


W % B 3 $40 % 4

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2019 4F 4 H 15 H

H &K
BT AL X RS U S VBT MR AR s R R B R L B, D, M, 2R IE(1521)
PEETT PM, 5 PRSI TS Y e --- - - 2%, WRE, TUR, MR, £5r7, %ﬁﬁ Wik, EAE. K p(1529)
KIETH%4-F= PM, %iﬂﬁﬁﬁﬁ%ﬁ%ﬁ ------------------ XE, LY, ik, B, Bk, BB, B, kEA(1537)
f[g}[[rﬁjgméﬂmﬁ#%q:j(ﬁ@%% A PEASAVARAE Ky LRBAIT <o vveemerneene
................................. ]j)’f& ngF]X, Bﬂ%"\j( %/ﬁdvb,%%ﬂ,gé\ ?zi,ﬁ*ﬁ? EE}(EE, WNJ(1545)
FRHFTIABIX T PM, , HPE B R T R TR AR -oovoeeveoe R, B, FEE, TR, #E%F, ABA(1553)
YU R IR KR T G JIRLRE A A LGB vvvevoeeess oo SRl R BRI, BEE(1562)
T SOA LA AR T T AL BRA R TG o oo
.............................................. j% {é% %E *@@ E[}“ ?H‘J’% f‘f?ﬂf‘[‘] %W ﬁﬁﬂﬂﬁ, %mm%(1575)
FORBR I ﬁ%ﬂﬁ&ﬁﬁﬁﬁﬁﬁmiﬁﬁﬁ ----------------- AI EAF, BXE, FEE, Bk, ZHM(1585)
2015 ~ 2017 AFAb 50 2 I F 31 BAR AR IS K L7 BRI -+ ereeveneeseeneneesseesssneneseannesesses s esenenssenn,
........................................................................ ﬂx% 3}2/\% j—ﬁlh%, %EE ﬁﬁlﬂl E%‘fﬁ ﬁl}g/](1594)
ST M SRR BN HD D MR oooevev Fok, RBE, R, ﬁ%ﬁ,ﬂ Bash, BFE A (1604)
U148 NGB S AT WL 2L 4305 20 R H L AR JTBEBAL e e ettt
..................................................................... )%]—Trﬂm, g(g;@” iggk‘x, %7}:5]7%5, x}sﬂﬁ(’ %mg’ };’]/J\f/%(1613)
U JAEAT DU AL - vve v WEE, TAW, FEE, REN, XRE, YTE(1627)
PRI R ORI YIBIAGETTHIS TR PAN B Oy SPAT cooveoverescesceeens a%, WER, BE E&J&%(lﬁu)
jtgfﬁggiﬁ%% MEEELH VAL RAEBRTEAL,  «eeeererrereremmmmmrmimmiiiiiiiieitt e g;ﬂ;] H, Ew, f»'ﬁ}b % 8(1645)
BT PM, o ZER SRS MR BB vveoeoee THE, M, %, ERA, HA I, HALE(1656)
E % "‘ﬁFﬁkl?Liﬁ/f&'ﬁfﬁﬁ .................................................................. *:{;H:/;’ ;%/;ﬂ%’ E%}L, ?égﬂé(l664)
PRAE T R AL R S TR AMT v vvvvvvmmrrrreeeeeeeetee ettt ettt e e ettt
---------------------------------------- D, KL, EW, BUA, KW E, F, B, Wi, RS, TR(1670)
50 RV U 5 5 A R LR TR B oo o W, BEE, E, X5 (1680)
%35 & LRSS T B2 IR HE B TR IELTTAL «evvvevrevmmmmmmmnereeeeeeeee et MEIE, A4, il (1688)
S FFIHEALI T ZE SR I o oveeceeseenssenes e UM, %ok, KEM, BRG, X%k, EA(1697)
L o ] i 25 4 % — 2 MR 2 4R E ) PHEV — SRR - e, EHR, %%, BOEAE(1705)
SRl 2R 1 T A] A R R I TR LIRS . DA IR R 25l TN BRGE TG «ooeeeerrrrmrmmmmmmmmmmmrmmneenereeteeeeeeeeee
............................................................ B, GEE, KB, BE, TEMH, 2F, B¥EL, 2 HE(1715)
I PH S 2 K Ak o S8 AR PP TR R 114 75 R AE A 25 U oo A, IR, KA, EE, BLA, REE, FHER(1726)
YR PSS (HCHs) T35 ( DDTs ) 45 HUEAR 25 0040 A EHE 55 KU A «ooovveeeeermmmee e
...................................................... Uik s, R, LEW, hEd, THRR, 2ER, P54, REE(1734)
HEZSEAL R SR DOM Gkt B 520 R 24347 - U\ihjz/,ﬁﬂ%éjq{ﬂ.............................‘..‘ ................................
.............................................................................. _%;5’ é}ﬁ’ E;é’ E%ﬁ, %ﬂg, Tﬁk, %@}35(1742)
AR DL (DOM) 5 DIl - MR FI Y O 2R < T 29GP AT T 2007 (EEM-PARAFAC) weveeeeesesmsnnneeesesnnee
