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HOE NSRS AR R K S SO RO IR e A ) [N A (submerged membrane bioreactor, SMBR)
TETERT KGR S b R 0 T2 544, BIF5E T UK J1 45 B8 il [E] (hydraulic retention time, HRT) 17K i X i £k - Iz i
FEAEAE Y RZ R, 3247 55 ) 8RR [A) 22 LU R A7 J 3006 BT G R A ROHLER A 52 i, AR KoK i R R e v L BTG
YL JE HH A SMBRZ 1T AR B TN € ek TS5 o 45 R EM . fEKE S F 15 °C )X HRT 4098 1.25, 2.34, 2.50
450 d 2 1F R, kK NHI-N W 0 (593.15+134.23) mg L' (OF ¥ (B 45 #E 22 ), F 2 25 B R 50 51 N 95.90% .
81.30%. 98.38% F1 99.91%; /K TN it &K (688.39+163.97) mg-L™", 3 Z 34051 85.84% . 56.97%. 54.46%
H187.93%. SMBR i R4f, HFEEE HRT IYIEK, WA, SR aEin, &4 HRT b 4.50d. RIE
AN FZK IR 25 AT BB Ak - SR AR A, 2 i i 2R I i 3ok 23R A I B 1 1E 2R 8040 14 1.05 1 1,035 20 °C Fil9 C
(B AN FI K TR 04 i Ak 8 245 51 R 0,022 9 kg (kg-d) ™" F1 0.012 9 kg-(kg-d)™", S il 4k 8 243 514 0.090 7 kg (kg-d)! I
0.064 2 kg-(kg-d) ' Rl PR E A FIAKIR AT BIRSAL-I AL SR, HRT WAS/NTF 5.40 do 24 5 AS ) K R $5 252 B[]
BE I, HRT BOR F4.50d, I S84 75 IR 0% 09 Oy 2 AR TR B 00K o 63847 A 0 18 7€ 0 12 min, 3847 5 b 8K
R Z o 0 ST Fn 201 (4R F R, IS AT 43000 6.70 d R 11.14 d, 45463817 45 (B B [ 7 LL 04T 1) 4E
KBEE T s Rz T 5 8RR 22 e E R 201, @47 A4 518 12 min 1 6 min B9 4544, Biz 17 Af K 4351
1114 d 1 65.42°d, 45817 EIWA B F w5 e MR 5 P fR ik S5 17 S, B 8 oAk 32 17 /18] B st [a]
4 4 min/2 min, Pl P25 B E B T SMBR Ab 3 2 b = A5 R A R K BB AE T2 4, T o SMBR FE S B TR N R R
A PIB A

KR RN RN A s E R AR K s WAL -R S AR AE 5 32 AT/ B8R [R]

12 W A W) ) i #% (submerged membrane bioreactor, SMBR) 7E & . 2 B a7 L 45 = vk i 4
RIB AR B AR IZ N, H SR EE 5 S B 4 ok 1) T 2 In) s A 45 24 sk e, sk
PRI (T 4 B0 2 A o BE A 5 . P A TS M, E R IR AR W AR - SRS AR RE Y v S R K A B
DU 2 el BB A TR %ﬁﬂ%/ﬁ JinEl, AT 520 SMBR 32 17 %8 PR,

Wi B E: 2020-02-21; FAHHA: 2020-05-19
EEWE: Py &SR 1 AR (2017KCT-19-01); BEPE 45 5 577 Mk 4% (BF) Wi H (2017ZDCXL-GY-07-02)
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AW RELY], SR 8 R BRI K m R i . B g Hh A W Ak A K T 4
B4 It} 8] (hydraulic retention time, HRT) %5 J5 %% 7] 2 fiff £5 % i k.- A Ak =2 2 ) BB Bl 26 9 1 100 o 7 FHE,
Horp, HRT &3 & A MBS A LB R EZ R K Z P, LIU 4 ¥l EL-FADEL %5 "4 51 #] H
SMBR 4h B 157 32 95 e, 17K NH-N ¥ B 4 2 200.02~3 035.00 mg-L ™', 24 HRT f 4.17 d #E %2 7.00 d
mF, K HRE 1 630.81 mg- L' [ E 20.00 mg L' AR, EBRERM 37.70% ¥ & 99.10%, [ E
HRT #E K, NH;-N Zb3AE 175 5] B 3 T+, NUANSAWAN 255 Fi] FH i 8 52 filf Ak 525 40 17 s A 3
BB IR, XK TN & E 4 3391.70 mg-L™', 4 HRT i1 2.50 d %K % 5.00d I, HiK TN ¥
H 735.99 mg- L' FEAL 2 461.27 mg L', V3 TN LR FEH 78.30% 3 /N % 86.40%, 45 REW, EK
HRT 400 7 Ak -S s A e ], 4 1 20 2 S A 0 A 21 AE

