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ABSTRACT 

 
PHYTOREMDIATION OF PESTICIDE RESIUDES IN SOUTHWESTERN ONTARIO 

 
 

Jinghan Zhao        Advisor: 
University of Guelph, 2018     Professor Emily YW Chiang 
                                                                                                 
 
 
This study aims to improve the Ontario ginseng quality by reducing the DDT concentration in the 

soil through phytoremediation technology. An intensified DDT detection method was developed 

for the specific sandy soil used for ginseng cultivation. This method is based on the conventional 

detection method from EPA guidelines and combined drying process, ultrasonic probe extraction 

process and rotary concentration process. The intensified detection method significantly enhanced 

the results accuracy, and reduced the time consumption and labour requirement. The DDT residue 

distribution in agricultural soil located in the southwestern Ontario was also investigated to 

determine the degradation level during the past 52 years. The results of phytoremediation in the 

lab scale showed that DDT was successfully translocated to the aerial tissues. It can be concluded 

that the phytoremediation could be an effective remediation technology of DDT contaminated soil 

in the southwestern Ontario.
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Chapter 1 Introduction and Outline 

1.1 Introduction 

Ginseng is a popular herb in many countries especially in South Korea, China. In recent years, the 

Ontario ginseng industry is booming and expanding in southwestern Ontario. However, the 

Ontario ginseng was threatened recently due to that the DDT concentration in the ginseng products 

slightly exceeded Chinese Maximum Residue Limits (MRLs). DDT has been prohibited many 

years ago in southwestern Ontario, but DDT is persistent and bioaccumulative. Hence, the 

agricultural soil used for ginseng crop was found to have DDT compounds. The trace amount of 

DDT is threatening the Ontario ginseng industry. Therefore, the strategically management and 

remediation for the DDT residue are required for improving Ontario cultivated ginseng quality. 

This research investigated the DDT concentrations in former tobacco belts in southwestern Ontario. 

The soil samples in this study is specific sandy from agricultural land. For improving the results 

accuracy and minimizing process duration and labour requirement, the detection method was 

intensified in this study. Many methodologies were discussed for analysis of various 

organochlorine pesticides (OCPs). The conventional methods mainly include drying, extraction, 

clean-up, column fractionation and gas chromatographic separation. However, OCPs analysis 

methodologies are continuously being modified and intensified. The abundance of research 

available comparing different extraction technologies but limited research on adopting ultrasonic 

probe extraction. The research on the effectiveness of the Florisil column clean-up and the 

concentration methods is rare. In this study, an efficient DDT extraction and detection method was 

developed based on the standard EPA process. Different technologies were investigated and 
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compared for reducing the time consumption and labour requirement. The DDT distribution at 

several former tobacco planting sites in southern Ontario was determined by the intensified method. 

The phytoremediation technology has gained attention recently because its economic feasibility 

and eco-friendly compared with other remediation methods. The phytoremediation method is an 

emerging green technology using plant species, including trees, crop species, grasses, and others 

to degrade, transform or stabilize soil and water pollutants. In fact, plants have the unique 

capability of remediating a wide range of organic and inorganic contaminants. Phytoremediation 

is one of the remediation technology which is eco-friendly, sustainable and practical. From the 

economic perspective, it is also acceptable for the ginseng farmers. In this study, the 

phytoremediation method will be selected as the remediation strategy. The hyperaccumulator 

selection will be compared by the remediation efficiency and economically feasible. The progress 

on remediating the soil will be illustrated which is meaningful for the future work and give a 

positive direction for the next step.  

1.2 Thesis Outline 

This thesis is organized as below: 

Chapter 2: The literature review chapter will include: the background information on Ontario 

ginseng includes the market value, growing condition, the soil sites statues, related policy and the 

urgent issue. The conventional detection method on DDT in soil and the potential technologies 

which could be applied to this case study potentially. The information on the phytoremediation 

technology which may be helpful in the experiment stage.  

Chapter 3: The main objective of this chapter is to develop a complete procedure for this specific 

sandy soil type to improve the detection accuracy based on the conventional EPA method. 
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Different intensification technologies are going to be applied and compared for reducing the time, 

labour, cost and improving the yield. The new approach will be applied to the further experiments 

including the detection of soil and plants samples. Grid soil sampling will be conducted for the 

results consistency. 

Chapter 4: After formulating the intensified DDT detection method, the DDT residue distribution 

and corresponding soil properties from 5 different sites in Southwestern Ontario will be illustrated. 

The potential affecting factors of DDT availability will be discussed for the correlation based on 

the data analysis result. The historical data in the same area will be referred and compared with 

current data to study the DDT degradation level. 

Chapter 5: The performance on the phytoremediation for this experiments is discussed, and some 

relative information is illustrated including the growth method for the current plants, the factors 

affecting the hyperaccumulator selections, the monitored parameters involved in plant growth and 

future work plans on phytoremediation are presented.  

Chapter 6: The summary of the study and the future work plan is presented. 

Chapter 7: References 
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Chapter 2 Literature Review 

2.1 Background 

2.1.1 Ginseng market status worldwide & Ontario 

Ginseng is a perennial root plant which has high market value due to its strict requirement on 

growth environment and high cost on planting. Recently, it has become increasingly popular 

worldwide due to its multiple health benefits and long-term usage in medicine (Engels et al. 2001). 

There are reports indicated that the ginseng roots could enhance the stamina and cognitive 

performance of human body (Vuksan and Sievenpiper 2005). The edible part is the root part, which 

is shown in Figure 2.1 and the export price of the cultivated dried ginseng roots has reached 

US$70.1/kg in 2013. Canadian ginseng started to be planted artificially in the late 1800s. Currently, 

there are 5300 acres sites covered with ginseng plants in Ontario (Westerveld 2010). Canada is the 

largest ginseng producer in North America (Government of Canada 2015) and 90.3% of Canadian 

ginseng exports were destined to Hong Kong. Canadian ginseng has 30% of the ginseng market in 

Hong Kong. Canadian ginseng has relatively high output and has limited domestic consumption, 

therefore, Canadian ginseng market mostly relies on export. Comparing all the countries, China is 

the second largest ginseng consumption customer after South Korea (Engels et al. 2001). However, 

as the Maximum residue levels (MRLs) regulation on import food in China is extremely low, 

Canadian ginseng slightly exceeded the DDT limitation. For expanding the Canadian ginseng 

market and improving economic profit, the DDT residues are desired to be remediated.   
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Figure 2.1 The diagram of a typical ginseng plant (Borràs 2003) 

	

2.1.2 Soil sites description 

The soil samples are collected from former tobacco belts and are preparing for the future ginseng 

cultivation. The growing conditions such as soil properties, sunlight, moisture and organic matter 

are critical to both ginseng and tobacco. Table 2.1 lists the details for ginseng and tobacco growing 

requirement. 

Table 2.1 The comparison of growing conditions requirement of ginseng and tobacco 

Parameters Tobacco Ginseng 

Soil pH 5.5-6.5 
(Yang 2015) 

5.5-6.5 
(Themes 2012) 

Soil Texture Sandy 
(Shao et al. 2009) 

Sandy 
(Harrison et al. 2018) 

Water Requirement 
159.00 to 278.90mm 

/growing period 
(Peng et al. 2015) 

2.4mm/day 

(Themes 2012) 

Organic content High 
(Eriksen et al. 2015) 

High 
(Harrison et al. 2018) 
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The growing condition of ginseng and tobacco are similar. The former tobacco sites are typically 

fertile which could simulate the aged and nutritive soil conditions, where ginseng grows naturally. 

Most ginseng sites are former tobacco sites in southwestern Ontario and the typical ginseng site 

soil characteristic are shown in Table 2.2. 

Table 2.2 Soil characteristics for a typical ginseng farm in southwestern Ontario (Westerveld 2010) 

Soil characteristic Amount or type 

Organic matter 2.8% 

Gravel 0.0% 

Sand 84.5% 

Very fine sand 12.6% 

Fine sand 48.3% 

Medium sand 22.8% 

Coarse sand 0.7% 

Very Coarse sand 0.1% 

Silt 9.6% 

Clay 5.9% 

Texture Loamy fine sand 

	

2.1.3 Soil properties of tobacco farms 

The preferred soil type of tobacco cultivation is sandy loam, or loam sandy soil   which means 

mostly soil are composed of sand and few of the clay composition (Steduto et al. 2012). The ternary 

phase soil diagram is shown in Figure 2.2 which describes the soil characteristic classification 

method.  
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Figure 2.2 The ternary phase diagram of soil (Miller and White 1998)  

The definition of clay, silt, and sand is divided by the particle size. The clay particle means the soil 

particle will be smaller than 0.002mm and silt particle is 0.05mm to 0.002 mm. The sand particle 

is between 0.05 mm and 2.0 mm. The advantage of the loamy soil in agriculture includes but not 

limited to penetrable air, well-drained, not over saturated and keep moisture. Therefore, tobacco 

is planted into the sites which meet the soil requirements. The optimal pH for tobacco was verified 

in the range of 5.5-6.5 (Yang 2015). The tested soil sites all used to be tobacco sites, and the soil 

properties all meet the optimal growing condition. 

2.1.4 DDT & its metabolism chemistry 

DDT is a chlorinated crystalline hydrocarbon which is white color, odorless and water-insoluble. 