............................................................................................. Auy, B A, AL, KB, FEE(1751)
I T VRS YL EURRHETCE AL A0 - eeermrmmeeeemmmm e BEE, BEL FAHE, 2E%(1760)
FET RZWOQM HSEUBD AT LI L B8 X R B S AN BT R I I e eeeeeeemmmm
....................................................................................... XK, THE, XNHE, FEF, F#A(1770)
VBB K B L F K R TR RIS o (92 R e 4290, 25, D)1, HEM, A%, B8 (1779)
A B P ) L0387 0 BT | B K FEh A AR oo eveveeseeeee WEFE, #F, Bl 4], FEF(1788)
B2 PhACs TEFE B KA AR B 20T JL BRI XU v eeeeeeeeeeeemeemmtmttiit e s e e ettt e e
..................................................................... iaﬁ‘ ;(]J}%i ﬁgi]}_ gﬁ 7K -L!F?Jg_wk TI‘J‘\E%, [%75::11@(1797)
SR RTIRTLEAE ) GHGE M vvverereerseresennsssns sl Sk, P, LEL, RET, H42(1803)
AP A TRV K ORI ... o 3N AN, BRI, Ak, BEEE(1811)
/\Eﬁmﬂ: MIL- 53(Fe)7mfﬁf§’ﬂﬁl_)?7kqj U( V[) ............................................. ]j;}-ﬁm ’Jfﬁf/y\ ilﬁ( 1819)
T MRS [ 15 X TR e 25 AT L I A U BRI B ) B 55 weevmemmmmmme ettt
........................................................................ Q'Efif%, ﬁ:”&iit, %ﬁlﬁﬁf&, ﬁ@ﬁ, }ﬁjéﬁ’ Ei\ﬁuﬁ(l826)
A EN FLAE ST AE AR BRIEPERE oo T, BN, BEE, BRR, R, £ E(1834)
ﬁﬁﬁ%ﬁi%ﬁMﬁﬁﬁi EWW&% ------ Wi, AR, Bk, X BE, ThE, BXE, 4F, X5H(1842)
YPORBEVERETR — S50 Cd BYMR | TS AR oveerrrrrrrrreeeeeeeiiiieees BN, R, RER, £E, Bik(1849)
IR IR R ERER B K A AL ™ S it B BRAL U AT - FE, o, AR (1857)
TR RS S IO g AL SELVE 7K 5 I 7K P e ST Ge e -+ S, EZWG, Mg, m, RE, EF, BREMH(1865)
A TG K FTVE -SNAD JIURLTG I8 T 20/ MVEL  woeeerrmmmmeersses i A ERfE, RER, SR, KA1871)
AT K S AT Eﬂ?kXTﬁ%%\?ﬁ*ﬂ?{}E/%éﬁE’Jﬂ’ﬂﬂ L RRLLLL IR BACFMAE, 20, kA, FEH (1878)
BB/ TR F IR SRR ARG EERE -vveerreeeremeeeeenns %ﬂ,%i?,%%ﬁ,ﬁ%$a¢ﬁ,éﬁﬂ,gﬁm%ﬂ
E%ﬁﬁﬂﬁ?ﬂﬂ% Pseudomonas putida YH E/Jﬂﬁﬁ%‘gf#ﬁ&%ﬁgﬁ'ﬁ# """ AIMEE L, HEH, KT, HE, £33, HHISF‘F( 1892)
Eﬁ#&pHﬁﬁﬁﬁ%%WI BURBIYFEI +ovveveeeneessnnneeneens %&@,ﬁ%@,ﬂﬁ,%%%,ﬂiﬁ,%%&U%m
ERPESRAF T ANAMMOX-EGSB W, i URLT5 JE T AE MR - vvveeee oo Euy, @A, RERES, S, 20, ¥ (1906)
IR PHA B0 A5 R A R R IRAF AR - eeeeeeeeeees WM, Kb, B, KW, FI7, Wolfgang Sand (1914)
T B S T PR & R SGTE AR «oeeeeeemeeee e TH, Kk, RE, BN, £, 2%, %%ﬁﬂ%m
AT K™ i 2 RUGE AL B ) 0995 YU AR N2 A XU DAY e Thilg, Tk, BEr, HI, a4, BAF(1931)
FAT B SR PR R A B (NO ) YR BERFAE SFEIA R ZR <-eeveeeeeeneeee Hiksdh, TE, #&, ff;‘%ﬁf, R (1939)
P52y Tl 2 X [ R L 458 CH, %Ulﬁ(ﬂ@ ............................................. WA, B, HiE, BE#(1950)
7K}éﬁ‘ﬁ%ﬁi)%ﬁ$ﬁ$ﬂ§-i%%éﬁﬂ1ﬁﬁﬂ lﬁi% X]‘BE@QE/Juﬁr“ ...........................................................................
............................................. s }g]l%EC KAy, /&Qj_;ﬂ T}tﬁ;’r‘], 4%@‘3\ ZAK, ;K)/j— %%(1957)
K AT T RS 7L AL Gpoh, HE, ME M, TR HUE(1965)
B P DB I SR B BRI 2 S BRI 26 oo T, KU, BH, KA, HHH(1973)
A b AR R U AE SRR B e e LEE, ?KﬁiX ZHY, HEFT(1981)
R IERIZE VOCs SURIATIF RIS SR8 - ERFA, KHAF, Wik, BUHE, A, REM, BH5, HH(1990)

