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ABSTRACT 

 

 

The research can be divided into two parts of experiments in the first treatment is  the 

strain selective between the two species  of   Vetiveria zizanioides Nash and Vetiveria 

nemoralis A. Camus use for  installed on a  Floating Island Treatment Wetland (FTWs).The 

treatment of COD, Ammonia-N, Nitride -N, Nitrate -N and PO4-P are  main objective. First 

installed  25 of Vetiveria zizanioides Nash and 25  of  Vetiveria nemoralis A. on the floating 

islands. The control  is  no plants on Floating Island  . The treatment  measure growth rate  in 

height  and  length of roots in the 15, 30 ,45 and 60 day and then measuring COD, Ammonia-

N, Nitrate -N and PO4-P. The result shown  the rate of increase of the height and length. root 

did not differ statistically. For effective reduction of COD, Ammonia-N, Nitride -N, Nitrate -

N and PO4-P compared to the control treatment. The tests showed that. Effective in reducing 

the amount of COD, Ammonia-N, Nitride -N, Nitrate -N and PO4-P variants of depression 

have a higher strain Don result of the 60 day period is effective in reducing COD, Ammonia. -

N, Nitride -N, Nitrate -N and PO4-P variants of lowland and upland species than in the summer 

season to reduce the amount of COD, Ammonia-N, Nitride -N, Nitrate -N. and PO4-P has two 

variants. The rainy summer Effective in reducing the amount of nitrogen, COD, Ammonia-N, 

Nitride -N, Nitrate -N and PO4-P was significantly lower (p <0.05). 

The second Treatment , used a quasi-experimental research under natural conditions in 

order to test the efficiency of Floating Island Treatment Wetland (FTWs) in term of  removal 

of COD, Ammonia-N, Nitride -N, Nitrate -N and PO4-P under the influence of the difference  

area and  season the plants used  Vetiver  selection  from the first treatments that is  Songkhla 

3  and  then fed to mature. The treatment  compared three different areas of the island, with a 

retention time of 1, 2 and 3 days of storage in the winter, summer and rainy. The site for this 

treatment is  the raw water supply reservoir for the Lamphun Industrial Estate that got a 

problem about the bloom of algae. The results showed a reduction in COD with HRT found 

that the three-day HRT  can reduce the COD by the end of the season were not significantly 

different (P <0.05), as well as Nitrate-. N and PO4-P and COD with Area found Area No. 3, 

and the summer is over Area 2 and 3, with the rainy season and winter were significantly (P 

<0.05), but Nitrate-N and PO4-P found. Rainy  most effective .Ammonia-N and the Nitride -

N  reduction  found that HRT did not differ significantly (P <0.05), but the rainy can reduce 

Ammonia-N and Nitride -N over summer and winter significantly (P <0.05) for the results of 

the statistical tests in the test effectively reduce Ammonia-N and Nitride -N Area with the Area 

and the season did not differ significantly (P <0.05). 

 

 

 
 
 
 
 
 
 
 



บทคดัย่อ 
 

จากการวิจยัสามารถแบ่งออกได ้เป็น 2  ชุดการทดลอง ในการทดลองท่ี 1 เป็นการทดสอบสายพนัธ์ุ
ระหว่างแฝก   2 สายพนัธ์ุ  คือ สายพนัธ์ุลุ่ม และสายพนัธ์ุดอน เพ่ือใชน้ ามาเป็นพืชหลกั ท่ีจะน ามาติดตั้งใน
เกาะลอยน ้าแบบ Floating Island  Treatment Wetland (FTWs) ในการบ าบดั COD , Ammonia-N  , Nitride –
N  , Nitrate –N  และ PO4-P     เร่ิมตน้ท าการปลูกสายพนัธ์ุลุ่ม และสายพนัธ์ุดอน จ านวน อยา่งละ  25 ตน้ ลง
บนเกาะลอยน ้า โดยมีบริเวณท่ีเวน้ว่างไม่ปลูกพืชเพ่ือเป็นชุดการทดลองควบคุม  ท าการเล้ียงตั้งแต่ แยกกอ
และเร่ิมวดัค่า การเจริญเติบโตในส่วนความสูงและความยาวราก  ในวนัท่ี 15,  30  ,45 และ 60 วนั การ
ตรวจวดัค่า COD , Ammonia-N  , Nitrate –N  และ PO4-P  พบวา่อตัราการเพ่ิมของความสูงและความยาวราก
ไม่แตกต่างกนัทางสถิติ  ส าหรับประสิทธิภาพในการลดปริมาณ COD , Ammonia-N  ,Nitride –N   , Nitrate 
–N  และ PO4-P  เทียบกบั ชุดการทดลองควบคุมนั้น จากการทดสอบทางสถิติพบว่า ประสิทธิภาพในการลด
ปริมาณ COD , Ammonia-N  ,Nitride –N   , Nitrate –N  และ PO4-P  ของสายพนัธ์ุลุ่มมีประสิทธิภาพท่ีสูง
กว่า สายพนัธ์ุดอน  ผลของระยะเวลาท่ี 60  วนัมีประสิทธิภาพในการลดปริมาณ  COD , Ammonia-N  
,Nitride –N   , Nitrate –N  และ PO4-P  ของสายพนัธ์ุลุ่มดีกว่าสายพนัธ์ุดอนและในส่วนฤดูกาล พบว่า ฤดู
ร้อนให้ ประสิทธิภาพในการลดปริมาณ COD , Ammonia-N  , Nitride –N   , Nitrate –N  และ PO4-P  ไดดี้
ทั้งสองสายพนัธ์ุ ส่วนฤดูฝนฤดูร้อนให้ ประสิทธิภาพในการลดปริมาณ ไนโตรเจน COD , Ammonia-N  , 
Nitride –N   , Nitrate –N  และ PO4-P  ต ่าท่ีสุดอยา่งมีนยัส าคญั  (p< 0.05 ) 

ในส่วนการทดลองส่วนท่ี 2  เป็นการงานวิจยัน้ีเป็นงานวิจยัก่ึงทดลองภายใตส้ภาวการณ์ธรรมชาติ
เพ่ือการทดสอบประสิทธิภาพระบบบ าบัดแบบบึงประดิษฐ์ชนิดเกาะลอยลอยน ้ า ในการก าจัดCOD , 
Ammonia-N  , Nitride –N   , Nitrate –N  และ PO4-P  ภายใตอิ้ทธิพลของเวลากกัเก็บพ้ืนท่ีและฤดูกาล แปลง
ทดลองใชห้ญา้แฝกท่ีผ่านการคดัเลือกสายพนัธ์ุจากชุดทดลองท่ี 1 คือ พนัธ์ุสงขลา 3 และท าการเล้ียงใหโ้ต
เต็มท่ี การทดลองท าการเปรียบเทียบพ้ืนท่ีของเกาะลอยท่ีต่างกนั 3 ขนาด โดยมีเวลากกัเก็บ 1 , 2 และ 3 วนั 
และเก็บขอ้มูลทั้งในฤดูหนาว ฤดูร้อนและฤดูฝน โดยสถานท่ีท าการทดลองอยู่ท่ี อ่างเก็บน ้ าดิบเพ่ือใชผ้ลิต
น ้าประปาของนิคมอุตสาหกรรมล าพนู ท่ีปัจจุบนัประสบปัญหาเร่ืองการบานสะพร่ังของสาหร่าย พบวา่ผลก
ประสิทธิภาพในการลด COD  กบั HRT พบว่าเวลากกัเก็บท่ี 3 วนัสามารถลดปริมาณCOD ไดท่ี้สุด โดยใน
ฤดูกาลกบัพบว่าไม่มีความแตกต่างกนัอย่างมีนัยส าคญั (P<0.05) เช่นเดียวกบั Nitrate-Nและ PO4-P  และ 
COD  กบั Area พบว่า Area หมายเลข 3 และฤดูร้อนใหค่้าดีกว่าArea 2 และ 3 กบัฤดูฝนและฤดูหนาวอยา่งมี
นยัส าคญั (P<0.05) แต่  Nitrate-N และ PO4-P พบว่าฤดูฝนมีประสิทธิภาพสูงท่ีสุด ส่วนการลดAmmonia-N  
และ Nitride –N  กบั HRT พบว่าเวลากกัเก็บทั้งหมดไม่แตกต่างอยา่งมีนยัส าคญั (P<0.05) แต่ฤดูฝนสามารถ
ลดปริมาณAmmonia-N และ Nitride –N  ไดก้ว่าฤดูร้อนและฤดูหนาวอย่างมีนยัส าคญั (P<0.05)ส าหรับผล
การทดสอบทางสถิติในส่วนการทดสอบประสิทธิภาพในการลดAmmonia-N และ Nitride –N  กบั Area 
พบวา่ Area และฤดูกาลไม่มีความแตกต่างอยา่งมีนยัส าคญั (P<0.05) 
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Chapter 1 

 

1.1 Introduction 

The problem of the contamination of natural waters causes a phenomenon Eutrophication 
or red tide. Eutrophication or red tide is caused by water sources such as rivers, lakes, 
reservoirs that have too much nitrogen compound and phosphorus nutrients. These nutrients 
are the crucial part for single-cell algae and aquatic plants to grow (the fruit of time, the 
United Seaman Jirawan stump endgame, 2 0 1 2 ) . Causes of  Eutrophication is domestic 
wastewater, which consists of various contaminated elements such as biological 
contamination (BOD), grease and oil, sediment solid models (solid) and including nutrients 
(nutrient), such as nitrogen (N) and phosphorus (P) (Post. Napa, 2002)  which are the main 
cause of  rapid growth of algae (algae Bloom) in water (algae Bloom) in various 4 0 0 ,0 0 0 
cubic meters pool of water resources of northern region industrial compounds as shown in 
figure 1. 

 
Figure 1.1 shows the raw water storage pool of one of the northern region industrial 

compounds. 

It will cause algae bloom which is a stage of condition that rapidly elevate the growth 
of algae all over the water surface and causes an unsightly environment and also turn the raw 
water into unsuitable condition for producing running water supply. This problem is caused 
by the pumped raw water from Mae Kuang river that still contains residual amount of 20-70 
mg per liter of nitrogen and 4-7 mg per liter of phosphorus. This due to the fact that Mae 
Kuang river runs through many communities in the area which makes it unavoidable for 
water contamination. Although the quality of the raw water is still considered to be standard 
level according to the regulations, when compared to the critical value of nitrogen and 
phosphorus in water, it is still considered to be above the critical value. It has been a report 
which states the critical value of nitrogen and phosphorus in water is 0.05-0.2 mg per liter for 
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nitrogen and 0.007-0.03 mg per liter for phosphorus, if the amount of nitrogen and 
phosphorus goes beyond this critical value it could cause Eutrophication (Thongchai 
Panswad, 2002). 

 
Figure 1.2 phenomenal Eutrophication in the raw water supply for producing running water 

As for the solution for the problem, industrial compounds spends 25,000 THB a 
month to hire Global Utility Service Ltd. (GUSGO) as their caretaker and uses chemical 
copper sulfate in order to eliminate the algae (Passplo Thummathanthihirin, 2012). They have 
to spend more than 300,00 THB to solve the problem and it is very complicated method due 
to the need of checking the age of algae before the procedure. If they use copper sulfate with 
the wrong species especially the Microcystis aeruginosa which has greenish blue color, 
because this particular species can produce Microcystin which is carcinogens and spread 
them into the raw water supply can eventually make it unusable for producing tap water. 
There is one interesting solution that cost low budget is using artificial lake technology. It is 
wastewater treatment system that relies on the natural process can it is increasingly popular 
nowadays, especially for quality improvement of waste water that already have been through 
treatment processes but still needs to decrease the quantity of nitrogen and phosphorus before 
vented down into Public Water Recourse. The system is not complicated and does not need 
high technology of wastewater treatment, therefore, the purpose of this study is to find a way 
to reduce the amount of nitrogen and phosphorus in raw water by using bulrush due to the 
fact that it is a local plant and is easy to acquire and grow. It also environmental durable thus 
suitable to use as a floating island in an artificial lake. However, there is a limitation- despite 
the report from the Department of Land Development that it can grown within the system of 
Floating Island treatment Wetland, the plant is still terrestrial and there is no further 
supporting report from other departments or research center in country. 
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1.2 Research Objectives  
 

 1.2.1 To compare between the species of Vetiveria zizanioides with Chrysopogon 
nemoralis which one is more suitable for planting in the floating island (Island Floating 
Wetland Treatment).  

1.2.2. To compare the efficacy between HRT (Hydraulic retention time) and the 
difference of the seasons in reducing nitrogen and phosphorus in water supply of the selected 
species of bulrush. 
 1.2.3. To compare the Area of Floating Island and the difference of the seasons in 
reducing of nitrogen and phosphorus in water of the selected species of bulrush. 
 
1.3 The Concept of Research 
 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

Reduce the nitrogen and phosphorus by 
using vetiver grass (bulrush) in the system 

of subsurface floating island (Floating 
Island Treatment Wetland) in order to 
apply the mechanism of adsorption of 

vetiver grass. 
 

Algae bloom in the reservoir  

due to the excessive nutrients  

(N, P) 

Analyze Ammonia-
N ,Nitrate-N , COD 
,pH , PO4-P and 
Temp 
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           Figure 1.3 The conceptual framework of the research 

 
1.4 Hypotheses  
 

1.4.1 Vetiveria zizanioides can grow on the water and floating islands and can 
reduce nitrogen and phosphorus in water better than Chrysopogon nemoralis. 

1.4.2 Using the selected species of vetiver provides more effective result in reducing 
nitrogen and phosphorus than not using vetiver for water treatment. 

1.4.3 The increasing the number of vetiver affects the effectiveness in reducing 
nitrogen and phosphorus in the reservoir. 

1.4.4  The increasing HRT affects the effectiveness in reducing nitrogen and 
phosphorus in the reservoir. 

 
 
 
 

 

Select the species of bulrush that survives 
the island floating procedure 

Analyze the  
Nitrogen, 

phosphorus 

The suitable and effective period of 
reducing nitrogen and phosphorus in 15, 

30, 45 and 60 days 
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1.5 Scope of the research for this study.  
 The study aims to study the reducing of nitrogen and phosphorus in wastewater in a 
reservoir by using sub-species of the 2 main species of vetiver, Vetiveria zizanioides and 
Chrysopogon nemoralis  that is popular used in Thailand. The used sub-species of Vetiveria 
zizanioides are Surat Thani, Kampaeng Phet 2, Sri Lanka, and Songkla 3. The sub-species of 
Chrysopogon nemoralis are Ratchaburi, Prachuap Khiri Khan, Roi Et, Kampaeng Phet 1, and 
Nakorn Sawan. The planting experiment is conducted in a concrete pool and is measured for 
both growth rate and the absorption of nitrogen and phosphorus, and then select the best 5 
species to use to with the prototype floating island system. 
 After that, put the vetivers in the reservoir where nitrogen value is 20-70 mg per liter 
and phosphorus value is 1-7 mg per liter, and conduct an analysis on the decreased value of 
nitrogen and phosphorus by using Ammonia-N , Nitrate-N ,COD ,  pH and Total Phosphorus: 
TP. And then observe the effectiveness in various periods; 15, 30, 45, and 60 days by using 
Chemical Oxygen Demand (COD) to determine the most suitable period for nitrogen and 
phosphorus treatment. The phase of growth of the vetivers is 1-6 months. 

 
1.6 Variables  
 1.6.1 Variables  
  1.6.1.1 The duration of growth. 
  1.6.1.2 Plant types; Vetiveria zizanioides and Chrysopogon nemoralis. 
  1.6.1.3. The age of the plants; 1-6 months.  
   
 1.6.2 Controlled variables  
  1.6.2.1. The number of plants.  

  1.6.2.2 The contamination of the water supply in the system; the actual value 
of Ammonia-N , Nitrate-N ,COD ,  pH.    

  1.6.2.3. The preliminary height of the plants starts between the 25-30 cm long, 
with 0.2-0.5 cm roots. 

  1.6.2.4 Season (heat, rain, cold)  
 1.6.3 Environmental factors  
  1.6.3.1. Water temperature.  
  1.6.3.2 Weather. 

 
1.7 Terms of Definition 
  
 1.7.1 Reservoir means the reservoir for raw water used in the northern region 
industrial compounds. 

1.7.2 Artificial pool and floating island means wastewater treatment system with 
floating island inside made from local materials and uses vetivers for the treatment.  

1.7.3. The effectiveness in reducing nitrogen and phosphorus, COD means the 
ability of vetiver in reducing nitrogen and phosphorus and COD in the reservoir that can be 
calculated in percentage as follows; 
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 1.7.3.1 The percentage of nitrogen reduction  
 
Ammonia-N  Reduction =  Ammonia-N  (TKN the reservoir - the Island TKN) x100                                   

   Ammonia-N  in the reservoir 
 

Nitrate-N reduction      = (Nitrate-N in the reservoir – Nitrate-N on the island)x100 
   Nitrate-N in the reservoir 

 1.7.3.2 The percentage of phosphorus reduction  
  
Phosphorus reduction      =  (TP inthe reservoir - the TP on the island) X 100  
       TP on the island 
 1.7.3.3 The percentage of COD reduction 
COD reduction = (TP in the reservoir – TP on the island)X 100 
       TP on the island 
  

1.7.4 Duration of growth means the duration of days used for planting vetiver from 
the start point until they grow. 

1.7.5 Growth rate means the increasing height with the measurement unit of cm per 
day. 

1.7.6 The length of roots means the length of vetivers with the measurement unit of 
cm per day. 

 
1.8 Expected Benefits 
 

1 .8 .1   The result of the experiment can be used for designing a Floating  Island 
Treatment Wetland to help decrease nitrogen, phosphorus, and COD in reservoirs which will 
help to decrease the problem of the rapidly growth of algae that causes the unusable condition 
of raw water supply for tap water production. 

