ﺘﺤﺘوي ﻋﻠﻲ وﺴط ﺒﻴﺌﻲ ﻤﻨﺎﺴب ﻤﻀﺎﻓﺎ اﻝﻴﻪ ﺘرﻜﻴز
ﻤﺤدد ﻤن اﻝﻤﺒﻴد ﻝﻘﻴﺎس اﻝﻨﻤو اﻝﺒﻜﺘﻴري )اﻝﺘﻜﺴﻴر اﻝﺒﻴوﻜﻴﻤﻴﺎﺌﻲ ﻝﻠﻤﺒﻴد( ﻓﻲ درﺠﺔ ﺤ اررة  37درﺠﺔ ﻤﺌوﻴﺔ و ﻋﻠﻲ وﺴط ﻤﺘﺤرك.
ﻋﻠﻴﻪ ﺘم ﺠﻤﻊ  6ﻋﻴﻨﺎت ﺘرﺒﺔ ﺤﺴب ﺘوزﻴﻊ اﻝﺘرﺒﺔ ﺒﻘطﺎع ﻏزة و ﺘم ﻋزل  82ﻨوع ﻤن اﻝﺒﻜﺘﻴرﻴﺎ ﻤن ﻫذﻩ اﻝﻌﻴﻨﺎت و ﺘﺼﻨﻴﻔﻬﺎ
اﻝﻲ ﻤﺠﻤوﻋﺘﻴن ﺤﺴب ﻨﺘﻴﺠﺔ اﻝﺼﺒﺎﻏﺔ و ﻫﻤﺎ Gram Positive Bacteriaو  .Gram Negative Bacteriaﺜم زرﻋت
اﻝﺒﻜﺘﻴرﻴﺎ اﻝﻤﻌزوﻝﺔ ﻋﻠﻰ وﺴط ﺼﻠب ﻴﺘﻜون ﻤن  Minimal mediaو ) Agarﺒدون ﻤﺼدر ﻝﻠﻜرﺒون و اﻝﻨﻴﺘروﺠﻴن( و
اﻝﻤﺒﻴدات اﻝﺜﻼﺜﺔ اﻝﻤﺴﺘﺨدﻤﺔ ﺒﺎﻝﺒﺤث ﺒﻨﺴب 50, 100, 150, 200 ppmو وﻀﻌت ﺒﺎﻝﺤﺎﻓظﺔ ﻋﻠﻰ درﺠﺔ ﺤ اررﻩ  37درﺠﺔ
ﻤﺌوﻴﺔ ﻝﻤدة ﺜﻼث اﻴﺎم .ﻴوﻤﻴﺎ ﻜﺎﻨت ﺘﺘم ﻤﻼﺤظﻪ اﻝﻨﻤو اﻝﺒﻜﺘﻴري ﻋﻠﻲ اﻻطﺒﺎق و ﺘﺴﺠﻴﻠﻪ .و ﺼﻨف اﻝﻨﻤو اﻝﺒﻜﺘﻴري اﻝﻲ ﻨﻤو
واﻀﺢ ،ﻤﺘوﺴط و ﻨﻤو ﻀﻌﻴف .اﺨﺘﻴر  14ﻨوع ﻤن اﻝﺒﻜﺘﻴرﻴﺎ اﻝﻤﻌزوﻝﺔ ذات اﻝﻨﻤو اﻝواﻀﺢ و اﻝﺴرﻴﻊ ﻻﺴﺘﺨداﻤﻬﺎ ﻝدراﺴﺔ
اﻝﺘﻜﺴﻴر اﻝﺒﻴوﻜﻴﻤﻴﺎﺌﻲ ﻝﻠﻤﺒﻴدات اﻝﺜﻼﺜﺔ اﻝﻤﺨﺘﺎرة ﻓﻲ اﻝوﺴط اﻝﺴﺎﺌل.
ﺘم اﺨﺘﻴﺎر  3اﻨواع ﻤن اﻝﺒﻜﺘﻴرﻴﺎ اﻝﺘﻲ اظﻬرت ﻨﻤو واﻀﺢ و ﺴرﻴﻊ ﻝﺘﻜون ﻤﻤﺜﻠﺔ ﻋن اﻝﺒﻜﺘﻴرﻴﺎ ،اﺜﻨﺘﻴن ﻜﺎﻨت ﻤوﺠﺒﻪ ﻝﻠﺼﺒﺎﻏﺔ و
واﺤدﻩ ﺴﺎﻝﺒﺔ ،ﺤﻴث زرﻋت ﺒوﺴط ﺴﺎﺌل ) Minimal mediaﺒدون ﻤﺼدر ﻝﻠﻜرﺒون و اﻝﻨﻴﺘروﺠﻴن( ﻤﻀﺎﻓﺎ اﻝﻴﻪ اﻝﻤﺒﻴدات
اﻝﺜﻼﺜﺔ ﻝﺘﺴﺘﺨدﻤﻬﺎ ﻜﻤﺼدر ﻝﻠﻜرﺒون و اﻝﻨﻴﺘروﺠﻴن ﻝﻨﻤوﻫﺎ اﻝﺒﻜﺘﻴري )ﺘﻜﺴﻴر اﻝﻤﺒﻴد و ﺘﺤوﻴﻠﺔ اﻝﻲ ﻤرﻜب اﺨر( ﺒدوارق ﻤﻨﻔﺼﻠﺔ
ﻜل ﻋﻠﻰ ﺤدﻩ و ﺤﻔظت ﻓﻲ  Shaker incubatorﺒﺴرﻋﺔ  rpm 220و درﺠﺔ ﺤ اررﻩ  37درﺠﺔ ﻤﺌوﻴﺔ.
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ﺒواﺴطﺔ ﺠﻬﺎز  UV-Spectrophotometerﻜﺎﻨت ﺘؤﺨذ اﻝﻘﻴﺎﺴﺎت ﻴوﻤﻴﺎ ﺤﻴث ﺘم رﺼد اﻝﻨﻤو اﻝﺒﻜﺘﻴري ﻋﻨد طول ﻤوﺠﻲ
 600 nmو ﻜﻤﺎ ﺘم رﺼد ﻤﺘﺒﻘﻴﺎت اﻝﻤﺒﻴدات اﻝﺜﻼﺜﺔ  Diuron, carbaryl, glyphosateﻋﻨد اﻷطوال اﻝﻤوﺠﻴﺔ ،210
 360و  250ﺒﺎﻝﺘرﺘﻴب.
ﻝﻤﺘﺎﺒﻌﺔ ﻋﻤﻠﻴﺔ اﻝﺘﻜﺴﻴر اﻝﺒﻴوﻝوﺠﻲ ﻝﻠﻤﺒﻴدات  ،ﺘم ﻋﻤل اﺴﺘﺨﻼص ﻝﻨوﻋﻴن ﻤن اﻝﻤﺒﻴدات ) (Diuron, carbarylﺒطرﻴﻘﺔ
 Solid Phase Extractionﺒواﺴطﺔ أﻨﺎﺒﻴب ذات اﻝطور اﻝﺼﻠب ) (C18وﻓﺼﻠﻬﻤﺎ ﺒﺎﺴﺘﺨدام ﺘﻘﻨﻴﺔ اﻝطﺒﻘﺔ اﻝرﻗﻴﻘﺔ ﻝﻠﺘﺤﻠﻴل
اﻝﻜروﻤﺎﺘوﻏراﻓﻲ ) (TLCو ﺘم ﺘﻤﺜﻴل اﻝﻨﺘﺎﺌﺞ ﺒﺎﺴﺘﺨدام ﺠﻬﺎز.Densitometer
و ﻗد أظﻬرت اﻝﻨﺘﺎﺌﺞ ﻨﺴﺒﺔ اﺴﺘﺨﻼص ﻋﺎﻝﻴﺔ ﻝﻠﻤﺒﻴدﻴن) .Diuron (96.20%) and carbarayl (92.60%و ﺘم ﺤﺴﺎب
ﻤﻌدل اﻻﻨﺤراف اﻝﻤﻌﻴﺎري ﻝﻠﻨﺘﺎﺌﺞ و اﻝذي ﻝم ﻴﺘﺠﺎوز  .%1ﻜﻤﺎ ﺘم ﻓﺼل ﻤﺘﺒﻘﻴﺎت اﻝﻤﺒﻴدات اﻝﻤﺴﺘﺨﻠﺼﺔ ﻋﻠﻲ اﻝطﺒﻘﺔ اﻝرﻗﻴﻘﺔ
) (TLCﺒﺎﺴﺘﺨدام ﺨﻠﻴط ﻤن ﻤذﻴﺒﺎت ) (Ethyl acetate: Hexaneﺒﻨﺴب ﺤﺠﻤﻴﻪ ) (3:2و اﺴﺘﺨداﻤﻪ ﻜطور ﻤﺘﺤرك.
أظﻬرت ﻨﺘﺎﺌﺞ اﻝﺘﻜﺴﻴر اﻝﺒﻴوﻜﻴﻤﻴﺎﺌﻲ ﻝﻠﻤﺒﻴدات اﻝﺜﻼﺜﺔ ﺒواﺴطﺔ اﻝﺒﻜﺘﻴرﻴﺎ ﺘﺒﺎﻴن وﻴﻤﻜن ﺘﻠﺨﻴص ﻨﺴﺒﺔ اﻝﺘﻜﺴﻴر ﻓﻲ اﻝﺠدول اﻝﺘﺎﻝﻲ:
The percentage of the biodegradation after 11 days of
growth
Diuron
Carbaryl
Glyphosate
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Bacteria Type

NO.

20

98.71

71.96

Bacillus coagulans

1

45.54

47.69

87.37

Corynebacterium kutseri

2

77.9

47.59

27.25

Morganella morganii or

3

TABAL OF CONTENTS
Abstract……………………………………………………………………….. V
Table of contents…………………………………………………………….
VII
List of Tables………………………………………………………………..... XI
List of Figures………………………………………………………………… XIII
List of Abbreviation………………………………………………………….. XVI
CHAPTER ONE : INTRODUCTION
1.1
Study area…………………………………………………………………
1.2
Pesticides in the Gaza Strip ……………………………………….............
1.3
Problem statement…………………………………………………………
1.3.1 Aim of the study………………………………………………………..…
CHAPTER TWO: LITERATURE REVIEW
Pesticides as miracle………………………………………………………..
2.1
2.2
2.3
2.4

2.5
2.6
2.7

Classification of pesticides…………………………………….………..…
The benefits of pesticides……………………………………………….…
Hazards and risk of using pesticides………………………………………
2.4.1 Direct impact on humans……………………………………….…
2.4.2 Impact through food commodities………………………………...
2.4.3
Impact on environment………………...………………………..
2.4.4
Surface water contamination……………...…………………….
2.4.5 Ground water contamination…………….......................................
2.4.6 Soil contamination………………………...………………………
2.4.7 Effect on soil fertility ( beneficial soil microorganism) ………….
Pesticides transport and fate………………………………………….........
pesticides degradation ……………………………………………….…….
2.6.1 Microbial degradation…………….…….………………………...
Information about studied pesticides………………………………..…..…
2.7.1 Diuron…………………………………………………………..…
2.7.1.1 Diuron physical and chemical properties…………..…
2.7.2.1 Diuron fate in soil……………………….…….………
2.7.2.2 Diuron risk assessment…………………….…………
2.7.2 Carbaryl…………………………………………………...............
2.7.2.1 Carbaryl physical and chemical properties…………….
2.7.2.2 Carbaryl fate in soil……………………………………
2.7.2.3 Carbaryl risk assessment……………………………….
2.7.3 Glyphosate ………………………………………..………………
2.7.3.1 Glyphosate physical and chemical properties………….
2.7.3.2 Glyphosate fate in soil……………………………….…
2.7.3.3 Glyphosate risk assessment…………….…………..…

1
2
2
4
4
5
6
8
9
10
11
11
12
12
12
12
13
13
13
14
14
14
15
15
16
16
17
17
17
18
18
18
19
VIII

2.8

Previous Literate…………………………………………………………..
2.8.1 Studies of biodegradation to different kind of pesticides………...
2.8.2 Previous biodegradation studies of the target pesticides…………
2.8.2.1 Biodegradation of diuron……………….……………..
2.8.2.2 Biodegradation of carbaryl……………………………
2.8.2.3 Biodegradation of glyphosate…………………………

19
19
26
26
27
28

CHAPTER THREE: MATERIALS AND MOTHEDS
3.1 Materials………………………………………………………………...……
3.1.1 Soil sampling ……………………………………………..….……..
3.1.2 Chemicals and advices……………………….…………………..…
3.2 Methods……………………………………………...…………….…………
3.2.1 physical parameters measurements………...…………….…………
3.3.1.1 pH of the soil samples………...…………….……………..
3.3.1.2 Moisture content of soil samples…………….……………
3.2.2 Microbiological method……...…………….………………………..
3.2.2.1 Bacterial extraction……...…………….…………………..
3.2.2.2 Bacterial purification……...…...…….……………………
3.2.2.3 Estimation of total bacterial number and sporulation titer..
3.2.2.4 Isolation a single bacterial colony………………………...
3.2.2.5 Characterization of bacteria……………………………….
3.2.2.5.1 Gram staining………………………………….
Biochemical Tests for identifying Gram
3.2.2.5.2
positive and Gram negative bacteria……….....
3.2.2.5.2.1
Spore forming……..…………..
3.2.2.5.2.2
Acid fast test…………………..
3.2.2.5.2.3
Starch hydrolysis………………
3.2.2.5.2.4
Methyl red test……………...…
3.2.2.5.2.5
Voges-Proskaure test……….…
3.2.2.5.2.6
Citrate utilization test………….
3.2.2.5.2.7
Nitrate reduction test………….
3.2.2.5.2.8
Indole test……………………..
3.2.2.5.2.9
Mobility test…………………...
3.2.2.5.2.10 Oxidase test……………………
3.2.2.5.2.11 Catalase test……………….…..
3.2.2.5.2.12 Urease test……………….….…
3.2.3
Pesticides degradation…………………………….………
Examination of biodegradation activity of
3.2.3.1
bacteria on agar media………………..………
Examination of biodegradation activity of
3.2.3.2
bacteria on liquid media……………………….
3.2.4 Chromatography methods…………………………………
Optimization of the Solid–Phase Extraction
3.2.4.1
(SPE) ……………………………………….…

30
33
33
35
40
40
40
40
40
40
41
41
42
43
44
44
44
44
45
45
45
45
46
46
47
47
47
47
48
47
48
48
49
IX

Optimization of the conditioning step…...……
Optimization of the washing phase……………
Optimization of the drying step……………….
Optimization of the elution………….………..
Optimization of the Thin Layer
Chromatography………………………………

49
50
50
50

CHAPTER FOUR: RESULTS
4.1 Physical results. ……………………………………..……….………………
4.1.1
Moisture content……………………………….…………………..
4.1.2
pH of the soil samples……………………………………………...
4.2 Microbiological results ………………………………………………………
Total bacterial count and sporulation (SPO) in 1 gram of soil
4.2.1
sample………………………………………………………………
4.2.2 Gram staining………………………………………………………
4.3 Biodegradation results …………………………………………………….
4.3.1
Biodegradation of studied pesticides on solid media………………
4.3.2
Identification of the 14 selected bacteria by biochemical tests…….
4.3.3
Degradation of selected pesticides in liquid media………………...
4.4 Chromatography results……………………………………………………...
4.4.1
Solid-phase extraction and chromatography……………………….
4.4.2
Thin layer Chromatographic analysis……………………………

53

56
63
63
66
71
75
75
75

CHAPTER FIVE: DISCUSSION
5.1 physical properties of the soils……………………………………….………
5.2 Bacterial Estimation in soil ………………………………...………..………
5.3 Microbial degradation of the tested pesticides………………...…..…………
5.4 Chromatography Discussion…………………………………………………

79
80
80
81
84

SUMMARY

85

RECOMMENDATIONS

88

REFERENCES
APPENDIX I
APPENDIX II
APPENDIX III

90

3.2.4.2
3.2.4.3
3.2.4.4
3.2.4.5
3.2.4.6

51

54
54
55
55
55

91
92
93

X

LISTE OF TABLES

CHAPTER ONE : INTRODUCTION
1.1

Imported quantities of pesticides into the Gaza Strip 2010 ……..…………

4

CHAPTER TWO: LITERATURE REVIEW
2.1

The major Non-chemical classes of pesticides and their target pest group…

9

CHAPTER THREE: MATERIAL AND METHODS
3.1
3.2

Soil type and geographical location of collected samples…………………
Composition and preparation of the chemicals…………….………………

28
30

CHAPTER FOUR: RESULTS
4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9
4.10
4.11
4.12
4.13
4.14
4.15
4.16
4.17
4.18
4.19

Moisture content of soil samples…………………………………………..
Measured pH of soil samples………………………………………………
Total bacterial count in tested soils………………………………………..
Bacterial Gram stain result from (Deir Al-Balah City)…………………….
Bacterial Gram stain result from (Khanyouns City)……………………….
Bacterial Gram stain result (The Eastern side of wady Gaza)……………..
Bacterial Gram stain result from (Al-Moghraqa)…………………………..
Bacterial Gram stain result from (Al-Zyton area)………………………….
Bacterial Gram stain result from (Tal Elhwa area)………………………...
Biodegradation of Diuron on solid media………………………………….
Biodegradation of Carbaryl on solid media……………………….………..
Biodegradation of Glyphosate on solid media…………………..………….
Result of Gram Positive rods bacteria tested……………………………….
The expected bacteria of Positive rods bacteria tested…………………….
Result of negative rods bacteria tested……………………………………..
The expected bacteria of negative rods bacteria tested……………………
The standard deviation, relative standard deviation and recoveries of
diuron…………………………………………………………………….....
The standard deviation, relative standard deviation and recoveries of
carbaryl……………………………………………………………………….
Comparative between the result of TLC and UV for remaining pesticides….

54
55
55
57
60
61
61
62
62
63
64
65
66
68
69
70
76
77
78

XI

LISTE OF FIGURES

CHAPTER ONE : INTRODUCTION
1.1

Gaza Strip map………………………………………………..……...

2

CHAPTER TWO: LITERATURE REVIEW
2.1
Chemical structure of diuron…………………………....…………..
2.2
Chemical structure of carbaryl………………………….…...……...
2.3
Chemical Structure of glyphosate…………………………….……..

15
16
18

CHAPTER THREE: MATERIALS AND METHODS
3.1
3.2
3.3
3.4
3.5
3.6
3.7

Photo during samples collection…………………………………….
Location of samples and soil types map…………………………….
Inoculation and sub-culturing of isolated bacteria………………….
Illustrate the isolation of bacteria to reach pure culture……………
Solid phase extraction unit………………………………………….
TLC developing…………………………………………….……….
Dual wavelength flying spot scanning densitometer……………….

33
34
42
43
49
51
52

CHAPTER FOUR: RESULTS
4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9
4.10
4.11
4.12
4.13
4.14
4.15
4.16
4.17
4.18

Soil samples………………………………………………………..…
Inoculation of single colony and pure culture…….……….……..….
Bacterial pure culture……………………………………….…….….
Biodegradation on solid media……………………………………....
Acid / Fast test under microscope…………………….………….…..
Starch test……………………………………………..………….…..
Catalase test…………………………………………….……….……
Citrate Test…………………………………………………………...
VP Test………………………………………………………….…....
Nitrate reduction test………………………………………………….
Oxidase Test……………………………………………………..…...
Lactose fermentation test………………………………………...…..
Indole test………………………………………………………….....
Degradation of three pesticides with bacteria 21 in liquid media (M9)
The remaining percentage of diuron at wave length 250 nm and the optical
density 600 for bacteria D27, 21, 26 …………………………………
The remaining percentage of carbaryl at wave length 360 nm and the optical
density 600 for bacteria D27, 21, 26 ………………………….………

54
56
56
66
67
67
67
67
68
68
69
69
70
71

The remaining percentage of glyphosate at wave length 210 nm and the optical
density 600 for bacteria D27, 21, 26 …………………………………...
Densitogram of remaining diuron pesticide on silica gel TLC
plate…………………………………………………………….…......

