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Research and application status of treatment methods of landfill leachate
membrane concentrate

DING Jing', GUAN Shuyan', ZHAO Qingliang'*, GAO Qingwei' , ZHAO Guanshu', WANG Kun'”

(1. School of Environment, Harbin Institute of Technology, Harbin 150090, China; 2. State Key Laboratory of
Urban Water Resource and Environment ( Harbin Institute of Technology) , Harbin 150090, China)

Abstract: Up to now, membrane process has been adopted as one of main advanced treatment processes of landfill
leachate to meet the requirement of discharge standard. However, a large amount of membrane leachate concentrate
with more pollutants is produced, which will cause serious secondary pollution without proper treatment and
disposal. In this work, various treatment processes of leachate concentrate from the aspects of principle, application
effect, cost, and technical development were classified and discussed according to the published related studies and
engineering application cases. The characteristics, existing problems, and application scope of recirculation,
physical treatment ( submerged combustion evaporation and mechanical vapor recompression) , chemical treatment
(incineration, advanced oxidation processes, and supercritical water oxidation) , physical and chemical treatment
(flocculation, adsorption, membrane separation, and solidification/stabilization) , and coupled treatment processes
with or without membrane were also reviewed. Finally, the treatment routes for different types of leachate
concentrate were concluded, and the future prospect of leachate concentrate treatment was put forward, aiming to
provide technical reference for further study and full-scale treatment of leachate concentrate.
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Tab.1 Main characteristics of leachate concentrate

i COD/ BOD/  p(NHS -N)/p(NO; -N)/ p(Cl7)/  p(SO;7)/  p(Ca®*)/  p(Mg*)/  p(TDS)/ LR

e (mgeL™)  (mgeL™)  (mg-L™")  (mg-L7')  (mgeL7)) (mgeL7')  (mgeL7')  (mgel”')  (mgL™')  (mSeem”') i
NFC 1100~6800 3 ~290 1 ~490 90 ~1045 3500~5500 2000~2500 300~1200 150~1600 8000~26000 10~24 6~9
ROC 40~49500 95~4800 240~3000 20~170 6200~9000 500 ~1 200 — — 8000~67000 10~100 6~9
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Tab.2 Parameters and performance of - OH-based advanced oxidation processes for NFC treatment
Tz NFC Fitk BAESHL EERRRE % A SCHR
pH 4.1 pH2 .
. COD 1 120 H,0, 1 mol-L~! EOD 69.6
Fenton . ) » TOC 68.9 — [34]
ToC 353 Fe** 17.5 mmol L £ 100
L 10 mS/em G FESR I 2R
pH7.8 ~8.2
COD 3 300 pH 3 COD 78.9
Fenton TOC 1 080 H,0,5 Fe(Il) Lt 3.0 TOC 70.2 — [35]
BOD, 48. 4 {40 min UV, 90. 64
H5% 19.5 mS/cm
pH 3
pH7.52 0=25C
Fenton COD 1 280 FeSO, + 7H,0 7.2 mmol-L ™! COD 92.8 _ [36]
BOD;s 121 H,0, 400 mmol - L~!
t=2h
pH 3
pH7.52 g=25C
UV-Fenton COD 1 280 FeSO, - 7H,0 7.2 mmol -~ coD 73.1 _ [36]
BODs 121 H, 0, 400 mmol -L.~!
t=2h
pH 7.95 pH 2.9
COD 5 250 H,0,5 COD I 1.42 COD 60.8
EF ‘ = -3
U 9 440 = 30.3 min
pH 7.70 pH 3
COD 3 895 J=30 mA-cm~?
. . o TOC 82
EF TOC 1 347 FeSO, 10 mmol-L — [33]
BODs 2.6 N S1
5 AR AL 20 em?
TN 592 t=6h
. pH 3.5 .
COD 10 000 12275 A TOC 60.2
EF TOC 3 719 o COD 69. 4 €1.82m™? [38]
H,0,5 COD 1.25
i 14 850 20,5 ,kt i 87.6
t =30 min
COD 2 100 . -
TiO +Fe" Fe™ -LDH i DOC 77
- BOD 260 0, Wt + Fe ' Fe IR 130 kWh-kg ' DOC
EF/AO . J=4.2 mA-em 2 BOD,/DOC, o3y 39
DOC 990 BOD./DOC. = (99.099 kWh+m™")
BOD 15 DOC I, 0.263 t=8h 07 o
9 Xt Hib
[E] {2 mm
COD 3 100 207 kWh-kg ! D
&R EF Cl- 8 580 J=15 mA-cm 2 CoD 71 (4055 6\)57 k\TW C(,)g) [40]
Fe?* 560 mg-L~! : e
t=6h
EC $ PR + M IRERBI
N J=5mA-cm?
EC + L4 LI COD 2 520 fAoem . .
J5fir LAk, TOC 697. 5 AO NATO Fi# + CNT - C/PTFE B4k TOC 92 27.5 kWhem [41]
J=10 mA-cm
t=10 h
A pH 7.27 M 0, COD 43.2
LR R COD 5 846 051 3.4 mgen-1 COD 10C 5.6 _ [42]
TOC 2 082 3 S-S mete UV,s, 39.8
18,20 I O
P - ~ -1
e Y B A e . pH9 COD 76.0 37 kWh-kg™" COD
BRI R COD 2 930 y -3y [43]
TOC 1 129 0;2.4 gL TOC 69.9 (82.391 6 kWh-m~?)
t =120 min
9=25%C
pH7.52 pH 3
UV-H,0, COD 1 280 FeSO, - 7H,0 7.2 mmol - L~ COD 55.3 _ [36]
BOD; 121 H, 0, 400 mmol -1~

