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Objective  To investigate the potential of Gomphidius viscidus, a kind of ectomycorrhizal fungi, for phytoremediation of 

anthracene in soil.  Methods  Absorptioe changes of micro-habitat were studied in detail.  Conclusion  Ectomycorrhizal 

plants have a strong potential for remediation of polycyclic aromatic hydrocarn characteristics of both active and inactivated 

mycelia.  Results  A high calculated adsorption capacity of 1 886.79 mg/g and 1 515.15 mg/g at 25 ℃, pH 6.0 for active and 

inactivated mycelia respectively, was obtained based on Langmuir model. The ANT biosorption was more ideally characterized 

by the Langmuir model than by the Freundlich model. The biosorption of anthracene to biomass was extremely fast and could 
be modeled with pseudo-second order adsorption kinetics. Moreover, ectomycorrhizal mycelia demonstrated a strong ability to 

adjust the physiological process to get adapted to the change of micro-habitat. 

Key words: Biosorption; Phytoremediation; Anthrocene; Ectomycorrhizal fungi 

 

INTRODUCTION 

Mycorrhizas, as a widespread symbiosis between 

plant roots and fungi, are well-known for their 

facilitating plants’ tolerance for nutrient exhaustion, 

excessive heavy metal, salinity of soil and so on
[1]

. 

Therefore, mycorrhizas have been paid increasing 

attention due to their possible involvement in 

phytoremediation, such as helping establish 

vegetation on heavy metal polluted sites
[2-3]

. Recently, 

increase of anthropic organic pollutants has led to the 

speculation that mycorrhizal plants may potentially 

be applied to degrade organic pollutants through 

phytoremediation
[2,4]

, which has been supported by 

some laboratories studies. In vitro, various 

ectomycorrhizal fungi show an ability to degrade 
certain pesticides, PCBs, and PAHs

[5-7]
.  

Even though it is still unclear whether the 

capacity of ectomycorrhizal fungi is maintained and 

can be exploited in soil when the fungi take part in an 

active symbiosis, the response of mycelium in vitro to 

pollutants is referred to in the behavior of 

extra-mycelium of mycorrhiza in soil. In the 

symbiosis, extra-mycelium of ectomycorrizas is a 

“bridge” connecting the plant and soil. Pollutants 

firstly contact the extra-mycelia surface before being 

degraded or adsorbed by roots. The interaction 

process on the mycelia surface has potential effects on 

degradation, bioavailability, and absorption of organic 

pollutants in soil and then conducts detoxification for 

the host plant
[8]

. Especially, biosorption covers a number 

of metabolism-independent processes, including 

physical and chemical adsorption, complexation, 

chelation, and microprecipitation in the cell wall
[9]

. 

The characteristics of biosorption of ectomycorrhizal 

mycelia affect the fate of organic pollutants and their 

degradation rates, and may underlie the degradation 

of organic pollutants by ectomycorrhizas.  

Therefore, this study was aimed to investigate 

mycelia adsorption characteristics for anthracene 

(ANT), a common POP in China
[10-12]

 and the 

possible mechanism of degradation of organic 

pollutants by ectomycorrhizal fungi, and thus to 

exploit potential application of ectomycorrhizas to 

phytoremediation of PAH-contaminated soil.  

MATERIALS AND METHODS 

Mycelia Preparation and Medium 

Ectomycorrhizal fungal Gomphidius viscidus (G. 

viscidus) was collected from an unpolluted mixed 

broadleaf-conifer forest in Beijing Western Hills and 

identified by Professor Zeng-Pu LEI (Laboratory of 
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Forest Pathology, Beijing Forestry University). 

Mycelia isolate was cultured on agar media
[13]

 to be 

used as inoculums. To obtain enough mycelia for 

absorption experiments, G.viscidus mycelia on agar 

was inoculated into modified Kottke nutrient solution 

with pH 5.5, and incubated in a thermostatic chamber 

at 25 ℃ with continuous aeration. After two-week 

cultivation in liquid media, the mycelia were 

harvested by centrifugation and washed twice with 

deionized water. Half of the mycelia were autoclaved 

for inactivation at 121
 ℃ for 20 min. Then the active 

and inactivated mycelia were mixed by stirring 

tempestuously for 5 min with a blender and ready for 

use in the following experiments. Biomass was 

measured by dry weight with mycelia being dried in 

oven at 60
 ℃ for 24 h. 

