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Movement and Transformation of Nitrate in Soil by Non uniform Electrokinetics
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ing , Tsinghua University , Beijing 100084 , China)

Abstract : Move ment and accumulation of nitrate in soil and groundwater has become a serious threat in many cities and agricultural
areas . At the same time, application of nitrate as bacterial nitrogenous nutrient in the imrsitu biore mediation of some organics-polluted
sites is often required. Laboratory experiments were conducted to examine the feasibility of using nom uniform electrokinetics
( NUEK) to control the move ment of nitrate in unsaturated soil- water system . A natural soil taken from woodland was used as experi-
mental soil . Three electrokinetic processes were tested in bench-scale cells at a constant potential gradient of 1.0 V/cm : unidirectional
NUEK, NUEK with periodic polarity reversal , and conventional uniform electrokinetic ( UEK) . The tests showed that NUEK drove
NO; through the experimental soil at a rate of 13.5 ~20cm/ d depending upon the concentration of NO; and the distribution of elec-
tric field density . Compared with UEK, NUEK process more effectively concentrated and retained NO; close to the anode . More-
over, NUEK process maintained soil characteristics and consumed much less electric energy . Reversal the polarity of NUEK weakened
the concentration of NOj to electrodes, but it stimulated the transformation of NO; to NO; and further lowered the electric energy
consumption .

Key words :nom uniform electrokinetics ; nitrate ; move ment ; transformation ; soil

( UEK)
Texas Runnels NO; . >
233mg/L, NO; UEK
314mg/ L"), ’ ’
’ [7.8]
(2]
( NUEK) ,
UEK .NUEK NUEK 3
(3] NO; ;

:2003-03-26 ; :2003-06-30

(1970 ~), ,
[4~6]



2 99
, NUEK 2kg, 400 mL,
NO; (24cm x 10cm x 8cm) ,
0.1kg/cm’ 12h, ,
24cm x 10cm X S5cm s
! 17.5%, 53 %.
1.1 ( ), Scm 0.5cm
s s X9cm X 4cm s
2mm 1. s 8mL 200mg/ L
:DX100 , HNO; ,
Dionex ;S 25 pH s ; . UEK
WYK-603 s ; NUEK (0.5¢cm x 10cm %
, ;LGI0-2.4A , 7cm) ( X =0.5cm x 7cm)
20cm, 20V.
1 24h. 2h , 1, M5 M9
Table I~ Major characteristics of the tested soil ( NUEK
fum L% ), Sem 9cm;S5  S9
<2 11 .21 /mPeg! 8.10
2-10 5.01 ! % 0.0306 ( NUEK
10 ~50 7.00 /g kg™ ! 5.33 ), Scm 9cm.
50 ~ 250 63 .31 CEC/cmol*kg™' 11 .25 0.3g, 2 mL , 10 min ,
>250 13 .47 ! % 33.0
0.45pm NO;
[9]
1.2 NO; ( 1) ’
__b.ocml—s5.5em——1—— 4.0cm 5.0em=———— 5.5cm——12.0cml|
lem
| ‘59 ‘Ss CAREARDIE
4cr|n /
T T .N;; ———————— ‘1\7{5- ———————— Qi‘ FERERATE
| mie v ¥ ey
_L ()
1 1
Fig.l Sampling point layout for test 1
1.3 NO; ( 2) 2 2
, ddem x Table 2 Operation conditions of experimental cells for test 2
18cmx10cm. NaNOG; (100mg/ L)
=100: 20 24cm x 18cm X 6. 5¢cm a UEK
( 1) , pH \NO3_ C2 NUEK
0.5cm X c3 NUEK 6h
16cmXx 9cm, X =0.5¢cm %X 9cm .
1.0V/cm, , 6cm 3 (
3.5d. 3 , 0 NUEK | +1
2 0 ,  NUEK ) s
3cm 7
, NO; .pH 2,

