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Abstract: Kitchen wastewater has high ammonia nitrogen concentration and was usually treated by two-stage nitrifi-
cation and denitrification process. It needed long hydraulic retention time and a large area, so that it was difficult to
be widely used. Anaerobic ammonia oxidation (Anammox) is an efficient nitrogen removal method, which greatly
shorten the hydraulic retention time and reduce the area. Therefore, in this study, two-stage Anammox process was
used to treat anaerobic effluent of kitchen wastewater and its feasibility and stability were further explored. The re-
sults showed that the two-stage Anammox process achieved the highest nitrogen removal rate of 90.1% and the total
nitrogen removal efficiency reached 2 050 mg/(L+d). The total nitrogen removal by the two-stage Anammox process
was achieved through the coupling of Anammox and denitrification, in which Anammox contributed 87.7% , denitrifi-
cation contributed 2.4%. Microbial community analysis showed that the main Anammox bacteria in Anammox reac-
tors was Candidatus kuenenia. The two-stage Anammox reactor had higher adaptability relative to the one-stage reac-
tor and it could maintain a high relative abundance of Candaditue kuenenia, which was propitious to achieve effi-
cient and stable nitrogen removal. The results of this study provided an efficient and land-saving new process for the
treatment of kitchen wastewater.

Key words:kitchen wastewater; anaerobic ammonia oxidation ; nitrogen removal ; microorganisms

WG N BB A 00 K R W B e DA R B gy BRI BRI R B R TR0 BRI A B3 i b
FBR Y A S, T R AR b i KR T 4 BEEELIRAN A TR R R T A N, bR



Tl K AL F 2022-06,42(6)

ITEH.F ARRABLANTENFREAKNBRAKEFAR

AR, DRAEE AR T AR 5 M AR R Us B
B BT A LR A T i R B TR U A ()
L, 0 H 58 RS AT AL, SRR R AN ER . MR,
UF SR R B 120 THA5 RE s Il o b i AR i A AR
PR BE R L3S o B et 4 b S A B AR R AL B
FEURTFE K R AR TT % A HE T BRI, BT 4y L3 A
AR T 120 AR iy 3 4 R e Ak B RN S A e R
JEE 1 Jof A% B K

Jof A% IR OK B A LR B e =R K K
P s KSR, H R ER X I 28 R K A B vk
TAY A s A B A AL B | A Ak
PRIL AP A AL B L 5 . W PAL PR VL B G ) o)
BB B B R A P R U s B
(DTRO) J& —Fi i & R o3 8 R, #2464
K P 9% DTRO Ab 38 % Jof 37 338 U8 W, th KK i £
FE H R A I b S 3 3 T g 1 O A ofE ) (GB
16889—2008 ) X 2 U ¥ HF il Y9 225K, SR 1T I Ty 248
TR, Hisfr e i 4 o fbsab ik 24
IR BEUUTE L A2 Ak bRk &5 H IR BE DL
TEF AR MR AAE T HrAs IR B . T2 ROR B AE
{AAEAE 25 00 &K o H T AR K TR N B R BR Y
P, Ak SR T R Y A% G A W ik B R HLA A
P ISP TR o e T RRUOR B R A, E R R R A
Z W92 B4k P+ UASB BR AR +PT 2 AO it S +MBR” 41
ATEY T EMWH A0 B AR SBEFR L, &
b T AR K, R F TR A e A ARk I Y o b T
PR HE DL R A HE T 1

IR AL (Anammox) J2 32 4 R 1E B 19 6B = 4L
IR S I R B B =il = I [ A e 1)
2T IR AL A BB AR 4 48 K T 45 B BRI CHRT) L 2>
o7 b TET AR R AT R A T 8 7 a0 TR = SR HE T A
b S ATl R M R T K A B ) A R
CHkRGE , 2R EASE A 200 IRAZ AT L
(4 52 BR B T AR . L4 5K, Anammox T. 5 B % 4
N F 15 V8 T AR s s BRI 2 0 K
A e A R R K B Ak 3L SR T I8 B A F 5 i 1B R
Anammox 1. 25 4b BRJEF 4% B K o 515 6 K I WA by
P2 DR WA L, BT A K B m ik AL, HoA) AR A
B, H VR A ML R IR A A AL B (AnAOB)
HAEMGEM. FIt, Anammox T 27 5K AN b
I ik 45 4, 3 3k IR A0 AR BR Bk + Anammox JIiE &L (1)
Ty A BRJGT 4 2 K o v R B AT HLAY IR S AR R