74

72
73

76
XII

4.19

Densitogram of remaining carbaryl pesticide on silica gel
plate…………………………………………………………………..

TLC

77

XIII

LIST OF ABBREVIATION
DDT
BHC
IMI
FOPs
LD50
PAN
USGS
KOC
KOW
DT50
TCV
PAHs
MSM
MIDI
MP
TCF
DCF
SPE
HPLC
AM
PNP
TLC
MBC
THF
COD
PCB
DMA
MCPA
NPK
OPS
MPN
EPA
Kpa
CFU
PBS
Rpm
SPO
OD600
SD
RSD
UV

Dichlorodiphenyle trichloroe
Benzene hexachloride
Imidazolinone
Aryloxyphenoxypropionate
Lethal Dose
Pesticide Action Network
United State Geological Survey
Soil Sorption Constant
Water Partition Coefficient
Half Life of pesticide in soil
Tetrachlorvinphos
Polycyclic Aromatic Hydrocarbons
Minerals Salt Medium
Microbial ID Inc.
Methyl Parathion
Tetrachlorvinphos
Dicofol
Solid Phase Extraction
High-performance liquid chromatography
Acrylamide
P-Nitrophoenol
Thin Layer Chromatography
Methyl-2-benzimimidazole carbamate
Tetrahydrofuran
Chemical Oxygen Demand
Polychloroinated biphenyl
Dimethyl-amine-salt
2-Methyl-4-Chlorophenoxy Acetic Acid
Nitrogen-Phosphorus-Potassium
Oil Plam Plantation Soil
Most Probable Number
Environmental Protection Agency
Kilopascal
Colony forming Unit
Phosphorus Buffer Saline
Round per minute
Sporulation
Optical Density at wave length 600 nm
Standard Deviation
Relative Standard Deviation
Ultra Violate

XIV

Chapter 1

Introduction
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1.1 Study area
The Gaza Strip is one of the most density population areas in the world (4138 people per
km2). For administrative purpose, the area has been divided into five regions: North,
Gaza, Middle, Khan Younis and Rafah (Figure 1). The studied area is part of coastal zone
in a transitional area between a temperate Mediterranean climate to the west, north and an
arid climate of the Negev and Sini deserts to the east and south. As a result, the Gaza
Strip has a characteristic semi-arid climate [1]. Two third of Gaza Governorate (378 km2)
is arable land with 1,000,000 Palestinian inhabitants living and working mostly in
agriculture sector [2].

Figure 1.1: Gaza Strip map
Source [3] : UN officer for coordination of Humanitarian Affairs.
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1.2

Pesticides in Gaza Strip

In this density populated area more than 250 ton of formulated pesticides, in addition to
900 ton of methyl bromide , are used annually for citrus, olives and grapes. Farmers
engaged in spraying dusting or handling pesticides are exposed to direct occupational
exposure hazard [1]. In a study of Palestinian farm workers in the Gaza Governors, 87.5
per cent reported symptoms associated with pesticide exposures such as burning skin and
eyes and chest symptom [2].
Pesticides are considered priority pollutants in the Gaza Strip and with the growing use of
greenhouse Palestinian agriculture is becoming increasingly dependent on chemical
pesticides and fertilizers. In the Gaza Strip, several reports have identified misuse of
pesticides by shop owners, farmers and agricultural workers [1]. The excessive
uncontrolled uses of chemicals for pest control and plant disease abatement have been a
major issue of land based on food production. Increased agricultural productivity in Gaza
Strip has been achieved through intensified use of arable land with massive application of
a variety of pesticides and fertilizer. The unsustainable pesticides use lead to many
speculations as increasing breast cancer in Gaza strip, and contamination of cow’s milk,
where tractors and backpack sprayers are the current method still used to apply pesticides
to orchards and greenhouses [2].
Epidemiological association between chronic exposure to pesticides and recorded cases
of human malignancy in Gaza Governorates during the years 1990-1999 was studied.
Total cases recorded in males were 2277 and 2458 cases in females during the years
1990-1999. Lung cancer, lymphomas, leukemia, cancers of the urinary bladder, prostate,
brain, colon, stomach and liver were the most abundant among males, while breast
cancer, leukemia, lymphomas, cancers of the brain, uterus, lung, thyroid gland and liver
were the most abundant in females [1].
The fate and impact of pesticides is likely to remain unknown in the public and farmer
eye, while the scientific community available is not experienced in predicting the relevant
studies due to lack of expertise, financial resource and technical tools. To this end, lack of
national regulation on pesticide use, prohibition of pesticides placing on the market and
use of plant protection containing certain active substance are outstanding environmental
issues. No official information is available on anecdotal reports of the sale of restricted
pesticides by Israel to the Palestinian national authority and other anecdotal reports that
Israeli farmers buy back cut-rate pesticides sold to Palestinian distributors, table 1.1 [4]
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Table 1.1: Imported quantities of pesticides into Gaza Strip 2010 *

Type of pesticides
Herbicide
Sterilization material
Insecticide
Fungicide
Rodents
Another elements
Hormone
Total

The quantity (kg)
18780
162400
144682
99630
685
54340
6302
486819

* Annual report of Palestinian agriculture ministry 2011[5].

1.3 Problem statement
The intensive and uncontrolled use of pesticides in the Gaza Strip is considered
a concerned problem and a source of soil contamination, which have enormous and
serious effect on soil fertility, food safety and human health.
Due to above described problem, it is very fruitful to reduce the negative impacts of the
uncontrolled usage of pesticides by finding some bacterial strains which have the ability
to degrade pesticides.

1.3.1 Aim of study
To determine the degradation rate of some pesticides used in agricultural soils in the
Gaza Strip by using specific isolated bacteria as follows:
1. Isolation and characterization of bacterial strains from different types of soil in
Gaza Strip to use them in the degradation estimation of specific pesticides.
2. Studying the biodegradation activity of the isolated bacterial strains; (the growth
of this bacteria using pesticides as sole of carbon and nitrogen source).
3. Determination of the biodegradation rate for the targeted pesticides by using UV
spectrophotometer. Also the remaining concentration will be chromatographically
measured using TLC after optimization of solid phase extraction conditions.
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Chapter 2

Literature Review
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2.1 Pesticides as a miracle.

Pesticides are the solution for every increasing need to increase quantity and quality of
agricultural products. Another beneficial aspect of the use of pesticides is its important
role as a suppressor of disease vectors and pests affecting the health and welfare of the
world. Due to the high consumer expectations and the ever increasing world population,
the uses of pesticides seem insurmountable. [6]
Pesticides have a negative effect beside their beneficial effect. Pesticides are chemicals
with harmful effects on both human beings and environment. Pesticides are substances
that are used to prevent, repel, mitigating or destroy pest's organisms (insects, fungi, and
weeds), the compete for food supply, adversely affect comfort, or endanger human
health. The term pesticide therefore has a very broad definition which embraces
herbicides, fungicides, insecticides, rodenticides, sterilize substance for soil, wood
preservatives and surface biocides among other, these chemicals are known to remain for
long periods of times in water, soil, air, and food [7].
Hundreds millions of people are exposed to pesticides every year, primarily agriculture
estimation: globally, 36 % of employed workers are employed in agriculture, that figure
rising to almost 50 % in South Asia and South-East Asia and the Pacific, and to 66 % in
Sub-Saharan Africa, and many more people are exposed indirectly through contamination
of food, water, household dust, spray drift, use on aircraft and in homes. True accurate
data about the effects of pesticides is not available [8].
Health hazards of pesticides noticed after they had begun to be used widely in
considerable amounts throughout the world. Due to the spread use of pesticides, health
problems become to be a public health issues; their production, sale and use to have
medico legal aspects [7]. These products are not safe: they can cause cancer, immune
suppression and other health problems [8].
Modern agriculture today is very much dependent on pesticides as the production of
crops in an economical scale is impossible without the use of pesticides. Although the
largest volume of pesticides is used in developed countries, the consumption is rapidly
growing in these countries. In addition to increase the total quantity used, farmers may
sometimes use higher concentrations, and/or increase application frequencies. In some
instances, cocktails of pesticides "mixtures of chemicals may interact to modify the
toxicity of the chemicals [9]" all of these are used to combat pesticide resistance by pests
[10].
World pesticide amount used approximately 2.3 million kilogram in both 2006 and 2007
[11]; roughly 85 % of this consumption was used to be in agriculture. About three
6

quarters and the majority of pesticides are used in developed countries, mostly in North
America, Western Europe, and Japan are herbicides, where high pesticide application
rates are common, which tend to have lower acute, or immediate toxicity than
insecticides. In most developing nations, the situation is reversed, and insecticide uses
predominates, with a correspondingly higher level of acute risk. Although the volume of
pesticides that developing countries use is small relative to that in developed countries, it
is nonetheless substantial is growing steadily [12]. Moreover, insecticides used in
developing countries are often of older ones which are no longer under patent protection
and cheaper than the newer [10].
Insecticides of choice in the developing world are often broad-spectrum compounds
belonging to the organophosphate and carbamate classes chemical families noted for their
acute toxicity. These products are popular and still proprietary pesticides increasingly
used in more developed countries. Organochlorine insecticides such as DDT, lindane, and
toxaphene are still widely used in the developing world, although their dangers to humans
and animals are well known. Many developed countries have banned or severely
restricted the most toxic of these compounds but continue to manufacture and sell them.
[12]
Crop losses occurring each year are mostly attributed to pests and diseases despite
pesticides being use. However, losses would be even higher and crop yield drastically
reduced if no pesticides are used. It is vital that pesticides should be used judiciously to
ensure agricultural sustainability, no potential health hazards to consumers or
contaminate the environment. [10]
Humans are exposed to pesticides (found in environmental media such as soil, water, air
and food) by different routes of exposure such as inhalation, ingestion and dermal
contact. Exposure to pesticides results in acute and chronic health problems. Pesticides
that used in agricultural tracts are released into the environment and come into human
contact directly or indirectly. Increasing incidence of cancer, chronic kidney diseases,
suppression of the immune system, sterility among males and females, endocrine
disorders, neurological and behavioral disorders, especially among children, have been
attributed to chronic pesticide poisoning [13]. Human health hazards are varying with the
extent of exposure. Moderate human health hazards from the misapplication of pesticides
include mild headaches, flu, skin rashes, blurred vision and other neurological disorders
were rare, severe human health hazards include paralysis, blindness and even death [14].
On March 9, 2005, a poisoning incident in Bohol, Philippines caused the death of 30
people and the hospitalization of more than 100 others. After eating a cassava snack,
most of the patients immediately experienced abdominal pains, dizziness, vomiting,
salivation, headaches, diarrhea, in-voluntary urination, convulsions and loss of
consciousness. Some had red blood cell cholinesterase levels were severely depressed in
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most patients. These are all symptoms of organophosphate or carbamate insecticide
poisoning, and it is suspected that the flour or coconut oil used in the cooking of the
cassava snacks was contaminated with carbaryl [8].
Pesticide pollution to the local environment also affects the lives of birds, wildlife,
domestic animals, fish and livestock. The use of un-prescribed pesticides in inappropriate
doses is not only disturbing the soil conditions but is also destroying the healthy pool of
bio-control agents that normally co-exist with the vegetation [14].

2.2 Classifications of pesticides
Pesticides may be classified in different ways based on physical state, target species,
purpose of application, or chemical nature. The most common pesticides identification as
target species are herbicides, insecticides, fungicides or rodenticides depending on
whether they are designed to kill plants, insects, fungi or rodents respectively.
Classification according to chemical nature, most synthetic chemical pesticides used
since 1945 fall into the 4 categories: chlorinated organics, organophosphates, carbamates,
and pyrethroids.
Chlorinated organic consists of Cl atoms attached to organic moieties and have
persistence character in soil, organochlorine pesticides tend to be associated with
biomagnification and food chain transfer problems. Some, such as DDT and toxaphene,
are highly toxic to fish. Some are also highly toxicity to birds. DDT has been banned or
its use greatly restricted in most world because of their persistence in the environment,
damage to animal population, and ability to bioaccumulate in animal fat. Both
microorganisms and animals find them difficult to degrade. Direct sunlight can destroy
them, but they are often trapped in sediments or other locations without sun exposure.
Organophosphorus pesticides consist of one or more phosphate group which attached to
an organic moiety, like malathion and parathion. Organophosphorus pesticides are much
less stable than organochlorine compounds, therefore their use is not associated with
biomagnification and food chain transfer problems. Organophosphate pesticides have the
potential to pass across the skin, greatly increasing the danger to pesticides application.
Most acute human pesticides poisonings are caused by organophosphate pesticides.
Another concern centering on organophosphate use is their water solubility, which allows
them to run off into water bodies or percolate down into groundwater.
Carbamate pesticides derivatives of carbamic acid NH2CO2H. Carbamates are
biodegradable. They are not particularly toxic to fish, but they are highly toxic to bird's
bees.
8

Pyrethroid is synthetic relatives of natural pyrethrin esters which obtained from
chrysanthemum flowers. The rapid and selective insecticides action of the natural
pyrethrins combined with their high cost stimulated an effort to develop synthetic
derivatives [15].
Table 2.1: The major Non-chemical classes of pesticides and their target pest group *

Type of Pesticide
Acaricide
Antimicrobial
Attractant
Avicide
Herbicide
Fungicide
Insecticide
Molluscicide
Nematicide
Piscicide
Predacide
Repellent
Rodenticide
Synergist
[

[

[

Target Pest Group
Mites, ticks, spiders
Bacteria, viruses, other microbes
Attracts pests for monitoring or killing
Birds
Weeds
Fungi
Insects
Snails and slugs
Nematodes
Fish
Vertebrate predators
Repels pests
Rodents
Improves performance of another pesticide
[[

[

[

[

[

[

[

[

* Annual report of Palestinian ministry of agriculture 2011. [5]

2.3 The benefits of pesticides.
Pesticides are used to manage and protects our food quality and quantity by reduce the
agricultural loss, improving our life quality, improve the nutritional value of food and
sometimes its safety [16]. In this way, pesticides are a tool to deliver food security.
Pesticides are used in stored products can prolong the viable life of the products and
prevent huge post-harvest loss by pests and diseases [17].
There are various primary and secondary benefits of using pesticides.
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The primary benefits of using pesticides:
1. Controlling agricultural pests (including diseases and weeds) and vectors of plant
disease.
2. Controlling human, livestock disease vectors and nuisance organisms.
3. Preventing or controlling organisms that harm other human activities and
structures. [16]
The secondary benefits of using pesticides:
These are the less immediate or less obvious or longer term benefits that result from the
primary benefits. There are some of the indirect benefits of pesticides [18]:
1. Improvement of nutrition and health.
2. Improvement of yields quantity and quality.
3. Food safety and security.
4. Increasing in yields life expectancy.
5. Reducing maintenance and treatment costs.
6. Increasing the national agricultural economy.
7. Increasing the export revenues.
8. Reduced soil erosion and moisture loss.
9. Reducing the migration to the cities.
10. Less international disease spread.
11. Biodiversity conserved.
12. Less pressure on uncropped land.
13. Reducing the unrest and famine in the world.

2.4 Hazards and risk of using pesticides
Benefits of pesticides are usually measured in economic terms as the food production is
increasing, whereas risks are measured in terms of human and environmental health.
Most pesticide active substances are hazardous. They have been designed to control
living organisms. Use of pesticides, therefore involves theoretical risks to both those who
apply them and to those who consume treated products [9]. The harmful effects; they can
cause injury to human health as well as to the environment, the health effects includes
acute and persistent injury to the nervous system, lung damage, injury to the reproductive
organs, and dysfunction of the immune and endocrine systems, birth defects, and cancer
[19]. To identify potential risks associated with use of pesticide, we must understand how
risk is determined, what factors control the potential for risk [18]. To help us understand
and determine the acute toxicity of a substance, scientists use a measure termed the
LD50, which is the Lethal Dose needed to kill 50 percent of laboratory test animals
(usually measured as milligrams of poison per kilogram body weight) [19].
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Pesticides are persistent and found for long time in nature, these chemicals remain in
soils and sediments where they can enter the food chain directly or percolate down to the
water aquifer. Once in the groundwater, these pollutants can enter drinking water wells
and cause health problems. These chemicals are also subject to long range atmospheric
transport. One of the primary concerns is the ability of these chemicals to bioaccumulate
within the adipose tissue of animals. Indirect accumulation or biomagnification in higher
trophic level organisms, such as mammals, may cause health problems over time because
of the increasing levels of toxic compounds within the body [20]. Each ten years,
thousands of farmers, especially in developing countries, are affected by exposure to
pesticides. Recent estimates quoted by Food and Agricultural Organization (2000) show
that approximately three million people are poisoned and 200,000 die from pesticide
poisoning every year, where the largest numbers of dead are in developing countries [21].

2.4.1 Direct impact on humans
There is now overwhelming evidence that some of these chemicals do pose a potential
risk to humans and other life forms and unwanted side effects to the environment. No
segment of the population is completely protected against exposure to pesticides and the
potentially serious health effects, even outside the workplace [22]. The worldwide death
and chronic diseases and cancer due to pesticide poisoning are about 1 million per year.
The high risk groups exposed to pesticides include production workers, formulators,
sprayers, mixers, loaders and agricultural farm workers. During manufacture and
formulation, the possibility of hazards may be higher because the processes involved are
not free risk [23].

2.4.2 Impact through food commodities
Pesticides increase the food production and quality, but this food becomes dangerous
source to human being, because of the high level of pesticides residue in this food. This
prompted the special committee on harmful effects of pesticides and its problem, many
studies and researches investigate the effects of pesticides on the cropped food and
resulted in that lettuce was the crop with the highest number of positive results, with
residue levels exceeding the pesticide more frequently than in any of the other crops. For
example in India over 100 people died after consuming wheat flour contaminated with
parathion. [23]
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2.4.3 Impact on environment
Pesticides can contaminate soil, water, turf, and other vegetation. In addition to killing
insects or weeds, pesticides can be toxic to a host of other organisms including birds, fish,
beneficial insects, and non-target plants. Insecticides are generally the most acutely toxic
class of pesticides, but herbicides can also pose risks to non-target organisms. [24]

2.4.4 Surface water contamination
Pesticides can reach surface of water through runoff from treated plants and soil.
Contamination of water by pesticides is widespread. The results of comprehensive studies
done by the United State Geological Survey (USGS) on major river basins across the
country in the early to mid-90s yielded startling results. More than 90 percent of water
and fish samples from all streams contained one, or more often, several pesticides.
Pesticides were found in all samples from major rivers with mixed agricultural and urban
land use influences and 99 percent of samples of urban streams. The USGS also found
that concentrations of insecticides in urban streams commonly exceeded guidelines for
protection of aquatic life [24].

2.4.5 Ground water contamination
Groundwater pollution due to pesticides is a worldwide problem. According to the
USGS, at least 143 different pesticides have been found in ground water. Over the past
two decades, detection has been found in the ground water of more than 43 states [20].
During one survey in India, 58% of drinking water samples drawn from various hand
pumps and wells around Bhopal were contaminated with Organochlorine pesticides [24].