o Ve R B T UL S I KR R E B Ty, RO TEALTE Y, EEXRIZE,  H R E R B B Ok
A HEKTACEE | B AR | Ak VR AR A A AT /R B[R] AT e A AT/ R B R] R e
LAY ) BTG e g kU, HABIB 48U WE 932 47 5 [l Rt (] 22 LEORRFEE 75 G RRAE B 52w, s 4T 5
) 8 Bf [8] 22 B 23 5 oh 32010 2401 F1 16: 10 47 /18] 8K B 18] 3 591 24 960 8/30.s. 720 s/30 s £ 480 /30 s)
W, S35 Y R 4 5 60.00. 50.00 il 2.63 kPa-h!', 4z 47 B < 40 51 K 042, 0.50 1 9.50 h,
RO C e s 11 I LT = A O 0 AT A A < S = A 1 [ SV e 2o ) R
TABRAIZ %12 7212 47 5 [A] B[] 54 Ho B AR 15 AR AR (102 1) 254F R, B8 AN [R]2 45 J8 309 %6 58 35 Y e i
HISZIE , 3z 47 /8] SR A 43 52 15 min/1.5 min. 10 min/1 min 1 5 min/0.5 min B, 875 JY 33 28 % 17
12, H1.64, 1.45kPa-h™ FELE 1.34 kPa-h™, fiia 47 A< H 21,50, 25.00 h ZEK % 27.00 h, b iR%;
RRY], Y AT ] AR 8] 2 b — I, 4 s A SR D RE A i TS By o (ETE  Hh s Rn A
BT R K AL B T, 38 A AR R IS AT 5 R ) 2 L B Gs AT R AR T A S8, S
RS T Y4 i ) R DG R A

AHF 5% AR SMBR b B 55 6 S 85 260 K, BRSE T KRG B AURRIE (R AR RRAE . S A B Ay
i) Bysma , JE AT % HRT, SEHLE 3 K EAN K IR T @B A 58T s 85 K iz
A7 5 6] BB 6] 22 LU AE A7 J s B0 Je AR Ak 52 e, R 8 Hh IR 2 i AT Y e A A &, L)
1 SMBR 7 (= # f5 £5 58 0 27K b v, FH 3R A4 R S HE
1 MB5ERF*®
11 SRWREBSETEH

R A AR 60 L, HPEE X 10 L, AKX 350, X 1SL, WA WL R 600%; 4
A D Ao L B A R FR VA A 2~4 mg L' AR A PVDF Hrzs £ 4 i (SUEZ, %), F354L
&M 0.04 um, AR UEE FUN 0.1 m*. SMBR

NI B LT PLCH Y| EEREEH
RS R W D7 0 515 Ve R A
J# (mixed liquor suspended solid, MLSS; mixed ﬁﬁ‘% @gﬁ A -
liquor volatile suspended solid, MLVSS) £ 4% il -
1539 i (sludge retention time, SRT). 7EA [A] 7K 0 ) ti‘iﬁlz 7Y
TR R, SIS R . MLvss 5kl LY ey %%;f@zg,fzcg?;s ik
MLSS f H A K 35 Je i WA 1 AR e kS
[ 12 47 J& 3 43 24 12 min F1 6 min, B 17 25 AL
55 () BRI [R) 22 e 2300 R 501 A 210 RS Tk 5 1 SMBR REE

Ko R Y T VR R T Uk . Y B ER 22 Fig. 1 Schematic diagram of SMBR
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/INT35kPa iy, BASBATEME SR &1 ARKADIEEREIR M TSN SR RIS R T

e RIS VR SR AL SR TR L Uk vk, Table 1 Characteristics of activated sludge and SRT under
s . S e diff HRT

