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Abstract 
 

The ability of Triton X-100 and Tween 80 to stimulate phytoremediation of soil contaminated with phenanthrene 

(204.5 mg kg-1), pyrene (253.6 mg kg-1), and cadmium (81.0 mg kg-1) by Siam weed (Chromolaena odorata) was studied. The 

results revealed that only 10 × critical micelle concentration of Triton X-100 added in soil planted with Siam weed could increase 

phenanthrene removal compared with unplanted soil that received the same surfactant at 60 days after transplantation. Also, there 

were no significant differences on polycyclic aromatic hydrocarbon removal in planted soil that received different surfactants. 

The amounts of phenanthrene and pyrene that remained in the planted soil were 7.4 and 16.7 mg kg-1, respectively, while those 

remaining in the planted soil with surfactant addition were around 6.7–9.9 and 11.7–24.1 mg kg-1, respectively. Moreover, the 

addition of Triton X-100 and Tween 80 tended to decrease the accumulation of cadmium in the shoot of Siam weed. 
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1. Introduction 
 

Polycyclic aromatic hydrocarbons (PAHs) and hea-

vy metals, such as cadmium, are frequently found together at 

contaminated sites (Lyons et al., 2015; Rachwał, Magiera, & 

Wawer, 2015) including soil samples around the railway 

junction of Iława Główna, Poland where the amounts of 

phenanthrene, pyrene, and cadmium were 0.67–5.7, 1.19–7.6, 

and 0.8–7.4 mg kg-1, respectively (Wiłkomirski, Sudnik-Wój-

cikowska, Galera, Wierzbicka, & Malawska, 2011). Also the 

amounts of cadmium and 16 PAHs in the surface soil of a 

smelting area in South Central China were 1.8–248.6 mg kg-1 

and 0.45–1.16 mg kg-1, respectively (Sun, Liao, Yan, Zhu, & 

Ma, 2014). To our knowledge, there are no previous reports of 

 
co-contamination of phenanthrene, pyrene, and cadmium in 

Thai soil. Nevertheless, co-contamination of these pollutants 

may be possible because cadmium contamination has been 

extensively reported in Thai soils (Simmons, Pongsakul, Sai-

yasitpanich, & Klinphoklap, 2005; Sriprachote et al., 2014). 

Mining activity is the main source of cadmium contamination 

in Thai soils. This can cause contamination of agricultural soil 

in the adjacent areas (Simmons, Pongsakul, Saiyasitpanich, & 

Klinphoklap, 2005). Another source of cadmium contamina-

tion in soil is the use of phosphatic fertilizers and some of 

them are produced from phosphorites containing high con-

centrations of cadmium (Mahler, Ryan, & Reed, 1987; Park-

pian, Leong, Laortanakul, & Thunthaisong, 2003). These an-

thropogenic activities accompanied with other agricultural 

activities release PAHs into the environment which includes 

rice straw open field burning (Gadde, Bonnet, Menke, & 

Garivait, 2009), pre-harvest of sugar cane burning (Rangel, 

Henríquez, Costa, & de Lira Junior, 2018), and sewage sludge 
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application in agricultural soil (Li & Ma, 2016). Thus, co-

contamination of cadmium and PAHs could occur in the envi-

ronment of Thailand. 

Remediation of PAHs and cadmium from contami-

nated sites is an interesting task because of their ecological 

toxicity. Long-term exposure or the intake of PAHs in animals 

can cause severe disease such as carcinogenicity, teratogeni-

city, and genotoxicity (Dat & Chang, 2017). In addition, the 

long-term intake of cadmium can cause renal dysfunction 

(Rana, Tangpong, & Rahman, 2018). Phytoremediation is an 

attractive and versatile method to remove both PAHs and 

heavy metals from soil (Gerhardt, Gerwing, & Greenberg, 

2017; Sarwar et al., 2017). In general, phytoremediation can 

be divided into various categories (i.e. phytostimulation, phy-

todegradation, phytovolatilization, phytoaccumulation, and 

phytostabilization) based on their mechanisms of contaminant 

elimination and nature of contaminants (Cristaldi et al., 2017). 

