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Abstract;  Aiming at the problem of difficulty in reusing urine in source-separated ecological
toilets, a combined urine treatment system of sequencing batch reactor (SBR) and reverse osmosis (RO)
was designed and developed, and the optimal operating conditions of the coupling SBR/RO process and
its removal characteristics of urine pollutants were studied. The nitrification performance of the SBR
increased with the increase of the sludge concentration, and pH was the main factor affecting the
nitrification performance. Therefore, influence of NH,” — N accumulation generated by the decomposition
of urea in SBR on the effluent quality could be avoided by increasing the sludge concentration to 12 g/

and maintaining the pH between 7.0 and 8.0. In order to reduce the reaction time of the denitrification
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stage, influence of the type and proportion of influent carbon source on removal efficiency of pollutants in
urine was analyzed. When mixed carbon source of glucose/sodium acetate ( mass ratio 0.73 : 1) was
used, the system had the highest pollutants removal efficiency and the shortest reaction time. Therefore,
the influent carbon source was optimized to be a mixed carbon source, and the anoxic and aeration
reaction time were adjusted to 1 h and 5 h. The SBR/RO system was continuously operated under the
optimal conditions. The removal efficiencies of urea and NH,” — N in the SBR system were more than
99% , and the effluent NO, — N and NO; - N concentrations were stably maintained at 18 —33 mg/L
and 85 — 110 mg/L, respectively. The SBR/RO system had a significant effect on the removal of
pollutants in urine, and the effluent quality of the system met the flushing water quality standard specified

in The Reuse of Urban Recycling Water—Water Quality Standard for Urban Miscellaneous Water
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Consumption (GB/T 18920 —2002).
Key words:;

urine; source-separation;

source

g8 oh A R ol K 5 28 PRI A B IEHEA TS
KM ARG, ANMAFES: T R E KB, 1 B34 T
V5K AL R GT  hy T T IR AL Gt i A 2 R Y
Wi BFIE AT TR B R BIKE SR W S
FEAE MRSk 143 B9 3F HLA i A B, DASE NS e )
FBRAIERA . SR, 4 TR R A B I BT O PR R
(18 A BRI LA I 80 8 o e ) T T )
KA,

AR, BE (RO) T A7E 4K il 4 K
WAL DR KA PR Sz b L, RO A HA
KK B Bk 2R | o i BN L A TR
3 0 BT HR o PRI B AL BEESR T2 A L
K ARG PR S B T B K it ek = A b DX g
AR b DX AR e 5 X, R4 RO L8 b ¥ )5 7=
HH I K Tl P b T, A ) 2 A 224 1t P K S K Y R
AR SEBUK BRI AR . FR B B R &
KRR F, BB ¢ b P PR VR 5 77 A A HL i e
FEYTS Y, 30K AR F RO REK MR EETT,
H1 T A K i T A B R K R T SR
SBR X PR H (1) PR 2R A 7 R, IRl sk SBR i B
HOTE RN GEAT e S 5 SE A AL, LR SBR T
TRy B0 Fr N RO 2R 4 4 B R W 10 iy T
20, VBN RO RGEHE KA AL, FEAIE RO Y5 14
KU o £ % SBR/RO T 25 %5 43 B FR Wi i 47
AbEE L BF5E T SBR TN IR R R 1 25 B,
3 A AR HEK IR AL AL SBR T2 st 24K,
I T R4 SBR/ZRO T 25 A BRS Y H 7K K i, IF:
VR[] P i 1) AT BEAE o

reverse 0smosis H

sequencing batch reactor; carbon

1 ALk
1.1 sk

TR 2 BAE SBR ACENIE 1 PR, SO
TR A DL AL, SR 12,5 L AER
N9 Ly N BB FEAEE i i JiE B A e AR L A
FI PLC (AT 9 A2 12 i P il ) AR SR P thl BE e <
HEKFI KSR RO I8 R Gk 4 B0 4,
WP 2, RO R0 SWIT -2521 HE7KIRAIE

S PR
s =R
= JQT_ 7]( ﬁﬂ‘ 7J( AH

e XL
- [P
3jm¢i
1 2
W TS
hpasaseintes ], ® - ]
o

1 SBREERE
Fig. 1 Schematic diagram of SBR

KA Wk
T‘}ﬂﬂ( |ﬂ*/k
RO
\ e
ek I JE
ok Lok N
| % S
\
A

B2 ROESBRZETE

Fig.2 Schematic diagram of RO membrane separation system
1.2 SRRk
HELE3 HWEE S A4  PE M R, St €



www. cnww1985. com

Lk, , 5 :SBR/RO T ¥R 5 5 Jik 4L 3245 AT R

#3645 %214

PR HT TDS L) Je TN NH,” — N, COD TP FI#f 434
B TR AR e 25 R b B R R VR
Bl ff AU PRV TP A 2 v B o |l T A A i i 4
DRSS SR FH /0t 8] FH K ol , 5%k DRV — 2 1 7
VEF, RS2 56 KR FH N L1 ) 50% ¥ B A4
PRI, BB 53 : NaCl 2l 1.6 ¢/L,KCl 2} 2.0 g/L,
CaSO, - 2H,0 4 0.2 ¢/L,MgSO, + 7TH,0 % 0.3 ¢/L,
Na,SO0, #1.75 g¢/L,NH,Cl 1.0 g/L,CO(NH,),
$15.0 ¢/L,CH,0, 4 1.5 g/L,NaH,PO, 70.4 ¢/L,
1.3 SHmMBREAZE

