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Abstract. Trinitrotoluene (TNT), a commonly used explosive for military and industrial applications, can cause

serious environmental pollution. 28-day laboratory pot experiment was carried out applying bioaugmentation using

laboratory selected bacterial strains as inoculum, biostimulation with molasses and cabbage leaf extract, and

phytoremediation using rye and blue fenugreek to study the effect of these treatments on TNT removal and changes

in soil microbial community responsible for contaminant degradation. Chemical analyses revealed significant

decreases in TNT concentrations, including reduction of some of the TNT to its amino derivates during the 28-day

tests. The combination of bioaugmentation-biostimulation approach coupled with rye cultivation had the most

profound effect on TNT degradation. Although plants enhanced the total microbial community abundance, blue

fenugreek cultivation did not significantly affect the TNT degradation rate. The results from molecular analyses

suggested the survival and elevation of the introduced bacterial strains throughout the experiment.
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Introduction

The nitroaromatic explosive, 2,4,6-trinitrotoluene (TNT),

has been extensively used for over 100 years, and this

persistent toxic organic compound has resulted in soil

contamination and environmental problems at many

former explosives and ammunition plants, as well as

military areas (Stenuit, Agathos 2010). TNT has been

reported to have mutagenic and carcinogenic potential

in studies with several organisms, including bacteria

(Lachance et al. 1999), which has led environmental

agencies to declare a high priority for its removal from

soils (van Dillewijn et al. 2007).

Both bacteria and fungi have been shown to

possess the capacity to degrade TNT (Kalderis et al.

2011). Bacteria may degrade TNT under aerobic or

anaerobic conditions directly (TNT is source of carbon

and/or nitrogen) or via co-metabolism where addi-

tional substrates are needed (Rylott et al. 2011). Fungi

degrade TNT via the actions of nonspecific extracel-

lular enzymes and for production of these enzymes

growth substrates (cellulose, lignin) are needed. Con-

trary to bioremediation technologies using bacteria or

bioaugmentation, fungal bioremediation requires

an ex situ approach instead of in situ treatment (i.e.

soil is excavated, homogenised and supplemented

with nutrients) (Baldrian 2008). This limits applicabil-

ity of bioremediation of TNT by fungi in situ at a field

scale.
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Supplementary information

STUDIES ON COLONISATION OF FLY ASH DISPOSAL SITES USING 
INVASIVE SPECIES AND AROMATIC GRASSES

Deblina MAITI, Bably PRASAD

Table 5. Change in leachate characteristics (1st, 2nd and 3rd) collected during the growth of C. citratus on fly ash (FA) treatments in 
pot scale study. Data has been reported as mean (standard deviation)

Parameter Leachate 
number

Treatment description
FA (Control) FA + GS FA + FYM FA + GS + FYM

pH
1 7.25 (0.11)c 6.67 (0.16)a 6.97 (0.09)b 7.04 (0.06)b
2 7.6 (0.1)b 7.27 (0.08)ab 7.26 (0.13)ab 7.2 (0.07)a
3 7.45 (0.07)b 7.22 (0.04)a 7.19 (0.04)a 7.16 (0.03)a

Electrical 
conductivity 
(µS cm-1)

1 1131 (59)ab 1074 (142)a 1773 (116)c 1338 (101)b
2 275 (38)a 318 (24)a 517 (48)b 544 (53)b
3 197 (11)a 209 (14)a 327 (21)b 286 (18)b

Total hardness (as 
CaCO3) 
mg L-1

 

1 214.67 (67.3)a 437.33 (100.21)b 225.33 (18)a 310 (33.7)ab
2 102.67 (7.06)a 110.67 (8.43)a 237.33 (38.78)a 295.67 (59.86)a

3 96 (6.93)ab 80 (7.23)a 146 (20.86)b 124 (13.28)ab

Calcium hardness 
(as Ca) mg L-1

1 46.93 (12.94)a 96.27 (25.26)b 16.8 (2.14)a 29.33 (5.31)a
2 23.47 (1.41)a 22.4 (2.02)a 25.33 (4.4)a 28.78 (6.28)a
3 29.87 (1.41)b 22.13 (1.62)a 23.2 (2.4)a 19.07 (1.37)a

