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1.1 [RIKKESKER

APt AL T RS K R SR A . Wis ok 1 FAKRSH
P ST 3 B S e B A S BT e TIA 2L Table 1 Raw water quality parameters and emission limits
BRSSPk on N v s

P AR R B IREUK . R E g T ) (met) (mel)  (merh)
SO, PROKAIKE . KBTS K . EZI5 YY) 3KKR 42 400-93 580 1500~2 980 484~1420 15 061~43 250
5 COD., AR . AR SEIRY, Bk

LRI 1 Fs. P KT

12 FERREHESE RAK U LT =
1) TGS RRNIER . ARk RN

BOALE T4 EBIRAOT . G B, BRI BT TR U TR

Ao WREMTRE PR, SHITiRESBOrS E1 ITZHiEE

BNBUTE 2, Fig. 1 Process flow diagram

i EEERREZBRIE KR K ET
Y. RS, RIFHOUER T WA IR,
12k GF-2T, $EHAHEEKE 2 m*h, EAK

*®2 FERNFEITEH

Table 2 Main reactors design parameters

0.7 m*h, HRARTE 2.9 m’, i KxSixm/m  ARAER/m®  HRT/d DO/ (mgL™')
R FELENIREAE R N AR coD fig  TURHL 3.0<12x10 29 0.7 5-9

T N FASE AR, RS R 3.1x2.0:32 18.6 47 <0.1

IS K, LAY RPIR A, ATLASEER = B 12x1.6x3.1 5.6 1.4 <03

M EVER . TERBeA e i sr, TRV W4t 3.0x0.5%3.1 43 1.1 <05

AR BRI E AP E e 1 saeaa 8l 20 129

BEAbER, PR ZKER S FIi B At A, ISR
KRG NS IE . [FREA 360%~900% .

AR EEAERLEIE—PREAREK Y COD 5EIFY, NESE PN/A ROVARMEE B AR A R
P [Ee SRR R, MTCNRERET 4. WA RS, R RS E ) E R, KINWE
KA REEREANT 0.09~0.3 mg L' . N asLAai AP i =0stT, TRIFIGI. ZadBiu b #
J&i, BOKH COD B EEA/NT 1000 mg L™, SRAIRT 2, BFFYIBEEE/NT 500 mg L

PFRA: FERAE PN/A N, EBREKP IS EAMS A E 1 s, IERARA RS, i
RSP S B X IR B e R A ROR, I FEIEHIAE 0.5 mg L' LU, _L¥RAT RPIR #idk, AJsisf
(7] 5 1o 3t P e R R K P 3 o

48 FET RS K P RANISILY), 1 COD. &A%, EHKisbR. R F#Fi%A RPIR £
B, SEEUHKIE . R HKIER RGEREERK, HE RS

4RO R M N B SE R KA B, ETRIE R I . AR A T 2R R LR H+2 9L AO+MBR
T2, AT MBR BEAMAN &, USRS, Fbs&Em Kb, 5o, L4 m*d!
WA T M HRT, REZEMAERE (BAAHBRELFA ) HRT S 4.5d, MiHEM 29 A0 T2
HRT i@% KT 10 d"5, A4AE T 2ERERI R BTPREM = H=, ATitkEisf A T2
TmsR, WICTFIAAEAE, Fra B bR A pH BETE 7~8, KIRMFFE 27~34 C.

VE: HRTLABUKAE B4 m-d



786 ok L B ¥ W 9%

2) FERhiEle. RAEMIEM TS Te A Tl B KA R G r PR SABRLT5 e, $ERhIn IR iS5 Je ik EE 2
15000 mg-L™"o FREAQUHEM TSI NI = SR R A A AR S ISR G R, 1 R AL R
K5 Uer BEZ92 300 mg L™, V5L, 8 000 mg L™, SR AL AT AR5 e kT T5 7K i 4aX.

Pl FErE B AN A5 Je ik BE 43512 2 000 1 3 000 mg L',

1.3 &B17TAX

i SR shiEirE, TARFIEF BT
113 d, Wk 3 FEl 2 Fossrh 4 BB, 56 1THr
Bt (1~24d) JFUKAFEE N 1.6 m*-d ™5 55 11 FrE
(25~37 d) AbFRHE M 2 m’-d" B4 = 5 2.8
m*d'; %5 I BYE: (38~81d) AbFREFEEYHS1E
3midl; 5 IV IEE (82~113d) di T iR e
JEIK A K EAR AL, AbFRE N 3.2 mP-d ! 2
4m’d! JF X YER] 3.5 m’d ',
1.4 S¥EE

