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1.5 L 3} &) F3ukg-FojlA] o]u] 2 BAJo] YAl TNT EejMldel Stenotrophomonas maltophilia®) vk o)
£-3}e] dinitrotoluenes (DNTs) [2,4-dinitrotoluene (2,4-DNT), 2,6-dinitrotoluene (2,6-DNT)}1E 3714 27 3}0i|A
Ul EH o2 A= AQE s} 2,4-DNTS} 2,6-DNTE 242} 1093} 1499 wjo}7) 7k Sl 94 3] Fai)=)
At olx}t gt DNTsS] Befo] B o]glon] o]zl ghdvl gl AdldMs A9 £3)=x] 9ste}. DNTse] 3
Fol o2} wtAv) WX Aol o 3le] AT o|x} AAMo] ¢l AlelolA DNTs: 3] F=H %o} of
2} gl o] A7k wiAlel M 8322 ¥al= et HPLCSE GC-MS7} 38 DNTse} S AMEEE 31317
At AMLEA. 2 22, HPLC2 GC-MS chromatograms-2- )4} 314-5-¢] 2,4-DNT$} 2,6-DNT, 18] 3 27}
2] ZF7ZH] AFAHE-Q] 2-amino-4-nitrotoluene} 2-amino-6-nitrotoluened- A-FH o3 #elg 4= Qlgdc}
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24 WEE 3138 (nitroaromatic compound)2 UHEH O Z &
o], A5, 283 FEE FAY FEF Fo vk A 3
Aoz HE AT AL e S9Ee] Ag ez e A}
531 o9} o} At BN BoIX= o)F FFHEC] X
e Hes HES BE0gd9e® EHT JArk3.e). 24-
Dinitrotoluene (2,4-DNT)¥} 2,6-dinitrotoluene (2,6-DNT)S & A
WEHE S E 24 Z2])9-dlehpolyurethane) AJAke] ALEE=
toluenediisocyanate®]  F83 A  ESdEAo|H, 246-
trinitrotoluene (TNT)S] 34 QoA Felshe dEsidel 873
L FEHolt}, 198230 H|F oAl A4k DNTs (dinitrotoluenes)
o] oke thEk 32x10° kgoler(l), $eluatd = 199419
7102 DNTs9] Aalake 64107 kg0 Al 2 Ak
Aol FE =231 e AFolth2l). DNTss 72308
OHAE IAFEEA ERETELS T3k A SHHo &
< Uod|e EAEATA By opfe} WEHAIE wEA )=
E-Z (endocrine disrupten® 2Hg-3H0k ®H T RH(18). B3 R}
A A a7t ol Bl A7IzE A&Eo] B 2 444
AEAE 2. G173, AP EFQN A FelsHs DNTsS X3k
Haw A 2 BEqke] 8 2ddez 4#A der(4,
15), 53] 3pdojt sokel] WFA) Fgkstel Qo] E 4 3
© Aog BuEo] grks). et 4zt 8 EAE A}
7] 9)5te] DNTsE Zgshs vhae] AduE5E Axola] A
B o2 A A3)7] Y3 =go] ojkrh(10). ©]2)& DNTs9)
e ARl 93 =4 wjie] o)E2 vEEAR T X4
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FHATHA S 2 HR S o1 $iTHe).

A5 4322 (xenobiotics 5 2] AETE AA= 1882 4
24 wizel < A FES w Quk2,8). Aldelv &%
ololl 2]gl DNTs] Aisfol] sk dEo] I HuEglon,
olF 31 AR 7A% AUERTH14,15,19,20). DNTs7}
v Eof oA Ealse oA e $oZRE] niro 717}
HapH o g2 AMAEE AL U=, AL 23 77
& g3 7R & YTl DNTse P 95 &3
Ao A azoxy FFHE, nitroso EFHE-, amino 3EE Ho] A
AEle A& FQASHArk(11-13). 22y HTe] A4 WegE
B}5HE-o] AEslo et S+ nitrotoluene (NT)O|LF DNTY
AT R TNTY A7 U8 @3eHA o] FojA 1 At

