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ABSTRACT 
 

 This research was conducted to investigate the efficiency of nine plant species with 
different root structures, including fibrous root (grass), short root (fern), and long root 
(vetiver grass) in order to remediate soil contaminated with fuel oil. Nine plant species were 
planted in soil contaminated with fuel oil at 100 mg/kg. Screening was based upon plant 
growth (total wet weight, stem height, and root length) and the efficiency of the plants for 
remediation. The most effective plant from each group was selected for study in regard to 
the effect of fuel oil concentration on their growth and their efficiency to remediate fuel oil 
at concentrations 100, 300 and 500 mg/kg for planting periods of 30, and 90 days. At the 
end of the experiment, the morphological appearance of plants, the plants growth, the 
percent of the removal of fuel oil in contaminated soil, and the amount of microbial 
populations in contaminated soil with and without plants were investigated.  

The results obtained from screening step indicated that Manila grass (Zoysia 
matrella L. Merrill), Fishtail sword fern (Nephrolepis cordifolia L. Presl), and Srilanka 
ecotype (Vetiveria zizanioides Nash) were the most efficient in remediating fuel oil i.e. 
88.35%, 92.18%, and 90.98%, respectively. Thus, they were selected as representative 
plants from the fibrous root, short root, and long root type of plant, respectively. Three 
plants could grow normally in soil contaminated with 100, and 300 mg/kg of fuel oil. The 
stem height and root length were not significantly different from control plants, whereas 
their total wet weight slightly decreased when planted in contaminated soil at 500 mg/kg. At 
the end of the experiment (90 days), the Fishtail sword fern showed the highest efficiency to 
remediate fuel oil at 100, 300, and 500 mg/kg i.e. 77.73%, 64.62%, and 59.46%, 
respectively, whereas at 100 and 300 mg/kg, the percent of the removal of fuel oil in soil 
planted with Srilanka ecotype and Manila grass was significantly lower than for the Fishtail 
sword fern. The removal efficiency of fuel oil at 500 mg/kg was significantly lowest 
(31.57%) when the soil planted with Manila grass. The amounts of microbial population in 
planted soil (107-108 cfu/ml) was significantly higher than those presented in unplanted soil 
(105 cfu/ml). The highest microbial population was found in soil planted with Fishtail sword 
fern. In summary, the results indicated that Fishtail sword fern was the most effective in 
terms of remediating soil contaminated with fuel oil. The overall efficiency of these three 
plant species decreased as the concentration of fuel oil increased. The microbial populations 
around rhizosphere could promot the fuel oil degradation process in the contaminated soil. 
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155  pp.    



 
 

       
       Fac. of Grad. Studies, Mahidol Univ.     Thesis / v 

 
 
 
 
 
 
 
 
 
 
 
 

การบําบัดดินที่ปนเปอนน้ํามันเตาโดยใชพืช (PHYTOREMEDIATION OF FUEL OIL CONTAMINATED 
SOIL) 
 

ณัฐพร  สนเผือก  4736380  ENAT/M 

วท.ม.(เทคโนโลยีที่เหมาะสมเพื่อการพัฒนาทรัพยากรและสิ่งแวดลอม) 
 

คณะกรรมการควบคุมวิทยานิพนธ : อัจฉราพร ขําโสภา, Ph.D., จําลอง  อรุณเลิศอารีย, Ph.D.,  
ประหยัด  โภคฐิติยุกต, Ph.D. 

บทคัดยอ 
การวิจัยนี้มีวัตถุประสงคเพื่อศึกษาประสิทธิภาพของพืชในการบําบัดดินที่ปนเปอนน้ํามันเตาโดยนําพืช 9 

ชนิดที่มีระบบรากแตกตางกัน ซ่ึงไดแก พืชระบบรากฝอย (หญา)  พืชระบบรากสั้น (เฟรน) และ พืชระบบรากยาว (หญา
แฝก) มาปลูกในดินที่ปนเปอนน้ํามันเตาที่ระดับความเขมขน 100 มิลลิกรัม/กิโลกรัม เพื่อคัดเลือกชนิดของพืชในแตละ
กลุมโดยพิจารณาจากการเจริญเติบโตที่วัดจากน้ําหนักสดรวม  ความสูงตน และความยาวรากของพืช และประสิทธิภาพ
ในการบําบัดน้ํามันเตาในดินโดยวัดจากปริมาณน้ํามันเตาที่เหลืออยูในดิน พืช 3 ชนิดที่ผานการคัดเลือกในแตละกลุม
ระบบราก จะถูกนํามาศึกษาผลของความเขมขนของน้ํามันเตาที่ระดับความเขมขนตางกัน คือ 100 300 และ 500 
มิลลิกรัม/กิโลกรัม ตอการเจริญเติบโตของพืชและประสิทธิภาพของพืชในการบําบัดน้ํามันเตา โดยทําการปลูกพืชเปน
ระยะเวลา 30 และ 90 วัน  เมื่อส้ินสุดการทดลอง ลักษณะภายนอก และการเจริญเติบโตของพืช  เปอรเซ็นตการกําจัด
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รากฝอย ระบบรากสั้น และระบบรากยาว ตามลําดับ ที่มีประสิทธิภาพสูงในการบําบัดดินที่ปนเปอนน้ํามันเตาที่ระดับ
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CHAPTER  I 

                                 INTRODUCTION 

 

1.1 Statement  of  the  problems 
 

In the present, Thailand has a rapid development in many aspects such as 

industry, economy, etc. The increasing of population has led to increase in natural 

resource consumption. Petroleum hydrocarbon is one of the natural resources that has 

a very important role in the well-being of our daily lives. In light of this ever  

increasing petroleum demand, new sources for supply are being searched, new  

technology  are  being  developed  in  order  to  meet  the  demand  of  the  world. The  

increase in  the consumption of petroleum hydrocarbons in the form of stove oil, 

kerosene, lubricating oil  and  fuel oil are used to generate heat and energy for  

engines, aeroplanes  and  as  fuel  in  industrial  process. Among  these, the  fuel oil  is  

very  popular due to the fact that it is considerably lower in price than other  petroleum 

products. It provided heat during combustion which produces high energy. Residues 

from burnt hydrocarbons are quite durable and can remain in the environment for a 

long period of time (1, 2). The discharge of petroleum hydrocarbon to the environment 

is associated with its consumption. Furthermore, the discharge from accident such as 

leakage from oil pipes or containers, as well as  an  accidental  during  transportation  

process can be resulted in its contaminated in the environment. 

 

The methods for remediating petroleum hydrocarbons contamination in the 

environment has been attracting considerable and more study has been conducted. 

There are various methods used to remediate fuel oil in the environment, these include 

physical, chemical and biological methods. Among these, bioremediation is an 

important method by using biological such as plants, microorganisms to remediate the 

toxic compounds including fuel oil contamination in the environment (3).  
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Phytoremediation is an environmental friendly method for cleanup of soil, 

water and sediment. This method is based on the ability of plant to remove toxic 

substances from contaminated site. It can used to treat a variety of contaminants 

including organic and inorganic compounds. The effectiveness of phytoremediation 

depended on many  factors such  as  plant  species  and  the  age  of  plants  used, type 

of pollutants and the period of time that plant need to remediated the contaminated 

soil. Utilizing phytoremediation properly would have a positive effect on environment, 

since it will reduce the contaminated  compounds, it  would  be  more convenient, low 

cost, more effectively, environmental friendly (4). In North America and Europe more 

researchers have wildely studied on phytoremediation of organic pollutants (5); 

Katherine Banks et al. (1997) (6) have studied the  efficiency of Fern and Japanese 

grass to uptake the light crude oil; Gao and  Zhu (2004) (7) have studied the uptake, 

accumulation and translocation of phenanthrene and pyrene by 12 plant species grown 

in various treated soils. The results showed that the concentration of phenanthrene and 

pyrene were influence with root tissues for translocations of phenanthrene and  pyrene  

from  roots  to  shoots  were undetectable. In Thailand, although recent studies have 

reported on phytoremediation of heavy metal but there are a few studies conducted on 

the use of plants to remediate petroleum hydrocarbons  contaminated  soil. 

 

 When using phytoremediation technology, it is very important to select not 

only plant species that can remove or degrade a pollutant, but also ones that can grow 

well in that environment. The present study was focused on the remediation of fuel oil 

contaminated soil by using selected plant species. Screening test of the effective plant 

species was conducted. The plant species were selected based on their root systems. 

The first group was three grass species which has a fibrous root system i.e., carpet 

grass (Axnopus compuuressus P. Beauv), Manila grass (Zoysia matrella L. Merrill) 

and Japanese grass (Microstegium vimineum  A. Camas). The second group was three 

fern species which has a short roots system; Fishtail sword fern (Nephrolepis 

cordifolia L. Presl), Boston fern (Nephrolepis exaltata schott) and Khangpla fern 

(Nephrolepsis biserrata schott). The third group, three ecotype of the vetiver grass, 

represent the long root system i.e., Ratchaburi ecotype (Vetiveria nemoralis A. 

Camus), Srilanka ecotype (Vetiveria zizanioides Nash) and Prachuapkhirikhan ecotype 
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(Vetiveria nemoralis A. Camus). The efficiency of these selected plants to remove fuel 

oil from soil and the effect of fuel oil on their growth were analyzed. The rhizosphere 

microbial populations were investigated. The potential of fuel oil removal relies upon 

plant growth rates and fuel oil concentration  in  soil.  
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1.2  Concept of the study 

 
Figure 1–1   Conceptual framework of the study 

Fuel oil discharged to the soil environment 

Physical  Remediation 

 Advantage 

- The toxic pollutants 

decrease in short time 

Disadvantage 

- Expensive 

- Risk to management 

Chemical  Remediation 

Advantage 

- The toxic pollutants 

decrease in short time 

 Disadvantage 

- Use more chemical and 

material 

- Effect on environment 

Bioremediation 

 Phytoremediation 

Advantage 

- Convenient and low cost 

- Benefits from plant 

- Environmental friendly 

-  Convenient 

 Disadvantage 

-   Takes a long time 

-  Oil refinery 

-  Accident 

-  Industry 

-  etc.

The efficiency of  plants  to  remediate  fuel  oil  in  soil 

Fibrous root  

- Carpet grass 

- Manila grass 

-  Japanese grass  

Short  root 

-  Fishtail sword fern 

-  Boston fern  

-  Khangpla fern 

Long  root  

(Vetiver grass) 

-  Ratchaburi ecotype 

-  Srilanka  ecotype 

- Prachuapkhirikhan  

ecotype 

The effect of rhizosphere microbial populations on fuel 

oil degradation 

Toxicity of fuel oil on plant growth (biomass production ; 

total wet weight, stem height and root length) 

Plant  species  which  have  highest  efficiency  to 

remediate  fuel  oil  in  contaminated  soil   
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1.3  Objectives of the study 
 

1. To screen  the  plants  species that have ability  to  remediate  fuel  oil  in  soil. 

2. To  determine  the  effect  of  fuel oil  concentration  on  plants growth  

3. To investigate the efficiency of selected plant types to remediate various fuel 

oil concentration in soil. 

4. To study the microbial populations in contaminated soil with and without 

plant. 

 

1.4 Hypothesis of the study 
 

1. The  different  plant  species  affected  their  remediation  efficiencies. 

2. The  concentration  of   fuel  oil   in   soil   are  affected  on  plants  growth. 

3. The rhizosphere microbial populations have a potential to stimulate fuel oil 

degradation. 

 

1.5 Scope of the study 
 

1. This research was a laboratory experiment which conducted at Faculty of 

Environmental and  Resource  Studies,  Mahidol  University,  Nakhonpatom  province. 

2. The soil was spiked with No.4 fuel oil at concentrations 100, 300 and 500  

mg/kg. 

3. The plants  used  in  this  study   were  divided  into  3  groups  

3.1   Fibrous root plants; Carpet grass (Axnopus compuuressus P. Beauv), 

Manila grass (Zoysia matrella L. Merrill) and Japanese grass (Microstegium vimineum  

A. Camas). 

3.2   Short root plants; Fishtail sword fern (Nephrolepis cordifolia L. Presl), 

Boston fern (Nephrolepis exaltata schott) and Khangpla fern (Nephrolepsis biserrata 

schott). 
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3.3  Long root plants were three vetiver grass ecotypes; Ratchaburi ecotype 

(Vetiveria nemoralis A. Camus), Srilanka ecotype (Vetiveria zizanioides Nash) and 

Prachuapkhirikhan ecotype (Vetiveria nemoralis A. Camus). 

 

1.6  Expected results 

 
1. Development of phytoremediation technology using local plant species to 

clean  up  petroleum  hydrocarbons  contaminated  sites. 

2. The results obtained from this study is very useful to determine the feasibility 

of selected plant species to remediate fuel oil and other petroleum hydrocarbons in the 

environment. 

3. The  potential  for  application  this  method  to  the  real  ecosystem. 
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CHAPTER  II 

LITERATURE  REVIEW 

 

2.1   Petroleum  Hydrocarbons 
 

As the name implies, hydrocarbons are chemical compounds consist of atoms 

of hydrogen (atomic mass, AM = 1) and carbon (AM = 12). Carbon therefore, makes 

up most of the hydrocarbon molecules. The carbon atoms can be linked together in 

chains, in a ring, or in more than one ring (polycyclic hydrocarbons) that are highly 

complex mixtures of hydrocarbon compounds. In the ring, or polycyclic hydrocarbons, 

its has atom of another element such as  nitrogen, sulfur or oxygen to aggregate  

carbon  atom (8). 

 

Petroleum compounds have been accumulated in the environment for hundred 

of years, it is a kind of hydrocarbon which originated from the pile of plants and 

animals over million years old. It was also found in the rock level under the earth 

surface. When it was heated it could be transform to solid, liquid and gas form (9). All 

three forms are usually produced together with gases and solids within a liquid. 

However, both the solid and the gaseous forms can occur separately (10). Petroleum 

hydrocarbons are a recalcitrant group of contaminants and are known to be highly 

persistent in the environment (1,2).   

 

2.1.1  The  Composition  of  petroleum hydrocarbons 

 

The majority of petroleum components is liquid, in which gases are dissolved 

and solids are both dissolved and suspended. Most of the compounds found in 

petroleum are hydrocarbons. The most important property of petroleum hydrocarbons  

is that it is readily oxidized in an exothermic reaction (11,12). Natural gas, petroleum 

and coal are materials which appear to be radically different in physical properties and 
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molecular composition. Natural gas contains about 75% carbon, petroleum usually 

ranges from 82 to 87% carbon and coals might contain 65 to 95% carbon (13). 

 

Crude petroleum is the mixture of compounds boiling at different 

temperatures. The exact composition varies with the origin of petroleum although the 

proportions of each element vary in narrow limits (Table 2-1 and Table 2-2)  

 

Table 2-1  Different  generic  boiling fractions of  crude petroleum 

 

Fraction Boiling range (°C) Boiling range (°F) 

Light naphtha -1-150 30-300 

Gasoline -1-180 30-335 

Heavy naphtha 105-205 300-400 

Kerosene 205-260 400-500 

Stove oil 205-290 400-550 

Light gas oil 260-315 400-600 

Heavy gas oil 315-425 600-800 

Lubricating oil >400 >750 

Vacuum gas oil 425-600 800-1100 

Residuum >600 >1100 

Source : Speight  JG. (14) 
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Table 2-2  Number of carbon atoms in fractions of refinery products of petroleum 

 

Fraction No. of carbon atoms 

Gas 1-5 

Gasoline 6-10 

Kerosene 11-15 

Light distillate 13-17 

Heavy distillate 18-32 

Residuum 28-70 

Source : Speight  JG. (14) 

 

The main elements in petroleum hydrocarbons are carbon and hydrogen, while 

sulphur, nitrogen and oxygen usually occur in subordinate quantities. The elemental 

composition of most crude oil generally varies between the following limits (% 

weight) : carbon 70-80, hydrogen 10-15, sulfur 0-10, nitrogen 0-1 and oxygen 0-5. 

The components  of  petroleum hydrocarbon are  generally divided  into  five  groups  

based  on their chemical structures (15) as follows : 

 

1) Alkanes 

Alkanes occur in most petroleums as the most abundant series of 

hydrocarbons. Alkanes are saturated hydrocarbons with straight chain (n-alkanes), 

branched chain (iso-alkanes) or ring structure which are characterized by single 

chemical bonds between carbon atoms. The general formula of alkanes is CnH2n+2. In 

petroleum n-alkanes are often found as crystals which increase the viscosity of the oil. 

The n-alkanes-mixed-crystal is called “paraffin”. Paraffin is the most abundant 

hydrocarbons in both gaseous and liquid petroleum. N-alkanes with 1-40 carbon atoms 

are found  in crude oil. The largest alkanes ever reported  is  C78H158. 

 The most important characteristics of alkanes concerning soil 

bioremediation are their volatility and biodegradability. Generally, the volatility of  

alkanes decrease as the length of chain increase (16). High vapor pressures indicate  

that  a  compound  can  easily  volatilize, low  vapor  pressures are associated with 
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chemicals that are semi-volatile or non-volatile. However, the boiling point of alkanes 

increases with the number of carbon presents (17). 

  

2) Cycloalkanes  (Naphthenes) 

Cycloalkanes, saturated hydrocarbons with ring structures. They can be 

monocyclic, bicyclic, substituted or unsubstituted (18). They are found in all crude oil 

in quantities ranging from 30 to 60% and present in the fractions from C5 upwards. 

The general formula of cycloalkanes is CnH2n. Most cycloalkanes in crude oil also 

contain the methyl side chains. Most of the cycloalkanes that found are cyclopentane 

(C5H10) and cyclohexane (C6H12) (11). 

 In comparison with alkanes, cycloalkanes are similar to straight or 

branched chain alkanes in properties. Similar to alkanes, their solubilities and vapor 

pressure decrease with increasing carbon atoms and boiling points increase with the 

carbon atoms (17). The naphthene fractions of crude oils are often analysed by mass 

spectroscopy  to  identify the percentage of compounds with one, two, three, four and 

five rings (19). 

 

3) Aromatic 

Aromatics hydrocarbons are unsaturated compounds containing one or 

more aromatic nuclei. The general formula of aromatic hydrocarbons is CnH2n-6R, 

where R is the number of the aromatic rings. The principle aromatic of major 

compounds of crude oils are benzene, toluene, the isomers of xylene, ethyl benzene 

and  1,3,5- trimetylbenzene (11). 

The fused-ring compounds including the di-aromatics (naphthalenes) 

and tri-aromatics (phenanthrenes and anthracenes) are solid at room temperature and 

are found in the asphalt. These large aromatic hydrocarbon may be divided into two 

classes depending on the solubility in pentane. The components of asphalt soluble in 

pentane are called resins and those which are insoluble are called asphaltenes. Each of 

these compounds has density less than one. Benzene is the most soluble of this class. It 

has a solubility of 1,780  mg/kg  at  20 °C, whereas toluene of only 515  mg/kg  at the 

same temperature (17). 
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 The various chemical structures  of  hydrocarbons  are  shown  in  Figure  2-1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure  2-1  Chemical  structures  of  petroleum  hydrocarbons (15)  
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4) Polycyclic aromatic hydrocarbons (PAH) 

Polycyclic aromatic hydrocarbons are aromatic hydrocarbons with two 

or more fused carbon rings. PAHs are present in small amounts in fuel and crude oils, 

and are a major component in creosote (20). Generally, PAHs have low vapor 

pressure. Solubility and vapor pressure decrease with increasing molecular volume, 

whereas melting and boiling points increase with molecular volume. PAHs in the 

environment are formed by a process of combustion. The natural source of PAHs 

include forest and grass fires and oil seeps (21). 

 

5) Nonhydrocarbon components  

The nonhydrocarbon constituents in crude oil are mainly sulfur, 

nitrogen and oxygen-containin compounds. There are also a small amount of 

solubilized  organometalic  compounds  and  suspended   inorganic  salts. 

 

  Some physical properties can identify the different type of petroleum 

hydrocarbons. Table 2-3 is shown some physical properties of petroleum 

hydrocarbons. 
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Table 2-3   Some physical  properties  of  different  hydrocarbons 

 

Compound Boiling point 

(ºC) 

Vapour  pressure 

(mm Hg 20 ° C) 

Specific 

gravity 

Alkanes 

C6     Hexane 

C10   Decane 

C16   Hexadecane  

C18   Octadecane 

 

69 

174 

287 

317 

 

120 

1.50 

≤ 1 

≤ 1 

 

0.66 

0.73 

0.77 

0.78 

Cycloalkanes 

C5     Cyclopentanne 

C6     Cyclohexane 

 

50 

81 

 

260 

77 

 

0.75 

0.78 

Aromatic 

1 ring : 

Benzene 

Toluene 

o-Xylene 

Ethyl benzene 

2 ring : 

Naphthalene 

Biphenyl 

1-Naphthol 

5 ring : 

Benzo (a) pyrene 

Perylene 

 

 

80 

111 

144 

136 

 

218 

256 

288 

 

311 

503 

 

 

76 

22 

5 

7 

 

< 1 

< 1 

< 1 

 

≤ 1 

≤ 1 

 

 

0.80 

0.87 

0.85 

0.87 

 

1.15 

0.87 

1.22 

 

- 

1.35 

Source : Lyman. et al. (22) 
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2.1.2 Product  of  petroleum  hydrocarbons 

 

    The  products of  petroleum  hydrocarbons  which  are  distillated  from  

the  refining  process  can  be  divided  as  follows : 

 

2.1.2.1  Gasoline 

 

  Normally  the  first  product  obtained  from  the  distillation  of  petroleum  

is  gasoline. The production  of  gasoline  is  the  aspect  of  refining  that  calls for the 

greatest effort and has the  greatest  impact  on  the  energy  economy. In most crude 

oils the content of hydrocarbons having boiling points in the gasoline range is 10-30% 

(23). 

  The specifications of gasoline vary somewhat with the specific crude  

being  refined  and  with  the  type  of  distillation  operation  used, but  generally  the  

boiling range of gasoline is 25-125 °C. Gasolines are sometimes classified as motor 

gasoline, for use in automobiles, aviation gasoline and for use in piston-engine 

aircraft. The natural gasoline is the liquid condensed  from  wet  natural  gas.  

 

2.1.2.2  Naphtha 

 

  Naphtha is a distillation cut obtained  at  95-150 °C. It  is  seldom  used  as 

a fuel, but can be blended with gasolines which consist of low molecular weight  

components to reduce the overall volatility and reduce the likelihood of vapor lock. 

Naphthas are widely used as solvents in the chemical industry. They are also cracked 

to produce lighter compounds. However, the most important use of naphtha is the 

production of ethylene, which is the organic compound used in greatest quantity by  

the  chemical  industry. 

 

2.1.2.3 Kerosene 

 

  Kerosene  was  once  used  very  widely  as  an  illuminant, as the fuel  in  

kerosene lamps, before electricity became widely available, especially  in  rural  areas. 
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At  one  time, kerosene  was  the  most valuable  product  from  crude  oil  because  of  

this  application  in  illumination. 

  The substantially greater desirability of gasoline relative to kerosene led to 

the development  of  processes  for  cracking kerosene  to  gasoline. Today   kerosene  

is  used  as  a  fuel  for jet  aircraft and consequently  is  again  an  important  product  

of crude oil. Moreover kerosene used for domestic heating (sometimes called 

household  kerosene) must  have a  carefully  controlled  boiling  range. 

     

2.1.2.4  Diesel  fuel 

 

  The  diesel  engine  was  designed  to  run  on  cheaper and  poorer  quality  

fuels than a gasoline-powered engine. In fact, much of the early developmental work  

on diesel  engines focused  on  the  use  of  pulverized  coal  or  coal  tars  as  possible  

fuels. Modern diesel engines operate on a “middle distillate” diesel oil or gas oil. The  

gas oil  name derives from an alternate use of this material, cracking  to  light  gaseous  

products. A  typical  yield  of  middle  distillate, boiling  at  230-340 °C  from  crude  

oil  is  6%  (23). 

   The  higher  boiling  range  of  diesel  fuel  relative  to  gasoline  indicates  

that  larger  molecules  will  be  present  in  the  diesel  fuel. The  diesel  fuel  may  

contain  alkanes  in  the  C15-C17  range  and  therefore  also  expect  that  diesel  fuel  

will  be  of  higher  density  and  higher  viscosity  relative  to  gasoline (24). 

 

2.1.2.5  Fuel  oils 

 

  Fuel oil, burned in furnaces for home heating, process heating in industry, 

or raising steam in electric power plant boilers. It is often a residue of distillation 

rather than a distillation cut. Fuel oils are graded on the basis of viscosity. To achieve 

a desired viscosity of oil, a distillation residue can be blended with some proportion of 

one of the distillation cuts. The classification of fuels oils uses a numbering system as 

well  as  a  grade.  
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2.1.2.6  Lubricating  oils 

 

  Lubricating oils have very high boiling ranges. It was usually produced by 

a vacuum distillation step following two-stage distillation. In a typical operation, the 

reside from a two-stage distillation unit is fed to a vacuum tower at 425 °C and 

pressures of 7-18 kPa. The vacuum tower bottoms are asphalt. A lubricating oil  might  

consist of 20-25 alkanes of straight and branched chain; 45-50% cycloalkanes of one, 

two or three rings, possibly with alkyl side chain; 25% of alkylated  two, three, or four 

rings hydroaromatic compounds; and 10% high molecular weight aromatic  

compounds (23). 

