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ABSTRACT

In this industrialized world, soil contamination is the major concern to environment.
Xenobiotic compounds like nitroaromatics, organohposphates are the main source of polluting
soil ecosystem as their residues accumulate in soil for prolong period. Therefore, it is necessary
to remediate such contaminants from natural environment to restore the ecosystem.
Bioremediation is the process to decontaminate and mineralize the contaminants using
biological agents like bacteria, fungi or their enzymes to obtain sustainable environment.
Present study is an attempt to develop a suitable strategy for bioremediation of soil

contaminated by explosives and chemical pesticides.

This study focuses on the use of indigenous bacterial isolates (obtained from explosive
contaminated sites) immobilized to develop novel bioformulations, for achieving the
remediation goals. Seven bacterial isolates, namely, Bacillus oceanisediminis, Dydobacter
Jjiangsuensis, Dienococcus misasensis, Arthrobacter subterraneus, Janibacter cremeus,
Pseudomonas entomophila and Microbacterium esteraromaticum were kindly provided by
Centre for Fire, Explosive and Environment Safety, Defence Research and Development
Organisation (CFEES, DRDO) New Delhi (identified by Institute of Microbial Technology,
IMTECH, Chandigarh). Initially the interaction study among all bacterial isolates was carried
out to check their compatibility among themselves. The results obtained indicated that there
was no positive interaction among isolates indicating no compatibility with each other hence

all studies were carried out using monoculture system instead of their consortium.

After that these isolates were subjected for examining their bioremedial potential by
growing them in presence of Hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX) and
Microbacterium esteraromaticum MTCC 12849, gram-positive, aerobic bacterium was found

as an efficient degrader. The strain detoxified 72.6% of 30ppm RDX in minimal nutrient
v



medium in 240 h and in soil, 63.93% of 30 mg RDX/kg of soil degradation was exhibited with

viable cell count of 3.2X10* cfu/g within 30 days of incubation.

Subsequently, the different potent strains were formulated in water-dispersible granules
(WDG), talcum/charcoal based powder and alginate beads formulations. Developed WDG with
the 90% of inert material with the active ingredient in ratio of 1:2, 2% acacia gum as good
binder and 8% alginic acid as an efficient dispersing agent gave best results. The tested
properties of WDG fulfilled the guidelines of Collaborative International Pesticides Analytical
Council (CIPAC). Shelf life of WDG formulation was found to be 120 days when stored at
30°C, however at 45°C the bacterial growth was not observed. At low temperature (4°C) storage
condition, the viability of the bacterial isolates in different formulation was found to be quite

stable with the loss of only one log unit at the end of 180 days.

Among all developed microbial formulations, WDG showed best degrading efficiency,
and formulated M. esteraromaticum exhibited highest degradation. However, a mesocosm
study of RDX in soil biocolumn reactor indicated 9.88% increment in RDX degradation
through developed M. esteraromaticum WDG i.e. 73.2%. with the subsequent formation of
intermediates N-methyl-N, N’-dinitromethanediamine, and methylenedintramine detected
through LCMS analysis, in soil during the RDX degradation. Interestingly, no significant
difference was observed in the rate of RDX degradation due to the formulation process. The
first-order kinetics was seen in RDX degradation with a degradation coefficient of 0.04 and
0.0339 day™ by formulated and unformulated strain, respectively. The current investigation
implies M. esteraromaticum as a potential microbe for RDX degradation and opens up the
possibility of exploiting it in its effective WDG form for the remediation of explosive

contaminated sites.



Similar studies were conducted for another contaminant i.e. Chlorpyrifos (O, O-diethyl
0-3, 5, 6-trichloropyridin-2-yl phosphorothioate), a toxic and chlorinated organic contaminant
in soil across the globe. The qualitative testing of all bacterial isolates against CP degradative
ability on selective media showed that majorly three bacteria, D. jiangsuensis, M.
esteraromaticum and D. misasensis exhibited change in colour indicating the capability of
strains to degrade CP. The effect of chlorpyrifos on bacterial growth was checked and among
all three selected strains, the proliferation of D. jiangsuensis was highest signifying the ability
of this strain to utilize CP as a sole carbon source and also confirmed the utilization of 3,5,6-

trichloro-2-pyridinyl (TCP) through silver nitrate assay.