1.8.2 The study can help to decrease the usage of chemical products which costs 
high price and causes residue by using local materials and uncomplicated technology. 
 1.8.3 Promotes the usage of recycle material. 

1.8.4 Promote a new way of utilizing vetivers besides using them to prevent soil 
erosion. 



Chapter 2 
 

Rreview  Literature 

 
 

The study of the use of vetiver to reduce nitrogen and phosphorus in wastewater from 
the water in the reservoir has the relevant literature follows. 

1. Eutrophication. 
2. Effects of nitrogen and phosphorus on algae. 
3 therapy system, artificial floating island marsh 
4. Vetiver. 
5. Mechanism of constructed wetland on nitrogen phosphorus removal 
6. Nitrogen removal 
7. Removal of phosphorus. 
8. Research 

 
1. Eutrophication. 

 
Ospar (1999) that the meaning of eutrophication that is abundant with plant nutrient 

source of water. The cause to the growth of phytoplankton. Algae and higher plants grew to 
affect the balance of the living organisms in the water, water quality, which is consistent with 
the concept of Clark. Et al. (1 9 7 7 ) . The  eutrophication is a phenomenon that plants. And 
phytoplankton increased rapidly (plankton bloom) also depends on the shape and size of the 
source of water. The rate of the nutrient and the ability to adjust the balance of water Smith et 
al. (1 9 9 9 ) ,  application, environment of water. Changes such as the muddy waters, water 
color and smell anomalous, and water. With an abundance of nutrients, too. So, the 
mechanism of adjusting the equilibrium of water natural was completely destroyed. The use 
of oxygen to the degradation of aquatic plants. The dead rise, resulting in that the quantity of 
dissolved oxygen in water decreases and finally what condition. The lack of oxygen, water 
that will be rotten. Biochemical composition of water resources change, water quality is not 
appropriate to use in the consumer goods industry, agriculture. Or even existence of 
veterinary water Falkowski and Raven (1 9 9 7 )  and Sigee (2 0 0 5 )  said that generally, 
organisms are auto stores (autotroph). Ecological water source by most is phytoplankton 
containing chlorophyll is an important element. In the harvest light energy from the sun. The 
rapid rise of phytoplankton Due to the amount of organic matter, which is the source of 
energy that is more important to life the heterotroph stores. (heterotroph) is burned through 
the breathing process in high rate, in other words, the state of eutrophication is change of 
ecological water resource in Prince, including structural and function. Linked through the 
process of biological geochemistry, which is consistent with the study of wonderful rounded 
and faculty (2 5 5 1 ), said the process biological geochemistry is an important mechanism in 
The link structure and function of ecosystem. And the more closely associated with them. 
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Figure 2.1 A phenomenon called the Algae bloom at  a reservoir  in  Northern  Industrial 
Estate  ( Lamphun ). 

1.1 effects arising from the phenomenon of eutrophication. 

The eutrophication mentioned above. Algae bloom condition or blossom (Algae 
bloom) are also has the potential to cause environmental impacts in others as well. The 
nutrient discharge into this to cause the growth of algae. Which sink to the bottom when it 
takes up the natural decomposition. Organic material from dead algae they were able to make 
the video in the lower lot (Thongchai Panswad 2545: 10), and the bloom of phytoplankton 
causing problems negatively many environmental problems. that occur include the lack of 
oxygen. Dissolved in water, especially during the night, and the plants. Phytoplankton Bloom 
is breathing the oxygen in the water, causing fish suffocated. When cells of phytoplankton. 
that Bloom died simultaneously, making Degradation occurs and causes no spoiling source. 
Can be reused and may also depend upon the disease. The source water quality, degraded 
water also affects the loss of variety- Many biodiversity of both plants and animals, water 
sources, phytoplankton bloom in the densely populated areas face water ponds underwater is 
to obscure the light. Water stress and prevent light to ground waters To limit the growth of 
underwater plants (Moss, B., J. G. Phillips and Madgwick. 1997). 

 

2. Effects of nitrogen and phosphorus on algae. 

 
Nutrients as nitrogen and phosphorus. A strong emphasis on freshwater ecosystems. 

The life group's call to Orr (autotrophs), such as phytoplankton, which produces the primary 
source of water. Must be used for growing. But the natural elements These are very small 
quantities Compared with the volume The creatures need So it is a limiting factor to growth 
(limiting factors) are nitrogen. In applied protein and nucleic acid. The composition of genes 
While phosphorus is The composition of the nucleic acid within cells and various compounds 
in the atmosphere, although it is a gas. Nitrogen is the element But there is only a creature. 
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Few species that can fix nitrogen from the air directly as bacteria or algae, so some other 
creature. Get nitrogen from the consumer. Other creatures are also a source of nitrogen 
fertilizer from nitrogen, which are poorly soluble. Cause leaching into water bodies naturally 
high in phosphorus are nutrients that are found in small quantities naturally originates from 
rocks and minerals. The phosphorus from fertilizers Each watermark as well as nitrogen can 
also be attached to the clay. Made in natural sources of phosphorus are. Just a few micro 
grams per liter as nitrogen. Approximately 10-20 times higher than the amount of phosphorus 
compounds in the form of nitrogen and phosphorus found in water sources include the 
inorganic compound. Soluble nitrogen such as nitrate, nitrite and ammonium, which are the 
main source of agriculture. With the use of chemical fertilizers For phosphorus compounds 
include phosphates and polyphosphates are the main source of water for the community. The 
treated wastewater then (Conley, DJ, Paerl HW, Howarth, RW Boesch DF, Seitzinger SP, 
Havens KE, Lancelot C. and Likens GE. 2009).  

And usually have the algae live in water is divided into 3  major 1 .  The blue green 
algae 2 .  The green algae, green algae 3 .  The other colors. But the problem is, is the blue 
green algae that grows quickly. Later found problems of operas. Because the blue-green 
algae. Mainly occur during the water retention. In the reservoir were reduced. Nutrient 
dissolved in the basin is concentrated algae death as many remains of death as raw material 
water spoilage ( Paspol ,2556 ) 

 

 

 

 

 

 

 

 

Figure 2.2 The blue-green algae Microcystis aeruginosa group Cyanobacteria. 

  
Algae are found and an issue of research in this group is a group of blue-green algae 

Microcystis aeruginosa Cyanobacteria. As shown in Figure 2 .1  species are present in the 
water still deep clean, but nutrient commonly found around the world at warmer temperatures 
70  ° F, humidity right up to when symptoms Bloom (Bloom density), it creates compounds 
Microcystins is. poisonous Microcystins (MC) Cyclo polypeptides amino acid 7  in a circle. 
Found that the amino acid sequence of about 60 different kinds of writing Microcystins S is 
always like Aflatoxins. 
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2.1 problem of reservoir caused nitrogen and phosphorus in drainage.  

2.1 .1  from sampling in the reservoir of the laboratory of the company global 
utility service company limited (lamphun), which is located near the reservoir have made 
routine sampling by the average raw water reservoirs, water feature, as shown in table 2.1. 

 
 
Table 2.1 Shows Water quality in reservoir in one year. 

 
                                     

Parameter  Average 
 

pH 
SS (mg/l) 
TDS(mg/l) 
BOD(mg/l) 
COD(mg/l) 
TKN(mg/l) 
PO4-P(mg/l) 
Ammonia-N(mg/l) 
Nitrate-N(mg/l) 
Fat and Oil(mg/l) 
Fe(mg/l) 

7.3 
88.0 
830 
3.2 
28.5 
1.85 
0.4 
0.6 
0.2 
0.01 
0.08 

        
The reservoir has a capacity of 400,000 cubic meters of raw water pumped from the 

river Kuang. The water from the Mae Kuang dam again. By pumping water into the store. 
Has the capacity to pump 8 0 ,0 0 0  cubic meters per day until the pump stops pumping 5 
meters. And has pumped an average three times per day, or 10 times in one month, with the 
value. TKN and TP of each month, as shown in table 2.2. 
 
Table 2.2  Shows  Flow rate from river to reservoir with  TN  and  TP. 
 
 

Month Flow rate 
 ( cu.m.) 

TN   
(mg/l) 

TP. 
 (mg/l) 

May .2015 866,000 0.4 0.02 
June .2015 954,300 0.4 0.01 
July .2015 923,600 0.67 0.1 
Aug. 2015 954,300 0.7 0.2 

Sep.2015 912,400 0.8 0.2 

Oct.2015 875,000 0.4 0.05 
Nov.2015 772,300 0.4 0.04 
Dec.2015 768,100 0.2 0.03 
Jan.2015 712,600 1.42 0.3 
Feb.2015 701,200 0.43 0.1 
Mar.2015 699,800 2.19 0.57 

*Critical of  TN  are   0.05-0.2 (mg/l) and  TP  are  0.007-0.03 (mg/l). 
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3. A constructed wetland treatment system and a floating island 

        The initial observation of nature that wetlands can treat wastewater. The idea is to bring 
the tree back to the first treatment. Using natural wood segment is growing resistant to water, 
such as reed and cattail reed is soaked in shallow water. Later, as the water depth Floating 
plants such as duckweed and limping towards the end, it is the shallow water, then plant the 
trees that withstand water immersion. Before being released into the natural water treatment 
system for constructed wetlands (Constructed Wetland) by Wetlands are two types of a Free 
Water Surface Wetland (FWS), which looks similar to a swamp nature and Vegetated 
Submerged Bed System (VSB), which is there. sandy soil for growing crops, water and rock 
bottom ponds to filter wastewater. The working principle of the system When water flows 
into the wetland trees. Part of the organic matter sinking to the bottom of the settling ponds. 
And decomposed by microorganisms The water-soluble organic compounds are removed by 
microorganisms adhering to rocks and water plants or microorganisms suspended in water. 
This system has been the infiltration of oxygen from air or water into the shale. Some oxygen 
from photosynthesis, but the amount is not much. For the suspension to be filtered and sank 
in the early part of the system to reduce the amount of nitrogen to the nitrification process 
applications. (Nitrification) and The nitrification function. (Denitrification) to reduce the 
amount of phosphorus are largely the ground floor of the pond. And aquatic plants to absorb 
phosphorus through the roots and used in the cells. The wetland system can remove heavy 
metals (Heavy Metal) have some, too. 

3 .1  A constructed wetland Free Water Surface Wetland (FWS) is commonly used to 
improve the quality of effluent after treatment of stabilization pond. (Stabilization Pond) and 
the characteristics of this system are ponds that are tightly compacted soil or flooring of the 
HDPE to the water to flow horizontally, parallel to the ground. Ponds to a different depth to 
achieve the natural healing process of the structural integrity of the system is divided into 
three parts (the same pond or tank up to the design) is the first part of a crop. features high-
emerge from the water and soil, roots planted bulrush cattail reed like to assist in the filtration 
and sedimentation of suspended solids and organic matter that settles it. Making removal of 
suspended solids and organics have some. Reduce suspended solids and BOD was part of the 
second. As with plants floating on the surface, such as glass lotus position, including small 
plants suspended in water, such as algae or duckweed Grail. The second area is no crop that 
looks like a high-emerge from the water in the first and the third. In this respect, it is exposed 
to air and sunlight cause algae growth, increasing dissolved oxygen (DO) microorganisms of 
the anaerobic decomposition of organic soluble reducing BOD in wastewater. It also caused a 
nitrification function. (Nitrification) with the third part. There are growing in the same 
manner as the first. To help filter out suspended solids remaining. The condition and causing 
nitrification function. (Denitrification) as dissolved oxygen (DO), which can be reduced by 
lowering nutrients such as nitrogen compounds from an image Lakshadweep 2 .3  m gold at 
the  and study the performance of the plant, cattail and reed round. In wastewater treatment 
Community treatment system Free Water Surface Wetland (FWS) found that the duration of 
detention facilities, hydraulics nine days, the treatment efficiency up is effective therapy 
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BOD is equal to 84.88%, SS is equal to 91.24%, TKN there. equal to 67.88%, TP is equal to 
68.86% and 27.12%, which is equal to the DO. 

 

 

 

 

 

 

 

Figure 2.3 shows a cross section Treatment Free Water Surface Wetland (FWS). 

Source: Laksamon Thonginn (2014)  

 3 . 2  A constructed wetland Vegetated Submerged Bed System (VSB) is a wetland 
system has many advantages over traditional Free Water Surface Wetland is a system that 
separates water from being infested by insects or animals. And prevent the bacteria that 
causes the disease was contaminated with it. Some countries use this wetland system to treat 
wastewater from septic (Septic Tank) and improve the quality of effluent from stabilization 
pond system. (Stabilization Pond), or used to improve the quality of effluent from actin Web 
Croix County sludge (Activated Sludge) and RBC (RBC) or used to improve the quality of 
water discharged from the plant traps waste water. (CSO), the key component in the waste 
water treatment system is a wetland. 

 - Crops grown in Will be responsible for fostering the transfer of oxygen from 
the air to add oxygen to the water. And also serves to support the gas in the system, such as 
methane gas (Methane) from degradation in an aerobic (Anaerobic) can be drained out of the 
system as well. You can also eliminate nitrogen and phosphorus by applying to the growth of 
plants. 

 - Media (Media) is responsible is important. 
 (1) It is for the roots of plants grown in a grip. 
 ( 2 )  contribute to the spread of the wastewater collection system and 

wastewater before discharge. 
 (3) As for microbial adhesion. 
 (4) for the filtration of suspended solids. 
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Figure 2.4 shows the two treatment Vegetated Submerged Bed System (VSB) 
Source: Dr. Pregun Csaba, Dr. Juhász Csaba (2011)  

 
3.3. Treatment flow vertically (Vertical Subsurface Flow: VSF) consists of a layer. 

Gravel and covered with sand Planted with plants emerge from the water. The waste water 
will gradually flow vertically into the ground of the wetland system. And at the bottom of the 
lagoon catchment. The addition of oxygen to the surface of the water, dry air is inserted into 
the porous soil. When applied to pump water into the air is pushed out of the porous medium 
makes the waste water is released into the system to get oxygen to increase the research of 
Paul's Ruby Gold of the wetland system flow south. Horizontal surface with surface flow 
system using a reed Lanka and lotus plants. To reduce the organic nitrogen, phosphorus and 
total solids. By wastewater from a female student dormitory buildings and facilities 
personnel. University High School The study found that the province. Wetland system, which 
has a three-day quarantine period can reduce BOD, COD, TKN, phosphorus, suspended 
solids were 94.66 percent, 85.42, 77.12, 64.24 and 81.55 respectively. 

 
 

 

 

 

  

 

 

Figure 2.5 Treatment flow vertically (Vertical Subsurface Flow: VSF). 
 

 3 . 4  Treatment island floating (Floating treatment wetland) systems are used in 
conjunction with floating plastic mat. Plants can take root into the water. As shown in Figure 
5 , but the trunk on the island. The roots are relying on nutrients that are essential to the 
survival of the tree that is mixed with the water itself. The root system of this water is created 
by a large group of microbial biofilms. Created slime The other group of microorganisms To 
live and eat as figure 2 .6  shows the research to test the system. Artificial lake of floating 
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islands in five (Frank M. Stewart, 2 0 0 8 )  is BiohavenTM Floating Islands, Boutwell and 
Hutchings 1999 (US BoR - wetland plants), Hart et al. 2003 (vetiver grass), Tanner 1996 
( NIWA - wetland plants. ) and Hubbard et al. 2 0 0 4  ( USDA - wetland plants) to test the 
efficacy in the treatment of nitrogen and phosphorus in the NO3-N, Total nitrogen-N, NH4-N 
and PO4-P. 
 

 

 

 

 

 

 

 

 
Figure 2.6 Floating Island water treatment system BioHaven®  

      Floating Islands planted using native plants. 
          Source: Frank M. Stewart (2008.) 
 
 

 

 

 

 

 

Figure 2.7 Treatment sectional Floating Island (Floating treatment wetland). 

A floating island water treatment systems (Floating treatment wetland: FTWs) is a 
mix between a therapist. The wetland system (T. R. Headley, 2 0 0 8 )  mimics the natural 
process. Improve water quality The use of solar energy Maintenance, technical low. The key 
is the depth of 1 -2  meters of water by the process of photosynthesis. Green algae will work 
well together with the absorption of the roots of the tree. The floating plant and the plant is 
lettuce (Lettuce) and Hakhohno (Salvinia) system similar surface flow constructed wetland. 
As shown in figure 2.8 

 



15 

 

 

 

 

 

 

 

 

Figure 2.8 shows a floating island water treatment systems (Floating treatment wetland). 
   Source: The T. R. Headley: 2008  

 Application of therapy, floating island (Floating treatment wetland: FTWs). There 
are examples of their application in the treatment of rain water to drain out of town in India 
(T. R. Headley, 2008) by designing a treatment system, a floating island. After settling pond 
Treatment Group sediments and heavy metals, then forwarded to the flow of surface 
treatment systems (Free Water Surface Wetland: FWS) is a treatment pond and the oxygen 
here. 
 
