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2.4 6-Trinitrotoluene (TNT)2| &&s5i &AM

Photo—decomposition Characteristics of 2,4,6—Trinitrotoluene in a UV/H,0; Process

Abstract

The decomposition of 2,4,6—trinitrotoluene (TNT) and the mass balance of nitrogen (N) species as products were investigated
in a UV/H.Ossystem by varying pH, concentrations of H.O,, and O.. All experiments were conducted in a semi—batch system
employing a 50 mL reaction vessel and a coil—type quartz—tube reactor. In contrast with previous studies employing batch
mode, TNT decomposition in the semi—batch mode was proportionally enhanced by increasing H>O» concentration to 10 mM
(0.034%), indicatingthat an inhibitory effect of excess H-O.on hydroxyl radical (*OH) can be negligible. N compounds are
released as NO, in the early stages of the reaction, but NO,™ is rapidly oxidized to NOs;~ by means of +OH. NH," was also
detected in this study and showed gradually the increase with increasing reaction time. In this study, NHs" production can
involve the reduction of nitro group of TNT concurrent with the production of NOs; . Of the N species originating from TNT
decomposition, 12 ~ 72% were inorganic forms (i.e. [NOs™] + [NO»"] + [NHs™]). This result suggests that the large remaining

N portions indicate that unidentified N compounds can exist.

Key words : TNT, N mass balance, semi—batch mode, hydroxyl radical
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S 7R 2 d 2 (Rodgers and Bunce, 2001), *2]A]
A AREe R §han INT B o B8 548 7k &
7F AARES AT )= Ao DA T} (Lenke et al.,
1998; Hawari et al., 1998). &AEHS o]48 F2 Az
7S AiHoR 5o o HlE-S a8k Wi, A
dlof] =% TNTC| 93l ke A3 52 2Ao
2 ols] TNT Az whde=s wz49 4 vt (Hwang et
al,, 2004). Alv7t, A} QYA 22F oS 7 &
= At} (Alnaizy and Akgerman, 1999). ©o]Z thA|& 1t
st 712 A 20} (plasma) & ]88 A7)8e4 54
(electrochemical process)e] TNT zjz]ol] &= = gl
O}, 2L A719] whEFoh v ma R Qs AlFHAQl A
gut 753 Aoz delxa 9} (Lang et al., 1998;
Rodgers and Bunce, 2001). o]2|3} o]-f-Z TNT 5
el A ek 318HE (nitroaromatic compounds )<
Agatr] gk AHEE Wyo] HAEWA L Akskeg
(advanced oxidation process, AOP)o| #A412] th/go] &
231 9t} (Schmelling and Gray, 1995; Rodgers and
Bunce, 2001; Hwang et al.,, 2004).
A sleka-S Aelshr] 918 AOP 7] 4t
2}t]Zt (hydroxyl radial, «OH)& ZAAI71= WRiol whet
tFsiAl AT =Sk FEe ATl H8H AOP 34
2 A9l (ultraviolet, UV)/TiO; 37 (Schmelling and
Gray, 2004; Dillert et al., 1996; Brake et al., 1996;
Nahen et al., 1997), @<—electrohydraulic discharge
2334 (Lang et al., 1998), #AE (Fenton)¥} FHA=
(Photo—Fenton) &4 (Li et al., 1997, 1998),
electro—Fenton 4F8}84 (Chen and Liang, 2008;
Chen and Lin, 2009) % UV/H,0; At3}34 (Andrews,
1980; Hwang et al., 2004) S-o]t}. o)== A 4413} 2]
7 A2d Aol vlulA zidslar dlof vizhel TNT 540
2 QI3 UV/H0, Aksla-4-2 fgst 7|59 sholtt
(Andrews, 1980; Hwang et al, 2004). o]2]& o]f4=
o8] A5l UV/H:0; 434S o8¢ INT A 5
2goll 73t A3 Fslrt. Andrews (1980)+ 3|iHt
& A"l AA] INT $hHr #l5=2] el §3l 0.05%
Pakal A (H0:) FUA TNT AA E&-E o 90% o1
PIAZ Ao Bauskei) 18, Noss and Chyrek
(1984)2 UV/H;0; AstgAellA 0.01% o)<l bt
T4 T INT 23lE Aslshe 3102 Hasgich o]
o] Lang et al. (1998)3} Felt et al. (2002)= 27143
pH Z73}e] UV/H:0, Aksta7gdo] TNT Hefe] -5 &7}
Holgtal Bl 3Rtk S, UV/H:0, 4tslaAel 3=l
¢l TiO, Atsla7go] Z3elo] TNT Aol 48t o]

