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Schematic diagram of experimental devices
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Tab.1 Characteristics of water quality in landfill leachate
ez 3t § HE
o(NH{ -N)/(mg * LY 1 000~1 550
o(NOz -N)/(mg « L™ <5
o(NO; -N)/(mg « L™ <5
p(C()D)/(mg <L 3 000~5 000
p(BOD;)/(mg = L 1) 100~250
oCTN) /(mg + ™1 1050~1 650

p(TDS)/(mg LD 12 000~15 000
B/ (mg+ L)

pH 7.8~8.1

8 000~10 000

FRE s COD ¥ B R F 3R 4% 12 40 i s vk T
e pH R B VA A R AR 2 AL (WTW
Multi 3430, Germany) Wl 5.
1.4 Sl

ST 50 d A1 96 d 4 BIHL SNADI 3 M
SNAD2 3l H A 36 4 75 Y6 A0 A P 53k 47 v i 2 U
FEHT - 43 53E K s vso Wby Wby B 50 d 1 3Y5 8 .
2T 1 AR 2 W AE D LS, .S, B LB,
(5596 d 1 b5 V8.2 i iR . 1 W A9 B L 2 whA:
YIRS . BT A A W ke S 7E 8 000 r/min B9 4514
TE L 20 min, H2F 10 mL L8, 0HFT
—20 CUKA . AW 16S rRNA 1 V3~V4
FH A B (329 bp) Al 338F 1 806R 5| ¥ ik 17
PHs.

2 Hi5itig

2.1 PRSI TR B

PR S8 AR A g 17 i b B TS EEAR
418 U R Y COD . [) i [ ARG H 7K HP A e 80 L L
B 1k 7o W BE A WL X SNAD 1 AnAOB 4 15 7
FEA AR R T R K R L R T
UASB [ i fe 7K 745 B8 B [a] CHR'T) . 52 48 By
Briil UASB Wil R 32 *C.pH 4 8.0~38. 3,
PP 2028 10 r/min, ¥ & HRT 43 %)k 12,
24.36.50 h, B4 AN 2 Fios. 4 4B BER B
N COD £ BR & 40l S 16. 7%, 44. 9%,
45.2% . 44. 9%, Ui B HRT 53] 24 h J5. fEK
HRT A&t —#4m COD £ Bk, NI 5
geazheh, N fe ) HRT %8 0 24 h, 7B 544
T UASB N i 7K 2 Z B2 A2 A6 AN K, 3 WA AL

R R AR AN B 3R P Ok 8 by 3B
DBV AE U F v 4 RS - A HLA E &5 i A
A T4 X R A BIL) T A A e 2 fE R
iz1TBr Bt UASB 7K COD ¥ & 4 (3 680. 2+
203.4) mg « L', 17K COD ¥ Ry (2 028. 3+
85.6) mg « L' #F /KA B AWK E LT IRA
A4k, AWk (1 4520 7 470, 3) mg+ L' Hl
(1503.7+33.6) mg « L', BLik K o & L A1
1.3+ 1 247 MER SNAD T 25 137K, ™ 4% 45 461
UASB 1 7K (0 e A EE 23 D, IR g s vk i
L) 25 530 5 97 TR K o B0, 52 i AnAOB 19 &
PRHLA Y BER R YA 0. 8 BE R A R
U B A AR S SR AL P R R s o sk s T
1.6 WAt AnAOB 9 36 4 7= A= 4 il 48 L R
[ R A B8 & B, vl A= ) RS COD % SNAD
RGP R R T ME B A AT LA B AR AE R
S3%F AnAOB 3 P 7 A8 B 30 i 4 L 9086
t UASB 1Yt 7K 46 K HB 43 Sy XE B i A ALY » S5 B
WA LS /N T 1.3 ¢ 1, Rk 58 4 0] DA L S 22
SNAD T.Z kK 7K.
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Fig.2 Concentrations and removal efficiencies of

