ISSN 0250-3301 CODEN HCKHDV

(HUANJING KEXUE)
ENVIRONMENTAL SCIENCE

.
.
N
U
395 FH4F

2018

b E R RS ERA IR R E I
A 5 & K &




W % B 3 §30 % 44

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2018 4E 4 H 15 H

H &
SO DXCHIERAT 75 R HE TS BT PM, 5T <eeeeeerenenenenneneeeenes FxSCiIZ‘ B4, RAKUE, T, TuRF(1445)
SRS REEJRIX PM, (I 28 AR SE A ATIL «oovveeeeeeeeeneenneeeen A, IR, BXF, BT, T H, HiEHR(1455)
ﬁE%KTﬂéﬂfHXMU“X]ZL%ﬁﬁ%(&F*ﬂkﬁﬁ%ﬁ‘T”E’J 2 R R RRRRLLRLAD AL, AR L E 6 50, R A (1466 )
AR X PM,  HICHLES T FLOPATAFAE -oeeveeereemeneeneneeeenes WH, EAE, 20, 22F, 8, 24, £4(1473)
XITEX%ﬁ%EPEQYﬁQEGj(FQH%ﬁ*JLF/J(PMng)bjcﬁﬂk—]la ................................................... ig#%ﬁu, T%él??\, M‘ﬂ(ﬂl( 1484)
A UL MG PV AT +oovvoreeessseneenns ot FR, A, WEA, KRR FAF, EF(1493)
EH%F%W%&%&%*E%E%&I% ------ ik, Ak KU, T4, £ B R KRR E B, 7 (1502)
R R 2 TR A AT BB vl Wi, EeHE, o, BAE(1512)
a'%jcm%ktlﬂmijuiﬂmw“&{ﬁﬁﬂ“ ------------------------------------------ B, TAE, FWE, AT, BEE(1520)
T ARER AP IR St G TRI L o veovveee oo KER, RAR, Ha, 2, Hi £4%E(1527)
SR X R P (BRI TS AT, R IPHT B APIRER voveveeresinns sl FH%, WL, $E, KT(1537)
ﬂNI&HE@W%%f%W%@%ﬁM@“iﬁ&k%ﬁ%m$ ------------------ ERE, Bk, KA, hER(1544)
VT TS Yot B B I A KT G B BE RSN e vveemememememm e Mk LEE AT, FB(1552)
SREUTE P A TS FPE S K R DU L SR P T oo WEW, BAH, K, AT F, FaI%(1560)
B R I R L o Ik e =G 7 o L
................................. o, KK, FRBARR T A M, kS, i, WK #4384 B 7T, Kung Hsiangte (1568)
SRR K I K O CH, e J L AR AERIR ooveoevesees e s ZE, WM, F7, DHE(15T8)
T B K e R R B A (R KRR oo wa, e, W, R 2R (1589)
BT BR AR T 7K T B 4 8 V5 e S R KU T < v vvvveeeeesemmmmneeeessnnnnnnrnees s KR EkE WHEE TFk(159)
SR BE8 K P U AR R BRI RSHT ooovooeoeo Flt, BA, B, R, KT, HHR(1608)
O Rk 3 Iy | R UL e = g o
......................................................... l,];r)(i El?ﬁ ;%j:gp EHEE/’E. 7%7]X ﬁﬂﬁ;r: fﬁﬂ\ﬁh, %3(1616)
ﬂ_ﬁﬂﬁm%;{g*ﬁfﬂg ﬁﬂﬁ':é ﬁﬂ‘i—tqjﬁ/‘uaﬁ*%Tl ................................................ ’5‘7@# ﬁ_;}ﬂ , /ﬂ:iwéﬁ( 1628)
nﬁm%%&ﬁ$ﬁla¢mmmm2%m%&Mﬂ ------ B, kB, BE, R, W2, BAA, k=, £4E(1637)
WAL G0N B B P LR | B R - oeeeseneeson wid, HARE, S5, KWm, T2, 9E(1645)
J%ﬁl\/%ilﬂ Fﬁﬂ(lﬁiﬁ:g{[ﬁ%ﬁ ...................................................... ,}’,J\Hﬁ’ gﬁi\jz, 93&%‘};1” F}‘ﬁ%i@, %%(1654)
ﬁ‘{%ﬂﬁﬂfﬁ@a*“l‘k% ..................................................................... %721@, %%ﬁa@’ éﬁf{%, %%4@(1661)
¢wma%ﬁ%HMH%MWW%ﬁ&%$m¢a; ------------------- GARR, BB, B, E, AT F, HEE(1668)
Wi AL ANAMMOX A8 [ 52 £k 1% FLANFR UG IK T AK (TG EUEERE  +vvvervveerseeessneeassnsssessnsseesseeesssessstaassssennas
........................................................................... o ﬁ%,{%ﬁ% ?@ F"’ftﬁi /U]ﬁ’ E}é}é,ﬁﬁ}ej(1677)
SRR RIS AN 125 2R B K R AL BERE oo TR, fcl% Zz B F, E5##(1688)
