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Performance of SNAD-IFAS Process for Sludge Digestion Liquid Treatment
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Abstract: As a by-product of sludge anaerobic treatment process, sludge digestion liquid has the
characteristics of low carbon and high nitrogen concentrations, which cannot be effectively removed by
traditional biological nitrogen removal technology. Therefore, the treatment performance of simultaneous
nitrification, ANAMMOX and denitrification (SNAD) process for simulated sludge digestion liquid in an
integrated fixed-biofilm activated sludge (IFAS) reactor was investigated. Under the optimal operational
conditions (influent NH,” — N of 400 mg/L and HRT of 18 h), the maximum removal efficiencies of
NH,” =N, TN and COD by SNAD-IFAS system were 92.6% , 77.1% and 69. 4% , respectively, and
the TN removal load was 12.4 mg/(L - h). Specific activity analysis of bacteria showed that nitrification
process mainly occurred in the suspended sludge and ANAMMOX and denitrification mainly occurred on
the biofilm. Microbial community analysis showed that HRT significantly affected the microbial
community.

Key words: sludge digestion liquid; integrated fixed-biofilm activated sludge (IFAS) reactor;
simultaneous nitrification, ANAMMOX and denitrification (SNAD)
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Fig. 1 Diagram of SNAD-IFAS process
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Fig.2 Change of nitrogen and COD concentrations in
SNAD-IFAS process during start-up period
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mg/L, Z G #F gEK NH, - N ¥ AR TR $2 5 22 450,
500 mg/L, Hi7k NH, — N ¥ SR RE A8 14 45 Fa o I
KA, 7K NO,; — N Fll NO; — N ¥k B — LR
Fefaag , 3R W CANON T2t )ash. 25 3 Mg, LA
CH,COONa Jyfi il , il 7 %A 4 0.4 ~0.6 mg/L,
HE7K NH," = N COD ¥ & 43 3124 400 100 mg/L, M
/K NH; -=N NO, -N NO; - N K COD i H& ik 5
faE TGS RUIR S RE I w1217, SNAD Ik
FEASE IS A 5 PR FFE K NH, = N YR BEARAZ,
COD ¥4 = 2 150 mg/L, I 7K NHS - N ¥
FEPRFEAE 35.2 mg/L 2247, K COD ¥k B % i kA%
%40.7 mg/L,7£ 167 d [if COD 5 TN £BRZ45H
72.8% 579.0% .
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SNAD - 1IFAS T. 2% 20zt 3 gk 47 202 d,
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B RAGAF| 258. 4 mg/Ls K NOy - N E—H  F2AHE 9 ANHE,BITS5NE 1 s, FEE5K
TSR, R BRGSO e vl IRRE  BEK AR 2 HRT X R 25 BRACR 520
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Tab.1 Operation parameters of SNAD-IFAS process in different phases
Brig | Bflal/d H];T/ - lﬁ7{(d€f§/( mg L) - R
NH,” -N NO, -N TN COD NH,; -N TN COD
I 1~35 36 300 ~400 0 300 ~400 150 ~200 95.7 83.7 75.5
Il 36 ~62 24 300 ~400 100 400 ~ 500 200 96.6 87.2 82.1
| 63 ~88 18 200 ~400 0 200 ~400 200 92.6 77.1 69.4
v 80 ~116 | 12 200 ~300 100 300 ~400 250 97.7 74.0 81.3
V | 117~135 | 18 300 0 300 150 ~200 97.8 84.1 72.6
VI | 136~149 | 18 400 100 500 150 76.6 65.0 49.0
VI | 150~166 | 18 400 0 400 150 75.0 55.8 70.0
VIl | 167 ~187 | 18 500 100 600 200 57.5 57.3 84.6
IX | 188~202 | 18 500 0 500 150 ~200 70.3 67.4 79.1
2.2.1 HRT %J SNAD - IFAS T. 2 4b FEAICR 1 501 JEZ AR I, 17k COD W B A5 E T R, 7