Different phytoremediation approaches are used to remove 

PAHs and cadmium from contaminated sites. The phytore-

mediation approach to remove PAHs from contaminated sites 

includes phytostimulation, phytodegradation, and phytoaccu-

mulation; however, phytostimulation is the most suitable me-

thod because PAHs were completely degraded by soil micro-

organisms, meaning that PAHs were permanently removed 

(Cristaldi et al., 2017). In contrast, the most suitable means to 

remove cadmium from soil is phytoaccumulation if the cad-

mium accumulates in the aerial parts of the plant because it 

easy to harvest the biomass of plants for further disposal 

(Yadav et al., 2018).  

The simultaneous removal of PAHs and heavy me-

tals by plants and associated microorganisms may be difficult 

because plants use different mechanisms to remove PAHs and 

heavy metals from contaminated soil (Cristaldi et al., 2017). 

In addition, various factors can affect phytoremediation effi-

ciency, and these include contaminant toxicity, which ad-

versely affects plant survival at contaminated sites, contami-

nant uptake by the plant, and low contaminant bioavailability 

(Chirakkara & Reddy, 2015). Also, the toxicity of heavy me-

tals can inhibit the degradation of organic contaminants by 

soil microorganisms, thereby affecting the efficiency of the 

phytoremediation (Chirakkara, Cameselle, & Reddy, 2016).  

In recent years, the application of surfactants has 

emerged as a viable method to enhance the remediation of soil 

contaminated with both hydrophobic organic pollutants and 

metals (Mao, Jiang, Xiao, & Yu, 2015). Surfactants are known 

to desorb, solubilize or emulsify poorly water-soluble organic 

pollutants (Scheibenbogen, Zytner, Lee, & Trevors, 1994), 

and these pollutant-solubilizing properties may enhance orga-

nic pollutant degradation (Jain, Lee, & Trevors, 1992). More-

over, surfactants may increase desorption and dissolution of 

heavy metals from the soil and sediment and this may improve 

their bioavailability (Almeida, Dias, Mucha, Bordalo, & Vas-

concelos, 2009; Ramamurthy & Memarian, 2012). The use of 

surfactants to simultaneously enhance PAH and metal phyto-

remediation at PAH and metal co-contaminated sites has not 

been widely studied. Of those studies that have been under-

taken, both successes and failures have been reported. For 

example, the application 100 mL of the nonionic surfactant 

Igepal CA-720 to soil at a concentration equal to 1 x its 

critical micelle concentration (CMC) could improve phenan-

threne (initial concentration was 100 mg kg-1) phytoremedia-

tion by Avena sativa grown for 61 days in soil contaminated 

with naphthalene, phenanthrene, lead, cadmium, and chro-

mium. However, the application of Igepal CA-720 did not en-

hance the removal of cadmium and lead from co-contaminated 

soil (Chirakkara & Reddy, 2015). In another study, the appli-

cation of Triton X-100 and Tween 80 separately promoted the 

remediation of soil co-contaminated with 49.7 mg kg-1 of 

cadmium, 496.5 mg kg-1 of lead, and 495.1 mg kg-1 of used 

engine oil (Ramamurthy & Memarian, 2012). Their results 

revealed that the application of Triton X-100 and Tween 80 

separately at concentrations higher than their respective CMC 

values led to an increased accumulation of cadmium and lead 

in the biomass of Brassica juncea. Tween 80 applied at con-

centrations ranging from 0.5–2.0 × CMC was effective at en-

hancing the degradation of used engine oil in rhizospheric soil 

planted with Brassica juncea. The authors suggested that surf-

actants may be responsible for the solubilization of cadmium, 

lead, and used engine oil, rendering these pollutants more 

bioavailable for plant roots and rhizospheric degradation (Ra-

mamurthy & Memarian, 2012).  

To the best of our knowledge, only one study by 

Ramamurthy and Memarian (2012) examined the ability of 

surfactants to enhance the simultaneous removal of mixed 

heavy metals and hydrocarbons in the form of used engine oil. 

The tested surfactants, Triton X-100 and Tween 80, were used 

to assist PAH phytoremediaion with mixed success by other 

researchers (Cheng, Lai, & Wong, 2008; Liao et al., 2015).  

The aim of this study was to investigate the effect of two 

surfactants, Triton X-100 and Tween 80, on the removal of 

phenanthrene and pyrene by Siam weed grown in soil con-

taminated with these pollutants. The possibility of Siam weed 

to accumulate phenanthrene, pyrene, and cadmium was also 

investigated. Siam weed was selected for this study because 

this plant was reported to be a cadmium hyperaccumulator 

and it was reported to stimulate the removal of phenanthrene, 

engine oil, and total petroleum hydrocarbons from contami-

nated soils (Atagana, 2011; Jampasri, Pokethitiyook, Kruatra-

chue, Ounjai, & Kumsopa, 2016; Phaenark, Pokethitiyook, 

Kruatrachue, & Ngernsansaruay, 2009; Somtrakoon & Chouy-

chai, 2018).  

