CONTENTS

Contents
List of Tables
List of Figures
List of Abbreviations and Symbols
Chapter 1. Introduction
Literature reviews
Objectives
Chapter 2. Materials and Methods
Study area and sampling sites
Climate and hydrology
Sampling methods and analysis
Statistical analysis
Chapter 3. Results
General characteristics of water quality in the study area
Species composition and diversity of phytoplankton in arsenic contaminated
waters
Species richness, evenness indices and Shannon-Weiner diversity of
phytoplankton flora in arsenic contaminated waters
Relative abundance and density of phytoplankton
The classification of six water bodies based on phytoplankton communities
Canonical Correspondence Analysis (CCA)
Chapter 4. Discussion
Conclusions
Recommendations
References
Appendix A

Appendix B

Page
X
xi
xii

XV

16
17
17
22
25
28
30
30

46

56
59
79
82
&7
101
102
103
125
139

ix



CONTENTS

Page
Appendix C 140
Appendix D 151

Vitae 156



Table

1.

10.
11.

LIST OF TABLES

Description of the sampling locations along the Ron Phibun district (dredging
ponds)

Description of the sampling locations along the Ron Phibun district (dug ponds)
Water quality status of sampling locations in arsenic contaminated waters
determined from July 2004 to June 2005

Spatial and temporal occurrence of taxa registered from sampling locations in
the arsenic contaminated waters from July 2004 to June 2005

Genera numbers recorded in each class during the rainy period, dry period and
early rainy period in arsenic contaminated waters in the Ron Phibun district of
Nakhon Si Thammarat province, Thailand

Summary of species richness (R), equitability or evenness (J) and Shannon-
Wiener diversity (H') (bits/ind) indices for July 2004 to June 2005 in arsenic
contaminated waters

Dominant phytoplankton genera in each location of arsenic contaminated
waters at the Ron Phibun district of Nakhon Si Thammarat province, Thailand
during July to December 2004

Dominant phytoplankton genera in each location of arsenic contaminated
waters at the Ron Phibun district of Nakhon Si Thammarat province, Thailand
during January to June 2005

Summary of the results from the CCA (Canonical Correspondence Analysis).
Eigenvalues, % of variance explained and species environmental correlation
Biplot scores for environmental variables

Genera code of phytoplankton communities in arsenic contaminated waters at

the Ron Phibun district of Nakhon Si Thammarat province

Page
19

45

47

53

58

67

68

&3
&3

&5

Xi



LIST OF FIGURES

Figure

1.

10.
11.

12.

13.

14.

15.

16.

The chemical speciation of arsenic in the stratified water column of Mono lake
California (left) as explained by the metabolism of arsenic by microbial
populations present in the water column (right)

The 6 sampling locations along the Ron Phibun district of

Nakhon Si Thammarat Province

Temporal pattern of rain intensity from 1999 to 2003

The dredging ponds and dug ponds along the Ron Phibun district

. Boxplot of arsenic concentration presented in sampling locations in the

Ron Phibun district of Nakhon Si Thammarat province
Temporal patterns of total arsenic (mean + SE) from July 2004 to June 2005
Temporal patterns of water temperature (mean + SE) from July 2004 to June

2005

. Temporal patterns of light intensity (mean + SE) from July 2004 to June 2005

Temporal patterns of conductivity (mean + SE) from July 2004 to June 2005
Temporal patterns of pH (mean + SE) from July 2004 to June 2005
Temporal patterns of Dissolved Oxygen (DO) (mean + SE) from July 2004 to

June 2005

Temporal patterns of Total Suspended Solid (TSS) (mean + SE) from July 2004

to June 2005

Temporal patterns of Biological Oxygen Demand (BOD,) (mean + SE) from
July 2004 to June 2005

Temporal patterns of nitrate-nitrogen (NO, -N) (mean * SE) from July 2004 to
June 2005

Temporal patterns of ammonia-nitrogen (NH,-N) (mean + SE) from July 2004
to June 2005

Temporal patterns of dissolved phosphorus (PO43_-P) (mean * SE) from July
2004 to June 2005

Page

11

18

23

24

32
32

33

33

36

36

37

39

39

43

43

44

Xii



LIST OF FIGURES (Continued)