B 28 B3N, T 38 33 Annammox 20 B 5T 4% 7K K IR &
KB T 2585 i — R TT -

AT BT 5 A R K R AL GE Ak BRE AR K
A Hb T AR KA ) R, 2 S P % Anammox
T 204 PR A K IR K B 5 58 IR T PR
Anammox b B8 4% P 7K DR R HE K 0 AT AT M R AR
P, JF ok AR B9 R A TS0 AT T Anammox [
IO s (0 G RCPE R o TR, DAV 5 52 7 4 v SR R DR A
AL 16s rRNA 73 7~ 3 P e £ AR 20 4 7 3R
R B B
1 #REFE
1.1 SR FAKFEMITIRE

JiF 4% I K SRR TR YIS S 4 i 3 0 S e Ak B v
O WML 5 5 S HE AT IR I A, IR A K AR
Anammox Y 7K, IR KK RS EOL % 1.

F1 EHREKREHKKE
Table 1  Water quality of kitchen wastewater after anerobic digestion

i [ COD/ NH,-N/ TN/ TP/
N (mg-L™")  (mg-L™") (mg-L™") (mg-L™")

BE 190~410  160~350

pH

180~390 7~9 8.0~8.4

Rl Anammox 1Y 25 14, LK 5 B ¢ (NH,-N) =
c(NO, =N)=1: 1 1Y Ho A1) 1) J6F 4 IO 7K DR 4L s K b e o]
NO, -N. SZ56 ff i A T % 7K i NH,-N .NO, =N
L K JEHLBR 8 43 59 4 J1 NH,C1 . NaNO, . NaHCO, %75
Bic 1, [ A 570 mg/L KC1, 135.92 mg/L CaCl,-
2H,0.300 mg/L MgS0,-7H,0.27.2 mg/L. KH,PO,, L)
FAm/LEICE T M mU/LECE D, B
L& [ 4% 5 g/L FeSO,-7H,0 1 5 g/l EDTA ; 3 &
gt % I 4 45 15 g/L EDTA . 0.43 g/L. ZnS0O,-7H,0 .
0.014 g/L. H,BO,. 0.845 g/L. MnCl,-4H,0. 0.19 g/L
NiCl,-6H,0.0.22 g/L. Na,M00,-2H,0.0.25 g/L. CuSO,-
5H,0.0.16 g/L Na,SeO,+10H,0,0.24 g/L. CoCl,-6H,0"",
PR PR B A SE 98 = K7 37 A9 Anammox 75 U8 , MLSS I
MLVSS %5149 563.2 mg/L 17 893.5 mg/L.
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(UASB), T Z e WA 1.,

WL TR 55— RS 9 UASB 1 45 1 Fl {4
TR AH ], 349 A LB 35 1 8, B 9% UASB TAE (R
K1 Lo PIZ UASB SN 7% P90 i B 38 3k 52 17 25 Ak
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Fig. 1 Two-stage Anammox process
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R AR 9 a5 U K KRR I K BT Ak, BN 4% 3
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Table 2 Operating parameters of three stages of Anammox reactor

kK K K

b Bt ﬁggdj‘ NH,-N/ NO,-N/ HRT/h [l A
(mg-L™") (mg-L7") (mg-L™"-d™")
I 1-8 300 300 6 1 2 400
9~11 300 300 6 1 2400
Q1226 200 200 12 2 800
27-38 200 200 17 2 560
39-45 200 100 17 2 420
46~49 200 150 16 2 530
50~58 200 150 12 1 700
M 59~62 200 200 12 1 800
63~72 200 200 8 1 1200
73~80 300 300 8 1 1800