Adsorption Experiments 

ANT of 99% purity (J&K Chemical, China) was 

dissolved in methanol to prepare stock solution at a 

concentration of 200 mg/L and stored at dark to avoid 

photodegradation. Solvents were of HPLC grade 

while other chemicals were of analytical reagent 

grade. Adsorption experiments were carried out in a 

batch mode. 

Adsorption Time 

200 mg of prepared active and inactivated 

mycelia were added to 250 mL glass Erlenmeyer 

flasks containing 200 mL ANT solution at the 

concentration of 150 mg/L. Then flasks were shaken 

at 130 rpm. Samples (1 mL) were taken at given time 

intervals (1, 2, 3, 4, 5, 8, 10, 15, 20, 25, 30, 40, 50, 60, 

90, and 120 min) and the residual concentrations of 

ANT in liquids were analyzed immediately with 

HPLC.  

Initial Concentration of ANT and Temperature Impact 

Two sets of flasks containing 100 mL ANT 

solution at concentrations of 100, 120, 130, 140, 150, 

160, and 170 mg/L respectively were prepared. Each 

flask in the first set received 100 mg active mycelia 

while each in the other set received 100 mg inactivated 

mycelia. Then the two sets of flasks were shaken at 

130 rpm in an orbital shaker at 25
 ℃. Also, another 

two sets were prepared in the same way and shaken at 

35
 ℃. The concentrations of the residual ANT in 

liquids were measured immediately after 16 h. 

pH Impact 

pH of ANT solution at the concentration of 

150mg/L was adjusted to different values (4.0-12.0) 

by adding freshly prepared NaOH or HCl solutions. 

Then mycelia were added to the solution and the 

residual ANT in liquids was measured immediately 

after 16 h to investigate pH influence on the mycelia 

absorption rate.  

Analytical Methods 

0.45 μm pore size filter was used to remove 

mycelia from liquids. The analysis of ANT 

concentrations in the liquid phase was conducted 

with a HPLC apparatus (Shimadzu LC-10Avp, 

Agilent Technologies) equipped with a LC-10AT 

pump, a UV-detector, a Venusil PAH column (Agela 

Technologies) by using methanol-water (95:5) as the 

mobile phase at a flow rate of 1 mL/min. ANT in 

liquid was detected by absorbance at 254 nm. The 

injection volume was 20 µL and the retention time 

was 8.5 min. 

The amount of adsorption at equilibrium, q 

(mg/g), was calculated as follows: 

q=(C0Ce)×V/m            (1) 

Where C0 and Ce are the initial and equilibrium 

liquid phase concentrations (mg/L) respectively; V is 

the volume of the solution; and m is the weight of the 

dry biomass used (g). 

RESULTS AND DISCUSSIONS 

Adsorption Time 

Figure 1 shows the adsorption equilibrium of 

ANT with active or inactivated mycelia of G. viscidus 

at 25
 ℃ with the initial dosage of 150 mg/L. As 

shown in this figure, although the adsorption capacity 

was different, the ANT adsorption of both active and 

inactivated mycelia was rapid in the initial period and 

the equilibriums were gradually reached within 40 or 

60 min respectively for active and inactivated 

mycelia. As described by the pseudo-second-order 

kinetic model
[14]

, the kinetics of ANT uptake by 

active and inactivated mycelia had a good correlation 

(Fig. 1; Table 1). These results indicated that active 

mycelia had a higher ANT adsorption capacity than 

inactivated mycelia. 

Different reactions to ANT on the surfaces of 

active and inactivated mycelia might account for the 

difference in adsorption capacity. Without 

involvement in any biological process, the dead 

mycelia adsorption observed in the research should 

be the sole role of physical-chemical interaction
[15-16]

. 

