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Abstract

Environmental contamination by organic compounds are not only restricted to water, but extends to soil and groundwater as well.
However, highly oxidized compounds, such as halogenated organics and nitro-compounds, can be detoxified employing reducing
methods. Permeable reactive barrier is one of the representative technologies where zero-valent metals (ZVMs) are employed for
groundwater remediation. However, organics contaminates often contaminate the unsaturated zone above the groundwater. Despite the
availability of technologies like soil vapor extraction and bioremediation, removing organic compounds from this zone represents several
challenges. In this study, the reduction of nitrobenzene to aniline was achieved using zero-valent iron (ZVI) under unsaturated conditions.
Results indicated that the water content was an important variable in this reaction. Under dry conditions (water content = 0.2%), the
reduction reaction was inhibited; however, when the water content was between 10% and 25% (saturated condition), ZVI can reduce
nitrobenzene. Palladized iron (Pd/Fe) can be used to reduce nitrobenzene when the water content is between 2.5% and 10%. The reaction
was evaluated over a wide range of temperatures (10 — 40 °C), and the results indicated that increasing the temperature resulted in

increased reaction rates under unsaturated conditions.
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Table 1. Physicochemical characteristics of soil used in this work

Form clay slit sand I CEC organic matter void volume
(%) (%) (%) P (emol/kg) (%) (VIV, mL)
Sandy clay
20.08 19.34 60.58 8.5 21.74 1.6 10.0/13.6
loam
Na K Ca Mg SO~ PO/ NOy
(mg/Kg) (mg/Kg) (mg/Kg) (mg/Kg) (mg/Kg) (mg/Kg) (mg/Kg) (mg/Kg)
65.40 3,024 1,159 7,118 52.20 49.40 0.1 36.8

sk oEdel AL Stk a0 sy
99%, J.T.Baker, USA)2 AR5t} Aldof] ARSH 3
QA= vlo)mE F7)2] ZVI(=95, wako, JAPAN)2}
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Ao AME ERS FARAY] BERo R, AR2olA
10 =0t A%3199.2™ 10 mesh AAE 3t & AL8s}
Sk kol tht ApAIEH 5242 o Table 13} 2t
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87)%= 250 mL Hw]e] 2 ALtk NBe)
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YAE Fdsto] W& f=5131ck. NB2FHCA 2 7
AME(AN, PCE)2] #210] olat 932 2 Aslal] 9Jsl
o] ¥-8-8719] headspace = X|A3f513] o, A& A5
= mininert valve®2} glass syringe & A8-5}0] 434515
o A2 Al SRES Bl slo] oo 2o
11 &3 3, 225 4ujE B8 X752 39t 2+
I3 2319 xJgler AAAES NaHCO; 5 mM, CaCl,
2 mM, MgSO, 0.3 mM, KC1 0.2 mMo]t}.
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Fig. 1. Reductive degradation of NB and HCA in aqueous solutions and unsaturated soil (10% water contents).

a

=
=

3.

Zn

%3
kI

3.1 =8dat 10%
HCA &=l
ZVI9} Pd/Feo] 2J3F NBLFHCA 2] 3HlE
A T Alokrde] 8901} oF 10%2] 423t
Fe 7 B EgellA 247t ZI35IeIc:. NB
O] 7§- St AJslgs 2ol 242} oF 18 hret
13 hre&] Y715 7AW &= SckFig. 1). SR
AR} tpefet o] 2o] 3k RSl dolA &k
7} R, o= o] 28] ZAY & QIgh Ho| AkS} = LAY
50| FXIE Ao] glo = HekETh 10% 722 B
Z7of|M % HRGEETE 4=8f Aol vlsl| ejRqt, oF
48 A7 HRgollA ZVIC] 7-9- 18%, Pd/Feo] 74-¢- oF
22%°] NB A A7} = giek vkgo] ZIsiee] wket
SIS EQ] AN Ago] ztE|glom, EAAE

TR Xl EA0IM NB,

st ulmAl

NB&} AN g1=0] gho2 AWk 749 8 vsoll
A 2F90% opdel EdAZE B Ao e
10% =2 B4 7% oF 80% F=o] ZAsAE
Hof 3)dof| ofgt o] Fx) ghom ghelEsfe] ofgt
AR = HCA= ofgt2o] d47) 671 4]
S th3pA] aA| e AR Sl g a3 o)
/go] Hrk HCA= NB&} FUgt 2204 helisl] =
o, ol d AR O, HEe<Eies T NB
of Bsf W=tk HCAL 8ol A v} e
™ 10% 2ol Bt e geisll 7isthe B
ol ZVIo]| 23k Rgof wisf Pd/Feof] ofet wk-e<
L7t e5s] WaEn ols Hehge] Fufakgo] ot A
olet wehet). ghelik-eA/d== PCEZF &%, NB
O] 75 SAFARER] ANo| 371 IEs T &7k
ot A= o PCES] ¢ F7 el <lslf ghe
371 7Fsst7]ofl Rkgo] ZgiEol et 4/4dH PCE



A7lE S o] g3t BasldjolA] 57 1E20] 3114 B 81

1.2

1.0

0.8 §

0.6 §

—@— Control
—A— 0.2% water content

Nitrobenzene, C/C0O

041 —— 2.5% water content
—W¥— 5.0% water content
0.2 —@— 10% water content
0.0 -
0 5 10 15 20 25 30
Time (day)

—@-— Control
—A— 0.2% water content
—l- 2.5% water content
—W— 5.0% water content
—4— 10% water content

B 7 1
0 5 10 15 20 25 30

Aniline (by product from NB), C/Cj5x
o
o

Time (day)

