S5

Eco-Environmental
Knowledge Web

CKHDV

2019

Vol.40 No.2
$40%& 528




w % B 3 $40 % 2

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2019 4E 2 A 15 H

H &
2625 L 45 R B KOG SRS DR AT« evvoeeeeneeneeeeens FEA&, B0, WEE, TME, TH(S13)
Bk XA PML S R BT oo 3, EEW, BER, BF, AAL, KRR, kET, AFI(525)
I A ZE I R R A DU AN BT AR R IGRRTE oo veeeeeees ‘
................................................ WATE, 28, B%, E%‘c@,‘ T, B, ZOR, Xg‘f}j, 2 ( 532 )
T PM, 1T G RO IR S LGB AT A -ooevoveoee FHE, MG, SHER, LKk, HE, FER, BH)(540)
IR AC T PML o IRk PO (075 SR SRR -~ Ssest) T i 0, BT, &S HAA, 57( 548 )
T W K SIS AFIE, TUIMEE R ORI - KA, %3, MWL, €45, B8, B%, JHR(558)
SEYLEP I FES P, ;i SOOI A ATREAE o 2, VPR, RS0, SER A, Luedk, EAF, #ANI( 567 )
IRV RS HB 28 2 X0 IR K S SRR [T BRI RA -+ oo
TR WA, R, AW, NE, WAE, KEF, KK, BEL, AEE, FHIE(5T3)
PRSI I AT B E A A G BT <o eeee RRIRIILIITE REUCRERE SRR
----------------------- e (0l TR, BITH, T3, WAX, REME, KL, BES, ATH(S82)
SEF 2 ST AR 5 RS L L B St s P AT RFAE BRI AT o oevvvoene v Lo L
R PP RIS R Rt B, BRUT, KR4, Bk, BUEIR( 590 )
ST KA TR TR B - oo KKE, REE, i, &) B, RBE, KKE(603 )
S WU T N 75 S I AR -ooooeveeeeeeeeens 0k, B H, TEE, KES, W8t TE KE(614)
SIRUNRE - STLTLEE RN I Eog 1 T 8 LIS E SRR M, TAL, LR, S0E, ARE(625)
HESZ S A AT BB e oo WE, FEF, WY, KE, REZ, HAR, LDE(633)
FAE SR R P U B TS BB LA oo
............... e JSCH TN HIERE, XEE, 23R, RE, AT, HTA(640)
T 2 R AT P T - I K] S JTC VR B ST 5 T 2SI AL I AN - eemmmmmmmemeeeeeeaaaeseesea e e e sttt eeaeas
ST RIS R IR T, MEE, EE, KR ki, MEH RAEH, ZAE, @ 649 )
5 U b S A 5 K B P I R ZK PR R G RATI < --oeeeeecc
------------------ BAEG, i, K, KAk, ARE, S, MRS, A0, A0k, T4, B, £HE(658)
NH, SR ) SRR B RO weveeoeeeseesssessnennnns BRR, IW, FEE U, KB, HAY(669)
3 Pk BRI  KOE T e RS BRAE RE S AL LA - e R X R, B, HIEAM, R, X&K(677)
R PR LT 4k R LR AR O R SR B RO BLA - RV, BER, WA, s, KA, 88, i, FERC68S)
ZnTi0,-Ti0, &G LU il 65 KOCHECRRIRAT LIS AILEN I AT oo KX, #RAE, 24K, FH(693)
bR TiO, A58 BB B JEHEAL TR «overeeereeneese e bhimde ks A% i 701)
Fe' /10 BT GRIE I -Fenton SAALMFEMEIRVELL B -oooeeeeeee K, FRR, BT, W8, Tk, TH, A%(708)
ANFIIERHIE I S A S B T A S BRILA] oo REX, REF, KER, M, £, TIE(TIT)
SGO BT AR IE AT B B AR ERE -oovveeeenssss KEE, kOB, BKH, TE(724)
— A R R AR S L] e oveeessosee s B UHe, UL, X, BEX(730)
SLAE-CNT IR PRI T 23 KT 55 - EAUE, 27, KW, RER, F, BT, R, K%, HHE( 738 )
ZINTFIE S AT E MM SBR/AMBBR T HI AT 5 LR oveeeeeeeeeeseeeeenees A, HEE, BREC, B4, (747 )
LB YIRS AR BRAR C/N FEB KRG AR +oeeveeeeemeeneeeees M A&, ERE, REeAr, Kk, Kb, K&E(754)
DA AR 2 25 VR PRAREIEAL TR SRR «evreeremnemnsmnsmnsnnnns T, [, KX¥, THOE, RAH( 761 )