2.4.6 Soil contamination
Persistency and movement of pesticides are determined by some parameters, such as
water solubility, soil sorption constant, the octanol water partition coefficient, and halflife in soil. Pesticides could be grouped into: Hydrophobic, persistent, and
bioaccumulable pesticides that are strongly bound to soil. The pesticides are retained by
soils to different degrees, depending on the interactions between soil and pesticide
properties. The most influential soil characteristic is the organic matter content, which
made a great adsorption of pesticides. Soil pH is also some of importance. Adsorption
increases with decreasing soil pH for ionizable pesticides [23].
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2.4.7 Effect on soil fertility (beneficial soil microorganisms)
Heavy treatment of soil with pesticides can cause populations of beneficial soil
microorganisms to decline. According to the soil scientist Dr. Elaine Ingham, “If we lose
both bacteria and fungi, then the soil degrades. Overuse of chemical fertilizers and
pesticides have effects on the soil organisms that are similar to human overuse of
antibiotics. Indiscriminate use of chemicals might work for a few years, but after a while,
there aren’t enough beneficial soil organisms to hold onto the nutrients”. For example,
plants depend on a variety of soil microorganisms to transform atmospheric nitrogen into
nitrates, which plants can use [25].
Can be summarized the negative effects of using pesticides in the following points:
1.
2.
3.
4.
5.
6.

Damage to agricultural land, land, fisheries, fauna, and flora.
Reduce the agriculture productivity and sustainability.
Increasing the virulence of many species of agricultural pests.
Increased mortality and morbidity of humans due to exposure to pesticides.
Health treatment running cost.
Cancer and damage to the immune system.

2.5 Pesticide transport and fate
The transport and fate of pesticides are influenced by many interactive processes, such as
volatilization, leaching, sorption, chemical and biological degradation. Environmental
factors, properties of soils and persistency of pesticides can greatly influence the
degradation, leaching and adsorption of pesticides in soil. For example pesticides in the
humid tropics, dissipation of pesticides in soils is likely to be rapid due to faster a biotic
and microbial degradation caused by higher temperature, favorable soil moisture contents
and higher volatilization. However, intense and high rainfall may cause severe leaching
to the subsoil's [10].

2.6 Pesticides degradation
Scientist of chemistry and biology developed and used different method to degraded
pesticides that used in control and resistance agriculture diseases to avoid it's
accumulative in environment and its impact on health, there are 10 methods to degrade
and treat the pesticides; Electrochemical [26], ozonation [27], ultra violet and H2O2
treatment [28], solar light [29], ultrasound wave [30] microwave decomposition [31],
photodegradation [32], photocatalytic ozonation [33], Combining between
electrochemical and biological [34], and biological method by using microorganism [35].
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2.6.1 Microbial degradation
Pesticide microbial degradation is a key process attenuating pesticide fate in the
environment [36], this fate is largely predicated on their metabolism by microbes.
Biodegradation studies typically focus on questions of how and how fast chemicals are
biodegraded [37]. Pesticides in soil can be degraded by biotic and abiotic pathways;
however biodegradation by microorganisms is the primary mechanism of pesticide
breakdown and detoxification in many soils [38]. Thus microbes may prevent the
accumulation of these chemicals, and have a major effect on the persistence of most
pesticides in soil [39]. Microbial biodegradation of pesticides is determined by two main
factors, the first relates to microbial consortium, the optimum condition for their survival
and activity while the second relates to the chemical structure of the pesticides
(Molecular weight, functional groups, concentration, toxicity and chemical structure),
factors related to microorganisms including the presence and number of appropriate
microorganisms, the contact between microorganisms and the pesticides, pH,
temperature, salinity, nutrients, light quality and intensity, available water, oxygen
tension and redox potential, surface binding, presence of alternative carbon substrates and
alternative electron acceptors [40]. Microbial biodegradation often involves batch
enrichment cultures using the compound of interest as a substrate, followed by isolation
of pure culture, to grow on pesticide as a sole source of carbon and energy [40], this
process results in complete degradation of pesticide [41]. Notice, when pesticides are
degraded too rapidly, pest control may be less effective [42].

2.7 Information about the tested pesticides

2.7.1 Diuron
The chemical name for diuron is N-(3,4-dichlorophenyl)-N, N-dimethylurea
(C9H10Cl2N2O) [43]. Diuron is a substituted urea herbicide used for the control of wide
variety of annual and perennial broad leaved, weed, grass, and brush on both crop and
non-crop sites. The mechanism of herbicidal action is inhibition of photosynthesis, which
in turn causes plants to stop growing. It also inhibits seed germination [44]. Diuron is
often used in combination of other herbicides such as bromacil, hexazinone, paraquat,
thiadiazuron, imazapyr, monosodium, sodium chlorate, sodium metaborate, and copper
sulfate [43]. Diuron has slight toxicity if individuals accidentally eat, touch, or inhale
residues. Diuron is moderately irritating to the eyes and slightly irritating to the skin. It is
not sensitizer.
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Figure 2.1 : Chemical structure of diuron.

2.7.1.1 Diuron physical and chemical properties
Diuron is white, crystalline, odorless solid, with melting point 158 °C, water solubility 42
ppm at 25 °C and vapor pressure 2 x 10 -7. Diuron is stable in neutral media at normal
temperatures, and is hydrolyzed by acid and alkalis. It is stable towards oxidation and
moisture under normal conditions and decomposes at 180-190 °C. Diuron is moderately
to highly persistent in soils. The commonly reported average filed dissipation half-life is
90 days, although such half-lives are typically highly variable [44].

2.7.1.2 Diuron fat in soil
The half-life of diuron (is the time required for half of the compound to degrade) in soil
ranges from 30 to 365 days with typical time of 90 days, diuron is moderately mobile,
and minor residues have been found in groundwater. Microbes break down diuron in
water; the breakdown products are less mobile. Diuron easily moves into the roots of
plants but has less movement through the leaves and stems [43].
Diuron is easily taken up from soil solution by the root system of plants and rapidly
translocated into stems and leaves by the transpiration system, moving primarily via the
xylem. Diuron primarily functions by inhibiting the hill reaction in photosynthesis,
limiting the production of high energy compounds such as adenosine triphosphate used
for various metabolic processes [42].
Phytotoxic residues generally dissipate within a season when applied at low selective
rates. At higher application rates, residues may persist for more than one year. Microbial
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degradation is primary means of diuron dissipation from soil. Diuron is mobile in soil,
similar to many other pesticides; diuron is highly correlated with organic matter.
Consequently leaching is greatest in low permeability to water, such as in coarse soils
[43].

2.7.1.3 Diuron risk assessment
Chronic toxicity: Diuron causes slight anemia, enlarged spleen, bone marrow changes,
and abnormal blood pigments when fed to rats for 2 years at moderate doses. Diuron
causes abnormal blood pigments, blood parameter changes, and increased spleen weights
when fed to dogs in moderate’s doses for 2 years. It causes decreases in body weight
gain, increase in organ weights, increased pigments in the kidneys, changes in liver and
urinary bladder cells, and change in blood cell counts when fed to mice in high doses.
Diuron is slightly toxic to mammals. The acute LD50 for rats fed diuron range from
1,017 to 3,750 milligrams per kilogram (mg/kg). diuron toxicity is associated with
depression of the nervous system [44].

2.7.2 Carbaryl
Carbaryl is the common name for a chemical known as 1-naphthyl methylcarbamate
(C12H11NO2), belongs to a family of chemicals that kill or control a wide variety of
insects, pests, including moths, beetles, cockroaches, ants, ticks, and mosquitoes known
as carbamates.[45]

Figure 2.2 : Chemical structure of carbaryl
Carbaryl is one of the most frequently used carbamate insecticides and Major uses
include insect control on lawns, home gardens, citrus, fruit, forage and field crops,
forests, nuts, ornamentals, rangeland, turf, shade trees, poultry and pets. Agricultural
crops with the greatest annual use of carbaryl include apples, pecans, grapes, alfalfa,
oranges, and corn [46]
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2.7.2.1 Carbaryl physical and chemical properties
Carbaryl is a solid that varies from colorless to white or gray, depending on the purity of
the compound. The crystals are odorless. Carbaryl is stable to heat, light, and acids.
Carbaryl melting point 142 ̊C and vapor pressure 0.041 mPa at 23.5 ̊C. Carbaryl is
moderately soluble in water (120 mg/l at 20 ̊C) and its solubility increase with increasing
temperature and amount of organic solvent. It is not stable under alkaline conditions. It is
noncorrosive to metals, packaging materials, and application equipment [47].
2.7.2.2 Carbaryl fat in soil
Overall, carbaryl is not persistent in soil. It can be degraded through hydrolysis,
photolysis as well as by microorganisms. Microbes play a significant role in the
degradation of carbaryl in soil. Quite a few bacteria can use carbaryl as their sole source
of carbon and nitrogen [48].
2.7.2.3 Carbaryl risk assessment
Carbaryl disrupts an insect’s nervous system and may be toxic if touched or eaten. The
effects of carbaryl on human health and the environment depend on how much carbaryl is
present and the length and frequency of exposure. Effects also depend on the health of a
person and/or certain environmental factors. The early symptoms on human associated
with carbaryl exposure may include headache, muscle weakness, nausea, stomach
cramps, sweating, and restlessness. [47]
Greater exposures to carbaryl may lead to pin-point pupils, tearing, excessive salivation,
nasal discharge, vomiting, diarrhea, muscle twitching, and coordination problems. Severe
poisonings can result in convulsions, coma, and death. [48]
A blood test may be able to document a carbaryl poisoning if administered immediately
after exposure. However, too much time between exposure and testing can change the
results. The EPA considers carbaryl “likely to be carcinogenic in humans”. [47]
Carbaryl is rapidly broken down by the liver through the urine. The presence of certain
chemicals in the urine may indicate an exposure has occurred.
Broken down of Carbaryl in soil depending upon conditions, carbaryl has low persistence
in soil. Degradation of carbayl in soil is mostly due to sunlight and bacterial action. It is
bound by organic matter and can be transported in soil runoff [48]. Carbaryl has a halflife ranging from 4 to 72 days in soil [47]. Carbaryl breaks down faster in sandy loam soil
7-14 days [48], and 14-28 days in clay loam soil, flooded, or well aerated soils [45]
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2.7.3 Glyphosate
The chemical formula of glyphosate is N-(phosphonomethyl) glycine C3H8NO5P.
Glyphosate is applied to foliage. It is absorbed by leaves and rapidly moves through the
plant[49]. Glyphosate is non-selective, systemic herbicide that can control and kills or
suppresses many grasses, forbs, vines, shrubs, most annual and perennial plant. It
controls weeds by inhibiting the synthesis of aromatic amino acids necessary for protein
formation in susceptible plants, stops growing and dies [50].

Figure 2.3: Chemical structure of glyphosate

2.7.3.1 Glyphosate physical and chemical properties
Pure glyphosate is a colorless, odorless, crystalline solid with a melting point of 185 ºC
and decomposes at 187 ºC producing toxic fumes including nitrogen oxides and
phosphorus oxides. Solutions of the glyphosate salts are corrosive to iron or galvanized
steel. Pure glyphosate is slightly soluble in water (12 g/liter at 25 ºC), and is practically
insoluble in most organic solvents. The alkali-metal and amine salts are readily soluble in
water. Glyphosate formulations are stable for extended periods below 60 ºC [51].

2.7.3.2 Glyphosate fat in soil
Glyphosate is strongly adsorbed to soil particles, which prevents it from excessive
leaching or from being taken-up from the soil by non-target plants. It is degraded
primarily by microbial metabolism, but strong adsorption to soil can inhibit microbial
metabolism and slow degradation [52]. Glyphosate remains unchanged in the soil for
varying lengths of time, depending on the soil texture and organic matter content [49].
Photo and chemical degradation are not significant in the dissipation of glyphosate from
soil [52]. The half-life of glyphosate in soil can range from 3 to 249 days [49], but
averages two months. Glyphosate by itself is of relatively low toxicity to birds, mammals,
and fish [52].
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2.7.3.3 Glyphosate risk assessment
Low risk of general health effects, and moderate to high risk of reproductive health
effects for people who receive multiple exposures. Acute toxicity: most incidents
reported in humans have involved skin or eye irritation, nausea and dizziness have also
been reported after exposure [49]. People who breathed in spray mist from products
containing glyphosate felt irritation in their nose and throat. Swallowing products with
glyphosate can cause increased saliva, burns in the mouth and throat, vomiting, and
diarrhea. Pets may be at risk if they touch or eat plants that are still wet with spray from
products containing glyphosate. Animals exposed to products with glyphosate may drool,
vomit, have diarrhea, lose their appetite, or seem sleepy [50].