£ AFore 2E@xHe] EFoeeRE 22l TNT &siAl
T8 o]83st] wyt B kS Z(stirred tank reactor)UollA TNT
9} F2HOF FAISH 2,4-DNTS} 2,6-DNTS] HE3|, o]t gha
d HAe] HyPt olF 3stEe Bl 93 vIReXE
ZAISIA L

Mz o Uy

Mol #& 3 HifEZ

B AgolA 2188 Mt FEhdme Ztoz edd AY
9] ko 2 RE] FauldS st HojFnh o] Al wekell
o] &H wlAle Kim (7l o3 2R E 24L ustor it
Ao g INT thale] 24-DNT ¥+ 2,6-DNTE 22+ 50
mg & H71g wiAE AFSIIET el AT Y] HES AME
vjzle] 10%8 FEST U2 30°ColA 150 rpmlE A&
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&3 uiek7lel A Zul U (pre-culreyd 31H LM, o] & vyt =
w830l gtk EaiAlee] e B33 A (V-550 UV/
Vis spectrophotometer, Jasco Co., JAPANYE ©| 88} 33 660
nmel| A Fg8 ot

O[x} EtA @l 3 B4R #Jt L#t DNTs B3 1t
Bajdliol 28k DNTs2] £330l t3h o=} gagle] ¥t &
HE A7) 918k, 2,4-DNTL 2,6-DNTS £ 33h= A7)
Aof| o]x} &Y e 2 glucose T4l fructose, acetate, citrate
9} succinate 52 2tz 2 mM¥ H7}ste] 24-DNT9} 2.6-DNT
o] Bafjol A= IS 74zt BFAIATE E3 24 DNTH
2.6-DNTE X3l wiAle] FAo 24 (NHY),S0,. KNO, &
NH,CIE 712} 2 mMY #H7lele] ol 3igtEe] Rafel nl
A garg v B,

mut S =0l AM 2] DNTs &3l

25 Lo F &3 7k 3 8] 1.5 L] wyt BNy
Z oA 24-DNTS} 2,6-DNTS] &3S zhzh daisiget. A
25 WA E Fahaokoll A ARE-EE 7132ui=] | Lol 22t 50 mg
o] 24DNTo] W} 2,6-DNTS} 2 mMe] o]z} gh4de Hr)she]
ARE-EtT), nint B mekg-Fo] AL 371F Z2ABA 33
ook Meke = 30°CE FR8HY L. Y2 (impellerys £
300 3 SAEH FrIFEdEgEE B 1.2 LYTh wiA e &=
kAl A BRREAE 01%6}04 4 660 nmell A FF
T8 233 wiokr|z B<ke] 7= 24-DNTS}F 2,6-DNTS]
& HPLCE ©|83te ZA3c)

HPLC2} GC-MSO|| o8t 4

HPLC A|2®]-& UV/Vis detector (Shimazu SPD-10A, Japan)”? }
RZE LC-10AT (Shimazu Co., Japan)yS ©]-&&gth ARE
columne ODS reverse-phase column (250 mm X 4.6 mm, A=t
7] 5 um DuPont Co.. USAYS o]&3}Hth UV/Vis detector?]
A 254 nm©]3l, mobile phase2] flow rate 1.0 mi/min &
t}. Mobile phase™ HPLC-grade acetonitrile (Fisher Scientitic
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Co., USA)1} HPLC-grade water (Fisher Scientific Co., USA)E
2:3.(VviV)e] HIEE Egsle] ARR-EL9t) DNTs (Sigma Chem.
Co, USA)9] HEFS Z33t7| f5le] wiekdezRE hH
ABE 3,500 X g oA 1087 94 B2d & 045 ume]
syringe filter2 &3}&}e] E4331h(17). GC-MS #2893}
vt o 2 RE} AJEE MBI ethyl acetae® 23] F&3} Tt
L= ZAENA A AL dichloromethaned]] THA] =91 3
GC/MS-QPS050 gas chromatograph (Shimazu Co., Japan)E ©]
B3te] E28t9ct CBP-1 capillary column (25 mX0.25 mmX
0.33 um)°] AREE o, 70°Col A 250°CE B3 10°CH] L8
=2 AHAIAY QAE 55 250°CH LY carrier gass EF
(helium)S AHE3FATE sl A o] F7Ho)AF B ] A4S 89
€ 93l HF 2-A-4-NT (Sigma Chem. Co, USA)S} 2-A-6-
NT(Aldrich Chem. Co.)Z T&te1 AH8-819t}