 

 

 

 

 

 

 

Figure 2.9 shows a cross section constructed wetland sedimentation pond system   
incorporating a floating island and the surface flow constructed wetland. 

                     Source: T. R. Headley: 2008 
 

4. vetiver 
 

The scientific name is grass Vetiveria Zizanioides monocots in the family. Grass, as 
well as corn, sorghum, sugar cane and lemon grass essential characteristics of grass is a dense 
clump. Approximately 5-20 cm in size is quite large clump of grass clearly other parts of the 
leaves are long, narrow shape. The sharp end of the blade The rear leaf color The darker 
green the leaves The base of the trunk to the flat section. The leaves are arranged folded. 
Stalks are indeed small, hidden in leaf surface soil. For a bouquet of flowers on the peduncle, 
which is about 1 .5 0  meters tall or as high as two meters of grass inflorescence unfolded to 
form a canopy. A length of about 3 0  cm wide, 1 5  cm base, the flowers are reddish brown, 
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gray or white seeds have long round (Office of Research and Development of Land 
Management Land Development Department, 2 5 4 8 ) , which is found scattered throughout 
many areas of nature. The survey found that There are scattered around the world, about 12 
species were found in two types. 

 
 

 

 

 

 

 

 

Figure 2.10 shows that trees planted in the grass. 

 The study and survey in the grass by the Land Development Department and related 
agencies found that vetiver could be classified as two types of Vetiveria zizanioides Nash and 
Vetiveria nemoralis A. Camus 

 4.1 Vetiveria zizanioides Nash is assumed. Whether originating in India. And are 
bred to be grown. In many areas around the world The essential characteristics of bog grass 
clump is a large shrub leaves about 45-100 cm high, erect, dark green color of leaves. The 
texture is much wax coating The relatively soft flower color purple florets no hard 
appendage. The roots penetrate deeper than one meter, depending on the condition of the soil, 
the roots can still smell. Because essential oils Alkaloids, a substance that is causing lowland 
grass. There is another name that Vetiver grass has been planted with grass moorland is found 
in lowland areas. The moisture and flooding. In the United States can be divided into 11 
groups of Kamphaeng Phet 2, Songkhla1, Songkhla 2, Songkhla3, Trang 1, Trang2, Surat 
Thani, Sri Lanka, Chiang Rai, Chiang Mai and Mae Hong Son. 

 4.2 Vetiveria nemoralis A. Camus has assumed a resident. It originated in Southeast 
Asia, Thailand, Laos, Cambodia and Vietnam found growing in the wild is generally 
characterized as a clump of bushes shaped fronds, but the sharp end of the blade to bend 
down. A clump of grass clump tree is not exactly the same as the marsh grass is green and 
pale flesh out the wax coating is less. Therefore, rather unrefined The flowers of many colors 
like white, cream, purple flowers, aristate The root of it is quite short, about 80-100 cm and 
odorless. 

 Vetiveria nemoralis A. Camus is most often found in upland areas. Relatively dry in 
Thailand can be divided into 17 groups Thani 1, Udon 2, Nakhon Phanom 1, Nakhon Phanom 
2 , Roi Et, Chaiyaphum, Loei, Sara 1 , Sara 2 , Huai Kha Khaeng, Kanchanaburi, Nakhon 
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Sawan, Prachuap Khiri Khan, Ratchaburi, Chantaburi, Phitsanulok. and Kamphaeng Phet 
(Community and disadvantaged. The Office of Science and Technology). 

 

5. The mechanism of constructed wetland in the removal of phosphorus and nitrogen. 

 5.1 Principles of wetland 

 The wetland system engineered to mimic the natural wetlands. And using natural 
processes to treat and rehabilitate the wastewater to use plants rocky soil areas in the 
adhesion of bacteria to aid in the wastewater treatment process, physical, biological and 
chemical by sewage flowing into wetlands. the beginning Part of the organic matter sinking 
to the bottom of settling ponds and decomposed by microorganisms. The water-soluble 
organic compounds are removed by microorganisms adhering to a layer of gravel and water 
plants, microorganisms suspended in water. The adoption by the plant. 

 5.2 Engine Treatment 

Wetlands can reduce BOD. Removal of suspended solids, heavy metals and bacteria from the 
water, several species are at high levels. The third process is a healing mechanism. 

 - Physical processes include precipitation which suspended solids are trapped by the 
plants is mostly how to eliminate suspended solids, organic matter, nitrogen and phosphorus. 
 - Chemical processes including ion exchange, adsorption on the surface of 
plants.Chemical precipitation 
 - Biological processes including digestion of organic compounds by microorganisms 
and processes. Hunting cannibalism caused by microbial pathogens is one of the removal 
process. 
 
 
Table 2.3 Part of plants for treatment waste water. 
 
 
Part of plants Mechanism. 
Root / Body under water. 
 
 
 

-Up take contaminate and nutrients.  
- Filtration and Absorption Sludge and TDS. 
- Inhibit algae growing. 
 

 
Body or Leaves above water. 

-Reducing wind effect. 
- Reducing gas and heat transfer to water. 
 

Source : Suwasa K. : 2002 
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5.3 Factors for growth of aquatic plants. 
5.3.1 Light has been associated with growth. And changing the appearance of 

many plants. As an aid in the reaction of photosynthesis in plant growth. Plants need light in 
each class as well. The county is divided as follows. 
      - Euphotic zone is an area that has been very light. The plants in this area will 
be full of light. The plants are often large. 
      - Dysphonic zone is an area that has received less than the first dim light. 
Plants tend to be smaller 
       - Aphotic zone is an area where light cannot reach. Creatures to live. Often 
they cannot photosynthesize only. 
 If the nature of the plant, according to the median range of the light. (Some plants 
even in areas with very light or moderate, but some plants have in the light or in the shadows 
only) divided into two groups. 
    - Euphotic plants refers to plants that can grow in the range of light levels. 
       - Steno photic plants refers to plants that can grow in a very narrow range of 
light. 

5.3.2 Temperature  Some plants like water in a low temperature. Some like it 
in the water at high temperatures. Changes in temperature can affect growth. And the spread 
of different plants. In general, thrive in water temperatures between 25-29 degrees Celsius, 
but the temperature in an area not change much. Divide plants according to the temperature 
as follows: 
          - Eurythmic plants refers to plants that can be based on a much broader range 
of temperatures. 
          - Stenothermic plants refers to plants that can live in a relatively narrow 
range of temperatures.  

5.3.3 gas is oxygen and carbon dioxide. The plants use oxygen to breathe. 
When it's dark and photosynthesis stops. Water in the water absorbs the oxygen dissolved in 
the water. The plants that grow above the surface from the atmosphere is absorbed directly 
through the leaves. Oxygen in the water, mainly derived from the photosynthesis of aquatic 
plants in the daytime. For carbon dioxide Water plants use in photosynthesis. Plants will 
grow well in water containing relatively high amounts of carbon dioxide. 5-15 milligrams per 
liter higher than 6 milligrams per liter. It can be harmful to fish and other aquatic life as well. 

5.3.4 water turbidity (Turbidity) hinders the growth of suspended solids in the 
water is blocked from light to deep. This reduces the reaction of photosynthesis of plants. 

5.3.5 The pH of the water (pH) plants can use the nutrients well or not. 
Depending on the pH level of the water plants grow in water that is between 6.5 to 7.4 

5.3.6 Water hardness (Hardness) factors affecting pH, which affects the light. 
Water hardness In general, aquatic plants like water with a little water softener. Moderate or 
rough 

5.3.7 Food element in water (Minerals) is a major need for nitrogen, 
phosphorus and potassium. Like land plants 

5.3.8 Water Movement (Movement of Water) is the flow of the tides. Or the 
influence of wind 

5.3.9 the ground water (Natural of Substratum) ground water is sand, rock, 
mud or rotting of dead plants deposition (Supansa , 2011) 
 

5.4 Microorganisms that live in the roots of plants. 
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 5.5 The role of plants in constructed wetland. The use of food crops as a key role in 
the elimination of nitrogen, phosphorus and other pollutants such as heavy metals, organic 
compounds in waste water disposal difficult, and utilization of plant nutrients removed by net 
growth. And the concentration of nutrients in plant tissue. The concentration of nutrients in 
plants is high (greater than 25 g per plant) in the plant age and decreases when fully grown 
(Reddy and Debusk, 1987) Wastewater treatment using aquatic plants relied primarily on 
growth. growth of aquatic plants and micro-organisms that live in the roots of plants. These 
microbes, which will decompose nutrients such as nitrogen and phosphorus in the form that 
plants can use. It also relies on the principle of settling their wastewater. 
 
 5.6 Physical factors 
 
  5.6.1 The water level (Water Level) to maintain the wetland system. Require 
treatment of water released into the system. So that plants can grow And effective treatment 
is an example cattail that grow well in the soil beneath the water. And a water depth of more 
than 15 cm or reeds that grow well in water depths of more than 1.50 m., Etc. (Reed et al) 
suggest that the depth of water at most should be 10 cm in warm (winter. heat) and less than 
45 cm in the cold depths of the water should be adjusted accordingly. 
  Cornwell (1997) conducted experiments using water hyacinth suck nutrients 
from secondary effluents in California found that water hyacinth can grow as fast as it is in its 
natural state. It was found that the percentage of nitrogen absorb or transfer it directly 
correlated with the surface area of natural grass can grow well at a water depth of 20-30 cm. 
  5.6.2 soil (Substrata) in a wetland. The ground floor consists of sand and 
gravel is needed to enhance the growth of the plants emerge above water (Emergent plant) 
and is also involved with the growth of microorganisms attached beneath the water.(Chittima 
,2001) Study of wastewater treatment using canna wetland fabricated using gravel layer 
thickness of 10 cm and a layer of soil mixed with sand ratio 3: 1 thick, 20 cm for grown. By 
the nature of vetiver can grow well in friable. 
 
 5.7 Factors chemical 
 
  5.7.1 transfer oxygen (Oxygen Transfer) mechanism for transmission of gas 
plants in constructed wetlands can be caused by Passive Molecular Diffusion by the different 
concentrations within Lacunal System and by convection of air (Convection flow) through 
the gap. inside the plant 
  5.7.2 diffusion (Diffusion) is a process that is passed from one part of the 
system to the chest part. As a result of the random movement of molecules. By moving to the 
net result of the high concentration (Partial Pressure or higher) to those with lower 
concentrations. 
  5.7.3 Mechanism of bringing gas (Convection) of floating plants such as lotus, 
some of which are caused by differences in temperature and pressure steam (Water vapor 
pressure) of the blade and the atmosphere around it. Air is introduced into the underground 
stems and leaves to the right and then back into the atmosphere again with propulsion 
(Driving force) is called Thermal Transpiration and Humidity- induced Pressurization. Both 
processes require that porous spaces within the plant tissue. If this is the best The gap must be 
smaller than the average size of the diffusion of gas molecules (<0.1 microns) and are using 
energy in the form of heat Humidity- induced Pressurization. Also want to keep the water 
inside the plant with constant Thermal Transpiration. The movement of gas through the 
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porous plants. When a temperature difference in each section, which makes a difference in 
pressure caused by the pressure is higher in the humid than the other side (Gurnee ,2001.) 
 
 5.8 biological factors 
 
  5.8.1 microorganisms (Microbial Organism) microbes in wetland invention are 
the kinds of bacteria, protozoa, algae, bacteria, etc., can be divided into two main types of 
suspensions (Suspended bacteria) is a bacterium that lives on the surface of the water. And 
species identified (Attached-growth bacteria), which will grow by clinging to the surface of 
the water underneath the plant (roots, leave early), humus, rock, soil and sediment at the 
bottom. (Chinaman, 2014). 
 
 5.8.2 detention time staying hydraulics (Hydraulic Retention Time: HRT) can 
calculate the duration of detention facilities and hydraulic flow from. 
                                                               

Q = LWdn / t 
 
Where  Q  = average flow rate of water (m³ / day). 
 L  = length of the pond (m.). 
 W = width of the pond (m.). 
 d  = water depth (m.). 
 n  = constant padding Bo (= 0.75 for water surface). 
Water reservoir t = time (days). 
 
 5.8.3 preferences to design wetland. An important wetland systems including 
hydraulic retention time break. The depth of the water treatment area, loading rates. 
Hydraulic loading rate As shown in Table 2.4  
 
Table 2.4  Design criteria for design Wetland.  
 

Items. Suggestion. 
 

Range 
 

Normal 
 

Area. (Hectare  per 1000 cu.m/ day.) 
Dept.(m) 
W/L Ratio. 
HRT (day) 
Reaction rate 
-kg BOD per Hectare  per day. 
-kg TN per Hectare  per day. 
 

2-7 
0.5 
2:1 

4-15 
1.5-50 

           < 110 
 

 
 
 
 
 
             60 
 

Source : Kriengsak Udomsinroj : 2005  
 
 

5.8.4 Mechanism healing mechanisms to eliminate the importance of wetland 
shown in Table 2.5 
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Table 2.5   Mechanism of  Wetland.  
 
 

Contaminate. Mechanism 
SS 
 
BOD 
 
TN 
 
 
 
TP 
 
 
 

-Sedimentation./Filtration. 
 
- Aerobic and anaerobic digestion. 
 
- Nitrification and Denitrification. 
- Up take by plant. 
-  Transform to Ammonia.  
 
-  Absorption by earth.  
- Up take by plant 

 
Source : Kloyklan : 2001  

 
 

5.9 Treatment Basics 
 

5.9.1 Organic Removal Organic matter in the waste water, solid precipitates 
near the inlet of a water-soluble organic material is decomposed by microorganisms, both 
aerobic and anaerobic. Adsorption of organic crops is very small compared with other 
mechanical treatments. Microbes need a carbon source and some minerals in the cells. 
Microorganisms can be categorized into two types according to a source of carbon-based 
organisms is the automatic call ups (Autotrophs), which uses carbon dioxide and Heth 
Deuteronomy call up. (Heterotroph), which is used in organic carbon and microbial 
degradation rate of speed makes this group an important part in the treatment of wastewater. 
The oxygen in the degradation rate is faster than the decomposition, the anaerobic microbial 
degradation of the island is on a solid surface such as sand, stems and roots of plants. 

Ravens decomposition by microbes that use oxygen to carbon dioxide and 
water. In the anaerobic digestion will be divided into two stages in the first phase to produce 
fatty acids. Carbon dioxide and hydrogen. Next, it creates methane, which would work well 
in pH 6.5-7.5 microorganisms will only be submitted through the oxygen from spreading 
down into the roots and the soil surface, so the surface soil. And the length of the roots, so to 
determine the nature of the degradation to occur. 

5.9.2 Disposal of suspensions Reducing the amount of suspended solids in the 
sewage into the wetland. As a result of a complex process for many processes. Including 
mobility solid by organisms in wetlands. Especially when water enters through the wetlands 
with low velocity of the water. Covered with water plants There will even help with soil 
suitable for filtering and settling of solids. Removal of suspended solids from water, 
wetlands, water quality, which makes the process better. This is an important function of 
wetlands. 
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6. Nitrogen Removal 
 

If the water contains a lot of nitrogen. Will be one of the factors that cause algae bloom, thus 
eliminating the need for dose reduction in wetland system and nitrogen removal from 
wastewater are a number of ways, such as adsorption (Adsorption) ion exchange. Simple 
evaporation of ammonia Absorbed and used by plants. And reaction nitrification and 
nitrification steep slope. This is an important mechanism for the removal of nitrogen in the 
wetland system. Although the mechanism of release of ammonia, nitrogen, such as volatile. 
Good nitrification steep accumulation in plants. (Together with the harvest) to absorb 
ammonia. And the deposition of organic nitrogen. As well as other processes, such as 
ammonium, a new application. Or nitrification applications This is just a change of nitrogen. 
It does not eliminate nitrogen from waste water directly as ammonium, a new application will 
transform organic nitrogen into ammonia. And also increase the amount of ammonia in the 
system as well (Gurnee , 2544). 

1) simple evaporation of ammonia. (Volatilization) may eliminate nitrogen in 
constructed wetlands. If the algae that gives the pH of the water to rise in this condition, 
which may have pH> 10 in the daytime. 

2) Amber Monique Identification. (Ammonification) This process does not allow for 
the removal of nitrogen. Usually found in plants that are biodegradable. And meet all of the 
wetland. 

3) nitrification application (Nitrification) with a new application that ammonium 
nitrate can not be eliminated from the system. But the nitrification combined with good 
nitrification applications. The main mechanism of nitrogen removal in constructed wetlands. 

4) ammonium nitrate, a new application. (Nitrate-ammonification) in a wetland study 
this mechanism to a minimum. This mechanism can occur in the presence of the Redox 
Potential or anaerobic conditions, such as low-flow system in the plane. However, this 
mechanism does not remove nitrogen. 

5) Good nitrification applications. (Denitrification) is the main mechanism of nitrogen 
removal in constructed wetlands, which require other factors. Proper born 

6) Nitrogen Fixation (Fixation) when the decomposition of plants or animals in the 
wetland is converted into organic nitrogen is released into the water. This process is often 
ignored in assessing nitrogen removal. And there was little data available to measure them. It 
seems most likely due to fixation by blue-green algae. (Cyanobacteria) 

7) accumulation in plants (Plant uptake) as a mechanism to get rid of the plants in the 
water (free floating macrophysics) to evaluate the effect of eliminating the frequency of 
harvest. In plants emerge from the water, they found high, but most will not be harvested at 
the time of the maximum. Or not harvested yet. In the tropics, there is little seasonal variation 
in food. The harvest may be important to get rid of nitrogen. 