HY T S 3 K T SR VR B R, T A
I E COD 23 AR R IR 22, IR B AE S50 v &
SBR H 7K H IV 25 a0 B ¢ v, S 25 R0 T B
iR Ak, 2 52 0 COD A 25 5, PR b 6 ) =
COD Hi s % K AR AT WAL B 1] KRS p s im0 i
PRV B RS PR ARV TR 5 B T RO A AL AR T TE
T 0.45 pum J8 I DT 25 B K FE A i) K
Fo TETH R ET G0 A 7K A v 9 S A 28 Rk B, O 4
SV AR AR MR RE , 10 50 AR v i AT e B A PR
VE R HERR R LA B3R M AiF 25 6 COD i i) T4, B
AR Z LR - NO, =10 : 1(Bif b)), %
R PR R 0 D I 7K R B VS A 1 COD e . R
FH = 2T — 5 43 606 B 0 7 PR 38 ok B, At o R
b 24 B R o 7 R
1.4 XWHZE
1.4.1 SBRZ1TEENHE

P 2 T B K AL BT A i Rl R S U PO
24 h J5 BT E 4 4 SBR N1, £ RV A%
T5UeH BE o 3.6.9 112 o/L, fin A+t NH,CI
VWA 25 SO L % PRI G NH, — N YR FESH 145 mg/L
(#2500 mL BRI iHE A SN 25 )5 FR R 58 4%
P A0y NHS = NYREE) A 10% 1) NaOH %59
P W HA pH {H =8. 0, 17 Sl 4 R R
DO 4EHFLE 3 ~5 mg/L, A /N BORE I 2 45 2 g i LY
K NH, = N ¥R EE 45075 U e 5 0 A<k ) X g 2
R KAEAAE R s2 e o 5O 25 o 5 HE2s o 2 4
SBR H 158, FHTINA o] B 5 175 U8 (MLSS =12
g/L) , SO G54 FNERORE Oy =X)L, B R BURE i 4
H 1 AN g pH (ETE [ 8. 0, 55— AN AN, IR T
pH A = 2 U K AL A 52
1.4.2  SBRZFTJEIAN IR REGILALAE

W PRI J )5 R V5 U B Pl 28 SBR R g, LA

AR R i IR, P85 7K COD i ) C/N {H =6,
BB B il DO Wk FEAE 3 ~ 5 mg/L, 3@ i £
10% 1) HC 8, NaOH 353 S i 4 N pH (E 4EHF7E
7.0 ~8.0, & Kizfrit A # /K 500 mL (10
min) FRERFE S h BES 10 h JLE 3 h FHEsK 500
mL(10 min) \[JHE . BEEfT5 d, IS 5 KisfTHr
BAER—A~ BT JE 4, /N BRORE I 22 7K 3 B
JHBE , o3 M — A Is AT RN R R e e A .
1.4.3  R[EBRIEXT SBR Ab B PRI Y500

] 3 A~ SBR S s R T5 U , R4l 1. 4.2 75
(RS 25 PR #3247 T80 40 R« #E 7K 500 mL (10
min) (B 4 h BES8 h JTTE 3 h K 500 mL
(10 min) PR E o 3 B0 i 2F 7K v 23 0 450m o i
A 1.46:1.0.73 0 1.0.37 : 1(XfpifY COD 4
Feoy2 s 1L s 1.0 2) R A B S IR AMTR 5 B
AB.C MR C/NMH =6, HopEifl 410 H 1. 4.2
o ELHAAT 10 d, BRI AE 45 SOV A K S AW
FTH L, LASS 10 Kz A7 B B Ay M) J 3, 02 AH
[ R BEEF ] 3 AN R A X NO, — N NH,” - N Al
PRZ I EBRACR , i 2 S AR ili , NH, - N LB
R A AT

0.467C, +C,

0.467C, +C,

AR BN Z NH - N £BRE,% ;C, Nt
K G BN A IR ZR U, me/ L €, Ry 7K 5 S
W NH, = NREE ,mg/L; C; SR 20 S 7 4% A IR 3R
WEE ,mg/L; C, R HEBd ZI S0 5 N NH, — N ¥ BE,
mg/L;0.467 HIREFAH NH, - N B3R5
1.4.4 SBR &EZLHa1T9 5