AT e s A MO RAL Rl B T T oo BRI, Ehbhb TRE, AH, RE, HEF(1697)
B KA B A2/0-BAF S5 TR RG0S BRI I AU L] <+ veeeeenenenee et
........................................................................ T*%‘/?Tt H/ﬂﬁ?% *IZ\‘ i;&ui }"J;Z @g’ F/if\f}(/:‘é(l704)
ANFHERBE T 1o POAR ] S B S AR5 e AR AL - BRI, T, MEY, TX%, A, BEF, E(1713)
EREACEC R A/O T 2RI ISR XTI LB (AL W, Pk, Rk, B 2A(1720)
IE AT — P B O PRI 52 57 51617 R S A RS SR - ovvvvvvo o E¥, H9 HAL(1731)
(E{Eﬁqﬂﬁﬂﬁiia*hiﬁﬁﬁzﬁ /\ ......................................................... T & ’H‘f%f% ?E WJ’ Qﬁ%%( 1739)
PRSP LA BT PSP K TSRO - i, T, &iw, (Rt B %8 (1748)
FRES IR 0 4 1 520 RUBOR 5 YRS A B D ) R BB oo BE, UK, EHE, BEE, HAE, BH(1756)
;:Eﬁ];mﬁﬁmjwﬁ(mTL(nﬁﬁi%%r ..................................................................... KF, R, 53(1763)
BEBK YHOL + YHO2 58k SBR 4758 S A A R BRI HEES A AT +oeveemeeeeeeee MR st, B, K, FAA, EMAE(1773)
EUI‘?W(@ITH UK VEVERE MWK T RETR GG AR oerereererenneeneeeee BER, TWW, KB, BLT, FHE1782)
1 AR 2 i B B 0T EE OB P AR IRAR oeeveeemeeeveeeeee ZH, KEHE, AR, RE, TAN, ERW, TLE(1794)
B B PE I AT ST B E A IR B T cooeeeereremmmmmmmmmiminnnneeeeeeeetereniniiiis EE BERE, 0B, EE(1804)
BRI SRS W RS b - SR 4 '?HIEE%{E PSS e R SR LR
sesereseeee i ceevsseeriaes ERE, LEE, AT, EEE, KA, %3{;}: ?*@’{T TTX JE £ 3% (1813)
S P B IR PR BRI O TSR A4 AR wooeveeeseesenoesnen Lo WEor, YoM, Hull, RRE(1824)
@%%ﬁ}%iiﬁﬂ/‘]@ﬁffhﬂdFeimnox)ﬂﬁéﬁ\HLﬁ?“mrﬁ """"" TR, 2ER, 8%, HE, iKT& %%“ HE 1 (1833)
m%%ﬁ{?m?ﬂg%%ﬂgﬁi%ﬁﬁt #?E&ﬁ/[dz%ﬁ¥% */]#r’fjﬁ ..................................................................
............................................................ BN, B, AR, DA K, RS AE, HE, T/7(1840)
VRYI SRR AR AN LT G B B ARAAE v oves oo e AT, ERA, KR, SEE(1851)
A SR LR A f R P DDTs Rl PCBs 155 1k 4315 FED FH XU BFAT - e R, BGE, E KT (1861)
s 5 1L L PAHS V5 LB . L w2 jtﬁﬁﬂjﬂfﬂ ........................................................................
e iﬁﬁ% ;{B%’Tm *T*ﬁ&z %% ﬁg% ﬁg@_’g@ﬂ’gﬁ%% ﬂgf (1872)
PRI SO BEH AP S RE) R ARSI oooerrosesos o Wk, B, EARE %RA, TR H(1880)
PP (7 B R P oo R, BTFA, KTH, EHAE, %&,?ﬁ,@?ﬁU%w
ﬁ%ﬁ@@x@;iﬂgli%&ygﬁfﬂfpmgf BEJELI] wvveeeerennnnnneneesnnsseneesaannnntreaessnnsntraaesensneas . AkE ETH(1901)
e i TIPS o E Ui EI6UE, AL, THIE, TR0, 202 KF, UK, BHE(1910)
T B ey o o m q h o o o TP }:} A48, B4 (1918)
G0 - g B B K 8 Cu ., Zn FETS ga!;ﬂﬁﬁgmuﬁqﬁgﬁ; [f] veeeennnee e et e et
""""""""""""""""" ?éi M, EA, HEFM, 25 4%E, Mukesh Kumar Awasthi, Altaf Hussain Lahori, 7K 3% 7% (1926 )
SN AN U AT S AL T A BT (4 BT oo DR R
e e e e 75{ i—%, %i%, ﬁé%, %%Ti, %Wfﬁ ]j@#/i, ?JE% Enn—’ﬁt(1934)
AKX NI ST I RGEN Covvoes oo EHFE, ik, B HEE(1943)
S04 P A T T S U 5 12 BB B vvveveeesenesoscn o m%%,%ﬁﬁ %9(1952)
éwjfgxfﬂﬂﬁmxj‘u%ﬂﬁ%ij% COo, b2 0f A [ IR R R P PP P R PR PP PR PRPRPRYPRPRY: )?.% k&M X ?5‘ %#@(1962)