8) to absorb ammonia (Ammonium adsorption) process is the removal of only the 
wetland system with water flow under the skin due to exposure of water medium and large. 
However, the wetland is not clay, which absorbs ammonia as well. 

9) the deposition of organic nitrogen (Organic nitrogen burial) as a mechanism to 
eliminate specific to the wetland where plants emerge from the water and as the water flows 
over the surface of Peat or a layer of plant debris to the source. the nutrient removal. 
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7. phosphorus removal 
 
Phosphorus is one of the causes of water quality due to low phosphorus, a plant 

nutrient. If it will make the plants grow too much control over such may cause algae bloom, 
thus eliminating the need for a reduced amount. Phosphorus can be eliminated by adsorption 
plant. Completing and precipitation. Most of elimination in the soil in the bottom of the lake. 
If the soil is a mixture of aluminum, iron and calcium, it will encourage better disposal. The 
plants absorb phosphorus through the roots and passed to the tissue to regenerate. When 
plants die and decompose to spit out some phosphorus and the rest is lost in humus. 

The second important physical process for the removal of phosphorus in the lake is an 
artificial process of sedimentation and adsorption of phosphorus particles (Sorption) 
phosphate dissolved. 

The particles may login with either phosphorus available and unusable by plants. If 
the particle is the last plankton are biodegradable. And phosphorus released into the solution. 
Phosphorus particles may have a mild shock. The final result will come out. But if the 
particles are not soluble phosphorus in minerals. or compound Organophosphorus It may not 
be disposed of permanently settling them. 

The cycle of phosphorus in wetland phosphorus is quite complex and many. Uptake 
by plants should not be used to measure the rate of phosphorus removal system for 
phosphorus accumulated in the plant will be discharged into the water. In the decomposition 
process Long-term accumulation of phosphorus as a result of the deposition of the carcass, 
including the deposition of phosphorus in the compound is biodegradable. 

 
8. Related Research 
 
 Vázquez-Burney (2015) tested an island floating in Pasco County, Florida. To reduce 

the amount of total nitrogen (TN) in order to produce the raw water reservoir of the city. 
Pasco County Which leads to repeated use. Is wastewater effluent from urban areas. Gather 
into treatment as standard. It was backed up as a source of raw water. However, with a high 
nitrogen content and cannot be treated in the normal system. Thus creating a floating island 
To test the efficacy of reducing TN 20 islands arranged in the area overall, 149 square meters 
of space, a 1,122 square meter, or about 7% of wells HRT average of 15.7 days performance 
test done in the third period is a period of preparation. Planting trees to mature (6 months of 
growth), the tree matures (8 months immediately following the growth) and control (three 
months after the island was removed from the wells) were effective in removing. Nitrogen 
Reduced by approximately 32%, but noted that the amount of nitrogen fertilizer in the pond 
increased. TN removal rate per unit area was calculated to be 4.2 kg N / square meter of the 
island annually. 

Mietto, Anna (2013) studied the performance of the three plant species to compare 
two types of surface, sub-horizontal flow (H-SSF) with a floating island (FTW) designed for 
wastewater treatment. The parameters that determine nitrogen (TN), nitrate (NO3-N), nitrite 
(NO2-N) and ammonium nitrogen (NH4-N) Total (TP) and phosphorus, phosphate (PO4-P), 
COD. , BOD5 and dissolved oxygen (DO) at the entrance and exit of each wetland from 
February 2011 to June 2012, sediment settled in the FTW is collected and analyzed. The 
growth of the plants in each system has also been monitoring the condition of the plants in 
the experimental plots. Check our water quality, physical and chemical characteristics of 
wastewater. The discharge of sewage through the system. To check the performance of the 
system. Found that the two systems can reduce the amount of TN, COD, BOD5 and 
Escherichia coli as NO3-N and NH4-N on the condition that the DO is not very high plants in 
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the H-SSF bulrush (Australis Phragmites), early. Alnus glutinosa and Salix eleagnos trees 
planted in the H-SSF, but on a floating island. Then planted iris (Iris pseudacorus) Although 
islands floating treatment wetlands FTW is relatively new. The results obtained from this 
study can serve as a guideline for the application of this technology. 

 
 Hartshorn, Nicholas (2016) studied a treatment pond to collect rainwater. The state of 

Florida, although the value of plant nutrients (N and P) in the pond is not so much the 
amount, but the impact on the water to take advantage. Therefore, the floating island ground 
water (FTWs) innovative. Natural treatments can remove excess nutrients and assist in. To 
improve rainwater for reuse. In this study, the correlation of nutrients (N and P), algae 
microcystin and chlorophyll studied the pond to collect rainwater in the state of Florida of 
three wells located in Ruskin, Gainesville,. and Orlando, respectively, and the system is 
installed. Floating island system (FTWs) in comparison with rain and no rain. The results 
showed that there was a negative correlation between total phosphorus and algae microcystin 
in both cases is that the rain and no rain. And three wells Total phosphorus Is positively 
correlated with the concentration of chlorophyll in the water of all the wells except Orlando. 
Case No Rain The results of this study show that Floating island system (FTWs) can reduce 
the amount of algae and microcystin concentrations of chlorophyll -A possible. 

 
Wang, Chih-Yu (2014) Applications System Floating Island (FTWs) sources of 

pollution in point (Point source) and not the (Non- Point source) has received a lot of 
attention today. Although the potential of this emerging technology, which is supported by a 
number of universities, both in quantity and efficiency of the floating island (FTWs), but also 
the difficulty in actual therapy is effective. In this study, water from wells, rain, rain in the 
city which is contaminated with total nitrogen (TN) and total phosphorus (TP) were used in 
this study. By experimental in nature (mesocosm), the removal of nitrogen and phosphorus in 
the assessment. To test the effectiveness of FTWs a time storage (HRT) 7 days four trials 3 
trials first crop and one trial that did not crop plants used to compare two types of bouquets of 
blue water (Pontederia cordata L. .) and marsh bulrush (Schoenoplectus tabernaemontani). 
Samples were taken on day 0 (the default) and 7 analysis. The parameters are as follows: total 
phosphorus (TP), orthophosphate, total nitrogen (TN), organic nitrogen, ammonia nitrogen. 
Nitrogen, nitrite, nitrate and chlorophyll -A. The statistical test used to evaluate the difference 
between 4 Effect of temperature on the rate of elimination of TP and TN of FTWs be 
described by equations of SR Rainier's (Arrhenius Equation) results showed. 3 FTW that both 
crops were burned with the ability to improve the efficiency of nitrogen and phosphorus (% 
E-TP and e-TN) as compared to control ants try. Significantly The study is the rainy season. 
May to August is the E-TP and e-TN was lower at 8.2% in plots planted a bouquet of blue 
water (Pontederia cordata L.) and 18.2% in plots planted marsh bulrush (Schoenoplectus 
tabernaemontani) biodegradation. organic is a mechanism by which the bacteria. Bio-film on 
the skin surface and floating island roots. . The results showed that treatment Floating Island 
(FTWs) planted a bouquet of blue water can reduce E-TP maximum result, it is possible in a 
similar way to the floating island (FTW) using vetiver planting. The ability for nitrogen 
removal. Depending on the duration of plant growth. And the effect of temperature is 
described by the equation Arrhenius island floating (FTWs) planted a bouquet of blue water 
is sensitive to temperature and phosphorus removal when the water temperature is above 25 ° 
C, but the efficiency of plant nutrients. this may be a slightly lower water temperature below 
15 degrees Celsius, the study also assessed the impact that may arise from the shadow of 
islands floating (FTW) that shade the water temperature, the dissolved oxygen (. DO) and pH 
range suitable. 
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Yam Kan old Netsuwan (2544) was conducted using constructed wetlands subsurface 
flow. In the treatment of COD Nitrogen and phosphorus By wastewater The intermediary two 
kinds of sandy soil and sandy slate and plants from Cattail was remove COD and nitrogen 
was highest in wetland with medium sand of 94.23 and 94.59, and efficiency. the phosphorus 
removal in constructed wetlands with sand mixed with medium slate 74.67 percent. 

Chittima infected School (2545) tested the effectiveness of wastewater treatment 
using canna artificial wetland. Water from the pond aeration of wastewater treatment plants, 
one at a swamp Rama 9 The effects of hydraulic detention time of stay of waste water species 
and density of canna found effective in the treatment of high BOD. The detention time 
staying hydraulics seven days canna flower yellow density of 25 plants / sq m is 46.19% 
effective therapy A. SS TKN and phosphorus maximum detention time staying hydraulics 
seven days canna flower. red density of 25 plants / sq m, up 74.19%, 82.06% and 75.53% 
respectively. 

Chittima Vasu Sin (2539) studied the effectiveness of three types of plants, water 
lettuce and water hyacinth rapporteur. The wastewater from the community and shelter. The 
waste water is waste water which has not undergone any treatment from Salaya. In a study 
using HRT effluent 15 days cropping full surface area of the three types of results showed 
that wastewater from natural rapporteur lettuce and water hyacinth can reduce BOD equal to 
35.70 per cent, 40.70. percent, 56.17 percent and 76.74 percent respectively effective in 
reducing the COD was 26.36 percent, 83.47 percent, 56.17 percent and 62.56 percent 
effective in reducing total phosphorus were 15.68 percent, 61.78 percent, 56.41 percent and 
44.19 percent, respectively. 

Texan girl Chareonwongsak (2533) trial canals. Putting in a septic Khon Kaen 
Municipality. The pond covers an area of 3.8 percent for six weeks found to reduce BOD and 
suspended solids were 50.14 percent and 30 percent, respectively. But if your water hyacinth 
BOD reduction was only 31.54 percent, up 0.28 percent and suspended solids. 

Embracing behave fairly and colleagues (2543) studied a mixture of soil and irrigation 
system, grass filter. By the time the flooding influence treatment BOD statistically 
significant. By the time the cistern 5 and 7-day alternating dry three-day treatment to get 
better. The period of detention three days alternating dry three days and found that the 
duration of the cistern 5 and 7-day alternating dry three-day treatment BOD was no 
difference in the statistics, but the period of detention and seven days are more likely to. 
treatment BOD better and effective therapy that bod period cistern 3/3, 5/3, and 7/3 are on 
average 90.1 per cent, 93.4 and 94.9 respectively. 

Consulate Biosciences Kan New Kudrin R. (2544), a trial wetland system integration. 
The model consists of a flow of subsurface water in a vertical well with a flow of subsurface 
water flat. The objective is to achieve nitrogen removal. By comparison, the plant uses two 
types of cattail and reed triangle. The results showed that both systems are effective in 
removing nitrogen-Yong Ki close together. The performance will take place at the hydraulic 
loading rate is the lowest 3 cm / d (76-82%) and TKN removal was 85-98% for COD, BOD, 
SS, FC and TP can be eliminated. at 93-99% 

Sanphet Andre Kitiyavadee family (2541) were used in wastewater treatment, water 
hyacinth from pig farms. The water hyacinth density 4 kg wet / sqm. The results showed that 
in the week. 

 The first hyacinths can reduce BOD, COD TKN phosphate dissolved solids. TSS 
average 29.50, 25.83, 24.143, 18.90, 27.32 and 24.86 percent, respectively, results in week 
two canals to reduce BOD, COD TKN phosphate dissolved solids. TSS average 37.28, 37.43, 
41.77, 23.55, 34.64 and 39.09 percent. 
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Silver Star expertly (2534) cited a study of Furman and Gilcreas to study the ability to 
absorb nutrients (Nutrient) of water hyacinth in the pond dry (Oxidation Pond) planted 
hyacinths full pond. And the pond is anaerobic conditions. And HRT wastewater treatment 
ponds in five days, found it. A decrease of nitrates was. The nitrates are converted to the form 
of nitrogen and organic nitrogen. And ammonia nitrogen is reduced by 75 percent in the 
month, with the hot weather and 35 percent in six months. 

Suchada Sripen et al (2543: 39-7), the treatment of wastewater from Petchaburi 
municipal wastewater filtration system using vetiver grass, Indonesia. Sri Lanka circular reed 
grass and cattail cattail that can absorb nitrogen and phosphorus than grass Indonesia. Sri 
Lanka grass and reeds round. 

Cornwell (1997) conducted experiments using water hyacinth suck nutrients from 
secondary effluents in California found that water hyacinth can grow as fast as it is in its 
natural state. In experimental ponds depth 0.34 m water hyacinth can absorb nitrogen, 80 
percent phosphorus by about 40 percent in the period of 48 hours for experimental ponds 
with a depth greater than and less than the result is not satisfactory. It was found that the 
percentage of nitrogen absorb or transfer it directly correlated with the surface area. 

The study recent I find that plants used in wastewater treatment, most commonly used 
is water hyacinth and cattail in the treatment of BOD, COD, nitrogen, phosphorus and heavy 
metals, but for floating plants vetiver are also less educated, which may be the result. 
restrictions on the use of plants that can be consumed is used in the treatment of waste water. 

 
 



Chapter  3 

Research Methodology 

The study is divided into 2 parts as follows; 
 

1. The experiment for the selection of 2 mains species of vetiver grass by using the 
method of comparison of the rate of growth and the length of roots after planted on 
floating island. 

2. The experiment of the reduction of nitrogen and phosphorus by using different sizes 
and forms of floating island. 

 
3.1 The Selection of Species 
 

The experiment is Quasi-Experimental Research under natural circumstances and the 
variations comes from 2 factors; the difference of time in reducing nitrogen and phosphorus, 
and the rate of growth and roots length (Wang, Chih-Yu, 2014). And measure nitrogen and 
phosphorus in the area with floating island if it is enough for the plant growth and to 
determine the reduction rate after compared with the sample in the area where the plants are 
not installed and water sample collected from other areas to know the overall values of 
nitrogen and phosphorus in the reservoir between the retention time of 1, 2, and 3 days for 
each circle. The experiment on the vetiver part starts from the separation of shoots until 15, 
20, 30, 45, and 60 days old in each season. It is to say that there are 2 more experiments of 
the same pathern or 3 times in 1 year (summer, rainy, and winter) in order to compare the 
difference of the result of each season. 

 
3.1.1 Species of vetiver grass 
The experiment starts with dividing the new isolated clumps into 2 species, the first 

species is Vetiveria zizanioides and then choose the sub-species that regular used in Thailand; 
Sri Lanka, Songkhla, Surat Thani, Kamphaeng Phet 2 and 3 (Office of Research and 
Development of Land Management Land Development Department, 2005) for the first 
experiment, and measure for weight, length of roots and then plant on a small plastic raft for 
planting. There are 15 hole per one raft, each line can be planted one plant one species. At the 
bottom there are a small basket with bottles of water. The measurement is done by hanging 
scale then measure the length of roots and trunks (shows in figure 3.1) and use the unit with 
now experimental plants as the control panel. 
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Figure 3.1 Shows the trays for planting and the basket with bottle of water to 
aid in buoyancy  

 

 

 

 

 

 

 

 

Figure 3.2 The vetivers before and after planting in the planting trays 
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 The second experiment is Vetiveria nemoralis; Ratchaburi, Roi Et, Prachuap Khiri 
Khan , Kamphaeng Phet 1, and Nakhon Sawan Khan. The preparation is done by the same 
procedure of first experiment as shown in figure 3.3 with the units with no planting as the 
control panel as shown in figure 3.4. 

 

 

 

 

 

 

 

Figure 3.3 shows the planting of both species in planting trays 

 

Figure 3.4 shows the beginning the planting and the absent holes used for the third 
experiment 
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3.1.2 Water samples 

 The samples of water in the reservoir are collected in the areas 5 meters away from 
the experiment area where there is no planting of vetiver in order to measure the quality of 
the water. 1 liter of water sample are collected 15-20 cm deep under the surface by using 
cylindrical tool to drain out 200 ml. of the water from the holes where vetivers are planted in, 
and put the sample together as the water sample from each species. The collection of the 
water sample is done randomly. 

 The example of the intermediate and depth of the water level in the reservoir 
measured by height of the trunks and the length of roots. 

  

 

 

 

 

 

 

Figure 3.5 shows the water samples in each hole 

 

 The measurement is conducted every 15, 30, 45, and 60 days after the planted in the 
experiment pool after the measurement of Ammonia-N , Nitrate-N ,COD ,  pH  , PO4-P  and 
Temp (Standard Methods) every 15, 30, 45, and 60 days, and compare the level of Ammonia-
N , Nitrate-N ,COD ,  pH  , PO4-P  and Temp of the pool. Conduct 3 experiment with the 
same method, the first one starts in April-June (summer) 2015, the second one in July-
September 2015 (Rainy season), and the final experiment in October-December 2015 
(winter). 
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Figure 3.6 Schematic representation of the experiment 

Vetiveria zizanioides Nash Vetiveria nemoralis A. Camus 
No. 1 = Sri Lanka No. 6 = Ratchaburi 
No. 2 = Songkhla,3 No. 7 = Roi Et, 
No. 3 = Surat Thani, No. 8 = Khiri Khan 
No. 4 = Kamphaeng Phet 2 No. 9 = Kamphaeng Phet 1 
No. 5 = Kamphaeng Phet 2 No. 10 = Nakhon Sawan 

Number 0 is the third series of experiments that were not planted 
vetiver. 