ARG ARSI a4 BB AR, CcOD
FRPREMEIE ; 2 AN O R e il
FE; WANRRER R N-(1-2583%)- 2 s e ik
WE s AHPRER RSO R EIE ; B R
TR R AR A -2 A0 OB VR 2 5 15 IRV EE
105 °C MEAFHET 5 R HE SR ; W AR EUH
HACH HQ30D {5 =i il ; IR SA LR
R e B R S 80 H i It g PR AR
A, HIGBUE EYH 105 ¢ MU S R A E
i o7l AR N = = = A b TR oy Y 52 b ) AL
{¥ Mastersizer 2000 ( Malvern Instruments Ltd,
UK ) %
1.5 RRFHNWIHESE

WANG 5 it 7R3 PN/A T2V AR A, FEhE LU
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Table 3 Change in water inflow of pilot system
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Fig. 2 Change in water inflow
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F4EAk: NHI +1.2380, +0.04HCO; +0.161CO, — 0.96NO; +0.04CsH,NO, +0.919H,0 + 1.919H*
WAIREREAL: NO; +0.01NH; +0.450, + 0.01HCO; +0.01H,0 +0.04CO, — NO; +0.01CsH;NO,
FHRRERIAJF . 0.048NH; + NOj; +0.37CH;COO™ +0.32H* — NO; +0.048CsH;NO, +0.64H,0 +0.5CO,
WASFRERIAIE . 0.12NH; + NO; +0.68CH;COO™ + 1.57H* — 0.5N, +0.12CsH,NO, + 1.62H,0 + 0.75CO,
RAEGEAL: NH +1.32N0; +0.066HCO; +0.13H* — 1.02N, +0.26NO; +0.066CH,00 5Ny 15 + 2.03H,0
FR4fE A T I AL (D~(5)

NH;-NZ: 4 = R1+0.01R2 +0.048R3 +0.12R4 + R5 (1)
NO;-NZ[4H = —~0.96R1 + R2 —R3 + R4 + 1.32R5 )
NO;-NZ£BR#E = ~R2+R3 - 0.26R5 3)
CODZ:FiH = 1.69R3 +3.11R4 “)

DOZ 4 = 2.83R1 + 1.03R2 (5)

H: R1CVEEAE NH,-N #1008 NO, -N AR RO E; R2 HIAHIRELAILEE NO, -N ¥4k NO,-N AR
Fiim B R3CASUEILER: NO,-N koA NO, -N R E Fiat ;R4 AAEILER: NO, N #4bh N, A EF R A
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;RS IREESERER NH,-N &b N, WERERE L E,
1.6 MEVIEFENETSE

SRAERREIEE 111 d WSURREs, ORIk ISR B, 38 SEd A 2y R A FR S /I T
AEYIFEE AT TAE. FEMZeat DNA 421, PCR 4744 | BilbiE i In i AR E 5 . FIA Quantus™
Fluorometer fnlll FISIii%RR &, e/l Miseq PE300 Pl f3el,
2 FER5NHe
2.1 PIREGIREREEERESHT

1) COD AHRURI T . AR RSB R HIRAN LR COD, HIL RS FRRIERE S EiHE
PR, 4l 3(a) Bz, 55 1BBUREEH K COD 4k 4351k 3 981, 565 mg-L™', SFHEERF
i 85.0%, FHIEBRIfTA 3.25 kg-(m*-d) ' 2 11 FrBesz LIEk/KoK Ak, IRE/K COD P4
WEHR 2597 mg L', WS TRMBEFI% T 34.8%. IREAUHIZK COD BTt Bl 235 mg- L™, LU 1B
FEIRT 58.4%, VIEBRERN 84.2%, M 1 BHEASRRE, FHRBRGMTA 2.23 kg-(m*d) "', HE 1T HEL
FRAKT 31.4%. 25 T BYBeFIEs IV BrBe, AbBREAH L BiA BRI, (HiKE) COD Bk BREIL, A
WA T3 1 2B R, T LBRR 598 86.9% il 88.8%, SF-1 KBk afi 435k 2.07 F1 1.89
kg-(m*d)"'. BT, REHIK COD LRACRREAF, 4 FrBitK COD Bk e 7E 500 mg- L™ L
T, FHERFHIE 87.0%, COD AFERMMTHN 1.04~4.05 kg (m>d)™", HGEAMHATTIFaE B TREE T
Her,