Bl 5K B A W b A G B R AP RE SR AT oo KA, dueik, TXME, X8, REF(768)
b P A SR R 2 W BB B sl Ty S e TR, BRE, W, TRE, B, FH, Bk, LEH(774)
Z‘@g‘i%mﬁ;j\jﬁj}%ﬁmlﬁl(15{Eﬁ%ﬂﬁ%&ﬁﬁ{%ﬁ*ﬁﬂﬁﬁ@ﬁfﬂ%q%lri .....................................................................
............ s SRR TR MR ERE, RUE, T4, AFD, HrHH(783)
DPR-SNED %%%Iﬁ{f& C/N Wﬁi{57k5ﬁémﬁﬁi7kgggﬁj»#§:ﬁ .....................................................................
e e MU, TER, BEE, TRE, BOLE, X287, AR, KL, BEE(791)
() R 3 S BN 2 ) AU A SRR PR oo R, HOA, 0, RAE, KRIM, ZTWH, BAE(799)
ABR-MBR SAAEBREE T IS Bh SR AEIEAT weeeeeeeeeneeeeseeeeeees FHEY, BE=, B, Kok, XX, HER(808)
FEIK C/N X SNEDPR R G0 i BRI [ RN o e e eeeee ettt
........................... Wobd, FEK, mAR, TRE, KR, BB, T4, 25T, AAKD, 0, 1KK( 816 )
ABR FRER-CANON R T2 PR Mo BURFHE o ooeeeeeeeeeeeeece FH, GE, U, AER, X, R%HH(823)
AR LS CANON T2 Bl RDM «ovvereeerenneeeeeenenieiinnes FA, BT, KA, WEE, HHHN, ZM(829)
PSR AR ] S B ANAMMOX. WURL PR ) AR GEIBAT voeeeeeeeeeeeeeee FlH, FA, KA, AW, FIn( 837 )
C/N MG YEHEEXT LA pH AE ST A WA AL R GEREM] --ooveeeveee K, Fad, FEY, 22, FHE, KEE, WER(845)
SETF R DR R BB IR KRR ooeeeeeee e FA, ko, B, A%RE (853)
Bl R A PRI AT oo CHRZ I, kRE, TR, TR (859 )
R P AT R A B 5T it i e IR RS AR e PRz, REH, WK, FT#EIH, 2T (869 )
AN SRR HIN, OHER SN M HIRETIN T4y - - i, E R, RS, X, Gl e, RiT BAK( 876 )
A i 12 20T B K- MR RA HIN, OF NO BRI -+ HESL REF, MR, L, HF =, BIH( 885 )
b JE R 55 RIS ZEXT SEHBN, OFERILRIELE oo oeveeemeemmenmmemmeneeeeeee EOMRE, BREAR, Frdh, B TKAE( 893 )
R e AR AAE 5 TGS LR e oo SR, MEE, RAeH, M, WE, KR, EAR(904)
SOt A ot o g o KA R DX - SEIE I g 5 - ‘ TR, BeaX®, FER, B, 3ER(915)
FEMRBAT AN 3t Rl R I 2 ) 22 SR AE - : R, BRE, XA, w5 EAH, HE(924)
Toll AT I A R 288 TSR «oeoeeeeeeee e F% | BIR, B, #S4(934)
B - X AN RIS A I + e S SR AS S AR AR PE R Sy - Mo, BruRdr, TAW, BN, R—H(945)
BRIIARIFIBRY F IR ALERIE oo, R, BB, BY, HE(953)
’E%lﬂ%%ﬁ?*ﬁ%ﬁi}%ﬁﬂﬁﬁzﬂ@JIQT%'T}Q ........................................................................... REE SR 961 )
RIRIKFANIRBRAERR I TP (b, S MO B R -+ T2, B85, WOUR, WO, WiE, Bk, 24K( 970 )
SEAG AR 3 4B A AL S A A B PR oo ove e Wi, A, W, XK, BA%, EFE(978)
ARG YRS B O i LT G AT RS EGIENE oeveoeee o FIAR, 2T, M, B, KR(987)
/Gﬁ{%ééjﬁﬁlﬂXﬁ%@fjﬂ}i%U%(F{}a */&B{%{ﬁ%ﬁ@%%%ﬂ@%ﬁﬂﬂ ........................................ SROSERRI LA
.................................................. e FEAR DfE R, BGE, HFR, B, TRE(994)
R A iy s = L W 2L A e L AN, Ty VGRS SR ey [ | 3 L U A oo
.................................................................. TEE, UH, KB, R, RRW, &, TR, TZA(1003)