Dyt 4 min(f532 17 8 9] 12 min) 5 2 min(f# 1217 Herent

}% /ﬂ;ﬂ 6 min)o i ZE ;J% ‘fi {jﬁa (5}6 2 min j’f]{ﬂ , /E:'ﬁ: HRT/d MLSS/(mg-'L™") MLVSS/(mg-L™") MLVSS/MLSS SRT/d

{%5 ijﬁﬁ/{?& EH_ IEﬂ'ﬁ::HF ill]T : (Hﬁ *’L} 3 5 5) 1:?%{ 1.25 10 012+843 7 2254795 0.72+0.02 30
i (30 S)-(H;%FL&?& 55, 7J(fi?5'f§ 55) YJ’K’%\@&?%VEI (30 s)- 234 8355+1 123 5 861+£986 0.70+0.03 46
(ﬂﬁ*’&?’rﬁ 10's) 7J(fi¥§iﬁ 30 S)(Hﬁﬁé?ﬂ 5 S), ,ﬂ\:':':‘ﬁ‘ 2.50 7912+1 146 49374338 0.69+0.06 46
%@Z‘z(&ﬁﬂy 2000 mg~L_1 , YK’%L@?&%W/Z%JE% 200 4.50 8 315+1 390 5 852+1 300 0.70+0.04 72

mg L7y SRR 22 38 8 35 kPa iF, dEATIR R PRI VE, S UK wh kAR 1 i 0FZ . FHK A 2 000
mg L AP R AT 1000 mg L™ YR IR (4390112 360 8 h 1 20 h), Ak A2 4 v 1 I S 1 9 /K 3 o ml Pk
02 78 B MR K B Y 99.95%~99.99% , 15 R 2% 7 0.5~3.1 kPa.
1.2 [RIKIKR

ARSI R K R B AL R A K RAL PR R G G MRS TR e LA T2 Hhk, BRI OK R
%2,

#*2 RKKR
Table2 Raw water quality

HeRE /(mg- L)
ESANIEE N - — K/ C
TCOD SCOD NH}-N NO;-N NO;-N SRR [ A Ca®'

S 53.63~271.60 58.14~234.50 381.36~907.59 0.01~81.33 16.48~265.16 11 057.00~14 321.00 480.00~550.00 9.00~34.60
FIMEARERE 128.32£92.35 96.52+88.31 573.18£14258 '5.51+20.61 89.73£70.71 12 565.59+899.02  515.90+29.05 23.93%6.19

1.3 KEFWHE

SCHk B TCOD, SCOD., NH;-N. NO;-N. NO;-N. Ca>Fll i 7 fi# P [# & (total dissolved solids,
TDS) ¥4 (KT AW I 2357 7 3% (B 4 W) ) J7ik e o
14 SEBEENF

2 HRT 4305 1.25, 234 2.50 F1'4.50 d i), HUBE XI5 PRV R #E 17 m i s P, 4874 16S tDNA
) PCR ¥ 14 [X 38k 4 V3~V4, ¥ 34514 341F Fll 805R™,

2 #BR518
2.1 A HRT &4 TR H-R S MEF I EE M E P15 L AF1E

1) AN[EFHRT 458 FNH;-N ZER¥E . A HRTOK IR =15 °C, TDS Jy 11 057~14 321 mg-L™", #£
B n=53) ZAF N, NH;-N B9 = BRERE LI 2.

M 2(a) AL, 5 HRT Sk 1.25, 2.34 f12.50 d M, 78 HRT A 450 d &1 T, KA R
RO T 4.01% . 18.61% 1 1.53%, SH a5 /LW, 7EmELE KT, SMBR X NH;-N 4b 3 fiE
TS ko, HBEAE HRT SE4, AHALEF I S 78 2, NHI-N KBRBA Fr ;. M m L%
K ok KB, B 5E B A HRT 4 4.50 . CHIEMCHAISRI 45 ' Fi1 PUSZCZATO 251! 43 51 F] il SMBR
AR 2 AR E R 950.00~1 750.00 mg- L' A4 3B U8 W, >4 HRT fH 0.50 d #EK 2 1~1.50 d i}, 2 A
7K He JE i1 11.00~305.00 mg- L' [ & 3.00~6.50 mg-L™', ZFRFH 80% 53] 95% LA I, & A AL FHfE
J1Bf HRT SE 45 2 2 A 3 T+ . HRT 520 S0 25 76 = #h K h i A L BRACGE . Y HRT i & A,
YIRS R TE 5y, KK 25 SEK HRT, MfSferfE e 2 nt, #AFRA Lk, BAKEMS
FI B @ 0,