3 B0 34 A5 B9 INT At &5¢F 947]
A 7R (alkaline hydrolysis)ol] 2]&sl= Hk2-©
B3kt (Alnaizy and Akgerman, 1999; Hwang et
al., 2004). 3719 o] AFE2 72 TNT &3] ¥ 7h&-
BRE dAgeled 23S wEslon, B HjuA arEedl
40 ~ 80 mg/Le] TNT A¥] (Schmelling and Gray,
1995; Blake et al., 1996) % 0.01 ~ 5%9] ¥xbslras
ARgete] AES it (Andrews, 1980; Noss and
Chyrek, 1984). 2124 UVell 97 244291 TNTS] 3
3l bt AkAs 3ol e A= Al o= FHIT
(Schmelling and Gray, 1995; Lee and Jeong, 2008).
S UV/H0, AFslg-AellA] TNT 23iA] A= ofd
A, dAke, 53] e o AF AEE tig e
A= F3E w7t glck

aHER B AT UVH0, AHBeAds 2838k
TNT®] Fs}eh] el 545 lsieh= sloltt. o
18] 22 (semi—batch mode) UV/H;0; AlZ=Hlo] A& o]
AREE oM, TNT &afioll thgh pH, Hitshra, 2ka 9
o g AR IS a3 55 AR SIStk B9k TNT
of w3l AE=EA obdAg, A, 2 dEE T AA

el B 54 RS

it

2. A8 M= H LY

2.1.

TNT+ Chemservice (West Chester, PA, USA)ALZ
FE Fojsiglen, TNT A% &M(stock sol'n)E &3
= (solubility: ©F 100 mg/L, Lynch et al., 2001)E 119
ate] 100 mg/L (440 uM)E AZ3k3Ich (Emmrich,
1999; Alnaizy and Akgerman, 1999). ¥ A3o= A
2 &A= 108 343 [TNT], = 44 MS F2 283}

Sz, 71 ol S)4jel] e HYe] el Euska
T 2~
=

Alet 2 o HxE

o

],
gk Tz 2 kg A E AR A Ao
2 A= =o)7] Yolt}. 30% #Hak3lrs= Sigma—
Aldrich (St. Louis, MO, USA)AFS] ACS 5+H& AH&3}
Atk A3 gele] pHi= 4%¢] 0.1 M HCIH 0.1 M NaOH
2A 245 Aol ARRE Fitslrad] wREe
KMnO; A7 (titration)& &3l AA = AT} 3t B &
o @ A= aquaMAX® (Younglin Co., Anyang,
Korea)oll9]3l A% Z255(> 18 M cm) & ARSI

Fig. 1& W84 w37] BUVHL0, A28 vet
Zolth. Fig. laolA] 2= wish o], waly 4%
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Fig. 1. The schematic diagram for a semi-batch UV/HO2 system
(a) Schematic diagram for semi-batch reaction system.
(b) Coil~type quartz-tube reactor.

(reservoir)¥ 50 mL H]o]A7} AMgEH A=A F
A4 2 TNTE 400 rpmle® 3] -3 Axf
(magnetic bar)oll &J&l 2 &olA Hct & A7 &
AZHI  (peristaltic pump: Ismatec Co.,
Process IP 65, Vernon Hills, IL, USA)el oJ&l <
1.24 mL min "2 A% AAe] 74 wS7] (i.d. 2 mm,
900 mm long; reaction volume = 3.02 cm’) (Fig. 1b)

2 T ofuf £ ko] A8 FH(.d 0.8 mm;
Cole—Parmer, Vernon Hills, IL, USA)+= PTFE A&E=
H AL AFEEITE UV B2 4—watt AY F232
(Sankyo Denki Co. Ltd., G4T5, Kanagawa, Japan) %A
22 254 nme] 9 3L ZARsI) o] UV #lEE 59
g ukgr)o YRE2 F9=o] A2} (Kwon and Lee,
2004). LY UV ¥-g7]e= 2% 37l & g4 a3=
wiAlel7] 3 WAs FASith (Zafiriou  and
Bonneau, 1987).