1.3 A&

Pt 7K 9 NH,-N \NO, =N .NO, -N . TN, L\ & 5
e i) MLSS H1 MLVSS 5% H [ #5250 275 COD fifi
PRI 2 A (G 4 SB-3C, % AR R ) I 52 5 pH A
HgRE ) pH 3T (FE20K , A 55 38 — 46 R 22 [ By 32 5 47 R
Zy A ) I RE s B R R E IR 0 L (Sigma2-
16K L, 78 [ A 4 2\ w) ) 250 o
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Sk Wff 7 LA TP LR R AR X B AT AR
J5 W W 2 Anammox S g B9 2E K 2 R B AR AT
AR AR YR 35, /2 W) R 58 T 2 IR A
AL IR E AL R AR R A A R
KD ~K(4) AT R FEMH

AL :NH, +1.50,—NO0, +H,0+2H" (1)
it % £ 44K :NO, +0.50,—NO," (2)
[tk . 6NO, +5CH,0H —> 3N,+

5C0,+7H,0+60H" (3)

JRAE A A : NH,+1.32N0O, +0.13H"+
0.066HCO,” —> 1.02N,+0.26NO, +
0.066CH,0, N, ,s+2.03H,0 (4)
1.5 WEMBEENE
KR TN A AN [ B Be i 5 8, B850 2 bR BV W
A ol 4 TR BB F 50 mL B0 Tk AR LS R
YRR IR " AT A o B . AR E S
PEAT DNA #4932 B, S8 J5 >R HI PCR A X) 168 rRNA ik
V3~V4 0] 25 [X 4T PCR 4 84 B 97 54 7= ¥y % )
2% ( J5t £ 43 %) Byt B B %€ K 10 0, IF A Quantus ™
Fluorometer X [7] W 7 ¥ i 17 K W a2 & , i J 2
Miseq PE300 - {5 1] J# 1'%
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2.1 RN R R

S i B 2 7K 0B T v A AR DL A 2,
A (TN)FI NH,-N L Fr 2 S A A7 (NLR) FLS A &
BRACR (NRR) 92 £k LI 3

55 1 BB, 7E R SRR AR AVE Ak K i 2 F T,
7K NH,-N FI NO, =N %35 8 50 mg/L LA T, 58 1 d
J& TN AEFETE 100 me/L LA T (] 2) 5 TN £ B R fa ik
F 7 80% LA b ,NRREZETE 1 900 mg/(L-d) 2245 (&
3). TEFEAK AEERIE K B 45 2F , Anammox 2 4t 55 B
TR RO

B Bt 1SR HH 552 B o 4% 1 7K DR 48 HE 7K 4 B8 e (NHL,—
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Fig. 2 Variation of influent and effluent nitrogen compounds for reactor
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Fig. 3 Variation of total nitrogen and ammonia nitrogen removal rate , nitrogen load rate and nitrogen removal rate

N):e(NO, =N)=1:1f Lb i Bic — 22 5 /19 NO, -N 1
Anammox W asitK . FEEFEE K iEK NH,-NFINO, -
N S5HRUE KA Y, HAs 1T 2R 20T, KoK
Ji AR 2% TN K BR% N %2 20% LA R (HRT=6 h) .

X AT BB S BT OEE R K LR A K S L K B ER B
F DR B — 1) SRR V5 Y ) 2% B 2% 15 G ) (A e o i
BHLIG YY) A 2ER55) , AnAOB AR ME7E 6 I 6] 3 b7 3
BRI g0 A Ak, S BOL B AU TR . 8% HRT K
F 12 h, [ i B AR #E 7K NH,~N F1 NO, =N Z 200 mg/L,
PAREAR NLR 425 AnAOB (& i PE . 3217 15 d 1],
7KK BT B K, e R SF 34 1 K NO, -N ik #|
100 mg/L LA - ; 4k 42 4E K HRT £ 17 h, KK i A
W55 TN R BR R THE 60% L L, 5 H 7K NO, -N 4
IR . ik — A HE 7 AnAOB X SR /K (438 7 1
$4 7K NO, =N #2100 mg/L, H 7K K 5t B 5 725 4

TN LB HRET 2 70% V4 I, BBy Bt NRR ZEA LR R
800 mg/(L-d) 47 .