D. jiangsuensis degraded 80.36 and 76.93% chlorpyrifos (CP) in aqueous medium and
soil environment, respectively. The trend observed in organophosphorus hydrolase (OPH)
activity exposed its localization extracellularly, with highest activity noted in D. jiangsuensis,
which were in concurrent with the degradation results. The D. jiangsuensis WDG achieved
21.13% enhanced CP degradation in soil under microcosm condition as compared to the
unformulated one on 15th day of the treatment. The intermediate metabolites namely 3,5,6-
trichloro-2-pyridinol (TCP), tetrahydropyridine, thiophosphate and phenol, 1, 3-bis (1,1-

dimethylethyl) were detected during the CP degradation.

The current investigation reveals D. jiangsuensis as a potential microbe for CP
degradation and opens up the possibility of exploiting its formulations to remediate the CP
polluted soils. In this study, D. jiangsuensis proved as an efficient degrader of chlorpyrifos in
soil environment. In in planta study, it was notable that WDG of D. jiangsuensis was most
efficient in enhancing the growth parameters of tomato plants. In pot study, D. jiangsuensis

WDG showed 25.7% increment in chl a and 59.3 % increase in chl b (total chlorophyll content

VI



by 35.84%) in comparison to the control. Also, there was increase of 17.33 and 41.28% in

height and fresh weight respectively of tomato plant over control.

The present finding identified a sustainable and environmental friendly technology

package for bioremediation of soil contaminated by chemical pesticides and explosives. The use

of microbes in formulated form aids in degradation efficacy and enhanced the plant growth.

A\ 11



TR

58 3iicaiaherd giorar &, A &1 YqWor TRl & v ya@ R&iar & fava gl
ARy, ifapiehe S Ataraies diffie fAed & aRfEafad a7 #r ugfia
A T HET Gid g Fifeh 3eTeh IV ACE & ofd AT b STAT T 81 AT,
AR FEATCIhT o7 ohY TgTel hiet oh Tl U ST et oht HTepfcteh TiTaRoT & §el=il 12T
¢ | SRRATSULAA, T TATS ATATAR T UTCd el o TolT SFCIRAT, Thdeh AT 3oTch USlISH
ST e Tolet &1 3uNeT aeh givd Tardf @l faEgid v &t & ufehar g1 adAT
37ETT TaEhIcant R T A et & Gi¥d A & Sia 3aR & v teh 3uged
TS AT FReY T Teh T B |

IE AL STARTcHe T8 bl WTT I o T, ST FRABIFIRRN ahTad st & fow
fEeR Tadel SR 3oy (REwies giia Arsel & ured) & 39T | Hid 8
DRDO-CFEES, #@$ f&eell (IMTECH, d319T¢ EaRT 9gdle V) EaRT ATd sFciddl
3MgHIEE, I &I, Iqed REETTsARAT, sesiaTa Saegui-ay, slwmg
HATSHINFEIRIH TECRHATCHHA TSIl fhT a0 | gReT H T3 SFERT el 3msdioed & i
ORER ToRaT T 1T foham I Arfer 3M9d # 3eTehT 3fe]eheldll ShY ST ol SiT Feh | ATeeT
aROTTAT o Hehel f&T o Mg ETelcd & &< h1g HehRTcHAS qERTRaT 8T &Y ST Teh gar
& I IS HeTeholall 161 GaTcl A SafT Tl 3reaqt 367eh TE & Tl Flelthe JoTell
T 3GYTIT ek TohT 1T |

S 3TTdT, §HA o1 STTICH ol gFAIRISSI-1,3,5-C8ATSeI-1,3,5-CTU el (TREITHY)
I 3UTATY # 3% gi¥d AT & ITar &Adr $r o & 3R S & NI,
ATSHINFERIH TEAATEhH TASHET 12849, IMA-TITSITed, Wi STaro] sl Teh Herel
T3S & &7 # 9T | 38 T A 240 U H T H UINeh HIETH H 30 ppm RS
72.6% 3R FATE &, 30 e 3mEuaa/fhaians fATEr & 63.93% &I0T &l FSAI &
30 &=t o HIeR g fRid foam|

38+ d1G Affied SFEARAT BleeeT S8 T Seegarall, Sehd 3T aRee 3

UI3ST BIAERIE 3R UTeasie Alfcal & &9 # dIR U a1Ul 1:2 & 3e]urd A §ishd gecsh

& Y 90% 31TorT I, 37eS TS & I 7 2% Tl 1 311G 3R T F2el herd Toie F

&G H 8% Uledioleh TS & fahfid Ssogglsl o Fafad IR fGU| sSseggrsir & gdiefor

forw 91w IOl & HgARcHS HAUSET A faeawuneAs: aRwg (CIPAC) &

feenfaAceit st QT ForaT | SsegSIo WiHeIRI STd 30°C U HIEI fohaT 3T T« IHeHT Aoh
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Straet 120 &t 3T 91T 31T, FTeAifeh 45°C TR SFERAT T J&f 6T GET 75 | HHA AIAA
(4°C) $STOT Y TEAT 3, 37eTT-31e13T BlaeIIe H FFIRIT IMSHIICH T cAagRIAT 180
feaT o 37T 31 el Uah AT fele & et & AT e s 7718 |