Magnesium 
hardness (as Mg) 
mg L-1

1 31.75 (8.84)a 47.83 (9.13)ab 44.67 (4.42)ab 57.42 (5.92)b
2 11 (1.53)a 13.5 (1.23)a 42.33 (6.83)ab 51.92 (9.93)b

3 5.33 (0.88)a 6.17 (0.87)a 21.5 (3.62)b 18.58 (2.44)b

Total dissolved 
solid 
mg L-1

1 455.73 (47.13)a 1163.48 (119.11)ab 1963.68 (218.61)c 1263.68 (134.32)bc
2 157.87 (21.57)a 221.58 (16.15)ab 484.7 (104.25)ab 654.04 (131.12)b

3 149.23 (3.62)a 154.4 (7.58)b 358.58 (58.52)b 297.28 (28.71)b

Total alkalinity (as 
CaCO3) 
mg L-1

1 72 (38.85)bc 62.67 (13.29)a 168 (28.04)c 99.33 (10.65)ab
2 81.33 (6.67)a 65.33 (5.81)a 55.62 (15.09)a 126.67 (19.34)a

3 18.67 (1.33)a 21.47 (8.73)a 46 (18.15)a 34.33 (12.54)a

Chloride (as Cl) 
mg L-1

1 320 (93.79)a 346.67 (89.46)a 818.67 (90.14)b 446.67 (51.72)a
2 25.33 (7.42)a 37.33 (4.46)a 28.67 (3.49)a 35.83 (5.04)a

3 26.67 (5.81)b 26 (2.25)b 14.67 (1.33)a 13.33 (1.5)a

Sulphate 
(as SO4) 
mg L-1

1 95.09 (0.06)a 96.51 (17.64)a 260.86 (17.46)b 203.58 (16.68)b
2 9.36 (0.06)a 11.32 (19.84)ab 15.33 (2.87)a 21.17 (8.43)b

3 19.45 (0.06)a 21.47 (0.55)a 36.57 (4.32)b 32.56 (2.42)b

Manganese
(as Mn) 
mg L-1

1 0.246 (0.067)a 0.753 (0.053)b 0.41 (0.123)ab 0.579 (0.123)ab
2 0.205 (0.121)a 0.356 (0.078)a 0.453 (0.15)a 0.696 (0.161)a

3 0.034 (0.022)a 0.083 (0.037)a 0.087 (0.011)a 0.09 (0.02)a
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Parameter Leachate 
number

Treatment description
FA (Control) FA + GS FA + FYM FA + GS + FYM

Copper
(as Cu) 
mg L-1

1 0.007 (0.002)a 0.007 (0.001)a 0.009 (0.003)a 0.009 (0.001)a
2 0.004 (0.002)a 0.004 (0.001)a 0.022 (0.005)b 0.01 (0.002)a
3 0.006 (0.002)a 0.004 (0.001)a 0.023 (0.005)b 0.016 (0.003)ab

Zinc
(as Zn) 
mg L-1

1 0.268 (0.201)a 0.116 (0.032)a 0.267 (0.082)a 0.267 (0.061)a
2 0.033 (0.01)a 0.036 (0.005)a 0.1 (0.036)a 0.052 (0.013)a
3 0.034 (0.007)a 0.029 (0.003)a 0.035 (0.005)a 0.04 (0.005)a

Nickel
(as Ni) 
mg L-1

1 0.023 (0.005)a 0.026 (0.002)b 0.024 (0.002)b 0.021 (0.002)ab
2 0.008 (0.001)a 0.009 (0.001)a 0.02 (0.004)a 0.029 (0.006)a
3 0.006 (0.0001)a 0.004 (0.001)a 0.027 (0.004)b 0.018 (0.003)b

Cadmium
(as Cd) 
mg L-1

1 0.0012 (0.00007)a 0.0012 (0.00006)a 0.0013 (0.00008)a 0.0012 (0.00004)a
2 BDL BDL BDL BDL
3 BDL BDL BDL BDL

Notes: FA: fly ash, GS: garden soil, FYM: farmyard manure.

Different lowercase letters beside each value in a row represent significant difference between the means for the parameter at p < 0.05. 
Sum represents the total amount of a specific ion released during the growth period.


