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Movement and Transormation of Nitrate in Soil by Non-uniform Electrokinetics
LUO Qi-shi , WANG Hui , ZHANG Xi-hui , QIAN i

(Environmental Smulation and Pollution Control State Key Joint L aboratory , Department of Environmental Science and Engineer-
ing, Tdnghua Univerdty , Beijing 100084, China)

Abstract : Movement and accumulation of nitrate in il and groundwater has become a serious threat in many cities and agricultura
areas. At the same time, gplication of nitrate as bacteria nitrogenous nutrient in the irrgtu bioremediation of ome organics polluted
dtesis often required. Laboratory experiments were conducted to examine the feashility of usng non-uniform eectrokinetics
(NUEK) to control the movement of nitratein unsaturated soirwater sysem. A natura il taken from woodland was used as experi-
menta il. Three eectrokinetic processes were tested in bench-scae cdlsat a congtant potentia gradient of 1. 0 V/cm: unidirectiona
NUEK , NU EK with periodic polarity-reversa , and conventiona uniform dectrokinetic (U EK) . The tests showed that NU EK drove
NOs through the experimenta il at arateof 13.5 20cm/ d depending upon the concentration of NO; and the distribution of dec
tric field densty. Compared with UEK, NU EK process more dfectively concentrated and retained NO; close to the anode. More
over , NU EK process mai ntai ned il characteristics and consumed much less eectric enegy. Reversa the polarity of NU EK weakened
the concentration of NO; to dectrodes, but it simulated the tranformation of NO; to NO; and further lowered the eectric energy
consumption.

Key wor ds:non-uniform eectrokinetics; nitrate; movement ; tranformation; il

( )
(UEK)
Texas Runnes NOs . )
233mg/L , NO; UEK
314mg/ L1, ’ ’
, [7’8] 1 1
[2]

(NUEK) ,
UEK NUEK NUEK 3

[3] NOs ,

:2003-03-26 ; :2003-06-30
* ' (1970 ),

[4 6]



2 99
. NUEK 2kg, 400mL ,
NO3 (24cm x 10cm x 8cm) ,
0. 1kg/ cm? 12h, ,
1 24cm x 10cm x 5cm ,
17.5%, 53 %.
1.1 ( 1), 5cm 0.5cm
, , x9cm x 4cm ,
2mm . 1. , 8mL 200mg/ L
:DX-100 , HNO3 . ,
Dionex 1 S$25 pH ; UEK
WY K-603 , ; NUEK (0.5cm x 10cm x
, ;L G10-2. 4A . 7cm) ( x  =0.5cm x 7cm)
. 20cm, 20V.
1 24h. 2h , 1, M5 M9
Tablel Mgor characterigticsof the tested il ( NUEK
</; - 11./21% Im?g ! 8.10 ) Sem - 9m;SH W
2 10 5.01 I % 0.0306 ( NUEK
10 50 7.00 /g-kg ! 5.33 ), 5cm 9cm.
50 250 63.31 || CEC/cmol- kg™ ! 11.25 0.3g, 2mL , 10min |
> 250 13.47 | % 33.0
0.49m NOs
1.2 NO3 ( 1) .
_ b.oem—5.5em——l—— 4.0em —I|——5.0cm——— 5.5cem——h.0cml
lcm| i
T” T s O N
sem L BCAREARATE
%"‘O """"""" O T O <
" i i 7 f
_I_ CR%E®B) L
1 1
Fg.1 Sampling point layout for test 1
1.3 NO; ( 2 2 2
, 24cm X Table 2 Operation conditions of experimenta celsfor test 2
18cm x 10cm. NaNOs (100mg/ L)
=100 20 24cm x 18cm % 6. 5cm G VEK
( 1), pH NO; c2 NUEK
. 0. 5cm x C3 NUEK 6h
16cm x 9cm , x  =0.5cm x 9cm.
1. 1.0vV/cm, , 6cm 3 (
3.5d. 3 , 0 NUEK -1 +1
2. 0 , NUEK )
3cm 7
' NO; pH 2, .
U , 1.0cm x 1. Ocm X