w3 O#

wit WS 0| A2 DNTs &84

AR B Febol o9E o zRE Hjd M
O 2 TNT ¥t ol]a} atrazine, “18]3L simazine® £3]%50] ¢
5 AFEoIATHY). £ AFelME o] TNT E3|Mlxto] TNTS
TZHOZ FAISE 2,4-DNTS} 2,6-DNTS] 53858 golrr] ¢
sl ALESHHTHFig. 1). TNT Al wnt B=nh-g-zof A]
50 mg2] TNTZ 3% o|Wlol] &tz ow Eafaldrt (Fig. 2A).
B Agojre o] TNT B3Mte o83t ztzt 27155 50

Hj Hjy Hj3
O,N NO 5 ~NO, ON NO 5
NO 2 NO ,
A B C

Fig. 1. Chemical structures of the test compounds; TNT (A), 2.4-DNT
(B), and 2,6-DNT (C).
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Fig. 2. Growth of test culture, S. maltophilia, measured as cell density ( O ), associated with the degradation ( @ ) of 50 mg TNT (A), 50 mg 2.4

DNT (B), and 50 mg 2.6-DNT, respectively (C).
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mg/l®] 24-DNTS} 2,6-DNT2] H-3jjol| 2-8-3l9t}. 24-DNTS] £
oA Baf el AL wijkzr)d) 28 A4S veR
o, olo] w} FE 24-DNTS] e A 7A3F4) 24-
DNTE= Hi%k 29 B9kl A 90%7) Bal=glen, 109 o)
2 ZEAKFig. 2B). 2Y ol9h= 2] FY F3AM0A
2,6-DNTS] E8ll= ohd gurslA| zlaElon, Bajxldel 4
94l 24-DNTE] #3ljolq Yehde AAF ARtk 993
A4S JeRAGIEE 2,6-DNTE Hal4ldol 2laf 14Yqte] 2hA
3] )= ATHFig. 2C). 2,6-DNT= 884 3ol ©hE Qa1
of E3}E QU3lo] 24-DNTHU} FxF o & chysltt 2 B
ATollA] HofRl FAijoll A HefF= AXH 4= 2ol 23 Al
el €3k 24-DNT7} 2,6-DNTY] E3|4 3o 2,4-DNT7} 2,6-
DNTS] #3)7} thh wad 135 AL Bao)] dolshs 54
o] 5ol 71908te AR Als ),

DNTs &80l O] X} Et@l 2} 20| O] X= HE

2,4-DNTS} 2,6-DNTS] &3jAlqtel] 213 £l 1A o]z}
g2l #Hrprl vl GRS TS H8) wlA] el o)zt
et o g 242} glucose, citrate, succinate, FEX acetate 52
A7vsted i WRslthFg. 3). ©13F B0 24 glucose?}
718 wiR] Woll A 102 ool 24-DNTE 93] Bajj=j et
o|Z} BAYORAM glucose] F7F tl4lell citrate, succinate, -
T acetate® H7IEIHE 9ol 24-DNTY Eall50] gl
TarEglon, o Balge Foil wjdr|zbeetr 2k} oF 40-
60% A=) F3)E JeERRAT). o)} g o] Hvle] 23t 26-
DNTS] &7H4Q1 Awslol it 43 % 24-DNTH 598 =4
ol A} HAIE o]x} BA 7ol g 2,6-DNTS] Eajol
v A= 2,4-DNTOA 9] A} {ARSE Fdoz vk
o} o)A} RRAYU O 2 A glucoseZt H7HE wiA] Aol A 14 o)y
o 2,6-DNTS| $h&s)7F dofwdth w3t o)A} graozA
acetate, succinate L citrateE 713 W X|ollA 26-DNTS] £
3= 24-DNTS} Hlwste] & off tha A dAge] #EFF o,
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Days Days

Fig. 3. Time course of the degradation of 2,4-DNT (A) and 2,6-DNT
(B) by S. maltophilia in the media, which contained glucose (@ , O ),
succinate (Il , [ ), citrate (& , A ), or acetate (4, <> ) as a second
carbon. No secondary carbon was added in the medium (X).
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Fig. 4. Time course of the degradation of 2,4-dinitrotoluene (A) and