t=2h

1 :NFC F#t: COD . BOD; .DOC,TOC TN NH; - N I C1~ AR 0 me/L, A T HE-5 A TS SRR LC AAL B AR
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Tab.3 Parameters and performance of - OH-based advanced oxidation processes for ROC treatment
Tz ROC 1k BAESHL EBRRRE % A SCHik
COD 6 500 pH 8.8 COD 48
A0 BOD, 55 COD [ 0.51 Fe'* 10 mg-L"! DOC 42 53 kWh-kg~' COD m
DOC 2 610 1=0.3 A TN 35 108 kWh-kg ™' NH,
TN 2 160 t=8 h NH,; - N 50
CoD 3 778. 56 BDD/Nb [H#% COD 87.5
AO BOD; 201.06 ) 223.2 kWh-m™  [45]
’ NH, - N 74.06 :
NH, - N 791.52 GBI 3
pH 8.37 T/ B-PbO, COD 96 287 Wk COD
COD § 750 L TN 70 -7 kWhrkg
EC + AO BOD, 130.3 J=141 A*m NH; N 70 $3.86 kg C_(;)D [46]
TOC 3 576 1=3.5h BOD, 15 COD [ 7t 0,53 ($32-424 m™)
COD 6 500 pH 3 COD 60
- BOD; 5 COD [,0.51 Fe?* 16 mg-L~! DOC 53 42 kWh-kg ™' COD 4]
DOC 2 610 1=0.3 A NH; -N33 205 kWh-kg ™' NH;
TN 2 160 t=8 h TN 22
AO BDD Hi 4
DHE. 1 1=49.9 A COD 60
oo t=24h DOC 53 45 kWh-kg ™' COD
) COD 9 900
AO+EF BOD. 4 300 EF pH 3 TN 22 680 kWh-kg ™' NH, [44]
57 o3+ -1 I A
Fe’* 16 mg-L BAA 33
1=16 h
pH 7.84 B 0 COD 55.5
et B oD 2 356 oot ;; " con TOC 10.5 — [42]
TOC 818 3 ST 8.5 mg-g UV,s, 58.1
11:: ROC 1 COD BOD; \DOC  TOC TN 1 NH; — N [ Ff 348 me/L, A 455 N 25 R it H05 BAALIARFR LC 1 b BLAR
F4 EFSO, WELEAXIZHATLCRAENEETZSH R
Tab.4 Parameters and performance of SO, ™ -based advanced oxidation processes for leachate concentrate treatment
T NFC 45 BAESHL KBRRLAE/ % A Sk
COD 5 250 1=1.26 A oD 71.4
LR AL PS BOD; 5 COD [£0.035 PS 5 COD I, 1.72 i 96 7 €2.8m™? [37]
(5] 9 440 1=34.8 min e 70
pH3
N pH 7.8 PS 5 COD [£.6.7 . B
Fes" il PS COD 5 575 Fe2* 90 mmol -1~ LoD 76.2 [48]
t =120 min
1=80 mA
P/ Fe’* — Bt/ COD 1 281 PS 37.5 mmol -1 ~! COD 54. 64 4.42 kWh-kg~' COD [47]
Fe** 31k PS TOC 454 Fe** 15 mmol-L~! R 79.5 (3.093 kWh-m %)
t = 60 min
pH 10.8
. H7.8 PS 5 COD I, 12
H, 0,1k P P X ) —
20,71k PS COD 5 575 H,0, 5 COD I 2 COD 56.9 [48]
t =85 min
pH 10.9
; . H7.8 PS 5 COD i, 5.2
HTAL P P —
IE AL PS CoD 5 575 2250 C COD 93.5 [48]
t =120 min
COD 1500 PHO.0 CoD 37
HIELL PS NH; - N 65.5 150 1_38?')'}(: NH; - N 34.2 _ 1497
UV,s, 10.84 = UV,s, 83.3
t=4h
oD 1500 pHO.0 COD 14.6
UV 354k, PS NH, - N 65.5 Usfbd:]l‘SPg—.I(:O v NH, =N 21.2 _ [49]
UV,s, 10.84 = UV,s, 36.6
t=4h ;
pH 9.0
COD 1 500 PS18 g-L~! COD 65.4
UV 1E4L PS NH; - N 65.5 UV 4T P=60 W NH; -N 51.4 — [49]
UV,s, 10. 84 9=80 C UV,s, 98. 1
t=4h