  High temperature stability is required so that the oil is not thermally 

decomposed by the heat generated from friction on the parts that the oil is lubricating. 

Low temperature fluidity enables the oil to flow between moving parts even at very 

low temperature. In some lubricating applications it is useful to have a material having 

a higher viscosity than a lube oil. Semi-solid lubricating materials are called greases. 

A grease is made by blending lube oil with a “metallic soap”, which is a salt of long 

chain carboxylic acids with aluminum, calcium, cobalt, zinc, or other multivalent 

cation. 

 

2.1.2.7  Waxes 

 

  The major use of waxes is impregnation of paper and cardboard, especially  

for food preservation. A material related to waxes, but usually having lower melting  

point, is petrolatum. Petrolatum have melting ranges of 40-80 °C and are semisolids at 

room temperature. This material is best known to most people as the petrolatum 

product “Vaseline”. Waxes have melting points much more sharply defined (50-60 °C) 

than petrolatums and are hard, brittle solids at room temperature (23). 

  In addition to their use for preparing food storage and handling materials, 

waxes can also be useful as feedstocks for chemical processing. The thermal cracked 

of waxes produces 1-alkanes in  the C6-C20  range. The waxes are cracked at 540-565 

°C and 0.2-0.4 MPa, with residence times of about  5-15 sec (24). 
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2.1.2.8  Asphalt 

 

  Asphalts are residues from the distillation of crude oils. Typically asphalts 

are mixtures of aromatics, long-chain alkanes and high molecular weight NSO’s. 

Asphalts  may  have  pour  points  exceeding 95%. 

  The vacuum tower bottoms are a good source of asphalt. The resid is 

treated with liquid propane at 70 °C and 3.5 MPa. All of the components of the resid 

except the asphalt dissolve in the propane. Once the asphalt has been separated, the 

release of pressure allows the propane to evaporate, yielding a product called residual  

lube oil. The residual lube oil may then be treated by solvent extraction, dewaxing, or 

clay  treatment (24). 

 

2.1.2.9  Petroleum  cokes 

 

  The final product of petroleum processing is a family of highly 

carbonaceous solids known as petroleum cokes. Coke is not a direct product of 

distillation of crude oil, but rather is formed either inadvertently during catalytic 

processing of petroleum fractions or deliberately in an effort to convert heavy products 

into lighter, more salable distillate liquids. Coke is therefore a by-product of refinery, a 

product which is usually salable but is not a premium product. Roughly 40% of 

petroleum coke production is used as a solid fuel, another 40% is used to manufacture 

carbon anodes for the aluminum smelting industry,10% is used to manufacture 

graphite electrodes for use in electric are furnaces in the steel industry and the  

remaining  10%  finds  a  variety  of small  uses  (24). 

 

  Table 2-4 is shown the important product of petroleum which obtained 

from  refining  process  in  the  distill  tower. 
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Table 2-4   Products of petroleum  

 

Name Boiling  

point (°C) 

Situation Number of  

C  atoms 

Useful 

 

Natural Gas 

Petroleum Ether 

Gasoline 

Paraffin 

Diesel  oil 

 

Fuel oil 

Lubricating oil 

Grease 

 

Paraffin wax 

 

Asphalt 

 

< 40 

30-100 

40-180 

180-250 

250-350 

 

250-350 

305-405 

405-515 

 

405-515 

 

405-515 

 

gas 

liquid 

liquid 

liquid 

liquid 

 

liquid 

liquid 

liquid and 

solid 

liquid and 

solid 

solid 

 

C1 – C4 

C5-C7 

C5-C10 

C10-C14 

C14-C19 

 

> C35 

C19-C35 

C19-C35 

 

C26-C38 

 

> C38 

 

oil  for give the heat 

solvent 

oil  for burn  on the machine 

oil  for the plane  and  the lamp 

oil for diesel vehicle , factory   

machine  and solar oil 

oil  in  factory and powerhouse 

lubricant 

lubricant 

 

tallow candle, wax and 

vaseline 

- 

Source : Beckmann  H. (18) 

 

 From Table 2-4, the product of petroleum hydrocarbon are vary in boiling 

point because the number of C atoms are different. The group with low C atoms has 

lower boiling point than group with high C atoms. The use of  products are different  

due  to  their  own  quality  and  specific  characteristics. 

 

2.1.3 The  use  of  petroleum  hydrocarbons 

 

Demand for energy, especially petroleum oil has continued to grow in almost 

all regions rapidly, but the Asia-Pacific region’s growth rate was the highest in the  

world particularly in last two decades (25). Energy development was guided mainly by 

the demands of the economy. Petroleum oil are the main source of energy and 

accounts for about 39% in global energy consumption. Its share is even higher than 
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47% in the Asia-Pacific region’s energy demand and almost one-half of the future 

increase in the word petroleum oil demand is expected to come from this  region. 

Therefore, it is important to know the main environmental challenge of energy 

development  and  use, and  its  impact  on  the  oil  industry. 

 

Thailand needs more petroleum oil to consume in factories machine and 

various industries. In the case of natural gas company group, they found that it is 

difficult to find the source of natural gas to serve the increasing of demand. It has been 

found that the demand of natural gas and diesel as energy is increased. The use of 

petroleum oil  for urban  energy demand  of  Asia- Pacific  is shown  in  Table  2-5. 

 

Table  2-5   Urban  Energy  Demand  and  Environmental  Impact  Matrix 

Source : Leitmann. (26) 

 

2.2  Source  of  petroleum  hydrocarbons  in  the  environment 
 

There are three main sources of hydrocarbons entering soil environment. 

Firstly, continuous low-level inputs, for example from road surfaces, domestic waste 

and slow seepage from old underground storage tanks. Secondly, large-scale inputs  

from transportation accidents, mainly from rupture of pipeline. Road accidents of tank 

cars cause spillage on a small scale but often at highly hazardous and troublesome 

locations. Thirdly, natural seepage from natural oil resources. Some waste oil is  

dispersed on soil in the form of oily sludge (27). However, many source of the 

Petroleum  oil Representative end-use Environmental  impact 

Kerosene 

Gasoline 

Diesel 

Other  petroleum products 

Coal 

Electricity 

Lighting 

Autos, motor cycles 

Trucks, buses 

Industry 

Space  heating 

Manufacturing 

Respiratory health, fire 

Respiratory health, acid desposition 

Same  as  gasoline 

Same  as  gasoline 

Respiratory health, acid desposition 

Safety 
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petroleum hydrocarbon are from spillage of crude oil and refined products and from 

petroleum refinery operations (28).  

 

When petroleum hydrocarbon are spilled on soils they are subject to a number 

of natural weathering processes. Photooxidation can occur, although this usually rather 

minimal because oils, refined products, coal tars and creosotes usually seep into the 

soil and away from sunlight. Some compounds evaporate, even those with several 

rings, but this is not usually a very significant process once oils and tars have 

penetrated  into  soil (29). 

 

Moreover, there has the problem of waste come from spillage of petroleum and 

petroleum products during transportation, highway runoff of spilled petroleum 

products, partially combusted petroleum products, particles from road surface 

materials and atmospheric fall-out which is a result of the by-products of combustion 

of fuels. The risks should be assessed of contamination subsoil and surface run-off 

damage to shelter belts. This assessment may require site-specific geological or 

hydrogeological data  such  as  depth  to  bedrock, under the  subsoil  to  water  table  

and  aquifer  flow. 

 

However source of petroleum hydrocarbon that contaminated on aquatic 

ecosystem caused by ships is resulted from tank washings, chronic discharge from 

ballast and collision. They also come from natural seepage from the ocean floor (30).  

 

2.3  Fate and Effect of  petroleum  hydrocarbons  in  the  environment 
 

 The determining factor for the effects of petroleum hydrocarbon in the 

environment calculated from the ratio between quantity released and rate of removal. 

If the substances  released  may  not  be  removed  completely, it  rather  temporarily  

accumulate. The accumulated may be decomposition through chemical and biological 

reactions or  deposition  on  soil  and  in  water.  
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 The  input  of  hydrocarbons  into  the  environment  may  come  from a  point  

source  or   may  be  dispersed  over  the land  surface. Hydrocarbon  pollutants, once  

introduced into soil environment, undergo a variety of physical, chemical and 

metabolic transformations. The geophysico-chemical properties of soils are 

instrumental in determining the fate of a contaminant. When hydrocarbon are  

introduced  into  the  soil  surface, they tend to accumulate in the pores between soil  

particles  which  result  in  reduced oxygen and water  permeability  through  the soil. 

Viscosity of hydrocarbon mixtures may coat the surface of soil particles and 

significantly alter the binding properties of  the  clay  minerals  present and  the  water  

holding  capacity  of  the  soil (27). The  soil  has  a  capacity to adsorb hydrocarbons  

as  they  migrate  through  the  soil. Most evidence indicated that the uptake of organic 

compounds for microbial degradation occurs in the bulk water phase. The 

concentration of organic compounds is reduced due to the  sorption mechanism. Thus, 

sorption will extend the time to degrade the same amount  of organic  pollutant  when  

compared  with  no  soil  in the system (31). Biological activities are limited within the 

intra-particle pores. Transport of microorganism from the bulk water to soil surface 

occurs due to chemotaxis, advection and diffustion. Petroleum spilled directly on land 

is degraded by evaporation, photo-oxidation and microbial action (21). Lateral 

spreading through the surface increases the contaminated area but facilitates 

evaporative  removal  of  low  molecular  weight  hydrocarbons.  

 

 The fate of petroleum in the environment may undergo chemical, physical, or 

biological  processes  as  shown  in  Figure 2-2 
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Figure 2-2  Chemical, physical and biological fate of petroleum  on  land (21) 

  

 From Figure 2-2, chemical oxidation are resulted from evaporation and photo- 

oxidation of petroleum substances. Physical is the petroleum which flowed and spilled 

on land then its accumulate on the surface of land and some of petroleum are spilled 

into subsurface soil which biological fate, reaction of biotic (microorganism, plants 

and animal) is occured.  

 

  The  fate  of  petroleum in  soil can  be  illustrated  as  follows : 

 

- Distribution 

 

 Lateral spreading on the surface soil increases. The distribution depends on the 

location, volume of the spill, viscosity of oil, porosity of soil, surface roughness, plant 

cover, temperature, the contour of the land and weather condition. Vertical movement 

of oil occurs as multiphase flow determined by soil pore size, soil chemistry and water 

content. The high viscosity such as heavy oil and fuel oil tends to move horizontally, 

while low viscosity oil penetrates more deeply into soil. Soil organic matter causes 
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temporary immobilization of oil. The small and slow spill causes small surface 

contamination but large underground  penetration. 

 While gasoline and low-viscosity oil penetrate readily into deeper soil. The 

absorptive capacity of soils for oil is less than their water-holding capacity (32). 

 

- Volatilization 

 

 Infiltration into porous soils limits and slows evaporative loss of volatile 

hydrocarbon. Volatilization is increased by lateral spreading or when vertical 

penetration is limited. Volatilization of component from a hydrocarbon mixture has 

three major effects on the subsequent fate of the pollutant. Firstly, increased viscosity 

results in decreased vertical migration. Secondly, the volatile components tend to be 

membrane disruptive and their removal may enhance subsequent degradation. Thirdly, 

the less volatile components are generally more recalcitrant molecules. 

 The rate of evaporation depends mainly on temperature, oil composition, wind 

speed, solar radiation and thickness of oil layer. The high temperature causes lateral 

spreading over impermeable surfaces. Adsorption onto vegetative surfaces may 

enhance  volatilization. 

 

- Leaching 

 

 The leaching of hydrocarbon into surface is primarily depending on soil texture 

and the amount and intensity of rainfall (32). Generally, petroleum and  its products  

which  are  released  to  soil  can  penetrate  through  the  soil  surface. If the released 

quantity  is  large, downward  migration  occurs with  all  soil  pores  being  saturated  

with  petroleum  or  its  products (33). 

 Petroleum has a specific gravity less than water and so its behavior is different 

from that of petroleum products  which  have  specific  gravities  greater  than  that  of  

water. Downward migration of petroleum will cease because the mobile petroleum is 

transformed into residual saturation (33). As  a  mass  of  petroleum migrates beyond a 

unit mass of soil, a small  amount of the total petroleum mass will remain attached to 

these soil particles via capillary forces. This small amount of petroleum that is retained  
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by soil particles is immobile and is known as residual  petroleum or residual 

saturation. The  maximum  amount  of  petroleum  that  can  be  retained  by a soil  is  

known  as  the  residual  saturation  capacity. If the migration mass of petroleum is 

small relative to the soil surface, the migrating mass of petroleum will be eventually 

exhausted as it is converted into residual saturation. When conversion is complete, 

downward migration ceases. 

 

 If  the  migrating petroleum  mass  reaches  the  water  table, it  will  begin  

spreading  laterally  over  the  water table. This  layer  of  petroleum  assumes the  

shape  of  a “pancake” , and  is  commonly  known  as  the pancake  layer, or  as  a  

free  floating  petroleum, as  shown  in  Figure 2-3 

 

 

 

 

 

 

 

 

 

 

 

 

Figure  2-3  Fate  of  hydrocarbons  distributed  through a soil  matrix (34) 

  

 Comparision of the fate of petroleum in soil and aquatic environment are  

shown  in  Table 2-6. 
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Table 2-6  Comparison  of  the  fate  of  spilled  petroleum  in  aquatic  and  soil  

 

Process Aquatic Soil 

Horizontal  movement 

 

 

 

Vertical  movement 

 

 

 

Evaporation  of  volatile 

components. 

 

 

Photodegradation 

Rapid horizontal  

spreading 

 

 

Initially  very  restricted; 

later, biodegradation  and  

wave  action  may  

emulsify  the  slick 

Rapid, influenced  by  the   

water  temperature  and  

wind  condition 

 

Rapid, aided by  the  

spreading  of  the  oil  into   

a  thin  slick 

Horizontal  spreading 

Reduced  by  infiltration 

Unless  the  soil  is  frozen  

or  water  saturated 

Immediate; extent depends  

on  the  porosity  of  the  

soil 

 

Slow, because  infiltration  

removes  most  of  the  

petroleum  from  direct  

atmospheric  contact 

Very  restricted  because  

of  oil  infiltration  into  

the  soil 

Source : Bossert  I. and Bartha R. (32) 

 

 Fates and effects of petroleum hydrocarbons in the environment especially, on  

the soil animal, microorganism and vegetation are important which need to be 

protected and reduced the problems. Effect are reactions at the soil surface to 

contamination resulting from spills. Surface flow may allow evaporation of potentially 

toxic volatile hydrocarbons while deep penetration may beyond the aerobic zone. 

Evaporation is probably restriced to the surface 5-10 cm in undisturbed soils, through  

tillage  may  assist  in  purging  volatiles  from  depths  up  to  30  cm. The  actual  

filed  losses  are  liable  to  be  much  less  than  from  an  impermeable  surface  and  

will vary depending upon the proportion of different hydrocarbons, their  

concentration, thickness  of  the  hydrocarbon  layer, rate  of  uptake  into  the  soil, air  

temperature, solar  radiation, wind speed  and  relative  humidity (35).  
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 Fates and effects of petroleum hydrocarbons on biotic are increasing which  

cause the problem in environment. The intertidal organisms may be killed when the  

oil  comes  to  shore  because  of  the  toxic  component. When  the  organisms  are  

exposed  to  hydrocarbon, they  take  up  the  compound  at a  high  initial  rate  until 

the animal’s tissue is saturated. The invertebrates which are neither sufficiently  

mobile nor have adequate exclusion mechanisms such  as  deposit  feeding worms, 

will  take  up  the  oil  pollutants with  the  sediments. If the oil penetrates into the soil, 

a large number of worms will be killed. Lobster and crabs, which are subtidal  

animals, are  not  as  directly  exposed  or  smothered  by  oil  as  the  non-mobile  

crustacean (36). However the invertebrates which mobility can enable them to avoid 

areas of contamination. Earthworms and nematodes are important  indicators  of  soil  

toxicity  due  to  their  wide  distribution (37). 

 

Fates and effects of oil leakage on plants are variable. Plant damage is most  

acute where deterioration of cell membranes and loss of cell content occurs. The more  

susceptible plants include seedlings, annual species and plants with large leaf  

intercepting surface areas, shallow roots, or those with thin leaf cuticles (38,39). 

Germination is prevented by direct contact with hydrocarbons when the soil is almost 

oil-saturated, presumably by direct damage to cell membranes (40). Seed germination 

may be reduced by indirect effects such as anaerobiosis or impeded water and nutrient 

uptake at moderate hydrocarbon concentrations. Indirect effects on plant growth relate 

to physical reactions between hydrocarbons and the soil. Physical changes include 

decreased air-filled pore space, poor  water  absorption  due  to  dry  or  hydrophobic  

surfaces  and  soil  water logging at depth. These cause poor uptake of water and 

nutrients, low oxygen concentration  and  possibly  toxic  levels  of  hydrogen  

sulphide  and  reduced  forms  of  manganese and  iron  in  the  root  zone (41). 

However, exposure of crops to heavy crude oil lead to severe yield loss or even non-

recovery. Soil from areas that have been used for oily sludge disposal has adverse 

effects on plants. The soil severely inhibits corn and completely prevents soybean 

emergence. It was found that root tips of soybean grew horizontally or curled upwards, 

while shoot  tips and cotyledons  frequently  grew  sideways  or  downwards (32).  
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Generally, the contamination of hydrocarbons in soil results in changes in size, 

composition, an activity of the indigenous microbial population which are bacteria, 

filamentous fungi, yeasts, algae and protozoa (41). The increase or decrease in 

bacterial cell density is related to the presence of the amount of petroleum 

hydrocarbon. This compounds may kill or inhibit growth of some microorganisms, 

while other microorganisms that can use hydrocarbon as a source of carbon an energy 

still grow and multiply. The immediate toxic effects are related to the solvent action  

of  certain  hydrocarbons  on  lipid-containing  cell  membranes.  

 

2.4    Fuel oil 

 
 Fuel oil  is  a  product  from  refining  process that  use  in  industry  as energy  

or  combustion. Fuel oils have different grades which resulted in different properties  

and  specific  to  use  in  various industries 

 

  2.4.1   Grades and Types of fuel oil 

 

 Paul F. (1985) (42) reported that fuel oil grades are vary from No.1 to No.6 

which  have specific characteristics as  follows : 

 

1) No. 1  and  No. 2  Fuel  oil 

 

No.1 and No.2 fuel oil are called distillates or distillate oils, since they are 

capable of  being  distilled or vaporized  at  relatively  low  temperature (300-650 °F or 

149-343 °C) at atmospheric pressure. Distillates are very fluid, flowing like water at 

room temperature. No.1 distillate comes from the refining fractionating tower after 

gasoline. It is slightly heavier than kerosene, but modern-day practice places both 

No.1 fuel oil and kerosene in the same class. This grad is  used almost exclusively for  

domestic  heating  and  as  light  diesel  fuel  oil.  
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No.2 distillates  that  are  marketed  come  from  two  sources  in  the  refinery. 

One source is from the refining fractionating tower after No.1 distillate is distilled off. 

Being refined directly from the crude oil, it is called straight-run distillate. While the  

second  source  is  from  the  catalytic  cracking  process and  the  product  is  called  

catalytically  cracked  distillate.  

  

2) No. 4  fuel  oil 

 

Because of its various compositions, No.4 fuel oil could be called a hybrid-

type product, between a distillate and a residual. This grade of oil has a low-viscosity 

type for use without preheating, It has limited service; it is used mainly in small 

boilers in schools  and  apartment  building, forging  furnaces, low-heat  installations. 

 

No.4  can  be  any  of  the  following  types : 

 - A distillate oil, ether straight  run  or  cracked 

 - Special cuts or fractions from the crude oil, but a refinery seldom  

produces  this  grade of  oil  because  of  its  low  sales  volume. 

- Owing to many variables in refining operations, a light, off-specification 

material  may  sometimes  be  used  for  this  grade. 

- The customary method of making this grade is by blending residual with 

distillate. Depending on the viscosity of the residual, the percentage of distillate used 

can range from 50 to 80%. The governing factor in the specifications  is  the  viscosity, 

which  has  a  range  from  45  to  125  seconds, Saybolt  Universal  at  100 °F (39 °C). 

- Reclaimed lubricating oils are used, but the volume is not large. These 

oils are usually crankcase draining from automobiles; cutting, quenching and 

tempering  oils; and  materials  of  this  nature.  

 

3) No. 5  fuel  oil 

 

 No.5 fuel oil is seldom produced in a refinery. It is generally made by blending 

No.6 residual with distillate oils to meet certain viscosity specifications. No.5 (light) 

has low viscosity for use with burners that have no preheat. No.5 (heavy), with a 
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higher viscosity, requires sufficient preheat at the burner to reduce the viscosity for  

proper  atomization. 

 

4) No. 6  fuel  oil 

 

 At room temperature, No.6 fuel oil also called Bunker C and residual, is a 

black, thick, gummy, semifluid material. This viscous condition is due mainly to its 

viscosity, but sometimes to the  pour point. This  product  is  the  residue  from  the  

crude oil after the light oils, gasoline, naphtha, kerosene and distillate oils are  

extracted  at  normal  temperature  and  pressure.  

 The ultimate  use  of  residual oil  is  in  many  cases  dependent  on  prices. It  

may be blended directly to heavy fuel oil, made into asphalt, or charged to other  

refining units such as coking or visbreaking for the refining of other products, 

particularly light distillates. Being a high-viscosity oil, No.6 fuel oil is limited to  

commercial  and  industrial  use  where  sufficient  heat  is  available  to  fluidize  the  

oil  for  pumping  and  combustion. 

 With the variety of refining processes, many types of crude oils and extensive  

blending, No.6  fuel oil will  have varying analyses.  In  most cases,  these variations  

will  still  permit  the  oil  to  fall  within  the  grade  limitations. 

 

2.4.2 The  properties  of  fuel  oil    

  

 The significant properties i.e., gravity, heat of combustion, viscosity, carbon  

residual, ash and salt content, flash and fire point, pour point, sulfur and color are  

described  as  follows  (42). 

 

2.4.2.1 Gravity 

 

The  unit  weight  of  a  liquid  in  pounds  per  gallon  is  the  density  of  

that  liquid. The  ratio  of  unit  weight  or  density  of  any  liquid  to  the  density  of  

water  is  the  specific  gravity  of  that  liquid.  The  weight  of  a  gallon  of  water  at  

60 °F  (16 °C)  is  8.33  lb  (3.77  kg).  
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As  the  gravity  varies  with  changes  in  temperature, it  is necessary  to 

take  the  temperature  in  order  to correct  the  reading  to  a  standard 60 °F (16 °C). 

This  degree  of  temperature  is  always  the  standard  temperature  in  the  petroleum  

industry  and  used  to keep  all  fuel oil  volumes  on  a  constant  and  uniform  basis. 

If  there  were  no  correction, a gallon  can  of  fuel  oil, full at 150 °F  (66 °C)  would  

be  only  partly  filled  if  cooled  to  60 °F (16 °C). The differences  in  gravities  

among  the  various  grades  of  fuel  oil  are  not  exact, since  gravity  can  vary  with  

the different types of  oils, refining  processes and  composition. In  general, however, 

the API  gravity  runs as  follow : No. 2, 26-39  deg. ; No. 4, 24-32  deg. ; No. 5, 16-22  

deg. ; No. 6, 10-15  deg. ; crude  oil, 10-40  deg (42). 

 

2.4.2.2  Heat  of  combustion 

 

When purchasing and burning fuel oil, the primary objective is to obtain  

heat. Fuel oil is used in all operations because of the heat  that  it  contains, which can 

be liberated by combustion. Other specifications are incidental to the amount of heat 

that an oil will produce. Different grades and types of fuel oils will liberate various  

quantities of heat, and this should be known and understood by the user. Buying the 

wrong kind of oil and inefficient methods of handling it will result in large quantities  

of usable heat being lost. As large volumes of fuel oils are used by many industries,  

the monetary loss can become tremendous. Therefore, the matter of heating values of  

fuel  oils  should  be  well  understood. 

 

One  of  the  outstanding  advantages  of  oil  over  other  types  of  fuels  is  

its  high  concentration  of  heat  realized  per  unit  of  volume.  The  thermal  value  

of a fuel of any type is  the  amount  of  heat  liberated  by  its  complete  combustion. 