i /& 2(b) AT, 76 HRT 4 1.25, 2.34, 2.50 F14.50 d I20FE T, MLSS SEH5 4 B2 43514 (10 012+
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HRT=1.25 d.HRT 2.34 GHRT- 250dHRT 4.50 d HRT= : HRT= . HRI= . HRI=
1000 + Nﬁw Fodotoetoiete] 100 006 125d | 234d | 250d | ,450d 712000
/** M =% MLSS | |
’\ 180 ~ L [ Iifeiie
~ 800t = el i
_1 160 ":’D *7‘ N P
20 0.04 | 110000
£ 600 Jao & 3 i AW 3
= on %
1 —e—jitK Yo £
B 00K 120 & 7 1 >
z —*—ztﬁf}; M 4
= 10 S 0021 18000 =
P
Z 200 ¢ M‘) {-20 = i &a**:
0t W"j\‘” %moooqmooo“‘o 0 b LLLLLLE 6000
0 1020 300 102030 0 40 800 20 40 60 0 10 20 300 102030 0 40 800 20 40 60
BATM )/ BATm R/
(a) NH,-NERZE (b) A ALAFAE

B2 7A[E HRT & TNH;-N X FREFHE
Fig. 2 Characteristics of NH;-N removal at different HRTs

843). (8355+1 123). (7 912+1 146) 1 (8 315 +1 389) mg-L™', RONALD %07 f BF 57 2 B, 4 MLSS>
10 000 mg L™, LU & | FE S f A O 9 R 1 T T U B v ELR RS 0, 4EUA% I RH T
K, M3 B E X DO BRI, 30 A5 1k 7E o RAJESH %M [y iF 55 6 B, 24 MLSS iy 7 500~
10 500 mg-L™" B, XFAS LR TC B F o m . AW, SIS e E N 6 498~10 527 mg L' B, &
REBRRA 77.49%~99.99% , 15015 e vk & 1 sh A b 35 5% i i A R AR o

Hi 81 2 AT 0, 4 HRT 2 1.25 d i, #E/KNH-N #EE S5 T 8.99%(10~25 d), fild £k 3 & 14 fin 1
5.48%, EBRR T T 829%; 4 HRT A 2,34 d B, NH-N ¥ I T 22.92%(15~25 d), fitifk i R
BEINT 27.64%, EHFREART 9.71%; 24 HRT Jy 2.50 d i, BEKNH-N /1T 61.69%(5~65 d), il
T RN T 34.55%, 225 R B EAE 98.84%; 4 HRT N 4.50 d i, kK NHI-N B4 i1 T 15.82%
(30~50 d), AHALE I T 20.48%, LBRFBANIRELE 99.56% LU o FIRSTREN, A HRT 1Y 4E
K, RN AT K P s TR, Piebdi AT Re R AR A A LR E T, e
fe £ HRT [ K 2.50 d 3% 4.50 do A I, 24 HRT 43 51 4 2.50 d #1 4.50 d. 1 7K NH;-N °F 35 9 B
508.48 mg-L™" il 558.42 mg- L™ M, KV BE 45 A 11.87 mg-L™" (25~45 d) Al 0.35 mg-L™' (10~25 d),
FW Y HRT A 4.50 d Bf, SMBR H/K/KBTH 4. KAEWMANEE %1 ] I A/O-SMBR Xif &7 3% 35 € W
AT R A B S AR Z B, 2 HRT 4 1.d i,

HE K NHE-N W 180.000me L™, 2 Bk % H NG NN
44.44%, IR G R AL N 219.96 mg- L 600 HRT= ! HRT= | HRT= | HRT= |
(Eﬂ’f&ﬁ{ﬁgiﬂﬂT 2222%), ﬁﬁ%%%vﬁd\ sl 1.25d i 2.34d i 2.50d i 4.50d i
T 25.81%; “4HRT #EK Z 1.67d i}, #E/KNH-N 2 : : ' '
e JE A 100.00mg L', FBRHEE T 95.00%, i b 4007
K A 1801 A 200.00 mg- L (B &0 & ik FE 8 1 g 300 |
100%) [Fy B RAPAE T 95.00%, DL 45 T 0l
M), HRT JE K B3R T R0 68 i I8 1T R z