SNAD - IFAS JZ W #R7EHT 4 B BOW 415 44 i)
FERBCERNE 3 i, 655 T BB, #21il HRT 2y 36
h DO ¥k FEH 0.4 ~0.6 mg/L, 7K NH, — N ¥ i
300 mg/L 3555 400 mg/L 5 ,NH, =N 5 TN %%
T BERS AR5 Kol e, IE it NH, - NIN 5 COD
R BRI IR 95.7% 83.7% 1 75.5% o 55 11
BrBt, 458 HRT % 24 h 3448 &K B &k &, COD
EBRFERAIFE 60% ~T0% Z [i]; kK NH, - N ¥

ab =1

B R A g2 2Bk TN 22K HE ANAMMOX B I )2
AL B Ur IR/ T, BE& 27K COD J¢ NH, - N ¥
JERE R NO, = N YR FEETH&, IR AH AL RE I 3 5, I
N#S N THAE COD R, 7656 T Br, HRT 45 50 &2
18 h, i /K 2 Ak B 1 200 mg/L 3% ¥ $2 /5 2 400
mg/L, RGiFE G NH - N 5 TN KFRREEEHA
{RHETE 80% ~90% F1 60% ~T0% JEE P, BT H 7K
NO; - N R EELRFFAE 40 mg/L /o4y, COD EERFH
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Fig.5 Nitrogen and COD removal path model in SNAD-
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Fig.6  Microbial community structure of biofilm and

suspended sludge on the 30th day and the 60th day
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DAA 50800 o5 TR T ELXT TN B 25 B3R B
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Tab.2 Performance comparison of SNAD-IFAS process with other treatment processes

moH eSS HRT/d PR EWRE/ (mg - L) TN LR/ % B/

SNAD - SBR TP R K 1 200 ~ 655 72.71 SCHR[13]
SNAD - MBBR Bi% B IR 0.5 500 88 SCHR[14]
SNAD - MBBR YR Al KA 2 250 ~1 750 71 SCHR[8 ]

SNAD - IFAS 15 VETH AL 0.75 400 77.1 A5

3 4k 5RO R A A Y AR A T A, T

O  ARELE I JE 8hia 1T SNAD - IFAS T.75,
Wik NH, - N 5 COD 4351 400 100 mg/L R,
COD 5 TN (%4 30l 155 72.8% 5 79.0% .

@ 7E HRT Jy 18 h /K NH, - N ¥ & 3k 400
mg/L 14 F ,SNAD — IFAS T % %5 Y8 31 4k 7 14
AFEHCR R AT, NH, - N TN 5 COD [ K LBr %
Ay A %] 92.6% 77.1% Fl1 69.4% , TN =B i fi
H512.4 mg/ (L« h),

@ A 5P i 5, SNAD — IFAS R 48 %)
R FE LRI N R A A A A, RO 2R U
R AR SLAiF AL . LR LI 45 SRR W, IR A A

TERTEIGUE LB AL R -5 57 97 T A R AR 1 o

@ A P AR RN HRT A2 s 3%
SN SNAD — IFAS SR N I AR PR, 5 LS
PTG R AU P A v S MR/ TR AR W L
RO PRV SRR

S 30k
[1] WU L, SHEN M, LI J, et al.

Cooperation between
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(‘anammox ) in sludge digestion liquid for nitrogen

.19 .



%37% %134 P 2 K HE K www. cnww1985. com

(2]

(3]

(4]

[5]

[6]

(7]

[8]

(9]

removal[ J |. Environmental Pollution, 2019, 254 ( Part
A) :112965.

GARCIA-RUIZ M J, CASTELLANO-HINOJOSA A,
GONZALEZ-LOPEZ ], et al. Effects of salinity on the
nitrogen removal efficiency and bacterial community
structure in fixed-bed biofilm CANON bioreactors [ J ].
Chemical Engineering Journal ,2018,347 ;156 — 164.
HIEN N N,TUAN D V,NHAT P T,et al. Application of
oxygen limited autotrophic nitritation/denitrification
(OLAND ) for anaerobic latex processing wastewater
treatment [ J ]. International Biodeterioration &
Biodegradation 2017 ,124 .45 - 55.

