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Abstract

Environmental contamination of explosives, especially by nitro esters and nitro aromatics such as
TNT, DNT, RDX, HMX etc., is a matter of ever increasing concern as enormous amounts of
these compounds are being produced for military and civilian activities relating to manufacturing
of explosives and its use in related processes viz, loading, assembly, packing, firing and training.
Due to recalcitrant nature, these chemicals pose threat to human health and environment. It is
essential to develop a suitable remediation technology for treating these contaminants. Existing
physicochemical techniques based on open burning, oden detonation, adsorption, advanced
oxidation process etc., are neither cost-effective nor environmentally safe, as they merely transfer
the contaminants from one phase to the other. Realising the need for development of an eco-
friendly strategy the present study has been taken up with three different objectives viz., (i) site
characterization of the TNT and DNT contaminated soil and water and batch studies on soil
adsorption behaviour of TNT and DNT. (ii) Evaluation of the efficiency of native microbes
isolated from the contaminated sites in degrading these chemicals and (iii) studies on
phytoremediation by energy crops viz., Azolla microphylla, Jatropha curcas and Ricinus

communis.

Site characterization studies were aimed to assess the type and extent of explosive contamination
in soil and water environment of a selected explosive manufacturing facility in India. These studies
proved high levels of explosive contamination in both soil and water profile. pH of the sites was
found to be acidic ranging from 1.3 to 5.6 Concentration of TNT in the contaminated site ranged
from 20 ppm to 2000 ppm. Studies on soil adsorption behavior of explosives can help in assessing
the fate and mass transport characteristics of these chemicals in the subsurface environment, which
is essential for risk assessment and implementation of proper remediation technologies. In soil
adsorption experiments DNT and TNT of varying concentration in water were added to varying
soil quantities. Soil adsorption levels for DNT and TNT were carried out by taking out samples at
timely intervals.The equilibrium adsorption data were analyzed usingvarious adsorption isotherm
models viz, Frendulich isotherm, Langmuir model, DubninRadushkevich model, BET model and
Temkin isotherm model. Adsorption data for TNT is best fitted in the following decreasing order

for different studied models: Freundlich> BET >DR > Temkin > Langmuir model, where in DNT



adsorption data is best fitted in the following order, DR >Freundlich> BET > Langmuir >Temkin
model. The adsorption affinity of the selected soil as per Freundlich model for both DNT and TNT
is less (3.53 mg/g for TNT and 8.16 mg/g for DNT) necessitating the need for an efficient eco-

friendly treatment procedure in place.

Native microflora present in the contaminated soil and water samples of the selected explosive
manufacturing facility was evaluated for treating DNT and TNT in aqueous phase and soil media.
Identification by 16S rRNA gene sequencing was carried out by in collaboration with Institute of
Microbial Technology (IMTECH) Chandigarh. Brachybacterium paraconglomeratum,
Delftialacustris, Pseudomonas mosselii, Bacillus infantis were the identified microbial species
from the contaminated sites. These selected bacterial strains were tested for tolerance to DNT and
TNT (100 to 2000 mg/Kg) in soil and for treating synthetic DNT and TNT wastewater (40, 80 and
120 mg/L). Complete removal of both DNT and TNT (99 %) was achieved by the potential bacteria
Pseudomonas mosselii in 48 hours of treatment time at an initial DNT and TNT concentration of
120 ppm. The order of degradation was found to be Pseudomonas mosselii >Delftia lacustris >
Brachybacterium paraconglomeratum>Bacillus infantis, for both DNT and TNT
respectively.Owing to its superior performance of P. moselli was chosen for soil remediation study
wherein it was observed that, Pseudomonas mosellii could successfully uptake the DNT and TNT
from contaminated soils having concentrations up to 2000 mg/kg, the maximum concentration
found in the explosive manufacturing site selected in the present study. After 180 days of bacterial
incubation, complete DNT and TNT removal (99 %) was observed in all the treatments except
control. Concomitant with reduction in DNT and TNT concentration, formation of unidentified

putative metabolites was found to occur in both soil and water samples treated by P.mosselli.