U , 1.0cmx1.0cm x



100 25
6.5cm. 2g , 0.01 mol/ L , pH pH.
CaCl, 10mL, 1.5h, , (105 C)
0. 451,lm N NO3- >
HRX HFX
30cm| {i 30cm  30cm 30cm  30cm 30cm | 3.0cm
| ‘ A RBAE
6.0cm : K/ﬁ
| | % ;
— & ! i - N
Bhik ERN
6.0cm | : ERERR
_I bl
3.0cm
! 20.0cm 1
2 2
Fig .2 Sampling piont layout for test 2
) NO; UEK
30 %. ,NUEK NO;
2.1 NO; UEK . 4 , UEK
, NO; M5 S5 NOj
[7.91 3 , , NUEK M5
NO; (mg/L) 24h NOy S5
NO; ( ,24h M5  NOj S5
) , 46 % . ., NUEK
NO; NOy
1.0V/em NO; NUEK M9 S9  NO;
UEK M5 M9 S5
20.0.18.0 20.0cm/d, NUEK
NO; M5 . M9 .S5 S9 —*—N-M5
—o—N-S5
20.0.8.0.05.0 13.5cm/d. , ——U-M5
, NO; —a— [J-§5
] —s—N-M9
UEK NO; —o——N-S9
( M5 S5 ) , ---8---U-M9
NUEK NO; ( M5 -
M9 ) ( S5 6 3 6 9 12 15 18 21 24
’ EATHIR/h
S9 ) ,NUEK 5 NG;
NO3 Fig.3  Changes of NOj with time at different sampling points
’ ’ 2.3 NO;
NOs , NO;
[71 ’ )
2.2 NUEK NO; ’ NO;
NO; (NO; / 8.5ug/g. >
) > 4 . 4 : NO3- > >
UEK NUEK MS g NO; ug .5 3.5d  Cl~
C 3, NUEK 24h C3 NO; UEK(Cl)



Fig .6

2 101
30 NO; UEK
| ——N-M5 ’ O
—o—N-S5 NUEK NO;
—a—{J-M5
—s—U-S5 ) NO;
—&—N-M$
—o0—N-S9 :UEK - 1.0 +1
5 e UM 3 NOj 3.5d
0 B
0 3 6 9 12 15 18 21 24 72 %, NO;
&4 IR/ B 97 %: NUEK 0
4 NO; NO; ,3.5
Fig.4 Commulative NO; migration through different sampling points 512 %, -1 +1 NO3
,3.5d 73 %. NO;
Cl: sy h¥ NUEK NO;
s UEK 7
3 6.0h NUEK  (C3)
0 2 NO;
’ NO3- . ’
NUEK NOy
1, NO; NUEK
2 20cm/d, 6h NUEK NO;
5.0cm >
2.4 NO;
Cl ~C3 NO; ,
e Cl .C2 C3 NO;
s 27 % 54% 52 %, NO;
C3
NO; )
SRR AR B BOVL) ] ) )
NO;  NO; NO;
5 NO;
O ( )y, 6, C
Fig.5 An impact of different EK on spatial distribution of
) ) NO; . R NUEK
NO; in the tested soil
NUEK( C2) , NO; NOy NO, .
-1 0 +1
15.0
_ C—3 NOY 3 Noy C— NOY
% 120 | A NO, | ez NO, | ez NO,
¥ ce-0- - HIERNOS - - -@ - - W N0 ] - - - - A NO,
~
Zﬂg 90 (- -1 - Jol-91--0--¢| [Pl P -o]-J-[91-r¢-|¢| [P} - - - %- Y- -
% 6.0 | L L
= A HAKHAE zIZIZIRC Iz Z 1 UM rE
S 3 M UMM Rl E % B % I % I ¥ I %
z A U1 W U P % I 7 I % I % B % N % % % I % I % I % I %
0.0 %% 1N % I % I % TN % I % N7 %M%Y N %N% SMZMZMZNY %Y
0.05 0.35 0.65 095 0.05 0.35 0.65 095 0.05 0.35 0.65 095
5 BH 4% ke x4 VL) PEPAR AR R B (L) 6 PR 4R g A 3 (X/L)
6 C3 NO;

