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Kinetics of COD degradation in landfill leachate treatment
using moving-bed bioreactor
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Abstract; Batch tests were carried out to investigate the COD degradation of landfill leachate by using a
moving-bed bioreactor ( MBBR), and a modified bio-kinetic model was established to describe the
biological reaction. The experimental results showed that the model could describe the biodegradation of
leachate, and the kinetic parameter K, could be used as indicator of degradation rate and S, could be used
to estimate the biodegradability of leachate. The simulations under different initial leachate concentrations
found that K, and S, were linear to the initial leachate concentration S,. The data of different bio-carrier
volumes also perfectly conformed to the model and further proved that the kinetic parameters in the model
were independent of the biomass. The continuous operation of two MBBR in series could effectively remove
the landfill leachate, when the total hydraulic retention time (HRT) was 4 d, the average COD removal
efficiency was 89.24% and the effluent COD was about 452.10 mg « L', which was similar to the
predicted value by the model under the same initial concentration. The performance of two MBBR in series

gave a direct proof of the reliability of the model that was used to estimate the biodegradability of leachate.
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COD BOD; NH; TP SS SO~ Cl™ Cu?™ Zn** Felt Cd* Pb**
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Fig. 1 Schematic diagram of MBBR and photo of bio-carrier with attached biofilm
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Table 2 Simulated equation and kinetic parameters at different initial concentrations

So - . , S X K>
Jmg - L1 Simulated equation R* Jmg - L1 g1 JLegleht
164. 00 S=135. 35exp(—1.07125¢) +28. 65 0. 9951 28. 65 2.948 0. 36338
255.68 S=209. 43exp(—0. 70779¢) +46. 25 0. 9954 46. 25 2.305 0. 30707
322. 64 S=271.21exp(—0. 63140¢) +51. 43 0.9916 51.43 2.289 0. 27584
405. 00 S=2344. 08exp(—0. 556567) +61. 45 0.9916 61.45 2.315 0. 24041
479. 93 S=411. 53exp(—0. 50895¢) +68. 40 0. 9921 68. 40 2.321 0.21928
539. 33 S=1468. 26exp(—0. 400687) +71. 28 0.9983 71.28 2.401 0.16688
694. 54 S=601. 58exp(—0. 222397) +92. 96 0. 9906 92. 96 2.417 0.09201
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Fig. 4 Liner correlation of K; and S,

K, 5 S, MLk 0 0% 3 3 W] by 508 08 v &
A A A P R TR A A T SR SO . R
FEB R, MW E B B, W T K, =
Ve / K WA Ks SRR KWW JE S, 52 2 P ik Y
MK F . XUl A VURYI M & &, RE it Sl
AP PE P R E R KA B . B AR AR
TEH BE AT . AP S = E A HLY R
fil B P PR 2R, GlCAE G B AL T e U B P
WFIR I AR W G R e 2 R Bl A A
2.2 AEHERHEFIET COD B3 7%

W 457 3% U8 IS ) R BE 5 I AE 539 mg e
L', BURHESE L (BB HEBUAR R SR #5 4 FR
F) KK h 60% . 40% . 30% . 20% . i 5 i
FE 60 Y0 JELFE LU IR0 A% P9 3EORE B AR iR 2. 9489
g e Loty M5 SR W ) COD ¥k 2 Bl i 18] 14 742 4k
AR A4 F o iR COD kAR, Rt
APEZERHA (6 #1784, MEa e R
5 FI 3 FR.