Fig. 2. Reduction of NB by ZVI in variable water contents of soil. (temperature: 20C)

3 PR} o)2olA

. Ol tiFRe] 7|E At
7 Al W 4o dollx] Ehelikgol EEsiy
o|A] Qs 42Eo] glom g Bylsirtal wisle] 2
HE|A] Qo) G- o] A A RS0

7FedE Hojerh

3.2, ZViofl oI5t NBO| g2 EaI=5H (0.2 ~ 10 %)

Sgolitol| A o] FRAEENIS-2 G7 IS oA
AAE AdRron, FAof 0]k 2|3Hkg-S F5t
HhSoR HRECk NB2| 749 ANOR e,
HCA®] 7¢- daantgo] AATLgo R dojuhm A
-eliminationo]] &J&)| 25-2go] A= PCEE AJAJ3t
tKKim and Carraway, 2003). o|2]g} Hk3-& 2 o] =
A7} ast7]o] ASHE oA Bt -golatA vkgo] %1
St} et o A} Zingaretti -5 A18Yd-t 4wt
of| oJat ExsltolA|w Fhukgo] 7hsahe ol
At 2 Aol A= NBE tdiEAR AXREY 2719
7WRE- 0.2% et 2.5%, 5.0%, ESjeReko] oF
40%21 10% F=&-2] EQol|A g3 A E )
ol T1(Fig. 2)0]l Hi= HEe} 720] 0.2%2] T=gollA]
£ Wheo] A9 dojubA] ¢hgtem 2.5 ~ 5.0%2] 735
Z7HEg0] Pofskont X|&do] HEsgie). J7pEat
HERINB2 BEZo] YojuA|ul, =5glao] Zof 2|4
221 §hgo] dojuz] gk Ao & giehert 10%2] g
T89] 739 vhg& w7t 7ol 8 ool RhSo] £
FRECE 8UTT] HESAES HES-2E o831 Ao
A Bl 7] AZEO R AR 4= glont B E X|a}

golrte Askee] B0 e =l
i3] 38 7T R ARl
‘=R ANo| A= SHH AN9| &
NB2] ¢F60% Ho|r 24 60% %42 NB
sfjo]] ofsf) A" Ao ket 4= Qlok. APEvE B
of Frgo] W - HeSEe e =2 sk
o] =fA| ot ] o] EAID -
HESo] 7hedhe Hojeth & w2 A A3Eo] A
S e FdRksHAle EoHiRl skt
ohujet FaEsfHjofl A e A o] EAfE 739 At
Jem, o= AaA e YelERA e
T B2 Ao digh eedEsha Aol A8

ek

3.3. Pd/Fe0] 25t EY 20| WE NBS| 2HA
2t

Pd/Fei=ZVI 3EHol| 25K 2F0.1% olsh ] Frla<;
¢l PdE "5t} Shelialiikgol Srfksel ofs) &
=5 gt Ao E tapo] AYPAT7F WHE G =2
oA = ZVILRe] vlakE ffal EoFe] aEgtol| ut
£ Pd/Feo] &Jgt NBE] 2hl2af w82 Atsisitt
(Fig. 3). 0.2% 3=gol|A] Pd/Fed AMESIAE ZVIQ]
752 ARSI HEgdo] mi- ol NB 2] A|A7} of
LA] okt 2.5%9] 8:9] 79- ZVIof| vsl} Pd/Fe
= - =2 RS Kol 300l AA 5]
E|Ack 5%2] 0] 79 4ol 99%2] NB7 A|A
=l om FUTH SEgollA] ZVIZE ul - W2 RS

filo
oN
iy

ol
-

2
e
bl

52 o
=

19
25

£
oz

i

e e

dl)

1©

T
P
L



82 AEAd - A3 - 4
a
1.2 1.0
1.0 D P
o ros g
o o
L
O o084 o
P L =
c 0.6 g
)
N 0.6 =}
5 3
g —@— Control r04 =
2 0.4 - —O— Nitrobenzene, Pd/Fe o
= —2— AN (by product), Pd/Fe 2
P4 ro2 =
0.2 “Z
<
0.0 At A . . . 0.0
0 5 10 15 20 25 30
Time (day)
c
1.2 1.0
1.0 <>é
o 08 g
g Q
O 0.8 o
o L —
c 0.6 3
o
N 0.6 _g
S —@— Control loa ©
P 04 1 —O~ Nitrobenzene, Pd/Fe * a8
o0 —A— AN (by product), Pd/Fe -
x o
2 L =
02 0.2 E
0.0 T T - . ® 0.0
0 5 10 15 20 25 30
Time (day)

ox

2
o

r
of
"

o
o
of,

Hot

o

x

s £

Q o

o o

e =

o

e E}

c T

2 e

g =
=

= K]

=z —@— Control >

<

—4— AN (by product), Pd/Fe
0 5 10 15 20 25 30
Time (day)
1.0

s

o 08 g

Q [$]

o )

[ —

c 0.6 2

3 E]

5 3

S 5

= —@-— Control >

= —O— Nitrobenzene, Pd/Fe 0.2 S

—~/\— AN (by product), Pd/Fe ) E

: : : . 0.0
0 5 10 15 20 25 30
Time (day)

Fig. 3. Reduction of NB by Pd/Fe in a variable water contents. (a: 0.2 % water content, b: 2.5 % water content, c: 5.0 %

water content, d: 10 % water content)
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Fig. 4. Reduction of NB by ZVI at variable reaction temperature and variable water contents. (a: 0.2 % water content, b: 2.5
% water content, c: 5.0 % water content, d: 10 % water content)
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