5000 1 11 111 v 900 111 v
800 |-
—— IRk e A i
~ 4000 e RAHUK ~ 700 K
O O —— R K
o & 600 —v— [R&K
£ 3000 £ —— Ik
] = 500
B 2000 w00 |
= = 300 1% i
o o ® B\ ‘,,»;" AAAAAA
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g &_&M% Boin o, 100 %
0 1 1 ““"—“I"J'“' 1 1 1 0 1 1 1 1 1 1
0 20 40 60 80 100 120 0 20 40 60 80 100 120
i) /d i f)/d
(a) I KRR A H K I CODAETL (b) IR . SRR, FREHK . IR KCODAE L

3 HEUERERREE COD REREEL

Fig.3 Changes in COD concentration of each reactor in the biochemical section

BRI YT COD I EAER, HREH/KAY COD Al SS ik X T RAE E M —E
B, A B AR ] RE S X IR A R AL = ARSI E R . AR PR K H A WL R s, &5
HRFERAE RS TR, R A A K S AR, ARYE S 5 &30 COD ik i
#2000 mg- L' xR AZEAIMHVEH . B &R Geit & B 70% B9 R E R AN #4537 i 7E K
SS whili R SRR, ARG ELEAE R, ATiE R E S B B, R A R — R AR
th7K COD. SS Tk, Zemkok, MBRAMSILRGE BRI, 4l 3(b) FIEk 4 PR, 55 1. LB
B, ZBAANIREIK PEES COD Bk B IR T 199, 142 mg' L™, COD “FHEBRFEN 34.0%, &
BT PREMB AR . 5 T, TV BBl TIRAHIK COD Rk 24k, RUHBEE g mR A AL
o TNFE 4 B, TEBANIBITRYEL, PRI EIENT COD A TRkRE /N, BREMXT COD £ER Tk
HH 3.2%~5.0%, H—ER COD ERAEM. 4 1. 1. IV BBl COD EB5tH%E N 0.7%~0.9%.

FAHEALB: COD X EBRERN 94.3%, THIRAMTTER T 92.4% 1Y COD Z:fia, KEEY A
MG T2 AP E R K COD SEHEBRF N 96.8%, HAREMILTHL COD R 94.3%, SAHIK
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# 4 £HEEREEE COD RRTAkE
Table 4 Contribution for COD removal of each reactor in the biochemical section
HEAREE IR 7 &= Nl [{RE= i I

B cOD%£EE/  CODERR CODEER  CODEM CODERR  CODEREE/ CODERR  CODERR/ CODER
(mgL™") (mgL™") TR (mg'L") IRk (mgL™") TIkR (mg'L") TR

1 3829 3409 89.0% 199 5.2% 188 4.9% 33 0.9%
I 2577 2328 90.3% 142 5.5% 83 3.2% 17 0.7%
1II 2151 1996 92.8% 52 2.4% 107 5.0% -5 -0.2%
v 1854 1750 94.4% 24 1.3% 64 3.5% 16 0.9%
FARL, G T2 FZ K COD Fait ik B RS e /Iy 12500 1 Il m v
F 255 mg- L™, BUSHIFRIAEEROR i :;gﬂﬁﬁi
2) BRMHBER M. HE T X TRER ~ 1000 A — BRI
KMACRIE 4 Fide 5 FUR. SOF. KL B 3 ik
3 AT KRR BRI SR, $0015% 3 4 5 7
T FRABATI AR, Hrd, JREik Z ki
AR IR TR K, IR TR S T
THAEE R AR A PR N AR . WK 4 Fs sl
5 TR BUR A AR AP B W By 1026 ‘
mgN-L' 55 I~V BB, i T bk U e 0 el Sl P BI E Linle
G S A B R, ALK IR T e i
G, PRy 744 meN-LY 5 1LRTEL) K 4 EREREERERESL
fIREF4) 378 mgN'Lil (55 IV BB o Fig. 4 Changes in ammonia concentration in each reactor in
PRAECH 3= 25380 PN/A SBRaA, AR the biochemical section
S T — st > e = e L
LIRD. Gt G IR . KRR %5 BENBNETTHRERE
e, ATRER SR AR P EAN L RS2 Table 5 Average ammonia concentration in each reactor in the
AR, FECKE AR S ER R 4~568 biochemical section

mgN-L™, PE 318 mgN L, BAPHLHA SIFHK, DREMK, BERHIK BREHK, AR K/
{0k 68.7%. 1645 IMIV BrE:, BRI P 05 (el ) (mel) (mel') (mgL')
I, EYIEAERIDK, Jld g e 1o s :
BT B T R ICR, A%