RE AR AHE QAT A o welEA A%
oAl A-A|E o] g3slo] o AL A=
Hlold (vial)ol| ¥¥balo] Zuls 2L Salaleit)
AelM BEe Avs 0471 o5

23, Haiulb

23.1. INT &4
TNTS] B8 high  performance  liquid
chromatography (HPLC) (Waters, Alliance 2690
System, Milford, MA, USA)& o]Fo]xal, #4148 7
L Waters pBondapak C18 (3.9 < 300 mm)< AR&3}
ot 49k 81 (eluenting solvent)¥ acetonitrile®} 25
mM 1A 989 (phosphate buffer)g 60:40% &
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grato] ARgalglon, ojwf uhguje] {42 0.8 mL
min~' ©]$th TNT 7&%3 254 nm ol A| o] Folxl 1L
AHEE AE7)E photo—diode array detector (Waters,
996 PDA model) <& AH&-8t3lom F=H A2 50 u
Lottt

2.32. 0|2&4 (lon Chromatography)

BE AEE Al o8 2 anE AAs] flE o9
(pore size 0.45 um X diameter 25 mm, Advantec
MFS, Inc., Pleasanton, CA, USA)Z A5}, o2
2k, A}, oxalate,  formate9]
chromatography (IC) A]Z=®l(Metrohm Ltd., Herisau,
Switzerland) <= AH&-3to] 273l om, ojw] ARg-E A
218 BH357Z% (guard column)2 ICSep AN300B R¢
o], ¥4 Z+H-& Metrosep A Supp 5 column (Metrohm,
250 x40 mm)el ZZ ARHJUTL HEF7I=
conductivity detector (Metrohm 732)7} ARE-E| At} o]
4 (eluent) 2 2+E 3.2 mM HSOs, 20 mM NayCOs,
2 1.0 mM NaHCOs7}F AF&ES AL, o] 5] 742 0.7
mL min~' ©]th AJEE 100 plo] IC FAA Ao R
ZOIQOJT;]_

Ry o]l (NH )9 H%E thE IC system (Dionex
Co., DX—120 model, Sunnyvale, CA, USA)e] AR5}
=, ofnf AR 23} HE71= 47 TonPac CS12A
(Dionex, 4 x 250 mm)3} ED—40 -electrochemical
detector ©]%Th °]52 20 mM methane sulfonic
acido] L 48 1.0 mL min~' ©]$AEk AlEE= 100 ul
o] IC WA AI~=R o2 FYE Ak

RO ion

[P

2.33. GC/MS
TNT &34
chromatography and mass
Hewlett—Packard 6890, USA) ©]laL oju] Al8-¥ A%
71:=5972A mass selective detector7F AFEEISICE 1 0
L dichloromethane F&E©°] splitless mode® GC/MS
7R FHEJ ofw ARSE 48 ZHe 5%
cross—linked phenyl methyl siloxane capillary column
(HP—5M, 0.25 mm < 30 m, 0.25 mm film thickness)

AdE FAkEel EQ1e gas

spectrometry  (GC/MS,

ol &t Z|AE AFol ARHAT 52 1 mL
min~! o]gith. ZE 9B 2% (Column oven

temperature)= 8 °C min ‘& Z7}ste] 7] 40°Col
Al 200°C7HA Z7FsF 5, o]F 20 °C min 'Z 200°C
oAl 300°C7HA] F7FeHAl o] 53t F-AH Lt

234. 7|Et M2 24

TOC #4-& TOC analyzer (LABTOC, England)°l ¢]
3 A%t pH 42 SensorLink pH measurement
system (PCM700, Orion Research Inc., Beverly, MA,
USA)E o]&3}e o]FojH a1, DO %% Orion Model
PCMB800 SensorLink (Orion Research Inc.,
MA, USA)E &3l SA3ich

TNTE] 33l UV spectrophoto—
meter (Shimadzu, UV1601 model, Japan)ol] &J&l &4
HAom, 4L 1 cm A A (cel)S o83t a3}
S,