KNS CRRARIE (BT b 0.73 2 1)
PR C/NAH =6, AL LIZ 1T T 00 0 : K
500 mL(10 min) Bt HidE 1 h BES 5 h UiiE 3 h.
HE7K 500 mL(10 min) K& ,SBR #4217 45 d, 5
KIZAT 2 AT, B 2 A4 J 3 LR K 5 &40 o ik
JEARE SOl . IAHEYE , 4ERF SBR N #% 15 TR Tk
BEAE 12 ~13 /L,
1.4.5 SBR &G RO [B178CR 5P

¥ 2 L% SBR KA RO 4358 R4 /K6
H A e RS R K R 1R 5.5 MPa, JRI|EE:
RO JEAE PR 5 3 A 7K A6, WK & [] )5 7K 46 796 2 Ak
ML H R KF NG KIRRGE S 1L, BRIk 2
50% fy e, OGP i He /K 2, DI 7K AR PR ERURE 39300

R=(1 ) x100% (1)



%365 %214

T OE % K H K

www. cnww1985. com

& TDS A4 4l 5r & o FH 2 L AURAE A RO
[0 B R G R KF P, RGEiEtT LR F) E .

2 #XR 5%
2.1 SBRIZITSHHHE

2R SBR AL RIRIEIT, 159N 6 ¢/L, 38
Frid A2 - 7K 500 mL(10 min) (HREALEFE 5 h
12 h PUHE 3 h HEK 500 mL(10 min) (N, iz
FrILRJE R BUR 2R e Rk FLH K NH - N ¥
BT S R K AR B . 22000, IRER S
FEAERY NHY — N R B r BeoR A o il 4o 15 o¢
M, FEONH, - N AR A4 P2 i iR ik
JE NH, - N X904 5 545 L S 8080 e
BET VR LTS TR AT o i, e 2 5%

S R A R K AL BE 1 Y 2 B A, AT
SBR WE BT S8, A5 RRW, 1A [R] Sz s 7]
M (8 h), BEH T IE ML A T, NH - N LB
15.78% Tt 44.20% , WIEL 3 s o ST iR —
B a] a2 4  SON 1R T A AL ROR B i AN K, A
12 o/L B5 0 M BE A i, B8 1 b Jxd NHY - N9
LBRAN 26.23% , TR 4 h )5 B/ L BRR A
& 2% o

TG
3 ¢/L
150 ¢ ol
et -9 g/
= 130 1240
&b
=
& 110
&
® 90|
=
70 : TR
o 1 2 3 4 5 6 7 8
WL 1/
3 FiRKEMBESE R XL E R

Fig.3 Effect of sludge concentration and aeration time on
nitrification

pH {EAE A o A BB K L HERE I 2R R
e 4 frs, 245 Je kg 12 ¢/L i, $%in NaOH
1) RV R SRS IAR LG, B 10 h J§ NH, -N &
B350k 94.74% F1 50.94% o 43 BTN, 15 vk
JE S, 2 5 AL A e R e 2 R
TR Z MRS AL RE 7 e o ELAS T0 1 P A B i &
pH TR, M2 AL TE (AOB) 3 B4R K1Y pH {H
JEREITE 7.0 ~8.5"% 24 pH {f <6.5 B}, AOB K- 3%
S5 5 R, 6540 5N P2 A2 ) NO, - N FEfR

PEZEAE N AT B LA R (FNA) JE A7 AE, ENA R 2
il AOB JEHE | I it 5 Sl SR fh R U i
AL BN NaOH %5 S 4 N pH {H7E 7.0 ~ 8.0,
AL R AOB A (KRBT 26, [ I sl B S 7 4R 2
FNA fFR R, (AR 1k S 7 RE A8 IE % #EAT . 458 b, W
JE SBR PYEEA BT SHN T 5k 12 /L,
pH HHEFRF1E 7.0 ~8.0,
k=R

160 BN NaOH o AT NaOH 1 8
= 7K pH fH:
= 120} =0 NaOH = A4 NaOH ;
=19] 4
s
= o
= 80f A

(=9

x 16
® 40}
it

0 1 23 45 6 7 8 910

B S 1] /h
4 pH EXIRELIE A RIR I
Fig.4  Effect of pH on nitrification
2.2 SBRZ{TEEANREZMELIE
SBR JZ R 2% (75 JEHE BE R4 Ol 12 ¢/ L pH {H 4
FFFET.0 ~ 8.0, W #iz 11 Fa e I — A B 75 JE] 0 Py
PRE IR R ANEL S PR

< JRF -«NH-N ---NO-N NO>-N

300¢ 12.0
- o
L A
S :
Z = 200f Z
o— <
~Z 2 00 {i
e 3% L
B S

0 3 6 9 12 15
287 B 8] /h
E5 BaEIFEHARN SBR & Az28 h R ZPEfRITR

Fig.5 Urea degradation process in SBR during a typical

cycle
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