%N
(RBERENVETT SR 35 (547) (RBERI ) fFFr fa7 0 (828) {58.(581, 933, 952)



)
(= SR InoE R £ 5540 % 552 9 2019 £ 2 H

Eco-Environmental
. . Vol.40, No.2 Feb. , 2019
Knowledge Web Environmental Science oL e e

DPR-SNED Z 440 IE K C/N Wiz /K 5k & 7k
IS 1T &

M, T, BB, TRE", oL, 2287« gk, ki, BEE

(B RAAG R 5 TR, F 5 266071)

FE . L C/N TR S SEIRE KA F2D A3, SR SBR M G RIS U8, 38 1 A 34 il R A/ 8 s/ IR )
HE(DO) W %%Tlﬁﬁﬁfk@i&ﬁﬁ%ﬁ%ﬂ%ﬁﬁ%l’\]/ﬁfiﬁﬁﬂ:(DPR-SNED)?\/LE‘EZﬁJ, FEXF e Bhad AR vf 2R G 0 R
FRMEEAT THFSE. S5 RRIR IR A/RE BT 3, #EHI AR B 3 h, 5B DO W 0.5 ~1.0 mg-L™", 60 d AT 5L
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Operatlng Characterlstlcs of Q DPR .SNED System Treatlng Low C/ N Mumc1pal

"Wastewpter ‘and Nitrate- cont‘almng Sewage

DU Shi-ning , YU De- shuang, BI Ch}m jrxue WANG Xiao-xia” CHE‘K] Guang hu1 YUAN Meng- fel ZHEN Jian-
: yuan (ZHANGFan, LU Ting- ting J J

("’schdol of Env1r0nmental Science and Engineering, ngdao Witiversity, Qingdao 266071, China)

Abstraet : In order to realize the simultaneous treatmentof low C/N municipal wastewater and high nitrate wastewater, a sequencing
batchreactor ( SBR), inoculated with activated sludge, was used to initiate the denitrifying phosphorus removal coupled with
simifltaneous nitrification and endogenous denitrification ( DPR-SNED). The anaerobic/anoxic/hypoxic durations and dissolved oxygen
(DO) concentration were appropriately controlled, and the nitrogen and phosphorus removal characteristics were examined. The
experimental results demonstrated that, in the anaerobic/hypoxia operation mode, with an anaerobic duration of 3 h and DO
concentration of 0. 5-1. 0 mg-L. ™", the simultaneous nitrification of phosphorus removal (SNEDPR) system successfully began in 60 d.
The effluent PO] ™~ -P concentration was below 0.5 mg-L~", the nutrient and COD removal efficiencies were stably maintained above
90% and 80% , respectively, and the SNED efficiency and COD,  efficiency reached 70% and 95% , respectively. When the
operation mode was anaerobic/anoxic/hypoxic and nitrate-containing sewage was added at the beginning of the anoxic stage, DPR-
SNED was achieved with the effluent PO; ™ -P concentration < 0.5 mg-L ™", nutrient and COD removal efficiencies above 88% and
90% , respectively, and SNED efficiency and COD,
initiation of DPR-SNED, enhanced intracellular carbons storage was achieved by phosphorus- and glycogen-accumulating organisms