Its solubility increases in organic solvents and lipids. DDT can be synthesized by treating chloral 

(CCl3CHO) and chlorobenzene (C6H5Cl) in the presence of a sulfuric acid catalyst (Haller and 

Busbey 1944). p,p' and o,p'-DDT have the low vapor pressure at 2.13 × 10-5 and 1.47 × 10-5 Pa, 

low water solubility at 0.025 and 0.085 mg/L, low stability in photooxidation, and high lipid 

solubility. Dichlorodiphenyldichloroethane (DDD) and Dichlorodiphenyldichloroethelyne (DDE) 
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are stable metabolites of DDT. They are formed through reductive dechlorination and 

photochemical reactions, respectively. The chemical structure and formulas are presented in Figure 

2.3. Different orientation of chlorine atoms creates p,p’ and o,p’ isomers of the molecule. The term 

"total DDT" often refers to DDT and all of its metabolites and isomers (p,p'-DDT, o,p'-DDT, DDE, 

and DDD) (Aislabie, Richards, and Boul 1997). Technical grade DDT contains 65-80% p,p'-DDT, 

15-21% nearly inactive o,p'-DDT, 4% p,p'-DDD and approximately 1.5% 1-(p-chlorophenyl)-

2,2,2-trichloroethanol (Agency for Toxic Substances and Disease Registry 2002). The ratio of 

“metabolite/parent” compounds can be an explanation to the extent of organochlorine pesticides 

(OCPs) degradation. By the assumption of no other contamination source in the environment, this 

ratio will increase with time. Therefore, this ratio can be used as an estimate of the contact time of 

the pollutants in the environment (Wang et al. 2006).  

Potential bioaccumulation of DDT as a lipophilic pesticide in animals and the human body is one 

of the most significant concerns. DDT and its metabolites are highly persistent in the environment. 

This persistency refers to the existence of chlorine substituents and functional groups that make a 

strong binding to natural organic matter (Gao et al. 2000). The half-life of DDT and its metabolites 

ranges between 4 to 30 years (Mitton et al. 2016; Paul, Rutter, and Zeeb 2015), therefore, the 

residues remain in the ecosystem for a long time. There are reports indicated the life time of DDT 

will be longer while the ambient temperature is colder (Samuel and Pillai 1989). It represents that 

the DDTs residues will take longer time for degradation naturally in Canadian climate compared 

to other areas where with lower latitude.  
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Figure 2.3 The chemical structure of DDT and its metabolisms                                                          
(Agency for Toxic Substances and Disease Registry 2002) 

2.1.5 Historical Usage of DDT 

DDT was first synthesized by Othmar Zeidler 1874 (Haller and Busbey 1944). Its application as 

an insecticide was realized in 1939. It was found that DDT is effective against the carriers of 

malaria, typhus, and yellow fever. As an agricultural pesticide, DDT became commercially 

available to farmers in 1945 (Conis 2017). It was used extensively from the 1940’s to the 1970’s 

in North America (Turusov, Rakitsky, and Tomatis 2002). DDT was a useful broad-range pest 

control agent in agriculture and forestry and was applied to control the spread of diseases such as 

malaria through the extermination of mosquitos (Rogan and Chen 2005). DDT was banned in 

North America in 1972 by the US EPA, due to the negative impacts to the environment observed 

from its use. However, DDT is a persistent organic pollutant (POP), and as result, many areas 

which have not seen any DDT use for decades still have observable DDT and metabolite 

concentrations in the soil, water, and stored in organisms. Furthermore, the DDT metabolites DDD 

and DDE are just as persistent in the environment as DDT and have very similar biological 

activities. From 1950 to1970, DDT was implemented all over the world for pests and weeds control. 

For instance, it was used against forest defoliators in the rate of 1-1.5 lb/ acre in the states. It was 
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sprayed to the forest and other target lands by airplanes. The peak usage was before the 1970s in 

North America. According to the statistic result, there was over 1 billion kilograms DDT used 

(Turusov, Rakitsky, and Tomatis 2002). Until now, DDT is still used in some areas like Africa, 

Asia, South America for controlling the mosquito to reduce malaria.  

2.1.6 DDT health and environment effects 

The book “Silent Spring” (Dobbs 1962) first revealed the health and environment effect of DDT 

to the public and that leads to global ban on usage of DDT. Furthermore, many other research 

become available on proving the negative effects caused by DDT. However, the most important 

issue of the pesticide is the “bioaccumulation/biomagnification”. It refers to the ability of body 

organisms to accumulate specific chemical compounds, which may result in a high risk of causing 

toxicity effect in the body (Arias-Estévez et al. 2008). Due to their lipophilicity, DDT and its 

metabolites can be easily accumulated in animal and human bodies. Studies have shown the 

relation among DDT, and disease such as breast cancer, non-Hodgkin’s lymphoma, and pancreatic 

cancer (Longnecker, Rogan, and Lucier 1997). Reproductive capabilities of fish-eating birds, like 

bald eagle, can be affected by high concentrations of DDT. It has been reported that elevated 

amounts of DDT can cause thin egg shells (Tucker and Haegele 1971). The potential of 

organochlorine pesticides to accumulate in the food chain and consequently in the human body 

has resulted in a total halt in their agricultural applications all over the world in the seventies. 

However, their chemical persistence in the environment has led to the continuous detection of 

DDT and its metabolites in soil and water. Hence, remediation efforts are gaining considerable 

attention to eliminating these compounds completely from the environment. 
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2.1.7 DDTs residue distribution worldwide 

The limit for agricultural soil DDTs (sum of DDT, DDD, DDE) was setted by the Canadian 

Council of Ministers of the Environment is 700 µg/kg (parts per billion) in 1999 (Canadian Council 

of Ministers of the Environment 1999). Residual levels of DDTs have been investigated in many 

regions internationally with some examples shown in Table 2.3. The northern United States and 

Ontario have areas of elevated DDT. DDT was used extensively for control of a variety of pests 

on tobacco crops, such as those in southwestern Ontario until its ban in the early 1970s. 

Table 2.3 The historical data for DDT residue distribution worldwide 

Location Year Mean DDT 
(µg/kg) 

Mean Total DDTs 
(µg/kg) 

Republic of the Congo (Ngabe and 
Bidleman 2006) 

 (Brazzaville, Agricultural land) 

1999 136 179 

Argentina (Miglioranza, Aizpún De Moreno, 
and Moreno 2003)   
(Agricultural land) 

1999 21.2 23 

China (Li et al. 2006)  
(Pearl River Delta, Agricultural Land) 

2002 27.2 56.4 

Spain (Muñoz-Arnanz and Jiménez 2011)  
(Agricultural land) 2007-2008 0.36 1.79 

USA (Aigner, Leone, and Falconer 1998)  
(Agricultural land: Illinois, Indiana, Ohio, 

Pennsylvania) 
1995-1996 6.5 

(Max. 9790) 
9.6 

(Max. 11 800) 

Ontario (Crowe and Smith 2007) 
 (Point Pelee National Park, former 

agricultural areas) 
2006 3220 9910 

Ontario (Kurt-Karakus et al. 2006)  
(Holland Marsh, Muck Crop Research 

Station) 

2004-2005 14 200 18 990 

Southwestern Ontario (Harris, Chapman, 
and Miles 1977) 

(Agricultural land) 

1974 13 980 
(Max. 59 000) 

17 050 
(Max. 82 300) 

	

Note: Total DDTs includes DDT, DDD and DDE 
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2.2 Conventional DDT detection method 

The current project objective is to develop a detection method for the DDT contaminants and its 

metabolites in the specific sandy and fertilize soil field. The conventional process is based on US 

EPA methods 8270d Semivolatile Organic Compounds by Gas Chromatography/Mass 

Spectrometry (GC/MS) (EPA 2007). The soil samples were collected from different former 

tobacco agricultural fields. All soil cores collected were 12 inches in depth. Cores were taken by 

walking down equally spaced lanes in a representative area of the field and drawing cores at regular 

intervals. Then the cores were mixed for sample analysis. For detecting DDT in plants, the leaves 

and stems will be cut and collected from the plant. All the soil samples and the plants’ samples 

will be dried in the oven at 40 ℃ overnight to remove its moisture and do not degrade DDTs. The 

plants’ samples need one more step to grind the samples into particles. In the next step, the samples 

will be soaked in the n-hexane solvent for 72 hours for a good contacting and extraction, then 

partial of DDTs will be extracted by the solvent. The soaked mixing solvent will be filtrated to 

separate the particles and the liquid solution. The separated solvent will go through the columns 

filled with activated florisil to separate the probable co-extracted compounds. The total solvent 

usage in previous steps is 300 ml. Then the cleaned solvent will be concentrated in the evaporator 

to around 2 ml volume and transferred in the GC vials for analysis. 

2.3 Potential Intensification Technologies 

2.3.1 Accelerated solvent extraction method (ASE) 

Accelerated solvent extraction is one of the available technology which is commonly used for solid 

samples extraction. The advantage of this method includes short retention time, high recoveries 

and solvent saving. The principle of this method is to increase the temperature and pressure to 

increase the diffusion coefficient and decrease the surface tension. Therefore, the solvent could 
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contact the targeted compounds completely. Many researchers adopted this method in pesticide 

extraction from solid materials. 

Richter. et al developed ASE method in 1996 (Richter et al. 1996). The mechanism of ASE method 

utilizes the high temperature or high pressure to decrease the intense interaction forces between 

the solute and the matrix caused by van der Waals forces, hydrogen bonds, solute molecules, and 

dipole attraction of the active site of the sample matrix can be significantly attenuated. Accelerated 

the analytical kinetics of solute molecules, reduce the activation energy required for the resolution 

process, reduce the viscosity of the solvent, and thus reduce the retardation of the solvent into the 

sample matrix, increasing the diffusion of the solvent into the sample matrix. One study indicated 

that the water solubility would increase at high temperature which is one of the principles of ASE 

(Li 2017). 

	

Figure 2.4 The schematic outline of accelerated solvent extraction set up                                         
(Shahid, Yusuf, and Mohammad 2016) 

ASE Application on Soil Samples 

Wang et al (Wang et al. 2007) applied the Soxhlet Extraction on organochlorine pesticide 

extraction from soil which includes HCHs and DDTs and compared the extraction performance 

with microwave-assisted solvent extraction and accelerated extraction. The whole procedure on 
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the Soxhlet method took around 15 hours for 5 grams soil extraction. The longer retention time 

and lower recoveries lead to the preferable on the ASE method which only took 30 min. One study 

compared the ASE with the Soxhlet and Solvent – Shake extraction (Walters, Jenq, and Hall 2000). 

The ASE method was operated under 100℃ and 1500 psi, the total solvent consumption was 

estimated as 50 ml. The author evaluated the three methods from extractability, solvent 

consumption, retention time, labour safety and preferable to the ASE method. Elisa (Lesueur et al. 