2) Al HRT 414 F NO;-N HINO;-N A: i 4 100743
fE . A[A HRT 444 FNO;-N FINO;-N 4= S ERE 0 ko-oo¥o0l, o ¥ conbooadtion
Jn [7§I 3. ﬁf] [E] 3 T%[] Lﬁ HRT ﬂf] 125, 234 $H 0 10 20 300 10 i){i(;](t)lﬁj/ZO 800 20 40 60
2.50 d A, HRT Jy 4.50 d B2 F T HIZKNO;-N 3 [ HRT &1 TNO,-N FINO;-N 4 B 45T
5 S BEAR T 1.98, 49.53 A1 2.01 mg' L™, K Fig. 3 Characteristics of NO,-N and NO;-N

NO;-N WRERHIL T 12.67 . 130.14 F11228.61 mg-L’] 5 generation at different HRTs
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PLESREH], HRT 4 4.50d I, HIKNO-N., NO;-N ¥ ik .

ANF HRT 2544 F, oK AR R A L 0L 3, iR 3w, K PIWAEITTR FEUMSAN
AR, KSR 5 FoBE HRTRERC MG S, M Sz N A AL VR HT R 4 . HASAR 4P B 5%
T HRT X H KA A& b e is2 i, #) A SMBR
Ak B ECHR P Sl 200~1 000 mg- L' (1) B 3% 5 Uk
W, 4 HRT 435 4 0.15 d F1 0.68 d i}, Hi K
NO;-N 5 Fb43 51K 26.67% F175.00%, 45530,

&3 A [E HRT FHTHKEIBARSEE
Table 3  Proportion of effluent nitrogen at different HRTs

HRT/d  NHI-N(GLH/%  NOF-NMif/% — NOJ-Nitt/%

B HRT B4, HUKESAE S IS, SVOJITKA 1.25 28.67 D4 69.44

% [21] _@ 71'_\ ﬂ[] T HRT ﬁ ILH ZK NO;—N |Jj [:t ﬁ%’—:‘ . 2.34 34.08 13.40 52.52

/_\;E EI,:J %5 ﬂﬁ 2.50 10.58 4.66 84.76
i g [e]

4.50 0.32 0.71 98.97

3) ANJAl HRT 25 F T~ TN ZBR$#1E . A A

HRT(K =15 C, COD/TN } 0.89~4.30, RS IVE LR 600%, FEARL n=53) 51F T, TN LBREE
HE WL IE 4, H1IK 4(a) AT %0, HRT N 1.25. 234, 2.50H1 4.50 ditf, Sz fif4k 3 % 20 %) 4 033, 0.16,
0.11 11 0.08 kg-(kg-d)'. 5 HRT N 1.25d A Fb, HRTH4.50d if, 75 8 B AL 20.41%, 1B H A %
BREEEE S 2.09%, S5 RFWT, V500 AN = BRI SO A0 6 U8R 0 G BE [R 2% 5 HIRT 2 5% 1 i il Ak I
AR P O AP0, K HRT, 3§00 T 65 f6- K mg et (], A 8o s S A LR, Jfuidb
TS RGN NO,-N R, ARG T & B AR Ml /e F 5 AR 4 B 0 2 PR ACR A
KAKF, s tE HRT 450 d, 5 HRT 4 1.25 dAH b, 24 HRT by 2.34 d F12.50 d B}, 95 R ¢ J& 43
HIFEAR T 19.84% 1 26.54%, AH W B S AT 24 25 B3k 52 43 51 BEAIC T 28.87% Fl 31.38%. 5 B 45 S %
B, BERBCR BT R S5 KL . BRUE . AR AN P vk B SR R AT G, s Rk RIS
J AR B 22 ) Y Bk R AL E — 2B F 5% o BT i AR P F R & B, R A/O-MBR Ah BRI A L LE T
BK K, 24 HRT fH 0.08 d 3 % 0.30 d i, 2 TN LR 26.60% 38 2 35.10%, I TN 2Bk RKEE
# HRT fER M0 .