100 25
6. 5cm. 29 , 0.01mol/L , pH pH.
Cadl, 10mL 1.5h, , (105 )
0.4 m , NOs3 )
_ HEK B X
30cm| [} 30cm  30cm 30cm  30cm 30cm  3.0cm
_| RO . L e o
6.0cm : i : /ﬁ
i i } ‘
-|l® -t o
| | | | RO N
6.0cm i i 1 R R R
_I_.. . .1
w _____
| 20.0¢c:n |
2 2
Fg.2 Sampling piont layout for test 2
) NO3 UEK
30 %. ,NUEK NO3
2.1 NO3 UEK . 4 , UEK
, NOs M5 S5 NOz
[7.9] 3 , , NUEK M5
NO; (mg/L)  24h NO3 5
NO3 ( ,24h M5 NOs 53
) , 46 %. , NUEK
NOs NO3
1.o0v/icm NO3 NUEK M9 S8 NGs
UEK M5 M9 S5
20.0 18.0 20.0cm/ d, NUEK
NO; M5 M9 S5 9 ——N-M5
—o0—N-S5
20.0 18.0 15.0 13.5cm/d. , —a—-M5
L] NOé o U_SS
-——I———N;Mg
UEK NO3 —o—N-S9
( M5 S9) ) , ---e---U-M9
NUEK NO; ( M5 i
0 3 6 9 12 15 18 21 24
M9 ) , ( s EATH I /h
S¢) ) ,NUEK 3 NO;
NOs Hg.3 Changesof NO3; with time at different sampling points
J d 2.3 NO3
NO3 , NOs
(71 ’ 5
2.2 NUEK NOs ' NO;
NO3 (NOs3 / 8.3 g g. ,
), 4 4 NOs ) )
UEK NUEK M5 g NOs U g . 5 3.5d C1
( 3, NUEK 24h C3 NO; UEK(C1)




Fg.6 Trandormation and baance of NO3 inthe Cdl 3

2 101
30 -
—— N-M5 ) NOz UEK
——N-S5 NUEK NO3
—4&—U-M5
—a—U-S5 , 2 NOs3
—&—N-M9
—o—N-S9 :UEK -10 +1
e 3 NO; 3.5d
0 3 6 9 12 15 18 21 24 2%, NO3
IE4F I )/h 97 %: NUEK 0
4 NO3z NO3 ,3.5
Fg.4 GCommulative NO3 migration through different sampling points 512 %, -1 +1 NOs
,3.5d 73 %. NOs
Y\ HB 53 z 4 -
§ Cl: ¥y5azh % NUEK NO;
. . ;’§ﬁ | UEK 7.
© NS _
s Ny T P )+ 6. 0Oh NUEK (c3)
) VG & o &/0 -
WL 0 2 NG
, NOs3 )
C2: ey s % NUEK NOs3
1, NO3 NUEK
N 20cm/d, 6h NUEK NO;
5.0cm )
2.4 NO3
Cl C3 NOs )
e Cl C2 C3 NOs3
N 27% 54% 52 %, NO;
C3
' NO; :
A BRI AR (¥ AR A B OUL) ) ) )
N03 NOz NO3
° " ( ), 6, c1 2
Fg.5 Animpact of different EK on satid distribution of }
- ) NO; . , NUEK
NO;3 in the tested il ) )
NUEK (C2) , NO3; NO3 NO; .
-1 0 +1
15.0
_ | ems— (0 C—/ NOy
® 120 | ez NO, | ez NO,
%a ---0---%]]#6[“037 ] ---0--'%‘}JﬁlﬁN03
E{ 9.0 L
iﬁ T
%“ 6.0
#
S 3.0 L %
Z :
0.0 2 s s ) s % L 1 ' 2
0.05 0.35 0.65 095 0.05 0.35 0.65 095 0.05 0.35 0.65 0.95
B BH B 1 AR o7 B (X/L) 6 BH AR AR X B (X/L) 2 BF 4% AR X4 (/L)
6 C3 NO3