Triton X-100 and Tween 80 are non-ionic surfac-

tant used as model surfactants. Both surfactants exerted posi-

tive effects in phytoremediation (Cheng et al., 2017; Liao et 

al., 2015). For example, the cost and toxicity to soil microor-

ganisms of Tween 80 is low and it is widely used to clean up 

soil from hydrophobic organic compounds. Tween 80 is a 

versatile surfactant that can be used in phytoremediation to 

remove pollutants from soil (Cheng et al., 2017). Even though 

Triton X-100 seems to be toxic to living things (Gao, Ling, 

Zhu, Zhao, & Zheng, 2007), it has high desorption efficiency 

(Gao, Ling, Zhu, Zhao, & Zheng, 2007) and was reported to 

stimulate the phytoremediation of PAHs (Liao et al., 2015) 

and heavy metals (Ramamurthy & Memarian, 2012) from 

contaminated soil. If Tween 80 can efficiently stimulate the 

removal of PAH from the soil and stimulate the accumulation 

of cadmium than Triton X-100, Tween 80 was suggested for 

phytoremediation. This research studied the application of sur-

factants in the soil that may simultaneously improve cadmium 

phytoaccumulation and PAH phytostimulation by Siam weed. 

If soil planted with Siam weed can simultaneously remove 

both PAHs and metals, it can reduce the time and cost for 

mixed contaminant remediation of soil.  
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2. Materials and Methods 
 

2.1   Preparation of phenanthrene/pyrene/cadmium- 

        spiked soil  
 

Soil with no previous history of PAH contamination 

was collected from a grassland field near the main campus of 

Nakhonsawan Rajabhat University, Thailand. The background 

level of cadmium (Cd2+) was 1.10.2 mg kg-1. Phenanthrene 

and pyrene were not detected in the soil as measured by gas 

chromatography. This soil was air-dried and ground to mini-

mize the heterogeneity. The soil was then spiked with phe-

nanthrene (Sigma-Aldrich, purity 98%) and pyrene (Sigma-

Aldrich, purity 98%) according to the method of Somtrakoon, 

Chouychai, and Lee (2015). Briefly, phenanthrene and pyrene 

were dissolved separately in dichloromethane and added to the 

soil to achieve final concentrations of 204.541.2 and 253.6 

33.0 mg kg-1 dry soil, respectively. Phenanthrene/pyrene-

spiked soil was then spiked with a solution of CdNO3.4H2O 

(Asia Pacific Specialty Chemicals Limited, purity 99%) to 

achieve a final concentration of 81.07.0 mg kg-1 dry soil for 

Cd2+. The pH of the phenanthrene/pyrene-contaminated-soil 

after spiking with Cd2+ was 7.37. The PAH and cadmium con-

centrations used in this study were higher than our previous 

study (Somtrakoon & Chouychai, 2018).  

 

2.2 Experimental design 
 

The phytoremediation experiments were set up in 

cylindrical plastic pots (16 cm diameter). Each pot contained 1 

kg dry weight of the soil spiked with phenanthrene/pyrene/ 

cadmium. The young Siam weed plants used in this study 

were collected from a site near a rice field in Banpotpisai 

District, Nakhonsawan Province, Thailand. Siam weed plants 

were collected and transported to the laboratory. The plants 

were grown in unspiked soil in a nursery for 2 weeks and 

transplanted into the experimental pots. Next, Triton X-100 or 

Tween 80 was dissolved in distilled water and added sepa-

rately to the soil to give final concentrations of 1 × and 10 × 

their respective CMC values (the CMC values for Triton X-

100 and Tween 80 were 0.24 and 0.012 mmol kg-1, respective-

ly) on 53 days after transplantation. The experiments con-

sisted of 11 treatments performed in a completely randomized 

design (Table 1). 

 
Table 1. Experimental design in each treatment. 

