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el 12330t 71 Fenton reactions> S pH 27702 7 @do] 1ol AAESE pHell thE buffering
capacitys 71431 QLo PR 7 AgAde] w|okslgitt. ofo] S pHollA ke 54 C % Fenton resctions % T 8l
i modified Fenton reactions: = A 9lol] #-8-813lth, gt 1] Eqk o) vhaket daAle dol & il ARgsomA
H&eA] 2] w2l 2 A8E ek Fenton-like reaction2] 218 7Hs/del tiste] HESte] Hojth AddTE 09E
Fe] 712 Fenton reaction A1 &g oF 20A17F § pH 3041 93%010] WEA pH 7041 21%-& ROITE €58, TNT
25 78 Azlo] dol&} 552 chelating agents FUF AN 2443F Whe F pH 7ol NTA-Fe?] 73--
7} 87%%= 1 780 71 3513031 ditrate-Fe 46%, EDTA-Fe 71%, oxaate-Fe 64%, acetate-Fe 37%2] Z+2}o] #|A
i VERASITE BE, TNT 28 8 Ago] 352 F4A 0% Fentonlike resctions 283k 73-¢, pH 3°14]
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34%, magnetitedl] = 36%2] AE|FE2 Rtk At o] 949 chdating agent 353 2%0] AL o) ¢
3 23kae] Ao A= magenetite 79 pH 70141 NTA 79%, oxalate 59%, EDTA 14%2] AAE&o] S HUL,
hematite 73-- NTA 73%, oxalate 25% 78] 11 EDTA 19%2] Ag]&4-2 ¢tk d2x o7 3345} modified fenton
reection®] HAE]0) ¢ Al 73E §O) LUUAE FRT A FEHOR TNT efd=del 282 7 e 2
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Abstract — There have been large areas of soil contaminated with high levels of explosives. For this experimental
work, 2,4,6-trinitrotoluene (TNT) was tested as a representative explosive contaminant of concern in both agueous and
soil samples and its removal was evaluated using three different chemical treatment methods: 1) the classical Fenton
reaction which utilizes hydrogen peroxide (H,O,) and soluble iron at pH less than 3; 2) a modified Fenton reaction
which utilizes chelating agents, H,O,, and soluble iron at pH 7; and 3) a Fenton-like process which utilizes iron min-
erals instead of soluble iron and H,0,, generating a hydroxy! radical. Using classic Fenton reaction, 93% of TNT was
removed in 20 h at pH 3 (soil spiked with 300 mg/L of TNT, 3% H,O, and ImM Fe(l1)), whereas 21% removed at pH 7.
The modified Fenton reaction, using nitrilotriacetic acid (NTA), oxalate, ethylenediaminetetraacetic acid (EDTA), ace-
tate and citrate as representative chelating agents, was tested with 3% H,O, at pH 7 for 24 h. Results showed the TNT
removal in the order of NTA, EDTA, oxalate, citrate and acetate, with the removal efficiency of 87%, 71%, 64%, 46%,
and 37%, respectively, suggesting NTA as the most effective chelating agent. The Fenton-like reaction was performed
with water contaminated with 100 mg/L TNT and soil contaminated with 300 mg/L TNT, respectively, using 3% H,O,
and such iron minerals as goethite, magnetite, and hematite. In the goethite-water system, 33% of TNT was removed at
pH 3 whereas 28% removed a pH 7. In the magnetite-water system, 40% of TNT was removed at pH 3 whereas 36%
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removed at pH 7. In the hematite-water system, 40% of TNT was removed at pH 3 whereas 34% removed at pH 7. For
further experiments combining the modified Fenton reaction with the Fenton-like reaction, NTA, EDTA, and oxaate
were selected with the natural iron mineras, magnetite and hematite at pH 7, based on the results from the modified
Fenton reaction. As results, in case magnetite was used, 79%, 59%, and 14% of TNT was removed when NTA, oxalate,
and EDTA used, respectively, whereas 73%, 25%, and 19% removed in case of hematite, when NTA, oxalate, and

EDTA used, respectively.