102 25
: (C:-10 +1 pH
[11,12]: , pH
HNO3z; + 26 —— HNO, + H,O (1) 1.7 3.9;3.5d pH 0.5
, NUEK UEK 40 %. ,
NO3 NUEK 0 pH
(c2),
2.5 pH 1.9 4.3,-1 +1 pH
2.5.1 pH , :3.5d pH
0.5 NUEK
16 %. ,NUEK pH
1 2H,0- 48" T 0(g) +4H" (2) UEK , NUEK pH
: 2H,0+2e" —H,(g) +20H" (3 UEK .
H+ OH" (elec 6. 0h NUEK (C3) y
tromigration) : pH 0.5. , NUEK
[7.8] NUEK pH 7
, NUEK pH
Cl C3 NaNO; 7 pH, NUEK
N ;
CcL C3 pH 7 : H OH
[12] [13]
,UEK pH Lee :
12.5
—e—-1 ——-!
11.1 —n—0 —A—0
—0—+1 —0—+1
z 97 ---0- - Y)th ---0- - Yt
[=%
8.3
¢ B=fB=R=R=R=Q=
6.9
C2 C3
a
5.5
0.05 0.35 0.65 0.95 0.05 0.35 0.65 0.95 0.05 0.35 0.65 0.95
215 R B () AR X B OX/L) BE B AR B A B OUL) 96 BEAR H AR 4 B OUL)
7 pH
Fg.7 Hfectsof different EK processeson il pH
H* 23 %. ,NUEK
2.5.2 UEK NUEK
’ (C3) 1 t
(electroosmos 9) , , NUEK
Zeta [12]
8 , UEK(C1) NUEK(C2) 2.6
Cl E, = -\]/*J' Uldt (4)
3.5d 4.5%,
0.5% UEK , Eu (kW - h/
41%; <2 0 m’) ; Vs (m’) ;U (V) ;
, 1.9%, [ (A) ;t (hy. 9 c1
3.5d 0.5% NUEK C3 9 ,UEK



103

—-1
R N—}
—o0—+1
---0- - - Wl

-0 - ¥tk

C2

0.95 0.05 035 0.65
B PRAR () AR XL B QUL)

0.05 0.35 0.65
B PR AR AR B B VL)

8

Hg.8 HEfectsof dfferrent EKson wate: content in thz1esed il

(c1) , NUEK
(C2) 6. 0h NUEK (C3)
( K) .3 K
‘Kuek = 5. K nuek = 8. & inuEk -
, NUEK UEK
, NUEK
NUEK

1) ,
NO3 13.5 20cm/d,
NO3

2 NOsz

, NOs
NO;
NO; , NO3

(3 : pH

pH
pH 1

(4)

(5) :

[1] , , PNEN

0.95 0.05

PR |
| —A—20
—_—— +1

IRRRCIRRE

100

o0
(=]

Cl: y=27.05x

(=)
[=]

H
(=]

C2: y=5.41x

¥/ (kWh)ym 3

L /C3: y=3.08x

N
[=]

C3

0.35

3 4

0 1 2
EfTIE /d

0.65  0.95

B PR b AR ZF (VL)

[2]

[3]

[4]

[5]

[6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

9 C1 C3
Fg.9 Commulative eectric energy
consumptioninthecdlsCl C3
31 ,
2001, 20(4) : 94 102.
) ) [J1.
,2002,20(3) : 13 23.
Romantschuk M, et al. Meansto Improve the Bfect of in Stu
Bioremediation of Contaminated Soil : An Overview of Nove Ap-
proaches[J]. Environmentd Pollution, 2000, 107: 179 185.
Acar Y B, et al. Hectrokinetic injection of ammonium and sul-
fateions into sand and keolinite beds[J]. J Geotech. Geoenvi-
ron. Eng. , 1997, 123(3) : 239 249.
Thevanayagam S, et al. Injection of nutrients and TEAs in
clayey ils usng eectrokinetics[J]. J Geotech. Geoenviron.
Eng. , 1998, 124(4) : 330 338.
Harbottle M, et al. The use of dectrokinetics to enhance the
degradation of organic contaminantsin ils{A]. In: Proceedings
of EREM 2001, Karlsruhe, Germany: 2001.
Alshawabkeh A N, et al. Bascs and application of eectrokinet-
ics remediation[ A]. In: Remediation Engineering of Contami-
nated Sils[C] , (eds.) WiseD L, et al. New York: Marce
Dekker , Inc. 2000.
Virkutyte J, et al. Hectrokinetic il remediation ——critica
overview[J]. The Sdence of the Totd Environment, 2002,
289: 97 121.
Ed N, et al. Hectro-migration of nitrate in sandy il [J]. J
Hazard. Mater. , 2000, B79: 133 149.
Acar YB, et al. Enhance il bioremediation with dectric fields
[J]. CHEMTECH, April , 1996: 40 43.
Gent D B. Hectrokinetic movement of nitrate and acetate
through natura ils for in-stu bioremediation[ D]. Misdssppi
State Univeristy , 1998.
[J]. , 2001, 12(2) : 249 255,
Lee HH, et al. A new method to control eectrolytespH by cir-
culation system in eectrokinetic il remediation[J]. Journd of
Hazardous Materids, 2000, B77: 227 240.



