CONTENTS

ENGLISH ABSTRACT
THAI ABSTRACT
ACKNOWLEDGEMENTS
CONTENTS

LIST OF TABLES

LIST OF FIGURES
ABBREVIATIONS

CHAPTER
1. INTRODUCTION

1.1 Rationale/Problem Statement
1.2 Literature Review
1.3 Research Objectives
1.4 Scopes of research work
2. THEORIES
2.1 Nitrogen
2.2 Phosphorus
2.3 Burhead (Echinodorus cordifolius (L.) Griseb)
2.4 Arrowhead (Sagittaria montevidensis)
2.5 Domestic wastewater
2.6 Nutrient removal
2.7 Phytoremediation
2.8 Plant-microbe interaction

3. METHODOLOGY
3.1 Apparatus

3.2
3.3

Materials and chemical reagents
Methods

4. RESULTS AND DISCUSSION

4.1
4.2
4.3

4.4

4.5

4.6

4.7

Characteristic of domestic wastewater

Screening plants for phosphorus removal
Comparison of the abilities between

E. cordifolius and S. montevidensis

in phosphorus, nitrogen, and COD treatment
from domestic wastewater under soil conditions
Enhancing phosphorus removal of plants by using
sawdust bottom ash

Phosphorus removal from domestic wastewater
by E. cordifolius under soil conditions for 4 cycles
The relationship among plants, microorganisms,
and soil in phosphorus removal of cycle 4
Relation between photosynthesis and biomass

viii

PAGE
i

Vi
viii

Xi
xii

o' Mo SN S NEN

10
12
13
14
14
15
16

17
17
17
18
23
23

23
29

32

34

35

36



CONTENTS (Cont.)

4.8 Percentage of carbon, nitrogen, and phosphorus
in plant after four treatment cycles

4.9 The sustainability of the system in phosphorus treatment
from domestic wastewater by E. cordifolius for 20 cycles

4.10 The relationship among plants, microorganisms, and soil
in phosphorus treatment for 20 cycles

4.11 Percentage of carbon, nitrogen, and phosphorus in plants
after phosphorus treatment for 20 cycles

4.12 Biomass of plants before and after phosphorus treatment
from domestic wastewater for 20 cycles

4.13 Bioaugmentation of phosphorus treatment by
Echinodorus cordifolius with microorganisms
(Pseudomonas putida and Flavobacterium oryzihabitans)

5. CONCLUSIONS
5.1 Conclusions
5.2 Suggestion

REFERENCES

APPENDICES

CURRICULUM VITAE

PAGE
38

38

39

41

41

42

45
45
46
47
55

103



LIST OF TABLES

TABLE

1.1 The study of nitrogen and phosphorus removal by plants
1.2 The study of nitrogen and phosphorus removal by microorganisms
1.3 The study of nitrogen and phosphorus removal by plant-microbe
2.1 Characteristic of domestic wastewater
4.1 Characteristic of domestic wastewater
4.2 Treatment of ammonia-nitrogen and nitrate-nitrogen
by E. cordifolius and S. montevidensis in cycle 5
4.3 Photosynthesis of E. cordifolius in control and treatment systems
after each treatment cycles
4.4 Biomass of E. cordifolius before and after four cycles
of phosphorus treatment
4.5 Percentage of carbon, nitrogen, and phosphorus in E. cordifolius
in control and domestic wastewater after four treatment cycles
4.6 The relationship between plants, microorganisms and soil
in phosphorus treatment (Cycle 1-20).
4.7 Percentage of carbon, nitrogen, and phosphorus in E. cordifolius

in the control and treatment (domestic wastewater) after the 20 cycles.

4.8 Biomass of E. cordifolius before and after phosphorus treatment
from domestic wastewater for 20 cycles

4.9 Biomass of plants before and after phosphorus treatment
by Echinodorus cordifolius augmented with microorganisms
(Pseudomonas putida and Flavobacterium oryzihabitants)

PAGE

14
23
31
37
37
38
40
41
42

44



LIST OF FIGURES

FIGURE

2.1 Characterictic of Echinodorus cordifolius
2.2 Characterictic of Sagittaria montevidensis
4.1 Phosphorus removal by S. Clevelandii, C. asiaticun Linn,
and E. cordifolius under soilless conditions
4.2 Phosphorus removal by R. apiculata, T. dealbata J. Fraser,
and H. psittacorum under soilless conditions
4.3 Treatment of phosphorus from domestic wastewater by
C. asiaticun Linn and E. cordifolius under soilless conditions for 4 cycles
4.4 Remaining phosphate concentration in sterile domestic wastewater
at various times
4.5 Change in pH during phosphorus treatment from domestic wastewater
by E. cordifolius, C. asiaticun, and S. clevelandii under soilless conditions
4.6 Change in pH during phosphorus treatment from domestic wastewater
by R. apiculata, T. dealbata, and H. psittacorum under soilless conditions
4.7 Change in pH during phosphorus treatment from domestic wastewater
by E. cordifolius and C. asiaticun over 4 cycles
4.8 Treatment of phosphorus from domestic wastewater
by E. cordifolius, S. ovata and S. montevidensis under soil conditions
4.9 Remaining phosphate concentration in domestic wastewater treated
with E. cordifolius and S. montevidensis after adding a new amount
of domestic wastewater for five cycles under soil conditions
4.10 Remaining COD concentration in domestic wastewater treated with
E. cordifolius and S. montevidensis after adding a new amount
of domestic wastewater for five cycles under soil conditions
4.11 Effect of sawdust bottom ash to phosphorus removal
in domestic wastewater by Echinodorus cordifolius
4.12 Effect of sawdust bottom ash to phosphorus removal
in domestic wastewater by S. montevidensis
4.13 Remaining phosphate concentration in domestic wastewater
of E. cordifolius after adding new domestic wastewater
for 4 cycles under soil conditions
4.14 Effects of plant, soil and microorganisms in phosphorus removal
from domestic wastewater of cycle 4
4.15 Characteristic of E. cordifolius after phosphorus treatment for 20 cycles
4.16 Efficiency of phosphate removal in domestic wastewater
by E. cordifolius augmented with microorganisms.
4.17 Characteristic of E. cordifolius before (A) and after phosphorus
treatment for 3 weeks (B)

Xi

PAGE
12
13
24
25
26
26
27
28
28
29

30

32

33

34

35

36

39
43

44



ATP
BOD
COD
TKN
TP

TSS
USEPA

°C

Hr

mg

mg L™

ml

ppm

ABBREVIATIONS
Adenosine Triphosphate
Biochemical Oxygen Demand
Chemical Oxygen Demand
Total Kjeldahl Nitrogen
Total Phosphorus
Total Suspended Solids
United States Environmental Protection Agency
Degree Celsius
Gram
Hour
Liter
Milligram
Milligram per liter
Milliliter
Nitrogen
Phosphorus

Parts per million

xii