HiP 4 A7, 78 HRT Jy 1.25d (O40F T, 7K TN W H 732.44~929.32(5~30 d) mg-L™', COD/TN
H1.31~2.44, HiK TN ¥ R 96.29+176.96 mg L' . #54& Gutis b S A AL ik 72 0 M J i, 2Bk 1 g il
BRTIHFE 3.05 ¢ CODH EAMA ), TN I /DK 605.75~728.55 mg- L', &% COD 4 H T & fity
AT, il SR VR BE 25 BRI TN 50 313.77~634.69 mg-L™'. [HIt, £ SMBR H 771 A [H]
TAEGE A R AL B R AR, A4 £ 61.95~291.98 mg- L™ YRR, AR AL A 15 0F —

1200 e e 0.4 ; ; .
HRT=125 d;HRT=2.34 4 HRT=2.50d :“&450 4100 HRT=125 dHRT=2.34 d/HRT=2.50 d:HRT=4.50 d| 1, 000
© 000 L= SuA ol 1 ™ 50 D71 o, <= MLSS | LF
E pad AEA%A ; 160 = oz Jiﬁﬁﬂﬁ:
~ : A AW S 140 < 03 A :
o 800 : I 120 E] o o : A
i ! : : 1, & % 41?7?‘ K, B F 710000 2
<7 600 F 150 % & 02t A P ok g
i —a— ik | | & :+ ! | | >
% oK : : 1740 £ 5 2 : 798 N 4
g 400 s : : 1-60 S W7 777 A lgoo0 S
b Y O
200 : : : 1-100 X ) ﬁgé 1. 78
D“\:/:/\:: : :m- -120 W77 5: At i /
Obw b L BC140 o Lz L PAZZR), A, A | ¢ (.
0 10 20 300 102030 0 40 800 20 40 60 0 10 203001020300 40 800 20 40 60
1B47a)/d 1B47E)/d
(a) TNEERH (b) AL

4 A [E HRT &4 T TN EBR4FE

Fig. 4 Characteristics of total nitrogen removal at different HRTs
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HESE . £ HRT 2 250 d B9 55 T, #F /K TN ¥ BE°h 615.12~705.41 mg'L'(25~45 d), COD/TN K
1.97~3.20 i, TN B T 122.97~259.35 mg-L™", PR [ i i S A £k o] 52 B TN 2 Bk 50 455.24~
64448 mg- L', MAEZBRFRW/NT 44.87%~80.92% . M K FE T8 BB K A B 2%, AFHE A FI
WA, X AR A B

H & 4 AT, HRT 4 1.25 d B, #E7K TN MR BEG N T 14.34%(10~25 d), S Al b o 38 TG 1 35 4%
b, BREBRREANT 6.88%, X 3B HE /K B AU BN 2 R A S me Ak 6 USSR s il R Y
HRT 4 2.34 d B, A UEK TN W RSN T 8.35%(10~35 d), {H I Atk M T 26.00%, TN bk
HH 61.82%~78.10%(F- Y 1H N 67.40%); >4 HRT Jy 2.50 d i}, #E/K TN HeEESH I T 33.949%(25~70 d),
A AL RN T 62.02%, TN £FBR 3N 19.99%~64.39%CF Y {E J 44.15%); HRT Ky 4.50 d i}, ik
K TNV BEHGIN T 19.80%(5~25 d), AL R T 22.16%, TN X BRI FE 7 82.68%~96.20%
CEHIME R 92.56%). Z5HF, K HRT o] W 248 & SR LBR R AN KK AR M, HRT R il
S A R G T2 A A

ANTE HRT 64T, FZEIRe A Y 09§ 9% o0 A F5 AR DO EL 50 BB S AT, >4 HRT 43
1.25, 2.34, 2.50 f14.50 d B}, 4% fL 1 (ammonia oxidizing bacteria, AOB) ¥ =2 [ J& & Nitrosomonas
CEASIL PR R ), i He 2y 1.57% . 37.21%., 2.89% K1 1.21%, 3V fil§ B2 £ %A AL B (nitrite oxidizing
bacteria, NOB) ) & 22 [f J& N Nitrospira(fi§ 16 42 € 7 J& ). di bk 53 51 8 0.14%. 0.06%. 0.59% F
0.73%. TEAIE HRT 25F F, AOB/NOB 43 Jlloh 11.49, 571.67. 4.89 1 1.66, X 3% B} ) i 7% P4 il
T HEFETE . BfE SN #8817 S HRT ZE K, AOB 45 NOB ik | — E ¥, 4EF5 AL 1F 1w 3k &
#E47, SMBR Y AL B G2 J) Flis 17 fe M 2 W i o . 2 HRT 4 2.34 dAf, TDS 4 13 139 mg'L™,
AOB | i 5 F NOB, H7K TN FINO;-N /A7 bk 13.40%, 2 a5 P B i PR b AR i Pl 4 . 1
FHRET: a8 (TDS & T 4 120mg LY, 5 SE4nifBEmi 2, MmET-, S g ib PR
REFEAL™); 5 AOB Ml EL, NOB X £k A9 IE W 58 1 55, X i v B R i 0 i 4 3 o fgURk, &k i
I EF, NOB 7 bidi/Iy, WA Eh A AL B i, 2 s MR £k i AR BB, 255 141 5 AT,
2 HRT H 2.34 d ZEK & 4.50 d i, HKNO-N 5 i 13.40% PR %= 0.71%, FWHEK HRT 0 T
A4 TR ) VE I 8], A A2 i A PR Eh AR 2R