2008) also compared the ASE method with the conventional extraction process which stirring is 

the only operation for extraction. The result showed the ASE has a higher recovery with five times 

less solvent consumption and three times shorter retention time. 

ASE Application on Plants Samples 

There are many applications on plants samples. A study utilized it on 362 types of pesticide 

extraction from grain which operated under 80℃ and 1500 psi (Pang et al. 2006). The retention 

time for DDT is around 27 min, and the recovery could achieve to 94.2%. Wennrich et al. (2001) 

also utilized the ASE method on organochlorine pesticide but on a different carrier, the 

strawberries. They optimized the method for temperature and pressure are chose as 120 ℃ and 10 

Mpa. There is one paper introduced the application of ginkgo leaves extraction which is similar to 

the current project (Yi and Lu 2005).The optimum pressure, temperature, retention time was 

chosen as 1500 psi, 100 ℃ and less than 20 min which was proved to have 95.2% recovery. 

2.3.2 Ultrasonic Extraction Method 

The Ultrasonic extraction method (USE) is one of the popular methods, and it includes using 

ultrasonic bath and ultrasonic probe. The spread of ultrasound relies on the medium while passing 

through the medium; it will lead to expansion by its power to generate microbubble or holes under 

a negative pressure environment. The holes will have a sudden closure and create an instantaneous 
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pressure to refine the samples while generating emulsion. That is how the ultrasound power could 

accelerate the extraction process. At the sudden closure, high temperature and pressure will be 

generated but will also vanish instantaneously because the bubble volume is very slight compared 

with the total amount. According to the report, the cooling speed could achieve to 1010℃/s. 

Therefore, the temperature will be kept constant during the extraction procedure at a relatively low 

temperature approximately the same with the room temperature (Medina-Torres et al. 2017; 

Gogate and Nadar 2015). The mechanism of ultrasound extraction is also illustrated in Figure 2.5.  

	

Figure 2.5 The mechanism of ultrasonic extraction(Tor, Aydin, and Özcan 2006) 

Ultrasonic Bath Application on Soil Extraction Process 

 In 1988, Sandra et al (Sandra, Tienpont, and David 2003) proved the applicable of ultrasonic on 

extraction from soil and compared the recovery with using the conventional process which 

included Shake Flask Extraction and Soxhlet Extraction. They applied the three different methods 

on kinds of targeted pesticide compounds by using different extraction solvent, according to the 

cross-comparison result, although the Soxhlet has a relatively high recovery which even exceed 

200%, it mainly because the overheat temperature may degrade some kinds of components which 

will lead to an inaccurate result. The Shake Flask Extraction has the lowest recovery compared 

with other two methods. Therefore, the Ultrasonic Extraction has a relatively high recovery with 

much more rapid retention time and significantly lower solvent consumption. The optimization 
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method illustrated that 15 min retention time and 20 ml solvent is optimum for 10g soil by using 

Ultrasonic Bath Extraction method. Tor, Aydin, and Özcan (2006) also investigated kinds of 

extraction methods on pesticide and focus on organochlorine pesticide extraction from soil which 

is applicable on the current process intensification technology. In the paper, the researcher also 

compared Soxhlet Extraction and Shake Flask Extraction with Ultrasonic Bath Extraction on 

organochlorine pesticide extraction, the recovery of DDT by using optimized Ultrasonic Bath 

Extraction could achieve to 99 ± 3% at 200 ug/kg level. The author also compared other parameters 

include retention time, cost, solvent consumption and other parameters, their conclusion supports 

the Ultrasonic Bath Extraction has a better performance compared with others. The conclusion of 

optimized parameters was reproved as 20 ml solvent retain for 20 min for 10 g soil by the same 

method in this paper.  

Ultrasonic Bath Application on Plants Extraction Process 

For DDTs extraction from plants leaves and stems, the same method also has been applied to plants 

extraction. Jian and his team (Pan, Xia, and Liang 2008) worked on the same comparison but focus 

on different carriers, the vegetable leaves instead of soil, and they gave an exact value on the 

extraction time reduction at 65% and 30% reduction on solvent consumption compared with 

homogenize extraction. The optimized extraction method suggested 40 ml of ethyl acetate solvent 

for 35 min sonication and the average recovery could achieve 83% for leafy vegetables. The whole 

method could be taken the example in the project. Kanrar, Mandal, and Bhattacharyya (2010) 

tested 42 kinds of pesticide in made tea and adopted centrifuge method for extraction purpose to 

homogenize the samples. Comparatively, Deng et al. (2014) also investigated the pesticide 

detection on tea samples, but they combined centrifuge and ultrasonic method, the recoveries 
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ranged from 72.5% to 109.1% and the highest retention time was proved as 30 min, above 30 min 

was shown as unnecessary. 

Ultrasonic Probe Application on Extraction Process 

The ultrasonic probe set up schematic diagram was shown in the Figure 2.6. The available research 

mostly focus on the Ultrasonic Bath Extraction method which has lower intensity compared with 

the Ultrasonic Probe Extraction Method. There is one research (Marín et al. 2011) applied the 

ultrasonic probe on the heavy metal extraction from street dust which has been proved to have the 

high recoveries. Lesueur et al. (2008) studied which used acetone as the solvent to extract pesticide 

from soil samples and compared it with three different extraction methods, the ultrasonic probe 

extraction had a relatively good performance but did not work well on some types of pesticide 

exclude DDTs. Based on the scientific review, the Ultrasonic Extraction Method could be 

concluded as efficient on soil samples and plants samples. The method has been seemed as one of 

the potential technologies which could be applied on the extraction process intensification. The 

ultrasonic probe has the higher intensity than the ultrasonic bath, however, most suitable choice 

for this study should be investigated in the future work. 

		

Figure 2.6 The schematic diagram of ultrasonic probe extraction (Medina-Torres et al. 2017) 
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2.3.3 Microwave-assisted Extraction (MAE) Technology 

Microwave-assisted extraction technology has been mentioned and compared to many research. 

The above review has many comparisons on it with other methods. This method utilized 

electromagnetic wave to separate the solid or semi-solid organic compounds from the carrier and 

accelerate the targeted molecular suspend to the solvent to speed the extraction procedure up under 

the higher temperature (Camel 2000). It also utilized the heat with higher heat efficiency and 

selectivity. 

MAE Application on soil samples 

Lei sun compared the MAE method with the superficial fluid extraction method for pesticide 

extraction from soil sample (Sun and Lee 2003).They did the experiments on time-aged soil which 

is the same condition in the current task. They optimized extraction solvent, extraction temperature, 

extraction pressure and solvent consumption. Under the optimized condition, the recovery is 

relatively higher than the SFE method. Zuolaga (Raina and Hall 2008) compared the ASE method, 

MAE method and Soxhlet extraction for chlorinated biphenyls in soil samples. The result 

illustrated the high recovery by using ASE and MAE under optimum condition compared with the 

Soxhlet extraction. 

MAE Application on plants samples 

There is one study (Barriada-Pereira et al. 2003) available on comparing the MAE with Soxhlet 

extraction for organochlorine pesticide from plants samples. They operated as 1 min ramp from 

100 to 800 W, a 4-min hold at 800 W, 0 W for 2 min, 1 min ramp from 100 to 800 W, a 4-min 

hold at 800 W. Temperatures measured during extraction showed that 95–107 °C. The recovery 

for DDT is 94% by using MAE method and recovery at 104% for DDE which mainly because of 

the slight degradation during the process. They preferred the MAE as a powerful technique for 
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organochlorine extraction in plants samples compared with Soxhlet extraction because its’ shorter 

extraction time and lower solvent consumption. 

Table 2.4 The pros and cons of different extraction technologies 

Extraction Method Advantages Disadvantage 

ASE 

Less solvent consumption 
Selective 

Fast 
Easily operate 

High operation temperature 
High capital cost 

MAE 

Fast 
Selective 

Save energy 
Less solvent consumption 

High operation temperature 

USE 

Low operation temperature 
Easily operate 

Fast 
Available equipment 

High labour consumption 
High Solvent consumption 

 

2.4 Concentration Methods 

The concentration step aims to remove the excess solvent from the mixture to achieve a target 

volume for further analysis. The most common concentration methods applied to pesticide 

detection is Rotary Concentration, and Kuderna-Danish Concentration (K-D Concentration) based 

on the guidelines from EPA (EPA 2007).  

2.4.1 Rotary Concentrator 

The mechanism of the rotary concentrator is to increase the pressure and decrease the boiling point 

of the target compounds. The advantage of this concentrator method is larger surface area 

compared with the stationary samples due to the rotating, and it is time-saving (EPA 2007). 
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2.4.2 Kuderna-Danish Concentrator 

The K-D concentrator needs to be operated under the boiling point of the target compounds, in this 

study, the solvent is n-hexane which boiling point is at 69℃, so the water bath temperature needs 

to be higher than that point. The structure of the K-D concentrator was shown in Figure 2.7: 

 

Figure 2.7 The composition of K-D concentrator (Ace Glass Inc. 2017) 

The particular part of the K-D concentrator is the Snyder Column which could have a backwash 

and fewer compounds will be lost during the evaporation. There is a receiver with volume reader. 

Therefore, it could avoid transferring the samples and reduce the compounds loss in this step. The 

K-D concentrator works better when the target compounds have the lower boiling point according 

to the literature, and the rotary evaporator did have a high efficiency combined the time and yield 

factors (Erickson, Giguere, and Whitaker 1981).  

2.5 Bioaccumulation 

Many research indicated that the DDT concentration in plants and animals often exceed the 

environmental concentration and the concentration increases with the food chain. This 

phenomenon was named as bioaccumulation and biomagnification (Brown 1997; Zeng and 

Venkatesan 1999).  
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The BAF (bioaccumulation factors) is commonly used for calculating the bioaccumulation level 

(Crimmins et al. 2002). The equation is expressed as Equation 2.1 

BAF = &&'()*+,-./
&&'.01-/0,2

		                                                Equation 2.1 

Tomza et al (2009) investigated the accumulate ability of roach, spinycheek crayfish and 

compressed river mussel and found that the different organs also have different bioaccumulation 

factors like the liver of Rutilus rutilus could accumulate over 45 times higher DDT concentration 

compared with the DDT concentration in the sampling water but in gills only 6 times higher DDT 

was accumulated. 