  

The means to know the difference of growth rate of each group under natural 
circumstance and the difference of nitrogen and phosphorus reduction between the two 
species by calculating the value of nitrogen and phosphorus. 

 

= Effective amount of a pollutant - emission Islands x 100 ........ (3.1) 
                                                            The amount of pollutants in reservoir 

 

 The pollutant emission = concentration X volume of water and the volume of 
pollutant = concentration of pollutant X volume of water and the period of vetiver’s growth 
until the root is intact and able to reduce nitrogen and phosphorus in 15, 30, 45, and 60 days 
in one season compare with the age of vetiver and growth rate (trunk’s height and root’s 
length), then determine the ability and effectiveness in reducing nitrogen and phosphorus in 
the reservoir. 
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 3.1.3 The statistical test 

 The statistical test used to measure inferential statistic difference to prove the 
hypothesis regarding the vetiver’s ability to reduce nitrogen and phosphorus with in the time 
duration is the Analysis of Variance (ANOVA) with a confidence level of 95% and the 
determination of the difference between seasons and the effectiveness in nitrogen and 
phosphorus also uses the same method and tools. 

 

3.2 The test of the effectiveness of floating island with the selected species 

 The second part is also Quasi-Experimental Research under natural circumstance to 
study the reduction of nitrogen and phosphorus in the reservoir by using the selected species 
of vetivers that have appropriate size of roots and can grow in pool. The steps of the 
experiment are as follows; 

 3.2.1 Experiments 

 There are 4 types if floating island, the first type uses one set of tools to grow 15 
vetivers with the size of 36 cm wide and 56 cm long, the second type uses two set of tools to 
grow 30 vetivers with the size of 36 cm wide and 72 cm long, the third type are 3 set of 
floating island with the size of 36 cm wide and 108 cm long to grow 45 vetivers as shows in 
figure 3.7 and 3.8 

 

 

 

 

 

 

 

 

Figure 3.7 shows the creation of floating islands, the first and second tests 
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Figure 3.8 Shows the floating island of the third trials 

 

 

 

Figure 3.9 Shows the installation of a floating island, using waste materials from 
construction works 
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 The adhesion uses the bamboo left over from construction works ties with cables 
which are stronger than ordinary ropes due to the duration of time and the need of a floating 
on the water, and the buoy uses small plastic bottles to allow the roots to permeate into the 
water. 

 

 

Figure 3.10 Shows the bamboo from construction works 

 

 3.2.2 The selection of species and the preparation 

 The experiment in this study uses only the already selected species of vetivers to 
study the effectiveness in wastewater treatment due to the ability of the plants that can grow 
in the reservoir of the northern region industrial compounds. The plants are given by the 6th 
regional LDD Chiang Mai office and goes through the preparation processes as shows in 
figure 3.8 
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Figure 3.11 Vetiveria zizanioides Nash in lowland plots kindergarten before the test in the 
raw water reservoir of northern region industrial estate. 

 

 3.2.3 Water sampling. 

 The measurement of nitrogen and phosphorus reduction depends of the pumping 
times. The water is pumped into the reservoir for 18,000 cubic meter per hour once every 3 
days, however, it might change to once every 4 or 5 days until it reaches 400,000 cubic 
meter. The study time is HRT  in 1, 2, and 3 days, the test might be conducted in the fourth 
and fifth day if there is no pumping activity and then start the new round of test. The study 
collects the value of Ammonia-N , Nitrate-N ,COD ,  pH  , PO4-P  and Temp in the spot near 
the roots of the plants in order to analyze the quality of water. the study starts from December 
2015 until July 2016 with approximate time of 6 months, and uses the test during March – 
April as the representation for summer experiment with 6 rounds test and uses the test in May 
as the representation for rainy season experiment with 4 rounds test.   

 3.2.4 Samples analysis 
 
 Send the water sample to the laboratory of the industrial compounds located in the 
area of the experiment to analyze for the TN and phosphorus. The samples are collected 
during the experiment as shows in table. 3.1 
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Table. 3.1 Shows Index measure and analysis method. 

Index measure Analysis method 
            1)  pH value                        pH Meter 

2)  Temperature                     Temp. Meter 
3)  Chemical Oxygen Demand                 COD /TDS  sensor 
4)  NO3          Cadmium reduction method 

 

 
 3.2.5 Statistical Analysis 

  The study aims to compare the difference of the effectiveness of time (HRT) and the 
effectiveness of the nitrogen and phosphorus reduction by using analysis of Variance 
(ANOVA) method with the confidence level of 95%. It is expected that the HRT in the third 
day is more effective than the first and the second day in reducing nitrogen and phosphorus. 

 As for the difference of seasons and the effectiveness of nitrogen and phosphorus 
reduction, the study uses the comparison of three seasons; rainy season, summer, and winter 
by using F test as the analysis tools for the variance (ANOVA) with the confidence level of 
95%. It is expected that the effectiveness in reducing nitrogen and phosphorus in summer is 
respectively higher than in winter and rainy season. 

 The research also uses the study of the number of plant and the space of floating 
island with the effectiveness in reducing nitrogen and phosphorus as the mean to determine 
the variance (ANOVA). It is expected that 2 and 3 times of bigger space provides more 
efficiency in reducing nitrogen and phosphorus. 

 



 

Chapter 4 
 

Results   
 
 

4. 1 The results of selective breeding. 
 

In the first experiment was a Quasi- Experimental Research under natural condition. 
The experiment observed three factors first, HRT for reducing nitrogen and phosphorus. The 
second was the height of plants and the last one was the length of root. The five wastewater 
parameter in COD, Ammonia-N, Nitride-N, Nitrate-N and phosphate (PO4-P) were analyzed. 
The water sampling from inside of the floating island treatment wetland among root system. 
To understanding we could divided this chapter in 3 parts.  

4.1.1 Symbols used in the presentation of data analysis. 
4.1.2 Sequences in the present analysis. 
4.1.3 Research 

 
4.1.1 Symbols used in the present analysis. 
               Researchers used the results of the data analysis. 

Symbols Mean 
X Mean 

S.D. Standard Deviation 
TKN The total nitrogen 
PO4-P The phosphate 
mg/l Milligrams per liter 
CV. The coefficient of variance 

* The level of statistical significance 0.05 
SS Sum of Squares 
df Degree of Freedom 

MS Mean Square 
F F – Distribution 

 
 

4.1.2 Sequences in the present analysis. 
The first, effect of root length growth rate and the height of the vetiver grass in 

different time. 
The second part was the comparison to reduce nitrogen and phosphorus by 

grass species. And HRT. 
The last one was the comparison to reduce nitrogen and phosphorus by grass 

species in different seasons. 
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4.1.3 Research result 
                The first study effect of the length of plants and the roots growth rate compared two 
strains of the two vetiver species. The first species was bulrush marsh vetiver (Vetiveria 
zizanioides Nas.), Including Kamphaeng Phet 2, Surat Thani, Songkhla 3, Sri Lanka and 
conferred with Don vetiver (Vetiveria nemoralis A.Camus) including Prachuap Khiri Khan, 
Ratchaburi, Roi Et, Kamphaeng Phet and Nakhon Sawan. In each sub- species used 5 trees in 
a rows total of this experiment used 50 trees. The bulrush marsh vetiver were planted in the 
holes No. 1- 10 and control without planting in the rest   two rows. The floating island  made 
from bamboo ( bamboo after used  in construction work )   installed  plastic  basket  with used  
water bottle wire by cable ties. Preparation Floating Island of the and the plant shown in 
figure 4.1. 
 

 
 
 
 Figure 4.1. Shows the preparation  of Floating Island of the and the plant 
 
 

Then measure the length from the root and the height of the tree at summer. Number 
1-5 were bulrush marsh vetiver and Number 6-10 were Don vetiver .  The treatment began in 
March 2015 - April 2015 as shown in table 4.1 

 
 

Table 4.1 shows the default root length and the high in summer. 
 

 
 

No. The average 
root length 

(cm) 

Height 
above 

average. 
(cm) 

No. The average 
root length 

(cm) 

Height 
above 

average. 
(cm) 

1 4.8 29.5 6 2.9 24.3 
2 4.7 27.4 7 2.9 23.5 
3 5.3 28.8 8 3.1 22.8 
4 4.9 29.1 9 3.0 23.1 
5 5.1 27.6 10 3.1 23.4 
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The rainy season began in July 2015 - August 2015 as shown in table 4 .1 and the  
measuring root length and height  shown in figure 4.2. 

 
Table 4.2 shows the default root length. And the high season starts. 

 
No. The average 

root length 
(cm) 

Height 
above 

average. 
(cm) 

No. The average 
root length 

(cm) 

Height 
above 

average. 
(cm) 

1 5.5 30.2 6 3.3 25.5 
2 5.7 33.3 7 2.8 26.1 
3 5.4 29.4 8 3.7 24.2 
4 4.3 31.7 9 2.9 25.0 
5 5.1 32.2 10 3.1 23.7 

 
The winter season treatment has begun in November 2015 - December 2015 as shown 

in table 4.3. 
 
 
 

Table 4.3 shows the default  of root length and the height in  winter. 
 

No. The average 
root length 

(cm) 

Height 
above 

average. 
(cm) 

No. The average 
root length 

(cm) 

Height 
above 

average. 
(cm) 

1 5.2 32.3 6 3.1 26.3 
2 5.3 31.9 7 3.0 25.9 
3 5.3 30.8 8 3.3 24.8 
4 5.1 30.5 9 3.2 24.8 
5 5.1 29.7 10 3.0 24.4 

 
In measuring the size of root length and height  of vetiver .There were measured by 

measuring tape. The vetiver were  measured from the root at the middle of the longest height 
measured from the base of the root  to body and  record in centimeter  as shown in figure 4.2. 
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                 Figure 4.2 shows how to measure  the root length and height of body.  

 

 The three floating island were installed in the water. The location of them were 
installed at the near the waterline where the algae bloom appearance in concentrated by the 
wind as shown in figure 4.3 and algae that appearance  near the waterline as shown in figure 
4.4. 

 

 

 

 

 

 

 

 

 

 

Figure 4.3 shows  the assembly of the floating island floating in the water. 
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Figure 4.4 shows the wind make algae appearance near the waterline. 

The  root  length and height  of plant  will measure the size of the plant every 15 days, 
30  days, 45 days and 60 days after planting into the reservoir. The average root length and 
height were measured in summer, rainy and winter seasons. They are shown in table 4.4 - 4.8. 
For the first is March to April 2014. 

 
Table 4.4 shows root length at 15, 30, 45, and 60 days in summer. 
Float No. 0 

(cm) 
15 

(cm) 
30 

(cm) 
45 

(cm) 
60 

(cm) 
notation 

1 5.5 8.8 15.6 22.3 35.2 Vetiver grass 

2 5.7 9.9 18.7 21.5 43.2 Vetiver grass 

3 5.4 9.4 17.4 20.8 36.3 Vetiver grass 

4 4.3 10.2 21.6 29.8 45.6 Vetiver grass 

5 5.1 8.1 14.4 20.3 34.1 Vetiver grass 

6 2.9 4.4 9.7 13.5 25.5 Don vetiver 

7 2.9 4.6 8.8 14.2 27.2 Don vetiver 

8 3.1 5.0 10.1 15.1 28.8 Don vetiver 

9 3.0 4.8 8.6 14.7 22.2 Don vetiver 

10 3.1 4.7 8.9 14.5 24.6 Don vetiver 
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                Graph 4.1 shows a comparison of root length with  the various species.     

 The height of the 15, 30, 45, and 60 days in the summer No. 1-5 were Vetiver grass  and 
No.6-10 were Don vetiver type the result  as shown at table.4.5 

Table 4.5 shows the height of the 15, 30, 45, and 60 days in the summer. 

Float No. 0 
(cm)

15 
(cm) 

30 
(cm)

45 
(cm)

60 
(cm) 

notation 

1 29.5 38.4 56.7 72.6 95.6 Vetiver grass 
2 27.4 40.1 59.9 80.3 100.5 Vetiver grass 
3 28.8 39.5 57.4 79.2 97.3 Vetiver grass 
4 29.1 42.3 61.8 85.4 102.3 Vetiver grass 
5 27.6 39.2 58.2 75.1 92.3 Vetiver grass 
6 24.3 28.7 42.5 58.3 77.7 Don vetiver 
7 23.5 30.1 44.4 55.7 75.6 Don vetiver 
8 22.8 29.6 42.7 56.0 75.6 Don vetiver 
9 23.1 27.4 40.0 53.4 69.3 Don vetiver 
10 23.4 26.3 38.2 50.1 66.2 Don vetiver 

 

    For show  trend and comparison of 2 species in summer in height of the plant as shown 
at graph 4.2 
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           Graph 4.2 shows a comparison of  plant height with  the various species in summer. 

 

 The second experiment was repeated during the month of July-August 2015 by 
preparing and planting material as the summer treatment .The result of measuring root length 
and height of the trees in this study were shown in table 4.5 and 4.6 in the comparison chart 
and graphs 4.3 and 4.4 respectively. 

 

Table 4.6 shows the root length at 15, 30, 45, and 60 days during the rainy season. 

Float No. 0 
(cm)

15 
(cm) 

30 
(cm)

45 
(cm)

60 
(cm) 

notation 

1 5.5 7.1 13.3 19.7 29.5 Vetiver grass 
2 5.7 7.8 14.0 20.5 30.2 Vetiver grass 
3 5.4 7.5 12.2 18.6 28.8 Vetiver grass 
4 4.3 7.1 14.3 22.3 31.2 Vetiver grass 
5 5.1 6.9 14.1 21.5 30.3 Vetiver grass 
6 3.3 4.1 6.2 11.2 18.3 Don vetiver 
7 2.8 3.8 7.1 12.5 17.2 Don vetiver 
8 3.7 4.0 7.7 13.3 21.3 Don vetiver 
9 2.9 3.5 6.8 11.5 17.4 Don vetiver 
10 3.1 4.1 8.0 12.3 20.1 Don vetiver 
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Graph 4.3 shows a comparison of the long root varieties during the rainy season. 

 

Table 4.7 shows the beginning of the 15th, 30th, 45th, and 60th day during the rainy season. 

Float No. 0 
(cm)

15 
(cm) 

30 
(cm)

45 
(cm)

60 
(cm) 

notation 

1 30.2 35.5 53.2 69.5 88.3 Vetiver grass 
2 33.3 37.2 55.3 67.2 92.1 Vetiver grass 
3 29.4 31.7 47.9 66.3 85.0 Vetiver grass 
4 31.7 34.6 56.7 71.4 95.5 Vetiver grass 
5 32.2 37.4 53.2 70.3 82.3 Vetiver grass 
6 25.5 27.2 38.0 48.5 70.1 Don vetiver 
7 26.1 28.6 37.2 46.0 69.3 Don vetiver 
8 24.2 27.5 35.6 44.1 63.5 Don vetiver 
9 25.0 27.3 36.9 46.7 65.2 Don vetiver 
10 23.7 25.4 32.3 39.2 60.7 Don vetiver 
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Graph 4.4 Shows the comparison of the height of the Vetiver grass and Don votive  in the 

rainy season. 

The last treatment during November-December 2015 by preparing and planting 
material same as the first treatment. The result of root length and height of the trees in this 
study were shown in table 4.7 and 4.8 in the comparison chart and graphs 4.5 and 4.6 
respectively. 

 

Table 4.8 shows the root length at 15, 30, 45, and 60 days in the winter. 

Float No. 0 
(cm)

15 
(cm) 

30 
(cm)

45 
(cm)

60 
(cm) 

Notation 

1 5.2 8.9 17.2 27.6 35.5 Vetiver grass 
2 5.3 8.5 18.2 29.4 37.7 Vetiver grass 
3 5.3 8.3 18.5 25.6 34.3 Vetiver grass 
4 5.1 8.8 19.5 30.2 38.9 Vetiver grass 
5 5.1 8.2 17.0 27.6 31.4 Vetiver grass 
6 3.1 4.8 6.7 13.9 21.3 Don vetiver 
7 3.0 5.1 6.8 14.2 20.3 Don vetiver 
8 3.3 4.7 6.8 12.2 20.0 Don vetiver 
9 3.2 4.8 6.9 11.3 18.2 Don vetiver 
10 3.0 3.9 5.8 10.9 17.3 Don vetiver 

 

  

 



46 
 

 

 

 

 

 

 

 

 

Graph 4.5 shows a comparison of the long root varieties. In the winter 

 

Table 4.9 shows the height of the 15, 30, 45, and 60 days in the winter. 

Float No. 0 
(cm)

15 
(cm) 

30 
(cm)

45 
(cm)

60 
(cm) 

notation 

1 32.3 41.2 58.6 77.4 94.0 Vetiver grass 
2 31.9 40.4 59.1 76.0 99.3 Vetiver grass 
3 30.8 39.5 57.3 75.5 90.1 Vetiver grass 
4 30.5 38.8 58.9 80.1 100.7 Vetiver grass 
5 29.7 37.0 51.8 73.3 88.7 Vetiver grass 
6 26.3 30.5 44.4 51.2 68.7 Don vetiver 
7 25.9 29.9 40.1 49.5 67.2 Don vetiver 
8 24.8 27.1 39.5 48.8 64.1 Don vetiver 
9 24.8 28.5 41.2 50.3 70.2 Don vetiver 
10 24.4 29.5 40.6 51.2 68.4 Don vetiver 

 

 

 

 

 

 

 

 

       Graph 4.6 shows the height of the 15, 30, 45, and 60 days in the winter.  
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 Statistical analysis of Two variants of the root length and height of the trees will be 
used by the average of the F -test. Compared to Vetiver grass with Don vetiver species for all 
seasons and the different of sub-species were not separated .The analysis as shown in table 
4.10 for the root length and  table 4.11  for the height of the tree. Using a 95% confidence. 