T3l o e ATSsRITTeT BiaerRIsT & A, Seeggiel & Tav 3o 3qacs &7 feaTs,
glelifeh Seegalall & ATAA H, TN fhU a0 TA.TRUATREHA & aThidees & Aol
7.19% Teh ITaAH AT ol Y&2e fohaT| STafeh FaT araitenlerd Ruered 7 3REIvard &
AHIDIEA HETT o TR A TH. TEUHTEHH Ssegsiol & ATCIH H JNSITFH &ROT H
9.88% GGt T Hehcl fTT AT 73.2% | TACE & IRSTFH &ROT & NI TordTATH
fa2eyur & AreTH ¥ Fegadl AeEidsed, TH-Ausd-td, ta-BRdadatas, ik
AfAITSAeASA FI 9rar 1T | fEeaeT S Ig § o6 [AAToT Ufshar & HRoT 3RSvay
& &TTUT T aT H IS AgcadqoT e LT ST IAT| Igel A & Hgaiicard i ARSI
3TAHHOT H HHAA: 0.04 3 0. 0339 Y T % rashAUT 0TI & AU FATH R 3r61TST
IelTd SaRT S@T 1T AT| TTAT Sl H HRSIUH &T0T & [l GHITad G&H Sie o &9 &
TH. TRUARCHA T&TH § 3R faTwies gfva arsel & forw saeh Tl Seogdiol &9 #
Sch 39T T THTIAT T WeldT g |

Sl THE & YT Ueh 3o HGWh Ulall FIRUSIBIA (31T, IN-SAAS 3413, 5, 6-
STSFARIATS R fSeT-2-aTSTel BIEpRITAATTE) % forw e 1w &, St gfoam s o AT A v
fauTere 3R FAgFT Hrefieh Heueh &1 TAIcHeS HIfSAT W FelRusinE  (Hd)
3qEes &THAT & forw Fefy FrdIRAT o F[uTIcHs TETOT & g Tl § o 9H7@ &9 4 ofle
SFdRa, 3. rgeiad, v, teeiAREA 3K ). Rafaw & 1 7 aRade @
g 2T fonam, ST @YY T 3798esT aler T 3THeT T &7 AT S ATaT &1 SFEIRAT & [[Forrw
TR FRUTSIHIE o THTd T Sira 1 715 3R Gl et Trgiare 3ustel #, 31 fSaergeiay
T JIR Y T THATT Fleed i & &T F 3TN Hlat T &THAT Y g2ATaT & 3R By
ATS¢E W & ATEIA H 3,5,6- SIsFeiRI-2-aigRiSTer (ErEiidy) & 3uter hr off gfSe svar
3

31 . SRegUad & Sy AregH 3R A & ardraror & A 80.36% 3R
76.93% FARATSAHIRT (HdY) T &ROT fohaT | RTATRREBRYE geglerst (3diva) rfafafer
# G 915 gga o FHS FUENIHOT H AFfARed & ¥ 390R fhar, o 8
S guiad & sTadd aifafafd @1 3ec@ fhar aar ar, S OREe & aRomEAt &
Y FHAAT ¥ 39AR & 157 & HeThiaeles HT Jofall # o1 Seorguiad sscggrol
A FeH SO Hr IR # Al # 21.13% sor g3m W aRor gnfier foham
AL AcElensed AT 3,5,6-CeFRI-2-asRiZA (&), ereEgaEiEd,
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frarwiethe 3R e, 1, 3-MN3MSTH (1, 1-SBfAATSIATS ) TIdY 80T & SRIT 91T 31T |
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3Y. e guiad Sscggreh o fA=0T &hgter it Jefell 7 Fellifthel TH 25.7% Fofar 3R
Feliel &f 7 59.3% T GG (Pol FelkITthel ATHIAT 35.84%) Te@rs | @ &Y, Fars A
17.33% 3R 41.28% T &8 g5 3R 9 &7 ATl dofe ford o7 & 3iferes 2|

qTHI Tt A IR et 3R farpient A gfivd A & S 3aR &
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