Key words: Modified Fenton Reaction, Fenton-Like Reaction, TNT, Chelating Agents, Neutral pH

LM B

HERA W g (nitroaromatic compounds, NACSRS: <£¢k,
A8, T HA7M, 5k, o T viRFSE 5= ARSE I Qlo] AF
dH ez T F8730] FA tFH L vk 53], gokR Alze] 3l
A olgk o ERA W gk=0] T8 AEE ARE o,
oA vfEhollA] Tiokel o] & b gel S| A AR O R Qlste] AdA|
Z FEHY, AHEE 9% PAREE 50 X o= gt of
o] AR SHA ARgE 0] Aok E B QEAA gt Alckrt, Al
22k AAdo] Ed 5ol o F7lelA] TR B AR 4 G
£ slolR7l 3ol v o] 1EER] 92 A s|FFr], A5t
g, B w3t 507 H1RoEM 11 090] A=l

HEZA #3FE e get 7ador el =49 ¥
qk ol I A =Ado] Aele] ARIAIR e A5 Ak
BeAl] A AR ke & Tlsdo] vt tIEARI sfokE #
Sxlo] 9l 24 6-trinitrotoluene(TNT): 71 Akske FEje) YE=Z
A s =9 eheld, 1 A 5492 w= EPACA dass
c e Y 4R st vk o] B2 s 32 XA
Al theto] AZ ssha W fsAdo] 9 frameshift HolE
AR ByE 3 9lon 7 dZ 2402 B2k WY 2mg o)) TNT
7} Folg ARl 41329 AAEAE F7he &5 AhnEE
2] (bone marrow fibrosis), A% A4S, U)AQ AlxEd
o= etk A7art Haso] 9lom[l], 55k, TNT A4t
Sl TP 9 $3715 Sote] TNTol &9 37387=2A g
°Jl/] hemoglobin W o] W Esh= 5 Q@ a) AHo] Bard vk 9l
TH2). B TNTE 57t Bl d s A 542 AYaL Qo] &
FOoRT s, 3 W Bk ] Aol &gk nFIvH3I). o9}
22 Ag)7el gt S22 Qlsto] v)= EPA(U.S. environmental
protection agency)oll A= TNTE A A2 4 35S (priority
pollutants)=. =573 AE]l 231 3loH[4], &85 Ul TNT 527]
T 0002mg/lL )k AASHA AL Slvt weEkA] A=
A7} kS sl TNTZ 299 B9, A 3E5=9) Aal5 43
o d9/do] tivyal Qi

TNTE tH7) o) ghgtEol Bz o9 A&st FallE $siA
Az A 7)eo] B0 aTw) meby a=Aitslr|e
(advanced oxidation processes, AOPS)2] ©]§-2 &t 7]7+ o] TNT
E il 7 e AER Folth o)A ATl Y] aeA Ak
371422 cadytic ozonation[5], UV/ozone system[6], titanium dioxide
(TiO,)-mediated photocatalysis system[4,7]9} Fenton’s reagent[8] 5
9] A7) 8=

& AolMs TNTSF 1519 S dEE= wEal 350
2 Edsl7] 9k WHleZ AOPs 7|7 F 3l Fenton's reagent
O] A& ALste] BHIT) o= in-situ injection®} pump and treat

siskast H|43H M|1S 200594 22

7)wE AREEte] odE AEet AekrE Agshs o8 T
Bk ofet 4712 AOPs B3 g A3 0H EE A
g 4 U 54F 7 YA, 71 Fenton REGOllA 352 A
AL FAE A3 7Eol w2 pHe dgolA AEH 0w
Agst7] ofgg o] vk wiEbA, T3 pHOM = =2 A"
J& ALA717] S8l chelating agentss: F)ste] dol29 o
A& A7 modified Fenton reaction®] 284 %= =351t} A
7}, 7159 Fenton REE- 484 A RAIR] Selad oA Aol
2o] the] FEHAE SAHoR)E 9 7R Qlnk webA,
B Aol e o 7 F79] AFAS o] 8-35ko] Fentonlike
reectionsr 4880 2H Hol&& tdiAE 5 = 7HeidE vl sl
KO o] 24, Aol AgE FHA F59 setA A7 A
golo] E20 29E EdE sl 242 S BT A8
L, AN 7P a8 o Agd 5 e 7S viel] 9
Blo] 232191 Fenton reaction A2 33T}

24,6 Trinitrotoluene: $173 © 2] 2pA 2] 0= whlw] =] ¢kl =]
Z9 whae) el 74 ghEoln), TNTE sulfuric acids) nitric acid
o] =53} toluene?] 2302 QA wHEo L) o] 3k 246-
trinirotoluene®] T} o]0 2+ symtrinitrotoluene, TNTS} 1-methyl-
24.6-trinitrotoluenec] Ut} 24,6-triniratoluene= A A 0 = ARR-S
T glon, gok AT, W1, Y] 713 D AR TOE AN
S27} AFHEo|t) Tale 12 TNTY 22 3kotd B2 vepdrl.