This  value  is  usually  called  the  Btu  (British  thermal  unit)  content. One  Btu  is  

the  heat  required  to  raise  the  temperature  of  one  pound  of  water, one  degree  

Fahrenheit.  The  unit  Btu  will  be  used  throughout  in  discussing  the  heat  value  

of   fuel  oil. 
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2.4.2.3  Viscosity 

 

The  viscosity  of  fuel  oils  are  the  measure  of  its  resistance  to  flow,  

or a measure of  an oil’s internal friction. In  simple words,  viscosity can  be  referred  

to  as  the  oil’s  consistency, its  thickness.  Viscosity  can  aid  combustion  and  can  

also  cause  considerable  trouble.  The  viscosity  of  distillate  oils  is  low  enough  

not to be critical, but with  the  heavier  grades  the  viscosity  is  the  most  important  

specification, both in handling and in combustion. Viscosity ranges for the various  

grades of fuel oil are  shown  in  Table  2-7 and it will  be  noted  that  the  viscosity  

increases  as  grade  numbers  rise.  It  will  be  seen  that  grade  No. 4  and  5  have  

two viscosity ranges, light and heavy. This is because under certain conditions these  

oils  are  burned  without  preheating  the  oil,  making  it  necessary  to  have  a  low-

viscosity fuel oil. If the fuel oil was high in viscosity and without preheat available, it  

would be impossible to have the correct viscosity at the burner for proper  atomization. 

  

Table 2-7 shows viscosity of fuel oil. It indicated  that  fuel  oil  No.5  and  6  

have an extremely broad range. The principal reason for such variation in viscosities  

is due to many  types of  burners and  installations. Location of storage tanks, type and 

amount of tank heating available, preheating equipment and method of operation all 

tend to regulate the viscosity of the fuel oil. These  factors  should  be considered  

when  using  either  of  these  grades  of  fuel  oil. 
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Table  2-7   Viscosity  ranges  of   different   fuel  oil  grades 

 

Grade  of   fuel 

oil 

Viscosity   Saybolt  Universal 

Seconds  at  100  °F  (38°C) 

Viscosity   Kinematic  

Centistokes 

Seconds  at  100  °F  (38°C) 

Minimum Maximum Minimum Maximum 

No. 1 

No. 2 

No. 4 (light) 

No. 4 (heavy) 

No. 5 (light) 

No. 5 (heavy) 

No. 6 

- 

32.00 

32.00 

45.00 

125.00 

300.00 

45.00a 

- 

38.00 

45.00 

125.00 

300.00 

900.00 

300.00 a 

1.40 

2.00 

2.00 

5.80 

26.40 

65.00 

92.00 a 

2.20 

3.60 

5.80 

26.40 

65.00 

194.00 

638.00 a 
a These  viscosities  are  Furol  and  Kinematic  at  122  °F  (50°C) test  temperature 

Source :  Paul  F. (42) 

  

Usually,  if  the  API  gravity  of  fuel  oil  is  low, the  viscosity  is  high and  

the  converse is  true. Blended oils have varying  gravities  and  viscosities  owing  to 

the blending components. Fuel oils may have the same gravity and approximately the 

same heat of combustion, yet still have entirely different viscosities. This means  that  

fuel  oils  with a low  viscosity  will  feed  through  some  burners  at  a  too rapid rate 

giving a higher rate of fuel consumption and inefficient combustion. The greatest 

variations in the gravity-viscosity relationship will be found in the higher grades. 

 

2.4.2.4 Carbon   Residue 

 

Most fuel oils  have  a  carbon  residue  within  the  proper  limits although  

grade 4, 5 and 6  have  varying  carbon  residues, no  trouble  should  be  experienced  

if  the correct  grade of  fuel  oil  is  used. With  industrial  burners  the  carbon  

residue is usually not too critical, except  in  small  furnaces  or  smelting  pots  where  

the combustion chambers are small. With burners under large boilers, or with any type 

furnace with large combustion chambers, the carbon residue is not too important. 
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There is usually no direct relationship between gravity, viscosity and 

carbon. Low-gravity  fuel  oils  will  generally  have  a  higher  carbon  residue  than  

high-gravity  fuel  oils, also some  high-viscosity  fuel  oils  will  have  more  carbon  

than  low-viscosity  fuel  oils. Since  fuel  oil  with  the  same  gravity  have  different  

carbon  residue, and  some  fuel  oils  with  the  same  viscosity  may  have  different  

carbon  residue. 

 

2.4.2.5 Flash  and  Fire  points 

 

When fuel oils are heated, vapors are produced which, at a certain  

temperature. This temperature is called the flash point of the fuel oil. If the heating is 

continued, sufficient vapors are finally driven off to produce a continuous burning and  

not just a flash. This temperature is called the fire point. Sometimes the flash  point  is 

considered to be an indication of  the  presence of small volumes  of  light  vapors, or  

fractions  more  volatile  than  the  main  portion of  the  fuel  oil, while  the  fire  point  

is  indicative  of  the  temperature  at  which  the  main  body  of  the  fuel  oils  begins  

to  vaporize. 

 

2.4.2.6 Pour  point 

 

The temperature at  which  an  fuel  oil  will  just  flow  under  standardized  

conditions  is  known  as  the  pour  point. Owing  to  many  variations  in  conditions  

surrounding  the  use  of  fuel  oil such  as  size  of  container  and  pipeline, pressure  

exerted on the fuel oil and structure of  fuel oil when solidified,  it  is obvious that  the  

standard  test  can  only  be  indicative  of  what  may  be  expected  or  required  in  

service. 

 

Comparison of pour points of the various grades of fuel oils is shown in Table 2-8. 
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Table  2-8   Pour  points  of  various  grades  of  fuel  oils 

 

Grade Pour  point  °F  (°C) 

No. 2 

No. 4 

No. 5 

No. 6 

Below  0  to  75  (below  -18  to  24) 

Below  0  to  25  (below  -18  to  -4) 

10  to  75  (-12  to  24) 

20  to  75  (-7  to  24) 

Source :  Paul  F. (42) 

 

2.4.2.7  Sulfur 

 

Sulfur is one of the five main elements in the composition of petroleum 

products; carbon, hydrogen, oxygen and nitrogen being the other four. However, 

sulfur is the most troublesome in the combustion of fuel oils. Sulfur in crude oil is 

combined with the other four elements in a variety of high-boiling-point, complex 

chemical compounds, which after refining are concentrated in the residual oils. 

Individual sulfur compounds found in fuel oils are too complex to be of general 

interest. 

 The sulfur content of crude oils has a direct relationship to the percentage  

of  sulfur  found  in  fuel  oils; 70 – 80%  of  the  sulfur  in  crude  oils  ends up in  the  

distillate and residual fractions. There are light, high-gravity crude (30-42 API), which 

are generally low sulfur, while heavy, viscous, low-gravity crudes (10-24 API) have 

high sulfur. This shows that as the crude gravity rises, the sulfur content  decreases. 

 

2.4.2.8  Color 

 

While the color of fuel oil may seem unimportant, it does nevertheless that 

have some significance in certain cases, as  will  be  shown. A  No.4  fuel  oil,  being  

a  blended  oil, usually  acquires  an  opaque,  dark-green  color.  This can vary due to  

the blending materials. Color means nothing in this grade of fuel oil. In making  

blends  to  produce  the  lower  viscosity  fuels, such  as  No. 4 fuel  oil, 100, 200 and 

300 viscosity fuel oils, the  black  color  of  the residual oil will turn to dark-green as 
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distillates are added to reduce the original viscosity. The dark-green color  will  turn  

lighter  as  the  amount  of  distillate  is  increased. 

 No.5 and No.6 fuel oils are dark-green to black. Straight-run  residuals  are  

mostly dark-green, but  are  sometimes  black; while  cracked  oils  are  always  black. 

Color  means  little  in  these  grades  unless  the  color  is  dark-brown.  If  a  residual  

oil has a  brown cast, it is usually due to contamination by water. If it has a dull, black 

color, the fuel oil may be contaminated by sediment and sludge, since a good, clean 

residual oil will have a dark-green to black color and will also have an obvious  luster. 

 

2.4.3   The use  of   fuel  oil 

 

Fuel  oil  is able to use  in  three  types  (23). 

1) As  an  oil  in  boiling pots. 

- To produce vapor engines or windwheel engines in electric factory, in train 

and  in sugar  factory. 

- To produce vapor to transfer heat in cloth stain and in drying paper factory. 

2) Use as  fuel  oil  in  industry. 

 -     Use as  fuel   oil   in   mineral   smelting   industry  

 -     Use in burning stove 

 -     Metal burning stove 

 -     Brick burning stove 

 -     Use in glass melting  pot 

 -     Use in lime burning pot 

3) Use as fuel oil for big diesel engine which  low speed. Moreover, fuel  oil  

are  use  in  motor  boat  in  the sea  which is  call  Bunker Fuels oil. 

 

2.4.4   Source of fuel  oil 

 

  At Present, fuel oil has already contaminated in environment. This caused to  

change the environment to pollution. This fuel oil contamination has several effecting  

factors  depending  on  behavior  and  spread  or  leak  from  storage  place  such  as 
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the oil tank, oil loading ship or  car and consequently transport to environment  

quickly. (43). 

 

Smith JW. (1983) (44) and Butt JA. et al. (1986) (45) has classified sources of  

fuel oil  contaminated  into  environment  as  follows : 

 

1) From  natural  flow  and  seeps 

In some case, this natural seep, some part comes from sediment and organic 

substances.  Then  it  will be  washed  out  by  water  and  leaks  into  water. 

 

2) Off shore exploration and production 

There will be some fuel oil spill into environment. It may be in the form of  

wastewater from production line or in the form of unexpected accident. Each  years,  it  

calculated  that  the  spill  rate  is  about  50,000  ton/year (46). 

 

3) Spill from  fuel  oil wells 

In time, fuel oil wells may have cause various accident, thus making some fuel 

oil spilt into the source and seeps into soil which will deteriorates environment. 

 

Fuel oil combustion is stilled the main source of energy, derived initially as  

heat and then converted to other forms appropriate to particular purposes. The  

environment is all familiar with the steep, rising curve of energy demand and with  

forecasts  of  a  doubling  or  trebling  of  per  capita  demand  in  the  1960s and 2000 

(43). Moreover, the source of pollution from fuel oil can occur from leakage of oil, oil 

spread from the industry to environment and accumulated into the soil. It can 

accumulate for a long time because fuel oils are difficult to degrade and cause toxic to 

living  organism  in  the  soil. 

 

2.4.5   Effect of  fuel  oil  in  the  environment 

 

When the fuel oil is spilled into environment, it caused harmful and damaged 

to the assets of human being. This impact can be devided into various form as follows: 
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Abiotic  environment 

 

1)  The fuel oil in the water surface will then sink and deposit in the 

sediment. This  caused  it  to  accumulate  in  the  sediment  for  a  long  period. 

2) Accumulation of fuel oil in soil can changed its physical and chemical 

characteristics   

3)  Permeable of water was reduced because the fuel oil was blocked  the  

pore  between  soil  particle. 

 

  Biotic  environment 

 

Animals, plants and microorganism have very different sensitivities for 

toxicants. An increasing number of substances are produce and introduced into the 

environment. These chemicals are potentially hazardous to biota (animals, plants and 

microorganisms) and humans. Although every year new chemicals are developed, the 

acute toxicity and long – term toxicological effects are only known for a fraction of 

this large number. The hazardous effects of various environmental pollutants for 

higher plants are less or hardly known in comparison to other soil organisms.  

However, during the last 5 to 10 years there has been a growing interest in studying 

the potential toxic effects of several pollutants on agricultural and horticultural crops 

and wild species (47). The potential ecotoxicological effects of pollutants on plants, it 

appears that plants often modify these pollutants (organic substances) by 

biotransformation. If plants are used as a food source for animals, through 

biotransformation, the speciation of the compound may be changed and as a 

consequence potential toxicity. The organic compounds are strongly adsorbed onto 

soil organic particles, root uptake is very inefficient. Concentrations of  PAHs  in the 

rang of 0 to 100 µg/kg  have  been  detected  in  plant  tissues, suggesting  that some  

PAHs  have  been  taken  up  from  the soil (47). Major assimilative pathways for 

organic substances applied to the soil plant system include adsorption, volatilization, 

degradation, leaching and plant uptake. Many organics are strongly adsorbed to soil 

organic matter, reducing the potential  for  plant  uptake. 
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Moreover, the impact of PAHs on living organisms around the sediment or 

subsoil. The small animal, benthos are accumulate the toxic compounds and they may 

be receive  harmful  from  these  toxic  compounds until  they will  be dead. 

 

2.5   Phytoremediation   
 

 Phytoremediation is the use of a plant to accumulate, degrade, or remove toxic 

chemicals and pollutants from soil or water. It can be used to clean up metals, 

pesticides, solvents, explosives, crude oil and contaminants that leaked from landfill 

sites. The term phytoremediation is a combination of two words – phyto, which means 

plant, and remediation, which means to remedy. Phytoremediation is defined as the 

use of plants to remove, accumulate, or render harmless environmental contaminants 

(48). It has been proposed as a “green biotechnology”, facilitating the elimination of 

environmental pollutants from soil and sediments (49).  

 

 When the plants have remediated the contaminants substance, they can be 

harvested and discarded. If organic chemical contaminants are degraded into 

molecules like water and carbon dioxide, the plants may not require any special  

method of disposal. Controlled incineration is the most common method used to 

dispose plants that have absorbed large amounts of contaminant. This process 

produces ashes, which can then be discarded at appropriate waste sites. For plants that 

have absorbed metals, controlled incineration produces ashes with a high metal 

content. The  factors  that  effected  on  phytoremediation  efficiency  in soil  are  as  

follows (50) : 

 

 -  Physical characteristics of soil : soil texture, soil density and organic matter 

in soil. 

 -   Chemical  characteristics  of soil  :  pH, CEC. 

 -   Type and  age  of  plants. 

 -   Toxic of  contaminants. 
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2.5.1 Type of  Phytoremediation   

 

 Basically, there are many processes by which plants can be used to remediate 

contaminated soils, sediment, and waters (48). Depend on the basic remediation 

strategy, these processes result in the plant-based containment or removal of soil 

pollutants, the main processes of phytoremediation are shown in  Figure 2-4.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure  2-4  The  main  processes  of  phytoremediation  (51) 

 

- Phytoextraction / Phytoaccumulation 

 In this process, the plant absorbs and extract both metallic and organic  

constituents which contaminants in the soil by direct uptake into plants and  

translocation to aboveground biomass (51) through the roots and moves them into the 

upper portions of the plant (stems and the leaves). Hyperaccumulators are often used 

in this process for their enhanced capacity to extract contaminants from their 

surrounding environment. The plants are then harvested and discarded appropriately. It 

may also be possible to recover the original metals from the plants. 
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- Rhizofiltration  

This process is similar to phytoaccumulation but only applies specifically to 

surface and ground water remediation. In this process, contaminants are extracted 

either directly by absorption through the roots, or indirectly through root adsorption, 

meaning that contaminate in the roots. Plants that have been grown in clean water are 

transplanted to the contaminated water site. When the roots become saturated with the 

contaminants, they are harvested and new ones are planted. The use of constructed 

wetlands to treat wastewater and landfill leachate are examples of rhizofiltration (52). 

 

- Phytostabilization  

It using pollutant-tolerant plants to contain soil and water contaminants or 

reduce their mobility through the surrounding environment. This is accomplished by 

contaminant absorption or adsorption through the plant roots, or by decreasing soil 

erosion, run off and wind-blown dust. Phytostabilization is the phenomenon of 

production of chemical compounds by plant to immobilize contaminants at the 

interface of roots and soil. For metals, which do not biodegrade, this is an effective 

method for preventing their spread to ground or surface water (50). 

 

- Phytovolatilization   

 It  is  processes  involves  specialized  enzymes  that  can  transform, degrade 

and finally volatilize contaminants in the plant-microbe-soil system (51). Moreover, 

plants take up water containing organic contaminants and release the contaminants 

into the atmosphere through their leaves. 

 

- Phytotransformation  

In this process, the plant absorbs and breakdown organic chemicals in 

contaminated soil and groundwater through its metabolic processes. 

 

- Rhizosphere Bioremediation /Rhizodegradation 

This process occurs in the soil surrounding plant roots. Plants stimulate the 

growth of microorganisms in the area around their roots (called the rhizosphere) 
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through the release of natural substances. These microorganisms, such as yeast, fungi, 

and bacteria, degrade contaminants  through  their  metabolic  processes. 

 Biodegradation of PAHs in soils is often limited by the slow mass transfer of 

these hydrophobic compounds towards degrading microbes. This slow process may 

lead to bioavailability restrictions, even in the conditions of massive contamination 

often faced by bioremediation technologies. Little is known about bioavailability in 

phytoremediation  systems (52). 

 

Numerous  investigators  found  that  a  typical  response  of  microorganisms  

in  hydrocarbon  contaminated  soil  was  an  increase  in  their  numbers, whereas  a  

decrease in their  numbers  was  rarely  found (53). Atlast and Bartha (1972) (54) who 

found that the numbers of hydrocarbon-degrading microorganisms increased when a 

variety of hydrocarbons, including crude oils, was  added to coastal water. The 

alteration in microbial community resulted in the change of species diversity that is 

consequently enriched in hydrocarbon-utilizing microorganisms (55). Numerous 

investigators reported a positive correlation between the number of hydrocarbon-

utilizing microorganisms  and  the  amount  of  contaminated  oil.   

 

- Phytodegradation   

Using naturally occurring plant enzymes, contaminants are degraded within the 

plant tissues by microorganism around the plant root. Plants produce enzymes, such as 

dehalogenase and oxygenase that help catalyze degradation. Investigations are 

proceeding to determine if both aromatic and chlorinated aliphatic compounds are 

amenable to phytodegradation. It  will  also  result  to reduce  the  toxic  in  the  

environment (50). 
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Figure  2-5  Phytodegradation  process  (50) 

 

Figure 2-5 show the process of phytoremediation of petroleum hydrocarbons  

in soil. The root of  plants are able to absorb the petroleum hydrocarbons, but the  

most  of  petroleum  hydrocarbons  are degraded  by  microorganism  around  the  root. 

 

- Hydraulic Influence  

In this process, trees aid remediation by influencing groundwater movement. 

Trees act as natural pumps when their roots reach downwards to the water table and 

establish a dense root mass that takes up large quantities of water (56). 

 

When looking at phytoremediation, not only quantitative root parameters 

(biomass) should be considered but also qualitative root characteristics (57,58) e.g. 

nutrient uptake capacity is more strongly related to root length than to root weight 

(59). Information about the effect of oil contamination on root morphological 

characteristics like diameter and surface area are scarce (60). While root biomass data 

express the input of  the plant into root construction and maintenance (61), root length, 

however, determines the capacity to acquire water and nutrients. Bouma. et al. (2000) 
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(62) considered root length, diameter distribution and root volume to be important 

characteristics when describing and comparing root systems, in general.  

 

 Each type of phytoremediation have different processes and action 

mechanisms. The  action  mechanisms  can  be  illustrated  in  Table  2-9. 

  

Table  2-9  The  action  mechanisms  of  different  types  of   phytoremediations   

 

Phytoremediation 

techniques 
Action mechanisms Medium treated 

Phytoextraction 

Direct accumulation of contaminants 

into plant shoots with subsequent 

removal of the plant shoots 

Soil 

Rhizofiltration 

(phytofiltration) 

Absorb and adsorb pollutants in plant 

roots 

Surface water and 

water pumped through 

roots 

Phytostabilization 

Root exudates cause metals to 

precipitate and biomass becomes less 

bioavailable 

Groundwater, soil, 

mine tailings 

Phytovolatilization 
Plants evaporate certain metal ions and 

volatile organics 
Soil, groundwater 

Phytodegradation  
Microbial degradation in the 

rhizosphere region 

Groundwater within the 

rhizosphere and soil 

Phytotransformation 
Plant uptake of organic contaminants 

and degradation 

Surface- and 

groundwater 

Removal of aerial 

contaminants 

Uptake of various volatile organics by 

leaves 
Air 

Source :  Yang X.  et  al. (63) 
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 2.5.2   Advantages  and  disadvantages  of  phytoremediation   
 

2.5.2.1 Advantages 

 

 The overall application of phytoremediation will likely be driven by its 

technical and economic advantages over alternative approaches; advantages includes 

(52) : 

 

- Phytoremediation  may  be applied  over  large surface areas cost effectively. 

-The low cost of phytoremediation should allow for on-site remediation of 

many sites currently being neglected due to the prohibitively high costs of currently 

available remedial technologies. 

-The mass of contaminated media generated as a result of the cleanup may be 

dramatically  reduced  due  to  the  preservation  of  top  soil  and  site  soils. 

-The environmentally friendly nature of phytoremediation should be attractive 

to the public, responsible  parties  and  regulatory  agencies. 

-Application of phytoremediation technology may result in a potentially 

recyclable metal-rich residue. 

-The technology is applicable to a wide range of metals, radionuclides and  

organics. 

-In-situ application may result in the elimination of secondary air or water-

borne wastes. 

-The  need  for excavation  of  soil  may  be  minimized  or eliminated. 

 

2.5.2.2 Disadvantages 

 

 Sogorka et al. (1997) (52) described the disadvantages of phytoremediation as 

follows : 

- For moderately to heavily contaminated soil, remediation may take several 

years. 

- Soil texture, pH, salinity, pollutant concentrations and the presence of other 

toxins must be within  the  limits  of  plant  tolerance for successful  growth  to occur. 
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- Plants provide an imperfect barrier against leaching; highly soluble 

contaminants may leach outside the root zone and migrate downward to the saturated 

zone. 

- The depth of treatment is limited by the penetration depths of the specific 

plant or tree roots used. If the contamination is deeper than the root zone, additional 

remediation may be needed. 

 

 An essential feature  to  all  phytoremediation  technologies  is  plant  tolerance  

to pollutants, that  is the  ability to withstand the accumulation of high levels  of  toxic  

compounds  within  plant  tissues. In  order  to  develop  these  hypertolerant  plants  it  

will be vital to understand the existing molecular strategies plants adopt to resist the  

toxic effects of various pollutants including inorganic and organic compounds. An 

important requisite in selecting plants for phytoremediation is an ability  to establish  a  

healthy and high biomass crop on contaminated  sites. It  is  well  known  that  plants 

show considerable variation in their tolerance to organic compounds. Differences in  

resistance to organic compounds has been exploited for the development of selective 

herbicides. It is not surprising therefore that most of our knowledge about plant 

mechanisms for tolerating toxic organic compounds comes from earlier studies that 

investigated the basis for herbicide  resistance. Plants can  release  up  to  20% of  their  

photosynthate  into  soil  as  root  exudates  containing  a  mixture  of  sugars, alcohols, 

phenolics, organic acids and proteins that are  readily  used  by  rhizospheric microbial 

communities (51). 

 

 2.5.3 Characteristic of plant which used  for  remediation  (4) 

 

The  plants  is  important  to  use  to treat  or  remediate  the contaminated  soil, 

if can choose the appropriate plant, it is increasing the efficiency of phytoremediation. 

So, the criteria for selecting plants should be considered. The characteristic of plants  

that  suitable  for  remediation  toxic  substance  are  as  follows : 
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1) The plants are able to adaptability for the various climate and condition in 

the  environment. 

2) Plants are high  growth  rate  and  high  photosynthesis. 

3) Plants are able to transfer high oxygen from air to leaf, stem and root of its. 

4) Plants are able to  high  tolerant   for  toxic  concentration  and  pollutant. 

5) Plants are able to high absorb and accumulate the substance on themselves. 

6) Plants should to tolerant with disease and insect which is living at 

contaminated  area. 

7) After  the  remediation, the  plants  are  able  to be  destroyed. 

 

2.6 Plants  species  that  used  in  this  study 
 

This  study  was  conducted  to  select  the  suitable  local  plants  to  remediate  

the  fuel  oil  in  soil. The  plants  used  in  this  study  were  selected  on  the  basis  of  

their  root  systems  i.e., cover  plant, short  root,  and  long  root. The selected  plants  

are  described  as  follows : 

 

 2.6.1    Grass 

 

 Grass is the common name for the Gramineae family of plants with more than 

9,000 species  and  610  genera. This  family  is one of  the  largest  in  environment. 

At the base of the grass plant, roots grow down into the soil. Typically, grass 

roots are fibrous. They extend into the soil like fingers, collecting nutrients, soaking up 

water and securing the plant to the ground.  

Grass stems, called culms, grow up from the base of the plant (the crown). In 

most grass species, the culms are hollow and rigid, except at the nodes that join stem 

segments together (64). 

 

Narrow leaves extend out from the culms, above each node. The leaves 

alternate in direction. If the first leaf on a culms grows to the right, the second leaf will 

grow to left and the third leaf will grow to the right. The lower part of the leaf is called 

the sheath and the upper part is called the blade. The grass leaves serve to collect 
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energy from sunlight through photosynthesis. The photosynthesizing chlorophyll in 

the leaf gives grass its green color. There are two major methods of reproduction in 

grasses. Some grasses have additional stems that grow sideways, either below ground 

or just above it. Stems that creep along the ground are called stolon and stems that 

grow below ground are called rhizomes. Grasses use stolon and rhizomes to reach out 

and establish new grass culms. The stolon or rhizome nurtures the new plant  until  it  

is  strong  enough  to  survive  on  its  own (64). 