Transformation and balance of NO; in the Cell 3



102 25
, (Cly:-10  +1 pH
(1,127, , pH
HNO; + 2e¢ HNO, + H,0 (1) 1.7 3.9;3.5d pH 0.5
, NUEK UEK 40 %. ,
NO; NUEK 0 pH
(C2),
2.5 pH 1.9 4.3,-1  +1 pH
2.5.1 pH , ;3.5 pH
0.5 NUEK
16 %. ,NUEK pH
:2H,0- 4e” O(g) +4H" (2) UEK ., NUEK pH
: 2H,0+2e” —Hy(g) +20H" (3) UEK
H*  oH- (elec- 6.0h NUEK (C3),
tromigration) , pH 0.5. ) NUEK
(78] NUEK pH 7
’ , NUEK pH
,Cl ~ C3 7 pH. NUEK
7 H' OH"
’ UEK [12] Lee [13] ,
——! ——-1
—A—0 —5—0
—o0—+1 —0—+1
---0- - Yt ---0-- - )th
e f=8=0=0=0-0:4
) C2 C3
0.05 0.35 0.65 095 005 035 0.65 095 0.05 0.35 0.65 0.95
BIFAR AR I EOUL)  BEFIRRMARXIRIEOUL) SRR MIAENH B OUL)
7 pH
Fig.7  Effects of different EK processes on soil pH
H' 23 %. ,NUEK
2.5.2 UEK NUEK
, ey ,
(electroos mosis) s , NUEK
Zeta (121,
8 , UEK(Cl) NUEK(C2) 2.6
= E, = LVJ uldt (4)
3.5d 4.5%,
0.5% UEK s Eu (kW= h/
41 %; 0 m’) 5V, (m’) ;U (V);
, 1.9 %, I (At (h)y. 9 Cl -~
3.5d 0.5 % NUEK a3 9 ,UEK



2 103
23.0 100
—e— -1 —-] ——-!
215 | —a—0 —a—0 ——0 & 80 | ClLy=27.05x
8 —O0—+1 —O—+1 —0— +1 A
5200 r...o--- Yk -+ -0- - - HIfh [ - -0~ - Wi 3 60 ¢
- g
g 40 C2:y=5.41x
® 3
. . 0
0 1 2 3 4
0.05 035 0.65 095 005 035 065 095 005 035 065 095 B/ d
I BHAR A AR X 4 B (X/L) B B 4R A AR N 6 B OUL) BH BRAR AR £ B VL)
9 C1~-C3
Fig .9 Commulative electric energy
Fig .8 Effects of differrent EKs on water content in the tested soil o
consumption in the cells C1 ~ C3
(Cl) ,  NUEK [71. ,
2001 , 20(4) : 94 ~102.
(C2) 6.0h NUEK (C3) (4)
[2] , , . [I1].
( K) 3 K
, 2002, 20(3) : 13 ~23.
Kypk = 5.0 Kyyex = 8 .8 Knuek - [ 31 Romantschuk M, et al. Means to Improve the Effect of in Situ
. NUEK UEK Biore mediation of Contaminated Soil : An Overview of Novel Ap-
s NUEK proaches[ J]. Environmental Pollution, 2000, 107 : 179 ~185.
NUEK [ 4] Acar Y B, et al. Electrokinetic injection of ammonium and sul-
fate ions into sand and kaolinite beds[ J]. J Geotech. Geoenvi-
3 ron. Eng., 1997, 123(3) : 239 ~ 249 .
[ 5] Thevanayagam S, et al. Injection of nutrients and TEAs in
(1 ) 5 clayey soils using electrokinetics[ J]. J Geotech. Geoenviron.
NO; 13.5 ~20cm/d, Eng., 1998, 124(4) : 330 ~338.
NO3 [ 6 1 Harbottle M, et al. The use of electrokinetics to enhance the
degradation of organic contaminants in soils[ A]. In: Proceedings
(2) NO3 of EREM 2001 , Karlsruhe, Germany: 2001 .
[ 71 Alshawabkeh A N, et al. Basics and application of electrokinet-
s NO; ics remediation[ A]. In: Remediation Engineering of Contami-
NO3 nated Soils[ C], (eds.) Wise D L, ef al. New York: Marcel
Dekker, Inc. 2000 .
NO; NO;
2 03 [ 8 1 Virkutyte J, et al. Electrokinetic soil re mediation critical
(3) > PH overview[ J]. The Science of the Total Environment, 2002,
, 289:97~121.
pH [ 91 Eid N, et al. Electro migration of nitrate in sandy soil[ J]. J
pH Hazard. Mater., 2000, B79:133 ~149.
b
[10] Acar Y B, et al. Enhance soil biore mediation with electric fields
[J]. CHEMTECH, April, 1996 : 40 ~ 43 .
(4) [11] Gent D B. Electrokinetic movement of nitrate and acetate
) through natural soils for irrsitu biore mediation[ D]. Mississippi
State Univerisity , 1998 .
12 s >
(5) : 2
[J]. , 2001 , 12(2) : 249 ~ 255 .
’ [13] Lee HH, etal. Anew method to control electrolytes pH by cir
culation system in electrokinetic soil re mediation[ J]. Journal of
Hazardous Materials , 2000, B77 : 227 ~ 240 .
(1] i ) ) ERNERRERN