1-1. Classic Fenton reaction
oju] Wof WA Fenton[9]o] &J3] WAH Fenton reaction A4
A & Ak o] ARgElo)A] 31 Q. 1930t ol Haber?t Weisq 10]

Table 1. Summary of Physical-Chemical Properties of TNT

CASNo. 118-96-7

Molecular weight 227.13

Color yellow-white

State. Monoclinic needles

Melting point 80.1°C

Boiling point 240°C

Odor Odorless

Solubility 130 mg/L in water at 20 °C; solublein

aceton, benzene, alcohol and ether
Partition coefficients

Log K, 1.60; 2.2(measured), 2.7(estimated)
Ko 300(estimated), 1,100(measured)
Vapor pressure (a 20 °C) 1.99E-04 mmHg

Henry’s Law constant (at 20 °C)4.57E-07 atm m*/mole

Conversion factors 1 ppm=9.28 mg/m>
1 mg/m®=0.108 ppm

Source: ATSDR (1995)
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o] 2J3l] Fenton reaction®] SAFsHA|= AJAIE hydroxyl radical (OH-)
& 71EA 07 e 2 Aol dAiE o]t

Fe?*+H,0,=> Fe**+OH-+OH- @)

Hydroxyl radicals= ol5- 2 st AkglA] Fol shto]n], standard
redox potential (E°)+= -2.8 Volts®] 31 OH-8] T2 /7] skghE-3-2] vk
& = oF 10°-10" mol “seclo]tH11]. §7] shgEe] 2ol EA)
g w) OH-2 AgA} A7] 38-(H abdraction reaction) 22 Z1x;
28k 3471 Hk3-(dectrophilic addition reaction)2 J3AIZ 5= Qltt.
kA OHe ¢ &40 7 TNTS 22 nitro-subdituted aromatics
3wl ol)e} chlorinated aromatic, adkene} diphaticsZ F943l -+
ek 7] e AEATE 58E 7B Sk

1-2. Modified Fenton reaction

Classical Fenton reaction -8l &:80] 718 937 |= SA %, 3
AksleaaollA hydroxyl radicds 231717 $gt SHlAIQL Hol
o] KPSk pHe 3-4°]a pH 5 o dolM= d o] B84l 3
HE 2= 4hg) Wkg-go] A Bolxivt, webA Folg 3 pH
AoelA Py gtAl717] S M oR HolF g AR B4
L2010 B Fo] A3 ¥ EDTA, NTA, Oxaate 59 Ligand=
Flato] vz ek AaAE FAsHA sk, o] AFAlE
FAFA Hol 27 T2 S I YT OEH Fenton
reection®] ZEHAE 54 pHE-9) 5 I o)17A HE F 3
tH12].

= tRE 9] Aol modified Fenton reaction 3% 5 Ak
g}A1Q1 hydroxyl radica(OH)°] ©=-0F AME-E 912 A-F-HT}, o]
T Foll A A == 29 A (superoxide anion(O5”), hydroperoxide
anion(HO, ) )7t SAloll A5t 0152 ANk 23l 24
A AAZE FE v T AdSE geuigick

Modified Fenton sysemell A& o7 2] 2] (1)ol| 41 <] hydroxyl
radicalZ A4Sk WS- ol9lol TR a2 Rkgo] Vi&shEr)

H,O,+OH-=HO,- +H,0

HO,<H"+0; pKa=4.8

HO,+0; =HO; +0,

1-3. Fenton-like reaction

£ Adof| M Fenton reactions Q.G7 E=oko] HEAA ¢
AnkA 07 EQF £9] 3-5%9] HHFA o] AREHrt. o] o]8shd
A e s =Y 7 s AR Uy, ARYors
=50) 8 5 S A0 J|Erk B4 Hol& il £ AL
Fohs WS AEs] Hsto] 8 AdolA goethite, hemdtite,
magenetiteS- A3t Fenton-like reactions =331t} o]&f st 4
FAE AReE of ] AgelAlE AFekg-2] 2714 mechanisme] Al
AlEjo] olek. HAl= Hda] £9] Hol o] o] A E Hhg-gh
th= Zloja, ER|EE 3 stolA Axtaugke)] 2gh Fenton-
like reactionel] 2J3l ®kg-o] e = Z-5-o|t). Watts 5[13]>
3R Hhgo] fAIskThaL SH9LL, Kitaima 5 14] thee) Wk
< Aokt