 Table 4.10 shows the statistical analysis. Two variants of the root length. 

 Increased rates of root length 
Vetiver grass Don vetiver 

AVE. 84.77 85.10 

S.D. 2.50 2.56 

 

                           F =   S1
2     =    (  2.50 )2   =   0.95     d.f. =14 ,14 at 2.49  

                                   S2
2            ( 2.56 )2 

 Summary of statistical analysis  shown  the root length  no differences between  
Vetiver grass with Don vetiver. 

 

Table 4.11 shows the statistical analysis of two species in Plant height 

 Increased rates of root length 
Vetiver grass Don vetiver 

AVE. 67.48 64.18 

S.D. 3.15 3.04 

 
F =   S1

2     =    (  3.15 )2   =   1.07      d.f. =14 ,14 at 2.49 
                                S2

2            ( 3.04 )2 
  

 And the summary of statistical analysis  shown that  the rate of increase in height  
had no differences between Vetiver grass with Don vetiver. 

 In terms of the reduction in COD, Ammonia-N, Nitrate -N and PO4-P compares two 
species by measuring COD, Ammonia-N, Nitrate -N, Nitrite -N and PO4-P  at 15, 30, 45 and 
60 days. The control treatment was not planted. During the summer, rainy and winter season. 
The represent of  range  minimum and maximum temperatures shown  in  table 4.12 - 4.13. 
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Table 4.12 shows  the water temperature in each season during the treatment period. 

No. Season Period 

week 

Ave. 1 2 3 4 

1 Summer March April 21.77 23.35 24.14 24.95 23.55 

2 Rainy July August 19.87 20.03 20.57 20.44 20.23 

3 Winter November December 19.21 18.88 18.5 18.12 18.68 
 

From table 4.12 shown the difference in temperature of the water in each season. The 
difference in temperature of the summer and rainy season was 3.33 degrees Celsius and the 
difference in temperature of the summer and winter was 4.88 degrees Celsius and the 
temperature difference of the rainy season and winter  was 1.55 degrees Celsius. The average 
of temperature different were shown in graphs 4.7. The difference of temperature in summer 
wormer than any other , but  the different  of  rainy and winter  was a little different. 

 

 

 

 

 

 

 

 

 

 

 

 

Graph 4.7  shows the difference in water temperature in the reservoir in three seasons. 

 

 For the COD measurement equipment that  using  was  a  probes COD sensor  .The 
experiments and controls treatment  were analyzed  in a laboratory once every 15 days for 60 
days  as shown in table 4.13. 
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Table 4.13 shows  efficiency of COD removal at  15, 30, 45, and 60 days in the summer, 
rainy and winter 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

 The table 4.13 shown the best effective was  60 days and compared in seasonal  found  
the best effective was summer season. The second was winter  and the third was rainy season. 
To be able to see the difference clearly  could see  on a graph 4.8. 
 
 
 
 
 
 
 
 
 

Summer         
Ranking 

1-3 

COD 

Efficient.   

15 30 45 60   

0 5.20 4.69 5.72 6.05   

1 16.81 26.91 36.78 42.36 1 

2 3.06 16.19 27.74 34.41   

Rainy           

COD 

Efficient.   

15 30 45 60   

0 
6.52 4.93 3.73 0.53 

  

1 
12.39 20.17 29.16 37.79 

3 

2 
10.25 20.65 24.38 26.71 

  

Winter           

COD 

Efficient.   

15 30 45 60   

0 7.14 6.97 2.19 9.81   

1 8.73 19.52 28.45 38.66 2 

2 4.38 13.65 18.39 28.85   
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              ( a )  ( b ) 

 

 

 

 

 

 

 

 

 

 

Graph 4.8 The graph shown the amount of  COD reduction in 15, 30, 45, and 60 days (a) in 
the summer. (b) in the rainy season. ( c ) in the winter. The Vetiver grass species (1) Don 
variants (No. 2) and planting trees.(No. 0) 

 
 
 

 The graph (a) in the summer founded the effective of  Vetiver grass  was the highest 
in COD removal  reached 42.36%  graph (b)  in the rainy  founded the effective of  Vetiver 
grass  was  in COD removal  reached 37.79 % (c) in the winter   founded the effective of  
Vetiver grass was in COD removal reached 38.66 % . The Vetiver grass species were 
seasonal effect summer was the most effective reduce COD and winter higher than the rainy 
season. 

( c ) 
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 In the second parameter that was Ammonia-N. The measurement of this parameter 
did by collecting water samples from the floating Island. No. 1 were Vetiver grass species, 
No. 2 were Don vetiver grass species and No.0 was control treatment. Analyzed in a 
laboratory once every 15 days for 60 days, as shown in table 4.14. 
 
 
Table 4.14 shows the Ammonia-N 15, 30, 45, and 60 days in the summer , rainy and winter. 
 
 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 

  
 The table 4.14 shows. Effective in reducing the Ammonia-N and 60th best in the 
season than in the summer. The most cost effective In the winter The second and the third 
consecutive season. The difference between can effectively reduce the Ammonia-N to clearly 
see from the graph 4.9. 

 

 

 

Summer         Remark 

Ammonia-N  

Efficient.   

15 30 45 60   

0 9.02 16.17 20.68 22.93   

1 4.12 15.64 27.98 40.74 * 

2 2.36 8.49 18.87 26.42   

Rainy           

Ammonia-N  

Efficient.   

15 30 45 60   

0 2.30 6.90 9.20 13.79   

1 4.35 22.83 28.26 33.70 *** 

2 8.97 15.38 19.23 21.79   

Winter           

Ammonia-N  

Efficient.   

15 30 45 60   

0 1.42 4.26 6.38 9.22   

1 3.76 18.80 29.32 35.34 ** 

2 3.20 6.40 12.80 24.00   
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 ( a ) ( b ) 

 

 

 

 

 

 

 

 ( c ) 

Graph 4.9  The graph shows the amount of 4.12 Ammonia-N was reduced by 15, 30, 45, and 
60 days (a) in the summer. (B) During the rainy season (c) in the winter. The marsh grass 
species (1) Don variants (No. 2) and tree (No. 0). 
 
 The graph (a) in the summer found that 60 species of marsh grass. Effective in 
Reducing Ammonia-N to 40.74%, the highest graph (b) and the graph (c), represents the 
difference. Bulrush species of lowland species do better as the season and third overall in the 
summer and the best. Winter is effective in reducing Ammonia-N over the rainy season. 
 
 For the Nitrate-N was the major crop that is used in the process of plant growth. 
Measurements were collected from water samples. The first and second series of experiments 
and controls (Control Treatment) examination in a laboratory once every 15 days for 60 days, 
as shown in table 4.14 
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Table 4.15 shows the Nitrate-N 15, 30, 45, and 60 days in the summer. Rainy and winter 

Summer         Remark 

Nitrate-
N  

Efficient.   

15 30 45 60   

0 4.43 11.01 15.70 21.01   

1 14.22 24.94 45.18 61.81 * 

2 6.88 23.63 39.63 50.38   

Rainy           

Nitrate-
N 

Efficient.   

15 30 45 60   

0 7.05 15.38 18.59 20.51   

1 10.62 23.01 37.17 43.36 *** 

2 14.79 17.61 28.17 33.80   

Winter           

Nitrate-
N 

Efficient.   

15 30 45 60   

0 12.25 12.91 15.32 22.32   

1 8.09 21.15 33.42 46.74 ** 

2 5.35 11.04 18.06 25.75   
No. 1 = Vetiver grass  No. 2 = Don vetiver No. 0 = not grow 
* The maximum performance ** The second *** The third. 

 
 The table 4.15 shows. Effective in reducing the Nitrate-N on the 60th and on the 
summer season. The most cost effective In the winter The second and the third consecutive 
season. The performance of Nitrate-N rather than other parameters. This is consistent with 
the nutrients that plants need. As clearly shown in the graph at 4.10 
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 ( a ) ( b ) 

 

 

 

 

 

 

 

 

 

  ( c )  

Graph 4.10 The graph shows the amount of 4.13 Nitrate-N was reduced by 15, 30, 45, and 
60 days (a) in the summer. (B) During the rainy season (c) in the winter. The marsh grass 
species (1) Don variants (No. 2) and tree (No. 0). 
 
 The graph (a) in the summer found that 60 species of marsh grass. Date effective in 
reducing Nitrate-N to 61.81%, the highest graph (b) and the graph (c), represents the 
difference. Bulrush species of lowland species do better as the season and third overall in the 
summer and the best. Winter is effective in reducing Nitrate-N over the rainy season. 
 
 For the last parameter in nitrogen Nitride-N is a precursor to the process. 
Nitrification Nitrate-N is to collect water samples from. The first and second series of 
experiments and controls (Control Treatment) examination in a laboratory once every 15 days 
for 60 days, as shown in table 4.16 
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Table 4.16 shows the Nitride-N 15, 30, 45, and 60 days in the summer. Rainy and winter 

Summer         Remark 

Nitride-
N  

Efficient.   

15 30 45 60   

0 20.47 25.76 45.74 62.10   

1 20.93 43.19 63.79 88.04 * 

2 24.93 46.09 63.70 87.83   

Rainy           

Nitride-
N  

Efficient.   

15 30 45 60   

0 11.14 32.83 47.29 59.94   

1 11.45 41.41 60.27 74.75 *** 

2 10.56 40.59 56.11 70.63   

Winter           

Nitride-
N  

Efficient.   

15 30 45 60   

0 26.47 45.49 53.51 60.23   

1 30.34 54.27 68.23 86.47 ** 

2 30.43 50.90 62.38 82.85   
No. 1 = Vetiver grass  No. 2 = Don vetiver No. 0 = not grow 
* The maximum performance ** The second *** The third. 

 
 The table 4.16 shows that Nitride-N was transformed into Nitrate -N very well even 
in control. Effective in reducing the Nitride-N on the 60th and on the summer season. The 
most cost effective In the winter The second and the third consecutive season. The 
performance of Nitrate-N rather than other parameters. This is consistent with the nutrients 
that plants need. As clearly shown in the graph at 4.11. 
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 ( a )                                 ( b ) 

 

 

 

 

 

 

 

 

( c ) 

 
Graph 4.11  The graph shows the amount of 4.14 Nitride-N dropped 15, 30, 45, and 

60 days (a) in the summer. (B) During the rainy season (c) in the winter. The marsh grass 
species (1) Don variants (No. 2) and tree (No. 0). 

 
The graph (a) in the summer found that 60 species of marsh grass. Date effective in 

reducing Nitride-N to 88.04%, the highest graph (b) and the graph (c), represents the 
difference. Bulrush species of lowland species do better as the season and third overall in the 
summer and the best. Winter is effective in reducing Nitride-N over the rainy season. 

 
And the parameters that will be studied is phosphate (PO4-P) that can be applied to 

plants and algae to grow. Nitrate-N and ammonia, as well as the collection of water samples. 
The first and second series of experiments and controls (Control Treatment) examination in a 
laboratory once every 15 days for 60 days, as shown in table 4.17 
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Table 4.17 shows the phosphate (PO4-P) 15, 30, 45, and 60 days in the summer. Rainy and 
winter 

Summer         Remark 

( PO4-
P)  

Efficient.   

15 30 45 60   

0 9.09 12.12 18.18 24.24   

1 35.71 64.29 80.95 83.33 * 

2 23.08 38.46 53.85 64.10   

Rainy           

( PO4-
P)  

Efficient.   

15 30 45 60   

0 5.33 9.33 14.67 18.67   

1 22.22 37.04 48.15 71.60 *** 

2 18.39 31.03 45.98 58.62   

Winter           

( PO4-
P)   

Efficient.   

15 30 45 60   

0 5.56 8.64 15.43 24.07   

1 28.67 46.85 62.24 74.83 ** 

2 26.45 43.23 60.65 66.45   
No. 1 = Vetiver grass  No. 2 = Don vetiver No. 0 = not grow 
* The maximum performance ** The second *** The third. 

 
The table 4.17 shows that phosphate (PO4-P) was eliminated on Day 60 and was the 

best compared to the summer season. The most cost effective In the winter A second and a 
third consecutive season.  

 
The effectiveness of phosphate (PO4-P) rather than other parameters. This is 

consistent with the nutrients that plants need. As clearly shown in the graph at 4.12 
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( a )                                                    ( b ) 

 

 

 

 

 

 

 

 

                            ( c ) 

 Graph 4.12 shows the amount of phosphate (PO4-P) reduced 15, 30, 45, and 60 
days (a) in the summer (b) in the rainy season and (c) in the winter. The marsh grass species 
(1) Don variants (No. 2) and tree (No. 0), the rate of decline of phosphate (PO4-P) is a high 
rate as well. 
 
 The graph (a) in the summer found that 60 species of marsh grass. Date effective in 
reducing phosphate (PO4-P) reached 83.33%, the highest graph (b) and the graph (c), 
represents the difference. Bulrush species of lowland species do better overall summer 
season, the third best. Winter is effective in reducing phosphate (PO4-P) higher than the rainy 
season. 
 
 For statistics to measure performance to reduce COD, nitrogen compounds and PO4-
P in order to determine the difference between the two species is bulrush marsh species Don 
shown in table 4.18 to 4.22 
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Table 4.18 shows the statistical analysis. Two species, the reduction in volume. 
 

 Reduction of COD 

Vetiver grass Don vetiver 

AVE. 39.60 29.99 

S.D. 2.43 3.97 

F =   S1
2     =    (  2.43 )2   = 0.374       d.f. = 2,2 at 19 

                                    S2
2            ( 3.97 )2 

 
 Summary of statistical analysis in part to reduce the amount of COD lowland species 
are more effective than the variants Don. Significantly (p <0.05) and in the statistical analysis 
to reduce the amount of Ammonia-N are shown in table 4.19. 
 
Table 4.19 shows the statistical analysis. Two variants of the reduction in the amount of 
Ammonia-N. 
 

 Reduction of COD 

Vetiver grass Don vetiver 

AVE. 36.59 24.07 

S.D. 3.69 2.31 

F =   S1
2     =    (  3.69 )2   =2.55      d.f. = 2,2 at 19 

                                           S2
2            ( 2.31 )2 

Summary of statistical analysis in part to reduce the amount of Ammonia-N lowland 
species are more effective than the variants Don. Significantly (p <0.05) in the statistical 
analysis to reduce the amount of Nitrate -N shown in table 4.20 

 
Table 4.20 shows the statistical analysis. Two species in the lower Nitrate –N 
 

 Reduction of Nitrate -N. 

Vetiver grass Don vetiver 

AVE. 50.64 36.64 

S.D. 9.82 12.55 

                           F =   S1
2     =    (  9.82 )2   =  0.61      d.f. = 2,2 at 19  

                                   S2
2            (12.55 )2 

Summary of statistical analysis in part to reduce the amount Nitride -N lowland 
species are more effective than the variants Don. Significantly (p <0.05) in the statistical 
analysis of the reduction Nitride -N shown in table 4.21. 
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Table 4.21 shows the statistical analysis. Two species in the lower Nitride -N. 
 Reduction of Nitrate -N. 

Vetiver grass Don vetiver 

AVE. 83.38 80.44 

S.D. 7.26 8.85 

 
                           F =   S1

2     =    (  7.26 )2   =  0.67      d.f. = 2,2 at 19  
                                   S2

2            (8.85 )2 
 Summary of statistical analysis in part to reduce the amount of Nitrate -N lowland 
species are more effective than the variants Don. Significantly (p <0.05) and statistical 
analysis to reduce the amount of PO4-P table 4.22. 
 
Table 4.22 shows the statistical analysis. Two variants of the reduction in the amount of 
PO4-P. 

 Reducing PO4-P 

Vetiver grass Don vetiver 

AVE. 75.00 51.61 

S.D. 18.16 11.76 

F =   S1
2     =    (  18.16 )2   =   2.38     d.f. =2 ,2 at 19 

                                              S2
2            (11.76)2 

 Summary of statistical analysis in the reduction of PO4-P variants depression more 
effectively than the upland species. Significantly (p <0.05). 
 The comparison of different seasons of breed performance, reduce COD, compounds 
of nitrogen and phosphorus (PO4 -P) using ANOVA (Analysis of Variance; ANOVA) at a 
confidence level of 95% in table 4.23 – 4.27 
 
Table 4.23 indicates statistical difference in the measurement of the season with a variety of 
species to reduce COD. 

 
Season 

 

 
Temp 
Ave. 
(๐C ) 

 

1 
 
 

2 
 
 

 
F 

Cal. 
 

F 
Table.      

5% 
 

Summer 
 

23.55 42.36 34.41 

0.519 

 

Rainy 
 

20.23 37.99 26.71  

Winter 
 

18.68 38.66 28.85 19.16 
  
 F value calculated by the calculation using MS-Excel 2013 F value is less than the 
table shows. There is a difference between seasons (Water) to reduce the COD was 
significantly (p <0.05).Comparing the measured differences of the season with a variety of 
species in terms of efficiency to reduce Ammonia-N are shown in table 4.24 
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Table 4.24 indicates statistical difference in the measurement of the season with a variety of 
species to reduce Ammonia-N. 
 