Beverly,

AHAEHO
— Tl

-
(u]

31. TNTS| &= §4
= 44

Fig. 2= [TNT], uMe} pH = 5.8 2713}l A]
IR EASRE 9-9F A 2 59 UV
ZAbo| WE TNTY &3 ~dETS ek Aot} o7

2] TNT 230 nm % 254 nmollA9] &53714=(molar
extinction coefficient)= 7—‘,'7—.L 15,708 (£ 914) M
em™ 211,207 (£ 584) M~ em™' o1t} Fig. 2a0lA
Hojxl ukel o] 1 mMe] #Mbslrart EAte] UV 2
ARAL INT®] 58 23 Eqo] 230 nm 3Pgoll A F2A
208714 1A 8] Al Hrk, o] WREAIE 20+ -
B 3% ~dEZHo| Ax} 7ask= EAS HoFET) o
Gl 73;7,],‘:_ Zj].ﬁ o] 3’4—5].6]—7@ B]—Foﬂ _/]OH /Kg % _[./\]—§]. E}
tjzto] TNT9} whgol wh slojt} (Whg-24] 13 vk 2)
(Andrews, 1980; Noss and Chyrek, 1984).

.0, + hv — 2-0OH (1)
‘OH + TNT — TNT- + H;0 2)
Fig. 2bx= Halalrart 21614 &= A8t A A4

A9l Furgol whe INTS] 53 2= WS el
Ao}, 31 230 nmoll A TNT9] &4 ~FEHL 3}
Fshs o] 265 nm o4 Sgel o] FY 2AEY
& A00] AT A IR A el S

Bl W2 9hgZ 7)) FFE TNT Goje] Al %
A RFMoT wHIT B} 10 BFREE 2A0

slah= Alo] AU o] F vk T4 60 E7HA 3&%
34 265 nm®] 537 (isosbestic point)e] EA)
TNT®] 24241 Ftalr] @do] F7HA|(intermediate)
7} B8-S BolFal Itk (Wang and Kutal, 1995; Felt
2001a, 2001b). 47]9] TNT &9} Mzhsish=

. r& B 2

et al.,
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Fig. 2. Dramatic changes in the absorption spectra of agueous solutions of TNT (= 44 uM) at
an initial pH 5.8 during photochemical reactions: a, UV/H,O2 system and [H:Odo =
1mM b, Direct photolysis at wavelength 254 nm.

/\

BN

APA] Aof i 2 7HA] o)) kg FikAlEo] A
S HolFlet. ofedt At agjste] B, 3itks)
o EA sl A TNT e 542 TNTS] #3 4]
dlote v MEARE BefFa gk

o oy 32 o
SOV 1:[10
o

32, pH, HO2, % 02 &t
Fig. 3 T}t pl, 11,0, 0, G| w2
TNT 23] 54 b Aol Fig. 32 28 2719

e

[TNTJo = 44 uM¥%} [H;05]o = 1 mM oA tkefst %
7] pHE Alzbell W& TNT 28] Hrs vehd Aol
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Fig. 3. Effects of pH, HO> concentrations and DO in the UV/H.O. process.
(@) pH effects on TNT decomposition (experimental conditions: [TNTl, = 44 uM, [H202lo = 1 mM, wavelength 254 nm).
(b) H20 effects on TNT decomposition (experimental conditions: [TNTl, = 44 uM, pH 5.8, wavelength 254 nm).
(c) DO effects on TNT decomposition in O, sparged and He sparged solutions (experimental conditions: [TNT], = 44
oM, [H202lo = 1 mM, wavelength 254 nm, pH 5.8).
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Table 1. First-order rate constants on the effects of pH , HxOp, and O..
Eperiiea sendiisns First order reaction rate
constant, k

oH [TLII\J]O [Hr;?/lz]a mSOL_1 min™! R2

3.45 44 1 8.64 0.0232 0.9513
4.89 44 1 8.64 0.0273 0.9957
5.56 44 1 8.64 0.0279 0.9781
7.45 44 1 8.64 0.0286 0.9951
10.3 44 1 8.64 0.0305 0.9787
58 44 0 8.64 0.0144 0.9791
58 44 1 8.64 0.0261 0.9844
58 44 2.5 8.64 0.0297 0.9573
58 44 5 8.64 0.0372 0.9187
58 44 7.5 8.64 0.0418 0.9478
58 44 10 8.64 0.0483 0.9825