N . 11 711 744 750 71 2
K425k 90.5% . 84.2% . 90.1%, H/KEEF
ey ) N = o II1 529 556 556 88 13
YR e BE Ayl 71, 88, 36 mgN-L™, AbFHsk
v 369 378 365 36 8

FBWikaE . R EE LA, %k
BREA, 26 1~V BB K& ECE BRI R 5. 2. 13, 8 mgN-L™'. BRI, 253 4 Btk
B, AR K B R TR AR RE/ T 45 mgN-L, ERTFHIEBRRN 98.2%.
22 [REHEERSR AN ENEEE DT

1) BREEBRHR. BRAM TR PN/A R, 2l R LR EEY T, Fh AN,
PERfA B SR RSO R o A s BRI R R AR, MR A RIS Y IRk, sbr
TR AR oIk, Al 5 MR 6 s, 85 1B, FREIANERCREATE, MACEH R
4025 kgN-(m*-d) ", SECFHEBRER 67.2%., TENTE B, SR ELBRAMT R ERA, 52 037
kgN-(m*-d) ", MATHERERTIE 84.6%., 145 I~V WrE:, ZibKEA AR ERICE, ffrdhiz
WA, (B A BB RATMEARTE 80% LU b 1055 TI~IV BB, RGBS, B m A S ERAMTA 0.48
kgN-(m*-d)"', H/KWASTRER AT Bk AR EMLT S mgN-L™', #f T REAZ | WASTRERF R A5
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Fig. 5 Changes in nitrogen pollutant concentration 6 DEEFRR
in DO-limited reactor Fig. 6 TN removal efficiency
FERAEDT RS HPN/A 48 T AR i — MEAEREARERE - B RRER R AR LR
AR Fﬁ;ﬁiﬁﬁ i ISR -l sy vl S Tl e
B, PRI RAERIERR AN 0.48 kgN-(m*-d) ', 1000 ek i v
BRERAN 81.8%, SAPIRGERPEE. U Ly o — ety
\) N P2 = (=N .
AR BR A H K P O B RR R U SRR, 80% | :
7 B, MR AR R S AR SRR T
I PN/A STRIIIE I 119%™, P40 44%. = ]
JURRAER T W R DR AR A AU SO A B ﬁ 40% |
RGBT, TERER A A R A AR
Y 3.6%~5.6%, AHiRaE RATEIZ LB 20% | \
% S FI B COD F bWk P HIREAR T 102 N e
mg' L™, ATLIHEMIRRAHLL PN/A Fl555% R Ak ] 0 20 40 60 80 100 120
TR R .
2) WERAHHE. 1l WANG 419 31457 87 fFiii
AT TV B A h i E Ak, 45 R Fig. 7 Variation of stoichiometric ratio

K 8 firn. FR&AM B A A AR L . WASEREN AL . MIRELAIE . WASERERIEA IR . IREE AL 5 Fh .
A 181.6 mgN-L™" @A LA EREHR N, HESAIE (AOB) LN IARENA (1743 mgN-L™") , H

7.3 mgN-L™!

7K 364.6 mgN-L!
Hi7k36.2 mgN-L! H17k0.7 mgN-L !

144.8 mgN-L™!
29mgN-L' )
=D

295.5 mgN-L™! J

-—--

L= - 37.7mgN-L" - === ——
300.6 mgN-L Hi7K15 mgN-L!

8 FTEN

Fig. 8 Nitrogen mass balance
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7.3 mgN-L AR5 AOB INAHLA, ERERIL N R R LB R SR R B LR 553%; A
5.9 mgN-L™" WASFRER A B W AR EL A AL (NOB ) FEAL MASIREL A (5.9 mgN-L™") ; A 28.6 mgN-L™" fify
iR Eh R AL 8 ( DNB) 5540 A AR Eh & (28.6 mgN-L™") , [RIATA 1.4 mgN-L' &A% L N
DNB N AEHIA (1.4 mgN-L™") ; A 5.1 mgN-L™" WAHHREL Z 8% DNB #4/L MA < (5.1 mgN-L™") , [FIE}
# 0.6 mgN-L™" ZAHA K DNB IPAHLE (0.6 mgN-L™) 5 £ 144.8 mgN-L™ & &M 191.2 mgN-L™" .
IR EL AR E A AL ( Anammox ) #5464 (295.5 mgN-L™") FIRSERERAL (37.7 mgN-L™") | ik
YIHAAILA (29 mgN-L™")

ML 9 BT, SEASTRER R AR (NS RRER A R RN =4, SURERSIRER AU . AR ER A
B REEEA 3 MRV R . ARG 4: 202.9 mgN-L WWANEREL A, HorP s reas b s vk
174.3 mgN-L™", 5 85.9%, TMiVAHRRERE IS0 ok 28.6 mgN-L™', (5 14.1%., UL Fr=A: T asiREh & 5
B AERRER AL (5.9 mgN-L™, 2.9%) . WAHFRELIAIR (5.1 mgN-L™, 0.4%) . JREZEE (191.2
mgN-L™", 94.2% ) 3 B iHFE, HoKBskEE D EASRERA (0.7 mgN-L™, 03%) .