 
Season 

 

 
Temp 
Ave. 
(๐C ) 

 

1 
 
 

2 
 
 

 
F 

Cal. 
 

F 
Table.      

5% 
 

Summer 
 

23.55 40.74 26.42 

0.564 

 

Rainy 
 

20.23 33.70 26.71  

Winter 
 

18.68 35.34 24.00 19.16 
 
 F value calculated by the calculation using MS-Excel 2013 F value is less than the 
table shows. There is a difference between seasons (Water) to reduce the Ammonia-N was 
significantly (p <0.05). 
Comparing the measured differences of the season with a variety of species in terms of 
efficiency in reducing the amount of Nitrate-N are shown in table 4.25. 
 
Table 4.25 indicates statistical difference in the measurement of the season with a variety of 
species to reduce Nitrate-N. 
 

 
Season 

 

 
Temp 
Ave. 
(๐C ) 

 

1 
 
 

2 
 
 

 
F 

Cal. 
 

F 
Table.      

5% 
 

Summer 
 

23.55 61.81 50.38 

0.759 

 

Rainy 
 

20.23 43.36 33.80  

Winter 
 

18.68 46.74 25.75 19.16 
 

F value calculated by the calculation using MS-Excel 2013 F value is less than the 
table shows. There is a difference between seasons (Water) to be effective in reducing 
Nitrate-N was significantly (p <0.05). 

Comparing the measured differences of the season with a variety of species in terms 
of efficiency in reducing Nitride-N are shown in table 4.26. 
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Table 4.26 indicates statistical difference in the measurement of the season with a variety of 
species to reduce Nitride-N. 
 

 
Season 

 

 
Temp 
Ave. 
(๐C ) 

 

1 
 
 

2 
 
 

 
F 

Cal. 
 

F 
Table.      

5% 
 

Summer 
 

23.55 88.04 87.83 

0.804 

 

Rainy 
 

20.23 74.75 70.63  

Winter 
 

18.68 86.47 82.85 19.16 
 
F value calculated by the calculation using MS-Excel 2013 F value is less than the 

table shows. There is a difference between seasons (Water) to be effective in reducing 
Nitride-N significantly (p <0.05). Comparing the measured differences of the season with a 
variety of species in terms of efficiency in reducing phosphate (PO4-P) table 4.27. 
 
Table 4.27 indicates statistical difference in the measurement of the season with a variety of 
species in reducing phosphate (PO4-P). 
 

 
Season 

 

 
Temp 
Ave. 
(๐C ) 

 

1 
 
 

2 
 
 

 
F 

Cal. 
 

F 
Table.      

5% 
 

Summer 
 

23.55 83.33 64.10 

0.611 

 

Rainy 
 

20.23 71.60 58.62  

Winter 
 

18.68 74.83 66.45 19.16 
 

From a statistical test F value was calculated from the table shows that less than three 
seasons, resulting in a difference. In effective in reducing phosphate (PO4-P) were 
significantly (p <0.05). 
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4.2 The second part  of experiments to measure the performance of floating islands, the 
species selected by vetiver for reducing COD, Ammonia-N, Nitride-N, Nitride-N and 
PO4-P 

4.2.1 breed and age of the plant. 
 

  After the first set of experiments, the study showed. Depression has long roots breed 
better varieties Don. The root has a direct impact on the reduction of COD, Ammonia-N, 
Nitride-N, Nitride-N and PO4-P thus removing grass species depression was tested in a series 
of experiments, the second due to the growth rate. No different Choose bulrush marsh the 
strains would not be any different. but from observing the trial. Songkhla three varieties 
found to have a longer length of the roots. Other sub-species, though some do not even have 
significant value. It is considered to be the best. Choose varieties Songkhla three plants that 
grow in this experiment. 

In the old plant The first experiments at the age of 60 days, the roots have an average 
size of more than 30 centimeters long and has increased further. But the effect of reducing the 
efficiency of COD is 39.60%, Ammonia-N is 36.59%, Nitrate-N was 50.64% and 76.59%, 
which PO4-P is powerful enough to make the nitrogen content below 0.05 mg./. l. and 
phosphorus content less than 0.007 mg./l which is the lowest to the phenomenon of algal 
bloom (Thongchai Panswad, 2544) for the 45 days that the performance is not enough. 

The marsh grass species Songkhla three sub-species, which was coming from. LDD 
region 6 Chiang culture in a converted kindergarten with fertilizer and water. The age of the 
best days of trials at selected species and 60 days for the water and soak for reconditioning 
before overboard, as shown in figure 4.6 

 
 

 

 

 

 

 

 

 

 

 

Figure 4.5 The subspecies Songkhla three days, which is derived from the age of 60 day 
from LDD region 6 Chiang Mai. 
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 Old pieces of PVC pipe, and put to root damage from the trip. Bring water to the tree 
condition and dehydration. Before installing the floating islands made of the three islands, 
which are shown in the following sections. 

 

 

 

 

 

 

 

 

 

 
 
 
 
 

Figure 4.6 shows the preparation of the trees transform culture. 
 The move to install a floating island. 

 
 
 

4.2.2 Creating a floating island 
 
  The island used in experiments On the island, floating 3 Series is a series of 

experiments, the first batch planted the first batch planted vetiver number 15 from a 36 cm 
long, 56 cm treatment 2 set to grow 2 sets of planted vetiver number 30 the broad 36 cm long, 
72 cm 3, a series of experiments on the island of Koh 3 cm wide, 36 cm long, 108 45 cost 
bamboo plants remaining from the construction of four pieces by cutting a long strip with 
cable ties to strength. Resistant to water and sun in a long time. Then tie the series with a 
bamboo plant. Cable Ties cut short Remove trees that soak them installed in a plant. As 
shown in figure 4.7 
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Figure 4.7 shows the preparation of floating islands before floating into the reservoir of the 
settlement. 

 

 Floating island three dimensions There will be space for one, two and three times 
to study the relationship set to grow in numbers. To reduce COD, Ammonia-N, Nitride-N, 
Nitrate-N and PO4-P or more, and not as any. 

 

 

 

 

 

 

 

Figure 4.9 shows the preparation of floating islands, the first, second and third batch 
plant 

 
 

   Figure 4.8 shows the preparation of floating islands Type 1 ,Type 2 and Type 3. 
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Then the third model to be floating island. Reservoir of settlement Near the riverbank 
The point is that the algae was blown up in this area. Tied with a rope to each other The 
island is drifting out of position. Installation basket Bottled water is buoyancy. And the roots 
can extend to absorb water and nutrients have been shown in figure 4.9 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.9 shows the installation of floating islands with a basket containing a bottle inside them. 

 

4.2.3 The treatment. 

 After removing floating island, so measuring their ability to reduce. Nitrogen and 
phosphorus in the water on the island, depending on the pump. Because on average, are 
pumping water from the river Kuang into storage in the basin average three days per 
cigarette, remember to pump 18,000 cu. M / hour pumping until the water level is the level at 
five meters out. the design capacity of approximately 400,000 cubic meters of stop smoking 
in this study HRT that one day, two days, three to count the new store COD, Ammonia-N, 
Nitride-N, Nitrate-N and P-PO4. samples were taken from the area near the South Island 
roots. Depth from the surface to about 10 cm cylinder of water per 50 ml. The fifth position is 
the middle of the island and the water is 4 per 250 ml. Water together. A representative 
sample of the water to the island compared to the three islands. The collected water samples 
to test the quality of water in the tub with the water quality monitoring at the water sample 
(point 1 in figure 4.11) is a precursor for the COD, AMMONIA-N, NITRIDE-N,. NITRATE-
N and PO4-P then began collecting water samples in a test the next day and the next day 
HRT 1 HRT is the second day and third day in the end. 
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Figure 4.10 shows the location of water a representative sample of the water in the 
tub. And conducted 

The analysis studied from December 2558 until May 2559 for six months and can 
have a representative sample of the third season is from December to January is winter. 
Conducted four rounds of the March-April is the summer study of four rounds in May and a 
rainy season. The study of the four water samples submitted for laboratory analysis of the 
settlement, located in the trials. To be analyzed for COD, Ammonia-N, Nitride-N, Nitrate-N 
and PO4-P and its experiments. 1 and in numerous research found that the influence of 
temperature and seasons affect the rate of reduction of COD, Ammonia-N, Nitride-N, 
Nitrate-N and PO4-P therefore shows the average temperature in three seasons. summer and 
winter rain measurements are shown in table 4.28 and compare the graph shown in graph 
4.13 

Table 4.28 The average temperature in three seasons is winter, summer and rainy season. 

 

Average winter temperatures measured during the December 2558 - January 2559 
examination for four weeks showed that the average temperature was 18.72 0C in temperature 
between the measured values. March-April 2559 tested for four weeks showed that the 

No. Season Period 

week 

Ave. 1 2 3 4 

1 Winter 
 

December January 18.84 18.23 19.15 18.66 18.72 

2 Summer March April 22.14 23.23 23.97 24.03 23.34 

3 Rainy May June 20.13 20.22 21.04 19.98 20.34 
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average temperature was 23.34 0C and the rainy season is between May-June 2559 
examination for four weeks, on average. The temperature was 20.34 0C 

 

 

 

 

 

 

 

 
 
 

Graph 4.13 shows a comparing the average temperature in the third season is winter, 
summer and rainy season. 

 
The graph showed temperature trends from 4.13 in the summer of this year is 

different. Winter is the rainy season and quite different from the winter to the rainy season to 
4.62 0C and 3.04 0C. 

The first parameter is the COD test island three models with different spatial 1 times 2 
times and 3 times to the retention hydraulic (HRT) on the first day, two-day and three-day 
performance in the form of percentages in the table 4.29. 

 
Table 4.29 shows efficacy in reducing the COD for the three islands in the 3rd season. 
 
 

 

 

 

 

 

 

 

SEASON TYPE  COD                    HRT   

    (mg/l.) 1 2 3 

  1 21.54 7.29 20.01 27.76 

WINTER 2 21.54 11.56 24.74 29.76 

  3 21.54 11.23 25.58 30.41 

  1 33.32 3.33 23.44 36.46 

SUMMER 2 33.32 2.97 25.72 35.56 

  3 33.32 3.63 30.01 38.99 

  1 8.95 7.82 16.09 21.90 

RAINY 2 8.95 5.70 17.09 23.24 

  3 8.95 6.93 18.10 28.04 
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The table shows that the best is the summer. HRT 3 days at the most effective and 
efficient way by three at 38.99% and the lowest season at HRT 1 day and at 1 and to compare 
format. The trend to reduce COD clearly to show a graph. As shown in the graph at 4.14 

 

 

 

 

 

  

 

                       

                         ( a )                                                                     ( b ) 

 

 

 

 

 

  

 

 

                                                           ( c ) 

 
Graph 4.14 Graph effective in reducing COD comparing the three islands in the 3rd season. 

(A) winter, (b) summer and (c) the rainy season. 
 From 4.14 to chart a clear trend from the slope of the graph shows that the difference 
of HRT that is different than the spatial difference. And in the summer COD removal 
efficiency is still better performance. Winter and rainy season 
 Ammonia-N, which is the parameter of the process. Changing the form of nitrogen 
This will change the Nitride-N further testing islands three models with different spatial 1 
times 2 times and 3 times to the retention hydraulic (HRT), the first day of the second day 
and third day performance. in table 4.30 percent. 
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Table 4.30 shows efficacy in reducing Ammonia-N for the three islands in the 3rd season. 
 
 

 

 

 

 

 

 

 

 

 

 

The table shows that the best is the rainy season, the most effective HRT 2 and 3 
days, and the third by an effective 100% of the lowest winter HRT 1 and space. the three are 
performing compared to 4.23% and in style. The trend to reduce Ammonia-N to show a 
clearer picture graphs. As shown in the graph at 4.15 

 

 

 

 

 

 

 

 

 

 

 

 

SEASON TYPE 
Ammonia-

N                 HRT   

    (mg/l.) 1 2 3 

  1 0.71 11.27 42.25 67.61 

WINTER 2 0.71 7.04 46.48 76.06 

  3 0.71 4.23 47.89 77.46 

  1 1.44 8.33 46.53 77.78 

SUMMER 2 1.44 7.64 49.31 84.72 

  3 1.44 4.86 51.39 87.50 

  1 0.03 33.33 100.00 100.00 

RAINY 2 0.03 66.67 100.00 100.00 

  3 0.03 66.67 100.00 100.00 
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                                                ( c ) 

Graph 4.15 Graph effective in reducing Ammonia-N comparing the three islands in the 3rd 
season. 

(A) winter, (b) summer and (c) the rainy season. 
  

 From the graph it is evident that the graph 4.17 (c) Ammonia-N rainy season has 
begun, very little has changed rapidly. It is effective up to 100%, but if the winter compared 
to summer. Ammonia-N removal efficiency of summer than winter, still observing the slope 
of the graph (b) with a slope greater than (a). 
 
 Nitride-N, which is the parameter of the process. Changing the form of nitrogen This 
will change as Nitrate-N further testing islands three models with different spatial 1 times 2 
times and 3 times to the retention hydraulic (HRT) on the first day, two-day and three-day 
performance. in table 4.20 percent. 
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 Table 4.31 shows the performance reduction Nitrate-N for the three islands in the 3rd 
season. 
 

 

 

 

 

 

 

 

 

 

 

 

 The table shows that the best is the rainy season, the most effective at HRT 3 days 
and 3 efficiency at 94.33%, while the lowest summer HRT 1 day, and that one there. only 
16.24% compared to the performance and in style. The trend to reduce Nitride-N clearer to 
show a graph. As shown in the graph at 4.16 

 

 

 

 

 

 

 

 

 

 

 

SEASON TYPE Nitride-N                   HRT 

    (mg/l.) 1 2 3 
  
 1 2.28 31.58 55.70 77.19 

WINTER 2 2.28 35.09 56.58 79.39 

  3 2.28 33.77 58.33 80.70 

  1 6.71 16.24 50.52 78.99 

SUMMER 2 6.71 28.32 53.80 80.18 

  3 6.71 29.66 54.99 81.97 

  1 0.53 22.64 58.49 84.91 

RAINY 2 0.53 26.42 67.92 86.79 

  3 0.53 24.53 73.58 94.34 
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( a )                                         ( b ) 

 

 

 

 

 

 

 

 

  

 

                                                                              ( c ) 

 

Graph 4.16 Graph effective in reducing Nitride-N comparing the three islands in the 3rd 
season. 

(A) winter, (b) summer and (c) the rainy season. 
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 From the graph it is evident that the graph 4.19 (c) The rainy season has begun 
Nitride-N is very little change quickly. HRT is effective up to 94.34% in the three days and a 
third, but if the winter compared to summer. Nitride-N removal efficiency of summer than 
winter, still observing the slope of the graph (b) with a slope greater than (a). 

 Nitrate-N per parameter is a direct benefit to plants and algae. Tested three islands 
that have different spatial first two times and three times as much time on the hydraulic 
reservoir (HRT) on the first two days and the third day in the form of tables 4.32 percent. 

Table 4.32 shows efficacy in reducing Nitrate-N for the three islands in the 3rd season. 

SEASON TYPE 
NITRATE-

N                   HRT   

    (mg/l.) 1 2 3 

  1 1.12 8.93 24.11 43.75 

WINTER 2 1.12 12.50 27.68 46.43 

  3 1.12 14.29 32.14 49.11 

  1 3.14 8.60 32.80 37.90 

SUMMER 2 3.14 16.24 38.85 45.86 

  3 3.14 11.78 41.40 48.09 

  1 0.55 10.91 40.00 61.82 

RAINY 2 0.55 12.73 45.45 69.09 

  3 0.55 10.91 47.27 78.18 
  

 The table shows that the best is the rainy season, the most effective at HRT 3 days 
and 3 efficiency at 78.18%, while the lowest summer HRT 1 day, and that one there. only 
8.60% compared to the performance and in style. To see the trend in the reduction of Nitrate-
N, thus clearly shows a graph. As shown in the graph at 4.17 
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             ( a )                                                              ( b ) 

 

 

 

 

 

 

  

 

 

 

                                                                    ( c ) 

 

Graph 4.17 Graph effective in reducing Nitrate-N comparing the three islands in the 3rd 
season. 

(A) winter, (b) summer and (c) the rainy season. 
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 From the graph it is evident that the graph 4.20 (c) Nitrate-N rainy season has begun 
as well. It is absorbed quickly. By plants, algae, and thus effectively to 78.18% in the HRT 
three days and a third, but if the winter compared to summer. Nitrate-N removal efficiency of 
summer still better. Winter little By observation of the slope of the graph (b) with a slope 
greater than (a). 

 Parameters later PO4-P to plants and algae is utilized directly as well by the test 
island three models with different spatial 1 times 2 times and 3 times to the retention 
hydraulic (HRT) the first day. 2-day and 3-day performance in percentage format in table 
4.33 

Table 4.33 shows efficacy in reducing PO4-P for the three islands in the 3rd season. 