A9 Ak 27] plvh A3 S7F2RS TNT 2ol 3
xéak

2} 7V o2 Ul o] AFH o HolF7]
214l Fig. 3a2] AR 2HE 13} AdEEA45E AlAtslsl
il o]5 Table 10 YERHATE Table 104 Hojzl nle}

o] pH7F A} S71eE45E 13 AdEEASE 0.0232
min~" (pH 3.45)°14] 0.0305 min~' (pH 10.30) Az} &
7Veke BejFElom, TNT 28¥E =7l pH 3.45004
B} pH 10.3000A4] F 1.38] A% Z713 A& vepdt)
o]l Axh= TNT Aol EAsh= 3719 UER7]9] &
Aol ofaf AE = Atk &, o]E YERV|EC] A7]e4
T7}F 7ske] Wk ae]e] HMAPU% (electron density)
£ a7 a9t vlEo] pH7t S71ES 714
2k8} o] (hydroxide, OH )ell 2]t XA F-Z o 23
TNT9] #-3i7} 22} g-o]8kA ®t} (Emmrich, 1999 Felt
et al., 2002). WebA], TNTE 4k} o] o) o]t 711
3ll, UVe] 2421l Fial], 2 dakskrae] sl
3| sukE abs) gz (RRg2] 2)e 98l sl v
golaHA = Zlolt}, ANk 3|2 HESA| 1B S o] &5t
Noss2} Chyrek (1984)¢] AglolA= pH 5 ~ 9 HE ol
Al INT #38ll=  ggo] glckar B s8Itk o] pH
A9 23] Aol A H)FE Fo = AL,

Fig. 3b+= pH 5.8914 TNT -afol] t)ah ikl
5 S vehd Aol Iitelea Fot S

= INT 2l HAk S7kehs d%s 2Tl o5 4
FHew Hrieh] fls 14 dASwdTS Alkste]

([Hz02], = 0 mM) ~ 0.0483 min™" ([H0z], = 10 mM
= 0.034%) 0]t} o5 A WA uk-g-Z 7 5ol A
vge]  Ftsleael ok INT #3 A8 &y
(inhibitory effect)7} $i& A& SJujgic}. 1eu} 7|& <A
TANE AR, ] ksl og Aal] Eik=
3|2 wEgA 2l A 27] =Y 2MbsAE 0.05%
(Andrews, 1980) 2 0.01% (Noss and Chyrek, 1984)
2 234 Yehhs Ao BauEQdr) sAuk Aol ¢
go] AgAREE 2Ty s Rt
0.034%7H A= Adll a3} QI Aos Azbet) o] &
Aol Al A8k WS EA] RESA| 2~El 7] foof A H]E
H Aoz A7bE)
Fig. 3c= 23 z79 pH 5.8, [TNTlo = 44 uMe}t
HyO2Jo = 1 mM of|A] AbAe] EA] ofFlof] up2& TNT2
3 A2 UERd Aolth TNT &Ael] EAjehs &5
25 AAS] 8l DEVAE 30 BiF A5How S
1510] Z7X 7L AP A= Ak 220 of ok Aueg]
o] mj$- frA}SH TNT &-aff Y-S HolFar &4
AR =Y 2718}l TNT =23l7F 2FF

e} SEARF Wang¥F Kutal (1995)2
AKH 0 TNT BiallA] 2ke] 9o
HofF=g oL, 71 ol ol tig A
2 A WES]EA] WEEA 2Bl 278k A TNT 3ol
At ek wuE Ro® kg

Table 19 AABIRoH, 13 A== 0.0144
]
o
[e}

—

o,

A

O AL

i

781 |—
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33 MAESEo 44 Y 2 £X
Fig. 4= 23 %49 [TNTlo = 44 pM3} pH 5.8 4]
ThFek wikskr s e kATl whE )4 A Aas)