2.8 previous literatures
Many studies have been conducted to follow the pesticides pollution. These studies
included different methods for pesticides degradation. In this section previous literature
reviews will be concentrate, which cover the biological degradation of different kind of
pesticides.
2.8.1 Studies of biodegradation to different kind of pesticides
Weng Y., et al studied the in situ degradation of phenol and promotion of plant growth in
contaminated environments by single Pseudomonas aeruginosa strain, identified by
biochemical test and by comparison of 16s rDNA sequences, results showed that
inoculation of the single strain for 15 days in phenol spiked soil resulted in growth
promotion and situ phenol degradation. The strain was found to stimulate corn growth
and reduce phenol concentration [53].
Ghosha P., et al studied the degradation of methyl parathion by the bacterial soil culture.
Pseudomonas and Fransicella were isolated from soil, and used to degrade 2 ppm of
methyl parathion in minimal, they concluded that methyl parathion was effectively
degraded by bacterial soil [54].
Ortiz M. and Enrique S., studied the biodegradation of the organophosphate pesticide
tetrachlorvinphos (TCV) by 6 pure strain of bacteria; Stenotrophomonas malthophilia,
Proteus vulgaris, Metschinkouil, Serrati a ficaria, Serratia spp, and Yersinia
enterocolitica, in mineral medium which all other strain remove it in rich medium by
using TCV as a carbon source for its growth [38].
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Jayabarath, et al studied the biodegradation of carbfouran by 319 species of saline soil
Actinomycete, only 7 species of actinomycete show ability to resist and degraded 69.85%
of the carbfouran [55].
Mohite, et al studied the isolation and characterization of phenol degrading bacterial
from oil contaminated soil. Aerobic bacteria isolated from soil contaminated with
xenobiotic compounds using enrichment technique containing phenol as sole source of
carbon and energy was isolated in pure culture and selected for their ability to degrade
phenol. The soil bacterium was identified as Streptococcus epidermis coded as (OCS-B).
The selected microbial strain was able to degrade phenol up to 200 mg\l which was also
confirmed by HPLC analysis and so can be effectively used for bioremediation of phenol
contaminated sites. The isolates were identified based on morphological observation and
biochemical characterization, the test involved were gram staining analysis, and gelatins
production, citrate utilization, indole test [56].
Liang, et al studied the biodegradation of fomesafen by strain Lysinibacillus sp. 2B-1
isolated from contaminated agriculture soil and identified as Lysimibacillus sp. Based on
the comparative analysis of 16s rRNA, the strain could utilize fomesafen as the sole
carbon source for growth, the total degradation rate was 81.32% after 7 days of
incubation in mineral salts medium[57].
Li, et al studied the biodegradation of the low concentration of polycyclic aromatic
hydrocarbons (PAHs) in soil, by adding isolated microbial consortium (5 fungal and 3
bacterial) to 3 types of soil; sterile, non-sterile soils , and in situ " natural " microbes in
non-sterile. The fungi in sterile and non-sterile soils grew rapidly 0-4 days, during the
incubation and then reached a relative equilibrium, fungi in situ "natural" soil grew
rapidly during the incubation 0-2 days, and then reached a relative equilibrium. Bacterial
strain in sterile and non-sterile soil grew slowly during the incubation 64 days. After 64
days of incubation (PAHs) biodegradation were 35% for the sterile, 40.7% for non-sterile
and 41.3 % for the in situ soil [58].
Anwar, et al studied the biodegradation of chlorpyrifos and its hydrolysis product 3,5,6trichloro-2-pyridinol by Bacillus pumilus strain C2A1, which identified according to
morphological, physiological characteristic, biochemical test and 16S rRNA sequences.
The bacterial strain was highly effective in degrading chlorpyrfos, were it examined
under different culture condition like PH, inoculation density, presence of added carbon
nutrient source and pesticide concentration. Maximum degradation was observed at high
PH 8.5 and high inoculation density when chlorpyrifos was used as sole source of carbon
and energy. The strain C2A1 showed 90% degradation of chlorpyrifos with 8 days of
incubation [59].
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Goswami, et al studied the biodegradation of ά and β endodulfan by Aspergillus sydoni.
Fungi both in broth culture as well as soil microcosm fungal strain were isolated from
soil and growth in czapek dox medium. The strain which utilized endosulfan and showed
maximum growth was selected. Maximum degradation capability in shake flask culture
was show by Aspergillus sydoni which degraded 95% of the endosulfan ά and 97% of β
endodulfan in 18 days of incubation [60].
Mwangi, et al studied the biodegradation of the dichlorodiphenyletrichloroethane (DDT)
by bacterial isolated from cultivated and uncultivated soil. They studied it by soil
microorganisms, through enrichment and isolation DDT biodegradation from soil without
a history of prior exposure to DDT. Microorganisms from cultivated and uncultivated soil
grew in mineral media with 100ppm DDT, as the only carbon source. 6 isolated bacteria
coded 101, 102, 103, 104, 105, 110 degraded DDT. The degradation by the mixed 6
bacterial strain was higher 82.63% than that of any individual isolates whose range was
28.48-58.08%. The identity of the isolates was determined through biochemical,
morphological, physiological, and molecular techniques. Isolate 101 was member of the
genus Bacillus, isolate 102 and 110 belonged to the genus Staphylococcus while isolates
103, 104 and 105 clustered with members of genus Stenotrophomoas, the 6 bacterial
strains were incubated for 31 days at 30 ○C [61].
Cycon, et al studied the biodegradation of the organophosphorus insecticide diazinon by
Serratia sp. and Pseudomonas sp. and their use in bioremediation of contaminated soil.
An enrichment culture technique was used for the isolation of bacteria responsible for
biodegradation of diazion on in soil. 3 bacterial strain were screened and identified by
MIDI- fame profiling as Serratia liquefaciens, Serratia masrcescens and Pseudomonas
sp. All isolates were able to grow in mineral salt medium (MSM) supplemented with
diazinon 50 mg/l as sole carbon source and within 14 days 80-92% of the initial dose of
insecticide was degraded by the isolates and their consortium. The degradation of the
diazinon was accelerated when MSM was supplemented with glucose [62].
Malghani, et al studied the isolation and identification of profenofos degradation
bacteria. An enrichment culture technique was used to isolate bacterial strains responsible
for the biodegradation for profenofos in soil. 2 pure bacterial culture named W and Y
were isolated and subsequently characterized by sequencing of 16s rRNA genes and
biochemical test. Isolates W show 96% similarity to the Pseudomonas putida, Y which
shows 99% similarity to the Burkholderia gladioll, both strains grew well at pH 5.5-7.2
with a broad temperature profile ranging 28-36 ○ C. Biodegradation of profenofos
contaminated soil was examined using soil treated with 200 mg/g, profenofos resulted in
higher degradation rate than control soils without inoculation. In mineral salt medium
(MSM), reduction in profenofos concentration was 90% within 4 days of incubation [63].
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Ocampo, et al studied the removal of two organophosphate pesticides by bacterial
consortium immobilized in alginate or tezontle. In order to remove methyl parathion
(MP) and tetrachlorvinphos (TCF), bacterial consortium was immobilized with 2
supports consisting of alginate beads or stones of tezontle colonized by biofilm. Removal
kinetics were recorded for suspended and immobilized consortium using mineral salt
medium supplemented with MP and TCF at 25 mg/l and with 0.1% glucose as co cosubstrata. The viability of the consortium cultivated in suspension was maintained for 6
days, whereas the viability of the consortium immobilized in alginate and tezontle
supports was maintained for up to 11-13 days. Respectively growth was enhanced when
using glucose as co-substrata. The percentage of MP removed was significantly higher
0.05 when consortium was immobilized in alginate beads and biofilm on tezontle as
compared to suspension culture. Strain used in the experiment identified as
Flavobacterium and its removal rate of MP and TCF was 8-45% [64].
Xu, et al studied the biodegradation of pyrazosulfuron-ethyl by 3 strains of bacteria, 2
species of pseudomonas sp. (D61, D66) and Bacillus sp. (D713) identified according to
the sequence analysis of 16S rRNA gene, isolated from contaminated soil. The effects of
pesticide concentration, pH and temperature on biodegradation were examined. At low
concentration 100 mg/l of pyrazosulfuran ethyl was completely degraded by
Pseudomonas sp. (D61) after 2 days and by Pseudomonas sp. (D66) after 5 days. At
concentration of 90 mg/l pyrazosulfuron ethyl can be completely degraded by
Pseudomonas sp. D66 and D61 after 12 days, more than 85.9% degradation rate was
observed with Bacillus sp. D713 after 12 days [65].
Sarkar, et al studied the degradation of dicofol pesticide by 13 stains of Pseudomonas, 2
stain of the thirteen P9, P13 tolerant the dicofol and degraded it up to 70% in the presence
of glucose [66].
Osman, et al studied the biodegradation of kinetic of dicofol (DCF) by 7 species of
bacteria, in liquid culture media. The recovered amount of DCF was extracted based on
the solid phase extraction (SPE) with methylene chloride and then analyzed by HPLC,
about 26- 33% of DCF degradation was observed after 3 days of incubation which
increase to 61-80%, 74-85%, 77-87% and 75-95% after 7, 14, 21 and 28 days of
incubation [67].
Prabu, et al studied the biodegradation of acrylamide employing free and imonobilized
cell of Pseudomonas aeruginosa. The Pseudomonas aeruginosa bacteria was isolated
from soil contaminated with acrylamide (AM), the bacterium degraded 1-2 % of Am
effectively with releases of 7 mg ammonia. The growth medium containing 15% of AM
as a sole source of carbon and nitrogen [68].
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Li, et al studied the biodegradation of aged polycyclic aromatic hydrocarbons (PAHs) by
microbial consortia in soil and slurry phase. 3 microbial consortia; bacteria, fungi and
bacteria fungi complex were isolated from aged oil contaminated soil used to degrade 16
polycyclic aromatic hydrocarbons (PAHs) 15.72 mg/kg in soil and slurry phase. The
highest PAHs removal was found in soil 50.1% and slurry 55.4% inoculated with fungi.
Biodegradation in slurry was lower for bacteria and bacteria fungi complex. The highest
degradation of individual PAHs (Athracene, Fluoran Thene, and Benz Anthrance)
appeared in soil 45.9-75.5%, 62-83.7%, 64.5-84.1% respectively, and slurry 46-75.8%,
50.2-86.1%, and 53.2-85.7% respectively. Incubation of microbial consortia was in 40%
abiosalt medium in dark room temperature for 30 days [69].
Qin, et al studied the biodegradation of p-nitrophenol by methyl parathion depredating
Ochrobactrum sp. B2. The bacteria used to degraded p-nitrophenol (PNP) and as carbon
and energy source, all effective factor such as temperature, pH, nutrient were control to
reach bacterial growth in minimal medium, the presence of glucose decrease the rate of
PNP degradation [70].
Kumar, et al studied the biodegradation and bioremediation of endosulfan contaminated
soil. A Total of 35 bacterial strain were used to degrade soil contaminated with
endosulfan, only 3 strain " Ochrobacterum sp., Arthobacter sp. and Burkholderia sp. "
isolated and identified on the basis of 16s rRNA gene sequence, the 3 strain show
degradation as 57%, 88% and 91% respectively for ά endodulfan, whereas β endosulfan
was degraded 4%, 60%, 67% after 30 days [71].
Hussain, et al studied the biodegradation of ά and β endosulfan by soil bacteria. A total
of 29 bacterial strains were isolated through enrichment technique from 15 specific sites
using endosulfan as sole sulfur source. The strains differed substantially in their potential
to degrade endosulfan in vitro ranging from 40 to 93% of the spiked amount (100 mg/l).
During the initial 3 days of incubation, there was very little degradation ≤10%, while in
seven days incubation, the degradation ranged between 22–60% (ά endosulfan) and 18–
57% (β endosulfan). At the end of the 14 days incubation, the removal of both isomers of
endosulfan by bacterial strains ranged between 43 and 93%, it got accelerated as the
incubation period proceeded. Biodegradation of endosulfan by these bacteria also
resulted in pH decreased parallel with progressive degradation of endosulfan from 8.2 to
3.7 within 14 days of incubation. The 3 bacterial strains were identification as 16s rRNA
as Pseudomonas spinosa, Pseudomonas aeruginosa, and Burkholderia cepacia, were the
most efficient degraders of both ά and β endosulfan as they consumed more than 90% of
the spiked amount (100 mg/l) in the broth within 14 days of incubation. Maximum
biodegradation by these three selected efficient bacterial strains was observed at an initial
pH of 8.0 and at an incubation temperature of 30○C [72].
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Bhalerao and Puranik studied the biodegradation of organochlorine pesticide
(endosulfan), by 16 fungal isolates by enrichment soil sample that had seems exposed to
endosulfan before; the isolated was identified as Aspergillus niger. Complete
disappearance of endosulan was seen on 12 days of inculcation at 30○ C ± 2, on rotary
shaker at 120 rpm [73].
Slaoui, et al studied the biodegradation of carbofurans, which used to control variety of
insect pests for infested crops such as corn and rice, by fungus and bacteria isolated from
treated soil. The researcher isolate 30 microorganisms 2 fungus and 28 bacteria;
Gliocladim sp. fungus genus show the highest carbofuran degradation, Arthrobacter and
Achromobacter isolated too, only Gliocladim sp. process a high level of degrading
activity for carbofuran, the percentage of residual pesticides used was determined by
chromatography [74].
Mariah and kennedy in 2006, studied the biodegradation of endosulfan by isolated
bacterium from cotton growing soil, and it showed effectively degrade of endosulfan
sulfate. The bacterium detracted 50% of the compound with 3 days of the incubation
[41].
Benedetti, et al studied the degradation of fumonisin (FB1) by a bacterial strain isolated
from soil. A mixed microbial culture degrading fumonisin Bl was obtained from soil
samples using an enrichment culture procedure. A bacterial isolate from the enrichment
culture (strain NCB 1492) degraded fumonisin (FB1) after incubation for 3 h, when it
grown in phosphate buffer saline (PBS) supplemented with 0.5 mg/ml of FB1 as sole
carbon source, as indicated by thin layer chromatography (TLC) and high performance
liquid chromatography (HPLC) analysis. On the basis of the sequence analysis of 16S
rDNA, strain NCB 1492 was related to the Delftia/Comamonas group. Thin layer
chromatographic analysis indicated the presence of metabolites in the NCB 1492 culture
filtrates after degradation of fumonisin B1 supplied as sole carbon and nitrogen source in
phosphate buffer [75].
Saikia, et al studied the biodegradation of beta-cyfluthrin by Pseudomonas stutzeri strain
S1. An aerobic bacterium capable of degrading B-cyfluthrin was isolated by enrichment
culture. The 16S ribosomal DNA sequence of the isolate (strain S1) in mineral salts
medium, and had 100% identity to the sequence from Pseudomonas stutzeri. Result
showed that about 94% degradation was observed within 8 days [76].
Foster, et al studied the microbial degradation of the organophosphate pesticide Ethion.
The aerobic degradation of ethion by mesophilic bacteria isolated from contaminated
soils surrounding disused cattle dip sit was investigated. 2 isolated, identified as
Pseudomonas and Azospirillum species were capable of biodegrading ethion when
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cultivated mineral salts medium. The a biotic hydrolytic degradation products of ethion
such as ehion dioxon ,O-diethylthiosphosphate were not detected [77].
Pattanaupong, et al studied the degradation of Carbendazim (methyl-2-benzimidazole
carbamate; MBC) and 2,4-Dichlorophenoxyacetic Acid by Immobilized Consortium on
Loofa Sponge. A fungicide, carbendazim and a herbicide, 2,4- dichlorophenoxyacetic
acid (2,4-D), could be simultaneously degraded by a microbial consortium obtained from
several soil samples in Japanese paddy fields with enrichment continuous culture. The
degradation ability of the consortium was increased by immobilization on loofa sponge in
comparison with that of free living consortium. MBC and 2,4-D were completely
degraded within 5.5 day and 1.5 day, respectively. The toxicity of these pesticides in
culture medium to Daphnia magna was reduced by treatment with the consortium
corresponding to their degradation. The degradation ability of the immobilized
consortium at pH in the range of 6 to 9, at temperatures from 15○C to 37○C, and at low
NH4 concentrations (1–10 mg/l) was not very different from that under the basal
condition (pH 7, 30○C, 424 mg/l NH4 and 472mg/l PO4). At low pH 4 and 5, the ability
was significantly lower than that of the basal condition. Moreover, incubation at low PO4
concentrations (1–10 mg/l) caused a decrease in pH at which the degradation ability also
became lower. These results suggest the immobilized consortium on loofa sponge is a
promising material for bioremediation of pollution with these pesticides in paddy fields
[78].
Kelly, et al studied the potential to enhance dioxane biodegradation of 1,4-dioxane in
both planted and unplanted soil, by adding the dioxane degrading actinomycete of the
family Pseudonocardiaceae. Amycolata sp. CB1190 is the dioxane-degrading
microorganism that was used for bioaugmentation. This bacterium was isolated from
dioxane-contaminated industrial sludge, and was deposited with the American Type
Culture Collection as strain 55486. The original enrichment degraded dioxane only
cometabolically, with tetrahydrofuran (THF) as the primary substrate. Consequently, it
was suggested that CB1190 is a mutant THF-degrading organism with a broader substrate
range. CB1190 can grow aerobically on dioxane as the sole carbon and energy source
(doubling time 30 hours at 30 ̊C), although it grows much faster on THF (doubling time
11 hours). Dioxane was not removed within 120 days in sterile controls or in viable
microcosm's not amended with CB1190. Poplar root extract (40 mg/L as COD)
stimulated dioxane degradation in bioaugmented soil, and 100 mg/L dioxane were
removed within 45 days. Other cosubstrates that enhanced dioxane degradation by
CB1190 include tetrahydrofuran (THF) and 1-butanol, while glucose and soil extract did
not affect dioxane degradation. The stimulatory effect of THF was partly due to enhanced
enzyme induction, while that of root extract and 1-butanol was attributed to additional
growth of CB1190. In another experiment with dioxane added at 10 mg/kg soil, reactors
planted with hybrid poplar trees removed (by evapotranspiration and biodegradation in
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the root zone) more dioxane within 26 days than unplanted reactors, regardless of
whether CB1190 was added. Nevertheless, CB1190 enhanced mineralization of dioxane
in all experiments. This enhancement was more pronounced in unplanted soil because
plant uptake reduced the availability of dioxane for microbial degradation. These results
suggest that bioaugmented phytoremediation is an attractive alternative to remove
dioxane from shallow contaminated sites [79].
Haluka, et al studied the biodegradation of PCB in different soil by inoculated
Alcaligenes xylosoxidans, which isolated obtained by the enrichment method in DMA
medium with biphenyl as sole carbon source from long term PCB contaminated soil, and
identified according to ticket in mineral salt medium for 120 days. The degradation of
PCB depends mainly on the type of the soil, the result of the study showed approximate
rate of biodegradation by the bacterial strain. The degradation of PCB in soils by
biphenyl utilizing strain Alcaligenes xylosoxidans was studied in different soil types,
significant difference in the degradation of PCB by the strain were observed. Efficiency
of degradation was generally better in sterilized soils, but the different were not as
significant as the difference observed between different soil types. The result indicated
that the degradation of PCB is probably related not only to the capabilities of the strain
employed, quality and amount of completive species in habiting the soils, but also to the
sorption of the PCB congeners. Degradation is faster in the soils containing an
intermediate amount of organic carbon with portion of total and aromatic carbon in
humic acids [80].
Mcghee and Burns studied the biodegradation of 2,4 dichlorophenoxyacetic acid (2,4-D)
and 2 mehyl-4-chlorophenoxyacetic acid (MCPA) in contaminated soil. Degradation
(2,4-D) and (MCPA) was investigated in inoculated non contaminated and contaminated
soil. In 28 days 3 bacterial isolated (Xanthomonas mailophilia SB5, Pseudomonas Sp.
SB9, and Rhodococcus globerulus SA2) degraded an average of 91% 2,4-D and 99%
MCPA in spiked non contaminated soil in comparison with 48% of 2,4-D (SB5) and 61%
of MCPA (SB5) in contaminated soil. The addition of combined NPK fertilizer
significantly increased degradation of both herbicides in inoculated (2,4-D 79% vs 48%
MCPA, 81% vs 61%) and non-inoculated (2,4-D 75% vs 34%, MCPA 84% vs 70%) in
soil [81].
2.8.2 Previous biodegradation studies of the target of pesticides
2.8.2.1 Biodegrading of diuron
Castillo, et al studied the biodegradation of the herbicide diuron by Streptomyces’s
isolated from soil. The diuron degrading activity of 17 Streptomyces strains obtained
from agriculture and non-agriculture soils was determined in the laboratory. All the stains
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were identified as Streptomyces Sp. by phenotypic characteristic and PCR based assays.
The strains were cultivated in liquid medium diuron 4 mg/l at 25 ○C for 15 days.
Biodegradation activity was determined by high performance liquid chromatography, the
result indicated that all strains were able to degrade diuron but to different amount. 12
strains degraded the herbicide by up to 50% and 4 of them by up to 70%. Strain A7-9,
belonging to Streptomyces albidoflavus cluster was the most efficient organism in the
degradation of diuron achieving 95% degradation after 5 days of incubation and no
herbicide remained after 10 days [82].
Cullington and Walker studied the rapid biodegradation of diuron and other phenylurea
herbicides by a soil bacterium, one isolate coded D47 was used in all subsequent
degradation experiment. The isolate used incubated with soil sample and diuron and
degrade about 50% after 43 days. Through liquid enrichment culture, a bacterial isolate,
that degraded diuron rapidly with no requirement for supplementary carbon and nitrogen
sources, was obtained from this enhanced' soil [83].
Elisa espoito, et al studied the biodegradation of herbicides diuron in soil by indigenous
actinomycete. 3 strain of actinomycete isolated and coded from soil treated with 2,4-D
were able to degrade the herbicide diuron in vitro strain, the bacteria were cultivated in
bennett's agar slants at 30 ○C. Bacterial strain CCT 4916 was the most efficient of the
three strains, it’s degradation up to 37% of applied diuron 100 mg\kg in 7 days [84].
2.8.2.2 Biodegradation of carbaryl
Naqvi, et al studied the biodegradation of carbaryl in two kind of soil (sterilized and
unsterilized). The two kind of soil were treated with nitrogen and phosphorus source.
Bacteria used in the study were isolated from pesticide contaminated soil by enrichment
technique. The bacteria stains were identified on basis of 16s RNA and identified as
micococcus arborescens, pseudomonas aeruginosa, Brachybacterium sp. and
Salsuginibacillus kocurii. Degradation was observed at two levels of soil after 7, 14 and
21 days of treatments. Soil bacteria have significant effect on the degradation of carbaryl
in soil. Nutrient additions stimulate the biodegradation of carbaryl and the rate of
degradation of carbaryl increase with respect to number of days of treatment. It has been
found that after 21 days 85% carbaryl has been degraded from soil treated with nitrogen
source [85].
Vandana, et al studied the metabolism of carbaryl via 1,2- Dihydroxynaphthalene by
soil isolates Pseudomonas sp. strains C4, C5, and C6., the three bacterial strains were
isolated from soil contaminated with carbaryl. The cultures were grown in 150 ml
minimal salt medium in 500 ml Erlenmeyer flasks at 30 ̊C on rotary shaker 200 rpm. The
bacterial strains were identified by TLC and UV fluorescence. Pseudomonas sp. strains
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C4, C5, and C6. Utilize carbaryl as the sole source of carbon and energy. Carbaryl
degrading enzymes are inducible, and maximum induction was observed with carbaryl.
Based on these results, the proposed metabolic pathway is carbaryl → 1-naphthol → 1.2dihydroxynaphthalene → salicyladehyde → salicylate
→ gentisate → maleylpyruvate
[86].
Hayatsu, et al studied the involvement of two plasmids in the degradation of carbaryl by
Arthobacter sp. strain RC100. The bacterial strains were stored on nutrient agar plates.
Minimal medium containing 1.0 mM carbaryl was used, the liquid cultures were shaken
at 120 rpm in reciprocal shaker at 30 ̊C. Strain RC100 was isolated by enrichment culture
techniques using an inoculum of carbaryl treated soil collected from agriculture fields
with histories of carbaryl application. A 10 g carbaryl treated soil sample was suspended
in 100 ml of minimal media culture. The suspension was incubated at 30 ̊C for 2 days
and then transferred to fresh minimal media culture. Following growth in medium for two
serial transfers, the culture was spread onto minimal media culture agar plates. they
selected a colony that utilized carbaryl as a sole source of carbon. The bacterium was
identified on the basis of classification schemes published in Bergey’s Manual of
Systematic Bacteriology. A bacterium capable of utilizing carbaryl (1-naphthyl Nmethylcarbamate) as the sole carbon source was isolated from carbaryl treated soil. This
bacterium was characterized taxonomically as Arthobacter and was designated strain RC
100. RC 100 hydrolyzes the N-methylcarbamate linkage to 1-naphthol, which was further
metabolized via salicylate and gentisate. Strain RC 100 harbored three plasmids [87].
2.8.2.3 Biodegradation of glyphosate
Nourouzi, et al studied the utilization of glyphosate as the source of carbon by mixed
isolated bacteria from oil palm plantation soil. Microbial community were isolated from
sample by dispersing a sterile-water suspension of soil consisted of basal salts medium,
and glyphosate as the sole carbon source (300 mg/L). A total of 2 bacterial isolates were
isolated and identified from oil palm plantation soil (OPS). The isolated bacteria were
identified by using BIOLOG GEN II, the bacterial strain were Stenotrophomonas
maltophilia and Providencia alcalifaciens. Both mixed bacteria from oil palm soil were
able to convert almost all glyphosate to aminomethylphosphonic acid (99.5%) in 12 days
[88].
Olawale, et al studied the biodegradation of glyphosate pesticide by 3 bacteria strains
isolated from agriculture soil (heavily polluted with glyphosate 1000 ppm). The bacterial
strains were identified through culture and biochemical characterization as Pseudomonas
putida, P. aeruginosa and Acetobacter faecalis. The biodegradation were confirmed by
solid phase extraction (SPE), glyphosate mineralization populations were determined in a
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most probable number (MPN) technique. In enrichment medium cell growth level off at
approximately 3days, which coincides with glyphosate concentration decreasing to zero
level [89].
Moneke, et al studied the Biodegradation of glyphosate herbicide in vitro using bacterial
isolates from four rice fields. Total of twelve bacterial isolates were able to grow in the
presence of glyphosate as sole phosphorus source. On further sub-culturing on solid
medium, five isolates consistently grew on the MSM enriched with glyphosate as
phosphorus source. The abilities of five bacterial species (Escherichia sp., Azotobacter
sp., Alcaligenes sp., Acetobacter sp. and Pseudomonas fluorescens) were screened for
glyphosate utilization using mineral salt medium containing glyphosate as carbon and/or
phosphorus source by measuring their growth turbidimetrically at 600 nm. Bacterial
isolates P. fluorescens and Acetobacter sp. showed the capacity to utilize glyphosate
efficiently and were therefore used for further biodegradation studies [90].
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Chapter 3

Materials and methods
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The schematic diagram below summarized and gives details about the coming works

Schematic diagram of the research work

Sampling of soil
↓
Calculation of moisture and pH
↓
Bacterial isolation
↓
Bacterial count
↓
Purification
↓
Studying the biodegradation of the three tested pesticides by isolated bacteria on solid
media (minimal media and the three kind of the pesticides with different concentrations)
↓
Selection of the bacteria with highest relative growth (the relative biodegrading bacteria)
for further study
↓
Characterization and identification of the selected bacteria
↓
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Gram staining

Gram Positive:

Gram Negative:

Spore forming
Acid \fast
Catalse
Starch hydrolysis
Swollen cell
VP test
Citrate test
6.5% NaCl growth
Nitrate reduction test
55 ̊ C growth

Oxidase test
Glucose fermentation test
Lactose fermentation test
Na requirement
VP test
H2S production
Indole test

Studying the biodegradation of the three tested pesticides and bacterial strain on liquid
media ( minimal media)
↓
Spectroscopic measurement of the remaining pesticides in the liquid media by using
UV-spectrophotometer: optical density at wave length 600 nm up to 0.2 for the bacterial
growth, and λ = 210, 250 and 360 nm for diuron, carbaryl and glyphosate respectively.
↓
Extraction the remaining pesticides by solid phase extraction and their densitometric
determination using TLC
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3.1 Materials
3.1.1 Soil sampling
Eighteen different soil samples were collected from south to north of the Gaza Strip for
the test of degrading bacteria. The samples were collected according to the European soil
sampling guidelines [91]. Surface soil samples obtained were collected from different
location in the Gaza Strip applying the Global Positing System (GPS) technique (figure
3.2). The soil samples were collected from the first 10-15 cm below the surface,
aseptically transferred to sterile vessels (figure 3.1), and stored at 5 °C until analyzed.
The table below gives information about soil type and geographical location of the
collected samples.
Table 3.1: Soil types and geographical location of collected samples
NO

Sample Location

Soil Type

1.