 

Treatment 
Phenanthrene/ 

Pyrene/ 

Cadmium 

Siam 

Weed 

Triton X-

100 
Tween 80 

     

T1 + + 1 × CMC - 

T2 + + 10 × CMC - 
T3 + + - 1 × CMC 

T4 + + - 10 × CMC 

T5 + + - - 
T6 + - 1 × CMC - 

T7 + - 10 × CMC - 

T8 + - - 1 × CMC 
T9 + - - 10 × CMC 

T10 + - - - 

T11 - + - - 
     

Each treatment had five replicates for a total of 55 

pots and the positions of the pots were changed randomly 

every week to reduce positional bias. Distilled water was 

added every day to each pot to maintain the soil water holding 

capacity. The experiment was performed for 60 days. The soil 

samples were then collected and processed for phenanthrene, 

pyrene, and cadmium analysis. The roots and shoots were 

collected and the various parameters were measured (i.e. 

length and fresh and dry weights) as well as chlorophyll a, 

chlorophyll b, and total chlorophyll contents in the leaves. 

Chlorophyll contents in the leaves of the plant samples were 

analyzed and calculated using the equations available in 

Huang, El-Alawi, Penrose, Glick, and Greenberg (2004).  

 

2.3 Phenanthrene and pyrene extraction and 

analysis 
 

 Soil and plant samples were subjected to Soxhlet 

extraction as described by Somtrakoon, Chouychai, and Lee 

(2015). To prepare a soil sample, 1 g dry weight of each sam-

ple was mixed with anhydrous sodium sulfate and extracted in 

the Soxhlet apparatus. The volumes of the extracts were re-

duced in an evaporator and then the soil and plant extracts 

were analyzed for phenanthrene and pyrene by gas chroma-

tography with flame ionization detection (Shimadzu, Model 

GC-2014). The shoots (i.e. stems, branches, and leaves) and 

roots of Siam weed after dry weight measurement were sepa-

rately cut into small pieces for the phenanthrene and pyrene 

analyses. Each 1 g dry weight of shoot or root was subjected 

to Soxhlet extraction and the extracts were analyzed for phe-

nanthrene and pyrene as described above. 

 

2.4 Cadmium analysis 
 

  One g dry weight of plant samples from each treat-

ment were collected for analysis of Cd2+ concentrations. The 

plant samples were subjected to extraction according to the 

method described by the Land and Development Department, 

Thailand (2010). The Cd2+ content in the extracts was ana-

lyzed by inductively coupled plasma optical emission spectro-

metry at the Environmental Quality Examining Service Cen-

ter, Faculty of Environment and Resource Studies, Mahasara-

kham University, Thailand. 

 

2.5 Statistical analysis 
 

The parameters for plant growth and the amount of 

each PAH are presented as mean±SE. The statistical signifi-

cance of differences among treatments at P<0.05 was ana-

lyzed by one-way ANOVA by Microsoft Excel. Subsequent 

multiple comparisons of means were performed using the least 

significant difference test. 

 

3. Results and Discussion 
 

3.1 Growth of Siam weed in phenanthrene/pyrene/  

      cadmium-spiked soil  
 

 Growth of the Siam weed in the phenanthrene/ py-

rene/cadmium-spiked soil appeared normal (Figure 1). The 

shoot length and root length of Siam weed grown in 
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phenanthrene/pyrene/cadmium-spiked soil were not signifi-

cantly different from those of the plants grown in unspiked 

soil (Table 2). In addition, the presence of both surfactants 

(Tween 80 and Triton X-100 at 1 × and 10 × of CMC) did not 

decrease the shoot length of Siam weed grown in phenan-

threne/pyrene/cadmium-spiked soil compared to the plants 

grown in spiked soil without receiving any surfactants (Table 

2). A similar trend was also seen with the shoot dry weight. 

The shoot dry weights of Siam weed grown in phenanthrene 

/pyrene/cadmium-spiked soil with or without receiving Triton 

X-100 and Tween 80 were not significantly different (Table 2) 

(Figure 1). The results in Table 2 also showed that the root 

fresh weight and root dry weight of Siam weed grown in 

phenanthrene/pyrene/cadmium-spiked soil with or without 

Triton X-100 or Tween 80 were not significantly different 

from those of the plants grown in the unspiked soil without 

receiving any surfactants. However, the growth of Siam weed 

in phenanthrene/pyrene/cadmium-spiked soil in the presence 

of Triton X-100 seemed to be wilted but the growth of Siam 

weed in unspiked soil and phenanthrene/pyrene/cadmium-

spiked soil with or without Tween 80 was normal as observed 

by the naked eye. The results also showed that the chlorophyll 

a, chlorophyll b, and total chlorophyll contents in the leaves of 

Siam weed grown in unspiked soil was not significantly dif-

ferent from the plants grown in the spiked soil with Tween 80 

and Triton X-100 at 1 × and 10 × CMC (Table 2).  