Plants are also susceptible to bioaccumulation. One study was conducted by Lunney, Zeeb, and 

Reimer (2004) and the BAF of plants was discussed. BAF of different parts of zucchini and 

pumpkin were calculated. The highest BAF is from the root of pumpkin and zucchini at 2.0 and 

3.3 respectively. The aerial tissue has a relatively lower BAF according to the research, the shoot 

BAF of pumpkin and zucchini was at 1.2 and 1.5 in the low DDT concentration soil group. Another 

factor introduced in this study named TLFs (translocation factors) which is also useful for this 

project and the equation is shown as Equation 2.2: 

TLFs = &&'.7((2
&&')((2

                                          Equation 2.2 

The parameter helps to evaluate how much DDT can be taken up from the underground to the 

aboveground parts. In the same study, the TLFs of zucchini and pumpkin were estimated at 1.3 

and 1.2 in high DDT concentration soil group. 
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2.6 Phytoremediation  

To remediate pesticide polluted soil, the remediation technologies involved are physical, chemical 

and biological treatment process. For remediating DDT polluted soil, different technologies were 

studied by researchers. Table 2.5 lists some potential technologies which have been tested on DDT 

remediation in lab scale. 

Table 2.5 The comparison of different soil remediation technologies 

Technology  Removal efficiency Cost (US dollars) References 

Soil Washing 66% In situ: $50-$80/m3 
Ex situ:$150-$200/m3 (Bini 2011) 

Thermal Desorption 99.3% In situ: $834/m3 (Norris et al. 1999; 
Chang and Yen 2006) 

Biodegradation 55%-99% In situ:$50-$100/m3 
Ex situ:$150-$500/m3 

(Germ ́an Santacruz, 
Erick R and Bandala 

2005; Bini 2011) 
UV Irradiation with 

biodegradation 94% N/A (Katayama and 
Matsumura 1991) 

Phytoremediation 70%-80% $12-$60/m3 

(Lunney, Zeeb, and 
Reimer 2004; 

Nurzhanova, Kalugin, 
and Zhambakin 2013) 

Vermiremediation 35% $140/m3 
(Lin et al. 2012; 

Rodriguez-Campos et 
al. 2014) 

 

The soil washing utilizes the water and solvent to extract the polluted compounds and separate it 

after treatment. It could shorten treatment period and is selective, but the risky of secondary 

pollution is another concern with a relatively high price and also has the probability of changing 

the soil properties (Villa, Trovó, and Nogueira 2010). In this study, the targeted sites are preparing 

for agricultural usage. Therefore, the soil washing technology was excluded. Thermal desorption, 

biodegradation was not selected at all due to the economic reason. The vermiremediation is an 

innovative technology developed in recent years which accelerates the degradation of the pesticide 
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by using earthworm which could help the soil aeration, and enhance the microorganism activities.  

However, according to economic analysis, one hectare soil needs 33,800kg of earthworm, and the 

market price of the earthworm will be over 40 US dollars (Rodriguez-Campos et al. 2014). The 

price is quite high and the results were obtained in lab scale. On the other hand, it will not bring 

any potential economic revenue like the biomass income, the fruits for sale by comparing with the 

phytoremediation technology. However, the phytoremediation also has own shortcoming like only 

suitable for low or medium level polluted sites and needs long-term treatment period. In this case, 

DDT is the primary target, and with growing different crops, it can also bring profits for farmers. 

Therefore, it will be acceptable for the investors and the phytoremediation also can improve the 

fertility and organic content of the soil while crop rotation. Therefore, by comparing several 

applicable remediating methods, the phytoremediation method will be the best choice for this 

scenario.  The mechanism of phytoremediation could be divided into four categories include 

phytoextraction, phytovolatilization, phytostabilization, phytodegradation, and rhizofiltration 

(Pilon-Smits 2005).  

2.6.1 Phytoextraction 

The phytoextraction represents that the hyperaccumulators will extract and transport the 

compounds from underground to aboveground. The hyperaccumulators could be harvested for 

other usages. In this case, the theoretical and positive results would be the plants will extract DDT 

from the soil and the fruits could be harvested for sale if DDT is under the relevant regulations on 

DDT in food like the Canadian MRLs. Also, the other parts of the plants could be disposed as 

biomass and the DDT concentration in the soil will be decreased to the desired value after 

remediation. The mechanism is also illustrated in Figure 2.8. In Paul, Rutter and Zeeb’s report, 

they used DDT polluted soil from southwestern Ontario as examing samples, three native grass 
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and one plant used as hyperaccumulators (2015). The result shows that Cucurbita pepo could 

extract 0.716 mg/m3 from an agricultural land with DDT concentration at 10,192 ug/kg. More 

research results are listed in Table 2.6 which includes kinds of plants applied on DDT polluted soil. 

The amount soil lost by plant extracting could be calculated by the Equation 2.3 which may help 

to estimate the remediation performance in the future. 

DDT	Lost = (DDT<=<><?@ − DDTB<=?@)×mass	of	soil	affected          Equation 2.3 

 
Figure 2.8 The mechanism of phytoremediation–phytoextraction 

 (Cunningham, Berti, and Huang 1995) 

2.6.2 Phytovolatilization 

The phytovolatilization is another way to transport the compounds which will release the 

compounds directly or indirectly to the environment. The phytovolatilization usually happens on 

volatile compounds. There are reports available on the measurement of TCE and PCE 

phytovolatilization in plants (Gordon et al. 1998). The mechanism and affecting factors are also 

illustrated in the Figure 2.9. However, there is no research available investigating DDT related to 

this mechanism. It is not applicable in this study.  
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Figure 2.9 The mechanism of phytoremediation- phytovolatilization (Limmer and Burken 2016) 

2.6.3 Phytostabilization 

Phytostabilization is another concept of remediating the pollutants by plants which focus on the 

rhizospheric soil and demonstrates the ability of plant roots to stablize the pollutants into the soil 

by the microorganisms nearby the roots. It has plenty of applications involved in heavy metal 

stabilization (Galal et al. 2017, Yang et al. 2014). The evidence of this mechanism applicability 

on DDT remediation is a little. In 2012, one group investigated the phytostabilization on DDT 

polluted soil and indicated that the phytostabilization did work on the DDT contaminated soil 

(Moklyachuk et al. 2012). The author compared pot soil and rhizospheric soil, it has an obvious 

difference on comparing the two positions which could also be tested in this study. The 

phytostabilization only can stablize the compound around the rhizospheric zone and reduce its 

mobility which is not the desired effect in this study because it still posts risks to the sites and food 

chain.  
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2.6.4 Phytodegradation 

The phytodegradation means the degradation of the pollutants by the exudates released from 

plants. The mechanism is illustrated in Figure 2.10.  

 

Figure 2.10 The mechanism of phytoremediation –phytodegradation (Yadav et al. 2010) 

Garrison et al (2000) studied the phytodegradation performance on DDT remediating. They proved 

the accelerated speed of DDT degradation which could even be similar under 𝛾 irradiation at 300 

krads. The half-life of DDT could be reduced to 1 to 3 days. Therefore, it also may be a potential 

mechanism of phytoremediation applied on DDT in this study.  

2.6.5 Rhizofiltration 

Generally, the rhizofiltration is applied and achieved on hydroponically cultivation (Hakeem et al. 

2015). Mainly because it needs to happen only under aquatic environment. Therefore, it usually 

used for water treatment by aquatic plants which is not matched with the current study. (Rawat, 

Fulekar, and Pathak 2012). 
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2.7 Potential hyperaccumulators 

Many researchers investigated the performance of phytoremediation applied on DDT polluted soil. 

Table 2.6 lists information which may involve the further decision on selecting the 

hyperaccumulators like the extractability, biomass volume, growth possibility in Ontario.  

Table 2.6 The plants have been used recently to phytoextract DDT from the soil 

Plant Temp. 
(°C) 

Experimen
t time 
(days) 

DDT 
extracted 

by the 
shoots 
(µg/kg) 

Grow 
possibility 
in Ontario 

Proper 
pH 

Life 
cycle 

Biomass 
volume References 

Cucurbita 
pepo. 

(Cultivar 
Howden) 

25-30 83 16600 Yes 6-7 Annual High 
(Paul, 

Rutter, and 
Zeeb 2015) 

Pumpkin 21-25 50 4262 Yes 5.5-7.5 Annual High 

(Lunney, 
Zeeb, and 
Reimer 
2004) 

Zucchini 21-25 50 2991 Yes 6-7.5 Annual High 

(Lunney, 
Zeeb, and 
Reimer 
2004) 

Tomato 10-26 15 & 60 5/63.5 Yes 6-7 Annual Moderate (Mitton et 
al. 2014) 

Soybean 10-26 15 & 60 3/63.5 Yes 6-7 Annual Moderate (Mitton et 
al. 2014) 

Sunflower 10-26 15 & 60 2/63.5 Yes 6-7.5 Annual High (Mitton et 
al. 2014) 

Little 
bluestem 25-30 83 3600 Native 5.5-8.5 Perennial Moderate 

(Paul, 
Rutter, and 
Zeeb 2015) 

Sand 
dropseed 25-30 83 2900 Native 6.5-8 Perennial Low to 

moderate 

(Paul, 
Rutter, and 
Zeeb 2015) 

Switchgrass 25-30 83 1000 Native ≥5 Perennial High 
(Paul, 

Rutter, and 
Zeeb 2015) 

Alfalfa 10-26 15 & 60 15/63.5 Yes 6.5-7.5 Perennial High (Mitton et 
al. 2014) 
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2.8 Objectives 

The objectives of this study are: 

1. Intensifying DDT extraction and detection method based on a standard EPA process. 

2. Comparing different intensifying technologies based time and labour requirement.  

3. Determine the DDT distribution at several former tobacco planting sites in southwestern 

Ontario. 

