viii

TABLE OF CONTENTS

Acknowledgement
Abstract (Thai)
Abstract (English)
Table of contents
List of Tables
List of Figures
Abbreviations and Symbols
Chapter 1 Introduction
Chapter 2 Literature review
2.1 Nile tilapia and giant freshwater prawn in Thailand
2.2 Occurrence and distribution of toxic Microcystis
2.3 Cyanotoxins (microcystins)
2.4 Factor affecting the bloom formation by Microcystis
2.5 Factor affecting microcystin production
2.6 Effect and accumulation of microcystins in aquaculture
organism
2.7 Eradication of Microcystis
2.8 Eradication of microcystins
2.9 Effective Microorganisms (EM)
2.10 Studies on toxic blue green algae in Thai aquaculture
Chapter 3 Materials and methods
3.1 Distribution of Microcystis aeruginosa and microcystins in
prawn and fish ponds
3.1.1 Studied sites
3.1.2 Sampling of M. aeruginosa and microcystins in
prawn and fish ponds
3.2 The accumulation of microcystins in fish and prawn samples

in demonstrated ponds

Page
ii
Vi

Vii

Xi

o N o0 B~ W

12
13

18
19
21
22
24
24

24



TABLE OF CONTENTS (Continued)

3.3 Eradication of M. aeruginosa and microcystins by using
Effective Microorganism (EM)
3.4 Data evaluation
Chapter 4 Results
4.1 Distribution of Microcystis aeruginosa, microcystin producing
blue green algae and microcystins in prawn and fish ponds.
4.2 The accumulation of microcystins in fish and prawn samples
in demonstrated ponds
4.3 Controlling of M. aeruginosa and microcystins by using
Effective Microorganism (EM)
Chapter 5 Discussion
5.1 Distribution of Microcystis aeruginosa and microcystins in prawn
and fish ponds in Chiang Rai and Chiang Mai provinces
5.2 The accumulation of microcystins in fish and prawn samples
in demonstrated ponds5.3 Cyanotoxin analysis
5.3 Controlling of M. aeruginosa and microcystins by
using Effective Microorganisms (EM)
Chapter 6 Conclusion and recommendation
References
Appendices
Appendix A Water quality assessment
- Classification of water quality
- Surface water quality standards of Thailand
- Assessment of water quality in standing water by using dominant
phytoplankton (AARL- PP Score)
Appendix B Research data
- Distribution of Microcystis aeruginosa and microcystins in prawn

and fish ponds

Page

32

33

34

48

56

59

61

65

67
70
86
87
87
89
91

102
102



TABLE OF CONTENTS (Continued)

- Statistical analysis correlation between cyanobacterial species
and some physico-chemical parameters
Appendix C Research data
- The accumulation of microcystins in fish and prawn samples in
demonstrated ponds

Curriculum Vitae

Page

111

112
112

126



Table

2.1

3.1

4.1

4.2

4.3

4.4
4.5

4.6

4.7
4.8

4.9

Xi

LIST OF TABLES

Blue green algal toxins in human diet, examples taken from literature
Location, size and type of feed of experimental ponds

Dominant species of phytoplankton which were found in fish

and prawn ponds.

Biovolume (um3.L%) of microcystin producing blue green algae
which were found in prawn and fish ponds during 2006-2007
Amount of microcystins (ug.kg™ d.w.) which found in sampling sites
during 2006-2007

Water quality of water in fish and prawn ponds

Some physico-chemical properties of water in fish and prawn ponds
during April 2007 — February 2008

Dominant species of phytoplankton which were found in each
treatment (excluding M. aeruginosa)

Total weight of Nile tilapia and microcystins contents

Dominant species of phytoplankton which were found in

each treatment (excluding M. aeruginosa)

Total weight of giant freshwater prawn and microcystins contents

4.10 Amounts of Microcystis aeruginosa and microcystins in each treatment

Page

17

24

34

38

43

45
46

49

53
54

56
57



Figure

2.1
2.2

3.1
3.2
3.3
3.4
3.5
3.6
3.7

3.8
4.1

4.2

4.3

4.4

4.5
4.6

4.7

4.8

Xii

LIST OF FIGURES

Structure of microcystins in which X and Z are variable L amino acids
A summary of ecological responses and impacts associated with
blooms of blue green algae in lakes, rivers, and estuaries

Prawn ponds, Thoeng District, Chiang Rai Province

Fish ponds, Pan District, Chiang Rai Province

Fish ponds, Sansai District, Chiang Mai Province

Prawn and fish sample

Earthen ponds with pens

Demonstrated ponds with pens

Flow chart of the study on accumulation of microcystins in fish

and prawn samples in demonstrated ponds

High concentration of Microcystis aeruginosa

Dominant species of phytoplankton which were found in fish

and prawn ponds

Dominant species of phytoplankton which were found in fish

and prawn ponds

Microcystin producing blue green algae which were found in fish and
prawn ponds

Microcystis aeruginosa count (cells.L?) in the fish (T) and

prawn ponds (P) during 2006-2007

Proportion of sampling sites with contained Microcystis aeruginosa
Total biovolume of blue green algae (um?®.L™?) in the fish (T) and
prawn ponds (P) during 2006-2007

The proportion of toxin producing genera in fish and prawn pond
during 2006-2007

Microcystins (ug.kg™ d.w.) in fish (T) and prawn (P) meat and
biovolume of Microcystis aeruginosa (um?®.L1) from various ponds
during 2006-2007

Page

14
25
26
27
28
30
31
32

33
36

37

39

40

40
41

42

44



4.9

4.10
411
412
4.13

4.14

4.15

4.16

4.17

4.18

Xiii

LIST OF FIGURES (Continued)

Page

Microcystins (ug.kg™ d.w.) in fish (T) and prawn (P) meat and 44
biovolume of other microcystin producing blue green algae (um?.L%)

from various ponds during 2006-2007

Nutrients of water in fish and prawn ponds (April 2006 — February 2007) 46

Species composition in each treatment (Replicate I fish pond) 50
Species composition in each treatment (Replicate Il fish pond) 51
Amounts of phytoplankton and M. aeruginosa in each treatment 52

(Replicate I fish pond)

Amounts of phytoplankton and M. aeruginosa in each treatment 52
(Replicate 11 fish pond)

Species composition in each treatment (prawn pond) 55
Amounts of phytoplankton and M. aeruginosa in each treatment during 55
Percentage removal of Microcystis aeruginosa cultured in various 58
concentration of EM

The amounts of microcystins (ug.L™) in various concentration of EM 58



i.p.
(AY2
TDI
MC

b.w.

Xiv

ABBREVIATIONS AND SYMBOLS

= intra-peritoneal

= intravenous

= Tolerable Daily Intake
= Microcystin

= body weight

1g.kg? = microgram per kilogram

GSH

= glutathione