The adsorption of ANT by living mycelia cells, 

however, was more diverse and possibly involved 

both biological adsorption and surface active 

reactions.  
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FIG. 1. Biosorption kinetics of ANT by active and inactivated 

mycelia. 

TABLE 1 

Pseudo-second Order Kinetics Model Parameters of ANT 

Adsorption on Mycelia (25 ℃ , pH6.0) 

Equation t/q=t/qe+1/Kqe
2 

  Active Inactivated 

qe(mg/g) 1 785.71 1 315.78 

K(min-1) 6.27 4.13 

Chung et al.
[17]

 used brown seaweed Sargassum 

hemiphyllum as sorbent to remove phenanthrene 

from solution, and the loading capacity of biomass 

was 450.6 ± 4.4 mg/g at 25 ℃. William and Lisa
[18]

 

reported a Kp (the ratio of mass of phenanthrene 

adsorbed per gram of bacterial dry weight to mass of 

dissolved phenanthrene per liter solution) of 11-36 

for five bacterial strains isolated from an activated 

sludge system, while in this study the Kp was 47-100 

for active mycelia and 22-49 for inactivated mycelia 

at 25
 ℃ respectively. Therefore, G.viscidus shows a 

strong biosorption capacity for PAHs, which makes it 

an effective tool to remediate PAHs polluted soil. 

Impact of Initial Concentration of ANT on Sorption 

The ANT adsorption capacity of either active or 

inactivated mycelia increased with the increase of 

initial concentration of ANT both at 25
 ℃ and 35

 ℃. 

It is in accordance with logarithmic form and its 

r-squares are up to 0.919 at least (Fig. 2). 

Many researches reported that relatively high 

initial concentration of organic pollutants could 

accelerate biosorption
[9]

. The initial concentration 

might provide an important driving force to 

overcome all mass transfer resistances of adsorbate 

between the aqueous and solid phases, thus 

increasing the rate at which adsorbate molecules pass 

from the bulk solution to the adsorbent surface
[19]

. 

Impact of Temperature on Sorption 

To determine the impact of temperature on the 
equilibrium loading, batch studies were carried out at 
different temperatures (Fig. 2). Figure 2 shows that 
the amount of ANT adsorbed at equilibrium was 
found to decrease with the rise of temperature. Many 
previous researches had also reported that the 
biosorption capacity of microorganism to lindane and 
2, 4-dichlorophenol increased with the decrease of 
temperature

[19-20]
. A similar phenomenon was also 

observed in removal of lindane from aqueous 
solution with a fungal biosorbent

[21]
. It was due to the 

biosorption process involving an exothermically 
physical, rather than chemical mechanism

[15, 22-24]
. As 

shown in Fig. 2, the inactivated mycelia was more 
sensitive to temperature changes than the active one. 
Ectomycorrhizal mycelia may have a strong ability to 
adjust the physiological process and get adapted to 
the change of micro-habitat in a certain range

[25-26]
. 

 
FIG. 2. Biosorption capacity under different initial concentra- 

tions of ANT at 25 ℃ and 35 ℃. 

The Langmuir isotherm and Freundlich isotherm 

were applied to describe the adsorption characteristics 

of G. viscidus. The linearized Langmuir adsorption 

isotherms of ANT obtained at 25
 ℃ and 35

 ℃ were 

shown in Fig. 3. The values of Q
0
 and b calculated 

from the slope and intercept of the plots were also 

shown in Table 2. High correlation coefficients 

(>0.99) were observed at all the temperatures studied, 

suggesting that the adsorption characteristics of G. 

viscidus were more ideally described by the 

Langmuir model. The increase of temperature 

lowered Langmuir constant Q
0
, while the variation of 

constant b was not significant, indicating that lower 

temperatures favored the adsorption capacity. 
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TABLE 2 

The Langmuir and Freundlich Isotherm Constants of ANT Adsorption on Mycelia at Different Temperatures (pH 6.0) 

t (℃) 
 

 

Langmuir Constants 

Ce/qe=Ce/Q
0+1/(Q0b) 