4. Identify possible hyperaccumulators which are suitable for the phytoremediation of DDT 

contaminated soils in Ontario, based on uptake capacities and biomass yields. 
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Chapter 3 Process intensification on DDT detection method 

3.1 Introduction 

To reduce the time and labour required and improve the results accuracy, a standard U.S. EPA 

process for the extraction and detection of DDT in soil was intensified (EPA 2007). Ultrasonic 

probe and ultrasonic bath extraction methods were tested and intensified. The effectiveness of 

Florisil clean-up column was evaluated and the rotary evaporation was compared for recovery with 

the Kuderna-Danish (K-D) concentration. The ultrasonic probe extraction method is recommended 

for DDT extraction as it was found to be much faster and could obtain a similar yield in 9 minutes 

compared with using 180 minutes ultrasonic bath extraction. A 24-hour soaking process after 

extraction showed significant improvements on extraction performance. The conventional Florisil 

clean-up column was proved to be unnecessary for the soil in this study. Based on a comprehensive 

analysis of yield, time and labour, rotary evaporation concentration was selected as the intensified 

method over K-D concentration. Historical values of DDT in the region were as high as 59, 000 

µg/kg in 1974 in the literature record. An average of 151 µg/kg DDT from five sites was detected 

in this research, illustrating a significant and promising reduction of historical levels of DDT. 

3.2 Material and Methods 

3.2.1 Samples preparation 

The soil samples were collected from different former tobacco agricultural locations in 

southwestern Ontario. All soil cores were collected at 12-inches depth. Cores were taken by 

walking down equally spaced lanes in the field, typically around 1000 m2, drawing cores at regular 

intervals to obtain around 2 kg of wet soil. The cores were then manually mixed to homogenize 

and refrigerated at 5 °C in plastic bags until analysis 
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The development and optimization of the detection method based on the US EPA methods 8270d 

Semivolatile Organic Compounds by Gas Chromatography/Mass Spectrometry (GC/MS), 3550c 

ultrasonic extraction and 3620c Florisil clean-up (EPA 2007; 2007; 2014). The extraction solvent 

for all experiments was 95% n-hexane purchased from Fisher Scientific. Samples for all 

experiments were dried at 40℃ in the oven for 12 hours to remove moisture. The dried samples 

were shown in Figure 3.11: 

a)         b)  

c)         d)  

Figure 3.11 Samples formation involved in this study 

 a) leaves samples b) ginseng samples c) flower samples d) soil samples 
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3.2.2 Grid soil sampling 

The soil cores were taken in a cross pattern at nine locations in a 100 m by 100 m square of the 

field with each location evenly distributed in the field and have the equal space between each other. 

The map of sampling cores distribution is shown in Figure 3.12. 

 

Figure 3.12 Grid Soil Sampling map in Site 4 

3.2.3 Ultrasonic bath extraction experiment 

The test soil from site 3 was extracted with an ultrasonic water bath for 15, 30, 60 and 180 minutes. 

300 ml of n-hexane was added to the dried soil samples. 

3.2.4 Ultrasonic probe extraction experiment 

A Sonics standard ¾ inch solid ultrasound probe was used, with 100% pulse intensity at 50% duty. 

100 ml of n-hexane was added to the dried soil, and the sample pulsed for 3 minutes. This step is 

repeated twice, resulting in a total pulse time of 9 minutes and a final volume of 300 ml n-hexane. 

Some samples were then left at room temperature to soak for 24 hours and 72 hours. Triplicate 

experiments were conducted on the same homogenized soil to compare the ultrasonic probe 

extraction and a simple soaking extraction. 
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a)                b)  

Figure 3.13 a) The ultrasonic probe set up b) The ultrasonic bath set up 

3.2.5 Kuderna-Danish concentration experiment 

Kuderna-Danish (K-D) concentration was tested to determine if a greater recovery could be 

obtained. 4,4’-DDT standards at 250 µg/kg in 10 ml n-hexane were prepared. The K-D 

concentrator was placed in a water bath at 80 ℃ and left to evaporate. 

3.2.6 Rotary concentration experiment 

Using an EYELA N-1110 rotary evaporator under vacuum and a water bath at 50℃, the soil extract 

was concentrated to obtain approximately 2 ml of n-hexane soil extract. Triplicate 4,4’-DDT 

standards at 20 µg/kg in 200 ml solvent were prepared and used to test yield. 
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a)              b)  

Figure 3.14 a) The K-D concentrator b) The rotary concentrator set up 

3.2.7 Clean-up process  

This step follows EPA method 3620c Florisil clean-up.20 60-100 mesh Florisil  was used. To test 

for efficacy of the column, triplicate homogenized soil from site 4 was selected for each test. The 

standard procedure was followed, extracting with ultrasound probe followed by a 24-hour soaking. 

For some samples, the Florisil clean-up column and subsequent concentration stage were not 

performed. 
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Figure 3.15 The clean-up column set up 

3.2.8 Gas Chromatography – Mass Spectrometry (GC/MS) Analysis 

An Agilent Technologies GC-MS with a 5975 inert XL mass selective detector, 7683B series 

injector and 6890N Network GC, J&W Scientific HP-5 (30 m long, 0.32 mm bore, 0.25 µm film) 

fused-silica column and pure helium gas as the carrier was used for all analyses. Selectivity was 

obtained by selective ion monitoring (SIM) of 235 m/z and 237 m/z peaks, characteristic of DDT. 

DDT concentration was calculated by an external reference calibration curve of 4,4’-DDT in n-

hexane.  

GC-MS parameters were adapted from EPA method 8270d Semivolatile Organic Compounds by 

Gas Chromatography/Mass Spectrometry (GC/MS) and 8081b Organochlorine Pesticides by Gas 

Chromatography. SIM parameters were adapted from (Raina and Hall 2008). The applied 

parameters are shown in Table 3.7. 
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Table 3.7 The applied GC-MS parameters 

Mass range 35-500 amu 
Scan time <1 sec/scan 
Initial temperature 130 °C, hold 4 minutes 
Temperature program 130 – 300 °C at 30 °C/min 
Final temperature 300 °C, hold 2 minutes 
Injector temperature 280 °C 
Transfer line temperature 280 °C 
Injection Volume 1 µl 
Pulsed splitless inlet program 9.5 psi, 45.1 ml/min He 
Injection pulse pressure 50 psi until 1.50 minutes 
Purge flow to split vent 4 40 ml/min at 2 minutes 

	

3.3 Results & Discussion 

3.3.1 Extraction Process 

Time, labour, and yield were considered as important factors in intensifying the method. However, 

maximizing extraction yield was the most important consideration. Ultrasonic extraction was 

chosen for its speed and ability to break apart soil particles allowing the release of deeply bound 

DDT through enhanced mass transfer between soil solids and the liquid solvent. 

Ultrasonic bath extraction has been widely used for pesticide residue detection. The ultrasonic bath 

extraction has a weaker power input and uneven energy distribution, but uses less energy and is 

less labour intensive compared with the ultrasonic probe extraction, especially with many samples. 

There are abundance of studies available on comparing ultrasound bath extraction method with 

other kinds of techniques and also many researchers optimized the ultrasound bath extraction 

method. Tor, Aydin, and Özcan (2006) concluded that the ultrasonic bath is an effective extraction 

method by breaking up the aged soil structure and increase contact between particles and extraction 

solvent.   
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The extraction results are shown in Figure 3.16. The yield can be observed as an apparent 

increasing trend with time.  

	

Figure 3.16 Ultrasonic Water Bath DDT Extraction Yield over Time 

Researchers used acetone as a solvent to extract pesticide from soil samples and compared it with 

three different extraction methods, finding that the ultrasonic probe extraction had a relatively 

good performance (Lesueur et al. 2008). Compared with ultrasonic bath, the ultrasonic probe is a 

more powerful technique which can generate a larger amplitude with over 1000 times higher 

energy than the bath (Lesueur et al. 2008). This higher energy is required to entirely break apart 

and agitate the soil, allowing for better extraction. The concentration obtained by ultrasonic probe 

extraction method shown in Table 3.8. 

Table 3.8 Comparison of Ultrasonic Probe Extraction with conventional Soaking Extraction 
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Ultrasoonic water bath yield VS time

Method Average DDT (µg/kg) 
Soaking for 24 hours 224 ± 17 
Soaking for 72 hours 274 ± 8 

Ultrasonic probe for 9 minutes 267 ± 24 
9 minutes probe + 24 hours soaking 341 ± 20 
9 minutes probe + 72 hours soaking 343 ± 11 
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By comparing the ultrasonic bath extraction and ultrasonic probe extraction, the 3-hour water bath 

sonication is comparable to using an ultrasound probe for 9 minutes at 247± 31 µg/kg recovery. 

However, the higher power of the ultrasonic probe still makes it ideal, as it may be able to break 

apart resilient particles that an ultrasonic water bath cannot. Nevertheless, with many samples, an 

ultrasonic water bath for a sufficient length of time can be equivalent to using an ultrasonic probe 

for the soil tested.  Comparing the 24 hours soaking and 72 hours soaking results, the 72 hours 

soaking has effect on the extraction performance by enhancing the extraction performance from 

224 µg/kg to 274 µg/kg. The results also illustrated that using ultrasonic probe extraction could 

shorten the extraction time significantly, with comparable extraction efficiency for 10 minutes 

ultrasound versus 72 hours soaking. However, ultrasonic probe extraction on its own is not enough 

to extract all DDT contained in the soil. A further soaking for 24 hours after extraction appears to 

increase yield significantly. It has been theorized that aged DDT in soil is found deeply bound by 

hydrophobic adsorption in organic and humic soil materials (Gevao, Semple, and Jones 2000). A 

longer solvent contact time could, therefore liberate more of the deeply held DDT into solution. In 

an efficient working lab, after ultrasound extraction, the soil may be removed immediately from 

the extracting solvent by filtration, and this would result in short solvent contact time on the soil. 