2,6-dinitrotoluene (B) by S. maltophilia in the media, in the presence

of the secondary nitrogen source, (NH,),SO, (ll, [J ) KNO, (@,

), or NH,CI (A | ) of 2 mM, respectively and in the absence of

nitrogen source ( @ , O ).
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o7 wieFrIbERE BEA HalE YehAAL) ol ghagd
VAl 952 9ol wiAUle] 24-DNTY 2,6-DNT:= 719
= 2] eFtom, olejgt Axtz RE|MFE o83 24-DNT
1} 2,6-DNTS] A&3|= s Aulof] o]z} gde] A7t 43
o& &Ikt Spanggord S(19)> 2,4-DNTS] M &3S A3}
& yeast extract, acetate, 5o+ succinate 2 B X|Ujol M7}k
AREBEA T Add s guiiol] XE O] A& s-triazineA| Do) A}
P RMES oA ©AYUS HUisle] ghauda ¥l&(C:N
ratioys FAFOEM YEHNE H&F 02 F5T 4 330 A
I ATHA). o3 HuEL B Ao dojx o)z} ghigd
o] 7P} DNTsOl] v kel g Axe) dx)sidn). di
dOZ (NH,),S0,, KNO, & NH,CIE wilol] H7isted 24-
DNT# 2,6-DNT®] R3] m|X|& F&Fe A THFg. 4).
2,4-DNT9] £l 1099 Hj97)17H5<H (NH,),S0,, KNO, &
NH,CIZ}F H7Fd 9ol 242 oF 20-40%2] F-82<9 BaiE 1
ERQT. 12} Aagdo] HUIERA] & 2,4-DNTE Egsh=
iR M = 109 el 24-DNTo] 2H3) Baj=rt. 2299
A7l 9§k 2,6-DNTS] &Rl ARl it A= 24
DNT# Y3 Z7olA AAEUT 2,6-DNTS] £all= ujekr]
7+Eet (NH),S0,, KNO,, NH,Cl 5& 3713t %o 24-DNT
o Ao vl&g BalE HoAgqi). v dagle] AE 2y}
HA 4& 2,6DNTE T3 Ao HE 142 oo 26-
DNTo] H43] #eiich. A9l ool ©}E 2,6-DNTY &
S AF A A Bl Aol AL vl =50 2,6-DNTS] 23
T 2SIt} Pseudomonas sp.oll 2§t 2.4-DNT9| AJE-3)E 9
ate] (NH),SOW fv]ote} 2he o]z} ade] #Hrlke g
ZHolghs A7 A7 LHEFHRATH16,19). #2ell Nishno (14)
Burkholderia sp.©] i) A3 H7ke]A] k& HejolA] 4
g 9 HA0 7 26 DNTE ARSIty Rusinh B o
TollA dofzl o|a} ghAglnt Aol Uit ARE BN B
uf, DNTs9] &3l &4 Aa HlE (C: N ratio)©] DNTsS]
HEZR] AR A FFE vAH, B AyoM AME

AL o
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Fig. 5. HPLC chromatograms of centrifuged culture samples after 3
days of incubation in the growth media containing 2.4-DNT (A) and
2,6-DNT (B), respectively.