H,0,+S=0H: +OH™+S"

o714, s A9 BdolH, S= HAA w4 T Alskd Ao
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el ARSE 24 6-rinitrotoluene $HA-0] TR0 R S
59 Ful5As Aol (F)atstel] 75l a, FeSO, FeCls,
Fe,(SO,);2+ modified Fenton reaction & el chelating agents® A}
4% ethylenediaminetetraacetic acid(EDTA, 99%)+ Aldrich Co.
(Milwaukee, USA)AFll A 4139 © 0, nitrilotriacetic acid(NTA,
99%)+= Acrosil, goethite(a-FeOOH), magnetite(Fe,0,), hemdtite
(Fe,0y, 2-methyl-2-propand (99.5%), chloroform:- Aldrich Co(Milwakes,
USA)oll Al -9l8kglth. B3k hydrogen peroxide(35%), hexane
(95%), sodium oxalate(99%)+= Jdunsai. Co.(Tokyo, Japan)rtoll 4]
2159131, sodium acetate trihydrate(98%)= Shinyo Pure Chemical
Co.(Oseka, Japan)Z=H-H 7 ARG Sl

22 A

2-2-1.JFoF 0¥ g gl Bk A2

2,4,6-trinitrotoluene®] E-ol thek Lot g og dor g
LEE A3l AFRF Sl acetoned AFEEIG 0N, HEE 0 FE
= dk0]37] 2)5ko] 10,000 mg-TNT/L-acetone?] stock solution

g

& Alzsto] ARgBIon, Q150 4-8-H9] 7-9- stock solution
2 2R 343519 100 mg-TNT/L-waterZ AlZ313 T}

Q1F QUEES] 73-9- A acetonedl] TNTE 3791 & A2 H 2
o] 2] F aoatone AAHZ AA 300mg-TNT/kg-sail A%
aIlth. AT QARG AlFA ] FoR e9Ee] FUHE A5
E A8l Bokou) okl ZHrE TNTE 9% ool ).

RE Agdox] AME 8-A9] A= millipore system AMS-
ato] 18 mQ-cHA] ek THRGTE ARSI B A do)x Y]
FQ% W F el pHY 288 § §2 1N H80,8F 1N
NaOHE ARG8T, 7F A2 832 vhg7] oA Aglon, ja-
testerE: o83l ML 755 dirring 3t T HlRT 02
HE control A3 G2 Asld SRS AMsio] Alxske]
ok YREA 0 2 Hhgo] AlZ o] 5, AT HEE- A|Tto] BEeo] Zh
37125 E 5mlo] sampled 2 ¥ 7Rl H,S0, 50 ulE A
71O pHE 2 of3kE 2A5] HO0E £ vlolx Qg shAl
7o el vhe-5 AskAIZiTh Sampledt FUE 5ml
o] F2A (hexane)S 71t 5 2227 vortex-mixers AR&-alo]
EAI9 §Ao] FH-8] HEBES Sl o]EA FEF TNT=
GC-ECDZE °18 A8i3lrh. mdt, 854 S5 412 ICP-MS
Z o]-&sioict.

2-2-2. Classicd Fenton reaction

TNTE 5221 Fenton W&l ¢J¢t 23] 71535 ERlsl7] 9
3 2 d3lolxe TNTRE ed® 788 A9} £k -9

w212t dglssc.
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O F=goNQl 73-2-: TNT(100 mg-TNT/L-waten)&E 9% =gl
oAl Fell)sh Fellle] He) &4 nlwshr] AsiA 3mM Fe(ll)
9 Fe(IlyS 22 3wt%2] H,0,8 531311 pH 39 7014 Fenton
WS- WA AT Sampling Al7HS WES- AJ&H B 7)ol 37
SHAl HEgo] WeE R 308 YR sk L o|F 1, 2, 3ARE 7
Zo= 3l om, BE Ao wdstA 2= ).

@ EoFQ 739 TNT(300 mg-TNT/kg-s0il )= 2.8 &k 7
= AR 29" EoF 1009 Fenton reagents(1 mM
Fe(l1)+3wt% H,0,) 400 mLE F-4J3te] ¥he-& Al&et - 5dsh
AlRFe] BE5=0] samples: o] 2 O E FESIITh 0H B
9] 73 FelllyE AR Fatd 09Ee] @it a9
7k ol AN =2 Fe(ll) tial Fe(lllys A8kt 12].