HRAREL 8 FnFILL Lartr, FTDMSH LIRSS FRAH 2GR A AR AR B, IR AL
A LR TR 98.3%, MIEFEFIERMMAL S 1.7%; IREEEAFTTF=AFIREIREL A, TS bF hir
MR, APRE R EARBYRY), PRIASIRER A I S A A BRI A

3) WA REVE SR P . A 9 BT, IR AE R ok A TR 1 R R R B AL B 2 Candaditue
Kuenenia J&, fHMFERE N 2.8%, & WEEIEE Nitrosomonas BRI FE R 5.7%, WV HBRELEAE
Nitrospira B AIXT A 0P, & WL AL @ Denitratisoma AHX 2 BE Ry 2%, T W iET5 4540 BoR
PN/A IS8 SR AT A = R i A D RE A S s

I PHOS-HE36
- Fimbriimonadales
8.5% I 5111402
I Nitrosomonas
[ NS9 marine group
I Actinomarinales
5.9% W oLB14
I Dojkabacteria
| | Candidatus Kuenenia
[ ] Saprospiraceae
I dnaerolineaceae
539, WM LD29
I SBR1031
B sJ4-15
4.5% I Haliangium
I Kapabacteriales
I Denitratisoma
[ Other

36.1%

2%

2% 2.8%

8%

El9 WEAIREEERR

Fig. 9 Composition of microbial community

23 REHBREESNETRISRRETL

REGESAALHE I PN/A REMZOIIRERZEY), A EERAMEH, ERAR NIRRT, REEE
WEZ LIRS IR e S E. A, FIH 80 HANEE M Mk H EAAKT 0.180 mm AT5 YRk T
WML, 5 BRI S RELT (6, FEPRIIN R R 24k R EAIRE R EAL N Candaditue Kuenenia J& . 41817
B B PR S0t IR S S A R R 5 Rk B A5 Yk FE AR fR A&l 10 7R, PRANMEFREEERAEX e, TR
RRS IR EEAE 1 104.5~1 738 mg-L ™', Hi5URMREE 109%~17%., LR, WE 11 Pos, TR
A TRRAL A R . <0.209 mm (23.83% ) . 0.209~0.550 mm ( 36.73% ) . 0.550~0.955 mm
(33.69% ) . 0.955~1.445 mm (5.76% ) . DRAEZSARBRRAR A AZBFETOREE . 37U)J155¢2m, AW
BTSN TR AS B B R AT FIAE 0.5~4.75mm Z RIS, A G —MS5E, (HEZIMBFITEN T Fk
AR PR AS Ol AT BEASR™ F A8 R T e S, HICRIARAS SR> ZHU %524 iff 9 & B3

2.1% 5 50, 2.4%2.6% 2
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Study on the efficiency of the combined process for treating Kitchen
wastewater based on partial nitrification-anammox
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Abstract With the increase of kitchen waste production, the quantity of kitchen wastewater is also increasing.
However, the quality of kitchen wastewater is complex, and the concentration of pollutants such as oil, SS,
COD, and ammonia nitrogen is high. How to treat kitchen wastewater efficiently and economically has become
a challenge. A combined process of "dissolved-air flotation, anaerobic, anoxic, DO-liminted and oxic" had been
developed to treat kitchen wastewater at a certain Hermetia illucens breeding base by this pilots system. The
pilot system had a scale of 4 t-d”'. When running for 113 d, the average removal rates of COD and TN in the
biochemical section reached 94.3% and 98.2% respectively. The average TN removal rate and average
volumetric removal load of the DO-limited reactor reached 79.4% and 0.29 kg-(m’-d)”', respectively. The
concentration of anammox granular sludge in the DO-limited reactor was stable at over 1 000 mg-L™', proving
that the DO-limited reactor had good ability to cultivate and intercept anammox granular sludge. This combined
process had excellent and stable performance for nitrogen and carbon removal in an energy and medicament
saving way, providing a new way for the treatment of kitchen wastewater.

Keywords partial nitrification/anammox; kitchen wastewater; anammox granular sludge
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