Dir Al-balah

Loessial sandy soil

2.

Khanyouns

3.

The Eastern side of wady Gaza

4.

Al-Moghraqa

Sandy loess soil

5.

Al-Zyton area

Loess soils

6.

Tal E-lhwa area

Sandy regosols

Sandy loess soil
over loess
Dark brown /silty
clay

Location by Degrees
N: 31̊ 23’ 32.0”
E: 34̊ 20’ 14.3”
N: 31̊ 20’ 30.1”
E: 34̊ 19’ 35.3”
N: 31̊ 27’ 48.1”
E: 34̊ 25’ 28.9”
N: 31̊ 27’ 38.7”
E: 34̊ 24’ 56.2”
N: 31̊ 29’ 24.4”
E: 34̊ 27’ 40.2”
N: 31̊ 30’ 78.8”
E: 34̊ 26’ 61.8”

Figure 3.1: Photo during samples collecting
33

Figure 3.2: Location of sampling sites and soil types [92].
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3.1.2 Chemicals and devices
All devices, chemical and material used and prepared were listed in the table below.
Table 3.2: Composition and preparation of the chemicals
[

No.

Media
Nutrients agar

1

HIMEDIA
Mumbai, India.

Chemical formula

• Peptic digest of animal tissue
• Sodium chloride
• Beef extract
• Yeast extract

Wight (g)

5.00
5.00
1.50
1.50

1. Add 13 g of nutrients broth to 15 g nutrients agar, and then complete it to 1L
by distilled water.
2. Sterilized it in autoclave at 121 ̊C for 20 min.
Nutrients agar (10%)

2

HIMEDIA
Mumbai, India.

• Peptic digest of animal tissue
• Sodium chloride
• Beef extract
• Yeast extract

5.00
5.00
1.50
1.50

1. Dissolve 1.3 g of nutrients broth, and 15 g of nutrients agar in 800 ml distilled
water, and then complete the flask to 1 L.
2. Sterilized the flask in autoclave for 20 min at 121 C.
Phosphorus buffer saline
Merck Company
Darmstadt, Germany.
3

8.00
0.20
1.44
0.24

1. Dissolve the following in 800 ml distilled water (8 g NaCL, 0.2 KCL, 1.44 g
Na2HPO4, 0.24 g KH2PO4).
2. Adjust the pH with 6 drops of HCL (7.45).
3. Add 200 ml distilled water to complete it to 1 L.
4. Sterilize it in autoclave.
5. Store it at room temperature.
Minimal media (M9)

4.

• NaCl
• KCl
• Na2HPO4
• KH2PO4

NaHPO4- 7H2o
• KH2PO4
• NaCl
• NH4Cl
•

Merck Company
Darmstadt, Germany.

64.0
15.0
2.50
5.00
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1. To make M9 Salts aliquot 800ml H2O and add.
• 64g Na2HPO4-7H2O.
• 15g KH2PO4.
• 2.5g NaCl.
• 5.0g NH4Cl.
• Stir until dissolved.
• Adjust to 1000ml with distilled H2O.
• Sterilize by autoclaving.
2. Measure ~700ml of distilled H2O (sterile).
3. Add 2ml of 1M MgSO4 (sterile).
4. Add 20 ml of 20% glucose (or other carbon source).
5. Add 100ul of 1M CaCl2 (sterile).
6. Adjust to 1000ml with distilled H2O.

Mannitol salt agar

5.

HIMEDIA
Mumbai, India.

• Panceratic digest of casein
• Peptic digest of animal tissue
• Beef extract
• D-Mannitol
• Sodium chloride
• Agar
• Phenol Red

5.00
5.00
1.00
10.0
75.0
15.0
0.025

1. Suspend 111g in 1 liter of distilled water, and then heat it until completely
dissolved.
2. Autoclave at 121 °C for 15 minutes.
Starch Hydrolysis
HIMEDIA
Mumbai, India.
6.

• Beef extract
• Peptone
• Soluble starch
• Agar-agar.

3.00
5.00
2.00
15.0

1. Suspend the ingredients in 1 liter of distilled water.
2. Mix thoroughly, heat with frequent agitation and carefully bring to just
boiling.
3. Autoclave at 121 °C for 15 min.
4. Final pH of the medium should be 7.5+ 0.2 at 25 °C
5. After sterilization, distribute the media on petri plates and let it solidify before
use.
6. Keep the plates media in refrigerator.

7.
Simmons citrate agar

• Magnesium
• Sulphate
• Ammonuim dihydrogen

0.08
0.20
1.00
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HIMEDIA
Mumbai, India.

1.
2.
3.
4.

HIMEDIA
Mumbai, India.

1.
2.
3.
4.
5.

2.00
5.00
3.00
15.0

• Peptic digest of animal tissue
• Casein enzymic hydrolysate
• Beef extract
• Yeast extract
• Lactose
• Sucrose
• Dextrose
• Sodium chloride
• Ferrous sulphate
• Soudium thiosulphate
• Phenol red
• Agar.

10.0
10.0
3.00
3.00
10.0
10.0
1.00
5.00
0.20
0.30
0.024
12.0

Suspend 24.28 g in 1 liter distilled water.
Heat to boiling to dissolve the medium completely.
Mix well and distribute into test tubes.
Sterilize by autoclaving at 15 Ibs pressure (121̊ C) for 15 min.
Allow the medium to set in sloped form without 1 inch long.

Mehtyl Red-Voges Proskvaer
Merck Company
Darmstadt, Germany.
9.

• Dipotassium phosphate
• Sodium citrate
• Sodium chloride.
• Agar.

Suspend 24.28 g in 1 liter distilled water.
Heat to boiling to dissolve the medium completely.
Dispense into test tube or flask.
Sterilize by autoclaving at 15 Ibs pressure (121̊ C) for 15 min.

Triple Sugar Iron agar (TSI)
8.

phosphate

• Peptone
• Dipotassium hydrogen
phosphate (K2HPO4)
• Glucose, 10% solution.

5.00
5.00
50.0

1. Dissolve the peptone and dipotassium hydrogen phosphate in 1 liter of
distilled water.
2. Dispense 5 ml amount in tube and sterilize at 121̊ C for 20 min.
3. Sterilize the glucose solution and add 0.25 ml to each tube.
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Methyl Red reagents

10.

Merck Company
Darmstadt, Germany

• Methyl red
• Ethanol
• Distilled water

0.10
300 ml
200 ml

1. Dissolve the methyle red and ethanol in the distilled water.
2. Distribute the solution in the test tube.

Voges Proskvaer
11.

Merck Company
Darmstadt, Germany

• Reagent 1: Potassium
hydroxide.
• Reagent 2: α-naphthol
• Distilled water.

40.0
5.00
100 ml

1. Dissolve each of the potassium and naphthol in the distilled water.
2. Distribute the solution in the test tube.
Indol

12.

Merck Company
Darmstadt, Germany.

• Peptone
• Sodium chloride (NaCL
• Distilled water.

50.0
5.00
1L

1. Dissolve peptone and sodium in the distilled water.
2. Adjust the PH to 7.4.
3. Dispense and sterilize by autoclaving at 121̊ C for 20 min.
Nitrate Reduction

13.

Merck Company
Darmstadt, Germany.

• Potassium nitrate, KNO3
• Peptone
• Distilled water

0.20
5.00
1L

1. Dissolve the potassium nitrate and the peptone in 1 L of distilled water.
2. Dispense in 5 ml amount in tube.
3. Autoclave at 121̊ C for 20 min.
Nitrate reduction reagent
14.

Merck Company
Darmstadt, Germany.

• Solution A: Sulfanilic acid
• Solution B: α-naphthylamine
• Acetic acid.

8.00
5.00
1L

Dissolve each of the sulfanilic acid and the α-naphthylamine in 1 L acetic
acid.
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15.

Sodium cholate

16.

Chelating resin
(Iminodiacetic)

17.

Polyethylene glycol
(PEG6000)

18.

Methanol

CH3OH

19.

Acetonitrile

C2H3N

20.

Ethyl acetate

C4H8O2

21.

Hexane

C6H14

The devices

Company

1.

Incubator

2.

Oven

3.

Bacterial Counter

4.

Refrigerator

5.

Shaker incubator

6.

pH Meter

7.

UV-Spectrophotometer

8.

Solid phase extraction unit

Sanyo.
Moriguchi, Japan.
Sanyo
Moriguchi, Japan.
Sanyo.
Moriguchi, Japan.
Sanyo
Moriguchi, Japan.
Optic ivymen system.JP ELECTA.
Barcelona, Spain.
HANNA instruments.
Selangor, Malaysia.
Hitachi.
Tokyo, Japan.
Supelco, Sigma-Aldrich.
Missouri, United States.

9.

Dual wavelength flying spot scanning
densitometer

C24H39NaO5.xH2O
Merck Company
Darmstadt, Germany.

C4H7NO4

H(OCH2CH2)nOH

Hitachi.
Tokyo, Japan.

Sterilization: Autoclaving was used for sterilizing all media which are not heat labile. It
was also used for disposing cultures which were no longer required. For most purposes, a
pressure of 15 Ib per square inch =100 kPa (121 ̊C) for 20 minutes was employed.
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3.2 Methods
3.2.1 Physical parameters measurements
3.2.1.1 pH of the soil samples
The pH of the samples was measured by mixing 50 g of soil samples in 100 ml of
distilled water (pH: 6.85). The filtration extracts were measured by pH meter according
to the official methods analysis of the association official analytical chemists 2012.
3.2.1.2 Moisture content of soil samples
The method is based on removing soil moisture by oven-drying a soil sample until the
weight remains constant. The moisture content (%) is calculated from the sample weight
before and after drying. The vessels were dried in the oven at 105 ̊C for 10 min, and
weigh the vessel. Add 1 g from the sample to vessel, and heat it in the oven at 105 ̊c for
48 hours, then record its dry weight. Calculate the moisture content (difference between
wet weight and dry weight). The moisture measured according to the official methods
analysis of the association official analytical chemists 2012.
Moisture weight in soil = [Vessel weight + Soil weight] – The total weight after drying.
Wet weight = [Vessel weight + Soil weight] - Vessel weight after drying.
Moisture Percentage =

[Vessel weight + Soil weight] – The total weight after drying

*100%

[Vessel weight + Soil weight] - Vessel weight drying

3.2.2 Microbiological method
3.2.2.1 Bacterial extraction
To isolate bacteria from collected soil sample was made as the following procedure:
Dissolve 0.2 g sodium cholate solution ( C24H39NaO5.xH2O ) in 200 ml distilled Water.
1- Distribute 9 ml from the sodium cholate hydrate solution to 18 test tubes.
2- Add 1 g soil sample for each test tube, the sodium cholate solution used to disrupt
the adhesive polymers they causes the cells to bind to each other and to the
surface as well [93].
3- Add 0.2 g chelating resin (iminodiacetic acid) to each test tube.
4- Add 0.25 g polyethylene glycol (PEG 6000) for each test tube.
5- Put the 18 test tube (soil sample) in shaker with velocity 220 rpm at 37 ̊C for 24
hours.
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6- After 1 min sedimentation of the mixture, 500 µl was taken from the shaked
sample (18 test tubes) and add it to 4.5 ml distilled water to get 1:10 dilution.
7- 500 µl were taken from dilution 1: 10 and add it to 4.5 ml distilled water to get
1:100 dilution.
3.2.2.2 Bacterial culturing
The importance of this step is to isolate pure colonies of bacteria. Culturing of bacterial
isolates was carried out using standard methods for bacterial isolation and purification
[94]. Pure bacterial cultures were maintained labeled on nutrients agar slopes and stored
at 4 ̊C in refrigerator for identification. They were renewed by sub-culturing every two
weeks.
3.2.2.3 Estimation of total bacterial number and sporulation titer
The most widely used method for determining bacterial number is the standard plate
count method, which consists of diluting a samples with sterile phosphorus buffer saline
(PBS) until the bacteria are diluted enough to count accurately. The number of colonies
should give the number of bacteria that can grow under the incubation conditions. The
bacterial colonies counted by such method are described colony forming units (CFUs).
The total bacterial number was estimated in all of the 18 test tubes (see section 3.3.2.1).
The standard plate method was done as follows:
•
•
•
•

Take 0.5 ml from the shaked sample (18 test tubes), add it to 4.5 ml distilled
water to get 1:10 dilution.
Make a serial dilution up to 10-6 [95]
100µl of each dilution were plated on nutrient broth solidified by agar.
Incubation at 37ºC for 24 h [96].

Sporulation titer
Bacterial samples test tube (serial dilution 1:10 and 1: 100) were incubated in oven for 30
min at 80 C
̊ . 100 µl of bacterial samples were plated on nutrient agar plates for 24 hours
at 37 ºC.
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(a)

(c)

(b)

(d)

Figure 3.3: Inoculation and sub-culturing of isolated bacteria.
(a)Incubator, (b) Plates incubation, (c)Plates after 24 hours,
(d) The bacterial counter.
3.2.2.4 Isolation of a single bacterial colony (Purification)
A new 18 plates were divided to 8 sections to isolate different single bacterial colonies
regards shape and color on agar plates to reach a pure culture colony. To simplify the
work and to confirmed that, single bacteria was picked, then place this single bacteria in
one section of the eight , repeat this for all residue section. Incubate the 18 plates at 37ºC
for 24 hours.
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(a)

(b)

(c)

Figure 3.4 : Illustrate the isolation of bacteria to reach pure culture.
(a) The division of plates into eight section.
(b) Inoculation of the single bacteria in the section.
(c) Pure culture of bacteria.

3.2.2.5 Characterization of bacteria
The identification of bacteria is careful and systematic process that uses many different
techniques to narrow down the types of bacteria that are present in an unknown bacterial
culture. Such techniques include the fermentation abilities, presence of certain enzymes,
and certain biochemical reactions. Qualitative observation was made on the tests, which
compared to unknown bacteria identification key to aid with the identification process
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[97]. Various steps involved in the identification of unknown bacteria are summarized
below:

3.2.2.5.1 Gram staining
Gram staining is a common technique used to differentiate two large groups of bacteria
based on their different cell wall constituents. The Gram stain procedure distinguishes
between Gram positive and Gram negative groups by coloring these cells red or violet.
Gram positive bacteria stain violet due to the presence of a thick layer of peptidoglycan
in their cell walls, which retains the crystal violet. Alternatively, Gram negative bacteria
stain red, which is attributed to a thinner peptidoglycan wall, which does not retain the
crystal violet during the decoloring process.
Gram staining involves three processes: staining with a water-soluble dye called crystal
violet, decolorization, and counterstaining, usually with safranin. Due to differences in
the thickness of a peptidoglycan layer in the cell membrane between Gram positive and
Gram negative bacteria, Gram positive bacteria (with a thicker peptidoglycan layer)
retain crystal violet stain during the decolorization process, while Gram negative bacteria
lose the crystal violet stain and are instead stained by the safranin in the final staining
process [98].
3.2.2.5.2 Biochemical Tests for identify Gram positive and Gram negative bacteria
After grouping the bacterial isolates to Gram-positive and Gram-negative bacteria, the
following biochemical tests were used for bacterial identification to the level of
genus/species: spore forming, Methyl red, Voges-Proskaur test, Citrate utilization,
Oxidase test, Catalase test, mobility, growth at 55 ̊C, growth in high salt concentration.
All tests were done according to Bergeys manual of systematic bacteriology [97].
[