e efficiency maintained at 62% and 90% , respectively. After the successful
using the limited carbons in raw municipal wastewater to provide sufficient carbon sources for subsequent nutrient removal. In addition,
the endogenous partial denitrification ensured the efficient nitrogen removal performance of the DPR-SNED system at low C/N
conditions (average 4).

Key words:; denitrifying phosphorus removal ( DPR); simultaneous nitrification endogenous denitrification ( SNED ) ; phosphorous

accumulating organisms ( PAOs) ; municipal wastewater; nitrate-contained sewage
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Table 1  Statistics of operation parameters in each phase

WH MBE1(1~18 d) MrBE2(19 ~37 d) frBE3(38 ~60 d) BBt 4(61 ~105 d)
ARAER/L 8 8 8 11
BT IR/ RE/MRE PNVt IR/ AR
JR 4B 1]/ min 180 180 180 180

B ] /min — — — 180

{48 B[]/ min 150 150 150 150

HEK b 3:8 3:8 3:8 6:11
HRT/h 14. 67 14. 67 14. 67 18. 08

DO ¥ ¥ /mg-L~" 0.5~1.0 0.5~1.0 0.5~1.0 0.5~1.0

®2 BMBREKKRGET

Table 2 Statistics of quality effluent wastewater in each phase

T H B 1(1~18 d) FrB2(19 ~37 d) BBt 3(38.~60 d) ,Fﬁ&z&'(é}‘;m d)

NH, -N/mg-L"" 36.09~66.70 36.45 ~73.76 36.78 ~81. 52 27,18 £73.18

NO; -N/mg-L~" <1 ! <1 = 1 /<1

NO; N/mg-L”! <1 <1 [4 K\ Y.

PO}~ -P/mg-1.""! 2.07-6:90 - 2.91~8.19 ;L 2.07-8177 166962 &

cou/mg-L-‘ 161.20 £287.02 | . _210.30~333.20 C 0 184.70 ~312.67 228,26 355190
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TEREIAE NO; N *FH%HM%:%;‘H&WMM% COD, NO; -N FI NO; -N ¥ B (9 4% AL 4, mg-L7";
PO AP 2], SEFHIEAE 5B-3A % COD Bk il SEOGM L 71T 2.86 4% 5 Sk B0 4 M BE 19 NO, -N Al
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1.4 COD, &Ik ANO; + ANO;

COD,, &4 7E DPR-SNED & 48K & B, ik ~ ANH;
9 COD R T AT SR TR A7 D BB IR R e, L 5P, ANHY | ANO, I ANOS 4358 2R e b 4 B
SR - NH, N NO; NFINO; NiEFERE(LHE, mg-L .

COD,. = ACOD - (2.86ANO; + 1.71ANO;)
() 2 HER5iFR
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1.71 F1 2.86 43 %) Fy BA o7 J5 & Mk BE (9 NO, -N AT MERERGE AT U BRI 0L, K e AN i R4k 4 A
NO; NS5 B AL FF 4 FER) COD Rty e, BrBt, DPR-SNED REaAT il i v ik th /K PO; ™ -Pifk

SNED = (1 - )x 100% (3)

1.5 COD, Ril&E ik JEARARE DL UL 2.
COD,, FJEH87E DPR-SNED RGEM IR EH B, Ji HE 2 ATH, FERBE 1 (1 ~18 d), ARGk

K HEY COD B3R B BRI R B 68 A7 0 BRI RO T POL -PIRIEFISME N 4. 04 mg- L™, HiIKPO,™ P
Grit, HatBoms s (2), JEIE R 2,78 mg-L™", DRAURESH Ik Ay S0
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Fig. 2 Variation in the PO}~ -P concentration during the operational period of the DPR-SNED system -
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