 

Grasses also have flowers. The small flowers in most grass species are known 

as florets. Florets grow together in small groups called spikelets, which collectively 

form inflorescences. Flowers produce the spores that pollinate other flowers, which 

produce seeds (64). The diagram of grass species  are  shown in  Figure 2-6  

 

 
 

Figure  2-6   Diagram  of  grass  species (64) 
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 2.6.1.1   Carpet  grass 

 

Carpet  grass  was  the  popular  grass  which  grow cover  the ground. Carpet 

grass have bigger leaves than another grass species. The figure of carpet grass is 

shown  in  Figure  2-7 

 

 
 

Figure  2-7    Carpet  grass (65) 

 

 Common  name Carpet  grass 

 Scientific  name Axonopus compressus P. Beauv. 

 Family  Gramineae 

   

Type  of  carpet  grass 

-  Common  carpet  grass 

 Common carpet grass is local grass of America which found mostly in tropical  

zone. The  leaves  have  a  width  about  2-6  mm.  

-  Tropical  carpet  grass 

Tropical carpet grass is found in the middle of America, South of America, 

Maxico, Brazil and India island. This type is sensitive to low temperature. Its can grow 

in  the  drought  area. This type  is  the most popular  in  Thailand. 

 

Carpet grass is a perennial, short spreading grass. Its leaves size are 5-20 cm. It 

ranges in height from 25-75 cm, forming a dense mat over the ground surface. 

Spikelets size are 2.00-2.20 mm. The fertile floret is white to pale yellow color. 
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Carpet grass requires a minimum rainfall of 750 mm/yr and it is more drought resistant 

than another grass. It prefers moist soil but does not withstand prolonged flooding or 

permanently  swampy conditions (65). 

 

The ability of carpet grass to thrive under low fertility makes it suitable for 

growth on low maintenance areas such as parks, roadsides, airports and golf course 

roughs. It is susceptible to common soil borne diseases such as brown patch and to 

most leaf spot diseases, but rarely do these diseases justify fungicide applications on 

carpet grass. This grass usually recovers with little injury when environmental 

conditions change. (66). 

 

2.6.1.2 Manila  grass 

 

 
 

Figure  2-8    Manila  grass (67) 

 

 Common  name Manila  grass 

  Scientific  name Zoysia  matrella (L.) Merrill. 

  Family  Gramineae 

. 

Manila grass is a species of mat-forming, perennial grass native to temperate 

coastal southeastern Asia and northern Australasia. It forms velvety green mats and 

spreading vigorously by stolons, or occasionally by rhizomes, once established and 

like low elevation sandy soils where other grasses do poorly. The stems are slender, 

prostrate, from 5-25 cm long. The leaves are alternate, produced at 1.50-3.00 cm 
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intervals along the stem; they are slender, 2-10 cm long and 1-3 mm broad. The 

flowers are greenish, produced on erect racemes 6-35 mm long with a single 2.00-3.50 

mm flower in each spikelet. It tolerates high salinity, making it ideal for coastal 

erosion control and for lawns in coastal areas (67).  

 

Manila grass make ideal lawn grasses in some situations and can be used on 

golf courses, parks and athletic fields. They can be grown in all kinds of soils ranging 

from sands to clays and both acid and alkaline in reaction. It grow well in moderately 

shaded locations. Manila grass is extremely drought tolerant. Although it does turn 

straw colored under severe drought conditions, it has the capacity to respond to 

subsequent irrigation or rainfall. Root plant was more effectively extract water from 

greater soil depths. However, their slow rate of growth gives them very poor 

recuperative potential. In shaded sites, Manila grass should be mowed slightly higher 

than recommended for lawns in full sun. Mowing frequency should not change for 

shaded sites even though the mowing height is slightly increased. Proper mowing is 

essential to prevent the accumulation of thatch in grass turf. Frequent mowing at 

recommended heights and clipping removal help prevent thatch accumulation. 

Avoiding excessive applications of nitrogen fertilizer also helps prevent thatch 

accumulation (68). 

 

2.6.1.3  Vetiver  grass 

 

The vetiver is grass species, Vetiveria zizanioides and Vetiveria nemoralis; 

family was Poaceae or Gramineae ; subfamily was Panicoidae (69). It has the same 

grass family as maize, sorghum, sugarcane and lemongrass. The vetiver root has long 

root and dug up into the soil. It liked to grow on the  high  moisture  area.  The figure 

of  vetiver  grass  is  shown  in  Figure  2-9 
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Figure  2-9    Vetiver  grass (70) 

 

 Vetiveria zizanioides is a kind of plant that can suitably and rapidly adapt to the 

environment. The grass produces a number of inflorescences and performs cross 

pollination every year. Cross pollination makes the plant stronger in many ways, 

especially in terms of genetic components as well as tolerance to diseases and to 

critical climatic factors of the areas (70). The leaf of Vetiveria zizanioides  is  45-90  

cm long and 0.60-0.90 cm  wide. The upper surface of the blade is curved and the apex 

is flat and dark green. The texture is smooth and waxy. The lower surface of the blade 

is pale white (69). 

 

At one year of age it can produce the roots penetrating more than 1 meter deep. 

This somehow, depends on the conditions of the soil and health of the grass. The roots 

will be longest if the grass is grown in loose clay soil with good water drainage 

potential. Planting of vetiver grass to control erosion has been widely adopted in the 

area. The grass is planted on the edges of plots, along water courses, gullies and 

traditional irrigation furrows. Moreover, Roots are used to extract volatile oils to make 

perfume, soaps and other products like handbags, fan, clothes- hangers, also used as 

herbal medicine and closet insect repellents (69). 
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Advantage of vetiver  grass (70) 

 

- Vetiver grass can protect and reduce  the  soil  erosion.  It  is able  to  sieve  

the  soil  and  absorb  the  nutrients and water  by  stem  and  roots. 

-  Vetiver grass is able to use to improve the quality of water because it acted 

as a filter plant to remove any contaminant in the water before discharged into the 

natural water reservoir.  

-  Vetiver grass can develop the quality of drought soil because the roots 

penetrated into the soil provided water and oxygen which resulted in improvement of 

soil quality that useful for agriculture. 

- Vetiver grass can use for treating the soil contaminated with heavy metal, 

pesticides and  organic  compounds. 

 

 2.6.2    Fishtail  Sword  Fern 

 

Fishtail sword fern was the popular fern species. Its family was Nephrolepis 

which has a rapid growth and tolerance to toxic environment. The figure of Fishtail 

Sword Fern is  shown  in  Figure  2-10 

 

 

 

 

 

 

 

 

 

 

 

Figure  2-10    Fishtail sword fern  (71) 
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Common  name Fishtail Sword Fern 

 Scientific  name Nephrolepis cordifolia ( L. ) Presl 

 Family  Nephrolepis 

 Native   Africa, Indonesia, and Australia 

 

The lateral stems (stolons) also arise from the stem. These thin, rapid-growing 

stem will root and form new plants at regular intervals. Stolons can be pruned from the 

more vigorous ferns. Stolons can also be directed into another pot with soil to 

propagate the fern. Annual propagation of ferns from pots or hanging baskets through 

new stolons or divisions of the old plant is the best way to keep your fern looking and 

growing well. The finer, feathery-leaved cultivars and species require more humidity 

however, than the larger, vigorous forms. When plants have over grown their 

container, they should be propagated by division or by stolon  plantlets (71). 

 

The Fishtail sword fern (N. cordifolia) are tolerate low humidity conditions 

better than most ferns. Although this specie can tolerate a low humidity, the leaflets 

fall very easily if the plant is not watered regularly. Ferns naturally tolerate the lower 

light intensities. Many ferns with an upright or creeping habit grow naturally on the 

forest floor in humus soil. Epiphytic ferns, however, are found along the branches of 

the large trees that form a forest canopy. This article deals with ferns typically from 

the forest floor that can be cultured in typical potting soil and containers. Terrestrial 

ferns occur naturally under trees and other vegetation in the forest. They receive 

filtered sunlight for 10 to 15 hours a day during the growing season. They must have 

filtered or reflected sunlight for a full day or partial to full sun for 2-3 hours a day for 

best growth. Prevention of insect introductions and organic cures of insect infestations 

are best for ferns because many insecticides will damage the soft succulent tissue of 

fern leaves (71). 
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2.7   Relevant  Researches 
 

Katherine Banks M., Schwab P. and Govindaraju (6) studied the efficiency of 

Nephrolepis falcata and Japanese grass (Microstegium vimineum A.Camas) to  uptake 

the creosote-contaminated in soil. The results showed that Nephrolepis falcata have 

high tolerance, it has high efficiency (85.80%) to uptake the concentrated of creosote 

at 256 ppm. And the efficiency of Japanese grass to uptake the creosote was 80.50%. 

 

Paul E. Olson and John S. Fletcher. (72) studied the efficiency of root  structure 

of a mature 12-year-old mulberry tree growing in a former waste disposal basin and 

the relationship of the tree’s root system to the distribution of polycyclic aromatic 

hydrocarbons (PAHs) in soil sludge beneath the root zone. The result showed that 

large roots were restricted to the upper 60 cm of the root zone. and concentrations of 

PAHs in the root zone compared with those in the sludge beneath the root zone 

showed dramatic differences. In the upper 60 cm of the root zone, where roots have 

prevailed for potentially 12 years, the PAHs concentrations were approximately 10 to 

20% of those in the sludge. At lower rooting depths 60 to 100 cm, where fewer roots 

have been present for a shorter time period, the PAHs concentrations have decreased 

but to a lesser degree. The degradative properties of this biological front toward toxic 

chemicals hold great importance for successful development of phytoremediation  

technology  designed  to  degrade  deep  contaminants  in  former  sludge  basins.  

 

Liste H.H. and Alexander M. (73) investigated the capability of nine plant 

species to promote the degradation of pyrene in soil. The test method allowed for 

analysis of the entire sample of soil. More pyrene was degraded in the presence of 

roots of nine species than in unplanted soil. Within approximately 8 weeks, as much as 

74% of the pyrene disappeared from vegetated soil compared to 40% or less from 

unplanted soil. The data suggest that some of the test species may be especially  useful  

for  phytoremediation  of  soils  contaminated  with  PAHs. 
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Sung K. et al. (74) studied the efficiency of vegetation to remediate soil 

contaminated by recalcitrant hydrocarbons tested under field conditions. Specifically, 

an evaluation was made of the effectiveness of deep rooting grasses, Johnsongrass and 

Canadian wild rye in the dissipation of recalcitrant hydrocarbons in the contaminated 

soils to initial concentration of 10.17±1.35 mg/kg for recalcitrant hydrocarbons. The 

root characteristics such as total root length, rooting density, and root surface area 

quantified to a depth of 1.50 m. Changes in microbial biomass were assess for both 

rhizosphere soil and the bulk soil during the 2-year study. The recalcitrant 

hydrocarbons was decreased to less than 250 µg/kg by 93 days after germination.  

 

Meepring A. (75) studied the capability of different vetiver grass ecotypes  i.e., 

Monto, Ratchaburi and Suratthani ecotypes to uptake  arsenic, lead and cadmium  in  

soil  and  also  studied  the  concentration  of  heavy  metal  accumulated  in  the  parts  

of  these  grasses. The  results  showed  that  three  vetiver  grass  ecotype  did  not 

have a  significantly different  to uptake contaminated  heavy  metal  from  soil. The  

concentration  of  heavy  metal  was  accumulated  in  the  roots  more  than  the  

leaves and stem. The Monto ecotype provided  the highest  growth  and could tolerate 

toxicity of heavy metal  as  high  as  the  Ratchaburi  and  Suratthani  ecotypes. 

 

Chen Y., Shen Z. and Li X. (76) studied the vetiver grass (Vetiveria 

zizanioides) for use in the phytoremediation of soils contaminated with heavy metals. 

In the pot experiment, the uptake and transport of Pb by vetiver grass from Pb-

contaminated soils under EDTA application was investigated. The results showed that 

vetiver grass had the capacity to tolerate high Pb concentrations in soils. With the 

application of EDTA, the translocation ratio of Pb from vetiver roots to shoots was 

significantly increased. The results showed that soil matrix with planted vetiver, could 

re-adsorb 98%, 54%, 41%, and 88% of the initially applied Pb, Cu, Zn, and Cd, 

respectively, which  may  reduce  the  risk  of  heavy  metals  flowing  downwards. 

 

Xia H. P. (77) studied the efficiency of vetiver grass, Bahia grass, St. 

Augustine grass, and Bana grass to rehabilitate the degraded ecosystem of an oil shale 

mined land of Maoming Petro-Chemical Company located in Southwest of 
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Guangdong province, China. The result showed that vetiver grass had the highest 

survival rate, up to 99%, followed by Bahia and St. Augustine, 96% and 91%, 

respectively, whereas Bana had the lowest survival rate of 90%. In summary, vetiver 

grass may be the best species used for vegetation rehabilitation in oil shale disposal  

piles.  

 

Gao and Zhu (7) studied the efficiency of 12 plant species to uptake, 

accumulation and translocation of phenanthrene and pyrene. Plant uptake and 

accumulation of phenanthrene and pyrene correlated with their soil concentrations and 

plant compositions. Root or shoot accumulation of phenanthrene and pyrene in 

contaminated soils was elevated with the increase of their concentrations. Significantly 

positive correlations were shown between root concentrations or root concentration 

factors (RCFs) of phenanthrene and pyrene and root lipid contents. The RCFs of 

phenanthrene and pyrene for plants grown in contaminated soils with initial 

phenanthrene concentration of 133 mg/kg and pyrene of 172 mg/kg were 0.05–0.67 

and 0.23–4.44, whereas the shoot concentration factors of phenanthrene and pyrene 

were 0.01–0.12 and 0.04–0.12, respectively. For the same soil–plant treatment, shoot 

concentrations and concentration factors of phenanthrene and pyrene were generally 

much lower than root. Translocations of phenanthrene and pyrene from shoots to  

roots  were  undetectable.  

 

Thunhapran P. and Tathong S. (78) studied the phytoremediation of fuel oil 

contaminated soil by carpet grass (Axonopus compressus). The A. compressus was 

used to remediate soil spiked with fuel oil at concentration of 100, 250, 500, 750 and 

1,000 m/kg soil. The result found that A. compressus could grow well in soil with a 

concentration of fuel oil less than 250 mg/kg soil and the increasing of fuel oil 

concentration significantly reduced its growth. The decreasing of fuel oil in vegetated 

soil at 30 day and 60 day ranged between 25.24-35.69% and 20.82-54.66%, while the 

decreasing of fuel oil in unvegetated soil ranged between 8.63-18.00% and 4.30-

42.82%, respectively. This results suggested that A. compressus appear to have a 

potential for treating fuel oil contaminated soil. 
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Xu S.Y. et al. (79) investigated the capability of three plant species separately 

and their combination to promoted the degradation of phenanthrene and pyrene in soil. 

The performance of three plant species, maize, ryegrass and white clover for 

phenanthrene and pyrene removal was also compared. The result showed that the 

presence of vegetation significantly enhances the dissipation of phenanthrene and 

pyrene in the soil environment. This effect was especially marked with maize. At the 

end of 60 days treatment, phenanthrene and pyrene concentrations in treated soils 

declined from an initial 52.52 mg/kg and 58.19 mg/kg to 4.15 mg/kg and 6.77 mg/kg, 

respectively, indicating that phenanthrene and pyrene was successfully removed by 

maize. The maize treatment had the highest rate of contaminant removal after two 

months, followed by white clover and annual ryegrass. This research indicated the 

potential for phenanthrene and pyrene mineralization in combined plants cultivation, 

which may be especially useful for phytoremediation of soils contaminated with  

PAHs.   

 

Liste H.H. and Felgentreu D. (80) studied the greenhouse pot experiment that 

was conducted for investigating the capability of a grass (annual ryegrass), a legume 

(summer vetch) and a crucifer (white mustard) to grow in a soil with portions from a 

former coal gasification site, influence the soil bacterial community and promote the 

biodegradation of petrol hydrocarbons (PHCs). Soil concentrations of 1,517 mg/kg of 

total petrol hydrocarbons (TPHs), including 71.40 mg/kg of total US EPA priority 

polycyclic aromatic hydrocarbons (TPAHs) have caused a significant  reduction in 

shoot and root dry matter yields by more than 50%. Both crops elicited the greatest 

degradative root activities and sustained particularly great populations of rhizosphere 

bacteria that are known hydrocarbon degraders. None  of  the  crops  aided  the  

reduction  of  TPAHs  in  soil.  

 

Merkl N., Schultze-Kraft R., and Infante C. (81) investigated the plant species 

used for phytoremediation of petroleum contaminated soils, one of the main traits is 

the root zone where enhanced petroleum degradation takes place. Root morphological 

characteristics of three tropical graminoids were studied. Specific root length (SRL), 

surface area, volume and average root diameter (ARD) of plants grown in crude oil-
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contaminated and uncontaminated soil were compared. Brachiaria brizantha and 

Cyperus aggregatus showed coarser roots in polluted soil compared to the control as 

expressed in an increased ARD. B. brizantha had a significantly larger specific root 

surface area in contaminated soil. Additionally, a shift of SRL and surface area per 

diameter class towards higher diameters was found. Investigations of root structure in 

combination with analyses of enhanced degradation of petroleum hydrocarbons in soil 

can thus help to further assess plant species for phytoremediation. Soils planted with 

B. brizantha and C. aggregatus, that both showed morphological divergence in 

contaminated compared to uncontaminated soil, had a higher degradation of petroleum 

than unvegetated soil, while there was no significant difference  between  a  soil  

planted  with  E. indica  and  its  control. 
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CHAPTER   III 

MATERIALS AND METHODS 
 

3.1   Materials and equipments 
 

 3.1.1    Materials and equipments use  for soil analysis 

   1)  Hydrometer (ASTM model E-100) 

   2)  Thermometer 

   3)  Sieve size 20 mesh (Endecotts) 

   4)  Weight meter (Shimazu model EB-3300H) 

   5)  Moisture can 

   6)  Oven (Termarks model TS8430) 

   7)  pH meter (Thermo Orion model 420A Plus) 

   8)  Whatman filter paper  no. 5 

   9)  Whatman filter paper no. 42 

            10)  Spectrophotometer (Jasco model V-530) 

  11)  Flame photometer (Thai Unique model Liberty-220)   

  12)  Kjeldahl flask 250, and 500 ml. 

  13)  Beaker 25, 50, 250, 500, and 1,000 ml. 

  14)  Cylinder 10, 50, 100, and 1,000  ml 

  15)  Micro – kjeldahl  tube 100  ml 

  16)  Pipette 1, 5, 10, 15, and 25 ml 

  17)  Volumetric flask 50, 100, 250, 500, and 1,000 ml. 

  18)  Burette 250 ml. 

            19)  Filtering flask 500 ml
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3.1.2 Materials and equipments use for fuel oil extraction from the soil 

sample 

   1)  Rotary shaker (Thermo Forma model FOR-1 481) 

   2)  Rotary Evaporator (EYELA model N-1000S-W) 

   3)  Weight meter (Shimazu model EB-3300H) 

   4)  Parafilm (Whatman) 

   5)  Gas chromatography  (Chrompack model CP-sil 5) 

   6)  Syringe Plastic1 ml 

   7)  Filter membrane 0.5 micon 

  8)  Erlenmeyer flask 250 ml. 

  9)  Volumetric flask 250 ml 

           10)  Vial 10 and 1.5 ml 

           11)  Cylinder 10 ml. 

           12)  Pipette 10, 20, 25 and 50 ml  

            13)  Beaker 50, 150, 250 ml. 

 

  3.1.3 Materials and equipments use for rhizosphere microbial populations 

analysis 

  1)  Incubator shaker (Thermo Forma model FOR-1 481) 

  2)  Hot air sterilization oven (Contherm model CAT 260M) 

  3)  Autoclave (Hirayama model HV-85) 

  4)  Incubator (Termarks model KB 8400) 

  5)  Hood (E.S.I. Flufrance model ATLAS 2000) 

  6)  Plate (Petriq) 

  7)  Spreader 

  8)  Duran 50, 250, 500, and 1,000  ml 

  9)  Volumetric flask 25, 50, 125, and 250 ml 

            10)  Eppendrop 1.5 ml 

            11)  Micropipette (Sarstedt model D-51588) 

            12)  Parafilm (Whatman) 

            13)  Loop, and needle 
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3.2   Chemical reagents   
 

 3.2.1   Chemical reagents use for soil analysis   

   1)   Distilled water  

2)   Ammonium fluoride  

3)   Ascorbic acid 

4)   Ammonium hydroxide (Conc. NH4OH) 

5)   Ammonium Oxalate 

6)   Ammonium chloride (NH4Cl) 

7)   Boric acid 4 % (Boric acid solution) 

8)   Boric acid  (H3BO3) 

9) Calgon 5% 

10) Ethyl  alcohol  95% 

                 11)  Hydrogen choric acid standard solution (0.1 N HCl) 

            12)  Glacial acetic acid 

            13)  Ferrous ammonium sulphate 

            14)  Ferrous sulphate 

                      15)  Mixed indicator, Bromocresol green, and Methyl red 

            16)  O-phenanthroline indicator 

            17)  Potassium dihydrogen phosphate 

            18)  Potassium chloride (KCl) 

                      19)  Potassium dichromate 

            20)  Sulfuric acid (conc. H2SO4 ) 

            21)  Sodium hydroxide 40 % (NaOH solution)  

                      22)  Sodium hydroxide (NaOH) 

                      23) Stock solution (Reagent A : Sulfuric – molybdate – tartrate solution) 

(Reid and Copeland, 1969 , Hue and Evan, 1978)  

            24)  Sliver nitrate (AgNO3) 

            25)  Sodium chloride (NaCl) 
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3.2.2   Chemical  reagents use  for  fuel  oil  extraction  from  the  soil  sample 

  1)  Hexane (n-Hexane 99% GC grade Lab Scan Company)  

   2)  Acetone (AR grade Lab Scan Company) 

  3)  Dichloromethane (AR grade Lab Scan Company) 

  4)  Distilled water 

  5)  Standard Phenanthrene (SG grade Bangkok Chemart Company) 

 

 3.2.3   Chemical  reagents  use  for  mineral  salt  medium (MSM) 

   1)  Potassium dihydrogen orthophosphate (KH2PO4) 

   2)  Potassium hydrogen phosphate anhydrous (K2HPO4) 

   3)  Ammonium chloride (NH4Cl) 

   4)  Magnesium sulfate-hexahydrate (MgSO4.7H2O) 

   5)  Sodium chloride (NaCl) 

   6)  Ferrous sulfate- hexahydrate (FeSO4.7H2O) 

   7)  Glucose (C6H12O6) 

 

3.2.4 Fuel Oil 

Fuel oil (No.4) used in this study was obtained from Bangchak Petroleum 

Public Company Limited, Sukhumvit Rd. Soi 64, Bangkok, Thailand. The properties 

are illustrated as follows : 

 

Properties Results Standard values 

Specific gravity @ 15/15 (°C) 

API Gravity @ 15 (°C) 

Viscosity @ 50 °C Kinematic (cST) 

Flash point PMCC (°C) 

Pour point (°C) 

Sulfur content (%wt) 

Carbon Residue (%wt) 

Ash content (%wt) 

Water and sediment (%vol) 

Great heat of combustion (cal/g) 

0.9402 

19.0 

275.14 

80 

21 

1.52 

6.85 

0.012 

0.10 

10,418 

0.995 Max 

10.7 Min 

7-280 

60 Min 

30 Max 

3.0 Max 

- 

0.1 Max 

1.0 Max 

9,900 Min 
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3.3   Screening of plants that have potential to remediate fuel oil 
 

 3.3.1    Soil sample preparation and soil analysis 

 

 The soil sample was uncontaminated soil which has not been polluted 

by fuel oil or any type of petroleum hydrocarbons. Prior to use all surface materials 

such as  rocks, stones, leaves, plant cell debris, etc were  removed in order  to ensure  

uniformity of  soil  sample. The soil was passed through a 2 mm mesh sieve and was 

analyzed for both physical and chemical characteristics. 

 

The analytical methods of soil parameters were described as follows (84) : 

 

-  Soil texture analysis  

1) Soil samples was baked by  hot  air  oven  at  103 °C, 24 hrs. 

2) Mixed the calgon 5% in 1,000 ml of the distilled water then stirred the 

solution by glass rod. 

3) Twenty five grams of soil sample from (1) was put in the beaker 250 ml. 

Added 100 ml of the solution from (2) and 50 ml of distilled water in the beaker. The 

solution was stir by glass rod until the soil sample was thoroughly mixed with the 

solution. 

4) Placed the beaker in the dry and safety area for 24 hrs. Then the 

temperature and specific gravity of solution were measured by thermometer and 

hydrometer. 

5) After 24 hrs, this solution was re-stirring. This solution was pour in the 

cylinder 500 ml and adjusted volume to 500 ml with distilled  water. 

6) Closed the cylinder and shaked until the distilled water were mixed with 

the solution. 

7)  Placed the cylinder in the safety area for 1.30 minute. The specific 

gravity of solution was measured by hydrometer. After 2 minute, the thermometer was 

slacked in the cylinder then read and record the data from hydrometer. 