In phytoremediation studies, pot culture experiments were carried out using Azolla microphylla
for treating DNT and TNT in aqueous phase at concentrations ranging from 40, 48 and 120 mg/L
respectively. A. microphylla has the capacity to accumulate DNT and TNT up to an optimum
concentration of 80 ppm in aqueous phase in 10 days of exposure. High concentrations beyond 80
mg/L were found to be toxic to its growth and proliferation. In soil bioremediation studies, biofuel
crops Jatropha curcas and Ricinus communis, were evaluated to treat both DNT and TNT in

concentrations ranging from 100 to 2000 mg/Kg. Among the two different chosen plants, the



performance of former was better with respect to DNT and TNT removal up to a soil concentration
of 1000 mg/Kg (> 95 % removal) in 365 days. Removal efficiency of Jatropha curcas for DNT
and TNT was found to be in the order of. 1000>500>200>100>1500>2000 mg/Kg Maximum
reduction of DNT (97%) and TNT (96%) were found to occur in soils with1000 mg/kg of imparted
concentration and minimum reduction in concentration occurred in soils treated with 2000 mg/kg
of both DNT and TNT. With respect to Ricinus communis, degradation order was found to be
500>200>100> 1000>1500>2000 mg/kg for both DNT and TNT respectively.

The current study revealed the potential of Pseudomonas moselli for treating DNT and TNT. The
viability of Azolla microphylla as a potential wetland plant species has been proven for DNT and
TNT concentrations up to 80 mg/L. Soil remediation by the potential phyto remediator Jatrpha
curcas was proven to be successful up to soil DNT and TNT contamination levels of 1000 mg/Kg.

VI



SSIRS

"A1ge! WA [aEDIcsh Jaguehl 2,4 SRIARIATATCA (STT-CT) 3R 2,4,6-
TR AT AN (ETTTEN) & EarT Ye i AL 3R arelr 1 SAaFetr gad
qiel 3R GeHsiar &1 3TN Hleh HA T HT"

faFRITa! & GaRT 3dqest TATa0T Tgue , fady §9 & A8l TEeX 3R A1sey WAfRad & garr
EIEAEY, STAET, HRSITFH, TATATHH SIS, Secll g5 Fdm 1 fawar &1 fawwiest & faaor & et
= 3R ArTRes afafafat & foe 3R gafta afseansit & saer s, S| e, At 3,
IR 3R GR18T0T 7 o FIfRhT T $RY AT & ScUTeT [ohaT ST T & | e8RS Tehid & HROT, F
THRI A T 3R qafawor & forw @err 4e1 3d 81 31 gf¥d gt & goiret & forw ves 3ugea
Mt HefFr A fFrf@a a1 3maeas g1 3 sfeT, 3usT favwie, AT, Iead 3T
gfsrar 3nfe 9x 3menRa Hiser i TRt deheiier & AT oI woTer & 3R & € aterRoig &9 d
FRIET €, TR & el Ueh TROT A Gl deh i YTl ohl TATATAR It & | TATEROT 3fefehed T0TAI Y
& eI Y HTALAHAT T HEHH YA §U TcTHT AT T AT ITeIT-37e9T JTRAT H FAT AT 514,
(i) Ereeet 3R rowrer gt AT 3R aredT S A1ge & 87T gute 3R Sruedr 3R Sruedr & e A
& SIagR W Tt 3R S EIAA | (ii) ST THIAT & T Y A el H TG Aigel & guh 2f
UL T G&TAT T Hedichel AT (iii) oI BHAT SaRT BISSIRTSTRAA G IFEAAA, S 37eiren
FASHIHIC, STETHT Fgehre AR AFeTd Fegfae & gan. |

A H T TafAd faThice fAToT THEHIOT JoTell o fAET 37X arelt & araraxor 7 faewies dauor
& YR 3 HAT FT 3HThele] Il & [o1T, TTST FUIATHIOT, TUH IETTA FT 383 AT|ST JEITAT
fAEY 3R uretY AT # faEhices HeWoT & 3ed FX I red foham aram g1 @rsel & fud 1.3 9 5.6 A
AT TUTETAST T ATAT 20 GrdfTwa & 2000 I doh TRAT T A 91T 70 I | faTwiesi & AT
GaRT NN g & cFGgR I I UG 3UHAG dTealol H S JHIA & Afgeh TRage
fARaT3HT T HTFeled A A Feg AT, SN ANEH Hediehe 3R 3T ITaR doveliss & FA-aI
% oI 3mae s § |39aT W & ST 3 qTelt 3 Sruerey AR Sverey & et AT T 37c1eT- 30T (A
&1 AT AT AT €11 Seerdl AR Averdl & forw Her ganT 3/ glet & FaT &l 3ehele fafdie
HHY- AT IR AT oA [T SITaT & | ST T faeervoT fAffiest wevR & Faama Algel & AreaH ¥ frar