Shy ke — 25 i v R K OKOJS AR E 2 F JI RUROR  FE
BB, 98 2% — 2% Anammox JZ W 4% 0 2% Anammox
J R g () B R B PR 9 B 07 % HRT 43538 8 h, £ HRT
416 h; i K NO, =N 3% 2 M 100 mg/L 42 &
150 mg/L LA 2 520 # % A6 Fe i IR R A R AL I
Ko BATERESS ,NH,-N 1 LB LIk $) 95% LA I,
TN LBR#iE 2] 85% LA . Ffif5 , 4% HRT & 12 h
8 h, [f] I} 36 %% 3E 7K NO, =N Jy 200 mg/L, NH,~N f¥ 2 [
FLRFFTE 95% LA I, TN £ B SR 7 1E 85% LA I+ ,NRR
EF] 1400 mg/(L-d) LA o 70 d J5 5 #F 7K NH,-N FlI
NO, =N 242 75 % 300 mg/L, i 7K NO, -N ] f4 & ik 5|
10 mg/L DL T, Hi 7K NH,-N 7] #2 %E 15 %) 30 mg/L DL T,
NH,-N i £ B 235 %) 92% LA |, TN 22 5 R 1k 5] 85%
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o B A ANO, -N/ANH,-N 18 29 49 0.20, AH
BB T 8AK, X F 2Rl TR REKRSA

Al AE W R BLY RN R R A T RS AR AE
ANO, -N#IK , 1L 45 B 5 Fangzhai ZHANG 25 2V i
FER B X T B, BB I ANO, -
N/ANH,-N 1 ANO,—~N/ANH,-N f% b 451 55 422 35 T By
BT, U W20 Anammox N 2% 1] LA 30 5% i 52 B
Jof 4% B K X AnAOB Mt (1 AR Y o o, S5 B0 A = 1
TN KBRR,
2.2 Anammox R R &%t COD X BRI R

&5 2 Anammox 2 g Bid 200 2 H 1E H K coD
A=Ak

B S AT, B Be T kK A B4R E K, VA B
HALY, A K R & A R R oD, BB T
A Be I i 7K COD B & 3 7K COD 1Y U 20 1 i 2y
COD 2 [ R ILAAE 5%~20% , COD Ay 2= % 35 &
TSI A A IR B AR A B AF A — o R R Y A Ak
YER, it ml DL R 2.1 39 P B B2 1A ANO,-N
K S 8 ANO, -N/ANH,-N i T H i {f 0.26 11 5
. Yingmu WANG ZE" W58 T 78 SBR & B & H Al
FH Anammox T. 25 Ab B4 W 1B U8 W, 25 SR R W, AN
RS8R Ak T BRIV TN (1 KB, TN 25 B R 74.2% $2
BT 82.4%, IR B COD 1Y X BRFR ] T 70%., 2K
L}, Fangzhai ZHANG 2E Y858 T Anammox Al il
LS A 20 Ak 3 2 0B W, T o 1 Al 2 2R 3R W
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Fig. 6 Nitrogen conversion and material balance for two-stage reactor
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EF) T 99.9%, Hiv,88.5% Y NH,—N 18 3 Anammox
B, 11.1% 1) NH,-N 76 2 S AL 7 (AOB) I FE AT
b NO,-N. NO, -N i pR*=iA %] T 97.5%, TN
FBRFRGKEE T 90.1%, o ,87.7% ) TN il 14 Anam-
mox 23 5%, 2.4% %) TN i i At (DB) L BR . 3X
SE 25 SR, Anammox 2 W i i 2 AOB . AnAOB FI
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FAXT T BB T 290 10% (& 2) .

N T BE— 2 AT 3 B BERY B AT 2R AR BN
HP IR AR W R R B R A R B Bris A7 e 5
T2 WA AT v 0 I T T 7K B B0 A0 R
AR = BE G &1 7 7 o

H 1 7RI, PR S I s 3 AR TR s O OLB13
Candidatus kuenenia . Limnobacter fl SBR1031, H
OLB13 j& —F £ Chloroflexi ] H ELF R i fL 6 71 59
J& | Limnobacter Fl SBR1031 42 7F R 4, Jz % 1F T [ fit
AHLY TR Candidatus kuenenia ;& AnAOB,
HAEBr B I BB I BB -5 — gomn i B -5 —
RS F2EE 53504 9.99% .6.32% .8.56% F110.32% .
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Fig. 7 Relative abundance of microbial community on
genus level during different stage
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