From a process intensification perspective, the added step of soaking the sample in hexane is quite 

efficient as it required no energy or labour and increased the yield by around 30%. It is therefore 

recommended that soaking is added to soil pesticide extraction procedures and was performed for 

all analyses in this research.  
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3.3.2 Concentration Process 

For trace analysis, the soil extract needs to be concentrated down to approximately 2 ml volume 

for GC-MS analysis. Choosing an optimal concentration method was investigated. The K-D 

concentrator uses gentle heating and a Snyder column to reduce target analyze loss from 

evaporation of the solvent. In rotary evaporation, low pressure was applied to lower the boiling 

point of the solvent, and evaporates with slight heating in a significantly reduced evaporation time.  

The average recovery yield using K-D concentration was 84.01 ± 0.93% while an average yield of 

83.22 ± 7.9% was obtained by using the rotary evaporation concentration method.  The average 

concentration time for the K-D concentrator using n-hexane was slow and the evaporation rate is 

approximately 15 minutes/ml. For rotary evaporation, the speed of evaporation is very efficient, at 

approximately 2 seconds/ml. In comparison to rotary evaporation, K-D concentration has a 

comparable average recovery. However, K-D concentration had a more consistent recovery. The 

disadvantage of K-D concentration is the extremely long amount of time required to concentrate 

the sample, as well as high temperature (80 °C versus 50 °C) which could result in possible 

degradation of DDTs. After comprehensive consideration of the intensification criteria, rotary 

evaporation was chosen as the better concentration method, considering the 450 times greater 

speed of evaporation, lower temperature, and similar recovery to K-D concentration.   

3.3.3 Clean-up Process 

A Florisil clean-up column is meant to separate DDT’s from other n-hexane soluble compounds 

that are in the soil, such as alkanes and other PCB’s. However, it was theorized that this step is 

unnecessary. The calculated concentrations and the results of the GC-MS SIM scan appeared 

identical to the same soil analyzed with the Florisil clean-up column as shown in Table 3.9. 

Therefore, it is possible to omit the clean-up column stage from the procedure for the specific soil 
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studied. It may be that modern advanced GC-MS techniques make the Florisil column cleanup 

unnecessary, for some soils, by utilizing enhanced selectivity programs such as GC-MS SIM.  

Table 3.9 Florisil clean-up column recovery test 

Methods Mean DDT (µg/kg) 
No Column 96 ± 12 

With Column 98 ± 5 
	

3.3.4 Grid Soil Sampling 

Grid soil sampling was performed at Site 4 to increase the accuracy and reliability of the 

experimental results and to test for soil DDT variability throughout a field. The site 4 was selected 

for grid soil sampling. This method is commonly used for crop nutrient management, and site 

assessment  (Wollenhaupt and Wolkowski 1994; Walters, Jenq, and Hall 2000). The DDT 

concentration of each location in the grid is in Table 3.10. A diagram of the sampling grid is shown 

in Figure 3.12. 

Table 3.10 DDT Concentration in 9 Locations of Grid Soil Sampling 

Location Name DDT (µg/kg) 
1-1 63 
1-2 77 
1-3 248 
2-1 35 
2-2 22 
2-3 40 
3-1 45 
3-2 15 
3-3 97 

	

3.4 Data Analysis 

The DDT concentration in location 1-3 appeared to be much higher than the rest of data, which 

have a relatively even distribution below 100 µg/kg, consistent with the average concentration of 
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the mixed soil sample in Site 4 of 96 ± 23 µg/kg. A statistical analysis was performed using IBM 

SPSS Statistics 2017 Version. In the data preprocessing, the concentration of location 1-3 was 

picked up and removed from the 9 samples as an outlier according to the Dixon’s test (Dixon 1953). 

Although this point is distinguished as an outlier from a statistical perspective, it is reasonable 

considering soil variability when describing the results of a quantitative field study (Bending, 

Lincoln and Edmondson 2006).  The variability could be caused by complicating factors such as 

cultivation, translocation, and heterogeneous pesticide spray, and because of this, the data of 

location 1-3 was excluded from the analysis. A box plot of the dataset is shown in Figure 3.17. 

The normality of the DDT distribution in the grid sampling was tested using the Shapiro-Wilk Test 

(Shapiro and Wilk 1965). A p-value of 0.755 was calculated, which is higher than the significance 

level of 0.05. Therefore, the DDT distribution has 95.4% probability to reject the null hypothesis 

and conclude the data follows a normal distribution. The 95% confidence interval of the DDT 

concentration is between 25.898 µg/kg to 78.602 µg/kg. Therefore, DDT in the soil can be 

concluded as evenly distributed. The tested results can be concluded as representative and accurate. 

		

Figure 3.17 Box plot of DDT distribution in grid sampling test 
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3.5 Conclusion 

The conventional EPA method for the trace analysis of DDT was intensified. Ultrasonic probe 

extraction was found to be the most efficient method for extracting DDT from the soil. Modifying 

the extraction process to include a 24-hour long soaking of the soil in extraction solvent after 

ultrasonic extraction was found could greatly increase yield. The standard Florisil clean-up column 

was found to be unnecessary, as GC-MS SIM scan gave sufficient selectivity with or without the 

clean-up column. While using a K-D concentrator resulted in a more consistent recovery, rotary 

evaporation had a similar average yield and was chosen as a better alternative due to it being much 

faster and more efficient to use. This intensified methodology could potentially be applied in the 

analysis of other pesticides. The DDT distribution in the grid sampling follows the normal 

distribution and it can be concluded as evenly distributed. 
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Chapter 4 The DDT residue distribution in Southwestern Ontario 

4.1 Introduction 

DDT has been a concern due to their long-term harm to both wildlife and humans. Former tobacco 

planting sites in southwestern Ontario saw heavy use of DDT for the control of pests before 1972. 

Due to DDTs persistent property, an investigation into the current levels of DDT in the soil was 

of interest, and DDT concentrations at several former tobacco planting sites were determined. In 

this chapter, the correlation between the potential affecting factor of DDT availability in soil is the 

organic matter which will be discussed. The difference of DDT concentration will also be 

compared and tested with the historical data to investigate the degradation level scientifically in 

Ontario during the past 50 years.  

4.2 Soil Characterization 

The sampled soil from different five sites, the soil properties were tested which include the pH, 

particle size distribution, organic content and their texture. The corresponding results were listed 

in Table 4.10. The sites have similar properties.  
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Table 4.10 Soil sample physical properties 

 

4.3 DDT residue distribution 

Using the intensified method, the DDT concentration at several former tobacco planting sites was 

determined. The results are shown in Table 4.11, with an average of 151 µg/kg. From 1970-1974, 

research on similar sites in southwestern Ontario found DDT concentrations on average of 13,980 

µg/kg, and as high as 59,000 µg/kg (Harris, Chapman, and Miles 1977). The significantly lower 

DDT concentrations observed at the sites tested in this research are promising as they reveal that 

DDT levels have dropped dramatically in most areas in the region since the implementation of 

DDT ban in the 1970s.  

 

 

 

Site 
Name pH 

Organic 
Matter 
(% dry) 

Particle Size Distribution (%) 
Texture 

Gravel Sand Silt Clay 

Site 1 6.5 1.4 0.2 90.1 4.9 4.9 Sand 

Site 2 6.36 1.3 0.3 83.0 9.7 7.3 Loamy Sand 

Site 3 6.12 1.6 0.2 88.5 5.7 5.7 Sand 

Site 4 6.26 1.6 1.8 74.9 15.9 9.2 Sandy Loam 

Site 5 6.07 1.2 0.5 90.4 4.0 5.6 Sand 
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Table 4.11 DDT Concentration at Former Tobacco Planting Sites in Southwestern Ontario 

Site Name Mean DDT 
(µg/kg) 

Site 1 114 ± 26 

Site 2 108 ± 14 

Site 3 341 ± 20 

Site 4 96 ± 23 

Site 5 95 ± 16 

	

4.4 Comparison with historical data 

Harris et al. in 1966 described DDT levels at five tobacco field sites in southwestern Ontario 

(Harris and Miles 1966). The soil type, crop type and locations of the study are similar to the target 

of this research, and the mean DDT concentration of the five sites in 1966 were detected as 1000, 

4100, 4600, 2100, and 2300 µg/kg. Other information about these five sites were listed Table 4.12. 

This set of recorded data can be compared with the contemporary data listed in Table 4.12 by using 

the paired t-test to illustrate the significant difference (Daya 2003). The results of t* is calculated 

as 4.190 which is higher than tc value at 2.776 when the degree of freedoms is equal to 4 and the 

significance level is 5%. Therefore, the results of the previous study and current study are 

significantly different. The DDT concentration levels in southwestern Ontario have been vastly 

reduced during the past 52 years. 
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Table 4.12 The information of the historical research data in Pelee area ( Harris and Miles 1966) 

Site name Soil Texture Major Crop 
DDT concentration 

(µg/kg) 

Tobacco belt 1 Sandy Loam Tobacco 1000 

Tobacco belt 2 Sandy Loam Tobacco 4100 

Tobacco belt 3 Sand Tobacco 4600 

Tobacco belt 4 Sandy Loam Tobacco 2100 

Tobacco belt 5 Sand Tobacco 2300 

	

4.5 The Correlation between Organic Matter and DDT Concentration 

For investigating the potential affecting factors of DDT concentration, many factors were 

considered. The temperature has been investigated by many researchers as mentioned while in this 

study, only southwestern Ontario sites will be involved, therefore, the temperature will be in the 

same condition. Thus, another controversial factor is the organic matter. According to Table 4.12, 

the organic matter of each site is slightly different which can be compared and investigated. A 

study has considered the influence of several factors on DDT availability, like organic matter and 

minerals in the soil and the effect of their origin (Wang et al. 2006; Shin, Chodan, and Wolcott 

1970). DDT tends to retain in the surface layers of the soil with higher proportions of organic 

matter according to the research. It has been reported that DDT binds to the organic matter through 

a peptide-lipid interaction (Pierce and Olney 2009). Wang et al. (2006) indicated that increasing 

the organic matter to the soil could slow down the degradation of DDT to DDE. But Lunney et al. 

reported that adding organic matter to the soil does not affect the potential of Cucurbita pepo to 

phytoextract DDT residues (Lunney, Rutter, and Zeeb 2010). Therefore, this is a controversial 

topic for investigation. 
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Figure 4.18 The scatter diagram of DDT concentration and organic matter 

From the scatter diagram Figure 4.18, the points are spread and the correlation cannot be proved. 