DNTs 28} 4o] The #8kal5el o)s) Baigl DNTse] H-aj)
= U Bal42E Fold dadse Jo s v

THE 2,4-DNT/2,6-DNT2 SZHHAIZE 2| &0l

w7 |1ZEERr F71H o2 wigdg AF st HPLCE ©]&-3f
o 24-DNT$®} 26-DNTO] 2EHFHE FH3%Th HPLC
chromato-grams-& %719] 24-DNTH 2,6-DNTE] peak H{U71
Zro] ZAufghe| whet zizh FAEtgom o] 7IZHESh HPLC
chromatogram’}ol] £18}x] U P2 peakEo] BHHATH
(Fig. 5). M7zl | Yo} Agt A|ZERE 24-DNTH 2,6
DNTS] E3l|agol| A FtiAbE o) AA4F-75 BR8] 98
o GC-MSE ARE3te] A58 h GC chromatogram ol Y
Elet = el Avkel peakE MS spectrume 4% Ay 24-
DNTS} 2-A-4-NTZ 815 A tHFig. 6). M 24-DNTo] 5-3)
HHA] EOAEEEA] 2-A4-NTo] UERR= Zo] Y559tk
Noguerag]r Ereedman (15)2 Pseudomonas sp,oﬂ ©}&} 2 4.DNT
o] AR ATE o] 2-A-4-NT olejo)), 2 4-diaminotoluene,
4-acetamide-2-nitrotoluene, 2-acetamide-4-nitroto-luene, 4-cetamide-
2-aminotoluene, 2.4-diacetamidetoluene & B Th 3
Spanoggord 5-(19)2 24-DNT AEs{2A ol A 4-methyl-5-
nitrocatecholo] A4 H-S &1} o|gA & FH F 7“”
AR o] A Rl ol AREE Agte] Eafl 7Rl xpe]7t 9]
2o 7115l Aoz #ebEth 2,6-DNTol| WsiA= 24-DNT
o} 2L PO Z GC-MSE ©]8aled BAs|E Zz) ¢dojzl
7o) Akt peaksi= 242t 2,6-DNTS} Z7HHARMIEQ] 2-A-6-NT
¢lo] lElrhFig. 7). o9k o] 24-DNTL 2,6-DNT7} &
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Fig. 6. GC/MS data for a culture sample analyzed for 4 days of
incubation in the growth medium containing 2,4-DNT. MS fragmen-
tation patterns of the compounds representing the two major peaks (A
and B) in the TIC are indicated and the respective chemical structures
of the compounds are also given.
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Fig. 7. GC/MS data for a culture sample analyzed for 6 days of
incubation in the growth medium containing 2,6-DNT. MS
fragmentation patterns of the compounds representing the two major
peaks (A and B) in the TIC are indicated and the respective chemical
structures of the compounds are also given.

—

5.

o

D23

(=]

. Dunlap, K.L.. 1979. Nitrobenzene and nitrotoluenes, p. 916-932. in

HF Mark, D.F. Othmer, C.G. Overberg, and G.T. Seabog (ed.),
Encyclopedia of chemical technology, 3rd., vol. 15. John Wiley &
Sons, Inc., New York.

. Hallas, L.E. and M. Alexander. 1983. Microbial transformation of

nitroaromatic compounds in sewage eftluent. Appl. Environ.
Microbiol. 45, 1234-1241.

. Hartter, D.R. 1985. The use and importance of nitroaromatic

chemicals in the chemical industry, p. 1-14. In D.E. Rickert (ed.),
Toxicity of nitroaromatic compounds. Chemical Industry Institute
of Toxicity series. Hemisphere Publishing Corp., Washington,
DC.

. Hogrefe, W., H. Grossenbacher, A.M. Cook, and R. Hutter. 1984.

Biological treatment specific for an industrial wastewater contain-
ing s-triazine. Biotechnol. Bioeng. 27, 1291-1296.
Horan, N.J. 1990. Biological wastewater treatment systems: theory

10.

14.

15.

16.

17.

18.

19.

20.

21.

Kor. J. Microbiol

and operation, John, Wiely & Sons, Chichester, United Kingdom.
Keith, L.H. and W.A. Telliard. 1979. Priority pollutants. I. A per-
spective view. Environ. Sci. Technol. 13, 416-423.

Kim, Y.J., M.S. Lee, Y.S. Cho, HK. Han, S. Kim, and K.H. Oh.
1999. Effect of various physicochemical factors on the biodegra-
dation of explosive 2,4,6-trinitrotoluene by Stenotrophomonas
maltophilia. Kor. J. Biotechnol. Bioeng. 14, 315-321.

. Knackmuss, H.-J. 1996. Basic knowledge and perspectives of

bicelimimation of xenobiotic compounds. J. Biotechnol. 51, 287-
295

.Lee, M.S., HW. Chang, J.S. So, and K.H. Oh. 2000. Microbial

decomposition of s-triazine herbicides, atrazine and simazine by a
TNT-degrading bacterium. Kor. J. Microbiol. 36(3), 209-215.
Lendenmann, U., J.C. Spain, and B.F. Smets. 1998. Simultaneous
biodegradation of 2,4-dinitrotoluene and 2,6-dinitrotoluene in an
aerobic fluidized-bed biofilm reactor. Environ. Sci. Technol. 32,
82-87.