3.2.2.5.2.1 Spore forming

For determination of spore forming ability of our bacterial isolates, a 1 ml bacterial
solution was incubated at 80 ̊C in oven for 30 min, then 100 µl of this volume were
distributed on nutrients agar and incubate on nutrient agar for 24 hours at 37ºC.
3.2.2.5.2.2 Acid fast test
Acid fast bacteria have a waxy outer layer called mycolic acid in their cell walls which
makes them impermeable to many staining procedures, including the Gram stain. These
bacteria are termed "acid-fast" because they are able to resist decolorization with acid
alcohol. Carbol fuchsin is the primary stain in this procedure, and it contains phenol to
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help solubilize the cell wall. Heat is also applied during the primary stain to increase
stain penetration. All cell types will take up the primary stain. The cells are then
decolorized with acid-alcohol, which decolorizes all cells except the acid-fast ones.
Methylene blue is then applied to counterstain any cells which have been decolorized. At
the end of the staining process, acid-fast cells will be reddish-pink, and non-acid fast cells
will be blue.
3.2.2.5.2.3 Starch hydrolysis
Starch agar is a differential medium that tests the ability of an organism to produce
certain exoenzymes, including α-amylase and oligo-1,6-glucosidase, that hydrolyze
starch. Starch molecules are too large to enter the bacterial cell, so some bacteria secrete
exoenzymes to degrade starch into subunits that can then be utilized by the
organism. Starch agar is a simple nutritive medium with starch added. Since no color
change occurs in the medium when organisms hydrolyze starch, we add iodine to the
plate after incubation. Iodine turns blue, purple, or black (depending on the concentration
of iodine) in the presence of starch. A clearing around the bacterial growth indicates that
the organism has hydrolyzed starch [99].
3.2.2.5.2.4 Methyl red test
The methyl red test is employed to detect the production of sufficient acid during the
fermentation of glucose. The liquid medium was lightly inoculated from a young agar
slope culture and incubated at 37 ̊C for 48 hrs. Five drops of the methyl red reagent were
added, mixed and the result was immediately recorded. Positive reaction gave bright red
color while the negative gave a yellow color.
3.2.2.5.2.5 Voges-Proskaur test
This test was used to detect the production of acetyl methyl carbinol
(CH3CO3CHOHCH3) or its reduced form, 2,3 butylene glycol (CH3CHOHCHOHCH3),
which produced from the fermentation of carbohydrates by many bacteria. The liquid
medium, as used in methyl red test, was inoculated and incubated at 37 ̊C for 48 hrs
[100].
3.2.2.5.2.6 Citrate utilization test
This test demonstrates the ability of an organism to utilize citrate as the sole carbon and
energy source for growth and an ammonium salt as the sole source of nitrogen.
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Simmon’s solid citrate medium was inoculated and incubated at 37 ̊C for 24 hrs. The
indicator turns blue “with streak of growth” due to the alkaline positive reaction, while
the slope remains green with no growth in the negative reaction.
3.2.2.5.2.7 Nitrate reduction test
Nitrate broth is used to determine the ability of an organism to reduce nitrate (NO3) to
nitrite (NO2) using the enzyme nitrate reductase. It also tests the ability of organisms to
perform nitrification on nitrate and nitrite to produce molecular nitrogen. Nitrate broth
contains nutrients and potassium nitrate as a source of nitrate. After incubating the
nitrate broth, add a dropperful of sulfanilic acid and α-naphthylamine. If the organism has
reduced nitrate to nitrite, the nitrites in the medium will form nitrous acid. When
sulfanilic acid is added, it will react with the nitrous acid to produce diazotized sulfanilic
acid. This reacts with the α-naphthylamine to form a red-colored compound. Therefore,
if the medium turns red after the addition of the nitrate reagents, it is considered a
positive result for nitrate reduction.
If the medium does not turn red after the addition of the reagents, it can mean that the
organism was unable to reduce the nitrate, or it could mean that the organism was able to
denitrify the nitrate or nitrite to produce ammonia or molecular nitrogen.
If the medium does not turn red after the addition of the nitrate reagents, add a small
amount of powdered zinc. If the tube turns red after the addition of the zinc, it means that
unreduced nitrate was present. Therefore, a red color on the second step is a negative
result. The addition of the zinc reduced the nitrate to nitrite, and the nitrite in the medium
formed nitrous acid, which reacted with sulfanilic acid. The diazotized sulfanilic acid that
was thereby produced reacted with the α-naphthylamine to create the red complex.
If the medium does not turn red after the addition of the zinc powder, then the result is
called a positive complete. If no red color forms, there was no nitrate to reduce. Since
there was no nitrite present in the medium, either, that means that denitrification took
place and ammonia or molecular nitrogen were formed.
3.2.2.5.2.8 Indole test
This test demonstrates the ability of certain bacteria to decompose the amino acid
tryptophan to indole which accumulates in the medium. The liquid medium was
inoculated, and then incubated at 37 ̊C for 48 hrs. After incubation, 0.5 ml Kovac’s
reagent was added, and shacked gently. A positive test is indicated by a red color in the
alcohol layer.
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3.2.2.5.2.9 Mobility test
A semi-solid nutrient agar medium was used for testing the mobility of bacteria. The
sterile medium was inoculated by stabbing the center of the medium, and then incubated
at the optimum temperature for the organism. Mobility was manifested by a diffused zone
of growth spreading from the line of inoculation. Certain species of motile bacteria will
show diffused growth through the medium, while others may show diffused spreading
from one or two points only as nodular outgrowths along the stab.
3.2.2.5.2.10 Oxidase test
A strip of filter paper was soaked in a freshly prepared 1% solution of the oxidase reagent
and then used at once by rubbing a speck of culture on it with a platinum loop. A positive
reaction is indicated by an intense deep purple color, appearing within 5-10 sec, a
‘delayed positive reaction by coloration in 10-60 sec, and a negative reaction by absence
of coloration latter than 60 second.
3.2.2.5.2.11 Catalase test
One ml of hydrogen peroxide solution (H2O2) is poured over a 24-h nutrient agar slope
culture of the test organism and the tube is held in a slope position. The immediate
production of gas bubbles from the surface of the solid culture material indicates a
positive reaction.
3.2.2.5.2.12 Urease test
Bacteria, particularly those growing naturally in an environment exposed to urine, may
decompose urea by urease enzyme. Christensen’s medium was heavily inoculated over
the entire slope surface and incubated at 37 ̊C for 24 hrs. If urea was decomposed (i.e.
positive test), the produced ammonia changes the color of the indicator to purple pink
[100].
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3.2.3 Pesticides biodegradation
3.2.3.1 Examination of bacterial activity on pesticides degradation on agar media
The ability of isolated bacteria to degrade pesticides was studied by growing on minimal
agar containing pesticides as sole of carbon and nitrogen in three concentrations (100,150
and 200 ppm). The bacteria were inoculated and incubated at 37 ̊C for 72 hrs. During the
3 days the growth of bacteria were recorded.

3.2.3.2 Examination of bacterial activity on pesticides degradation in liquid media
According to the results of the bacterial degradation on the agar media, the active bacteria
were selected to study their ability on pesticide degradation in liquid media. 3x 10 ml
minimal media were supplemented with one of the three pesticides as the source of
carbon und nitrogen with concentration of 150 ppm. The initial optical density (600 nm)
was 0.2. The liquid cultures were shaken at 37 ºC and 220 rpm. The growth of bacteria
was then measured at 600 nm. At regular time intervals, 1 ml of the growth medium was
used to measure the optical density at 600 nm, and 2 ml of the growth medium were
centrifuged at 3200 rpm for 2 min (the volume of measured samples were determined
according to the size of cuvette in the device). The pesticide concentration was
determined by measuring the remaining concentration in samples every 24 hours interval
using UV spectrophotometer; (210 nm for glyphosate, 250 nm for Diuron, 360 nm for
carbaryl) [83].

3.2.4 Chromatographic methods
Solid-phase extraction (SPE) of the tested pesticides and chromatography
The investigated pesticides were obtained from Dr Ehrenstofer GmbH, Augsburg,
Germany; the compound sand purities was duiron, carbyle and glyphosate. RP-C18
Bakerbond spe, 3 mL, 500 mg cartridges from J.T.Baker (Gross-Gerau, Germany) were
used to enrich samples. All solvents for SPE and mobile phase components were of
analytical grade and were obtained from Merck, Darmstadt, Germany.
Standard solutions of investigated pesticides were prepared by dissolving 2 mg of each in
2 mL ethyl acetate to achieve best solubility. The prepared standard solutions were then
diluted stepwise and stored under refrigeration at +4 o C for several days.
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3.2.4.1 Optimization of the Solid–Phase Extraction (SPE)
The solid-phase extraction provides a good and efficient possibility for the cleaning in
combination with enrichment of substances to be analyzed. This method serves for
quantitative extraction of smaller amounts of substances from biological matrix. The
cartridge was used for enrichment of the pesticides is Bakerbond RP-C18, 500 mg, 3 ml.
To ascertain satisfied results each step of the SPE procedure has to be optimized.

Figure 3.5 : Solid phase extraction unit.

3.2.4.2 Optimization of the conditioning step
To activate the cartridges, they need to be firstly washed with methanol and water. The
cartridges were washed with different volumes of methanol and water (from 1 ml to 10
ml). The extract was evaporated to dryness, redissolved in 100 µL of acetonitrile and
analyzed densitometrically. By this, it was found that the cartridges should firstly washed
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by 10 mL methanol and conditioned with 5 ml of distilled water for obtaining the best
recoveries.
3.2.4.3 Optimization of the washing phase
To optimize the washing phase the extraction cartridge was washed with different
volumes of methanol and water (from 1 ml to 10 ml) and collected in portion. The extract
was evaporated to dryness, redissolved in 100 µL of acetonitrile and analyzed
densitometrically. By this, it was found that 3 ml distilled water were sufficient for
quantitative washing of the accompanied compounds.
3.2.4.4 Optimization of the drying step
In the case of pesticides the drying step possess an important position within the SPE
procedure. If the RP-C18 materials are still moist it will lead to inhomogeneous
extraction of the substances or it might lead to increased elution of the accompanied
components. The cartridges were dried using the vacelute station by which the air in the
cartridges was sucked at different time intervals under a constant pressure of 10 mm Hg.
With the Bakerbond C18 cartridge it was found that 20 min were an optimal drying time
[101].
3.2.4.5 Optimization of the elution
One of the most important and difficult steps by the SPE is to find out the right eluate
with higher affinity to substances than to solid stationary phase and the suitable elution
volume. For the elution of investigated pesticides different volumes of methanol and
acetonitrile were tested separately in 1 ml potions. Using this procedure it was found that
5 ml of the acetonitrile was sufficient enough to elute the most pesticides from the solid
material of the cartridges. Recoveries, standard deviation and relative standard deviation
determined by Bakerbond cartridges for the tested pesticides are shown in Tables 4.21
and 4.22. The cartridges were firstly washed with 10 mL methanol and then conditioned
with 5 mL water. The column should not be allowed to run dry between and after the
conditioning steps. After allowing the sample (20µl of sample dissolved in 100 ml
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distilled water) to pass through the cartridges with a rate of 2-3 mL / min the cartridges
were washed with 3 mL of distilled water and let drying for 20 min under vacuum. For
the elution of investigated pesticides different volumes of methanol and acetonitrile were
tested separately in 1 ml portions.
3.2.4.6 Optimization of the Thin Layer Chromatography
Chromatography was performed on 20 cm x 20 cm plates pre-coated with 0.2 mm layer
of silica gel 60 F254 (Macherey-Nagel, Germany). For quantitative analysis standard
solutions (2 µL) and sample solutions (2 µL) were applied to the plates as spots by using
disposable micropipets; otherwise the entire SPE eluate (100 µL) could be applied as a
band, by use of the Linomat IV (Camag), with distance of 1 cm between the bands (0.5
cm wide) and a distance of 2 cm from the bottom and both edges of the TLC plate (figure
3.10). The investigated pesticide were separated by ascending one-dimensional
development, in a saturated chamber, with ethyl acetate/ hexane, 3:2 (v/v), as a mobile
phase. The development distance was 10 cm and the run time 15 min. The spots or bands
were located by viewing under a universal UV lamp (Vilber Lourmat, France) at λ = 250
nm.

Figure 3.6 : Developing of TLC
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Pesticides were determined with a Shimadzu CS-9301 dual Wavelength, flying-spot
scanning densitometer (Figure 3.11) in reflectance mode using deuterium lamp at λ =
250 nm. The beam size was 0.4 mm x 16 mm, the deuterium lamp was used for zero set
mode at start, 15-point smoothing, and the calibration via peak area. The peak find filter
was 50 and resolution during data collection was 0.

Figure 3.7 : Dual wavelength flying spot scanning densitometer.
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Chapter 4
Results
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4.1 Physical parameters results.
The experiments were carried out to isolate and screen microorganisms capable to
degrade pesticides “ Diroun, Carbrayl and Glyphosate” which belong to phenylurea,
carbamate and organophosphorus pesticide groups. Attempts were made to increase the
degrading efficiency of the efficient strain at different concentrations of the pesticides.
The results obtained on these aspects are presented in this chapter.
4.1.1 Moisture content
As many as 18 soil samples (figure 4.1) were collected from 6 location sites in the Gaza
Strip with respect to the distribution of soil in the area (Fig 3.2).

Figure 4.1: soil samples
The mean moisture content of soil samples was determined for each soil type by
weighing 1 gram of the sample and drying it into the oven at 105 ̊C for 48 hours. The
result was expressed as percentage moisture content (table 4.1).
Table 4.1: Moisture content of soil samples
No

1
2
3
4
5
6

Vessels
weight
Loessial sandy soil
36.02
Sandy loess soil over loess 33.46
Dark brown /silty clay
36.91
Sandy loess soil
32.75
Loess soils
36.42
Sandy regosols
37.29
Sample

Wet
weight
37.02
34.46
37.91
33.75
37.42
38.29

Dry weight
after 48 h
36.89
34.34
37.80
33.68
37.20
38.23

Percentage of dry
weight in the 1 g
87
88
89
93
78
94

Percentage
of moisture
13
12
11
7
22
6
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4.1.2 pH of the soil samples
pH of the samples were measured by mixing 50 g of soil samples in 100 ml distilled
water. The filtration extracts were measured by a pH meter. Table 4.2 illustrates the pH
values of the samples (table 4.2).
Table 4.2: Measured pH of soil samples
NO

1
2
3
4
5
6

Sample
Loessial sandy soil
Sandy loess soil over loess
Dark brown /silty clay
Sandy loess soil
Loess soils
Sandy regosols

pH
7.73
7.68
8.01
7.76
7.80
7.79

Temperature
21.7
21.5
21.0
21.6
20.9
21.5

4.2 Microbiological results
4.2.1 Total bacterial count and sporulation (SPO) in 1 gram of soil sample
The total bacterial counts (CFU/gm soil) in all samples growth onto inoculated sample
plate are shown in the table 4.3.
Table 4.3: Total bacterial count in tested soils
Parameter

Bacterial count
(CFU/g soil)

Sporulation titer
(CFU/g soil)

Sample
Loessial sandy soil
Sandy loess soil over loess
Dark brown /silty clay
Sandy loess soil
Loess soils
Sandy regosols
Loessial sandy soil
Sandy loess soil over loess
Dark brown /silty clay
Sandy loess soil
Loess soils
Sandy regosols

N
3
3
3
3
3
3
3
3
3
3
3
3

Mean

SD
6

2.36* 10
2.21* 106
4.64* 106
1.11* 106
2.92* 106
8.90* 104
6.00* 105
5.00 * 105
3.20* 105
1.70* 104
5.50* 105
9.00 * 104

1.73* 106
2.12* 106
1.95* 106
1.30* 105
1.14* 106
7.00* 104
1.20* 104
7.00* 104
1.70* 104
1.50* 104
1.40* 104
1.20* 104

N: Number of soil samples tested for estimation of total bacterial count and sporulation titer
SD: Standard deviation of the soil samples
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Different colony have been taken and were inoculated on nutrients agar continually more
than two time to reach the pure culture.

Figure 4.2: Inoculation of single colony and pure culture.

Figure 4.3: Bacterial pure culture.
4.2.2 Gram staining
The total bacterial extracted from the soil types (82) were Gram staining according to the
protocol of Gram staining, and the results showed that there were eight groups of bacteria
in the samples; Bacilli, Diplobacilli, Streptobacilli, Cocci, Diplococci, Streptococci,
Cocobacilli, and Actinomycete.
The result of Gram staining is illustrated in the tables below. Results are arranged
according to the sample locations.
Table 4.4 shows the result of Gram stain for the first sample (Dir Al-balah) in the middle
of Gaza strip. This land is used to cultivate tomatoes, eggplant and pepper in green house.
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Table 4.4: Bacterial Gram stain result from (Dir Al-Balah City, Loessial sandy soil)
Bacterial type

No.

Sample ID

Bacilli

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
37

A1-5
A1-6
A1-7
A2-3
A2-5
A3-1
A3-2
A3-4
A3-6
B1-1
B1-2
B1-4
B1-5
B1-6
B1-7
B1-8
B2-1
B2-2
B2-4
B2-6
B2-7
B2-8
B3-2
B3-5
B3-6
C1-1
C1-2
C1-4
C1-6
C1-7
C1-8
C2-2
C2-3
C2-6
C2-8
C3-5

Gram stain and shape
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

Bacilli
Streptobacilli, Bacilli
Diplobacilli, Bacilli
Bacilli
Bacilli
Long Bacilli
Bacilli
Bacilli
Streptobacilli, Bacilli
Bacilli
Bacilli
Bacilli, Spors Bacilli
Bacilli
Bacilli
Bacilli
Long Bacilli
Bacilli, long Bacilli
Bacilli (V shap)
Bacilli
Bacilli
Bacilli
Bacilli
Long Bacilli
Long Bacilli, diplobacilli
Bacilli, Streptobacilli
Bacilli
Bacilli ,Streptobacilli
Cocobacilli, mono and tetra
Bacilli ,Streptobacilli
Bacilli
Bacilli
Bacilli
Bacilli
Bacilli
Bacilli
Bacilli, Streptobacilli

Color
colony
W
b
W
o
W
W
W
W
W
W
W
W
W
W
W
W
W
W
W
W
W
W
O
W
W
Y
W
W
w
O
W
b
W
W
W-Y
W-Y
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Diplobacilli

Streptobacilli

38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
1
2
3

C3-8
D1-1
D1-4
D1-5
D2-2
D2-3
D2-4
D2-5
D2-6
D2-7
D2-8
E2 spo-3
E2 spo-4
E2 spo-6
E2 spo-7
E2 spo-8
A1-7
B3-5
E2-3

+
+
+
+
+
+
+
+
+
+
-

4

2-5

+

5
6
7

3-6
3 spo-2
3spo-3

+
+
+

8

6 spo-1

+

9

6 spo-2

+

10

6 spo-5

+

11

6 spo-6

+

12
1
2
3
4
5
6
7
8

6 spo-8
A1-1
A1-3
A1-6
A1-8
A3-6
B3-1
B3-6
C1-2

+
+
+
+
+
+
+

Bacilli, streptobacilli
Bacilli
Bacilli, long bacilli
Bacilli, long bacilli
Bacilli
Bacilli
Bacilli
Bacilli, long Bacilli
Bacilli, long Bacilli
Cocobacilli, tetra streptococobacilli
Bacilli
Bacilli, diplobacilli.
Bacilli.
Bacilli.
Bacilli.
Bacilli, streotobacilli.
Diplobacilli, Bacilli
Long Bacilli, diplobacilli
Bacilli, diplobacilli.
Actinomysit, Bacilli ( V shape),
diplobacilli
Bacilli, diplobacilli.
Bacilli, Streptobacilli, diplobacilli (SPO)
Bacilli, diplobacilli, Streptobacilli
Bacilli, diplobacilli (spo), Streptobacilli
(spo)
Bacilli, diplobacilli (spo), Streptobacilli
(spo)
Bacilli, diplobacilli
Bacilli, Bacilli (spo), diplobacilli,
Streptobacilli
Bacilli (spo), diplobacilli(spo)
Streptobacilli
Streptobacilli
Streptobacilli, Bacilli
Streptobacilli
Streptobacilli, Bacilli
Streptobacilli
Bacilli, Streptobacilli
Bacilli ,Streptobacilli

W-Y
W-Y
Y
W-Y
W
O
W
W
W
W
W
W-Y
W
W
W
W-Y
W
W
W-Y
W-Y
W
W
W-Y
W
W
W
W
W
W
W
b
W
W
W
W
W
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Actinomycete

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

C1-6
C2-4
C3-4
C3-5
C3-8
D1-2
D1-3
E2spo-8
2-1
2-3
2-4
3-4
3-5
2 spo-5
3 spo-1
3 spo-2
3 spo-3
3 spo-6
3 spo-7
3 spo-8
4spo-1
4spo-4
4spo-5
4spo-7

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

33

5spo-2

+

34
35
36

5spo-3
5spo-6
5spo-8

+
+
+

37

6spo-1

+

38
1

6spo-2
D1-7

+
+

2

2-5

+

3
4
5

2-6
2-7
3-2

+
+
+

6

5 spo-2

+

Bacilli ,Streptobacilli
Streptococobacilli
Bacilli, streptobacilli
Bacilli, streptobacilli
Bacilli, streptobacilli
Streptobacilli
Streptococci
Bacilli, streptobacilli.
Bacilli ( V shap),Bacilli, streptobacilli
Bacilli, streptobacilli
Streptobacilli
Baciili, streptobacilli.
Long baciili, baciili, streptobacilli.
Bacilli, Streptobacilli
Bacilli(SPO), Streptobacilli (SPO)
Bacilli, Streptobacilli, diplobacilli (SPO)
Bacilli, diplobacilli, Streptobacilli
Bacilli, Streptobacilli
Bacilli(SPO), Streptobacilli (SPO)
Bacilli(SPO), Streptobacilli (SPO)
Bacilli, Streptobacilli
Bacilli, Streptobacilli
Bacilli, Streptobacilli (SPO)
Bacilli, Streptobacilli
Bacilli, diplobacilli, Streptobacilli like
Actinomycete
Bacilli(SPO), Streptobacilli (SPO)
Bacilli(SPO), Streptobacilli (SPO)
Bacilli, streptobacilli (spo)
Bacilli, diplobacilli (spo), Streptobacilli
(spo)
Bacilli, diplobacilli (spo), Streptobacilli
Actinomycete
Actinomycete, Bacilli ( V
shape),dipbacilli
Actinomycete
Actinomycete, Bacilli ( V shape)
Actinomycete, Bacilli
Bacilli, diplobacilli, streptobacilli like
Actinomycete

W
W-Y
W
W-Y
W-Y
W-Y
Y
W-Y
W-Y
W-Y
W-Y
W-Y
W
W
W
W
W-Y
W
W-Y
W
W
W
W
W
W
W
W
W
W
W
W
W-Y
W
W-Y
W-Y
W
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Cocobacilli,
mono and tetra

Cocci

diplococci
Streptococci

1
2
3

C1-4
D2-7
2 spo-7

+

4

2 spo-8

+

1
2
3
4
5
1
2
1

A2-1
C3-3
D1-8
E2 spo-1
3-8
C3-3
D1-8
D1-3

+
+
+
+
+
+
+
+

Cocobacilli, mono and tetra
Cocobacilli, tetra streptococobacilli
Cocobacilli, streptococobacilli
Cocobacilli,diplococobacilli
Sreptococobacilli
Cocci
Cocci, diplococci
Cocci, diplococci
Cocci.
Cocc,diplococci
Cocci, diplococci
Cocci, diplococci
Streptococci

W
W
W
W
W
B
Y
W
W-Y
B
Y
Y

W: White, B: Black, b: Brown, O: Orange, Y: Yellow.
The following tables summarized only the new strains founded in each location and
ignore the similar strains.
The Gram stain of sample 2, which was collected from the eastern side of khanyouns
city, the land is usually used to plant wheat.
Table 4.5: Bacterial Gram stain result from (Khanyouns City, Sandy loess over loess soils)
Bacterial type

No.