ETeTEY T Y H 3aiwor Ser fafdee 3reaae #isel & oo ged wa 7 Teu 35T Ted g3
shrSferer> Sigdr> SI3mR> SfPshet> TSI AT, ST8T SITeTEr 3aMNYOT 32T foie=T o H Had 3reaT wred
g3, SI3R> shifsfera> gdT> damegaRs> feda Alger| Tcr 3R Auaer gt & fore shifsfora Arser &
AR T THET H raeivor Jaer (Eeedl & fav 3.53 el / a1 3R Siwadr & fav 8.16
foreliarme / ame) Teh FerTell qATaRoT 3Hefohel IUUR TTshAT & HTARTHT I G20 &

gerorsiial & gaRT [aehice YgWeha! i TELA 36 19T A foham a1, S7et faemies faferstor seemor
& eiNd ALY 3R arell & T H 3UTEAT HeT HASHITFART T Hodishet st i FAgT Hfsar 7
SITETET 3R ETTTEr o Feltot o foIT 13T o) 16 UH IRIRTAT SfieT Hierd ffer hr qgaret gfeege
3T ATSHITITS CHFATATST (ITSTHCH) TSRTE b AEART A HI 1S AV | FRISFEIRIA RIhlI I FRTCH,
STew3IT ST TEeH, TYEIHATH AT, Sfferd s-thfed 3nfe gfid arsel & ygare 1 715 AT
AT & | 87 T TAT ST STHGT ol [T H STACT 3R ETET (100 F 2000 R / foham) &
foT va 3mafRse s &7 RAAfee Sreadr 3R Suadr (40, 80 3R 120 & / ven) & 3ugR & faw
TRYETOT R 31T €| SITeTer 3R AUaTdy (99%) el sl HEer & forw dorIRAT TgEIATH ATEhe &l
ETAET 3R STUaTEr T 120 9IAIT & AT H 48 U & GaRT HAIS UTod fohaT 73T § ITEI T
FoE: TYSIATH ATCHTeIT> STHICT oleh (e H> SRIATFEINTH WRThlevdlAReH,> A Aerd seihfed, arm
AT AT SreeTey IR AT At o ot | AEIRSIAITH AT & 370+ Scopse geelel & HROT el
3YYUR 37EAT & [0 a1 717 o1 foraat Ig 3@ a1an & fo Sgeiatera AreTel, 2000 TAT / fomarm d&
TG aTel G fHET A STeTeT 3R EuaAr & Ahaarqdes AN 1 & N HT FohdT ¢ oAl [
Tl AT H g faewies faATor Ferer 3 urfy o=t 31feras Aigar § | ST & garT ays
% 180 fe=At o T, qoT SNTeer AR AT Y (99%) Taereat gredt g31T | Suaiel 3R Ervady A  haft
AT YFoasiial & AT AT FFIT & SaRT TFHITeld AT erey 8y are 71w,

gl & gaRT [aThice TATH o ITETTA H, Il o T o GaRT TAT HaAL: 40, 80 31X 120 Ao
/ T ek HIGAT o ool H SITTCT 3R ETTACT o SoIToT o forw 31attelt (s fherr &1 3uateT fovam aram| T
THSRITRET H STUaTer 3R ETUAST ST 80 UIdTUA & HigdT deh faufed @el sl THAT &Il & oI &l 2o AT
A gTed €5 1 80 fAeheme / wer & 3ifRreh 3o g, . fAshifther & faevrar 3R 9aR & forw farsrerer mam
T & | TAEY & St Rfhedr / e 3reaas 7, Sta U Bhell S whd AR Rellerw Fegea &
HedeheT 100 & 2000 AT / feharm ek shr Higar # SueAcT 3R vl gt o Feiret & for fapar arar
AT Eefl ot 3T et & gaT, 365 fewAl 3 1000 THST / Rt (> 95% eTet) 1 FREY 1 AT e Srwarey
_ 3R &t goe F agax 41| ST 3R STedT & T SIew Fd & §aRT fAeriT Y &THdT 10005



500> 200> 100> 1500> 2000 f&eNITH / fohaIm & e & 91T 97T § | BTCT (97%) FHIR EITACT (96%) Fhr
31frehad AT 1000 AT / Frarm AT aTel fAET 7 3R 7geTad AT Suael 3R Eruadral=t # 2000
forelranmer / fopam AT arel Tt 4 uran 18 & | RIS Fegfory & Taer &, eiere 51 ha Har: STuecr
3R ET=ET g1t o forT 500> 200> 100> 1000> 1500> 2000 fHTT / fharm arar sraT B |

TAIAT HETA H TAET 3R ETALT F HNere & fAT TSI ATH Al T HhRIcH &THT T Il
TAT & | AT ATSTHITP T ST &THAT STl e &Y TSTTfa & &9 F cqagridr Sreeier 3R Srosidy digar
& forw 8o fareiams / wer e [ g3 &1 Femfad Stassi dier S v 3R RfGew Frgfaw &
EaRT AET # STt HIR ETeAcT & 1000 THSHT / foharm & Fo o1 HET AT & Theldl & Ared g3
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