Based on the values presented in Table 2, Triton X-

100 and Tween 80 at 1 × and 10 × CMC did not affect any 

shoot or root growth of Siam weed in this study. Tween 80 is 

generally reported to be non-toxic to plant growth. For exam-

ple, Agnello, Huguenot, van Hullebusch, and Esposito (2015) 

showed that Tween 80 at concentrations of 0.5 ×, 1 × and 3 × 

CMC did not affect Medicago sativa germination. Likewise, 

the application of Tween 80 at 100 mg kg-1 soil did not cause 

any significant harmful effect on the biomass of Agropyron 

elongatum (Cheng, Lai, & Wong 2008). However, the leaves 

and shoot of Siam weed that received 1 × and 10 × CMC of 

Triton X-100 appeared to be dwarfed and wilted upon visual 

inspection. Triton X-100 was reported to be toxic to plant root 

growth. For example, Triton X-100 at concentrations 5.0, 2.5, 

and 1.25 g L-1 inhibited the root growth of Allium cepa L. 

(Ferruzan, Güden, Halide, Fatmanur, & Sinem, 2012). A sig-

nificantly negative impact of either Tween 80 or Triton X-100 

on chlorophyll content in the leaves of Siam weed was not 

observed in this study. The effect of the surfactant on chloro-

phyll contents in the leaves of the plants was variable that 

depended on the type of surfactant (Agnello, Huguenot, van 

Hullebusch, & Esposito, 2015; Caux, Weinberger, & Carlisle, 

1988). For example, Triton (alkyl aryl polyether alcohols) de-

creased chlorophyll contents in Lemna minor (Caux, Weinber-

ger, & Carlisle, 1988); however, Tween 80 did not have any 

significant effects on chlorophyll contents in the leaves of the 

plant (Agnello, Huguenot, van Hullebusch, & Esposito, 2015).  

 

3.2 Phenanthrene and pyrene removal from soils  
 

The addition of both surfactants (Triton X-100 and 

Tween 80) at 1 × and 10 × CMC did not significantly improve 

the removal of pyrene from the planted or unplanted pots 

compared to the pots without surfactant treatments (Table 3). 

Only 10 × CMC of Triton X-100 improved the removal of 

phenanthrene from the soil planted with Siam weed  compared 
 

 
 

                                 Figure 1.     Physical appearance of Siam weed grown in phenanthrene/pyrene/cadmium-spiked soil with  
                                                    Triton X-100 (A), Tween 80 (B) or without treatment (C). Abbreviations: T = treatment. 

 

         Table 2.     Growth of shoot, growth of root, and chlorophyll content in the leaves of Siam weed vegetated in phenanthrene/pyrene/ 
                           cadmium-spiked and unspiked soil for 60 days. 
 

Treatment 

Shoot Root Chlorophyll 

Length 

(cm) 

Fresh 

weight 
(g) 

Dry 

weight 
(g) 

Length 

(cm) 

Fresh 

weight  
(g) 

Dry 

weight  
(g) 

Chlorophyll 

a 
(mg ml-1) 

Chlorophyll 

b 
(mg ml-1) 

Total 

chlorophyll 
(mg ml-1) 

          

T1 35.0±3.7a 4.5±0.5b 1.5±0.2a 18.1±3.2a 1.7±0.3a 0.6±0.2a 23.9±5.1b 13.2±3.1a 37.1±8.2b 

T2 37.6±4.4a 3.7±0.3b 1.6±0.2a 19.8±3.4a 1.4±0.4a 0.4±0.2a 38.2±5.2b 21.4±5.6a 59.6±9.6ab 

T3 34.4±5.6a 3.8±0.3b 1.8±0.2a 14.8±4.2a 1.5±0.5a 0.7±0.3a 62.2±7.8a 25.8±1.5a 88.0±9.1a 
T4 32.9±2.3a 4.6±0.8b 1.2±0.5a 15.2±4.6a 1.7±0.4a 0.5±0.1a 47.4±5.7ab 24.0±3.7a 71.4±9.3ab 

T5 35.7±4.8a 7.1±0.9a 1.6±0.2a 14.7±2.3a 1.8±0.5a 0.5±0.1a 36.0±8.4b 18.4±2.2a 54.4±10.2b 

T11 31.5±4.7a 5.1±0.4b 1.3±0.5a 11.0±2.5a 1.7±0.2a 0.4±0.1a 44.8±7.7ab 26.2±1.9a 71.0±7.1ab 
          

 

          Different lower case letters denote significant differences (P<0.05) between plant growth parameters in the same column.  