COD in UASB under different HRT

2.2 SNAD-IFAS JX % %% Ki8h 5 VAR mg

SNAD-IFAS &z B #ix 23247 96 d, K &4
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thmEE, RANNE W R LB SNADIFAS A4 T H A B F B IERFE 565

kT v B T Y 35 B RE 1. AR A7 far 1) O X
JA B R A Ll SNAD #E K & & AT COD ¥ ¥ 4y
K 200. 3 mg » L7' A1 281. 7 mg » L', &4l
SNADI1 5 SNAD2 jth (% i B2 . 8] 3i L 43 0l A
32 °C.1: 1. fE M gL Bk SNAD-TFAS 2 I 4K &
. SNADL i 2 A W M pH W & T
SNAD2 . g T B 1k SNADI 3 P4 if B 4% (FA)
W B =t AnAOB B3 $ 7 A8 3 i V5 F L, = n;
N E T Z DO PLSE O ms e A 5 1 SNAD2
kK R SNAD1 th Ab B S #9 H K, & R TR A
R HL & A 2% 19 A L PR 42 i 4 T i DO
IRV LAFE 43 AT DR AR S SR A AR ok ST 9 T g R
HAEFE DO W44 0. 10~0. 12 mg » L'
M1 0.05~0.07 mg « L™ iz 4745 & 3 iR,
55 1~5 d W RFAL T 38 5], — 5 4 4 TR R AR IS
V5 8 VR K BT BV UK, 3 B0 SNADL i i
SNAD2 i 2 i Bl H 7k COD ¥ B B &5 T 2 7K By
1 0L (B 3Ce)). AR IL I ] SNADL #i i TN 25 Br
Rl LA F] 60 % LA E L1 SNAD2 Jitb ) 13 A4 9 3%
PERA 2 B, oK TN H 2 & | T kK
( 3(d)). J& & SNAD2 it ;N DO ¥k BF i 1%,
AOB & 4748 T PR ik 42007 #E 47 P 15 I W 35048 i A8
T2, [A AnAOB K Ry k= 0 i & G v #E 47 IR
SR AAVE L. i Dt [n) B, 42 i SNAD2 il iy
DO WEZE 0.1 mg/L,FEEIZ M AN TN ZERR D
EWin. 24 7 d BF SNADI i Hl SNAD2 iy TN
BRI BT IA R 64, 3% 1 62. 3% (J 3(d)).

%5 20 d B, SNAD J i g i#f 7K 2 A F1 COD ¢
B4 MR % 400. 1 mg + L' F1 536.3 mg « L',
I SNADI Al SNAD2 9 pH 238 51 4 7. 98
M7.73, FA W& 70 5 4 13. 2 mg « L' Al
1.3mg-L '. W 9 P DO W B 7 5 N
0.17 mg+ L '"M0.11 mg+ L ', TN ZE5 45
AR F] 61. 9% A1 77. 3% (K 3(d)). 55 21~23 d
Af L E K R A E R % 534, 2 mg « L kK
o 42 A DT BOR G . T ) TN L BR R 3Y
WY TR Ry R I s i B 2 RN At A 0 T A g 41
VR FH 328 9 AT 32 K 97 7 2% 58 B g e 0k 52 1 L.
F5 41 d B K AR RN 210. 3 mg « L1,
P B A TRCR B WK T 0 22 1 41 v 2 7K 67 .
%48 d REVIKE FAE B AT . LA i K Z A A COD
We B4~ 340.1 mg « L A1 455.7 mg « L1,

SNADLI ith f1 SNAD2 # i) pH 4+ 5128 7. 79 #
7.52, DOMWEHR 0. 10 mg+ L "Ff 0.08 mg+ L ',
TN 25 B #8453 5 AT 3k ) 44, 996 A1 73, 0% (&
3. REL 25 d AREIRE R & 1817, 73 B i
W EZAH LR 3 A5 i - dF 7K 7 far f1 pH R R 42
B AR FA WML 35.0 mg « L', F
FEFRW FA WMt 30. 0 mg « L1 if (i AT AE X
AnAOB [ 36 P4 77 A 00/ 5 3 30038 B
GHERWESEE T A HAFEYE, W LR
WA W G 25 0 L 5% e AR A T et R AR e D
i i 5 B0 N A 2E K b R B 3K F] 7 000 ~
8 000 mg « L', 43 L& A= W oK g I ) 3 1 g &k
PRBE L 40 AT RE RN K FE T, DA b5 i R, e 3
FA 00w LA 2o 3 AR G o7 i B, (H 2 35 35 W) i
R ik 45 W) AT BB 5 ORI W R 98 5 4 7 AR R AT
TR IR DRI Ak P S 3 % U I L B T ER R
208 v 1 ey 19 5 X A A W A A B K T R
S0 R W%y B AT, A AR B W B L A
W)k FE P H BRI, 5 93~96 d Bk H K TN ¥k
FEAr 5N 602.3 mg « L' A1 100. 6 mg + L',
COD Mk BE43 59/ 878. 1 mg » L ' f1532. 1mg+ L',
W 2% # B SNAD-IFAS 244 & A . TN F1 COD
B 25 Bk R 4 Ik 2 97, 890,83, 3% il 39, 4% (]
3(a) (), (e)).
2.3 SNAD-IFAS RS0 W% 451 5 b