2-2-3. Modified Fenton reaction

TNT(100mg TNT/L watenT . G% =3-doll A Fe(ll) o] F+=
chdaing agents=. nitrilatriacetic acid(NTA), ethylenediaminetetraacetic
acid(EDTA), sodium oxalate, sodium acetate, sodium citrates A&
3lolrt. ZF2ko) chelating agents®] A 2] f8-5 dolrr] 9184 pH
3, 75 A5l on], BE WhEAIREE: 24X7E0 % Sl 4249
Hol 23} ligand?) #$HH]= 3mol : 9molE &St

2-2-4. Fenton-like reaction

A EoF el oF 5%9] A3 [15]0] gHrHol s HoR
a4 9159 = Fenton reactionl] E 238t iron ion thAl 115 2) 5%
9] #H3-4] (goethite, magnetite, hematite) 0= F-9]5191. 0.1, H,0,
3wt%s F941] Fenton-like reactions 5313t 099 &
(100 mg-TNT/L-water)e] 739~ pH 3, 704 24X)3F Fk §ES-A|
7 sampling A7kl w2} samples: F&3to] 24181900 S 9E =
%F(300 mg-TNT/kg-soil)e] 7d-9- pH 304 2447k &<k WA A
sample ¥o] FEato] A5k

2-2-5. Combining Fentor-like reaction and modified Fenton reection

£ Ao 4= Fenton-like reaction, modified Fenton reaction]
IRe 2dato] AN 28 7hsd Al 71 e fAsto]
thEo] AAE FastA ot o] Ao pH 72 23
], A== 5% FH4 (magnetite, Hematite)S AH&-519.0H
chelating agents= NTA, EDTA 78]3L oxaateZ AFR-8I9 01 ©]
] AP ligand?] EH|E= 1 30E Feith LEEY &
T 300 mg-TNT/kg-s0il ARE-8121.01, H,0,9] FEE 3wt%
slo] 24X3F F_F HESAI T

2-3. Chemical analysis

=gyl Eoko] @ @¥ TNT= EPA Method 833001 2)A3)
hexane®. 2 FZ3FATh TNTQ H5E4)-2 EPA Method 80951
Jslx] HMAEE E7](dectron capture detecter, ECD)7} &%
HP-6890 Gas Chromatography & AH8-3+91 2.7, 0.53 um(i.d)-6 m
RTX-TNT column AR&3k5337, ovend] 27|25 80°Col™ %
& {5 180°C7AE 10°C/mine] YAl ©1F 30°C/mine & 52
A7 HAF &S 300°CE BI9lT).

3 4 Au 3 nF
3-1. Classcal Fenton reaction
2 HAEL TNTZ 9% 4~8-dollA] classical Fenton reactionel]

siskast H|43H M|1S 200594 22
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oJate] Eall 7hsdw @la] AsiA Agskdnh Fg. 1(ae
3wh% H,0,% 3mM2] ferrous ion(Fe(l1))} ferric ion(Fe(lll))
Zyzy A == AREHS 735 classica Fenton Hhe-of 2J3H TNT
AA &S e 7o)t Fe(ll) sysemel A= pH 3¢A] 244
7k B3 95% o)k TNT AA a8-2 BTt Felll) systemel]
Ae e AT 270004 83%2) &S UERISITE. Burbano
& [16]:> MTBES] E3ficllA o)9} Hlzdh A5 #&6lGitt. I+
IAZE ool Fe(ll) systemell Al MTBES] AlA &8&-2 97%2k1
LR iy

Fe(ll) sysemz} Fe(lll) systemell~] pH 3041 72 273319 72
*(Fig. 1(b)), TNTS] AA FH2 10% n|vkoez A3 ozl
o 2 Aol o] 98] WellA ¥hg-2 control HES-7]oll X2l =
Al ZFol7F STt o= pH 4 o) dellx] gl owRE A a7l 3

1.0 Q¢

~°¢~¢-»°"¢=="==6~===:¢-=-=::¢::::::;;_3g .......... s .......... &‘.::::::::4
(@)