S = (539 —S)exp(— K, Xt) + S, (6)
600

Lt

COD/mg

o 4 8 12 16 20
time/h
F5 ARRBURHEGE LT COD Wit il 2

Simulated curves of COD degradation vs time
AT 3 AL, TEAE BRI FE R . BT
R A AT S R T #E 0 (3), BRIt REF. 5
Sb. BRI HL S N K, JEAS FAHGE . UEWITE IR ) ik
JEAR BRSO T+ Toie Je 4K i 1) f) e Ak 38 o2 v A= )

Fig. 5

R3 FREMERILLTHHAEZEFERSH

Table 3 Simulated equation and kinetic parameters

Bio-carrier . . , S, X K,
Simulated equation R? - B B B
volume/ % /mg + L1 /g« L1 /Legteh!
60 S=1486. 7lexp(—0. 350237) +52. 13 0. 99906 52.13 2. 949 0.1188
40 S=1488. 37exp(—0.23812¢) +51. 01 0.99621 51.01 1. 966 0.1211
30 S=1485. 17exp(—0. 175702) +54. 61 0. 99597 54. 61 1.474 0.1192
20 S=486. 68exp(—0. 113697) +52. 65 0.99253 52. 65 0. 983 0.1157




55 3 31

WRIESE . 8% 2 R A= W B v AL #0708 IR W COD R fige 8l ) 2% « 737

W R AR & AT AR 0 R AR Y 3k
35 00 UE T 3% 7 1 F R PE M 1 /K AT AR A 1 R T o e
JEMRE R S . WIS H K, SR E, X F K
Wyt B 0 [) B I K R UG, 385 7 32 R A K I AR A P 1Y
FRPEJE— W, AN ZE YRR B il B L K
NIZE—E . TPELA SR UE T X — 5. Xl
BB T (1 A5 80 6 130 50 9T FH 1) B2 39 U LA AR 5
3 A .

RIS 8% g IR 2B W 58 5 I i P SER) IR FE L
Ko AR S . H o T RS 3 R A W 5 S I #5AK
SRR AR AL, S LA K2 R e i AR
A BAERASCR . 24K AN KRB
B PR SR 4 SR FE L i 7E 30 %0 ~ 70 %0 H AR A,
ARG IR, SR O 6020 B, kT
() 25 B o B A, DA 2 1o 1 A1 BE R, 7 — 52 1)
WHEN. o TEE., IRV, HiE
TR T 7000 B 25 5 1 ORI AL AR g . HoR AR
B, IR T ORUEJR AT R 2 10 AR i RR AR R K
o R i R, M PR IRURLIEL T8 L Ol 60 D0 1 ) N 7 ok
Aib 3 5 IR RO LA A Y
2.3 7% MBBR BB ELR S IR BN R

T S A B VA R 35 DR R VR 1 1 2 R
PIA RS 2. 1 L B 2 sR RIS 17, HURHE 5T
Lok 609, XI5 H LI 6 FIEE 4.

4500 W"“—‘ 23
4000
3500 2.0
o 3000 & influent
" I O RIEff |15
2 2500 A R2Eff ;
£ 2000
5 X HRT .-
S 1500
1000 F 05
500 f "*“'\.-*—.—H—.—.-H*N
- 0
0 4 8§ 12 16 20 24 28 32 36

operation time/d

K6 Mgt MBBR A5 Ak B 308 U8 WK 1Y 18 17 ROR
Fig. 6 Performance of two MBBR in series

for leachate treatment

MIE 6 FE 4 KF, fREFHK COD H i1
4200 mg « L ' ZEA MR OLT . B B HRT [ 4
K. nigs RLATR2 () 7k COD #RZ W FEL . (B
RI TR IR B, JUHZ R2 i K7E HRT i
1.5d748% 2.0 do H o KALH 476.10 mg « L 'R
Fe#) 452.10 mg « L', B % & HRT, 4b#

x4 FWHMBBREAR[E HRT TREHRFEHE
Table 4 Average values of treatment effect at different HRT

Effluent COD COD removal

Influent
H/RT COD /mg+ L1 efficiency/ %
. /mg -« L R1 R2 R1 Total
1.0 4207.34 2675.32 686. 95 36. 41 83. 67
1.5 4224.99 2196. 40 476. 10 48. 00 88.73
2.0 4202.13 1226. 37 452. 10 70. 81 89. 24
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