SEASON TYPE PO4-P                   HRT   

    (mg/l.) 1 2 3 

  1 0.85 12.94 25.88 56.47 

WINTER 2 0.85 17.65 31.76 54.12 

  3 0.85 21.18 48.24 60.00 

  1 2.03 18.72 38.92 57.64 

SUMMER 2 2.03 18.23 42.36 60.59 

  3 2.03 21.18 44.83 63.05 

  1 0.028 28.57 46.43 71.43 

RAINY 2 0.028 32.14 57.14 82.14 

  3 0.028 42.86 64.29 89.29 
 

 The table shows that the best is the rainy season, the most effective at HRT 3 days 
and 3 efficiency at 89.29% and the lowest winter HRT 1 day, and that one there. only 12.94% 
compared to the performance and in style. The trend to reduce PO4-P has thus clearly shows 
a graph. As shown in the graph at 4.18 
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( a )                  ( b ) 

 

 

 

 

 

 

 

 

  

 

                                                  ( c ) 

Graph 4.18 Graph effective in reducing PO4-P compares Island 3 in the third season. 
(A) winter, (b) summer and (c) the rainy season. 

 

 From the graph it is evident that the graph 4.21 (c) The rainy season has begun PO4-
P as well. It is absorbed quickly. By plants and algae effectively to 89.29% in the HRT three 
days and a third, but if the winter compared to summer. PO4-P removal efficiency of summer 
still better. Winter little By observation of the slope of the graph (b) with a slope greater than 
(a). 
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 To compare the difference in performance time (HRT) and three islands in the 
effective reduction of COD. Using ANOVA (Analysis of Variance; ANOVA) at a confidence 
level of 95%, as shown in table 4.34. 

Table 4.34  shows compare the difference in performance time (HRT) to effectively reduce 
COD in three seasons. 

SOV d.f. SS MS 
F 

computed 
F tabular 

5% 

 

Replication 2 62.62 31.31 1.46 6.59 

Treatment 2 859.04 492.52 20.01 6.59 

Error 4 85.88 21.47     

Total   1007.54       

 
 The statistical test the F Replication calculated over F of the table shows that HRT 
differ with different significance, but F Treatment was calculated less than the F table shows 
that all three seasons without distinction. In terms of efficiency, significantly reducing the 
COD at 12:05. 
 And in Area 1 as a two-fold and three-fold COD analyzed using ANOVA (Analysis 
of Variance; ANOVA) at a confidence level of 95%, as shown in table 4.35. 
 

Table 4.35 shows a comparison of the differences Area efficiency reducing COD in three 
seasons. 

SOV d.f. SS MS 
F 

computed 
F tabular 

5% 

 

Replication 2 62.62 31.31 29.74 6.59 

Treatment 2 15.50 7.75 7.36 6.59 

Error 4 4.21 1.05     

Total   82.33       

 
The statistical test the F Replication and F Treatment was calculated over F of the 

table shows that the Area differ a difference in reducing COD significantly to 0.05 as the 
seasons vary significantly. key 00:05 
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 The second parameter to compare the difference in performance time (HRT) and the 
island 3 to effectively reduce the amount of Ammonia-N using ANOVA (Analysis of 
Variance; ANOVA) at a confidence level of 95% is shown. table 4.36 
 
Table 4.36 shows compare the difference in performance time (HRT) to reduce the efficiency 
of Ammonia-N 

SOV d.f. SS MS 
F 

computed 
F tabular 

5% 

 

Replication 2 100.25 45.62 3.35 6.59 

Treatment 2 1034.65 653.62 40.45 6.59 

Error 4 95.57 33.65     

Total   1230.47       

 
 From a statistical test F value was calculated over F from the table, but only 
Treatment Replication F value calculated from Table F was concluded that more than three 
seasons, resulting in a difference. Efficiency to Reduce Ammonia-N significantly to 0.05. 

 And in Area 1 as a two-fold and three-fold Ammonia-N was analyzed using 
ANOVA (Analysis of Variance; ANOVA) at a confidence level of 95%, as shown in table 
4.37. 

Table 4.37 shows a comparison of the differences Area with reduction efficiency Ammonia-
N in three seasons. 

SOV d.f. SS MS 
F 

computed 
F tabular 

5% 

 

Replication 2 85.36 45.65 5.94 6.59 

Treatment 2 27.95 12.23 25.51 6.59 

Error 4 8.32 4.05     

Total   121.63       

 
 From a statistical test to calculate the F Replication less than F table shows the Area 
differ not differ significantly, but F Treatment was calculated from Table F shows that over 
three different seasons. Efficiency to Reduce Ammonia-N significantly to 0.05. 
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 The third parameter to compare the difference in performance time (HRT) and the 
island 3 to effectively reduce Nitride-N using ANOVA (Analysis of Variance; ANOVA) at a 
confidence level of 95% is shown. table 4.38 

Table 4.38 shows compare the difference in performance time (HRT) with reduction 
efficiency  
Nitride-N. 

SOV d.f. SS MS 
F 

computed 
F tabular 

5% 

 

Replication 3 123.32 23.35 7.68 6.944 

Treatment 3 31.24 12.14 12.21 6.944 

Error 4 7.54 0.55     

Total   162.10       

 
The statistical test the F Treatment and Replication over F from the table and 

concluded that HRT three seasons, resulting in a difference. Efficiency Nitride-N reduced 
significantly to 0.05. 

And in Area 1 as a two-fold and three-fold Nitride-N were analyzed using ANOVA 
(Analysis of Variance; ANOVA) at a confidence level of 95%, as shown in table 4.39 

Table 4.39 shows a comparison of the differences Area with reduction efficiency Nitride-N 
in three seasons 

SOV d.f. SS MS 
F 

computed 
F tabular 

5% 

 

Replication 2 85.36 45.65 4.12 6.59 

Treatment 2 27.95 12.23 20.71 6.59 

Error 4 8.32 4.05     

Total   121.63       

 
From a statistical test to calculate the F Replication less than F table shows the Area 

differ not differ significantly, but F Treatment was calculated from Table F shows that over 
three different seasons. Efficiency Nitride-N reduced significantly to 0.05. 
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The fourth parameter to compare the difference in performance time (HRT) and three 
islands in the effective reduction of Nitrate -N using ANOVA (Analysis of Variance; 
ANOVA) at a confidence level of 95% is shown. table 4.40 

Table 4.40 shows compare the difference in performance time (HRT) to effectively reduce 
Nitrate-N. 

SOV d.f. SS MS 
F 

computed 
F tabular 

5% 

 

Replication 2 68.28 45.62 2.32 6.59 

Treatment 2 1123.02 673.31 36.16 6.59 

Error 4 95.59 48.71     

Total   1286.89       

 
The statistical test the F Replication calculated over F of the table shows that HRT 

differ with different significance, but F Treatment was calculated less than the F table shows 
that all three seasons without distinction. Efficiency Nitrate-N reduced significantly to 0.05. 

And in Area 1 as a two-fold and three-fold Nitrate-N was analyzed using ANOVA 
(Analysis of Variance; ANOVA) at a confidence level of 95%, as shown in table 4.41 

. 
Table 4.41 shows a comparison of the differences Area with reduction efficiency Nitrate-N 
in three seasons. 

SOV d.f. SS MS 
F 

computed 
F tabular 

5% 

 

Replication 2 86.12 38.98 33.31 6.59 

Treatment 2 25.61 11.47 8.48 6.59 

Error 4 8.28 4.12     

Total   82.33       

 
The statistical test the F Replication and F Treatment was calculated over F of the 

table shows that the Area differ a difference in reducing Nitrate-N significantly at 12:05, just 
as the season was different. significant at 0.05 

The last parameter to compare the difference in performance time (HRT) and the 
island 3 to effectively reduce the amount of PO4-P using ANOVA (Analysis of Variance; 
ANOVA) at a confidence level of 95%, as shown in. table 4.42 
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Table 4.42 shows compare the difference in performance time (HRT) to effectively reduce 
PO4-P. 

SOV d.f. SS MS 
F 

computed 
F tabular 

5% 

 

Replication 2 51.23 20.11 1.62 6.59 

Treatment 2 959.64 313.27 15.63 6.59 

Error 4 33.67 7.59     

Total   1044.54       

 

The statistical test the F Replication calculated over F of the table shows that HRT 
differ with different significance, but F Treatment was calculated less than the F table shows 
that all three seasons without distinction. Efficiency reduction PO4-P significantly to 0.05 
and in the Area is a first as far as two-fold and three-fold when analyzed PO4-P using 
ANOVA (Analysis of Variance; ANOVA) at the confidence level. 95%, as shown in table 
4.43 

Table 4.43  shows a comparison of the differences Area with reduction efficiency PO4-P in 
three seasons. 

SOV d.f. SS MS 
F 

computed 
F tabular 

5% 

 

Replication 2 112.31 23.35 17.54 6.59 

Treatment 2 46.87 8.56 7.11 6.59 

Error 4 3.12 1.24     

Total   162.30       

 
The statistical test the F Replication and F Treatment was calculated over F of the 

table shows that the Area differ a difference in reducing PO4-P significantly at .05, just as the 
season was different. Significant at 0.05 



Chapter 5 

 

The conclusion ,discussion and suggestions. 

 

1. Conclusions 

This research is a Quasi - experimental research design in in natural condition. The 
first experimental is finding the best sub-species that from the two main species, there are 
Lowland vetiver and Upland vetiver. The growing rate is investigated and compared the 
performance to reduction COD, Ammonia-N, Nitride -N, Nitrate -N and PO4-P in difference 
season. The plants are growth in the floating island treatment wetland with ten rows for 
treatments and two rows for control. The time of planting are investigated for 15, 30, 45, and 
60 days  

The growth rate result between lowland vetiver and upland vetiver are 84.77 and 
85.10 percent respectively and the length of root result 66.57 and 65.33 percent respectively  
When the growth rate and the length of root are tested by statistically founded there are not 
differences among them at 95 % confident. 

The result of performance to reduction COD, Ammonia-N,Nitrate-N,Nitrate-N and 
PO4-P compared to lowland vetiver and upland vetiver and the control in difference time and 
season. The tests are showed all parameters at 60 days and summer season are the best 
condition at 42.36, 40.74, 88.04, 61.81 and 83.33 percent respectively. When the seasonal 
effect and the difference of time are tested by statistically, founded the summer season  and 
the time at 60 days are  the most effective to reducing all parameters at 95% confident.  

The second experiment want to test the performance of  the selective vertiver  from 
the first experiment ,that are planted in the floating island treatment wetland The performance 
to removal COD, Ammonia-N, Nitride -N, Nitrate -N. and PO4-P.The effect of difference  
area and seasonal effect are investigated .The three treatment are constructed in difference 
three size ,There are normal size (No.1),double size (No.2) and triple size(No.3) .The effect 
of hydraulic  retention time (HRT) at 1, 2 and 3 days are investigated. The last effect for this 
study is seasonal effect that are in winter , simmer and rainy season.The three effect are 
compared  with performance to reduction COD ,Ammonia-N,Nitrate-N,Nitrate-N and PO4-P. 

The result of COD removal efficiency found that HRT at 3days, treatment NO.3 in 
summer season is the best performance to 38.99 percent. The result  of Ammonia-N , Nitride-
N , Nitrate-N and  PO4-P are the same found HRT at 3 days , treatment NO.3 and rainy 
season are the best condition to removal all parameters to 100 ,94.33 ,78.18 and 89.29 percent 
respectively.  

The results of statistical test in COD with the HRT found that at 3 days for all season 
is the best for COD removal efficiency significantly confident 95%.and the results of 
statistical test in COD with the difference area found that treatment NO.3 for all season is the 
best for COD removal efficiency significantly confident 95%. 
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The results of statistical test in  Ammonia-N with the HRT found that at 2 and 3 days 
for all season are the best for Ammonia-N removal efficiency significantly confident 
95%.and the results of statistical test in Ammonia-N with the difference area found that 
treatment NO.1-3 for all season is the best for Ammonia-N removal efficiency significantly 
confident 95%. 

The results of statistical test in Nitride-N , Nitrate-N and PO4-P with the HRT found 
that at 3 days for all season are the best for Nitride-N , Nitrate-N and PO4-P -N removal 
efficiency significantly confident 95%.and the results of statistical test in Nitride-N , Nitrate-
N and PO4-P with the difference area found that treatment NO.3 for all season is the best for 
Nitride-N , Nitrate-N and PO4-P removal efficiency significantly confident 95%. 
 
 
2. Discuss the results. 

 
The reason for explain the result from the first experiment in part of the growth rate 

that founded no significant difference among lowland vetiver and upland vetiver is the 
continuous of  nutrients substance in the water, there are coming from the Mae Kuwng river 
The river pass a lot of community and then received nutrients substance from human 
activities such as cooking , car washing , dish washing and cloths washing .They are main 
substance that plants need to alive and growing when the two vetiver species are floated in 
the water their root can uptake the nutrient as well ,so the two vetiver species got the same 
growth rate .However when the two vetiver species are  investigated  by seeing found The 
lowland  species look bigger than upland vetiver species. The research of Wong Seng(2014) 
he was studied efficiency of Vetiveria zizanioides Nash and Vetiveria nemoralis A. Camus in 
removing chromium by Floating island treatment wetland to treatment  the final wastewater 
from the Tannery. His research was founded the rate of growth of the two species do not 
differ statistically significant 95%. 

 The result of seasonal effect is shown at the summer season and lowland vetiver 
species are the most effective in reducing the amount of COD, Ammonia-N, Nitride -N, 
Nitrate -N and PO4-P.The one reason that can explain about this result is sizing of root .From 
the investigate at the site of the experiment, The root size of lowland vetiver is larger than 
upland vetiver for clearly. The biofilms are fixed inside the root. If the root size is big, the 
biofilms will expand well, and then rate of absorption of nutrients will increase performance 
too. This reason is supported by the research of Frank M. Stewart (2008) that studies the 
floating islands treatment wetland he was founded the efficiency of nutrients removal depend 
on the size of the roots. He studied the reducing rate of nitrogen and phosphate (PO4-P) with 
the difference of root sizing and founded the big size of root can expand biofilm well, and 
then can reducing more than 77.61 % of nitrogen (TN) and 88.34 % phosphate (PO4-P).For 
this reason upland vetiver has more efficiency to reduce nutrients removal than upland 
vetiver.    
The result of seasonal effect is show that the summer is better condition to reduce nitrogen 
and phosphate (PO4-P) than winter and rainy reason, because in summer the water level is 
very low, so that the pollutant in the water will be concentrate more than winter and 
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rainy. The another reason is the sun light in summer is very strong ,the plants can 
make a food by photosynthesis very well according to work of Wang, Chih-Yu (2014) 
studied the performance of a floating island, That growing lowland vetiver species and 
seasonal effect to reducing the nitrogen and phosphate (PO4-P).His study found that during 
the summer season. is effective in reducing the amount of nitrogen in 48.75 %. 

In the second experiment, the three-day period that HRT (No.3) is better effective in 
reducing COD, Nitrate-N and phosphate (PO4-P) was better than the 1 day(No.1) and 2 
days(No.2) because of the HRT is the directly factor to reduce the amount of COD, Nitrate-N 
and phosphate (PO4-P) corresponds to the research of  Vázquez-Burney (2015) tested the 
floating island at city in Pasco County, Florida, to reduce COD and Nitrate-N  founded on 
HRT 15.7 days was effective in removing COD and Nitrate-N was reduced by approximately 
37% and 32%, respectively.  Although our research used only HRT 3 days, but when 
combined with the time feeding about 60 days before study, so that the actual HRT is 63 
days. This reason can explain the cause of high efficiency to reduce COD Nitrate-N and 
phosphate (PO4-P) in HRT 3 days. For the Ammonia-N and Nitride -N are difference from 
the others because of Ammonia-N and Nitride -N can change very fast, so that  HRT 1-3 days  
cannot detect Ammonia-N and Nitride –N  in this time. 

The last point is the difference area in double and triple size should be island has an 
increasing effective in reducing COD, Ammonia-N, Nitride -N, Nitrate -N and PO4-P in 2 
times and 3 times but the amount is not increased in our expected. The reason of This study 
like a study of  Orapin (2552) she was test many research and experimental research in Quasi 
- Experimental Research type, She always has some result is not expected and consistent with 
the research of Wang, Chih-Yu (2014) used an experimental research Quasi - Experimental 
Research also found that the results in the degradation of the plant two kinds less effective 
than expected. This experimental type processing all of study by nature condition, so there 
are many interfere some results is not expected. This reason can explain why the increasing 
of the area of floating island cannot make the increasing rate of removal in expected. 

 
 

3. Recommendations 
 

1. Feedback from the research. 
1.1 Songkhla 3 sub-species are effective in the treatment of wastewater and 

growth. It is economic value, durable and has a big root system.  
1.2 The method to feed vetiver in age of 60 days before treatment is suitable 

for help the floating island treatment wetland increase performance to remove the 
nutrients very well. 

1.3 Other crops that look similar vetiver such as rice, millet and maize. They 
can grow in Floating Island treatment wetland as well but rice, millet and maize is 
food, so that after harvesting toxicity need to determine.  
2. Recommendations for further research. 

2.1 There should be a study of algae decreases when the island is floating 
installation. Because of some nutrients are obscured photosynthesis by algae. 
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2.2 Other parameters such as BOD, DO, pH and heavy metal should study in 
the performance of the floating island. 

2.3 Study the influence of nitrogen and phosphorus in minimum of nutrients 
matter that the plants can survive. 

2.4 Further study should be used another material that can available in local to 
make the floating island. 
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