B & S AT, SMBR A9 3E P75 U8 o S 6 1k 1 & £ %28 Denitratisoma . Pseudomonas. Thauera ,

Comamonas . Azoarcus { Acidovorax . Rhizobium . Rhodobacter . Hydrogenophaga . Arcobacter. Thiobacillus .

Sulfurimonas M1 Paracoccus J& %55, MU LS 40
B RS AR TR, T ELAE TR SR Y S R A Ab -4
RS Ak [25](!2[] Paracoccus. Comamonas . 0l E L;:szubrim?;ms
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Fig. 7 Effects of the operation time and intermittence time ratio on the characteristics of membrane fouling
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Fig. 8 Effect of the operation period on the characteristics of membrane fouling
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Abstract To achieve the aim of efficient nitrogen removal from salt and calcium enriched mineral processing
wastewater and explore the operational conditions for tertiary nitrogen removal by submerged membrane
bioreactor (SMBR), the effects of hydraulic retention time (HRT) and water temperature on the characteristics of
nitrification-denitrification were studied, and the effects of the ratio of operation to intermittent time and the
operation period on the characteristics and mechanism of membrane fouling were also investigated. The
optimum operational conditions were determined by the effluent quality and stability, membrane fouling cycle
and operation stability. Results showed that when the water temperature was above 15 °C and HRT was 1.25,
2.34, 2.50 and 4.50 d, respectively, the influent NH]-N concentration was (593.15+134.23) mg-L™', the
corresponding average removal efficiencies were 95.90%, 81.30%, 98.38% and 99.91%, respectively. The
influent TN concentration was (688.39+163.97) mg-L ™", the corresponding average removal efficiencies were
85.84%, 56.97%, 54.46% and 87.93%, respectively. SMBR had an excellent nitrogen removal performance. The
nitrogen removal efficiency and operation stability. increased-with the increase of HRT, and the optimal HRT
was 4.50 d. According to the nitrification-denitrification characteristics at different water temperature, the
temperature correction coefficient for nitrification-denitrification rates were 1.05 and 1.03, respectively. At
20 Cand 9 °C (the lowest water temperature), the nitrification rates were 0.022 9 kg-(kg-d)'and 0.012 9

kg-(kg-d)™', the denitrification rates were 0.090 7 kg-(kg-d)™' and 0.064 2 kg-(kg-d)™', respectively. To ensure
the nitrification-denitrification ability under the most unfavorable water temperature (the lowest water
temperature, 9 °C), HRT should not be less than 5.40 d. When the duration of the most unfavorable water
temperature was short, HRT should be 4.50 d; and the nitrogen removal effect could be ensured by prolonging
sludge retention time. At the operation period of 12 min and the operation time to intermittent time ratio were
5:1 and 2:1, the duration of membrane operation were 6.70 d and 11.14 d, respectively. It is effective in
prolonging the operation duration with decreasing the ratio of operation time to intermittent time. At the
operation time to intermittent time ratio was 2:1 and the operation period of 12 min and 6 min, the duration of
membrane operation were 11.14 d and 65.42 d, respectively. It is beneficial to control membrane fouling when
reducing the-operation period. According to the characteristics of membrane fouling and operation duration, the
optimal operation/intermittent time was 4 min/2 min. This research shows the optimal operational conditions of
the treatment of salt and calcium enriched mineral processing wastewater, and provides an important basis on
the application of the process in practical engineering.

Keywords. . submerged membrane bioreactor; salt and calcium enriched mineral processing wastewater;

characteristics of nitrification and denitrification; operation/intermittent time