1 NFC 5% h COD .BODs \DOC \ TOC TN F1 NH,-N [ 5437 4 g mg/L,,
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LR T VE A B 2o [ 4 S R A R R
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YK, b 46 fb 2% 2R e R H 2R e R 7 =X

2 R B FE P AEE ] 5 ¢/ L 1Y) FeCly MR TR B
W IR pH oy 4 ZREER R 9 M kR (PAM) it
B 0.07 g/L i, LC i TOC .COD Fifa i iy F2 55
RORAY 1k 81% 82% FI 97% , J§i A K $ 1.52/m* ™)
€ Fe' " iU EVR B 840 mg/L ¥4 pH Ky 3 Z& 44 T 13
#] LC f DOC ,Cr Ni Fll As i LBRF 3004 (84,1 =
3.9)% (91.0+1.1)% (73.1 +2.2)% F1(96.9 +
1.5)% , M Ak 12.97 55/m’* ($ 1. 86/m*) "),
AL UL b2 BN L RE % R i Ab B LG, H H AT
I AB R A TR . SR, LC 20 Bt () 22 8 i A
AR IR AR HEL , SRR T 5 HA 7 VB,
FLEAN R  Fe 28 COD UV 5, RN FE 25 B 284351 ]
k% 88.32% .94. 37% F1 98. 83% , It fii BOD, 5
COD FLMA 0.01 $2F+% 0. 34 , A%k 5 7 A fb kAT
W RG22 LR WAL PR A ST HEA T 5 Y i

HL 2 E (EC) 24 4 Ja PR ™ A= 22 B 77 A1 4R
R B AL AR R ZIMINZG R , Be s A 20 LB
LC iy TCHLA - FAR TR A5 . o, Sk B S 30 &
F 23] LARRATRAE 59 #E , By 2k 2 rh AR s 1) v VR
35 SR R W TR 34 A B 4 1 AR A Y
DI by AR ), F 2R R X LC v COD | 2 3 1L
Wi 2B Bk 45% 60% F191.8% ', &
BE AT 5 A D7 R R R, 28 F O Ak B L (28
EF) ,EC/2% EF #i 5 1L RS 76 AN 190 i pH (Y15

MR FRSZEE LC h 57% COD 2= % % 1 60% %%
LB, H TOC LBRFUERIL T EC Fl EF b Ab B
BT pA R $ 10.2/m™
2.3.2  LC {1y Fihab s

8% RF 571 ) 2L 48 A0 M) 105 B3 m B A
2EW R R T X RBRIE K A B SR
TR A o i LA YERE AR AT ML S TS e R A
e b AR

o B FH LA ks A AT A 5 R A 3 L A Y
FIFIA R A 16 P 2 AL 3 LC, 7K COD LR ik
7] 90% , ML AR 75% ~80% ), Ry AR I M B
Pk B ot HLF A B a2 AT AR i, A A R
0 4 T 8 5 R 300 A B LC, (L2 9 A B AR R
e EREAU R4 0.007% ,COD KRRFRATH 15.37%

H 1T A a0 10 BH 2 2k A 3 7 35 12 8 W A ]
FEPE AEAS T LC AL R AL BB S 220
2.3.3  LC B4y Es b s

3 BV LTS R FH AN DB RS S B B e | IE B35 M
N ZE A A 7 K T b BB WL AN AR A R0
ke, ATSE B LC A4k, o 5 A B b vk B L
SEPUTG YR TR E AL . BEFE R, 24 NFC #3n4h
PR | BRI 751 138 i 551 s 384 R a2 A B2 A 1001 7 ok i )
[ 35 8 b B F 4008, 50% LI b 7K AT ik ]
FF Sl 2 A 25 7 1, K FE R HE 7. 8 kWh/m® 77
TEALBRALAEE 550 m’/d BYSEhR gl b, SR T
AP NFC/ROC Rl 3%0 43 85 0% B4 43, LC i
88. 17% o Hirp—ZHed oA v v BE J e it , vl 2% j
AT IRACAL B, — gk b COD A Xt /D, vl i
T HE— A B SEBUAFRHERL B RO R Y L %
Rk R, A K S Bm oz FH 28 ik B LT
ERAE BT AR5 R AR S Y T E I U, A

BB 375 R AN [R) e B T 2 () (95 385 TR A
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Treatment routes for different types of leachate concentrate
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