ID sample

1
2
3

2-1
2-2
2-3

+
+

4

2-5

+

5
6

2-7
2-8

+
-

Diplobacilli

1

2-5

+

Streptobacilli

1
2

2-1
2-3

+

1

2-5

+

2

2-7

+

Bacilli

Actinomycete

Gram stain
Bacilli ( V shap),Bacilli, Streptobacilli
Bacilli
Bacilli, streptobacilli
Actinomysit, Bacilli ( V shape),
dipbacilli
Actinomysit, Bacilli ( V shape)
Bacilli
Actinomysit, Bacilli ( V shape),
dipbacilli
Bacilli ( V shap),Bacilli, Streptobacilli
Bacilli, Streptobacilli
Actinomycete, Bacilli ( V shape),
diplobacilli
Actinomycete, Bacilli ( V shape)

Color
colony
W-Y
W-Y
W-Y
W-Y
W-Y
W-Y
W-Y
W-Y
W-Y
W-Y
W-Y

W: White, Y: Yellow.
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Table 4.6 presents the result of Gram stain of sample 3, which was collected from the
eastern side of Wadi Gaza. The land is usually used to farm vegetables
Table 4.6: Bacterial Gram stain result (The Eastern side of wadi Gaza, Dark brown /silty clay)
Bacterial type

No.

Sample ID

1
2
3
4
5
6
1
1
2

3-1
3-2
3-3
3-4
3-5
3-6
3-6
3-4
3-5

Bacilli

Diplobacilli
Streptobacilli

Gram stain
+
+
+
+
+
+
+
-

Bacilli
Actinomycete, Bacilli
Long baciili, baciili, V shape
Baciili, streptobacilli.
Long baciili, baciili, streptobacilli.
Bacilli, diplobacilli.
Bacilli, diplobacilli.
Baciili, streptobacilli.
Long baciili, baciili, streptobacilli.

Color
colony
W-Y
W-Y
W-Y
W-Y
W
W
W
W-Y
W

W: White, Y: Yellow.

Sample 4 was collected from Al-moghraqa area, and this land was planted by olive trees.
Table 4.7 shows the result of Gram stain of this sample.
Table 4.7: Bacterial Gram stain result from (Al-Moghraqa, Sandy loess soil)
Bacterial type

No.

Sample ID

Bacilli

1
2
3
4
5
6
7
8

4-1
4-2
4-3
4-4
4-5
4-6
4-7
4-8

Gram stain
+
+
+
+
-

v. small Bacilli
v. small Bacilli
v. small Bacilli
v. small Bacilli
v. small Bacilli
v. small Bacilli
v. small Bacilli
v. small Bacilli

Color
colony
W
W
W
W
W-Y
W-Y
W
W

W: White, Y: Yellow.
Sample 5 was collected from house garden in Al-zyton area, which was cultivated and
planted with olive trees. Table 4.8 below summarized the result of the Gram stain
available.
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Table 4.8: Bacterial Gram stain result from (Al-Zyton area, Loess soils)
Bacterial type

Bacilli

No.
1
2
3
4
5
6
7
8

ID sample
5-1
5-2
5-3
5-4
5-5
5-6
5-7
8

Gram stain
Long bacilli, bacilli
Bacilli
v. small Bacilli
v. small Bacilli
v. small Bacilli
v. small Bacilli
v. small Bacilli
Long Bacilli

+
+
+
+
+
+

color
W-b
W-Y
W
W
W-B
W
W
W-Y

W: White, B: Black, b: Brown, O: Orange, Y: Yellow.
The last sample collected from Tal-Elhwa area in Gaza city. The land is not used. Herb
and grasses are the cover of this land. The table below shows the results of Gram stain
from Tal-Elhwa area in Gaza city.

Table 4.9: Bacterial Gram stain result from (Tal Elhwa area, Sandy regosols)
Bacterial type

Bacilli

No.
1
2
3
4
5
6
7
8

ID sample
6-1
6-2
6-3
6-4
6-5
6-6
6-7
6-8

+
+
+
+
+
+
+

Gram stain
v. small Bacilli
v. small Bacilli
v. small Bacilli
v. small Bacilli
v. small Bacilli
v. small Bacilli
v. small Bacilli
v. small Bacilli

color
W
W
W
W
Y
W-Y
W
W

W: White, B: Black, b: Brown, O: Orange, Y: Yellow
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4.3 Biodegradation results
4.3.1 Biodegradation of studied pesticides on solid media
All isolated bacteria from soils (82 types) were inoculated on minimal media (M9 agar)
supplemented with the 3 kinds of the pesticides at different concentration (100,150 and
200 ppm), and the growth was observed every 24 hours for 3 days. Almost all the
bacteria strains tests showed a good availability to growth on the agar media containing
these pesticides at concentration of 150 ppm. Representative results of the growth
availability of the bacteria on the three kinds of pesticides were illustrated in table 4.10,
4.11 and 4.12.
Table 4.10: Biodegradation of Diuron on solid media.
Bacterial type

Selected sample

Biodegradation period in hours
Growth ability
24
48
72
+
+
+
++
+++
+
+++
++
+
++
+++
++
+++
+++
++
+++
+
++

A1-7
A2-5
A3-6
B1-7
B2-2
B3-5
Bacilli
C2-3
D2-3w
D2-6
2-1
+
++
+
3-2
5-4
5-7
A1-7
Diplobacilli
+++
B3-5
++
A1-3
+++
A3-6
C2-4
Streptobacilli
+++
C3-4
+
+++
D1-2
+
++
2-1
Cocobacilli, Streptococobacilli
D2-7
+
++
2-6r
Actinomycete
+
3-2
+: weak growth, ++: moderate growth, +++: obvious growth, - No growth.

+++
++
+
+
++
+++
+++
++
++
++
+++
++

63

Table 4.11: Biodegradation of Carbaryl on solid media

Bacterial type

Bacilli

Diplobacilli

Streptobacilli

Cocobacilli, Streptococobacilli
Actinomycete

Selected sample

A1-7
A2-5
A3-6
B1-7
B2-2
B3-5
C2-3
D2-3w
D2-6
2-1
3-2
5-4
5-7
A1-7
B3-5
A1-3
A3-6
C2-4
C3-4
D1-2
2-1
D2-7
2-6r
3-2

Biodegradation period in hours
Growth ability
24
48
72

+
+
+
+
+++
++
++
+
+
++
+
+
+
+
+
+
-

++
++
++
++
+++
++
+
++
+
++
++
+
+
+
+
+

++
+++
+++
+++
++
+++
+
+++
++
+++
+
+
+
+
+
++

+: weak growth, ++: moderate growth, +++: obvious growth, - No growth.
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Table 4.12: Biodegradation of Glyphosate on solid media

Bacterial type

Bacilli

Diplobacilli

Streptobacilli

Cocobacilli, Streptococobacilli
Actinomycete

Selected sample

A1-7
A2-5
A3-6
B1-7
B2-2
B3-5
C2-3
D2-3w
D2-6
2-1
3-2
5-4
5-7
A1-7
B3-5
A1-3
A3-6
C2-4
C3-4
D1-2
2-1
D2-7
2-6r
3-2

Biodegradation period in hours
Growth ability
24
48
72

+
+++
+++
++
+++
+++
++
++
++
+++
+++
+
+
+++
++
+++
++
+++
+++
++
++
+++

++
+++
+++
+++
+++
+++
++
+++
+++
+++
+++
++
++
+++
+++
+++
+
+++
+++
+++
+++
+++
+++

+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+
+++
+++
+++
+++
++
+++
+++
+++
+++
+++
+++

+: weak growth, ++: moderate growth, +++: obvious growth, - No growth.

Twenty four isolated bacteria showed different growth ability. Fourteen bacterial strains
showed obvious growth on pesticides (ability of growth in the solid media without carbon
and nitrogen source whereas pesticides are the only carbon and nitrogen source). For
further studies the work was limited on three strains (two Gram positive D27, 26 and one
Gram negative 21).
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Figure 4.4: Biodegradation on solid media

4.3.2 Identification of the 14 selected bacteria by biochemical tests
The selected bacteria strain identification and characterization was based on their
morphological, biochemical and cultural characteristics according to Bergey’s Manual of
Determinative Bacteriology [97]. The observations of biochemical characters are given in
table 4.13, whereas figures (4.5, 4.6, 4.7, 4.8, 4.9, and 4.10) illustrate the photos of the
bacterial identification tests results.
Table 4.13: Result of Gram Positive rods bacteria tested

No

1
2
3
4
5
6
7
8
9

Sample
Spore forming
Acid/Fast
Catalase
Starch hydrolysis
Swollen Cell
VP Test
Citrate
6.5 % NaCl Growth
Nitrate reduction
55̊ C Growth
Cell Diamenter ≥ 1µ

A17
+

A36
+

B17
+
-

+
+
+
+
+
+
+
+
+
+
10
11
+ : Positive test result, - : Negative test result.

B22
+
+
+
+
+
+
+
-

B35
+
+
+
-

D23
+
+
+

+

D27
+
+
+
+
+
-

26

32

54

-

+

+

+
-

+
-

-

-

+
+
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Figure 4.5: The Acid / Fast test under
microscope

Figure 4.7: The Catalase test

Figure 4.6: The Starch test

Figure 4.8: The Citrate Test
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Figure 4.9: The VP Test

Figure 4.10: The Nitrate reduction test

The expected bacteria according to the testes in Bergey’s Manuel for identification of
bacteria are listed in Table 4.14.
Table 4.14: The expected bacteria

No.

Sample

1
2
3
4
5
6
7
8
9
10

A17
A36
B17
B22
B35
D23
D27
26
32
54

Expected Bacteria
Bacillus subtilis
Bacillus coagulans
Corynebacterium xerosis
Bacillus licheniformis
Bacillus badius
Bacillus pasteurii
Bacillus coagulans
Corynebacterium kutseri
Bacillus insolitus, Bacillus marinus
Bacillus insolitus, Bacillus marinus
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Because of the high number of the Gram positive bacteria, for further studies the work
was limited on the two bacterial strains D27(Bacillus coagulans) and 26 (Corynebacterium
Kutseri) which showed relatively high degradation efficiency on the tested pesticides.
The results of the second group of bacteria, Gram Negative Rods Bacteria, are listed in
Table 4.15 whereas figures (4.11, 4.12 and 4.13) illustrate the photos of the bacterial
identification test results.
Table 4.15: Result of negative rods bacteria tested
No

1
2
3
4
5
6
7
8
9
10
11
12
13
14

Sample
Oxidase
Acid
Glucose Fermentation
Lactose Fermentation
Na for Growth
VP Test
H2S Production
Indole
Nitrate reduction
citrat
Gelatin
catslase
Ureas
Mannitol

D12
-

21
-

+
-

C23
+
-

+
+
+
+
-

+
+
+
+
-

+
+
+
+
-

+
-

57
+
+
+
-

+

+ : Positive test result, - : Negative test result.

Figure 4.11: Oxidase Test

Figure 4.12: Lactose fermentation test
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Figure 4.13: Indole test
The expected bacteria according to Bergy’s are summarized in table 4.16
Table 4.16: The expected bacteria

No

Sample

Expected Bacteria

1

D12

Morganella morganii

2

C23

Pseudomonas cholororaphis
Pseudomonas fluorescens

3

21

Morganella morganii

4

57

Aeromonas spp.

In further studies, the number of the Gram negative bacteria is limited, to the bacterial
strain 21 which showed relatively high degradation efficiency on the tested pesticides.
The expected bacteria could be one of the two bacteria: (Morganella morganii).
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4.3.3 Degradation of selected pesticides in liquid media
The selected 3 isolated bacterial (21, 26, and D27) were inoculated in minimal media (M9)
with pesticides concentration of 150 ppm (the best concentration for degradation in liquid
media) as sole of carbon and nitrogen source for 11 day. The growth of the three bacteria
was determined by measuring the optical density at wave length 600nm every day [90].

Figure 4.14: Degradation of three pesticides with bacteria 21 in liquid
media (M9) after 11 days:
First flask from left is the reference media (M9);
A: The bacteria 21 with Diuron;
B: The bacteria 21 with Carbaryl;
C: The bacteria 21 with Glyphosate.
Absorptions of the remaining pesticides concentration were measured daily with the help
of UV-Visible spectrophotometer at wave length 210 nm for glyphosate [88], 250 nm for
diuron [82], and 360 nm for carbaryl [86].
Graphs in figures 4.15 - 4.17 for the remaining pesticide percentage were drawn on the
basis of the reading. Appendix I- III, and charts below gives details and show the result
of the spectroscopic measurement of the remaining three pesticides (diuron, carbaryl and
glyphosate) that inoculate with the isolated selected bacteria (21, 26, and D27).
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Figure 4.15: The remaining percentage of diuron at wave length 250 nm and the optical
density (OD600) for bacterial isolate D27, 21 and 26 :

1- Bacterial isolate D27

2- Bacterial isolate 21

3- Bacterial isolate 26
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Figure 4.16: The remaining percentage of carbaryl at wave length 360 nm and the optical
density (OD600) for bacterial isolate D27, 21 and 26 :

1-

Bacterial isolate D27

2- Bacterial isolate 21

3- Bacterial isolate 26
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Figure 4.17: The remaining percentage of glyphosate at wave length 210 nm and the
optical density (OD600) for bacterial isolate D27, 21 and 26 :

1- Bacterial isolate D27

2- Bacterial isolate 21

3- Bacterial isolate 26
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4.4 Chromatography results
4.4.1 Solid-phase extraction and chromatography
After optimization the conditions for SPE, recoveries, standard deviation (SD) and
relative standard deviation (RSD) after enrichment of the sample spiked with the
investigated diuron or carbaryl pesticide (150 ppm) with bacteria 21 on RP-C18
bakerbond cartridges were calculated and listed in table 4.17 and 4.18.
Glyphosate was not determined on TLC because it has low UV absorption efficiency and
cannot be detected directly with the densitometer scanner.
The standard deviation is calculated according to the formula below:

S: Standard deviation.
Xi: First reading area.
X͞ : The mean of reading area.
N: Number of reading area.
The relative standard deviation is calculated using the formula below:

S: Standard deviation.
X͞: The mean of reading area.
4.4.2 Thin layer Chromatographic analysis
The extracts after 0, 2 , 6 and 9 days were spotted onto the TLC plate in distance of 2 cm
between them and let developed into a mobile phase of ethyl acetate and hexane 3:2 (v\v)
to a distance of 10 cm after drying the plate. The Rf-value (Retardation factor: is the
distance traveled by the component / distance traveled by the mobile phase) obtained was
0.55. It was scanned using dual wavelength flying spot scanning densitometer. Table 4.17
summarized the results of SPE for diuron degraded with bacterial strain 21.
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Table 4.17: The standard deviation, relative standard deviation and recoveries of diuron
after SPE of the remaining diuron pesticide.
Degradation
time
Zero time

2 days

6 days

9 days

Areas
1199.12
1185.62
1211.23
1139.16
1125.58
1161.92
995.39
1013.06
983.68
872.27

886.49
852.38

Average

remaining
rate %

SD

RSD%

1198.65

100.00

0.33

0.02

1142.22

95.29

2.16

0.19

Recoveries
%

96.20
997.38

83.21

1.41

0.14

870.38

72.61

1.33

0.15

Figure 4.18 showed the dinistogram of the remaining diuron separated on TLC plate
using ethyl acetate and hexane 3:2 (v/v) as a mobile phase after 2, 5 and 7 days, which
were compared with reference concentration.
R(0)

a
b
c

Figure 4.18: Densitogram of remaining diuron pesticide degradation with bacteria
21, after SPE, on silica gel TLC plate

76

Recoveries, standard deviations (SD) and relative standard deviations (RSD) of samples
spiked with the investigated carbaryl pesticide (150 ppm) with bacteria 21 on RP-C18
bakerbond cartridges are listed in table 4.19. Carbaryl was separated on silica gel TLC
plate using mobile phase: ethyl acetate and hexane 3:2 (v\v), and developing distance 10
cm. The Rf-value obtained was 0.7.
Table 4.18: The standard deviation, relative standard deviation and recoveries of the
pesticide after SPE of the remaining carbaryl.
Degradation
time
Zero time

2 days

5 days

7 days

Areas
891.37
894.74
887.21
858.76
864.92
852.52
651.63
646.95
642.12
607.72

615.16
610.94

Average

remaining
rate %

SD

RSD%

891.11

100.00

0.18

0.020

858.73

96.36

0.02

0.002

Recoveries
%

92.60
646.90

72.59

3.34

0.51

433.60

48.65

2.51

0.41

R(0)

a
b
c

Figure 4.19: : Densitogram of remaining carbaryl pesticide degradation with
bacteria 21, after SPE, on silica gel TLC plate
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Table 4.19 shows the a comparison between the results obtained when using UV
spectrophotometer and when using chromatographic method TLC to measure the
concentration of the remaining pesticides after microbial degradation. They are
obviously coincident with each other.