CHEN H H, LIU S T, YANG F L, et al. The
development of simultaneous partial nitrification,
ANAMMOX and denitrification ( SNAD) process in a
single reactor for nitrogen removal [ J ]. Bioresource
Technology ,2009,100(4) ;1548 - 1554.

WEN X, ZHOU J, LI Y, et al. A novel process
combining simultaneous partial nitrification, anammox
and denitrification (SNAD) with denitrifying phosphorus
removal ( DPR) to treat sewage [ J ]. Bioresource
Technology ,2016,222:309 -316.

WANG G,XU X,ZHOU L, et al. A pilot-scale study on
the start-up of partial nitrification-anammox process for
anaerobic sludge digester liquor treatment [ J ].
Bioresource Technology,2017,241 181 - 189.

WANG C, LIU S, XU X, et al. Achieving mainstream
nitrogen  removal  through  simultaneous  partial
nitrification , anammox and denitrification process in an
integrated fixed film activated sludge reactor [ J ].
Chemosphere ,2018,203 .457 —466.

XU X,WANG G,ZHOU L, et al. Start-up of a full-scale
SNAD-MBBR process for treating sludge digester liquor
[J]. Chemical Engineering Journal,2018,343.477 —
483.

BAI Y, ZHANG Y, QUAN X, et al. Nutrient removal
performance and microbial characteristics of a full-scale
IFAS-EBPR process treating municipal wastewater|[ J ].
Water Science & Technology, 2016, 73 (6): 1261 —
1268.

.20 -

[10]

(1]

[12]

[13]

[14]

Z0U Y, XU X, WANG X, et al. Achieving efficient
nitrogen removal and nutrient recovery from wastewater
in a combining simultaneous partial nitrification,
anammox and denitrification ( SNAD) process with a
photobioreactor ( PBR) for biomass production and
generated dissolved oxygen ( DO ) recycling [ J ].
Bioresource Technology,2018,269:539 —548.
IS, wiilf s , B i, %, R R L 2R
PSRRI ], PE%KHK,2020,36(2) 7 - 15.
TIAN Xiadi, RU Linfeng, LU Xintao, et al. Research
progress and prospect of partial denitrification process
[J]. China Water & Wastewater,2020,36(2):7 - 15
(in Chinese).

PENG Y Z, ZHANG L, ZHANG S, et al. Enhanced
nitrogen removal from sludge dewatering liquor by
simultaneous primary sludge fermentation and nitrate
reduction in batch and continuous reactors [ J ].
Bioresource Technology,2012,104:144 - 149.
TR, T, Ehew, % REN —Lr iR BE—
SNAD & T AL BIHE ™ S TRK [T ], RGERT
K2FE4R,2019,59(4) 2336 - 342.

YU Hongmiao, WANG Chao, WANG Xiaojing, et al.
Treatment of seafood processing wastewater using
anaerobic digestion — chemical coagulation — SNAD
combination process[ J]. Journal of Dalian University of
Technology,2019,59(4) :336 —342(in Chinese).
TRIESR, JH 58, £, %% SNAD - MBBR AbBLL; 3K %
PEWR A K B A WETE LI ]. g K K,
2018,34(23) .21 -25.

XU Xiaochen, ZHOU Liang, WANG Chao, et al.
Nitrogen removal from anaerobic effluent of landfill
leachate by SNAD-MBBR process[ J]. China Water &
Wastewater,2018 ,34(23) :21 —25(in Chinese).

BB AR (1990 — ), 3 STk A A BF
G5 161 4 ANAMMOX. B RUEC A W i 7
HUBE KA B R 5 i L e R %

E - mail :651999940@ qq. com

W5 B #5:2020 - 09 - 14

f& 5] B #3:2020 - 10 - 26

(i XU 5L )