8) Measured of temperature and specific gravity of solution were repeated 

after 12 minute and 24 hrs. 
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 - Bulk density  

  1) The soil sample was collected in the moisture can and baked in hot air 

oven at  105 °C, 24 hr. Then kept the soil sample in the desiccator. 

  2)   The weight of soil was measured. 

  3)   Bulk density was calculate from 

 

     Pb    =    ms 

      Vb 

where 

     Ms = Dry weight of soil (g) 

     Vb = Volume of moisture can (cm2) 

 

-    pH measurement  

       Soil : Water  ratio 1 : 1  (Peech, 1965) 

1) Put ten grams of soil  sample  in  the  beaker 50 ml. 

2) Added 10 ml of distilled water in (1) and stir by glass rod. Leaf the 

beaker for 30 minute. 

      The pH of soil sample was measured by pH meter. The standard buffer 

solution at pH 7  and  pH 4  were used for  calibrate  pH  meter.  

 

-    Total Nitrogen analysis  

     1) Placed soil sample about 1 g in a micro-Kjeldahl digestion flask, added 

1.1 g of K2SO4-catalyst mixture and 3 ml of conc H2SO4, and heat the flask cautiously 

on the digestion stand. The hydrochloric standard solution (0.1 N HCl) was used for 

reaction with NH4. When frothing has ceased, increased the heat until the digest clears, 

and threrafter boil the mixture gently for 5 hours.  

      2) After completion of digestion, allow the flask to cool, and added 5 ml of 

H3BO3-indicator solution to a 50 ml Erlenmeyer flask. This solution was titrate with 

sodium hydroxide for analyzed the concentration. 
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Calculate 

 

   Total  nitrogen (%) =     1.4  XY   

                        A 

 

 Where 

 The concentration of  standard  solution  (HCl)         = X normal 

 The quantity of  the  standard solution  (HCl)    = Y ml. 

 The soil sample A  gram  that have  the  nitrogen      = XY mg. 

 The soil sample 100  gram  that have  the  nitrogen   = XY x 100 x 0.014  g. 

                    A 

         = 1.4   XY  % 

                          A 

 

-  Phosphorus analysis (Bray II reagent method) 

  

  a.  Prepare  reagent  and  solution 

1) Bray II (0.03 N  NH4F, 0.1 N HCl)   

  Mixed ammonium fluoride solution (NH4F) 4.44 grams and conc. HCl 

32.32 ml into 120 ml of distilled water. The solution were adjust volume to 4,000 ml 

(pH 1.5-1.6) with distilled water. 

  Stock solution (Reagent A : Sulfuric-molybdate-tartrate solution) (Reid and 

Copeland, 1969 ; Hue  and  Evans, 1978).  

  (1) Added twelve grams of Ammonium molybdate solution 

[(NH4)6Mo7O24.4H2O] in beaker 250 ml that contained 100 ml of distilled water.  

  (2) Added antimohy potassium tartrate (KSbO.C4H4O6) 0.2908 gram into 

100 ml of distilled water. The solution from (2) was pour into (1) and stirred by glass 

rod. Added 1,000 ml of the sulfuric acid (conc.H2SO4) 5 N into this solution and 

adjusted volume to 2,000 ml with distilled water. 

  (3) This solution was pour into polyethylene or brown pyrex and kept in 

dark and cold area (This solution is available to use for 6 month after mixing). 
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2) Working solution, Reagent B 

 Added ascorbic acid 1.056 gram into 200 ml of solution A. (This solution 

is available not over 24 hrs). 

 3)   Standard  phosphorus  solution 50  ppm 

 Potassium dihydrogen phosphate (KH2PO4) about 0.2195 grams was baked 

at 40 °C for 2 hrs in the oven and diluted with distilled water. Added the sulfuric acid 

1-2 drops into the solution. This solution was adjusted volume to 1,000 ml with 

distilled water. 

 4) Make the standard series from (3) at the concentrations of 0, 2, 4, 6, 8, 

10, and 15 ppm of phosphorus with Bray II. 

 

b.  Calculate 

 

   Available  phosphorus  (P)  (ppm)  = B x DF (sample) x X       

           A x DF (standard) 

 

Where 

    A = Weigh of  soil  sample (g) 

    B = Bray II (ml) 

    X = Data  from  standard  series 

   DF = Ratio of dilution factor 
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- Available potassium analysis (Ammonium acetate solution method 

NH4OAc 1 N pH 7)  

 

  a.  Prepared  reagent  and  solution 

  1)  Ammonium acetate solution 1 N pH  7.0 

  Added 57 ml of glacial acetic and 68 ml of ammonium hydroxide (conc. 

NH4OH) in the distilled water and adjusted volume of this solution to 1,000 ml with 

distilled water. The pH solution was adjusted by acetic acid and ammonium hydroxide 

to obtain the final pH 7.  

2) Standard  potassium  solution 1,000  ppm 

 Approximately 1.907 gram of dry potassium chloride (KCl) was dissolved 

in the distilled water and adjusted volume to 1,000 ml with distilled water. Prepared 

the potassium solution 100 ppm from the standard potassium solution 1,000 ppm. 

3) The standard  potassium  solution 100  ppm. 

Pipetted 10 ml of the solution from (2) in volumetric flask 100 ml and 

adjusted volume to 100 ml with distilled water. 

4) Standard  series  of  potassium 

Prepared the standard series of solution from (3) at the concentrations of 0, 

5, 10, 15, and 20 ppm of potassium with standard potassium solution. 

5) Created the standard curve for calibrate ICP (used standard 10 ppm K). 

 

  b.  Calculate 

 

  Available  potassium  (K)  (ppm) = D x C x B  

                        A 

  Where 

   A = Weigh of  soil  sample (g) 

   B = The quantity of ammonium acetate which used extract (ml) 

       C = Ratio of  dilution factor 

   D = The concentration of  potassium  when  it  compared   

  with standard concentration (ppm) 
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-    Organic matter analysis 

 

      a. Prepared reagent and solution 

   1)  Potassium Dichromate solution 1 N 

   About 2.45 grams of dry potassium dichromate (K2Cr2O7) was dissolved in 

the distilled water and adjusted volume to 5 ml with distilled water. 

2) Ferrous Ammonium Sulphate solution 0.5 N 

About 20 grams of ferrous ammonium sulphate [Fe(NH4)2(SO4)2.6H2O] 

was dissolved in the distilled water. Added sulfuric acid (conc.H2SO4) 2.5 ml and 

adjusted volume of this solution to 100 ml with distilled water. 

3) O-phenanthroline indicator  solution  (0.025 M) 

About 0.7 gram of ferrous sulfate (FeSO4.7H2O) and O-phenanthroline 

1.48 gram were dissolved in the distilled water and adjusted volume to 100 ml. 

4) Sulfuric  acid  (conc. H2SO4)   

5) About 5 grams of soil sample was dissolved in the potassium 

dichromate solution. The sulfuric acid was pour into this solution and added O-

phenanthroline-indicator 2-3 drops. This solution was titrate with ferrous ammonium 

sulfate. 

 

  b.  Calculate 

 

   % Organic carbon = (B-T)N  x  100  x  3  x  100  x  10 

                 B             77      103      X 

   % Organic matter = % Organic carbon X 1.724 

 

  Where 

    N = The concentration of  potassium dichromate (N) 

    B = The quantity of ferrous ammonium sulfate which used        

                                                titrate with blank solution (ml) 

    T = The quantity of ferrous ammonium sulfate which used  

                                                titrate with soil sample solution (ml) 

 X = Weight of soil  sample (g) 
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-   Cation Exchange Capacity analysis (CEC) with ammonium acetate 1 N 

pH 7 (Buchner funnel filtration method)  

  

 a. Prepared reagent and solution 

  1)  Ammonium acetate solution (NH4OAc) 1  N  pH 7.0 

  Added 114 ml of glacial acetic acid  99.5% and 136 ml of ammonium 

hydroxide (conc.NH4OH) into 1,000 ml of the distilled water. This solution was 

adjusted volume to 1,980 ml with distilled water. The pH of this solution was adjusted 

with acetic acid and ammonium hydroxide to obtain the pH 7. Added distilled water to 

obtain the final volume 2,000 ml. 

2) Ammonium oxalate  solution  [(NH4)2C2O4.H2O] 10 % 

Ten grams of Ammonium oxalate was dissolved in the distilled water and 

adjusted volume to 100 ml. 

3) Ammonium  hydroxide (NH4OH) 50 % 

Added ammonium hydroxide (conc.NH4OH) 50 ml into the distilled water 

and adjusted volume to 100 ml. 

4)  Ammonium chloride (NH4Cl) 1 N 

About 53.502 grams of ammonium chloride was dissolved in the distilled 

water and adjusted volume to 1,000 ml with distilled water. The pH of this solution 

was adjusted with ammonium hydroxide to obtain pH 7. 

  5)  Ammonium chloride (NH4Cl) 0.25 N 

Approximately 13.375 grams of ammonium chloride was dissolved in the 

distilled water and adjusted volume to 1,000 ml with distilled water. The ammonium 

hydroxide was used to adjust the final pH 7.  

6)  Sliver nitrate solution (AgNO3) 0.1 N 

  About 16.991 gram of sliver nitrate was dissolve in the distilled water and 

adjusted volume to 1,000 ml.  

  7)  Sodium chloride (Acidified, NaCl  10 %) 

  About 2,000 gram of sodium chloride was dissolve in the distilled water. 

Added the hydrochloric acid (conc.HCl) 8.7 ml into the solution and adjusted volume 

to 20 lit with distilled water.  
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  8)  Sodium hydroxide (NaOH)  40 % 

  About 400 gram of sodium hydroxide was dissolved in the distilled water 

and adjusted volume to 1,000 ml. 

9) Boric acid  (H3BO3)  3 % 

  About 30 gram of boric acid was dissolved in the distilled water and 

adjusted volume to 1,000 ml. 

10) Hydrochloric acid solution (HCl) 0.1 N 

  Added hydrochloric acid (conc. HCl) 9 ml into the distilled water and 

adjusted volume to 1,000 ml with distilled water (standardize). This solution were 

titrate with standard sodium hydroxide solution.  

11) Mixed  indicator 

  Bromocresol green 0.22 gram and methyl red 0.075 gram were dissolved 

into 96 ml of ethyl alcohol 95% and 3.5 ml of sodium hydroxide 0.1 N. 

 

  b. Calculate 

 

   CEC      =      (A – B)  N  x  100 cmol/kg 
                     X 

 

Where 

    A = The quantity of standard hydrochloric which used titrate   

      with soil sample solution (ml) 

    B = The quantity of standard hydrochloric which used titrate   

      with blank solution (ml) 

    N = The concentration of standard hydrochloric acid (N) 

 X = Weight of soil sample (g) 
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Twenty five kilograms of  the  prepared soil  sample was spiked  with  fuel  oil  

No. 4  at  concentration  of  100 mg/kg. The hexane was used as a solvent to dissolve 

fuel oil in order to obtain the desired concentration. The soil was mixed thoroughly 

with fuel oil  solution  to  ensure  uniform  distribution  of  fuel oil. The contaminated 

soils were left overnight to allow evaporation of hexane. After mixing soil with fuel 

oil, the initial fuel oil concentration was analyzed before planting. Analysis of fuel oil 

in soil was conducted as described in 3.4.3 (82). The side of receptacles were sealed 

with foil papers. Eight hundred grams of contaminated soil was placed in each 

receptacle for planting. The control group was filled with contaminated soil without 

planting. The soil level for planting was approximately 15 cm from the bottom. 

Triplicate receptacles were performed for all   groups. 

 

 
 

Figure 3-1  Contaminated  soil  sample  before  planting 

 

3.3.2 Plants  establishment 

 

 Three groups of plants were selected on the basis of their root structure. 

The plants used in this study are as follows : 

 

i  Three types of grass (fibrous root) at the age about 45-60 days old 

were selected i.e., Carpet grass (Axnopus compuuressus P. Beauv), Manila grass 

(Zoysia matrella L. Merrill) and  Japanese  grass (Microstegium vimineum  A. Camas). 
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ii  Three types of fern (short root) at the age about 45-60 days old  were 

selected as a short root plants i.e., Fishtail sword fern (Nephrolepis cordifolia L. Presl), 

Boston fern (Nephrolepis exaltata schott) and Khangpla fern (Nephrolepsis biserrata 

schott). 

 

  iii  The long  roots  plants were three ecotypes of  vetiver grass  at  45-

60  days  old  i.e., Srilanka ecotype (Vetiveria zizanioides Nash), Ratchaburi ecotype 

and Prachuapkhirikhan ecotype (Vetiveria nemoralis A. Camus). 

 

 Prior  planting, each  plant  was  washed  with  tap  water  to  get  rid  of  

old soil and other  materials.  Stem height and total wet weight of  each  plant  were 

measured in order to control the initial plant biomass (weight of fibrous root, short  

roots and long root before planting were 40±1 g, 85±1 g and 25±1 g, respectively). 

Each plant was planting in the soil contaminated with fuel oil at concentration of 100 

mg/kg (as mentioned in 3.1.1). Each plant was watered daily approximately 25 ml for 

short roots plants and long roots plants and 15 ml for fibrous root plants. All groups 

were set up in open air. After 30 days of plant growth the remaining fuel oil in soil and 

soil moisture were analyzed and the overall appearance of plant roots and shoots were 

recorded. The plant weight and height were measured as plant biomass. At this step 

the plant species in each group that exhibited the lowest  residual  fuel  oil  in soil  

would  be  selected  for  the  next  step. 

 

                  
 

   Figure  3-2    Screening  of  nine  plants  species  for  remediation  of  fuel  oil 

              in soil. 
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3.4  Phytoremediation  experiment 
 

The three  plant  species  obtained  from  3.3.2  were  used  to investigate  their  

phytoremediation efficiency. Preparation of soil sample was the same as mentioned   

in 3.3.1 excepted  that  the  fuel oil concentrations were 100, 300 and 500 mg/kg. All 

plants were grew in the chamber. Each growth chamber size was 20 x 20 cm. One kg 

of soil spiked with each fuel oil concentration was filled in each chamber. All groups  

were set up in triplicate so the total number of  growth chamber were 90. Three plant 

species were planting separately in this growth chamber that contained soil 

contaminated with desired fuel oil concentrations. The phytoremediation were 

analyzed  as  the following : 

 

        
 

Figure  3-3   Three  of  selected  plants  species  in  plot  scale  study 

 

3.4.1 Effect  of  fuel oil concentrations on plant growth 

 

The plants morphology and plant growth were investigated inorder to  

determine  the  effect  of  fuel  oil  concentration  on  plant  growth. After 30 and 90 

days of experiment, the plants were harvested. The moisture of soil was analyzed and 

the overall external appearances were observed and recorded. Plant  biomass (total wet 

weight), stem height, and root length  of  all  plants  were  measured  to  indicate  their  

growth. 

 

 



 
 
Nattaporn  Sonphueak                                                                                   Materials  and  Methods /  74

3.4.2  The efficiency of  different  plant  species  to  remediate  fuel  oil 

 

After plants were harvested, the soil from planted and unplanted groups were 

collected to determine the residual fuel oil. The analysis of fuel oil in soil was 

investigated  as  described  in  3.4.3 

 

3.4.3  Analysis  of  fuel  oil  in  soil 

 

Before sampling, soil in each replicate was mixed thoroughly. Three grams of 

soil  was  collected  and  extracted  by  shaking  method. The 100  ml  of  acetone : 

dichloromethane at the ratio of 1: 1  was  used  as  a  solvent. The  internal  standard, 2 

ml  of  200 mg/l  phenanthrene,  was  added  into  the  flask. The  shaker  was  set  at  

200 rpm  for  a  shaking  period  of  2  hr at  room  temperature. The  first  extraction, 

60  ml  of  solvent  was  used and  shaked  at  200 rpm  for 1 hr. The extracted solution  

was  collected. The new  40  ml  of  solvent  was used  in  the  second  extraction  and  

shaked at 200 rpm  for  1  hr (83). Then all extracted solutions were combined and 

evaporated by using rotary evaporator at 60- 65 ºC. The final  volume  was  adjusted  

to  5  ml  by  hexane (GC grade) and  filtrated  through  filter  paper  0.5  µm. The  

final  solution  were  kept  in  vial  10 ml  and  stored  at  temperature 4 ºC before  

analysis  by  Gas  chromatograph  (GC)  equipped  with  FID. 

 

  The residual fuel oil was calculated from total area of petroleum hydrocarbon  

from chromatogram (GC analysis) relative to the area of internal standard,  

phenanthrene. 

 

  3.4.4  Gas chromatography/Flame ionization detector (GC/FID) 

 

  The GC instrument used in this study was a Chrompack model series with a 

flame ionization detector (FID). The glass capillary column was Chrompack (CP-sil 

5), WCOT fused silica, column length 30 m, diameter 0.32 mm (Wide bore) and film 

thickness  0.25 µm. The  condition  of  program  were as follows: 
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      Intial          50 ºC 

      Rates (ºC/min)    Final Temperature (ºC)   Run time (min)    Hold time (min)

  

 Step 1         20.00          200   7.50    0.00      

 Step 2         10.00          300            15.00    5.00 

 

      Total  run  time         22.50 

 

  The injection mode was spiltless mode and the volume of sample injected was 

1 µl. Helium was used as a carrier gas at a flow rate of 1.0 ml/min and flow rate of H2, 

N2 and air were 35, 30 and 350 ml/min, respectively.  

 

3.5  Rhizosphere  microbial  enumeration  
 

3.5.1 Media 

Mineral salt medium (MSM) in 1,000 ml distilled water  consisted of   

  1.80 g   KH2PO4   

  1.20 g   K2HPO4   

  4.00 g   NH4Cl    

  0.20 g   MgSO4.7H2O   

  0.10 g   NaCl    

  0.01 g   FeSO4.7H2O   

  4.00 g   C6H12O6   

 

  The final pH of the MSM was adjusted to 7.4 by 1 N of  NaOH or 1 N of HCl. 

The MSM was sterilized by autoclaving at 121 ºC, 15 psi for 15 min. To obtain solid 

media, 20 g of agar (2.0 %w/v) was added into media broth before sterilization. 
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  3.5.2 The microbial populations in contaminated soil with and without 

plant. 

 

  Rhizosphere microorganisms were enumerated by plate count method. Ten 

grams of  soil  surrounding  the  plant  roots  was  collected  and  filled  in  Erlenmeyer 

flask 250 ml containing 100 ml steriled MSM. All samples were incubated and shaken 

on a rotary shaker at 200 rpm at room temperature (25 ºC - 28 ºC ) for 5 hours. One  

ml  of  the  solution  was  ten  fold  diluted  with sterilized  0.90% NaCl. A 0.10 ml of 

the solution at 10-4 to 10-7 dilution were spread on the MSM agar plates and  incubated  

at 28 ºC  for  24 – 48  hours. The plates that have the number of colonies between 30 

and 300 colonies were counted and used to calculate. The calculation was performed 

by using  the  following  equation : 

    

Viable  cell  count (cƒu/ml)  =  Number  of  colonies x Dilution 

              Spreading  volume (ml) 

 

  Additionally, the microorganism presented in contaminated soil without plant 

were  also  investigated. The procedure was  the  same  as  mentioned  above. The total 

amount and diversity of microbial populations in contaminated soil with and without 

plant were compared. 

 

3.6  Statistical  analysis 
 

Analysis of variance (ANOVA) was performed for the residual fuel oil  

concentration, plant growth and rhizosphere microbial population data to determine  

significant  differences  in  phytoremediation  potential  among  plant  species. 

Relation and accuracy of all data were compared using with Duncan’s new 

multiple range test at 95% confidence level (P value = 0.05). Means, standard  

deviation  (S.D.)  and  standard  error  (S.E.)  were  recorded. 
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CHAPTER   IV  

RESULTS AND DISCUSSION 
 

4.1 Chemical  and  physical  characteristics  of  soil  used for planting 
 

In this experiment, the soil used for planting was Thongkaset soil which consist  

of essential nutrients that needed for plants growth. The chemical and physical  

characteristics of  soil  were  analyzed. The  results  are  shown  in  Table 4-1 

  

Table 4-1   The chemical  and  physical  characteristics  of  soil used for planting 

 

Parameters Measured  values  Standard  values (84) 

pH 7.06 6.6-7.3 

Conductivity 0.01 Ds/m   0.05-0.10 Ds/m 

Moisture 59.78 % 40-60 % 

Organic  matters 6.49 g/kg 3.5-4.5 g/kg 

Cation  Exchange  Capacity    16.95 cmol/kg  10-15 cmol/kg 

Total  nitrogen 0.28 %  0.1 –  0.3 % 

Available phosphorus 57.60 mg/kg 25-45 mg/kg 

Available potassium 269.00 mg/kg 90-120 mg/kg 

Soil texture Silty clay loam - 

Initial fuel oil or others 

petroleum hydrocarbons 

No detectable - 

 

From Table 4-1, characteristics of soil were compared with standard of soil 

characteristic (84). The results found that soil texture was silty clay loam, consisted of 

sand, silt and clay in the amount of 20%, 55% and 30%, respectively. The moisture 

and pH were 59.78% and 7.06, respectively. The soil has low conductivity (0.01 Ds/m) 

and the Cation Exchange Capacity was 16.95 Cmol/kg. It has high level of organic 
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matters (6.49%). This soil has very high level of  available phosphorus (57.60 mg/kg) 

and potassium (269.00 mg/kg), and moderate level  of  total  nitrogen (0.28%).  

 

The organic matters in the soil assist the decomposition of humus and various 

organic compounds. The decomposition process leads to increase in available space 

for the water and air in the microenvironment which suited for plant growth (83). The 

presence of high organic matters should therefore affects the breakdown of the 

hydrocarbon with acceleration of decomposition of contaminated hydrocarbon 

occurred by various microorganisms. The initial total petroleum hydrocarbon in the 

soil was too low and could be neglected. According to the characteristics of this soils, 

it suggested that this soil was suitable for plant growth. 

 

4.2  Screening  of  plants  for  remediation  of  fuel  oil  in  soil 

 
For screening of plants that have potential to remediate fuel oil in soil, nine 

plants species were completed external morphology. They have age about 45-60 days 

old which rang time for high plant growth (log phase time). Nine plant species were 

selected based on their morphology, their growth and their efficiency to reduce fuel oil 

in soil. All plants were cultivated in soil contaminated with 100 mg/kg fuel oil for 30 

days. The results were obtained as follows :  

 
4.2.1 The morphology of  nine  plants  species  after  30  days     

 

The morphology of plants are illustrated as the color of leaves or stem, the 

fresh of plants. The results suggested that all plants appeared to grow in the soil 

contaminated with fuel oil. There was no serious effects on plants morphology when 

compared to the plants in uncontaminated soil. The morphology of nine plants species 

are shown  in  Figure  4-1 to Figure 4-3 
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(A)  Uncontaminated soil 

                   
     Carpet grass             Japanese grass            Manila grass 

 

(B)  Contaminated soil 

                                   
       Carpet grass             Japanese grass            Manila grass 

 

Figure 4-1 Morphology of three grass species after planting for 30 days in 

uncontaminated soil (A) and contaminated soil with fuel oil at 100 

mg/kg (B) 
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(A)  Uncontaminated soil 

                   
                  Fishtail sword fern                Boston fern                  Khangpla fern 

 

(B)  Contaminated soil 

                          
                  Fishtail sword fern                Boston fern                  Khangpla fern 

 

Figure 4-2    Morphology of three fern species after planting for 30 days in  

                      uncontaminated soil (A) and contaminated soil with fuel oil at  

                     100 mg/kg (B) 
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(A)  Uncontaminated soil 

                         
                 Rachaburi ecotype   Srilanka ecotype      Prachuapkhirikhan ecotype 

      

(B)  Contaminated soil 

                               
Rachaburi ecotype   Srilanka ecotype      Prachuapkhirikhan ecotype 

 

Figure 4-3 Morphology of three vetiver ecotype after planting for 30 days in 

uncontaminated soil (A) and contaminated soil with fuel oil at 100  

mg/kg (B) 
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4.2.2 The growth  of  nine  plants  species  after  30 days  of planting 

 

After 30 days, the growth of nine plants species were measured as total wet 

weight, stem height and root length. The results are shown in Figure 4-4 to Figure 4-6 

and Table 4-2 
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Figure 4-4  The total wet  weight  of  nine  plants  species  after planting in the soil 

                    contaminated with 100 mg/kg fuel oil for 30 days 
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Figure 4-5  The stem height  of  nine  plants  species  after planting in the soil 

                    contaminated with 100 mg/kg fuel oil for 30 days 
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Figure 4-6 The root length of nine plants species after planting in the soil 

                   contaminated  with 100 mg/kg fuel oil  for 30 days
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Table 4-2 The  growth of  nine  plants  species  after  planting in contaminated soil and uncontaminated soil for 30 days  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a, b  mean  the  different letters in  the same column of each root structure group showed significant differences at 95%. Results are mean ± SD, n = 3.