Figure

17. Temporal patterns of chlorophyll a (mean + SE) from July 2004 to June 2005

18. The percentage of the genera numbers of phytoplankton in each class detected
in six water ponds designated as arsenic contaminated waters in the
Ron Phibun district of Nakhon Si Thammarat province, Thailand

19. Phytoplankton genera numbers in HACP and LACP waters in the Ron Phibun
district of Nakhon Si Thammarat province, Thailand

20. Genera numbers of phytoplankton communities in each arsenic contaminated
water pond in the Ron Phibun district of Nakhon Si Thammarat province,
Thailand

21. Seasonal occurrence of genera numbers of phytoplankton communities in six
arsenic contaminated sampling ponds in the Ron Phibun district of Nakhon Si
Thammarat province, Thailand

22. Genera numbers in each class of six water ponds in arsenic contaminated
waters in the Ron Phibun district of Nakhon Si Thammarat province, Thailand
from July 2004 to June 2005

23. Genera numbers recorded in each seasonal period in arsenic contaminated
waters in the Ron Phibun district of Nakhon Si Thammarat province, Thailand

24. The percentage of the phytoplankton genera numbers in each class during the
heavy rainy period, dry period and light rainy period in arsenic contaminated
waters in the Ron Phibun district of Nakhon Si Thammarat province, Thailand

25. Chart of the phytoplankton densities of six sampling locations in the arsenic
contaminated waters at the Ron Phibun district of Nakhon Si Thammarat
province, Thailand

26. The percentage of phytoplankton densities in each sampling locations of

arsenic contaminated waters in the Ron Phibun district of Nakhon Si

Thammarat province, Thailand

Page
44

50

50

51

51

52

52

54

61

62

xiii



LIST OF FIGURES (Continued)

Figure

217.

28.

29.

30.

31.

32.

33.

34.

35.

Changes in phytoplankton densities (a) and relative abundance (b) of
phytoplankton assemblages in location 1 at the arsenic contaminated waters,
during the period July 2004 to June 2005

Changes in phytoplankton densities (a) and relative abundance (b) of
phytoplankton assemblages in location 2 at the arsenic contaminated waters,
during the period July 2004 to June 2005

Changes in phytoplankton densities (a) and relative abundance (b) of
phytoplankton assemblages in location 3 at the arsenic contaminated waters,
during the period July 2004 to June 2005

Changes in phytoplankton densities (a) and relative abundance (b) of
phytoplankton assemblages in location 4 at the arsenic contaminated waters,
during the period July 2004 to June 2005

Changes in phytoplankton densities (a) and relative abundance (b) of
phytoplankton assemblages in location 5 at the arsenic contaminated waters,
during the period July 2004 to June 2005

Changes in phytoplankton densities (a) and relative abundance (b) of
phytoplankton assemblages in location 6 at the arsenic contaminated waters,
during the period July 2004 to June 2005

Cluster of dissimilarity (percent similarity) among phytoplankton samples
averaged for each sampling locations obtained by UPGMA: Lo=locations
Cluster of dissimilarity (percent similarity) among environmental variables
averaged for each sampling locations obtained by UPGMA: Lo=location
Ordination biplot of phytoplankton genera and environmental variables in the

arsenic contaminated waters

Page

69

70

72

73

76

77

80

80

&4

Xiv



LIST OF ABBREVIATIONS AND SYMBOLS

etal. = Et. Ali (Latin), and others
HG-AAS = Hydride Generation Atomic Absorption Spectrophotometry
HACP = High Arsenic Contaminated Ponds
LACP = Low Arsenic Contaminated Ponds
BOD;, = Biological Oxygen Demand
DO = Dissolved Oxygen
NO,-N = nitrite-nitrogen
NO,-N = nitrate-nitrogen
NH,-N = ammonia-nitrogen
PO43_—P = dissolved phosphorus
TSS = Total Suspended Solids
As = arsenic
mg/L = milligram per liter
ng/L = microgram per liter
puS/cm = microsiemens per centrimeter
R = species richness
J = evenness
H/ = Shannon-Wiener diversity
MVSP = multivariate statistical programme
UPGMA = unweighted pair group method algorithm
CCA = Canonical Correspondence Analysis
pm = micrometer
nm = nanometer
cm = centrimeter
mL = milliliter
mg = milligram
= gram

L = liter