R T 5 R G0 N A W ) RE IR S5 A L 43 ik
SNADLI 3t 2 SNAD2 3 9 1 1 775 e A A= P R AE 1]
%% (Phylum) FlJ& 2% (Genus) #E4T 70 Br. 1136 2.3 Fr
NI PETS R AE L5 L SNAD & 48 & WL
Chloroflexi.Proteobacteria, Bacteroidetes 1~ F
AL # R, Proteobacteria il Bacteroidetes
WLF A HLE KA FE v, I H Bacteroidetes 1] LLAb
B Ay TR AL AT IR R
Chloroflexi AT LA 215 28 37 £ A9 /E . 6 vET5
Ve A A ) W 1] i 2 W fe 2 2 X5 #E T
Planctomycetes i 73 A & &b, W3R 3 i, 5§
AnAOB A %) Planctomycetes HAETE T 4 ¥ I
LU ASAE 7 05 M5 e R, =2 AR
22.63% (b)) M1 16.73% (b)) $28 & 31.02%(B))
A 36.11% (B,). 580 SNAD-IFAS £ 4t H JE 1k
B A ) RS RT LA 3K 4B Planctomycetes, fif H A%
R L BT R
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Fig. 3 Concentration and removal efficiency of contaminant in two-stage tandem-type SNAD-IFAS system
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Tab. 2 Microbial abundance of activated sludge on FEEAETEMEISIRET, AnAOB (Candidatus-

phylum level in SNAD reactor Kuenenia, Candidatus-Brocadia ) 5 DNB

14 AL /% AG/% As /% As) /% (Denitratisoma) W F 2 AFAE T A W I L. X Fh s

Chloroflexi 28.98 37.52 10. 75 47.00 lﬁjé}%ﬁi%%&{g}ﬁmﬁ E/‘J%Z ﬂ@ y {ﬁll‘éiﬁ }}E'Eij/f-g

Proteobacteria 21.47 20. 69 36. 04 18. 23 ﬁﬁ[&ﬁﬁﬁ/]\,ﬁ*”?ﬁ}%%ﬂﬂ A()B *ﬂ N()B gj%’fgf
Deinococcus-Thermus  23.01 21.33 25.15 4.12

: FE A DO A CODs i AnAOB i i1 T 4 K 75 4=
Bacteroidetes 13.42 4.94 9. 80 12.18

% 3 SNAD KB # £ 4 BB TR + &

Tab. 3

in SNAD reactor

Microbial abundance of biofilm on phylum level

IRE Y L L R R R A% 5t BEL g AT DUA RO 4
HoAp 7 0 FLIRBE A0 30 i 4R Y A& 4 o iR,
MHE M5 U8 F8 43 FF . SNADL Wb i AOB 7245
96 d 9 F (5. 91 %) Bl T4 50 d(1. 66%)

14 Av /% A /% An /% An /% I B P B Be NOB == B2 5% 6 I BR (<20, 0194)
Proteobacteria 30. 90 37.99 38.37  21.22 PiBH AOB B3 & £ R B NOB A K 8 A 38 3
Planctomycetes 22.63  16.73  31.02  36.11 #1.1 SNADZ M B T L% 4 1 5 3038 17 S 380 s,