0.8 -

0.6 1
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04 4

024

08 (b)
06 -
o
Q
o
04
—— Fe*
—— Fe*
02- -~ Fe? Control
-4 Fe* control
00 K : ; ‘
0 4 8 12 16 20 24
Reaction Time(Hours)

Fig. 1. (a). The effect of Fe?* or Fe>* on degradation of TNT by Clas-
sical Fenton reagent. Initial TNT concentration of water was
100 mg-TNT/L-water. Reactions were conducted with 3%
H,0,, and 3mM Fé&*, or Fe** at pH 3, (b) The effect of Fe*
or Fe** on degradation of TNT by classical Fenton reagent.
Initial TNT concentration of water was 100 mg-TNT/L-water.
Reactions were conducted with 3% H,0,, and 3mM Fée*, or
Fe* at pH 7.
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Fig. 2. Effect of pHs on dassical fenton degradation of TNT contami-
nated sand. Initial TNT concentration of sand was 300 mg-
TNT/kg-soil. Reactions were conducted with 3% H,0,, and
1mM Fe** at pH 3and 7.

off tigk AA ZEE ol HAskA Hrt

TNTZ 039 Eoko] -9 3%2 H0.8+ 1mM2] Fe(lllyE pH 3
T} 74 277F B9 HES-AIZL S Fig. 20 VERA2IcE pH 39
A= 93%0] AA JE&S HYA, pH 704E 41%9) Faes
ERI2ITE. o5 Watts 5[17]9] AFolA 28% EFA PCP2 A
A7} pH 2-314] & o]&& ©]-&-3F Fenton reagentol] 234 Lo
dohs A3 AA 8], 3, Waits S[18]2 £9F2) bach Aol
2% hexachlorobenzene®] 315 F1IA17]7] fleiA A o] 23
H,0,& ©]& 7F&sitke Zia Baulglth.

o]# 3k Watts 5 [17-18]2] AT-=5H 2. BH EoFoIx 9] Fenton's
reegent?] 482 AAE 7HsAo] B A7 Vg vERdth
B 2 AT pH 2 AA 5&E G409 548 1
AR pH 70lME= JZ&0] o] AT ol AAl EokeA]
pHE 3 o]l Bojra)= 212 i) EokY buffering capacity
ul-Eol o} o] Yol e, pHE WHTE A2 UE &9
o|A] %= FEE0] HE5A0E d 7ol Ylo] olz|e B&5EY]
A3kl olFo® /st F53E AL U2 = 9t o]+
3k o]f-= 1M classicd Fenton reagent®] in-situ #2]& 430
2 7FsAe] Fvlsitt.

HEojA] HO8) WhE-3le] OH-& A1 = Q7] el @9+
= 7}
73

3-2. Modified Fenton reaction

%1%& 221 Fenton reaction?] pH 2&44-& =5sl] Ysto] 53
% modified Fenton reaction 28-S 43k 7= thx Fig. 3
9} Fig. 3(b)ell YERNIT). Fig. 3(b)elA NTA-Fed) 74-$-oll= pH 7
oA 87%2 AA Z&E JERNL, EDTA-Fe= 71%, oxdate-Fe
= 64%, citrate-Fe?] 74-9- 46%, acetate-Fe= 37%%] A|A &
KT pH 3(Fig. 3@) % ol9) Hlsest A3E vehd 212
Azkd 2o Fef= v B2 pH HYolA 2Ao] Hojutl= A
oulsitt, Wb vhEo ARERE A AgEdEE A Tl
syseme NTAS} EDTA, oxdaeS AR5t 7-5-0]v, o]& 2529

' mlo

+

N
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Reaction Time(hours)
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Fig. 3. (a) Degradation of TNT contaminated water with modified
Fenton reaction as effected by chelator (NTA, citrate, EDTA,
oxalate, acetate). Initial TNT concentration was 100mg TNT/L-
water. Reactions were conducted with 3% H,0,, 3mM Fe*, and
9mM chdator at pH 3, (b) Degradation of TNT contaminated
water with modified Fenton reaction as effected by chelator
(NTA, citrate, EDTA, oxalate, acetate). I nitial TNT concentra-
tion was 100 mg TNT/L-water. Reactions were conducted with
3% H,0,3mM Fe*, and 9mM chelator at pH 7.