Root  

structure 

Plants species Total wet  weight  (g) Stem  height  (cm) Root  length  (cm) 

Uncontaminated  soil Contaminated  soil Uncontaminated  soil Contaminated  soil Uncontaminated  soil Contaminated  soil 

Initial 30  

days 

Initial 30  

days 

Initial 30  

days 

Initial 30  

days 

Initial 30  

days 

Initial   30  

   days 

Fibrous root Carpet  grass 

(Axnopus compuuressus P. Beauv) 

Manila  grass 

(Zoysia matrella L. Merrill) 

Japanese grass 

(Microstegium vimineum  A. Camas) 

40.27±0.75 

 

40.19±0.87 

 

40.26±0.98 

55.98±3.12b 

 

45.10±2.1a 

 

48.06±2.56a,b 

40.25±0.35 

 

40.39±0.70 

 

40.46±0.80 

54.65±3.16b 

 

43.81±1.48a 

 

47.60±3.93a,b 

5.13±1.35 

 

4.33±1.56 

 

3.70±1.43 

29.35±2.77a 

 

27.75±1.23a 

 

27.90±0.98a 

4.33±1.53 

 

4.35±1.78 

 

3.18±1.53 

27.61±3.03a 

 

27.62±0.40a 

 

27.50±0.56a 

2.80±0.38 

 

0.75±0.15 

 

1.28±0.31 

28.20±1.99b 

 

6.15±0.78a 

 

6.10±0.67a 

2.15±0.56 

 

0.76±0.12 

 

1.38±0.21 

27.61±2.22b 

 

6.11±1.23a 

 

6.17±0.90a 

Short  root   Fishtail sword fern  

(N. cordifolia) 

Boston fern  

(N. exaltata) 

Khangpla fern  

(N. biserata) 

85.94±1.26 

 

85.18±1.38 

 

85.55±1.57 

94.78±3.08a 

 

89.30±2.14a,b 

 

110.25±4.89b 

85.74±1.14 

 

85.10±1.68 

 

85.45±1.26 

91.41±3.05a 

 

88.14±1.02a,b 

 

105.3±4.41b 

24.44±1.66 

 

22.98±1.23 

 

23.37±1.56 

27.65±0.67a 

 

27.20±0.45a 

 

30.50±2.56b 

24.81±1.35 

 

23.74±1.98 

 

23.77±1.68 

28.55±0.93a,b 

 

26.78±1.60a 

 

29.97±2.35b 

10.50±1.25 

 

12.54±1.12 

 

9.45±1.56 

15.98±1.16a 

 

16.46±1.36a 

 

18.90±2.02b 

10.09±1.38 

 

12.73±1.36 

 

9.66±1.16 

13.87±1.35a 

 

15.70±0.87a 

 

16.67±1.55b 

Long  root   Rachaburi  ecotype 

(Vetiveria nemoralis A. Camus) 

Srilanka   ecotype 

(Vetiveria zizanioides Nash) 

Prachuabkhirikhan 

ecotype 

(Vetiveria nemoralis A. Camus) 

25.25±0.65 

 

25.47±0.45 

 

25.84±0.75 

29.25±0.84a 

 

31.19±1.56a 

 

28.88±0.55a 

25.55±0.43 

 

25.45±0.46 

 

25.04±0.33 

27.92±0.96a 

 

29.23±1.05a 

 

27.59±0.33a 

25.10±0.83 

 

25.90±0.76 

 

28.25±0.98 

65.90±5.56a 

 

82.35±6.34b 

 

70.25±5.06a,b 

24.45±0.78 

 

26.17±0.69 

 

28.45±0.90 

63.94±6.63a 

 

80.47±7.46b 

 

68.28±4.21a,b 

7.10±0.88 

 

6.65±0.63 

 

7.35±0.39 

12.20±0.96a 

 

14.38±1.65a 

 

13.85±1.09a 

7.52±0.67 

 

6.44±0.45 

 

7.80±0.26 

11.14±0.87a 

 

12.48±1.80a 

 

12.17±2.60a 
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The resulted found that moisture of contaminated soil between 52-60%. This 

soil was high moisture which benefit for plants growth and microbial activity. After 30 

days, all plants were washed with tap water to get rid of any soil and debris adhered to 

their roots. Prior to separate the root from the shoot, the plants were weighed for total 

wet biomass. The results revealed that total wet weight of all plants species were 

increased significantly at the end of the experiment. The total wet weight of plants in 

the uncontaminated soils were slightly greater than the plants in contaminated soil.  

Because the pattern of growth varied between each plant group so the total wet weight, 

stem height, and root length would be compared within the same group of plant.  

 

For the fibrous root plants, carpet grass showed the highest of total wet weight 

(54.65 g) and root length (27.61 cm). This results suggested that carpet grass had the 

most root production compared to Manila grass and Japanese grass. However the stem 

height of all grasses showed no significantly different (P> 0.05). Comparative with the 

study of Thunhapran P and Tathong S. (78) who reported that carpet grass could grow 

in soil contaminated with fuel oil at the concentration lower than 250 mg/kg. The 

average biomass increased 1-2 g after cultivation this grass for 30 days in the soil 

contaminated with fuel oil 100 mg/kg. And Garcia G. et al. (85) also reported that 

grass species (Piptatherum miliaceum (L) Cosson) is tolerant to petroleum 

hydrocarbons contaminated in the soils, It has higher growth when it grew in the toxic 

environment.     

 

In case of the short root plants, Khangpla fern showed the highest in total wet 

weight (105.30 g), stem height (29.97 cm) and root length (16.67 cm). The other two 

plant species in this group showed no significant different (P>0.05) in total wet 

weight, stem height and root length. The results obtained from the control group was 

similar to the results in treatment group.  

 

As showed in Table 4-2, three plants species in long root plant had no 

significantly different in total wet weight and root length (P > 0.05). The stem height 

of  Srilanka ecotype (80.47 cm) was significantly higher than the others. 
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Although the growth patterns of three plants groups were different, but under 

the condition in the present study revealed that the growth which reported as total wet 

weight (biomass production), stem height and root length in all plants species were 

increased at the end of the experiment. This suggested that all plants could grow and 

survive in fuel oil contaminated soil. One of the phytoremediation technology criteria 

suggest that the plants used to clean up contaminant have to grow well in that 

contaminated soils. Based on this reason, it is possible that the selected plants species 

may have a potential to clean up fuel oil in soils or they may be represented as tolerant 

plants that could grow in fuel oil contaminated soil. 

 

Additionally plants growth decreased with increasing the concentration of 

petroleum hydrocarbon compounds. Such as Alison W.W. et al. (86) who studied the 

uptake of polycyclic aromatic hydrocarbons (PAHs) in salt marsh plants (Spartina 

alterniflora) grown in contaminated soil. They found that plants grown in 

contaminated soil at 900 µg/g were generally shorter (43.9 cm) and lower 

aboveground biomass (1.90 g) than plants grown in cleaned soil that had stem height 

and aboveground biomass 52.40 cm and 2.50 g, respectively. Only 59% of the plants 

grown in contaminated soil were flowering compared to 78% of the plants grown in 

clean soil. However this plants had more stems when grow in contaminated soil at 900 

µg/g. Comparative with the results of Line E. S. et al. (87) who studied about toxicity 

of eight polycyclic aromatic compounds to red clover (Trifolium pratense), ryegrass 

(Lolium perenne) and mustard (Sinapsis alba). They reported that dry weight and fresh 

weight ratio decreased with increasing test concentrations but it was not significantly. 

Moreover, some vegetable have a potential to grow in pyrene and phenanthrene 

contaminated soil for phytoremediation.  

 

However, the grass species could grow normally in soil contaminated with 

petroleum hydrocarbons area, such as the results of Garcia G. et al. (85) reported that 

Piptatherum miliaceum (L) Cosson remained healthy when they grew in the petroleum 

hydrocarbons contaminated soil after three months. They suggested that plants were 

utillzed hydrocarbon compounds from contaminated soil for their growth. 
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4.2.3  The  efficiency  of  nine  plants  species  to  remediate  fuel  oils  in  

soils 

 

The residual fuel oils concentration in the contaminated soil were investigated  

for screening of plant species in each group that  provided the  lowest  residual  fuel  

oil in soils. The three most effective plants species obtained from this step were 

selected for the next experiment. The residual fuel oils concentrations are shown in 

Figure 4-7 and Table 4-3.  
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Figure 4-7  The residual fuel oil in the contaminated soil after planting for 30 days. 

      Results are mean ± SD, n = 3. 
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Table 4-3 The residual fuel oils concentration in the contaminated soils with and 

without  plant  after  30  days  

 

a, b, c mean the different letters in the same column showed significant differences at  

95%  
1,  2,  3  mean the different numbers in the same column showed significant differences 

at 95% 

 

In the Figure 4-8 to Figure 4-10 showed chromatogram of fuel oil in soil 

planted with nine plant species after 30 days. 

 

 

 

 

Root  

structure 

 

 

Plants  species 

Residual  

fuel  oil  in  

unplanted  

soil  

(mg/kg) 

Residual   

fuel  oil  in  

planted  soil   

(mg/kg) 

Removal  of 

fuel  oil  

concentration 

by plants 

(%) 

Removal of 

fuel oil  

concentration 

(mg/kg soil)/ 

1 g of plant 

wet weight 

Fibrous 

root 

Carpet  grass 

(Axnopus compuuressus P. Beauv) 

Manila  grass 

(Zoysia matrella L. Merrill) 

Japanese  grass 

(Microstegium vimineum  A.Camas) 

 

 

94.73 c 

17.12 a,b 

 

11.04 a 

 

29.99 b 

81.93 1,2 

 

88.35 1 

 

68.33 2 

1.66 

 

1.78 

 

1.40 

Short  root   Fishtail sword fern  (N. cordifolia) 

Boston fern (N. exaltata) 

Khangpla fern (N.biserata) 

 

94.73 c 

7.40 a 

65.90 c 

61.68 c 

92.18 1 

30.44 3 

34.89 3 

1.23 

0.48 

0.55 

Long  root   

 

Rachaburi  ecotype 

(Vetiveria nemoralis A. Camus) 

Srilanka  ecotype 

(Vetiveria zizanioides Nash) 

Prachuabkhirikhan ecotype 

(Vetiveria nemoralis A. Camus) 

 

 

94.73 c 

43.94 b 

 

8.55a 

 

31.95b 

53.62 2 

 

90.98 1 

 

66.28 2 

0.93 

 

1.52 

 

1.13 
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       Figure 4-8 Chromatogram of fuel oil in soil planted with carpet grass (A),  

                         Manila grass (B) and Japanese grass (C) after 30 days. 

A 

B 

C 
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       Figure 4-9 Chromatogram of fuel oil in soil planted with Fishtail sword fern (A),  

                         Boston fern (B) and Khangpla fern (C) after 30 days. 

A 

B 

C 
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       Figure 4-10 Chromatogram of fuel oil in soil planted with Rachaburi ecotype (A),  

                           Srilanka ecotype (B) and Prachuapkhirikhan ecotype (C) after 30                            

                           days. 

C 

B 
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Nattaporn  Sonphueak                         Results  and  Discussion /  92

The results showed that residual fuel oil in unplanted soil was high (94.73 

mg/kg) at the end of experiment. It was significantly different (P value < 0.05) with 

residual fuel oil in all planted soil. In this study, the initial fuel oil concentration in 

unplanted soil was 94.73 mg/kg. This suggested that the fuel oil may be volatilization 

to the environment, or slightly degraded by microorganisms in soils. In case of planted 

soil, the soil planted with Manila grass, Fishtail sword fern and Srilanka ecotype 

exhibited the significant least amount of residual fuel oil when compared with the 

other plants within the same group (P value < 0.05). The residual fuel oils were 11.04 

mg/kg, 7.40 mg/kg and 8.55 mg/kg, respectively.  

In case of fibrous root, the Manila grass was found to be the most effective 

grass species to remove the fuel oil after planting for 30 days although its growth was 

significantly lower than the growth of carpet grass. The residual fuel oil in soil when 

planted with Manila grass, carpet grass, and Japanese grass were 11.04, 17.12, and 

29.99 mg/kg. This results suggested that Manila grass the most suitable for 

remediation fuel oil in soil. The percentage of fuel oil removal were in the rang of 

68.33-88.35% and Manila grass showed the highest removal. The result was supported 

by Marja R.T. et al. (88) who studied about phytoremediation of soil contaminated 

with diesel fuel. The results reported that all treatment of grass mixture (Red fescue 

(Festuca rubra); Smooth meadow grass (Poa pratensis) and Perennial ryegrass 

(Lolium perenne) were able to remove the diesel fuel at 100 mg/kg soil. The efficiency 

of plants for removal rang from 30-45% after planting for 60 days. At the end of the 

experiment (180 days), 53-64% of diesel fuel had been removed. The hydrocarbon 

concentrations in shoot and root tissue were analysed. Grass roots accumulated diesel-

range compounds in the range of 10 g/kg dry plant tissue. Comparative with the study 

of Liste H.H. and Prutz I. (89) who studied the phytoremediation of 13 plants species 

to thrive in a long-term contaminated soil with total petroleum hydrocarbon (TPAHs). 

They reported that the germination of Radish and Annual ryegrass seeds was least 

affected with the TPAHs at 1,000 m/kg. The Annual ryegrass (Lolium multiflorum 

Lam) also had 100% survival in the contaminated soil. This plants was able to remove 

the TPAHs because the total petroleum hydrocarbon concentrations were disappeared 

to 17.90% of the initial 1,000 mg/kg soil after planting for 68 days. And Dong Huang. 
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et al. (90) reported that Wild rye, Kentucky bluegrass and Tall fescue have the ability 

to remove creosote at 3.0 g/kg from contaminated soil after planting for 120 days.  

Among the fern species, the present study found that Fishtail sword fern was 

the most effective to remediate fuel oil contaminated soil. It could remove fuel oil to 

7.40 mg/kg of the initial 100 mg/kg (92.18% removal). Fishtail sword fern could grow 

well in dry area. It has a wide and large root that can absorb water in the deep soil 

level. Many researches revealed that fern species have a potential to remediate heavy 

metal contaminated soil. For example, Kevin F. et al. (91) found that the silver fern, 

Pityregramma calomelanos, could grow in the arsenic contaminated soils and reduced 

the arsenic concentrations in contaminated area. Comparative with the study of Ma. et 

al. (92) who reported that Pteris Vittata accumulated arsenic up to 5,200 µg As/g. A 

few studies have been conducted on the efficiency of fern to remediate petroleum 

hydrocarbon or organic compounds. Katherine Bank et al. (6) studied the efficiency of 

Nephrolepis falcata to remediate creosote-contaminated in the soil. The result found 

that N. falcata is tolerant to the contaminants. They were able to absorb 85.80% of the 

creosote at 256 mg/kg while the Japanese grass was 80.50% efficient in absorbing the 

contaminants. This results was similar to the present study which illustrated that fern 

has a potential to remediate petroleum hydrocarbon or organic contaminant in soil. 

 

Among the vetiver species, the present study found that Srilanka ecotype was 

the most effective plant to remediate fuel oil contaminated soil. It could remove fuel 

oil up to 90.98% removal. This vetiver grass species have long and strong root which 

is effective in absoption of essential nutrients (93). In addition the vetiver grass could 

improve the quality and structure of the soil which suited for plants growth and 

increase the decomposition process of the microorganisms (75). 

 

Gao and Zhu (7) reported that this plants species uptake, accumulate and 

translocate phenanthrene and pyrene by root and then transported the contaminants to 

the shoot. Root accumulations of phenanthrene and pyrene increased with the 

increment of their soil concentrations. In case of heavy metal, Chen Y., et al. (76) 

reported that the vetiver grass (Vetiveria zizanioides) had the capacity to tolerate high 
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Pb concentrations in soil. It was able to translocate Pb from the roots to shoots. The 

vetiver grass could re-adsorb Cu, Zn, and Cd which may reduce the heavy metals from 

downwards soil. Comparative with the study of Meepring A. (75) who reported that 

vetiver grass could uptake heavy metal in soil. Heavy metal was found to accumulate 

in roots more than leaves and stem.  

 

According to these results based on plants morphology, plants growth, and 

their efficiency to remediate fuel oil in soils, the Manila grass, Fishtail sword fern and 

Srilanka ecotype did not showed toxic affect on morphological appearance and they 

grew well in fuel oil contaminated soil at 100 mg/kg after planting for 30 days. Among 

the fibrous root plants, Manila grass was most effective grass to remediate the fuel oil 

in soil although it did not showed the highest growth. For the short root and long root 

plants, Fishtail sword fern and Srilanka ecotype were the most effective to remove the 

fuel oil. So, Manila grass, Fishtail sword fern and Srilanka ecotype were selected as 

representative plants species from fibrous root, short root and long root group, 

respectively for using in the next experiment.  

 
 
4.3  Effect of  various fuel  oil  concentration  on  plants  growth 

 
4.3.1 Morphology of Manila grass, Fishtail sword fern and Srilanka 

ecotype after 30 days and  90 days. 

 

The morphology of Manila grass in the fuel oil contaminated soil at different 

concentrations and uncontaminated soil at 30 days and 90 days are shown in Figure   

4-11 and Figure 4-12, respectively. 
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   Uncontaminated        100 mg/kg       300 mg/kg       500 mg/kg 

Figure 4-11  Morphology  of  Manila  grass  in  the fuel  oil  contaminated  soil  and     

                    uncontaminated soil after 30 days 

 

              
  Uncontaminated        100 mg/kg        300 mg/kg        500 mg/kg 

Figure 4-12  Morphology  of  Manila  grass  in  the fuel  oil  contaminated  and  

                    uncontaminated soil after 90 days 

 

As shown in Figure 4-11 the morphology of Manila grass in all treatment were 

healthy except when they planted in soil contaminated with 500 mg/kg fuel oil 

appeared to have dry leaves which subsequently made the plant growth retarded. 

After 90 days, the Manila grass planted in 100 mg/kg fuel oil contaminated soil 

has more green and more fresh leaves than those planted in 300 and 500 mg/kg fuel oil 

contaminated soils. The results revealed that the fuel oil at concentration higher than 

300 mg/kg showed toxic effects on plants morphology. Their leaves color turned to 

yellow, shrink and dry. The appearances of toxicity increased as the concentration of 

fuel oil in the soil increased. 

 

The morphology of Fishtail sword fern in the fuel oil contaminated soil at 

different concentrations and uncontaminated soil after 30 days and 90 days are shown 

in Figure 4-13 and 4-14, respectively.  
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    Uncontaminated       100 mg/kg               300 mg/kg                500 mg/kg  

Figure 4-13  Morphology of Fishtail sword fern in the fuel oil contaminated soil and   

                      uncontaminated soil after 30 days 

 

               
Uncontaminated     100 mg/kg                  300 mg/kg                500mg/kg 

Figure 4-14  Morphology of  Fishtail sword fern in the fuel oil contaminated  soil  and  

                      uncontaminated soil after 90 days 

  

As shown in Figure 4-13 the morphology of Fishtail sword fern were healthy 

except when they planted in soil contaminated with fuel oil at the concentrations 100 

and 300 mg/kg. The Fishtail sword fern planted in uncontaminated soil and those 

planted in 100 mg/kg fuel oil contaminated soil have new branches on side of the 

stem. At 500 mg/kg fuel oil its appeared to have dry leaves. After 90 days, the Fishtail 

sword fern that planted in fuel oil contaminated soil higher than 300 mg/kg showed 

toxic effects on plants morphology. 

 

Morphology of Srilanka ecotype in the fuel oil contaminated soil at different 

concentrations and uncontaminated soil at 30 days and 90 days are shown in Figure 4-

15 and 4-16, respectively.  
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   Uncontaminated    100 mg/kg          300 mg/kg           500 mg/kg  

Figure 4-15  Morphology of  Srilanka ecotype in  the fuel oil contaminated   

                      soil and uncontaminated soil after 30 days   

 

                          
  Uncontaminated    100 mg/kg               300 mg/kg            500 mg/kg  

Figure 4-16  Morphology of  Srilanka ecotype in the fuel oil contaminated   

                      and uncontaminated soil after 90 days   

 

At the end of the experiment, the Srilanka ecotype planted in soil contaminated 

with fuel oil at 300 and 500 mg/kg soil appeared to have dry leaves which 

subsequently made the plant growth retarded. The results obtained from 

uncontaminated soil and soil with fuel oil 100 mg/kg showed no toxic effects on plants 

morphology.  

 

Moreover, after 90 days, dark color were found around the base of the stem as 

shown in Figure 4-17. This may be the cause of reduction in its growth because the 

plant may not translocate food and nutrient from root to the stem.  
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       A         B 

Figure 4-17  Morphological appearance around the bases of the stem of  Srilanka    

                      ecotype after planting for 90 days in soil contaminated with fuel oil at 

the concentration of  300 mg/kg (A) and 500 mg/kg (B). 

 

Table 4-4 The level of toxic morphological appearance of three plant species in soil 

contaminated with fuel oil after planting for 30 and 90 days. 

 

Plant species 30 days 90 days 

Control 

soil 

100 

mg/kg 

300 

mg/kg 

500 

mg/kg 

Control 

soil 

100 

mg/kg 

300 

mg/kg 

500 

mg/kg 

Manila grass 

Fishtail sword fern 

Srilanka ecotype 

0 

0 

0 

0 

0 

0 

0 

0 

0 

-1 

 0 

-2 

0 

0 

0 

0 

0 

0 

-1 

-1 

-2 

-2 

-2  

-2 

0 mean the plants showed no toxic effect on external morphology (The morphological 

appearance of plants were healthy) 

-1 mean the plants showed slightly toxic effect on external morphology (The plants 

appeared to have shrink and yellow leaves) 

-2 mean the plants showed more toxic effect on external morphology (The plants 

appeared to have dry leaves which subsequently made the plant growth retarded) 

 

4.3.2 The growth of Manila grass, Fishtail sword fern and Srilanka 

ecotype after planting for 30 and  90 days 

 

 After 30 days, the moisture in contaminated soil were 55-58%, it was suitable 

for plants growth, whereas the moisture in contaminated soil were 58-64% after 

planting for 90 days. This resulted suggested that the moisture of contaminated soil 
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was optimal and suitable for plants growth which benefit for growth and metabolism 

of microorganism in contaminated soil. 

 

The growth of Manila grass at 30 days and 90 days   

The total wet weight, stem height and root length of Manila grass in the fuel oil 

contaminated soil at 100, 300, 500 mg/kg and uncontaminated soil are shown in Table 

4-5 to Table 4-6 and Figure 4-18 to Figure 4-20. 

 

Table 4-5 The growth of Manila grass after 30 days  

 

Fuel oil 

(mg/kg soil) 

Total wet  weight  (g) Stem  height  (cm) Root  length  (cm) 

initial 30 days initial 30 days initial 30 days 

0 (control) 40.20±0.56 48.50±5.68 a 4.54±1.23 17.44±2.26 a 4.28±1.24 10.17±1.14 a 

100   40.15±0.68 48.15±3.00 a 4.89±1.66 16.95±1.20 a 4.41±1.80 10.00±0.75 a 

300   40.08±0.45 48.08±2.00 a 5.02±0.57 16.17±1.73 a 4.44±1.67 9.38±0.85 a 

500   40.31±0.48 45.31±5.00 a 4.57±1.35 14.89±0.36 a 4.69±1.33 8.72±1.47 a 
a mean the different letters in the same column showed significant differences at  95%. 

Results are mean ± SD, n = 3. 

 

Table 4-6 The growth of Manila grass after 90 days   

 

Fuel oil 

(mg/kg soil) 

Total wet  weight  (g) Stem  height  (cm) Root  length  (cm) 

initial 90 days initial 90 days initial 90 days 

0 (control) 40.06±0.79 44.39±1.15 a 5.58±0.97 23.06±3.22 b 5.08±1.34 9.10±0.68 b 

100   40.21±0.83 44.54±2.08 a 5.55±0.63 22.66±1.51 b 5.00±1.23 9.00±0.72 b 

300   39.49±0.66 42.82±1.52 a 5.31±0.93 19.22±1.84 a 5.69±1.57 8.50±1.48 a,b 

500   41.17±0.33 45.50±0.57 a 5.43±1.13 17.44±2.47 a 5.09±1.18 6.69±0.45 a 
a,b mean the different letters in the same column showed significant differences at  

95%. Results are mean ± SD, n = 3. 
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Figure 4-18  Total wet weight of Manila grass after planting for 30 and 90 days.  
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Figure 4-19  Stem height of Manila grass after planting for 30 and 90 days.  
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Figure 4-20  Root length of Manila grass after planting for 30 and 90 days.  

 

After 30 days, the Manila grass in uncontaminated soil was found to have the 

highest total wet weight, stem height and root length, which were 48.50 g, 17.44 cm 

and 10.17 cm, respectively. When compared the growth of Manila grass planted in all 

contaminated soils, its growth did not show statistical significantly different.  

 

After 90 days, Manila grass in uncontaminated soil also has the highest stem 

height and longest root length, which were 23.06 cm and 9.10 cm, respectively. At 300 

and 500 mg/kg fuel oil, its stem height and root length were significantly decreased. 

However, the total wet weight of Manila grass in all treatments were not significantly 

different. These results suggested that Manila grass could grow in the fuel oil 

contaminated soil. The increase of fuel oil concentration did not effect on its growth. 