Chloroflexi 29.12  21.68  18.31  21.72
Bacteroidetes 10.16  16.81 6.91  13.48 5 S, AOB S B AT, SR 0. 2106 Al

JEF AT RN 4 BTN, SNAD R 48 i

1.24%. % J NOB £ BE M 1. 60% =
6. 28 % » Ui NOB 75 PE K 15 2 A 040 il of 55 %
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B, FA #EALE 0. 1~1.0 mg » L "B ITFIE % NOB
(P = AR VR AR 5t 6.0 mg « LTS A]
PASE A ) AR S5 h il T SNAD2 it P 2
R 240 b F KK P (10.0~20.0 mg » L 1),
pH K 7.5~7. 8. ffifF FAWEMT 1.0 mg« L',
PR UL TE 32 % NOB 2 21 58 4= 90 il /6 . an &l 4 (b
Ji7s s DA 9 IS £ B2 43, SNADI W 5 SNAD2
M3 LA AnAOB AE RSB FP L 55 50 d B H 3=
AR 21,18 % F1 13, 71 %, 55 96 d 43 il 3k )
26.21 % F1 30. 82 % , Ut AR FH TFAS 19 5 A F
T AnAOB A K. 1L 40, B, 55 B, o DNB 4 $ &
S35 9. 11 % F 1. 99 %, X AN 25 - & B DNB #f
LA AnAOB A4 F 24 o s, iF 58 % B, DNB i
#A K 7E AnAOB Fh 8, A AL AT LA 4 ff R
COD, &% AnAOB By E K I B, [A] B ] DL S BR IR
A AR I R A R S A TR EE R Y
DNB A T AnAOB i) & %5, DL g5 £,
FIFH TFAS Jz I #% B8 T8 & 19 5 o5, 1T Al 2 2
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Fig. 4 The microbial community structure on Genus

level in SNAD reactor
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Research on anaerobic digestion combined two-stage tandem-type
SAND-IFAS process for treatment of landfill leachate

XU Xiaochen™', FENG Xiao's, YANG Meng’, NIU Mingze’®,
CHEN Jie', YANG Fenglin', JIN Wenyao’

( 1.Key Laboratory of Industrial Ecology and Environmental Engineering, Ministry of Education,
School of Environmental Science and Technology, Dalian University of Technology, Dalian 116024, China;
2.Dalian Dongtai Organic Waste Treatment Co. , Ltd. , Dalian 116000, China;

3. School of Environmental and Chemical Engineering, Dalian University, Dalian 116622, China )

Abstract: An integrated configuration combining up-flow anaerobic sludge bed (UASB) with the
simultaneous partial nitrification, anammox and denitrification-integrated fixed biofilm activated
sludge (SNAD-IFAS) was constructed for the treatment of landfill leachate. The temperature and pH
of UASB were controlled at 32 “C and 8. 0-8. 3, respectively. The removal efficiency of COD reaches
44.9% when the hydraulic retention time (HRT) is 24 h and the C and N ratio is around 1.3 : 1
which could meet the requirement of continued SNAD process completely. The two-stage tandem-type
SNAD-IFAS reactors were operated for 96 d and it used the diluted effluent of UASB as the influent.
The temperature, DO concentration and pH were regulated independently as 32 °C, 0.1-0.2 mg * L™
and 7. 8-8.0 in SNADI pond, as 32 C, 0.08-0.14 mg *« L ' and 7. 5-7. 8 in SNAD2 pond. In stable
phase, the TN and COD removal efficiencies of SNAD process are 83. 3% and 39. 4% with the
concentration of TN and COD reaches 602, 3 mg * " 'and 878. 1 mg * L', respectively. The result of
high-throughput pyrosequencing indicates that the typical microbial community structure of SNAD
process is formed in the reactors. Ammonium oxidizing bacteria ( AOB) tends to grow in the
suspended sludge while the anaerobic ammonium oxidizing bacteria (AnAOB) enriches in biofilms.
The biofilms in SNADI1 pond and SNAD2 pond are both dominated by AnAOB, whose abundance
attains 26. 21 % and 30. 82%, respectively.

Key words: landfill leachate; anaerobic digestion; SNAD-IFAS; carbon and nitrogen removal;

microbial community structure





