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Terminal Electron Acceptor Process in Landfill Leachate Pollution Plume

DONG Jun, ZHAO Yong-sheng, ZHANG Wei-hong, HONG Mei, LIU Ying-ying, HAN Rong
(College of Environment and Resources, Jilin University, Changchun 130026, China)

Abstract: A soil column filled with sandy soil was constructed to investigate changes of terminal electron acceptors (TEA) and TOC in redox
zones of landfill leachate pollution plume, and their models were established, respectively. Results indicated that the time of peak-
concentration appearance of different reducing products was related to the ability of terminal electron acceptors to compete for terminal
electrons. The most competitive ones showed sharp concentration increased earlier. For examples the peak concentration of NO, appeared
earlier than that of F&* . The concentration of TOC increased in methanogenic zones iron reduction zone, nitrate reduction zone and oxygen
reduction zone, and its rate was 8.27,8.56,8.85,9.06 and 9.11 mg/(L*h), respectively. Degradation rate of contaminants by different
microbes mainly depended on the amount and availability of terminal electron acceptors. The reaction rate was related to ability of terminal
electron acceptors to compete for terminal electron; that is the stronger the ability of terminal electron acceptors to compete for terminal
electrons; the easier could be used and consumed by microorganisms and the more sensitive to reflect on environmental pollution.
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Fig.1 Schematic diagram of experiment equipment and operation
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Table 1 Configuration of different columns

UL MGZ SRZ IRZ NRZ ORZ

THEg 1 000 1 000 1 000 1 000 1 000

) — 400 mg/L. SO3~ 20 g Fe( OHD; 300 mg/L. NO; 15 g MgO,

£2 BERNHEXRMER
Table 2 Properties of landfill leachate

pH Eh/mV BEHE/mSem~' TOC/mg*L~"  COD/mg*L~'" HCO; /mg*L™" Fe*/mg'L™' i Fe/mg*L™'  NHy -N/mgL"!
7.86 -267.7 257.6 1 863.87 7 891.23 12 954.4 23.42 28.63 1014.56

500 - 14 000 CO, + 4H,—~ CH, + 2H,0

450 |- - {12,000 {43 o, & AW D AT b, KR
. 400 110000 7, IR A R AAAE T 2 AN A ST ) 1L R T A 1
g 350 {8000 :§ A FH 0 e BEA s N I B 11 BR R R 3R, e AT 2 ()
% 300 {6000 ¥ TE— 58 IS T)SE [ A N % A7 AR B P KT 2 1]
S S . . 4 . s
O 950k {4000 £ PLEH, cOo, ML FERF & Gaussia /7 FE, 26401

200 - - l 42000 G CD:

gt . A ! . L ) _( 1=31.6)2
P00 20 30 40 s0 0 70 80 o, = 215.1 + 261.9e (= (D
i ) /h

B2 CO, A HCO; KEZT

Fig.2  Variations of CO, and HCO; concentration
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Fig.3 Variations of SOF~ and sulfide concentration
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Fig.4 Variations of Fe** concentration
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Fig.5 Variations of NO; and NO; concentration
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Fig.6  Variations of DO concentration

5 I AR A A s e 3 Y B O R L AR K
HIRE T 4 BB HUR T 2 A 2 AR R
L~ AR 22 /0 B A Rk R BR A1, 25 B A 3R 5 p
{180 A AR T P R A B T 1 KA BT AN T, Rk, 3 gl
VB THEASRIRE T, Ho F IREE (AN [ Ak 8 R
VT G AR BE IR ARME SO 6 ROy 44
B At T A T RO /MBS TR) L T SCI T R
B D= B UG AR 4D s T RV ART I PR e 2% HL 752
AR AR TRIRIA —ENRR, M HRL R
A8 MR 1) 5 2% RS2 AR ILE I ) e I SR T
e T S i) g, 0 3 e ¢ L R MR 2 ) A
AEWIFTR L, an NOy < e R AL 4 H B 20 T
(RIS TE) 4330 249 8~ 24 F1 40h, X FHAH Y. ¥ 5 28 Hi 52
A g5 28 LT RE ) R/ A& — S0, B NOy
>Fe'* >S0; .
2.2 V5 BAE SR AR A g () R AR AR
2.2.1 TOC 7558 Bty v £ 95 i) i Zesi g
ME 7 ~ B 11 77 BUE H, TOC 75 MGZ. SRZ.
IRZ-NRZ F1 ORZ ™ [ A8 4k 35 2 S7 I, h 26 (1)
AR TR 53 A (9D ~ (13):
1378.5 (9)

(0.003:-0.39)
1 +e

MGZ: cqc = 821.82 -

(R* = 0.96543)

764.5

SRZ:  cqoe = 675.45 - —Goasy (10D
I +e

(R* = 0.97025)

IRZ: e = 593.98 - - 580.13 an

(0.12¢-3.96)
+ €

(R* = 0.99027)

860.43

NRZ: cqpe = 717.47 - —Gos 0 (12D
1+e

(R* = 0.99027)

ORZ: CT%=697.7_% (13)
e

(R* = 0.98754)
2.2.2  TOC 7558 J s H £ 3 ) B 2 si Y
TOC 7E MGZ+SRZ~IRZ-NRZ Fl ORZ 1] £ L
G TR (14D ~ (18):

MGZ:  ¢qe = 51.1 + 8.27¢ (14>
(R* =0.9752)

SRZ:  cqp. = 34.35 + 8.56¢ (15
(R* = 0.968 48)

IRZ: ¢y = — 14.96 + 8.85¢ (16)
(R* = 0.9632)

NRZ:  c¢poe = 11.48 + 9.06¢ an
(R* = 0.97796)

ORZ: ¢poc = 10.83 +9.11¢ (18)

(R* =0.97925)

700 .
] A e
600 - E[=:3 TMB A
""" éf‘fﬂu =]

500 -
=
£ 00| “
g y=51.1+827x
o 300 | R2=097522
e

200 F

wol y=2821.82 - 1378.5/[1 + exp(0.03x-0.39)]

R?=0.96543
0 1 1 1 1 1 1 1

0 10 20 30 40 50 60 70 80
i [f)/h

B 7 FHES TOC #lE

Fig.7  Fit curves of TOC in methanogenic zone
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Fig.8 Fit curves of TOC in sulphate reduction zone
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Fig.9  Fit curves of TOC in iron reduction zone
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Fig.10  Fit curves of TOC in nitrate reduction zone
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Fig.11  Fit curves of TOC in oxygen reduction zone
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