(ARBERZENVAEIT S 35 (1612) (ﬂftﬂ%wﬁfmsﬂkl(ﬂsn f51.(1663, 1796, 1833)



.l,:p_;
;UFE_ 7N ij%", *—l- i W40 % 55 4 1] 2019 4E 4 H

Eco-Environmental
. . Vol.40, No.4 Apr. , 2019
Knowledge Web Environmental Science oL-40, No.& Apr..,

gl & pH EXf R A BREE T2 20 6E R =2 M

B, FER, B, HER, xscm'? ) R

(1 INBRE R R R 5 TAR2EGE, M 215009 2. VT4 K AL BRE R 5 A0 RHI R A3 ey, 80 215009; 3. Y195
BIRGERES TRE SR, M 215009)

FEE . L) SBR W s 55 I S AL SR BT ( DPBs ) SAAFFEXT 4, 405 4¢ T 15 R IE (SRT, 35,25, 15 d) M2 pH{E (7.5, 8.0,
8.5) Xf A AL BB it AR S, 45 528 W], SRT M 35d 4545 % 25d, ffiT% HE 15 Y8 R JEE (MLVSS) M2 821 mg- L~k H2 301
mg-L~", Miy5iR &M (F/M, Lk COD/MLVSS $1) M 0. 256 kg- (kg-d) ~"H4INZ 0. 312 kg- (kg-d) ', MIRG R I Mg W B ik
B RETTRE, ARR M TS IRIE RN, R B DR U | AUl B LE S A R Bk B dRe ey, 43 00)0K 25. 07 15.92 £ 9. 45
mg-(g-h) ', FBIREBEEM 4. 78% F+ 7 5.33% , HIKPO] -PYREEPRIFTE 0.5 mg- L' LA'F, BIPO; -PEBRFRETE 95% LU
b 4 SRT #E—47%0 0 15d Bf, MLVSS ik 2 1448 mg-L ="', {578 DPBs % BB (PAOs) I LW 82. 4% BEIH N 65.7% ,
FW Y SRT #1415 DPBs B Wi N RIS, BURT BT VB S il 2 3. 43% , Bl | Wl 2 LU SO Al 2R R 1 AN [ R
HIRENR. BEE pH EAYFE (7.5 ~8.0), IRAEURBE I Bl A s s S T+, pH (AR 8. 0 B 43591 34 5 25. 86 mg- (g-h) ~' Fl
16.62 mg- (g-h) ~'; 24 pH M 8.0 J5, BRBASCIRILET %, HEM h#fb 2= D00E S 20