M (NOsT) 3
(NH,") o2& A4 s%5 Yehd Heolrk
Fig. 4ax= I3¥8leao] FAIA] TNT ] 24491 3af
&= 7-Foll obdAtgdol 7MY 2 ke (< 0.7 M) EA
LA, RIS SR A4S 1 Bt ke
5% PAEE obaalde) wrE At Rasgich ol
Aok 82710 INT bl C-N o] Feislel o
e Aow, HEE oldage s B
ek AakAlrk EAshl s Ao S
Jﬁk‘du} (Hori et al.,, 1999). &, 47 opdatede
A |EFH Ak

=2 1
ot FFg> A ATt
(Schmelling and Gray, 1995). :lﬁif’i TNT &=
g A3 o AAS AT FAol ZFEeh AkstA|

ol
s} o)z os) Fikdo=m *@QE ARCAC *321%

FEE

£ >

m*—\lég—lﬁ

Fig. 4b:= 77104 Foix] 5 Z1dstoll A A=
el BEE e Aolth 44E e Fre
B2 % SIS i Sl e FA 4
E3], 50 mM I3E8krA 273004 ok 60 uMe] 2
Oﬂ A o] y,}ilg] =4, o]= 7\1/\}&14 A A2 A
3} 2] a) oAk Tke] A A Q) ukLof| o5 T2 AA
= Aoz AZd)

Fig. 4c= 7371904 o3l 5 =
o] RS ekl Zlolth, AAE ES vk
L1027 = BEEA] gker, vhg AR 10555 1t
SARE 9 TRbske) B 27l nhet 325 271K
o} R o] 9] A ARE s fsl F 71 7
S X435t (Schmelling and Gray, 1995). shts A

£
37 rE

r?a

_|_4

e Axlgdo] eheFo AslE Aol thE she

UER7]9] el o3 drge] Aol

—
Z,
—
s Hro
)
N

S, A 7Pel A i AR AR P
zH A 4243} 2z scavengere! WERS 100 mM
& FYstel Assith 5, 271 pH 5,89} HdE 43
Oﬂj‘i U]E] _7_%% ;fj_}\].oﬂ/] o]—uw/] A@/H x%l:E 417]-0]-03

. AEE A3 gheA
2ol = ] ELUE gk E e
AFAME FZEA] okt whEbA 3A 7 ZAk
Ao A7k, 1]
TiO, FZv] 37go)A TNT
oleow B8 5ol 4
ATt (Fox, 1983; Low et al., 1991; Mahdavi
et al., 1993). o]EJ_ A% AdE TINTE A 44
AAE YERY]9 shdd AEE] A=ES &3 g1
3 = 9t} A& Eu‘i, @r%ﬂ A EZ 2—amino—4,6—
dinitrobenzoic  acid, 4—amino—2,6—dinitrotoluene,
2—amino—4,6—dinitrotoluene S°| A&%E nl7} A}
(Schmelling and Gray, 1995; Nahen et al., 1997;
1998). £ dAFelAre 24—
dinitrotoluene, 2,4,6—trinitrobenzoic acid, % 4—amino
—2,6—dinitrotoluene?t & UER7]9] Fd P&
GC/MS 245 &3l AT webA, TNTS] AFshA]
AAEE e F2 TNT 2] YEZ7)7} 8915
of AdE= Ao Az
Table 2= %)% W@#NA F28 TNT &afol w)
2 AAdEe EAS4AE HAEr) Table 20014 Az
uke} o] AlolA SAE T Ah APEL ddd

A AaAdio) HA 12% ([He0z], = 0 mM)ollA] Hth

Godejohann et al.,

Table 2. Mass balance of N compounds as a function of H,O. (experimental conditions: [TNTlo= 44 uM, wavelength 254 nm, pH = 5.8).

TNT removal Total N Sum of inorganic N N N
Experimental conditions | ... . i predicted,? detected,b detected,’ estimated, d

efficiency (%)

uM uM % %

Direct photolysis 55 132 16.06 12 43

UV/H02 = 1mM 80 132 48.88 37 43

UV/H02 = 10mM 97 132 72.14 55 42

UV/H.O, = 50mM ~ 100 132 94.52 72 28

o

Sum concentration = [NO3 ] + [NO2 ] +
° Percentage (%) = {[Nlostectea x100} / [total Nlpredited.

Total concentration of nitrogen compound as nitro groups on the TNT at [TNT], = 44 uM (pH = 5.8).
[NH;'] determined from experimental analysis.