 

 

Freundlich Constants 

lg(qe)=lg(KF)+nlg(Ce) 

  Q0 (mg/g) b (l/mg) R2  KF (mg/g) n R2 

25 
Active 1886.79 0.28 0.993 Active 990.83 0.15 0.928 

Inactivated 1515.15 0.07 0.993 Inactivated 336.51 0.32 0.979 

35 
Active 1724.14 0.28 0.997 Active 870.96 0.17 0.741 

Inactivated 1190.48 0.03 0.999 Inactivated 163.30 0.37 0.987 

 

 
FIG. 3. Langmiur isotherm of active and inactivated mycelia 

at 25 ℃ and 35 ℃. 

The linearized Freundlich adsorption isotherms 

of ANT obtained at different temperatures were 

shown in Fig.4. The values of KF and n calculated 

from the plot were also shown in Table 2 with the 

correlation coefficients. The parameter KF related to 

the sorption capacity increased with the decrease of 

temperature. The correlation coefficients of the 

Freundlich model suggested that it could not describe 

the biosorption equilibrium well except for active 

mycelia at 35
 ℃ (R

2
=0.741). Therefore, ANT 

biosorption was more ideally characterized by the 

Langmuir model than by the Freundlich model. 

Inactivated mycelia values of Q
0
 and KF were 

constantly lower than those of active mycelia, 

indicating that the former had lower uptakes. 

Freundlich constant n was a measure of the deviation 

from linearity of the adsorption, and from these 

parameters, it was evident that the biosorption 

process of active mycelia had a greater deviation from 

 
FIG. 4. Freundlich isotherm of active and inactivated mycelia 

at 25 ℃ and 35 ℃. 

linearity. And n<1 indicated a synergetic adsorption 

involving strong interactions between the molecules 

of adsorbates
[27]

. 

Impact of pH on Adsorption 

To determine the impact of pH on ANT 

adsorption, equilibrium adsorption studies were 

carried out at different pH values (Fig. 5). A 

maximum amount of ANT was adsorbed at pH 5.5 

for active mycelia and at pH 9.0 for inactivated 

mycelia. As active mycelia adsorption involved 

complex biological activities and the appropriate pH 

for G.viscidus was between 4 and 7, a slightly better 

adsorption was observed when the aquatic 

environment was weakly acidic. 

Rao and Viraraghavan
[28]

 used inactivated cells 

of Aspergillus niger to remove phenol from an 

aqueous solution by adsorption and revealed that the 

maximum removal of phenol occurred at an initial pH 

5.1 for the biomass powder treated by sulfuric acid. 
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Other works on removing PCP by Aspergillus niger 

mycelia absorption demonstrated that PCP removal 

decreased with the increase of pH
[29-30]

. Some 

researches suggested that at a lower pH, more 

adsorbate functional groups were uncharged, and 

adsorbate had a lower solubility and was thus more 

adsorbable. Moreover, the lower pH resulted in high 

concentrations of protons, which neutralized the 

negative charge on both adsorbate and adsorbent, 

leading to enhanced sorption
[31]

.  

 
FIG. 5. Influence of pH on biosorption of ANT. 

CONCLUSION 

Adsorption of 1 886.79 mg/g and 1 515.15 mg/g 

of ANT by active and inactivated mycelia of 

Gomphidius viscidus implied ectomycorrhizal plants’ 

powerful remediation potential for POPs polluted soil. 

Under the experimental conditions in this study, the 

process of equilibrium could be reached within 40-60 

min and described well by the Langmuir isotherm 

model and pseudo-second order sorption kinetics. 

The adsorption capacity increased with an increase 

of the initial ANT concentration, but experiments at 

25
 ℃ and 35

 ℃ indicated that the rise of temperature 

lowered the sorption capacity. pH only had a slight 

impact on sorption capacity. The marked differences 

of the parameters calculated from Langmuir and 

Freundlich models characterizing the sorption of 

active and inactivated mycelia, suggested that they 

differed in their sorption mechanisms.  
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