Therefore, the Pearson’s correlation coefficient: r (Anthony, Larry and Daniel 2007) will be 

calculated and the XLSTAT was used in this step at 95% significance level.   

According to the result, the correlation is a positive correlation at a correlation coefficient at 0.56 

which is not a persuasive result for proving the correlation. For the further work, more samples 

will be investigated on this topic to get a specific result.  

4.6 Conclusion 

Soil from several former tobacco planting sites in southwestern Ontario was analyzed for DDT 

concentration. An average of 151 µg/kg was detected, significantly lower than historical values in 

the region according to the statistical analysis. The correlation of organic matter in the soil and the 

DDT availability is not obvious in this case.  
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Chapter 5 Phytoremediation 

5.1 Introduction 

The development of alternative technologies such as bioremediation and phytoremediation have 

gained attention in recent years considering the economic feasibility and cultivation benefits. In 

fact, plants have unique capability of remediating a wide range of organic and inorganic 

contaminants. Phytoremediation is an attractive alternative as it offers minimum disturbance to the 

environment as well as the economic significance to the public. Given its potential for application 

to real-world ecosystem, the technology is gaining importance considerably. Furthermore, by 

comparing different applicable technologies in Chapter 2, the phytoremediation is the most 

suitable method for this case study. It uses microorganisms and plants to reduce, degrade or 

immobilize environmental pollution and improve the soil fertility by cultivate rotation which will 

be beneficial for the further crops includes the ginseng (Mitton et al. 2016). Many researchers tried 

to apply this method on different target pollutants and mostly had a positive result. In this chapter, 

the progress on the current phytoremediation experiments will be illustrated and the practical value 

will also be discussed. 

5.2 Tomato  

Tomato was selected as the first test plant to be studied for phytoremediation. Phytoremediation 

of DDT using tomato plants was proved successfully by Mitton et al (Mitton et al. 2016). The field 

phytoremediation to be economically feasible, above ground aerial tissue must be removed, as 

removing roots is too labour intensive. Therefore, tomato plants were selected as they show the 

potential to accumulate a significant amount of DDT in above ground tissues, which could be 

economically feasible to remove. Comparing with other economic feasible plants like zucchini, 
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pumpkins and so on, the tomatoes require shorter growing period, less space and less soil which 

will be easier for growing and faster on harvesting. Hence, it was selected as the first choice.  

5.2.1 Growing Method  

An artificial lab growth tent was used for all phytoremediation growing which size is 3ft × 3 ft. 

Guidelines from Schwarz et al (2014) were used. The growth tent was equipped with a metal halide 

lamp, fan, and humidifier. A light/dark cycle of 14 hours on, 10 hours off was used for the entirety 

of the experiment. The humidity of the growth tent was 50 ±20 %, with a temperature of 23 ± 3 °C. 

	 

Figure 5.19 The schematic of growth tent (Santyerbasi 2013) 
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Figure 5.20 The growth tent with tomato plants 

To simulate the commercial technique of transplanting greenhouse seedlings to fields, seedlings 

were first grown in DDT free soil. Burpee brand “early treat hybrid” seeds were planted in Great 

value brand topsoil, which was determined to be free of DDT. The soil was watered with Miracle-

Gro®: Tomato Plant Food 18-18-21 with Micronutrients. Sprouts appeared after eight days. After 

27 days, four of the seedlings were 10 cm tall. The four seedlings were transplanted to 5 L each of 

0.1 ppm average DDT contaminated soil collected in the Site 4 from the field. 

5.2.2 Light selection 

For controlling the environment and reducing the disturbance caused by the variability, all the 

experiments are done indoors. Therefore, choosing a proper light source is crucial for the plant 

growth. There are various of lights available on the market like MH lights, HPS lights, LED lights, 

incandescent lights, fluorescent lights and so on. However, most indoor growers chose LED lights 

as the light source as it is energy saving, and has a long life term (Goins et al. 1997). In this case, 
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the most critical concern is the light wavelength. Different plants have different optimal light 

wavelength. One study investigated the optimal light wavelength during germination for tomato is 

680 nm which could grow better than directly growing under the sunshine (Handayani 2012). 

Furthermore, the most efficient and energy saving wavelength during the growing period is proved 

as 650 nm for tomato. Therefore, a MH light with the corresponding wavelength was selected in 

this study. In the last chapter, a picture with different lights corresponding to different wavelength 

will be attached to the future selection.  

5.2.3 Plant heights record 

The tomato grew rapidly and the growth height with time is shown in Figure 5.21. Another four 

of the seedlings were continuously grown in the topsoil without DDT under the same growing 

environment. By comparing the heights with time, four plants in control groups are growing slower 

than the variable plants which were planted in the DDT contaminated soil. The reason for this 

phenomenon is the soil from field sites which is agricultural land and were exposed to kinds of 

fertilizers in the long term. On the contrary, the control group planted in the soil is the topsoil 

which is much less sandy and fertile compared with the agricultural soil. Hence, the control plants 

all have the similar trend that is slower compared with the variable groups. After 110 days, the 

variable group started flowering and fruiting and stopped growing higher. However, at the same 

time point, the control groups are still growing higher with more leaves and stronger stems.  
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Figure 5.21 The average plant growth heights with the time of two groups 

5.4 Plant Analysis 

5.4.1 Chlorophyll 

The effects of plants biochemical properties caused by exposure to the contaminated environment 

were discussed broadly by researchers. The correlation and impact are interested to be investigated 

in this scenario. There are many factors could be seemed as plant nutrient index like protein, 

proline, malondialdehyde content, chlorophyll and so on. In this study, the chlorophyll was 

investigated for detecting the plant pigment. There are studies proved the positive correlation 

between the chlorophyll and the nitrogen content (Dudeja and Chaudhary 2005). The nitrogen is 

one of the most nutrients during the plant growth, and the DDT compounds in soil may influence 

the nitrogen adsorption.  

Approximately 3 g fresh leaves from median plants were cut and collected. The leaves were dried 

for weighting the dry mass. Then, the dried leaves will be ground and extracted by 2 ml of dimethyl 

sulfoxide by the 4 minutes centrifuge. Then the solution will be measured by the 
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spectrophotometer against a blank of DMSO. The wavelength of the spectrophotometer was set as 

645 and 663nm (Rorison 1976). The concentration of the chlorophyll was calculated based on the 

Equation 5.1, 5.2 and 5.3. (Maxwell and Johnson 2000). The values were expressed as mg/g at dry 

basis. 

Chlorophyll	?	(Chl	a) = 12.7AXXY − 2.69AX\]	                         Equation 5.1 

Chlorophyll	^ Chl	b = 22.9	AX\] − 4.68	AXXY	                         Equation 5.2	

Total	Chlorophyll = Chl? + Chl^																																																					Equation 5.3	

Therefore, based on the described procedure, the monitored chlorophyll of 100 days plants is 

detected as Figure 5.22.  

 

Figure 5.22 The average chlorophyll of total tomato leaves from polluted soil and unpolluted soil  

The chlorophyll analysis of tomato leaves shows that the chlorophyll was reduced significantly in 

the control plant which was planted in the uncontaminated topsoil. The chlorophyll a plays an 

essential role in photosynthesis and the higher chlorophyll content will contribute to more active 

photosynthesis and could indicate the trophic status. The higher nitrogen content will lead to darker 
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green leaves with higher chlorophyll (Anzecc & Armcanz 2000; Bojović and Marković 2009). 

Therefore, from the results, it is obvious that the control groups have lower chlorophyll content 

corresponding to a lower nitrogen concentration in the soil which proved the assumption that 

assuming the soil from the site is much more fertile than the topsoil which also confirmed the 

reason for the significant difference in the growing heights of these two groups.  

5.5 The DDT distribution in parts of tomato  

After growing 120 days, the variable plants started bearing fruit. The leaves, stems and mature 

fruit were detected for the DDT availability. The plants were dried for longer time compared with 

soil detection procedure and still followed the intensified detection method introduced in the 

Chapter 3. Figure 5.23 and Figure 5.24 illustrates the value and percentage of the DDT 

concentration accumulated in the plants’ different parts respectively.  Only two plants have 

generated fruits yet: variable 2 and variable 3. Hence, only two fruits were detected currently. The 

plants are still waiting for more fruits generated for triplicate results. Therefore, the roots were not 

taken up to detect the underground DDT concentration. DDT lost from the soil will also be 

calculated after then. The current results are all shown in Table 5.13 which tells the exact values 

of the DDT concentration in different tissue. All the concentration was calculated based on wet 

basis because the Canadian regulation was formatted as wet basis.  
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Figure 5.23 The DDT concentration distribution in tomato aerial tissues 

	

													 	 	

	 	

Figure 5.24 The DDT concentration percentage in tomato aerial tissues  

a) Variable 1 (no fruit) b) Variable 2 c) Variable 3 d) Variable 4 (no fruit) 
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Table 5.13 The specific value of DDT concentration accumulated in different parts of tomato 

Plants Stems 
(ug/kg ww) 

Leaves 
(ug/kg ww) 

Fruits 
(ug/kg ww) 

Variable 1 404 748±83 N/A 
Variable 2 436 1156 285 
Variable 3 195 889±69 277 
Variable 4 267 857 N/A 

	

Figure 5.23 indicates that leaves have the highest accumulation level of DDT among the three 

parts. The bioaccumulation factor was introduced in Chapter 2 but summed up to express the total 

ability of DDT extractability by upper part tomato. In the Equation 5.4, the shoot represents the 

stem, leaf, and fruit together.  