 

The results from the present study are similar to previous study of Lin. et al. 

(94) who found that biomass of salt grass (Spartina alterniflora) i.e., stem density and 

shoot height of salt grass (Spartina alterniflora) that exposed to fuel oil (No.2) 

contaminated soil ranging from 0 to 456 mg/kg showed significantly decreased with 

increasing of fuel oil level. The plants were proved to be relatively tolerant to the fuel 
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oil No.2 spills. The effectiveness in phytoremediation may be limited at fuel oil 

contamination level not exceeding 228 mg/kg. Moreover many grass species such as 

Wild rye, Tall fescue and Kentucky bluegrass could grow in creosote contaminated 

soil because they have biomass accumulation capacity. At concentrations of 2.0 and 

3.0 g/kg, their total biomass was reduced to less than 50% of the control plant. They 

were not shown to be affected by creosote in the soil. The decrease in plant biomass 

was comparable to the decrease in germination frequencies. The order of tolerance to 

creosote was Tall fescue > Kentucky bluegrass > Wild rye (90). As the study of 

Mphekgo P. Maila, and Thomas E. C. (95) who reported that Lepidium sativum could 

germinated in the soil contaminated with polycyclic aromatic hydrocarbon between 50 

– 1,000 mg/kg. Germination levels of the seeds and seedling fresh weight of L. 

sativum decreased with an increase in the concentration of the PAH. At higher PAH 

concentration (1,000 mg/kg), the germination level of L. sativum was low when 

compared to germination levels at 50 mg/kg. However plants were not showed serious 

effects on their growth. The results from these research suggested that grass species 

could grow in soil contaminated with hydrocarbon compounds but its growth was 

decreased with the increment of their soil concentrations. 

 

The growth of Fishtail sword fern after 30 days and 90 days   

The growth of Fishtail sword fern in soil contaminated with fuel oil at 100, 

300, 500 mg/kg and uncontaminated soil are shown in Table 4-7 to Table 4-8 and 

Figure 4-21 to Figure 4-23. 
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Table 4-7 The growth of Fishtail sword fern after 30 days  

 
Fuel oil 

(mg/kg soil) 

Total wet  weight  (g) Stem  height  (cm) Root  length  (cm) 

initial 30 days initial 30 days initial 30 days 

0 (control) 100.50±1.23 113.17±5.02 b 28.05±1.13 35.88±4.34 b 12.22±0.98 15.33±1.51 a 

100   100.10±1.87 111.77±5.50 a,b 27.83±1.55 31.89±3.63 a 14.94±0.96 17.66±1.01 a 

300   101.21±1.56 110.88±4.50 a,b 29.83±1.34 30.94±1.64 a 15.44±0.87 16.77±0.33 a 

500   101.08±1.63 106.31±5.03 a 27.22±1.27 30.06±2.40 a 12.22±0.67 15.05±2.02 a 
a,b mean the different letters in the same column showed significant differences at  

95%. Results are mean ± SD, n = 3. 

 

Table 4-8  The growth of  Fishtail sword fern after 90 days   

 
Fuel oil 

(mg/kg soil) 

Total wet  weight  (g) Stem  height  (cm) Root  length  (cm) 

initial 90 days Initial 90 days initial 90 days 

0 (control) 101.20±1.97 110.53±3.78 b 30.16±0.87 32.66±1.08 a 10.85±0.27 12.83±0.68 a 

100   101.31±1.63 110.31±1.73 b 30.43±0.94 32.87±1.70 a 11.78±0.83 12.69±1.01 a 

300   100.09±1.54 105.42±3.51 a 29.66±0.23 32.99±0.67 a 10.27±0.35 12.83±1.24 a 

500   100.25±1.08 107.92±0.57 a 30.16±0.36 33.88±0.91 a 10.44±0.43 13.15±1.84 a 
a,b mean the different letters in the same column showed significant differences at  

95%. Results are mean ± SD, n = 3. 
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Figure 4-21  Total wet weight of Fishtail sword fern after planting for 30 and 90 days.  
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Figure 4-22  Stem height of Fishtail sword fern after planting for 30 and 90 days.  
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Figure 4-23  Root length of Fishtail sword fern after planting for 30 and 90 days.  

 

At the end of the experiment the results showed that Fishtail sword fern could 

grow in soil contaminated fuel oil. Its total wet weight in uncontaminated soil showed 

significantly higher than those planted in soil contaminated with fuel oil at 300 and 

500 mg/kg. However, the increase of fuel oil concentration did not effect on its 

growth. The stem height and root length were not significantly different in all groups. 

 

 The results of the present study are consistent with Katherine Banks et al. (6) 

who reported that Nephrolepis falcata can grow in the creosote-contaminated area. 

The stem height grew from 15±1 cm (initial height) to 19±3 cm when planted in 

creosote-contaminated soil at 100 mg/kg, while those grew in 500 mg/kg grew up to 

17±5 cm after planting for 78 days. These results suggested that ferns could grow in 

soil contaminated with creosote and no visible toxic effect was observed.  

 

In addition Marie K., and Eva K. (96) reported that seedling growth of lettuce, 

onion and tomato plants was expressed on the base of length and dry weight of root 

and shoot. They were acted as indicator for the environmental toxicity. Because the 

length of primary root and shoot of all experimental plant seedlings was significantly 
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inhibited by increased concentration (50 and 100 mg/l) of pyrene. And dry weight of 

primary root and shoot of lettuce was inhibited by the lowest concentration (20 mg/l) 

of pyrene.  

 

The growth of Srilanka ecotype at 30 days and 90 days  

The growth of Srilanka ecotype in the fuel oil contaminated soil at 100, 300, 

500 mg/kg  and uncontaminated soil are shown in Table 4-9 to Table 4-10 and  Figure 

4-24 to Figure 4-26. 

 

Table 4-9  The growth of Srilanka ecotype after 30 days   

 

Fuel oil  

(mg/kg soil) 

Total wet  weight  (g) Stem  height  (cm) Root  length  (cm) 

initial 30 days initial 30 days initial 30 days 

0 (control) 41.66±0.56 65.66±5.50 b 26.58±1.34 42.44±4.36 b 7.33±0.67 13.33±1.13 a 

100   40.50±0.43 57.17±6.40 a 26.50±1.27 42.39±6.86 b 7.00±0.33 11.56±2.89 a 

300   41.82±0.69 51.82±4.35 a 27.37±1.67 43.54±6.94 a,b 8.33±0.56 13.97±3.29 a 

500   40.45±0.25 56.12±4.93 a 28.94±1.83 44.44±2.73 a 6.61±0.43 9.33±0.63 a 
a,b mean the different letters in the same column showed significant differences at  

95%. Results are mean ± SD, n = 3. 

 

 Table 4-10  The growth of Srilanka ecotype after 90 days   

a,b mean the different letters in the same column showed significant differences at  

95%. Results are mean ± SD, n = 3. 

 

Fuel oil  

(mg/kg soil) 

Total wet  weight  (g) Stem  height  (cm) Root  length  (cm) 

initial 90 days initial 90 days initial 90 days 

0 (control) 41.90±0.67 62.23±1.52 b 27.77±1.35 52.44±6.50 b 6.90±0.43 12.46±1.70 b 

100   40.50±0.36 58.83±2.88 a 27.00±1.57 40.06±6.90 a 6.91±0.85 10.88±0.83 a 

300   40.45±0.45 60.45±5.60 a 25.37±1.38 37.01±6.70 a 6.83±0.57 10.94±2.61 a 

500   40.60±0.23 60.90±5.96 a 28.87±1.65 36.26±6.45 a 6.66±0.26 9.61±1.26 a 
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Figure 4-24  Total wet weight of Srilanka ecotype after planting for 30 and 90 days.  
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Figure 4-25  Stem height of Srilanka ecotype after planting for 30 and 90 days.  
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Figure 4-26  Root length of Srilanka ecotype after planting for 30 and 90 days.  

 

After 30 days, the results showed that the Srilanka ecotype in uncontaminated 

soil has highest total wet weight whereas the stem height and root length in all groups 

were similar. The increasing of fuel oil concentration did not effect on the growth of 

Srilanka ecotype. 

 

After 90 days, the results showed that the Srilanka ecotype in uncontaminated 

soil has highest total wet weight, stem height and root length, which were 62.23 g, 

52.44 cm and 12.46 cm, respectively. It was significantly different from those planted 

in fuel oil contaminated soil. The results suggested that the fuel oil concentrations in 

contaminated soil may reduction the total wet weight, stem height and root length of 

vetiver grass. 

 

In this study, the results suggested that the biomass of vetiver grass decreased 

when fuel oil concentration higher than 100 mg/kg. Significant difference of total 

plant biomass between uncontaminated and contaminated soil was found.  This finding 

of reduction in vetiver biomass differs from the result obtained from Xia et al. (77) 

who studied the growth of 4 different grass species such as vetiver grass, Bahia grass, 
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St. Augustine grass and Bana grass in the presence of heavy metals (Cd). The results 

showed that vetiver grass had the highest increase in biomass which was 

approximately 70% after planted for 6 months as compared to Bahia grass, St. 

Augustine grass and Bana grass which grew 64%, 57%, and 52%, respectively. The 

study of Xia et al. (77) indicated that even though the vetiver grass was planted in 

contaminated soil (e.g. heavy metal), some species of vetiver grass could grow and 

biomass still increased. 

 

In summary, the results suggested that Manila grass, Fishtail sword fern and 

Srilanka ecotype have the ability to grow in fuel oil contaminated soil in all 

concentration, whereas the Srilanka ecotype showed slightly toxic appearance when 

planted in soil contaminated with fuel oil higher than 100 mg/kg after planting for 90 

days. Based on plants growth and morphological appearance, the order of tolerance to 

fuel oil was Fishtail sword fern > Manila grass > Srilanka ecotype.  

 

4.4  The efficiency of three plants species to remediate fuel oil  from  

the contaminated soil 
 

 The present study employed Manila grass, Fishtail sword fern and Srilanka 

ecotype to remediate the soil contaminated with fuel oil at the concentration of 100, 

300 and 500 mg/kg. Residual fuel oil concentrations were determined after planting 

for 30 and 90 days. The results are as follows: 

 

4.4.1 The efficiency of three selected plants to remediate fuel oil 

contaminated soil at 30 days and 90 days   

 

Table 4-11 and Figure 4-27 to Figure 4-29 show the results of residual fuel oil 

in planted and unplanted soil at 30 and 90 days.     
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Figure 4-27 The residual fuel oils concentration in the contaminated soil at 100 mg/kg   
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Figure 4-28 The residual fuel oils concentration in the contaminated soil at 300 mg/kg   
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Figure 4-29 The residual fuel oils concentration in the contaminated soil at 500 mg/kg  

 

 In the Figure 4-30 to Figure 4-32 showed chromatogram of residual fuel oils in 

soil planted with three plant species and unplanted soil after planting for 30 and 90 

days. 
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A      B 

 

       

      

      

       
        Figure 4-30 Chromatogram of fuel oil in soil contaminated at 100 mg/kg of fuel  

                            oil in different plant species after planting for 30 days  (A) and 90  

                            days (B) 

Unplanted soil Unplanted soil

Manila grass Manila grass 

Fishtail sword fern Fishtail sword fern 

Srilanka ecotype Srilanka ecotype 
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A      B 

 

      

      

     

     
       Figure 4-31 Chromatogram of fuel oil in soil contaminated at 300 mg/kg of fuel  

                           oil in different plant species after planting for 30 days  (A) and 90  

                           days (B) 

Unplanted soil Unplanted soil

Manila grass Manila grass 

Fishtail sword fern   Fishtail sword fern 

   Srilanka ecotype    Srilanka ecotype 
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A      B 

 

       

       

      

      
       Figure 4-32 Chromatogram of fuel oil in soil contaminated at 500 mg/kg of  fuel  

                           oil in different plant species after planting for 30 days  (A) and 90  

                           days (B) 

   Srilanka ecotype    Srilanka ecotype 

  Fishtail sword fern   Fishtail sword fern 

      Manila grass        Manila grass 

    Unplanted soil Unplanted soil
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Table 4-11 shows the residual fuel oil concentration in unplanted soil and 

planted soil at 30 and 90 days. The results showed that after 30 days the initial fuel oil 

concentrations at 100, 300 and 500 mg/kg in unplanted soil decreased to 98.27, 295.08 

and 494.47 mg/kg, respectively. After 90 days, the residual fuel oil in unplanted soil 

were 95.86, 288.88 and 488.55 mg/kg, respectively. These results indicated that at the 

end of the experiment the loss of fuel oil in unplanted soil are ranged between 2.29-

4.14%. 

 

At the end of experiment (90 days), the highest % removal was presented at 

concentration 100 mg/kg for all planted soils. The % removal of fuel oil were 

decreased when fuel oil concentration increased in soil planted with Manila grass and 

Fishtail sword fern whereas at the 500 mg/kg of fuel oil, % removal of fuel oil in soil 

planted with Srilanka ecotype was not significantly different with fuel oil 

contaminated soil at 100 mg/kg. However, Fishtail sword fern was the most effective 

to remove fuel oil. The % removal were 77.73, 64.62, and 59.46 whereas % removal 

of soil planted with Srilanka ecotype were 51.94, 42.37 and 52.20 from the initial 

concentration of 100, 300, and 500 mg/kg, respectively. Manila grass was the less 

effective to remove fuel oil, the % removal were 48.07, 38.78, and 31.51 from the 

initial fuel oil concentration. This suggested that Fishtail sword fern appeared to be the 

most effective plant to remediate fuel oil among the three tested plants.  

 

 The results indicated that root structure was important factor that effect on 

efficiency of plants for phytoremediation. In this study, three plant species has 

different root structure, this may caused to different efficiency of plants to remediated 

fuel oil contaminated soil. The Fishtail sword fern (N. cordifolia) is an annual tree 

with two root systems namely primary root (short root) and fibrous root. This plant 

have a very large root structure which includes the rhizome and a mass of fibrous 

roots. These root were develop the extensive root structure to high efficient root-

uptake systems (97).  
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Comparative with the research of Liste H.H. and Alexander M. (73) who 

reported that 74% of the pyrene at 300 mg//kg disappeared from vegetated soil as 

compared to 40% from unplanted soil. The total extractable pyrene decreased by 52–

68% after 48 days of  fern cultivation.  

 

Similarly, Fishtail sword fern (Nephrolepsis cordifolia), radish (Raphnus 

sativus L.), broccoli (Brassica oleracea L.) and ryegrass (Lolium multiflorum Lam) 

were studied for its efficiency in phytoremediating contaminated phenanthrene and 

pyrene (7). Twelve plants species were grown in the presence of various 

concentrations of phenanthrene and pyrene between 100–350 mg/kg. The results 

showed that phenanthrene and pyrene were found to accumulate in the roots and then 

transported to the shoot. Though different plant species showed different potency in 

translocation of phenanthrene and pyrene, approximately 22-95% of phenanthrene and 

32-96% of pyrene could be translocated to the shoots. Another study by Trapp. et al. 

(98) reported that uptake of phenanthrene and pyrene by annual roots accumulated in 

the roots and translocated to the upper part of plants. Root and shoot accumulations of 

phenanthrene and pyrene increased with the increment of their soil concentrations. 

Moreover the concentrations of phenanthrene and pyrene in the shoots were 

statistically lower than in the roots.  

 

The present research supported that fern species was high effective plant for 

phytoremediation. Their root could absorbed nutrient and other compounds 

(hydrocarbon or heavy metal) on surface and deep area. This studied suggested that 

Fishtail sword fern was greatest degradative root activities for remediating the fuel oil 

contaminated soil. 

 

In case of grass species, it has many stolon expanded along the surface area. 

The stolon of grass species was high mass of root structure around the surface area   

resulted in effective for absorption the water, nutrient and other compounds around the 

soil surface. However, the stolon were not able to absorb the essential compounds in 

the deeper area of the plot (90). This suggested that the Manila grass may have less 

efficiency to remediate fuel oil in the deep soil as compared with Fishtail sword fern. 
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Comparative with the studied of Smith M.J. et al. (99) who studied the relevance of 

germination trials for screening plants (7 grass species and legume species) that may 

have potential for use in the phytoremediation of PAH contaminated land. They 

reported that 7 grass species showed growth reduction in the soil contaminated with 

PAHs. The good germination of the legume species was found and subsequently 

growth was higher than that of the grasses species.  

 

The vetiver grass is an annual crop that has long life span. It is tolerant in dry 

soil but not tolerant in damp soil with excess water. The root may have high level of 

moisture absorption (93). Some species of vetiver grass could remove the hydrocarbon 

compounds in the contaminated soil. Makris K.C. et al. (100) studied the efficiency of 

vetiver grass (Vetiveria zizanioides) in removing 2,4,6-trinitrotoluene (TNT) from the 

soil. They reported that vetiver exhibited a high TNT uptake capacity (1.03 mg/g), but 

kinetics were slow, which significantly different (P<0.001) with control. Three major 

TNT metabolites were detected in the roots, but not in the shoot, namely 1,3,5-

trinitrobenzene, 4-amino 2,6-dinitrotoluene and 2-amino 4,6-dinitrotoluene. 

 

In another case, Xia et al. (77) studied the efficiency of vetiver grass (Vetiveria 

zizanioides) to remediate the degraded ecosystem of an oil shale mined land. The 

results showed that vetiver grass was the most effective in Pb and Cd uptake 

(approximately 99%) when compared with Bahia grass (Paspalum notatum) (90%). 

The vetiver grass was suggested to be the best species for remediating the oil shale 

disposal piles. The results from this research suggested that vetiver grass was suitable 

plants for phytoremediation the heavy metal in contaminated soil more than 

remediated soil contaminated with hydrocarbon compounds. 

 

In summary the results of the presented study indicated that Fishtail sword fern 

(Nephrolepis cordifolia L. Presl) is the most effective plant to remediate fuel oil 

followed by Srilanka ecotype (Vetiveria zizanioides Nash), whereas the Manila grass 

(Zoysia matrella L. Merrill) has the least efficiency in remediating the fuel oil.  
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4.5 Microorganisms population in contaminated soil with and 

without plant  
 

The population of the microorganisms around rhizosphere of three selected 

plants were compared to the population of microorganisms in the unplanted soil. The 

microorganisms were cultured in minimal salt medium (MSM). Total amount of the 

microorganisms were carried out by plate count method. The total cell count of 

microorganisms in unplanted soil and planted soil were measured at 30 and 90 days of 

experiment. The results are shown in Table 4-12. 
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Table 4-12 showed that total microorganisms in unplanted soil was less than 

microorganisms in planted soil at all fuel oil concentrations. This results suggested 

that plants and fuel oil could promoted the growth of microorganisms in contaminated 

soil. Moreover, the longer planting period correspond to the increasing in number of 

total microorganisms, especially soil planted with Fishtail sword fern. 

 

The total microorganism around the rhizosphere of three plants were observed. 

After 30 days, the population of microorganisms in soil planted with Manila grass, 

Fishtail sword fern, and Srilanka ecotype were not significantly different. The number 

of colonies in planted soil and unplanted soil were in the range of 106–108 and 105 

cfu/ml, respectively.  

 

After 90 days, The population of microorganisms in planted soil were similar 

to those amount at 30 days. The number of colonies was in the range of 106–107 

cfu/ml for planted soil. In unplanted soil the number of colonies was lower, 105 cfu/ml. 

No significant different between the number of colonies in soil planted with three 

plant species. Moreover, the increasing of fuel oil concentration did not showed the 

reduction of microorganisms.  

 

The increasing of total microorganism in planted soil may be due to the fact 

that the root of plant release amino acid such as glycine, glutamine, and tyrosine or 

certain type of protein called “exudates” that support the activity of microorganisms in 

degradation of hydrocarbon contaminated in the soil (101). In the previous study, 

Merkl N. et al. (81) reported that the microorganisms in petroleum contaminated soil 

was significant higher than the amount in uncontaminated soil. Comparative with the  

study of Fang et al. (102) reported that the microbial communities extracted from five 

grass species were more efficient in degrading hydrocarbon than microorganisms from 

unplanted soil. And Yateem et al. (103) reported that the annual ryegrass have further 

fostered the biodegradation of petrol hydrocarbons, reaching final TPH concentrations 

that higher than in unplanted soil. 
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In addition, the root supports the activity of soil microorganisms that helps to 

degrade hydrocarbon. The microorganisms were breakdown the hydrocarbon into the 

form that the plant can use for their growth (104). Jankong P. et al. (105) reported that 

abundant of microorganism such as bacteria and fungi were most found around the 

root of Pityrogramma calomelanos. The rhizobacteria and rhizofungi increased 

correspond with increased plant biomass. Therefore, the effects of microbes on the 

availability and transport the essential nutrient and other hydrocarbon compounds to 

the plant should be considered for phytoremediation.  

 

The type and morphological appearance of microorganisms in unplanted 

soil and planted soil with three plant species 

 

The types of microorganism grown in unplanted soil were not diversified as 

compared to the population of microorganisms in soil planted with the three plant 

species. Bacteria was the dominant type that mostly found in all treatment. Some types 

of microorganism such as fungi and actinomycetes were found in planted soil that has 

low fuel oil concentration (100 and 300 mg/kg).  

The morphological appearances of colonies in unplanted soil were circular and 

punctiform with white, yellow, and red color. The colony was convex elevation. They 

had entire and erose margin. The morphological appearances of microorganism in 

planted soil with three plant species were circular, punctiform and rough forming. 

They were convex, flat and pulvinate elevation. They had smooth, entire, and erose 

margin. These colonies have many colors which differed from unplanted soil, such as 

white, yellow, orange, and brown. These results suggested that the morphological 

appearances of microorganisms in planted soil were diversified, especially soil planted 

with Fishtail sword fern. They were numerous in forms and had many colors.  

 

Since the roots of Fishtail sword fern support the growth of microorganisms, 

the population of microorganisms around the root of the plants was higher as 

compared to unplanted soil. Subsequently, the high amount of microorganisms then 

accelerate effective degradation process of fuel oil, which can be observed from the 

decrease of fuel oil in contminated soil planted with Fishtail sword fern. The results 
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were in accordance with the study by Joner et al. (104) who studied the presence of 

microbial activity around the rhizosphere of mixed clover (fern species and ryegrass) 

during phytoremediation in petroleum hydrocarbon contaminated soil. The results 

suggested that fern species could remediate through growth response of microbial 

communities within the soil. The numbers of microorganisms in soil planted with fern 

and ryegrass were higher than in unplanted soil after 180 days. The present study 

supported that the enhanced dissipation of fuel oil in the rhizosphere, which was due 

to the stimulation of the microbial community within the soil rhizosphere. As well as 

the study of Jankong P. et al. (105) who studied the phytoremediation process in 

hydrocarbon contaminated soil by fern species (P. calomelanos). They reported that 

phytoremediation may occur in several ways such as stimulation of plant growth by 

improving plant nutrition, resistance by immobilizing hydrocarbon in the rhizosphere 

and enhancement of hydrocarbon accumulation in the plant. They suggested that P. 

calomelanos promoted the activity of microbial for phytodegradation the hydrocarbon 

compounds in soil. 

  

The present study also exhibited that the root of Manila grass supports the 

activity of soil microorganisms, which caused the elevation in microorganism 

population.  Many grass species could promote microbial growth and activity in their 

rhizosphere (rhizosphere effect). Due to root penetration, soil aggregates are loosened, 

the carbon source that serve as easily digestible substrates for microorganisms can 

selectively enhance growth of degradative microorganisms in the rhizosphere (106). 

This supported by Merkl N. et al. (81) who studied the effect of grass species 

(Brachiaria brizantha) grow on soil contaminated with alkane, cycloalkae and 

aromatic.  The results found that the soil planted with B. brizantha has the higher 

counts of viable aerobic microorganisms (bacteria, fungi, actinomycetes and 

hydrocarbon degraders) in rhizosphere than unvegetated soil. Accordingly, they found 

higher degradation of hydrocarbons compounds in planted soil with grass than in 

unplanted soil. For degradation of aromatic and cycloalkane, the factors such as 

oxygen availability, plant enzymes and the amount of microbial have to be considered. 
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In addition, certain grass species was found to promote bacterial growth which 

accelerated biodegradation of fuel oil particularly around the rhizosphere (80). Liste 

and Felgentreu (80) studied the capability of grasses, annual ryegrass, legume and 

crucifer to grow in a soil from a former coal gasficiation site. The results showed 

annual ryegrass elicited the greatest degradative root activities and sustained 

particularly great population of rhizosphere bacteria that known as hydrocarbon 

degraders. Similarly, Johnson et al. (107) who determined the microbial biomass and 

its community in the soil contaminated with PAH after mixed ryegrass (Lolium 

perenne) planting at 180 days. They found that the microbial biomass and their 

communities in planted soils were higher. The PAH degradation was enhanced in 

planted treatments; it was greater than unplanted soil. 

 

The Srilanka ecotype has long and strong root, which supported the activity of 

microbial around the rhizosphere. The results were consistent with the study by 

Rasmussen. et al. (108) who studied the capacity of vetiver grass to remove creosote-

contaminants from groundwater in the soil. They found that the number of 

microorganisms which creosote degrading in soil was 4.35×106 cfu/ml. There were 

significant differences in microbial population in treated and untreated soils. 