. Liu, D., K. Thomson, and A.C. Anderson. 1984. Identification of

nitroso compounds from biotransformation of 2.4-dinitrotoluene.
Appl. Environ. Microbiol. 47, 1295-1298.

. McCormick, N.G., FF. Feeherry, and H.S. Levinson. 1976. Micro-

bial transformation of 2,4,6-trinitrotoluene and other nitroaromatic
compounds. Appl. Environ. Microbiol. 31, 949-958.

. McCormick, N.G., J.H. Cornell, and A.M. Kaplan. 1978. Identifi-

cation of biotransformation products from 2.4-dinitrotoluene.
Appl. Environ. Microbiol. 35, 945-948.

Nishino, S.F, G.C. Paoli, and J.C. Spain. 2000. Aerobic degrada-
tion of dinitrotoluenes and pathway for bacterial degradation of
2,6-dinitrotoluene. Appl. Environ. Microbiol. 66, 2139-2147.
Nishino, S.F, J.C. Spain, H. Lenke, and H.-J. Knakmuss. 1999.
Mineralization of 2,4- and 2,6-dinitrotoluene in soil slurries. Envi-
ron. Sci. Technol. 33, 1060-1064.

Noguera, D.R. and D.L. Freedman. 1996. Reduction and acetyla-
tion of 2,4-dinitrotoluene by a Pseudomonas aeruginosa strain,
Appl. Environ. Microbiol. 62, 2257-2263,

Oh, K.H. and Y.J. Kim. 1998. Degradation of explosive 2,4,6-trin-
itrotoluene by s-triazine degrading bacterium isolated from con-
taminated soil. Bull. Environ. Contam. Toxicol. 61, 702-708.
Rickert, D.E., B.E. Butterworth, and J.A. Popp. 1983. Dinitrotolu-
ene acute toxicity, oncogenicity and metabolism. Crit. Rev. Toxi-
col. 13,217-234.

Spanggord, R.J., J.C. Spain, S.F. Nishino, and K.E. Mortelmans.
1991. Biodegradation of 2,4-dinitrotoluene by a Pseudomonas sp.
57, 3200-3205.

Valli, K., B.J. Brock, D.K. Joshi, and M.H. Gold. 1992. Degrada-
tion of 2,4-dinitrotoluene by the lignin-degrading fungus Phaner-
ochaete chrysosporium. 58, 221-228.
www.cischem.com/chemical-report.

(Received February 19, 2001/Accepted March 2, 2001)



Vol. 37, No. 1 Dinitrotoluenes®| &3] 771

ABSTRACT : Microbiological Elimination of 2,4-Dinitrotoluene and 2,6-Dinitro-toluene by an TNT-
degrading Bacterium in Stirred Tank Reactors

Hyo-Won Chang, Seung-Il Kim', and Kye-Heon Oh*(Department of Life Science, Soon-
chunhyang University, PO. BOX 97, Asan, 336-600, 'Biomolecular Research Team, Korea
Basic Science Institute, Daejon 305-333, Korea)

An aerobic microbiological process was tested in 1.5 L stirred tank reactors for the treatment of dini-
trotoluenes (DNTs)[e.g., 2.4-dinitrotoluene (2,4-DNT), 2,6-dinitrotoluene (2,6-DNT)] in the test culture of
Stenotrophomonas maltophilia, which had previously characterized. Both 2,4-DNT and 2,6-DNT were com-
pletely degraded within 10 days and 14 days of incubation, respectively. Addition of the secondary carbon
was essential to degrade DNTs, and little degradation was achieved in the absence of the secondary carbons.
The effect of additional nitrogens on the degradation of DNTs was evaluated. Complete degradation of DNTs
was observed in the absence of any additional nitrogens, whereas DNTs were partially degraded in the
growth media with additional nitrogens. Both HPLC and GC-MS were used to detect and verify the residual
DNTs and their intermediates. As the results, the HPLC and GC-MS chromatograms demonstrated that the
both parent compounds, 2,4-DNT and 2,6-DNT, and respective intermediates, 2-amino-4-nitrotoluene and 2-
amino-6-nitrotoluene, could be successfully identified under the analytical conditions.