KBRS AL BRBE ; V5 URES; pH; VS UR AT MR

FESEES. X703 CEARIEF. A XEHS . 0250-3301(2019)04-1900-06 DOI; 10. 13227/j. hjkx. 201808063

Effect of Sludge Retention Time and pH on the Denitrifying Phosphorus Removal

Process
WEI Jia-min', HUANG Hui-min' , CHENG Cheng', JIANG Zhi-yun', LIU Wen-ru'>”, SHEN Yao-liang'*"*

(1. School of Environmental Science and Engineering, Suzhou University of Science and Technology, Suzhou 215009, China;
2. Jiangsu Collaborative Innovation Center of Water Treatment Technology and Material, Suzhou 215009, China; 3. Key Laboratory of
Environmental Science and Engineering of Jiangsu Province, Suzhou 215009, China)

Abstract: In this work, the effects of the sludge retention time ( SRT, 35, 25, or 15 d) and pH (7.5, 8.0, 8.5) on denitrifying
phosphorus removal were investigated using denitrifying phosphorus bacteria (DPBs) enriched in a sequencing batch reactor (SBR).
The results indicated that shortening the SRT from 35 d to 25 d resulted in a decrease in the mixed liquor volatile suspended solids
(MLVSS) from 2821 to 2301 mg-L~", while the sludge loading rate ( F/M) increased from 0.256 kg-(kg-d) ' to 0.312
kg (kg-d) ~'. Although the quantity of net phosphorus release and net phosphorus uptake decreased at this stage, the rates of
anaerobic phosphorus release, anoxic phosphorus absorption, and denitrification reached their highest levels with values of 25.07,
15.92, and 9.45 mg- (g-h) ~', respectively, due to the increased sludge activity. Consequently, the phosphorus content of the sludge
increased from 4.78% to 5.33%, and the removal rate of PO, -P was stable at above 95% with an average effluent PO} -P
concentration below 0.5 mg-L™". When the SRT was further shortened to 15 d, the MLVSS decreased to values as low as 1448
mg+L™", and the proportion of DPBs in the phosphorus accumulating organisms ( PAOs) decreased from 82. 4% to 65.7% , indicating
that the DPBs were gradually washed out from the system due to the excessively short SRT. At this stage, the phosphorus content of
sludge decreased to 3.43% , while the rates of phosphorus release, phosphorus absorption, and denitrification also decreased to some
extent. When the pH was increased (7.5-8.0), the anaerobic phosphorus release rate and the anoxic phosphorus absorption rate also
increased, and reached 25. 86 mg+ (g-h) ~' and 16. 62 mg-(g-h) ™', respectively, at a pH of 8.0. When the pH exceeded 8. 0, the
phosphorus removal efficiency dropped rapidly, supposedly due to phosphorus chemical precipitation.

Key words : denitrifying phosphorus removal; sludge retention time; pH; sludge loading rate; phosphorus uptake rate
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Table 1 ~ Characteristics of the raw wastewater

FARIE ety Fiekie| ¥iE
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NO; -N/mg-1.~! 0~0.15 0.1
TN/mg-1.~! 11.11 ~15.78 12.59
PO}~ -P/mg-1.7! 9.46 ~11.32 10. 37
pH 7.5~8.0 7.7
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Table 2 Schemes of experimental processes and parameter/condition control

S B T.#h/d pH SRT/d BT R B ]/ min L/
1~49 7.5~8.0 35 A/A(90/210) 25 £2

I 50 ~75 7.5~8.0 25 A/A(90/210) 25 £2

I 76 ~89 7.5~8.0 15 A/A(90/210) 2512
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Fig. 1 Phosphorous removal characteristics under different SRT conditions
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