∑&&'.7((2
∑&&'.(-d

= &&'.20/.e&&'d0+f0.e&&'g)h-2.
iX	jk/mk

                 Equation 5.4 

Therefore, the average bioaccumulation factors of the tomato were calculated based on the variable 

2 and variable 3 plants because it has the results from fruits. The bioaccumulation factor of the 

tomato aerial parts is 16.86 which is very effective and more results need to be presented in this 

part to prove the result and give a complete illustration on the phytoextraction ability of tomato. 

According to the Health Canada's Maximum Residue Limits (MRLs) for Food, the qualified DDTs 

concentration in food is less than 0.5 ppm (500 ug/kg) at wet basis (Government of Canada 2016). 

The DDT concentration in tomato fruits was detected as 211.75 ug/kg which is less than the 

regulations. Therefore, the tomato fruits are qualified and valuable which could be a potential 

selection in the future field study.  
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5.6 Risk Assessment 

Tomato fruits have been proved that its DDT concentration could meet the guideline requirements. 

For having safer products in Ontario food market, the risk assessment was conducted to evaluate 

the risk faced by the customers. DDT was classified as B2 carcinogenicity under EPA guidelines, 

and the oral slope factor is 0.34 per mg/kg day (EPA 1996).  The risk-based corrective action was 

developed by the American Society for testing and materials, and is a usual approach for 

contaminated site cleanup (Avagliano and Parrella 2009). This model divided the chemicals into 

carcinogenicity and non-carcinogenicity, the model for calculating the risk of carcinogenicity is 

shown in Equation 5.5: (MacBean 2016): 

CR = 	 op()+d×qB()+d×q&()+d×rB()+d
st×u'

																															Equation 5.5 

The oral intake will be the main intake pathway which will be considered in this case. Hence, the 

dermal and inhalation pathway will be negligible.   

Monte-Carlo simulation is a technique used to understand the impact and uncertainty of risk in the 

specific forecasting model (Greenland 2001). Many studies utilize this simulation technique to 

forecast the risk of uncertain models (Smith 1994, Finley and Paustenbach 1994). In this study, 

the carcinogenicity risk formula was selected and some certain assumptions were based on the 

known information. The minimum and maximum concentration of DDT in the tomato fruits were 

used as the estimated range of the values. The exposure frequency was assumed between 0-350 

days/year, and the exposure duration was assumed between 0-50 years and the body weight was 

assumed between 15 kg to 80 kg. Therefore, generating the random numbers in this range instead 

of using a single guess, the forecasting could be developed. The sample size was selected as 5000 

to ensure the result accuracy. Figure 5.25 gives an overview of the risk frequency distribution and 

the risk ranges from 6×10wx	to	8×10wxwhich is the most frequent. Furthermore, based on the data, 
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the upper bound and lower bound under 95% confidence interval were estimated and shown in 

Figure 5.26. Thus, at 95% confidence interval, the lower bound is 7.107×10wx and the higher 

bound is 7.116×10wx.   

From the risk assessment perspective, US.EPA defines the acceptable risk range of carcinogenicity 

is between 1×10-4 to 1×10-6 and if the risk is beyond 1×10-4 that means the risk level is 

unacceptable and require the implementation of risk management measures (Beauvais, Silva,  

Powell 2010). In this case, the risk has 95% confidence between 7.107×10-7 to 7.116×10-7 which 

is out and even smaller than the acceptable risk range. Therefore, the tomato fruits have no health 

concern as commercial products. 

	

Figure 5.25 The frequency distribution histogram of risk level 
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Figure 5.26 The 95% confidence interval of risk 

5.7 Conclusion 

The phytoremediation performance of tomato was confirmed positively and expected to have a 

strong ability of taking up DDT from the soil. The correlation between DDT pollution and 

chlorophyll was not able to prove at the current stage but the nutrient level of different soil was 

verified. With the higher nutrient in the variable group soil, the plants are growing stronger and 

faster compared with the plants planted in the fertilizer free soil. The zucchini plants were planted 

for the future test, and the primary data was presented. According to the risk estimation and 

assessment, the tomato fruits quality is reliable after the phytoremediation and are qualified to the 

customers. The commercial revenue for the farmers will be promised. 	  
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Chapter 6. Conclusion and Future works 

6.1 Conclusion 

In this study, an intensified detection method was developed for this specific sandy and fertile soil 

based on the conventional detection method from the EPA guidelines. The intensified method 

includes drying, extraction by the ultrasonic probe, 24 hours soaking, omitting the Florisil clean-

up procedure and concentration by rotary evaporator. The ultrasonic probe was proved to be more 

effective compared with the ultrasonic water bath and the 24 hours soaking was concluded to be 

necessary which can enhance the diffusion with higher yield. The Florisil clean-up column was 

found to be unnecessary due to the effectiveness of the GC-MS column and SIM scan accuracy. 

The concentration process was also intensified considering the time, labour and yield factors, the 

rotary evaporator was selected.  

The DDT residue distributed in southwestern Ontario are still cannot be ignored, with most fields 

having concentrations around 0.1 ppm by using the intensified detection method, but it has 

decreased significantly in the past 52 years compared with the historical data by natural 

degradation and cultivate rotation. The bioaccumulation of plants may result in the ginseng 

products exceeding their MRLs for DDT. Therefore, the proper treatment strategy is urgent for 

improving the ginseng quality and achieve the relevant regulation.  No correlation between DDT 

concentration and pH, organic matter content, or soil composition was proved. Soil DDT 

concentration throughout an individual field was observed to be reasonably consistent, with only 

one spot with elevated DDT concentration. This point was detected as outlier by data analysis, or 

it may caused by the DDT concentration varies throughout the field. Further sampling and analysis 

should be done to confirm.  
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Phytoremediation technology is eco-friendly and economic feasible which is suitable for the 

shallow – medium and large area polluted soil treatment. In this study, the commercial value is the 

prior concern for future practical work. Hence, the tomato was selected as a hyperaccumulator. 

The results are positive and indicate the plant extracts DDT and translocate it into different parts. 

The chlorophyll and plant heights were monitored during the growing.  

6.2 Future work plan 

In the future, there are some works will be done based on the current result: 

Detection Method: The detection method may be adjusted in some details like intensifying the 

drying procedure to accelerate the speed or optimizing the solvent selection. 

Correlation of DDT and organic matter: More soil samples will be collected and analyzed for 

figuring out the correlation between DDT availability in soil particles and the soil properties. 

Phytoremediation plants: More hyperaccumulators will be tested in lab scale based on the 

literature records, the extractability of DDT will be discussed and compared broadly.  

Plant growth monitoring: Other indicators like plants proline, plants protein will be tested for 

studying the potential effect of plants caused by DDT.  

Correlation of DDT and chlorophyll: The correlation of the chlorophyll and DDT concentration 

will be investigated by collecting more fresh samples from the plants.  

Remediation performance analysis: The amount of DDT taken up by plants and lost from the soil 

will be detected, and the distribution of different plant parts will be illustrated to show the 

remediation performance of each plant. 

Phytodegradation: Most studies investigated the phytoremediation on DDT polluted soil from 

phytoextraction perspective, in the future study, the phytodegradation effect during the 

remediation period will be investigated by monitoring the ratio change of DDT and its metabolism. 
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Economic Analysis: The biomass and sale profits and other economic factors will be considered 

and compared to all the effective hyperaccumulators for finding the best choice in this case.  

Field Scale Study: Based on the comprehensive comparison like the remediation performance, the 

economic feasibility and so on, several of the plants will be selected among the tested crop types 

for the pilot study to investigate the practicality. The positive result is to achieve the remediation 

goals and reduce the DDT concentration to a qualified level for growing ginseng products with 

considerable profits.  
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Appendix A: The experimental equipment sources 

Equipment Manufacturer Description 
6890N Network GC System Agilent Technologies Part of GC-MS System* 

Column: J&W Scientific HP-5 (30 m long, 
0.32 mm bore, 0.25 µm film) 

5975 inert XL Mass Selective 
Detector 

Agilent Technologies Part of GC-MS System* 

7683B series Injector Agilent Technologies Part of GC-MS System* 
7683 series Auto-sampler Agilent Technologies Part of GC-MS System* 
Quintix124-1S Analytical 
balance 

Sartorius Used for weighing standards 

ML3002E Top-loading 
balance 

Mettler-Toledo Used for weighing soil  

CV 334 Vibra-cell ultrasonic 
probe 

Sonics Used for extracting DDT from soil samples 
Probe: Standard horn 208-A ¾” solid 

pH700 pH Meter Oakton Used for determining the pH of soil samples 
Type N1110 Rotary 
Evaporator 

Eyela Used for evaporating solvent from samples 
to concentrate for column clean-up and 
analysis 

Class A 100 ml Burette Fisher Scientific Chromatography clean-up column  
Laboratory Oven Binder Used for drying soil samples and activating 

Florisil 
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Appendix B: The experimental material sources 
Material  Lot #  Source  Description 
4-4’-DDT S37912V Sigma Aldrich Reference Standard 
Florisil® 60-100 Mesh 
(Synthetic Magnesium 
Silicate) 

A0376273 Acros Organics Chromatography clean-up column 
packing 

95% n-Hexane 
Optima™ 168099 Fisher Scientific Extraction solvent and component of 

clean-up column mobile phase 

Diethyl Ether 170708 Fisher Scientific  Component of clean-up column 
mobile phase 

Sodium Sulfate, 
Anhydrous 154284 Fisher Scientific  

Solid buffer layer on top of 
chromatography clean-up column 
packing  

Miracle-Gro®  
Tomato Plant Food 
18-18-21 with 
Micronutrients 

N/A Miracle-Gro  Fertilizer for phytoremediation 
experiment tomato plants  

“Early Treat Hybrid” 
Tomato Seeds N/A Burpee Tomato variety used for 

phytoremediation experiments 

Great Value™ Top Soil N/A Wal-Mart Top soil used to grow tomato 
seedlings  

Helium, Ultra High 
Purity 5 N/A Praxair  GC column mobile phase  

pH 4, 7, 10 buffers N/A Oakton pH calibration buffers for pH meter 
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Appendix C: The wavelength of different lights at 400 Watts 

	

(Goins et al. 1997) 
 

	

	

	

(Goins et al. 1997) 

 