Table 4.19 Comparison between the results of TLC and UV for remaining pesticides
Time
0
2 days
5 days
7 days

Diuron
UV
100.00
95.19
79.16
72.25

Carbaryl
TLC
100.00
95.29
83.21
72.61

UV
100.00
96.37
68.54
47.59

TLC
100.00
96.36
72.59
48.65
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Chapter 5

Discussion
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5.1 physical properties of the soils
The pH is an important indicator of chemical changing of the soil. The pH values of the
six tested soil types were between 7.7 and 8.01 which mean that they have neutral to
slightly basic character. This pH was found to be suitable for the selected fourteen
bacteria to degrade the tested pesticides. Bacteria can live in pH value range 5-9 and the
optimum pH for bacteria is 7 [102]. The bacterial CFU number has a positive correlation
with pH value and moisture in soil, and negative correlation with sand content [103].
Most microorganisms in soil grow best in a pH range from 6 to 8 [104]. Biodegradation
studies indicated that survival bacteria cell in soil microcosms was strongly influenced by
pH and organic matter [105].
The moisture content of the tested soil was measured and presented in Table 4.1. The
moisture content of the soils were classified as low in sandy loess and sandy regosols
soils, moderate in loessial sandy, sandy loess over loess and dark brown /silty clay soils,
and high in Loess soil. Moisture is one of the important factors influencing the microbial
population & their activity in soil. Water (soil moisture) is useful to the microorganisms
in two ways i.e. it serve as source of nutrients and supplies hydrogen / oxygen to the
organisms and it serve as solvent and carrier of other food nutrients to the
microorganisms. Microbial activity & population proliferate best in the moisture range of
20% to 60%. Under excess moisture conditions / water logged conditions due to lack of
soil aeration (Oxygen) anaerobic microflora become active and the aerobes get
suppressed. While in the absence of adequate moisture in soil, some of microbes die out
due to tissue dehydration and some of them change their forms into resting stages spores
or cysts and tide over adverse conditions. Therefore optimum soil moisture (range 20 to
60 %) must be there for better population and activity of microbes in soil [108]. In the
Australian book soil biological fertility mentioned that the population of soil bacteria
change rapidly depending on moisture content [107].
As shown in Table 4.3, the comparison of the total bacterial number in tested soils
showed that the highest value was in Loess soils and least in Sandy loess and Sandy
regosols soils while it was moderate in Loessial sandy, Sandy loess soil over loess and
Dark brown /silty clay soils. However, the total bacterial number measured in tested soils
is considered to be at the minimum count level (106 CFU/g soil) [106]. The fourteen
selected active bacteria were isolated from loessial sandy, sandy loess over loess and dark
brown /silty clay soils which have moisture content of 13, 12 and 11% respectively, and
that from loess soil which has moisture content of 22%. The chosen three bacteria for the
further studies were isolated from loessial sandy and sandy loess over loess soils. This
means that the moisture content in these kinds of soils could reflect a suitable
environment for the degradation of the tested pesticides [108].
5.2 Bacterial Estimation in soil
Three soil samples were collected from each location of the study area in the Gaza Strip
with given GPS (Table 3.1). They were treated and bacterial extraction was performed.
Bacterial diversity was observed in all tested soil types. The total number of bacteria per
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1 g dry soil was determined as colony forming unit (CFUg-1). Collects from dark
brown/silty clay soil, from the eastern side of wady Gaza, demonstrated a total bacterial
count of 4.64* 106 CFUg-1, and sporulation titer of 1.95* 106 CFUg-1, most mention here
that, this area was planted with citrus trees, and now it is planted with vegetables.
However, the collects from loessial sandy soil from Dir-albalh showed a total bacterial
count of 2.36* 106 CFUg-1, and sporulation titer of 1.73* 106 CFUg-1, these samples were
collected from green house used for planting eggplant and tomato. The total bacterial
count of sandy loss over loess soil which was collected from khanyons city was closely to
2.21* 106 CFUg-1, and they show a higher sporulation titer of 2.12* 106 CFUg-1. The
majority of bacteria in this soil were found as spores. These samples were collected from
house garden planted with wheat. The collects from Al-zyton area with soil type Loess
soil have bacterial total count of 5.5*105 CFUg-1, and sporulation titer of 1,4* 104 CFUg-1,
this land was planted with vegetables after a new arable. The lowest total bacterial count
were found in two types of soil in the Gaza Strip, Sandy loess soil and Sandy regosols,
which have total bacterial count of 1.11* 106 CFUg-1and 8.9* 104 CFUg-1, and sporulation
titer of 1.30* 105 CFUg-1, and 7* 104 CFUg-1 respectively.
5.3 Microbial degradation of tested pesticides
Microorganisms play key roles in the biodegradation of pesticide contaminated sites.
However, few studies of the microbial degradation of pesticides have been carried out
worldwide and this study is one of those few study’s at Gaza Strip. In the present study,
bacterial strains were isolated to test its ability in degrading target pesticides. The
bacterial culture capable of degrading (diuron, carbaryl and glyphosate) was isolated
from soil using enrichment technique, with concentration (150 ppm) of the pesticides in
the medium, the soil samples were collected from agricultural sites in Gaza Strip. Three
different bacterial strains were isolated from soil samples by the enrichment culture
technique.
Because of the high number of bacteria and the morphological similarities among the
isolated bacteria, twenty four isolates (Table 4.10 – 4.12) where chosen from the total of
eighty two bacteria for testing their biodegradation capacity on pesticides. Sub-culturing
on solid media was enriched with the tested pesticides (diuron, carbaryl and glyphosate),
with different concentration of pesticides (100, 150 and 200 ppm) to determine the best
bacterial growth in the presence of pesticide. Almost all the twenty four isolated bacteria
showed appreciable bacterial growth, since they can use the pesticide as a sole carbon
and nitrogen source for their growth. Fourteen isolates bacteria were chosen for further
investigation based on their ability of obvious growth on the solid media in presence of
pesticide as the only source of carbon and nitrogen with concentration of 150 ppm (Table
4.10, 4.11 and 4.12). These isolates were identified by morphological and by biochemical
tests described in the identification flow chart of Bergy’s manual [97]. Due to the limited
scientific and research resource in Gaza Strip, the biochemical tests were implemented
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after grouping the isolates into two groups by Gram staining technique (Table 4.4 - 4.9,
4.14 and 4.16). In developed countries 16S rDNA gene usually used to identify bacterial
isolates [109].
Three bacteria Bacillus coagulans and Corynebacterium Kutseri which are Gram
positive, and Morganella morganii which as Gram negative bacteria were chosen to test
their growth ability in liquid media that was enriched with the three pesticides (diuron –
carbaryl and glyphosate) separately.
The plotting in figure 4.15 – 4.17 for remaining pesticide percentage was drawn on the
basis of the readings. They showed that the highest degradation efficiency was achieved
by Bacillus coagulans, and was found to degrade carbaryl to a maximum extent of
98.71% after 11 days. This was favored by previous studies that mix bacteria
(Micrococcus arborescens, Pseudomonas aeruginosa, Brachybacterium sp. and
Salsuginibacillus kocurii) were used to degrade carbaryl, and it was found that after 21
days 85% of the carbaryl pesticides have been degraded, when adding nutrients nitrogen
and phosphorus to the media [85]. Bacillus coagulans used widely in biodegradation tests
for pesticides. It’s used to degrade ferulic acid as a sole carbon source. Above 95%
substrate degradation was obtained within 7 hours of growth on ferulic acid medium
[108]. Bacillus coagulans also used to degrade pyridine and used it as sole carbon and
nitrogen source, with degradation rate of 94.1% within 72h [110]. In other studies the
pseudomonas sp. were used lonely and they were capable of utilizing carbaryl as a sole
carbon and nitrogen source and convert it to another components [86]. Also Arthobacter
sp. were used to degrade carbaryl [87].A study in India for three kind of soil types
suspension with carbaryl showed that 10-14% of carbaryl degrade after 20 days of
inoculation [110].
In our study the degradation rate for diuron (71.96%) was achieved by Bacillus
coagulans after 11 days. No previous reports of rapid biodegradation of diuron have been
reported; degradation is usually slow and demonstrated that increased residence time in
soil results in stronger adsorption to the soil solution [83]. In other study Streptomyces
strains were employed to degrade diuron and achieved a degradation rate of 28% with 15
days [82]. Only two studies reported the rapid degradation of diuron, the first degradation
was within 36 hours when using Micrococcus lylae [111] while the second study used
Micrococcus sp.to degrade diuron and reached 96% within 30 hours at high concentration
of diuron (250 ppm) [112]. However, the degradation of diuron is usually slow [111].
The lowest degradation rate was observed when employing Bacillus coagulans with
glyphosate which reached a degradation rate of 20.50% after 11 days. In one study
Ochrobacturm anthropic was used in degrading glyphosate [113], while Escherichia sp.,
Azotobacter sp., Alcaligenes sp., were also used in another study to degrade glyphosate
[90]. A mixture of three bacteria Pseudomonas putida, psudoumonas aeruginosa and
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Acetobacter was used to degrade 50 µg-1of glyphosate and found that after 3 days the
bacteria were able to complete degradation of the pesticide [89].
The difference in bacterial growth in the presence of three tested pesticides may be due to
the number of carbon and nitrogen atoms in each pesticide. Carbaryl with twelve carbon
atoms and one nitrogen atom has the highest degradation rate, diuron with nine carbon
atoms and two nitrogen atoms has moderate degradation rate while glyphosate has the
lowest degradation rate with three carbon atoms and one nitrogen atom. Appendix I, II
and III give more details about the degradation of each pesticide.
Growth of the three bacteria with diuron showed that the highest degradation efficiency
was achieved by Bacillus coagulans and reached a maximum degradation rate of 71.96%
after 11 days; Corynebacterium Kutseri came in the second position with a degradation
rate of 45.54%, while Morganella morganii showed the least degradation rate of
27.25%. Appendix I illustrates the measurement of diuron with the three bacteria.
Bacillus coagulans was able to degrade carbaryl at the highest rate of 98.71% followed
by Corynebacterium Kutseri at degradation rate of 87.37%, while Morganella morganii
showed the least degradation rate of 47.59% after 11 days of inoculation.
In glyphosate degradation, the three bacteria showed different results compared to their
behavior with diuron and carbaryl. Morganella morganii had the least rate to degrade
diuron and carbaryl. Morganella morganii occupies the relative high efficiency to
degrade glyphosate with rate of 77.90%. Corynebacterium Kutseri had a moderate
degradation rate of 47.69%, whereas the active bacteria Bacillus coagulans (showed the
highest degradation efficiency for diuron and carabaryl) in degrading diuron and carbaryl
showed the least degradation of glyphosate with rate of 20.50%.
Morganella morganii was selected by lesson A. within a mixture of bacteria to degrade
DDT, according to their ability to grow on mineral salt media supplement with DDT
[114]. Other study reported Morganella morganii which used to degrade hexahydro1,3,5-trinitro-1,3,5-triazine (RDX) and octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine
(HMX) [115].
The results in this study suggest that strains isolated from soils (Loessial sandy soil and
Sandy loess soil over loess) have a considerable potential for biodegradation, since the
organisms are adapted to pesticide presence. These strains were able to degrade the tested
pesticides (diuron – carbaryl and glyphosate) in different percentage. Our results suggest
the importance of a continuous search for new strains with degradation activity given the
high degradation rates observed. They could be used efficiently in bioremediation of
pesticide-polluted soils, since they are easily survived.
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5.4 Chromatography results
After optimization of SPE conditions the average recoveries for the investigated diuron
was calculated to be 96% and the relative standard deviation was less than 1%. These
results are very sufficient for quantitative determination of pesticides.
In Fig 4.19 the areas under the densitogram were calculated which are directly
proportional to the remaining concentrations of pesticides. The results obtained for the
biological degradation of the three pesticides with bacteria 21 (Morganella morganii)
using chromatographic methods (Table 4.17) was complying with the results obtained
from the spectroscopic measurements (Appendix I).
The average recoveries of SPE for carbaryl was 92.6% with a relative standard deviation
less than 1%. These results meet the conditions for quantitative measurements of
pesticides. The densitogram in Fig. 4.19 represents the remaining pesticide concentration
of carbaryl after biological degradation with bacteria 21 (Morganella morganii) in liquid
media for 9 days.
The results obtained spectroscopically using UV spectrophotometer and those obtained
chromatographically using TLC are in coincidence with each other (Table 4.19).

84

Summary

85

Summary
The tested six samples of soil types which collected from agricultural places in the Gaza
Strip have a neutral to slightly basic character, which have values between 7.7 and 8.01.
Those soil types showed broad bacterial diversity, 82 bacterial strains were isolated. After
isolation the bacteria were characterized by Gram staining into 2 groups; Gram positive
and Gram negative bacteria. Fourteen bacterial strain types showed good growth ability
when using the examined pesticides (diuron, carbarly and glyphosate) as sole source of
carbon and nitrogen (i.e. degradation of pesticides). Three bacteria isolates that used in
this study were extracted from two types of soil (Loessial sandy and Sandy loess soil over
loess soils), which identified by Cultural, morphological and biochemical tests as
described in Bergey’s Manual of Determinative Bacteriology. The three isolates were
identified as Bacillus coagulans, Corynebacterium kutseri (Gram positive bacteria) and
the third was Morganella morganii which (Gram negative bacteria). The chosen bacteria
tolerated to the environmental condition of pH and moisture, and showed a good capacity
to degrade the target three pesticides on solid media. Bacteria were inoculated in minimal
media without carbon and nitrogen source and with 150 ppm of the pesticide for 11 days.
The bacterial growth and the remaining pesticides (biodegradation rate) were measured
and determined by measuring the optical density at wave length 600 nm, and by the UVspectrophotometer at different wave length according to targeted pesticide ( 210 nm for
glyphosate, 250 nm for diuron, and 360 nm for carbaryl). Readings of the
spectrophotometer for inoculated media showed the difference in toleration of those
bacteria and their ability to use the pesticide for their growth. Also the biodegradation
rate of the tested pesticides were chromatographically measured using TLC after
optimization of a solid phase extraction. SPE conditions were optimized and the average
recoveries for the investigated diuron and carbaryl were calculated to be 96% and 92%
respectively which are very sufficient for quantitative determination of pesticides'
residuals. The degradation results obtained using UV spectrophotometer were complying
with those obtained densitographically using TLC.
The highest degradation efficiency for the three targeted pesticides was achieved by
Bacillus coagulans, and was found to degrade carbaryl to a maximum extent of 98.71%,
while the degradation rate for diuron was (71.96%). The lowest degradation rate was
achieved when employing Bacillus coagulans with glyphosate which reached a
degradation rate of only 20.50% after 11 days. Bacterial strain Bacillus coagulans showed
a good and high relative efficiency to use diuron and carbaryl as a sole carbon and
nitrogen source (i.e. degrade the pesticides). However it showed a least efficiency to use
the glyphosate in their growth.
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The bacterial strain Corynebacterium kutseri showed the high degradation efficiency at rate
87.37% with carbaryl , and moderate degradation rate with diuron and glyphosate at rate 45.54%,
and 47.69% respectively.
Bacterial strain Corynebacterium kutseri has moderate rate to degrade the three kind of
pesticides. Bacterial strain Morganella morganii showed a good and high ability rate in
using glyphosate in their growth (degradation of glyphosate), while it showed least
degradation efficiency in using diuron and carbaryl to growth.
The high efficiency of degradation with bacterial strain Morganella morganii was
achieved with glyphosate at rate 77.90%, followed with carbaryl at rate 47.59%, while
the lowest degradation was achieved with diuron after 11 days of inoculation.
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Recommendations
1. Enhancing the biodegradation
microorganisms.

of

pesticides

in

the

Environment

by

2. Confirming the identification of the bacteria by the16S rDNA sequence.
3. Trying to inoculate more density of bacteria to study their effects on the
pesticides degradation rate.
4. Using the most effective bacteria to degrade another pesticides.
5. Searching for new strains to use them in the biodegradation of pesticides.
6. Testing the effectiveness of bacterial mixture to degrade the pesticides
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APPENDIX I: The Spectroscopic measurement of diuron degradation in liquid media with the three bacterial
isolates.

ID

D27: Bacillus coagulans

Day

OD600

ABS

1
2
3
4
5
6
7
8
9
10
11

0.253
0.348
0.45
0.564
0.672
0.804
0.981
1.053
1.129
1.260
1.246

0.82
0.7
0.61
0.49
0.43
0.36
0.32
0.27
0.24
0.24
0.23

•

Degradation
percentage
00.00
14.64
25.61
40.25
47.57
56.10
60.98
67.08
70.74
70.74
71.96

21: Morganella morganii
Remaining
percentage
100
85.36
74.39
59.75
52.43
43.90
39.02
32.92
29.26
29.26
28.04

OD600

ABS

0.546
0.85
0.9975
1.095
1.3615
1.728
1.719
1.89
1.845
-

0.312
0.297
0.284
0.275
0.259
0.247
0.236
0.229
0.227
-

Degradation
percentage
00.00
04.81
08.98
11.86
16.99
20.84
24.36
26.61
27.25
-

Remaining
percentage
100
95.19
91.02
88.14
83.01
79.16
75.64
73.39
72.75
-

26: Corynebacterium kutseri
OD600

ABS

0.439
0.600
0.762
0.936
1.032
1.088
1.260
1.422
1.449
1.575
1.431

0.224
0.216
0.213
0.209
0.202
0.191
0.168
0.131
0.127
0.122
0.122

Degradation
percentage
00.00
03.57
04.91
06.70
09.82
14.73
25.00
41.52
43.31
45.54
45.54

Remaining
percentage
100
96.43
95.09
93.30
90.18
85.27
75.00
58.48
56.69
54.46
54.46

The duration of studying the pesticides degradation with bacteria 21 was 9 days because the temperature was raised suddenly
and killed the bacteria in that day.
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APPENDIX II: The Spectroscopic measurement of carbaryl degradation in liquid media with the three bacterial isolate.

ID

D27: Bacillus coagulans

Day

OD600

ABS

1
2
3
4
5
6
7
8
9
10
11

0.232
0.318
0.412
0.510
0.623
0.724
0.846
1.125
1.179
1.260
1.246

.056
0.052
0.048
0.044
0.039
0.034
0.029
0.017
0.009
0.005
0.003

•

Degradation
percentage
00.00
07.15
14.29
21.43
30.36
39.29
48.22
69.65
83.93
91.08
98.71

21: Morganella morganii
Remaining
percentage
100
92.85
85.71
78.57
69.64
60.71
51.78
30.35
16.07
8.92
1.29

OD600

ABS

0.39
0.70
0.81
0.96
1.13
1.34
1.39
1.51
1.44
-

0.024
0.023
0.023
0.023
0.018
0.017
0.017
0.013
0.013
-

Degradation
percentage
00.00
03.63
0.5.25
07.26
27.42
31.46
31.46
47.59
47.59
-

Remaining
percentage
100
96.37
94.75
92.74
72.58
68.54
68.54
52.41
52.41
-

26: Corynebacterium kutseri
OD600

ABS

0.43
0.60
0.75
0.92
1.11
1.09
1.27
1.33
1.61
1.49
1.55

0.198
0.178
0.15
0.148
0.127
0.114
0.097
0.078
0.033
0.027
0.025

Degradation
percentage
00.00
10.10
24.24
25.30
35.85
42.42
51.01
60.61
83.33
86.36
87.37

Remaining
percentage
100
89.9
75.8
74.7
64.1
72.7
49.0
39.4
16.6
13.6
12.6

The duration of studying the pesticides degradation with bacteria 21 was 9 days because the temperature was raised suddenly
and killed the bacteria in that day.
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APPENDIX III: The Spectroscopic measurement of glyphosate degradation in liquid media with the three bacterial isolate.

ID

D27: Bacillus coagulans

Day

OD600

ABS

1
2
3
4
5
6
7
8
9
10
11

0.205
0.280
0.357
0.474
0.560
0.668
0.805
0.841
0.999
0.990
0.900

0.200
0.200
0.196
0.191
0.187
0.181
0.175
0.168
0.160
0.159
0.159

•

Degradation
percentage
00.00
00.00
02.00
0.4.50
06.50
09.50
12.50
16.00
20.00
20.50
20.50

21: Morganella morganii
Remaining
percentage
100
100
98.0
95.5
93.5
90.5
87.5
84.0
80.0
79.5
79.5

OD600

ABS

0.267
0.480
0.557
0.948
1.295
1.724
1.644
1.664
1.820
-

0.353
0.349
0.279
0.128
0.104
0.096
0.081
0.081
0.078
-

Degradation
percentage
00.00
01.13
20. 96
63.73
70.53
72.80
77.05
77.05
77.90

Remaining
percentage
100
98.86
79.03
36.26
29.46
27.19
22.94
22.94
22.09
-

26: Corynebacterium kutseri
OD600

ABS

0.438
0.598
0.762
0.939
1.123
1.244
1.431
1.485
1.561
1.498
1.575

0.369
0.358
0.341
0.323
0.286
0.271
0.248
0.222
0.213
0.201
0.193

Degradation
percentage
00.00
02.98
07.59
12.47
22.49
26.56
32.79
39.84
42.28
45.52
47.69

Remaining
percentage
100
97.02
92.41
87.53
77.51
73.44
67.21
60.16
57.72
54.47
52.30

The duration of studying the pesticides degradation with bacteria 21 was 9 days because the temperature was raised suddenly
and killed the bacteria in that day.
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