          Abbreviations: T = treatment. 
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Table 3. Amounts of phenanthrene and pyrene remaining in the soil 

vegetated with and without Siam weed in phenanthrene/ 
pyrene/cadmium-spiked soil for 60 days. 

 

Treatment Phenanthrene (mg kg-1) Pyrene (mg kg-1) 

   

T1 7.2±0.5ab 11.7±1.6b 

T2 6.7±0.8b 12.2±1.8b 
T3 8.5±0.8ab 24.1±4.3ab 

T4 9.9±3.1ab 12.1±1.9b 

T5 7.4±1.4ab 16.7±5.4b 
T6 12.7±0.8ab 31.4±1.5ab 

T7 15.3±0.8a 19.3±1.0ab 

T8 23.2±7.0a 33.9±7.1a 

T9 13.1±2.2ab 27.2±7.8ab 

T10 16.9±2.6a 26.1±0.7a 
   

 

Different lower case letters denote significant differences (P<0.05) 

between each parameter in the same column. Abbreviations: T = treat-

ment. 

 

to the unplanted soil which received the same surfactants. The 

amounts of phenanthrene and pyrene remaining in the soil 

planted with Siam weed and received surfactant treatments on 

day 60 were around 6.7–9.9 mg kg-1 and 11.7–24.1 mg kg-1, 

respectively. In comparison, the amounts of phenanthrene and 

pyrene that remained in the soil planted with Siam weed in the 

absence of any surfactants in the soil on day 60 were 7.4 mg 

kg-1 and 16.7 mg kg-1, respectively. In the unplanted soil, the 

amounts of phenanthrene and pyrene that remained on day 60 

of the experiment were around 12.7–23.2 mg kg-1 and 19.3–

33.9 mg kg-1, irrespective of whether the soil received a 

surfactant or not (Table 3).  

The application of a surfactant to soil may increase 

both PAH and metal phytoremediation capacity as shown by 

some previous research. However, the behavior of the sur-

factant may vary depending on the soil characteristics, type of 

plant, type of pollutants, and other environmental factors 

(Cheng, Lai, & Wong, 2008; Ramamurthy & Memarian, 

2012; Chirakkara & Reddy, 2015; Liao et al., 2015; Liao et 

al., 2016). In comparison with soil without surfactant, Triton 

X-100 and Tween 80 did not enhance the phenanthrene and 

pyrene removal from soil in this study. The inhibitory and 

stimulatory effects of Triton X-100 and Tween 80 on phenan-

threne and pyrene removal from soil were not detected in 

either the planted or unplanted soil. Most of the soil planted 

with Siam weed with or without receiving surfactants did not 

significantly increase the phenanthrene and pyrene removal 

from the soil compared to soil without Siam weed planting. 

However, only phenanthrene removal in the soil planted with 

Siam weed and received 10 × CMC of Triton X-100 was 

higher than the unplanted soil which received the same sur-

factant. This meant that the presence of Triton X-100 and 

Tween 80 at concentrations of 1 × and 10 × CMC did not 

retard microbial degradation of PAHs in the unplanted soil. In 

general, soil microorganisms usually adapt to degrade the con-

taminants in soil. The interaction between plant root and rhi-

zospheric microorganisms helped to increase the pollutant 

degradation rate (Alagić, Maluckov, & Radojičić, 2015).  

There were uncertain results concerning the use of 

surfactants in phytoremediation and rhizoremediation of PAH 

and petroleum hydrocarbons from contaminated soil. For 

example, the application of 10,000 mg L-1 of Triton X-100 

accelerates the initial phenanthrene and pyrene removal from 

soil planted with Zea mays. More than 80% of phenanthrene 

and 30% of pyrene were removed in the first 15 days of the 

experiment. However, at the end of the experiment the 

amounts of phenanthrene and pyrene that remained in the soil 

were not significantly different between the planted soil with 

or without receiving a surfactant (Liao et al., 2015). In another 

study, the addition of Tween 80 at 100 mg kg-1 in soil planted 

with Agropyron elongatum increased the removal of pyrene 

(initial concentration 2943 mg kg-1) from the soil to 79% 

compared to only 61% in soil without Tween 80 after 60 days. 