 

Numerous microorganisms are known for their ability to degrade 

hydrocarbons, but in this study, bacteria was the dominant type which was found most 

in fuel oil contaminated soil at all concentrations. Comparable to the study of Liste H. 

H. and Felgentreu D. (80) who reported that eight week of four crops planting in fuel 

oil contaminated soil, bacteria in the rhizospheres of all four crops were more 

abundant as compared with other types of microorganisms. The total bacteria counts in 

contaminated soil were high in the rhizospheres, particularly abundant in the root 

zones. This suggested that some species of bacteria and cyanobacteria that are likely to 

have promoted fuel oil degradation. This result is also supported by Chaineau  C. H. et 

al. (109) who studied the comparison of fuel oil biodegradation potential of 

hydrocarbon-assimilating microorganisms isolated in contaminated soil. The most 

active strains in the assimilation of saturates and aromatics hydrocarbon were 

Sphingomonas spiritivorum, Acinetobacter baumanii, Beauveria alba, Penicillum 
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simplicissimum, Pseudomonas sp., Arthrobacter sp., Rhodococcus sp., and 

Corynebacterium sp. Individual bacterial strains were more active than fungi in 

hydrocarbon biodegradation. This experiment suggested that bacteria were the most 

active strains towards hydrocarbon degradation. The suggestion of plant induced 

bacterial growth and metabolism is supported by the study of Walton. et al. (110) who 

reported that microorganisms benefit from the plant exudates from the metabolic 

detoxification of potentially toxic compounds and modify the composition for activity 

of microbial  populations. It is recognized that microorganisms play a critical role in 

the breakdown of hydrocarbons capable of growth in the presence of fuel oil as the 

sole source of carbon and energy hydrocarbon (109). 

 

Finally, the present study found that the microbial population in unplanted soil 

was less than those in planted soil. The microorganism around the rhizosphere of three 

plants species were diversified and present in higher amount. The tested plants were 

capable of promoting microbial population which act as degrader of contaminated fuel 

oil. Bacteria was the most commonly found microorganism in contaminated soil. In 

soil planted with Fishtail sword fern, bacteria was found in highest amount. In 

addition, the microorganism in soil planted with Fishtail sword fern was promoted the 

petroleum hydrocarbon degradation process, which subsequently reduced the residual 

fuel oil in soil at the end of the experiment. The results indicated that the 

phytoremediation efficiency of plant with different root systems were different. Root 

systems also support the growth of microbial population to promote the degradation 

process around the rhizosphere.   
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CHAPTER V 

CONCLUSION AND RECOMMENDATIONS 
 
5.1  Conclusion  
 

1. Among the nine tested plant species, Manila grass, Fishtail sword fern and 

Srilanka ecotype were representative from fibrous root, short root, and long root plants 

groups based on their morphological appearance, plants growth and efficiency for 

phytoremediation after planted in soil contaminated with fuel oil at the concentration 

of 100 mg/kg for 30 days.  

2. Three plant species could grow normally in soil contaminated with 100 and 

300 mg/kg of fuel oil. The stem height and root length were not significantly different 

from control plants but their growth slightly decreased when planted in fuel oil 

contaminated soil at 500 mg/kg.  

 3.  The efficiencies of three plant species to remediate fuel oil in the soil were 

as follows: 

3.1 At the end of the experiment, Fishtail sword fern was the most 

effective plant to remediate soil contaminated with 100 and 300 mg/kg of fuel oil 

which were 77.73% and 64.62%, respectively. It was significantly higher than 

Srilanka ecotype and Manila grass. 

 3.2 The efficiency of Manila grass and Fishtail sword fern tend to 

decrease when fuel oil concentration was increased. The highest % removal was 

presented at a concentration of 100 mg/kg for soil planted with Manila grass and 

Fishtail sword fern, whereas the efficiency of vetiver grass to remediate contaminated 

soil was similar at all concentrations. 

4. The amount of microbial populations in contaminated soil with and without 

plant were as follows:  

 4.1 The total cell count of microorganisms in unplanted soil was less 

than microorganisms in planted soil at all fuel oil concentrations. 
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 4.2 Fishtail sword fern could promote microbial population more than 

other plant species, but no statistical significant was found among the three plant 

species 

 4.3 The longer planting period of Fishtail sword fern correspond to the 

increase in number of total microorganisms in rhizosphere.  

4.4 The abundant of microorganisms in soil planted with Fishtail sword 

fern is suggested to be the cause of reduction of fuel oil contaminated in the soil. 

 

5.2  Recommendation 
 

 1. These three plant species are effective and are recommended for 

phytoremediation of soil contaminated with low fuel oil concentrations.  

 2. After phytoremediation process, suitable management of these plants is 

required to dispose the plants. 

 3.  The chemical characteristic of soil such as organic matter, pH, and cation 

exchange capacity should always analyzed and record during planting period. 

 4.  Important factors such as temperature, soil moisture and sun light may 

effect plant growth and microorganism degradation around rhizosphere. Further study 

should control these conditions to obtain the best results. 

 5. For further study, other root structures such as tuber root, rhizome root, 

storage root and corm/bulb root should be studied and compare the effects of different 

root structure in phytoremediation of hydrocarbon contaminated soil. 

 6. Mechanism of phytoremediation should be investigated. 
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เกณฑมาตรฐานคุณสมบตัิดนิ 
 

ตารางที่ 1  คาการนําไฟฟา (EC) สงผลตอระดับความเค็มของดิน 
 

ระดับ พิสัย(dS/m) 
ต่ํามาก 
ต่ํา 
ปานกลาง 
สูง 
สูงมาก 

0 - 2 
> 2 - 4 
> 4 - 8 

> 8 - 16 
> 16 

ท่ีมา : เอิบ (84) 
 
ตารางที่ 2  ปฏิกิริยาของดิน (pH) คาแสดงความเปนกรดเปนดางของดิน  มีคา 1 – 14 จําแนกเปนคา  
                   พิสัยได 10 ระดับดังนี้ 
 

ระดับ พิสัย 
กรดรุนแรงมากที่สุด 
กรดรุนแรงมาก 
กรดจัดมาก 
กรดจัด 
กรดปานกลาง 
กรดเล็กนอย 
เปนกลาง 
ดางเล็กนอย 
ดางปานกลาง 
ดางจัด 
ดางจัดมาก 

<3.5 
3.5 – 4.4 
4.5 – 5.0 
5.1 – 5.5 
5.6 – 6.0 
6.1 – 6.5 
6.6 – 7.3 
7.4 – 7.8 
7.9 – 8.4 
8.5 – 9.0 

>9.0 

ท่ีมา: เอิบ (84) 
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ตารางที่ 3  ปริมาณฟอสฟอรัสที่เปนประโยชนตอพืช (Available phosphorus)   ปริมาณฟอสฟอรัสที่  
                   เปนประโยชนตอพืชที่ไดจากการสกัดน้ํายา Bray No.2  จําแนกเปนคาพิสัยได 7 ระดับ  
 

ระดับ พิสัย(ppm) 
ต่ํามาก 
ต่ํา  
คอนขางต่ํา 
ปานกลาง 
คอนขางสูง 
สูง  
สูงมาก 

<3 
3 – 6 

6 – 10 
10 – 15 
15 – 25 
25 – 45 

>45 
ท่ีมา: เอิบ (84) 
 
ตารางที่ 4  ปริมาณโพแทสเซียมที่เปนประโยชนตอพืช (Available potassium) จําแนกเปนคาพิสัยได  

5 ระดับ 
   

ระดับ พิสัย(ppm) 
ต่ํามาก 
ต่ํา 
ปานกลาง 
สูง 
สูงมาก 

<30 
30 – 60 
60 – 90 

90 – 120 
>120 

ท่ีมา: เอิบ (84) 
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ตารางที่  5  ปริมาณอินทรียคารบอน (Organic carbon) เปนการวิเคราะหเพื่อใหทราบปริมาณ 
อินทรียวัตถุ (organic matter) ที่มีอยูในดินโดยการคูณ % Organic carbon ดวย 1.724 จะได 
% O.M. โดยประมาณ สามารถจําแนกเปนคาพิสัยได 10 ระดับดังนี ้ 

 

อินทรียคารบอนรอยละ(%) ระดับ 
ต่ํามาก 
ต่ํา 
คอนขางต่ํา 
ปานกลาง 
คอนขางสูง 
สูง 
สูงมาก 

< 0.29 
0.29 – 0.58 
0.58 – 0.87 
0.87 – 1.45 
1.45 – 2.03 
2.03 – 2.61 

> 2.61 

อินทรียวัตถุรอยละ(%) ระดับ 
ต่ํามาก 
ต่ํา 
คอนขางต่ํา 
ปานกลาง 
คอนขางสูง 
สูง 
สูงมาก 

< 0.50 
0.50 – 1.00 
1.00 – 1.50 
1.50 – 2.50 
2.50 – 3.50 
3.50 – 4.50 

> 4.50 
ท่ีมา: เอิบ (84) 
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ตารางที่ 6  ความจุในการแลกเปลี่ยนประจุบวก (CEC) 
 

ระดับ พิสัย (cmol/kg) 
ต่ํามาก 
ต่ํา  
คอนขางต่ํา 
ปานกลาง 
คอนขางสูง 
สูง  
สูงมาก 

<3 
3 – 6 

5 – 10 
10 – 15 
15 – 20 
20 – 30 

>30 
ท่ีมา: เอิบ (84) 
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ANOVA  analysis 

 

Plant growth 

 

-  Manila grass after planting at 30 days 

One way ANOVA 

 Sum of 

Squares 

df Mean 

Square 

F Sig 

Wet weight      Between groups 

                          Within groups 

                          Total 

19.66 

8.00 

27.66 

3 

8 

11 

6.55 

1.00 

6.55 

 

 

0.055 

Stem height      Between groups 

                          Within groups 

                          Total 

11.13 

8.00 

19.13 

3 

8 

11 

3.71 

1.00 

3.71 

 

 

0.061 

Root length      Between groups 

                          Within groups 

                          Total 

3.91 

8.00 

11.91 

3 

8 

11 

1.30 

1.00 

1.30 

 

 

0.338 

 

Duncan 

Treatment N Subset for alpha = 0.05 
Wet weight Stem height Root length 

Contaminated 
soil 500 mg/kg 

3 45.31 14.89 8.72 

Contaminated 
soil 300 mg/kg 

3 48.08 16.17 9.38 

Contaminated 
soil 100 mg/kg 

3 48.15 16.95 10.00 

Uncontaminated 
soil 

3 48.50 17.44 10.17 

Significant 0.635 0.174 0.134 
Means for groups in homogeneous subsets are displayed 
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-  Manila grass after planting at 90 days 

One way ANOVA 

 Sum of 

Squares 

df Mean 

Square 

F Sig 

Wet weight      Between groups 

                          Within groups 

                          Total 

11.09 

8.00 

19.09 

3 

8 

11 

3.69 

1.00 

3.69 

 

 

0.06 

Stem height      Between groups 

                          Within groups 

                          Total 

66.55 

8.00 

74.55 

3 

8 

11 

22.19 

1.00 

22.19 

 

 

0.03 

Root length      Between groups 

                          Within groups 

                          Total 

11.28 

8.00 

19.18 

3 

8 

11 

3.76 

1.00 

3.76 

 

 

0.05 

 

Duncan 

Treatment N Subset for alpha = 0.05 
Wet weight 

Contaminated 
soil 300 mg/kg 

3 42.82 

Uncontaminated 
soil 

3 44.39 

Contaminated 
soil 100 mg/kg 

3 44.54 

Contaminated 
soil 500 mg/kg 

3 45.50 

Significant 0.228 
Means for groups in homogeneous subsets are displayed 

Treatment N Subset for alpha = 0.05 

Stem height Root length 

a b a b 

Contaminated soil 
500 mg/kg 

3 17.44  6.69  

Contaminated soil 
300 mg/kg 

3 19.22  8.50 8.50 

Contaminated soil 
100 mg/kg 

3  22.66  9.00 

Uncontaminated 
soil 

3  23.06  9.10 

significant 0.037 0.05 

Means for groups in homogeneous subsets are displayed 
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-  Fishtail sword fern after planting at 30 days 

One way ANOVA 

 Sum of 

Squares 

df Mean 

Square 

F Sig 

Wet weight      Between groups 

                          Within groups 

                          Total 

79.31 

8.00 

87.31 

3 

8 

11 

26.44 

1.00 

26.44 

 

 

0.049 

Stem height      Between groups 

                          Within groups 

                          Total 

63.48 

8.00 

71.48 

3 

8 

11 

21.16 

1.00 

21.16 

 

 

0.041 

Root length      Between groups 

                          Within groups 

                          Total 

13.61 

8.00 

21.61 

3 

8 

11 

4.54 

1.00 

4.54 

 

 

0.06 

 

Duncan 

Treatment N Subset for alpha = 0.05 
Wet weight 

a b 
Contaminated 
soil 500 mg/kg 

3 106.31  

Contaminated 
soil 300 mg/kg 

3 110.88 110.88 

Contaminated 
soil 100 mg/kg 

3 111.77 111.77 

Uncontaminated 
soil 

3  113.17 

Significant 0.031 
Means for groups in homogeneous subsets are displayed 

 

Treatment N Subset for alpha = 0.05 
Stem height 
a b 

Contaminated 
soil 500 mg/kg 

3 30.06  

Contaminated 
soil 100 mg/kg 

3 30.89  

Contaminated 
soil 300 mg/kg 

3 30.94  

Uncontaminated 
soil 

3  35.88 

Significant 0.033 
Means for groups in homogeneous subsets are displayed 



 
 
Nattaporn  Sonphueak                                                                                                          Appendix / 
 

146

Treatment N Subset for alpha = 0.05 
Root length 

Contaminated 
soil 500 mg/kg 

3 15.05 

Uncontaminated 
soil 

3 15.33 

Contaminated 
soil 300 mg/kg 

3 16.77 

Contaminated 
soil 100 mg/kg 

3 17.66 

Significant 0.307 

Means for groups in homogeneous subsets are displayed 

 

-  Fishtail sword fern after planting at 90 days 

One way ANOVA 

 Sum of 

Squares 

df Mean 

Square 

F Sig 

Wet weight      Between groups 

                          Within groups 

                          Total 

51.64 

8.00 

89.64 

3 

8 

11 

17.21 

1.00 

17.21 

 

 

0.01 

Stem height      Between groups 

                          Within groups 

                          Total 

2.60 

8.00 

10.60 

3 

8 

11 

0.87 

1.00 

0.87 

 

 

0.49 

Root length      Between groups 

                          Within groups 

                          Total 

0.34 

8.00 

8.34 

3 

8 

11 

0.11 

1.00 

0.11 

 

 

0.94 

 

Duncan 

Treatment N Subset for alpha = 0.05 
Wet weight 

a b 
Contaminated 
soil 300 mg/kg 

3 105.42  

Contaminated 
soil 500 mg/kg 

3 107.92  

Contaminated 
soil 100 mg/kg 

3  110.31 

Uncontaminated 
soil 

3  110.53 

Significant 0.04 
Means for groups in homogeneous subsets are displayed 
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Treatment N Subset for alpha = 0.05 
Stem height 

Uncontaminated 
soil 

3 32.66 

Contaminated 
soil 100 mg/kg 

3 32.87 

Contaminated 
soil 300 mg/kg 

3 32.99 

Contaminated 
soil 500 mg/kg 

3 33.88 

Significant 0.197 

Means for groups in homogeneous subsets are displayed 
 

Treatment N Subset for alpha = 0.05 
Root length 

Contaminated 
soil 100 mg/kg 

3 12.69 

Uncontaminated 
soil 

3 12.83 

Contaminated 
soil 300 mg/kg 

3 12.83 

Contaminated 
soil 500 mg/kg 

3 13.15 

Significant 0.609 

Means for groups in homogeneous subsets are displayed 
 

-  Srilanka ecotype after planting at 30 days 

One way ANOVA 

 Sum of 

Squares 

df Mean 

Square 

F Sig 

Wet weight      Between groups 

                          Within groups 

                          Total 

302.14 

8.00 

310.14 

3 

8 

11 

100.71 

1.00 

100.71 

 

 

0.03 

Stem height      Between groups 

                          Within groups 

                          Total 

8.66 

8.00 

16.66 

3 

8 

11 

2.89 

1.00 

2.89 

 

 

0.05 

Root length      Between groups 

                          Within groups 

                          Total 

38.89 

8.00 

46.89 

3 

8 

11 

12.96 

1.00 

12.96 

 

 

0.52 
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Duncan 

Treatment N Subset for alpha = 0.05 
Wet weight 

a b 
Contaminated 
soil 300 mg/kg 

3 51.82  

Contaminated 
soil 500 mg/kg 

3 56.12  

Contaminated 
soil 100 mg/kg 

3 57.17  

Uncontaminated 
soil 

3  65.66 

Significant 0.023 
Means for groups in homogeneous subsets are displayed 
 

Treatment N Subset for alpha = 0.05 
Stem height 
a b 

Contaminated 
soil 100 mg/kg 

3  42.39 

Uncontaminated 
soil 

3  42.44 

Contaminated 
soil 300 mg/kg 

3 43.54 43.54 

Contaminated 
soil 500 mg/kg 

3 44.44  

Significant 0.03 
Means for groups in homogeneous subsets are displayed 
 

Treatment N Subset for alpha = 0.05 
Root length 

Contaminated 
soil 500 mg/kg 

3 9.33 

Contaminated 
soil 100 mg/kg 

3 11.56 

Uncontaminated 
soil 

3 13.33 

Contaminated 
soil 300 mg/kg 

3 13.97 

Significant 0.062 

Means for groups in homogeneous subsets are displayed 
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-  Srilanka ecotype after planting at 90 days 

One way ANOVA 

 Sum of 

Squares 

df Mean 

Square 

F Sig 

Wet weight      Between groups 

                          Within groups 

                          Total 

17.71 

8.00 

25.71 

3 

8 

11 

5.90 

1.00 

5.90 

 

 

0.02 

Stem height      Between groups 

                          Within groups 

                          Total 

508.09 

8.00 

516.09 

3 

8 

11 

169.36 

1.00 

169.36 

 

 

0.03 

Root length      Between groups 

                          Within groups 

                          Total 

12.24 

8.00 

20.24 

3 

8 

11 

4.08 

1.00 

4.08 

 

 

0.05 

 

Duncan 

Treatment N Subset for alpha = 0.05 
Wet weight 

a b 
Contaminated 
soil 100 mg/kg 

3 58.83  

Contaminated 
soil 300 mg/kg 

3 60.45  

Contaminated 
soil 500 mg/kg 

3 60.90  

Uncontaminated 
soil 

3  62.23 

Significant 0.035 
Means for groups in homogeneous subsets are displayed 
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Treatment N Subset for alpha = 0.05 
Stem height 
a b 

Contaminated 
soil 500 mg/kg 

3 36.26  

Contaminated 
soil 300 mg/kg 

3 37.01  

Contaminated 
soil 100 mg/kg 

3 40.06  

Uncontaminated 
soil 

3  52.44 

Significant 0.038 
Means for groups in homogeneous subsets are displayed 
 

Treatment N Subset for alpha = 0.05 
Root length 
a b 

Contaminated 
soil 500 mg/kg 

3 9.61  

Contaminated 
soil 100 mg/kg 

3 10.88  

Contaminated 
soil 300 mg/kg 

3 10.94  

Uncontaminated 
soil 

3  12.46 

Significant 0.045 
Means for groups in homogeneous subsets are displayed 
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% removal of fuel oil 

 

- % removal of fuel oil at 30 days 

 

One way ANOVA 

 Sum of 

Squares 

df Mean 

Square 

Sig 

% removal          Between groups 

                          Within groups 

                          Total 

4264.46 

0.012 

4264.47 

11 

24 

35 

387.678 

1.00 

0.01 

 

Duncan 

Treatment N Subset for alpha = 0.05 
1 2 3 

Unplanted soil 
500 mg/kg 

3 1.11   

Unplanted soil 
300 mg/kg 

3 1.64   

Unplanted soil 
100 mg/kg 

3 1.73   

Vetiver ecotype 
500 mg/kg 

3  21.16  

Fishtail sword 
fern 500 mg/kg 

3  22.01  

Manila grass  
500 mg/kg 

3  22.64  

Vetiver ecotype 
300 mg/kg 

3  24.57  

Fishtail sword 
fern 300 mg/kg 

3  25.11  

Vetiver ecotype 
100 mg/kg 

3  25.58  

Fishtail sword 
fern 100 mg/kg 

3   28.58 

Manila grass  
300 mg/kg 

3   30.58 

Manila grass  
100 mg/kg 

3   30.92 

Significant 0.032 

Means for groups in homogeneous subsets are displayed 
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- % removal of fuel oil at 90 days 

 

One way ANOVA 

 Sum of 

Squares 

df Mean 

Square 

Sig 

% removal          Between groups 

                          Within groups 

                          Total 

20601.67 

0.006 

20601.68 

11 

24 

35 

1872.88 

1.00 

0.01 

 

Duncan 

Treatment N Subset for alpha = 0.05 
1 2 3 4 

Unplanted soil 
500 mg/kg 

3 2.29    

Unplanted soil 
300 mg/kg 

3 3.71    

Unplanted soil 
100 mg/kg 

3 4.14    

Manila grass  
500 mg/kg 

3  31.57   

Manila grass  
300 mg/kg 

3  38.78   

Vetiver ecotype 
300 mg/kg 

3  42.37   

Manila grass  
100 mg/kg 

3   48.07  

Vetiver ecotype 
100 mg/kg 

3   51.94  

Vetiver ecotype 
500 mg/kg 

3   52.20  

Fishtail sword 
fern 500 mg/kg 

3   59.46  

Fishtail sword 
fern 300 mg/kg 

3    64.62 

Fishtail sword 
fern 100 mg/kg 

3    77.73 

Significant 0.025 

Means for groups in homogeneous subsets are displayed 
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Microbial populations in contaminated soil with and without plant 

 

-  Total microorganisms in contaminated soil at 30 days  

(after incubated for 7 days) 

One way ANOVA 

 Sum of 

Squares 

df Mean 

Square 

Sig 

% removal          Between groups 

                          Within groups 

                          Total 

18420.75 

24.00 

18444.75 

11 

24 

35 

1674.61 

1.00 

0.05 

 

Duncan 

Treatment N Subset for alpha = 0.05 

a b 

Unplanted control soil 3 3.0 x 105  

Unplanted soil 100 mg/kg 3 3.5 x 105  

Vetiver ecotype control soil 3 5.0 x 105  

Unplanted soil 500 mg/kg 3 6.8 x 105  

Unplanted soil 300 mg/kg 3 8.0 x 105  

Vetiver ecotype grass 300 mg/kg 3 1.0 x 106  

Vetiver ecotype 500 mg/kg 3 1.4 x 106  

Fishtail sword fern control soil 3 2.1 x 106 2.1 x 106 

Manila grass 500 mg/kg 3  3.7 x 106 

Fishtail sword fern 500 m/kg 3  3.8 x 106 

Fishtail sword fern 300 m/kg 3  4.0 x 106 

Manila grass 300 mg/kg 3  4.2 x 106 

Vetiver ecotype 100 mg/kg 3  4.8 x 106 

Manila grass control soil 3  5.4 x 106 

Manila grass 100 mg/kg 3  6.3 x 106 

Fishtail sword fern 100 m/kg 3  8.7 x 106 

Significant 0.043 

Means for groups in homogeneous subsets are displayed 
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-  Total microorganisms in contaminated soil at 90 days  

(after incubated for 7 days) 

One way ANOVA 

 Sum of 

Squares 

df F Sig 

% removal          Between groups 

                          Within groups 

                          Total 

263456.8 

618.00 

264074.8 

11 

24 

35 

930.12 

 

0.031 

 

Duncan 

Treatment N Subset for alpha = 0.05 

a b 

Unplanted control soil 3 3.2 x 105  

Unplanted soil 300 mg/kg 3 3.5 x 105  

Unplanted soil 500 mg/kg 3 3.5 x 105  

Unplanted soil 100 mg/kg 3 8.0 x 105  

Manila grass 100 mg/kg 3 1.0 x 106  

Vetiver ecotype control soil 3 1.0 x 106  

Vetiver ecotype 500 mg/kg 3 1.6 x 106  

Vetiver ecotype 100 mg/kg 3 2.8 x 106 2.8 x 106 

Manila grass 500 mg/kg 3 2.8 x 106 2.8 x 106 

Vetiver ecotype 300 mg/kg 3 3.1 x 106 3.1 x 106 

Fishtail sword fern control soil 3  2.9 x 106 

Manila grass 300 mg/kg 3  3.7 x 106 

Manila grass control soil 3  7.6 x 106 

Fishtail sword fern 100 m/kg 3  2.2 x 107 

Fishtail sword fern 500 m/kg 3  2.2 x 107 

Fishtail sword fern 300 m/kg 3  2.3 x 107 

Significant 0.026 

Means for groups in homogeneous subsets are displayed 
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