Fenton reaction®] pH 7¢l1419] AA=E7 nlwsl KW, Fg. 1014
HQl hydroxyl radica®] A&2Q1 WS 54 pH <A77 =g
T Aes g1 5 AT S, 54 pH Gl S] ZAZQ TNT
o] Bz} o]Fo)d 4= 90 7)E9] Fenton WO W o=
AAR Gk pHAA O] A a&-S FIAD 5 Ak

3-3. Fenton-like reaction

Fig. 4@, (e 299 T84 79 goethiteH,0, systeme]]
A pH 31 739 33%, pH 7]1 -7 28%9] AAEES BgoH,
hematite-H,O, system?] 73-$- pH 32 v 40%, pH 721 73-%- 34%| 4
T} ®Eg, magnetiteH,0, systemellX= pH 3004 40%, pH 70l
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Fig. 4. (a) Destruction of TNT in water by Fenton-like reaction using
iron minerals (goethite, hematite, magnetite). Reactions were
performed with 3% H,O, and 5% iron minerals (goethite,
magnetite, hematite) at pH 3, (b) Destruction of TNT in water by
Fenton-like reaction using iron minerals (goethite, hematite,
magnetite). Reactions were performed with 3% H,O, and 5%
iron minerals (goethite, magnetite, hematite) at pH 7.

36%2] TNTZ} AlA= ). Vaentine} Miller[19]01 2131 goethite
O] 5 Arkslga9ke] whgell gtk 24 £ 3 0.0016M s
olH KitgimaS[14]0] &Jahd Hematited] 73-9= 24 5 Ak}
0.037M1s9) o7 Byl Q). Ak, 2 AglolA goethite-
H,0, system®] TNT A&]s&°] hematite-H,0, system Rt} t}i
Holx)= A2 hematite 2! magnetite-H,0, sysemsms HH5-4: 1= AF
T8 o] ¥h39 Fx AR G T T 2%lo] 9l
£ 0% ek, 35 olof tjgk Ago] g Aot

TNTZ 299 Eods= pH 32 u] A2 E&-2 goethite/H,0,
sysemell x| 28%, hematite/H,0, systemell*] 50%, magnetite’H,O,
systemellA] 31%2] A7 555 HITHFg. 5).
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Fig. 5. Destruction of TNT in soil by Fenton-like reaction using iron
minerals (goethite, hematite, magnetite). Reactions were per-
formed with 3% H,O, and 5% iron minerals (goethite, mag-
netite, hematite) at pH 3.

O =3k 2=

o]&35l0] Fenton reactions 58 = 91802 @AoA Hr} A
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3-4. Combining Fenton-like reaction and maodified Fenton reaction

Fenton-like reactionz} modified Fenton reaction2 A3t & 7]
H2 e AE2] Ao 9lo] AEL AT WHo|t) 7]E AdA
1 77 895 NTA, EDTA, oxdateE chdlating agents®. ©]-g
ala, A S Fgadlo) A TNT AHES0) = magnetited)
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o] ®Roith WA, A magnetiteS ]85 AAEE AFAI=
TS Fig. 6@l YERHSITE. 242} pH 7641 NTAS] 73-9- 79%, oxaate
9] 73%- 5%, EDTA] 7-%- 14%2] TNT AA7} 7Fsge] 1531
v}, 3, Fg. 6(b)e = hematite= A S ARESE 73901 NTA
73%, oxalate 25% 18|31 EDTA 19%2] A& a&-2 A}

oA B A Ak A TNTR 299 589 2 B9k 9l
o] I ¥35+4=9} chelating agents®] TUREO R 7]E Fenton G-
ol =2 AALEY FAE Y3l A= R B pHE Al
A &Ao" Agep] ofed E FES 54 pHAAE =
S AASE AL = olon], gk A BEoF Fol| A8 A
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At

4.4 B
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(1) Classic Fenton reactionel] oJgt §-ef] ©HH TNTS] A
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oA Eoko] 9ol 93%) AMEES Bth o]y d A=
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Fig. 6. (2 Combining Fenton-like reaction and modified Fenton reac-
tion of contaminated soil. Initial TNT concentration was 300 mg-
TNT/kg-soil. Reactions were conducted with 3% H,0,, 3mM
magnetite and 9mM chdating agents (NTA, oxalate, and EDTA)
at pH 7 during 24 h, (b) Combining Fenton-like reaction and
modified Fenton reaction of contaminated soil. Initial TNT
concentration was 300 mg-TNT/kg-soil. Reactions were con-
ducted with 3% H,0,, 3mM hematite and 9mM chelating
agents (NTA, oxalate, and EDTA) at pH 7 during 24 h.
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