Tween 80 probably caused a positive effect on pyrene re-

moval through enhancing the bioavailability of pyrene in the 

soil (Cheng et al., 2008). However, the addition of 200 mL for 

10,000 mg L-1 of Tween 80 every half month could remove 

only 47% of the total petroleum hydrocarbons from the soil 

planted with Zea mays while 52% of the total petroleum 

hydrocarbons was removed in planted soil without surfactants 

(Liao et al., 2016).  
 

3.3  Phenanthrene and pyrene accumulation in Siam  

       weed 
 

Negligible amounts of phenanthrene and pyrene ac-

cumulated in the Siam weed tissues (Table 4). The root of 

Siam weed seemed to accumulate both phenanthrene and py-

rene to a higher extent than the shoot. In the soil without any 

surfactants added, the amount of phenanthrene accumulated 

was about 15.9 μg per g dry weight of shoot and 180.3 μg per 

g dry weight of root of Siam weed grown in soil spiked with 

phenanthrene/pyrene/cadmium on day 60. About 37.7 μg of 

pyrene per g dry weight of shoot and 496.9 μg of pyrene per g 

dry weight of root were detected in Siam weed grown in soil 

spiked with phenanthrene/pyrene/cadmium on day 60 of the 

experiment. Moreover, the addition of Triton X-100 and 

Tween 80 at 1 × and 10 × CMC to the soil did not improve 

either phenanthrene or pyrene accumulation in the root or 

shoot of Siam weed. The amounts of phenanthrene in the root 

and shoot of Siam weed in the presence of Triton X-100 and 

Tween 80 were around 126.3–168.8 and 23.3–33.4 μg per g 

dry weight, respectively, on day 60.  The amounts of pyrene in 

 

Table 4. Accumulation of phenanthrene, pyrene, and cadmium in 
shoot (i.e. stems, branches, and leaves) and root of Siam 

weed vegetated in phenanthrene/pyrene/cadmium-spiked 

soil with or without surfactants for 60 days. 
 

Treatment 
Phenanthrene 

(µg g-1) 
Pyrene 
(µg g-1) 

Cadmium 
(µg g-1) 

    

Shoot    

T1 23.3 24.9 18.1 

T2 12.2 15.5 9.4 
T3 18.3 38.9 14.2 

T4 33.4 60.6 12.8 

T5 15.9 37.7 36.9 
    

Root    

T1 126.3 398.7 43.5 
T2 139.5 352.1 42.1 

T3 N.D. N.D. 43.0 

T4 168.8 428.8 33.5 
T5 180.3 496.9 39.5 

    
 

Abbreviations: N.D. = not detected, T = treatment.  
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the biomass of Siam weed root were 398.7 μg per g dry 

weight and 428.8 μg per g dry weight grown in phenan-

threne/pyrene/cadmium-spiked soil and received 1 × CMC of 

Triton X-100 or 10 × CMC of Tween 80, respectively (Table 

4).  

The accumulation of phenanthrene and pyrene in 

Siam weed biomass was negligible. In the presence or absence 

of Triton X-100 and Tween 80, the amounts of phenanthrene 

and pyrene in Siam weed biomass seemed similar. Thus, the 

main mechanism of phenanthrene and pyrene removal may be 

from microbial degradation of phenanthrene and pyrene in the 

soil (Alagić, Maluckov, & Radojičić, 2015). Results from the 

use of surfactant to improve PAH accumulation in the plant 

also varied. For example, the accumulation of PAHs, such as 

fluorene, phenanthrene, pyrene, acenapthene, and fluoran-

thene, was inhibited in maize leaves planted in soil that re-

ceived Tween 80 (Liao et al., 2016). In this study, the accu-

mulation of phenanthrene and pyrene did not improve in the 

presence of Triton X-100 and Tween 80. A study by Liao et 

al. (2015) also reported that the accumulation of phenanthrene 

and pyrene by maize plants was not significantly influenced 

by the addition of Triton X-100, saponin, or rhamnolipid. 