Unknown N species compounds, except nitro groups of residual TNT.
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Fig. 4. Inorganic N products (NO2, NOs, and NHs") as a function of H.O. concentration.
(@) Concentration profile for NO>™ (experimental conditions:[TNT]l, = 44 uM,

(b)
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pH = 5.8, wavelength 254 nm).

pH = 5.8, wavelength 254 nm).

Concentration profile for NOs (experimental conditions: [TNT], = 44 uM, pH = 5.8, wavelength 254 nm).
Concentration profile for NHs™ (experimental conditions: [TNTl, = 44 uM,
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2,4,6-Trinitrotoluene(TNT)2| 2-&3sf SA

——] 784

72% ([11:0:], = 50 mM)ol Z=aigict. Hhel 23)=]
Fshal AfRshe INT SR8 aelevhd, 454 Kg
HEA /57144 Aa AR sk odd AHA A
= oiujste] oF 28 ~ 43%¢l =YSIl) oldd Avh= HE
A ek /571 AaAdo] RS HoEt oF
A f71A A E-S 2 AT GCMS o] 3k A4 4]
ol ¥4 3 e, dE 59 U4 dFE
2,4—dinitrotoluene,  2,4,6—trinitrobenzoic  acid, %

4—amino—2,6—dinitrotoluene 5°|t} (Fig. 5).

34. 88 7 2 MM =

Fig. 604 o7 uie} o], UV dh X UV/H:0, 4t
g3 Aol wh2 TNT F23A] A= 13 7 2 F
T AEE g A& IC B TOC 45 E3f 243
a1, BeHog GCMS BAe B
Fig. 6av= #ikslrae] w59 W5 AlZlol uhet A=
formate®} oxalate =5 LFERA . olE AHES
T ks ae] s57F S7FEES formate®] 75
WHg-Z2710 S7Fetb 2HAskA|RE, oxalate®] -9 BhE-
AlZro] F7htel whet HAp F7kshs sk Zlow VbR
t} o]& AAEES vHE2] 104 AR G4ts) gzl
TNTeFe] w88 B3l AHEE s ovet
(Schmelling and Gray, 1995). ¥WbHo| TNTS] 2% A<l

et
13;
bt
ok
og(:‘l
o)
32
o

» ol

o]

Fsllel oA E olF AT W AU W2
3olA] Hold upe}l Zho] TNTE Wlof W73t Bgo|mw
UV ZAA] W U] & F73te] o7] dElE a1, of7]
H INTE 559 Abaitape} whgslo] Fr3SAfo]= 5o]
2 )7z (superoxide anion radical, 0; )& FA3HA
At (-84 4) (Chow, 1982). HAE 73 &A=
o] g Z-& Et53} & (disproportionation, HF&-
5~ 7)ol 93l It AE S Ha A IHits
T A 1A 9f o] FafjE o] F4ks) gz
Pt PR FAsE e wkg2] 2004 B bt

2ol TNTE #allst=dl 718t A |k =8, A%
2bs}h ef -2 2bRehe ks Aot whgste] el
E2HEA/FHSA = S0l 2XZ (hydroperoxyl/
superoxide anion radical, HOy/O, -)o] AA=t} (wh
$2] 8) (Bielski et al., 1985; Buxton et al., 1988;
Kwon and Lee, 2004 ).

> o

]

ok 4

y 1o ot

TNT + h — NT=* (3)
TNT* + O, = NT + Oy - (4)
HOy < H" + 0, pK, = 4.8 (5)
HOz: + HOz2 — 202 + O (6)
HOz + Oy - > 02 + O (7

‘OH + Hy0, — 02:/0y"+ + H0 (8)
Fig. 6b= A= Bkl w5 & TOC W&

H(LC,,_(;
NO,
NO: |
2,4.6-trinitrobenzoic Oxalate
acid
CH; Formate
CH;, NO,
N NO:  UV/H,0, NG,
NO, 2
NO
! 2. 4-dinitrotoluene NO;-
TNT
CH
NO; NH4+
NH; Etc.
o 4-aminoc-2,6- —_—

dinitrotolusne

Fig. 5. Plausible reaction scheme for TNT oxidation by a UV/HO, process.
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