Another report revealed that using a surfactant may inhibit 

PAH accumulation. For example, the application of a 

surfactant, such as 100–200 mg kg-1of cetyltrimethylammo-

nium bromide, to 20.5 mg kg-1 of phenanthrene- and 40.3 mg 

kg-1 of pyrene-contaminated soil significantly reduced the 

uptake of phenanthrene and pyrene by Chrysanthenum coro-

narium, Brassica campestris, and Lactuca sativa by about 51–

66%, 62–71%, and 34–53%, respectively (Lu & Zhu, 2009).  

 

3.4 Cadmium accumulation in Siam weed biomass 
 

Cadmium concentration in the phenanthrene/pyrene/ 

cadmium-spiked soil at the beginning of the experiment was 

81 mg kg-1.The accumulation of cadmium by Siam weed was 

negligible (Table 4). Only 36.9 μg and 39.5 μg of cadmium 

per g dry weight of shoot and root, respectively, were detected 

in the biomass of Siam weed grown in phenanthrene/pyrene/ 

cadmium without any surfactant treatments. The addition of 

Triton X-100 and Tween 80 tended to decrease the accu-

mulation of cadmium in the shoot of Siam weed. At 10 × 

CMC of Triton X-100 and Tween 80, the amount of cadmium 

accumulation was lower in the shoot biomass of Siam weed 

than with the 1 × CMC. Only 14.2–18.1 μg of cadmium and 

9.4–12.8 μg of cadmium per g dry weight of shoot were 

detected in Siam weed that received 1 × and 10 × CMC of 

both surfactants, respectively. However, the addition of Triton 

X-100 and Tween 80 at both concentrations did not affect the 

cadmium accumulation in the root of Siam weed.  

The application of Triton X-100 and Tween 80 at 1 

× of CMC tended to increase the cadmium accumulation only 

in the biomass of Siam weed root; however, the accumulation 

of cadmium in the biomass of Siam weed shoot did not im-

prove. Increasing the heavy metals in the root biomass in the 

presence of surfactants could be due to several mechanisms, 

such as the surfactants changing the membrane permeability 

of the root cells or surfactants promoting the desorption of 

metals. These mechanisms may accelerate the metal uptake by 

plant functions (Gregorio et al., 2006; Mao, Jiang, Xiao, & 

Yu, 2015). However, the exact mechanisms by which Triton 

X-100 and Tween 80 promoted the accumulation of cadmium 

in the biomass of Siam weed root was not confirmed in this 

study. There have been reports that surfactant addition could 

promote metal accumulation. For example, combined appli-

cations of Triton X-100 at 5 × and 10 × CMC increased the 

permeability of the root membrane and increased the lead 

phytoextraction efficiency to 56%. The application of Triton 

X-100 to soil with Sinorhizobium sp. Pn002 was crucial for 

the survival of the plant in the presence of lead and Triton X-

100 (Gregorio et al., 2006). Triton X-100 at 0.25 mM also 

favored copper solubility and favored the accumulation of 

copper in the root of Halimione portulacoides (Almeida, Dias, 

Mucha, Bordalo, & Vasconcelos, 2009). In turn, there were 

reports of Tween 80 stimulating the accumulation of cadmium 

from contaminated soil. For example, the combined applica-

tion of 5 mmol of Tween 80 per kg with 1 mmol of gibberellic 

acid (GA3) per kg promoted cadmium accumulation in the 

shoot of Tagetes patula by 0.46 times compared to the control 

without GA3 or Tween 80 (Sun et al., 2013). The use of Triton 

X-100 and Tween 80 in combination was also reported. The 

application of Triton X-100 and Tween 80 in sandy soil (pH 

6.6) at concentrations higher than their CMCs enhanced the 

cadmium and lead accumulation in the roots of Indian mustard 

(Brassica juncea) (Ramamurthy & Memarian, 2012).  

 

4. Conclusions 
 

Triton X-100 and Tween 80 did not improve either 

phenanthrene or pyrene removal from soil planted with Siam 

weed in this study. Only the addition of 10 × CMC of Triton 

X-100 could improve phenanthrene removal from the planted 

soil. The accumulation of PAHs in the Siam weed biomass 

was not significant. Degradation of phenanthrene and pyrene 

by competent microorganisms already present in the soil was 

possibly the main mechanism of PAH removal in this study. A 

slight increase in the accumulation of cadmium in the biomass 

of Siam weed root was observed in this study; however, the 

amount of cadmium accumulation was negligible. Siam weed 

was not suitable for simultaneous phytoremdiation of soil con-

taminated with both PAH and cadmium.  
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