CRRBEREEVAEIT I B0 (1472) (SRR ERSFIMI(1511) (581755, 1839, 1925)



539 T 4 7 1% Bl 2 Vol. 39, No. 4
2018 4F 4 f1 ENVIRONMENTAL SCIENCE Apr. ,2018

L TREEREEL SRR P IR RINTR

BRI, AR FRAE KB, R PRE AT
(1.ﬁﬁ?ﬁ%i’ﬁﬁjﬁlﬁﬁ%&%iﬁﬁfﬁﬁﬁﬁ%, WA KB SHORE SR E, 522% 3140065 2. WiTL Tl R#3EE# 5,
BiMl 310014; 3. WEHEKEHREEERE, JbET 100084 ; 4. 5 NG H S TRAMRSHEAT, 2% 314006)

WE . RARAY NS (MBR) b el 2588, DITALIR S 35 KM IR R g o i3 560, TFE TR | I . AR
R | Ui RS L (FA) AU B AR R (FNA) 88 TR T X Ak V5 V8 & SR I g i T A 3 s S AS , R 5 48 Tiztis b5 e T ik
BRI R AT RE S AR, 4550, MBR HPEEE % 182 d 5, 15 IRMITEILIG A5 98. 41 mg- (L-h) ~', HE
SR 2 30 %, ASALEE = 14. 96 mg- (L-d) ™', &4 1 kg iifbi5 IR AN 3. 52 Jo. 1B R mhg b is e i vk £ 2
HER, KT 15. 0°C 5 IR A LIS TR B iR S E M =00 2 —, BERE A S TR TE— @B E E AT LU IR 2 ma. itk
VAR R, A EURR SRR T A A e A %ELLZ;?%E’JEMMH(J?J“H%?*%%ﬁﬁﬁ#%ﬂ@i%&ﬁ*ﬁt%é‘t
e, B 2% ARSI G, REGEATE AN LBRFH 29. 4% R F 88. 4% ; WS X AR GAEKIRME S (13.3 £1.6) CHF, A XL
BRRBEEEIL 99. 0% . RS R Won TRSfbis e 845 A Ay K AW R 5 e b Dhaeia sh 5
PR EERY AT REE.

KB IR TTEK; AR R NI AY; ffkis IR e 4R ;s andkaAk; A by L~
RESHES: X703.1 XEFRIREE: A XESHS: 0250-3301(2018)04-1697-07 DOI: 10. 13227/j.hjkx. 201706191 3

Pilot-scale Experiment on Enrlchment of N1tr1fy1ng Actlvated Sludge and ‘Its
Application in Enhancing -a Wastewater Blologlcal Treatment System Agalnst

Ammonla Shocking Loads ' | ./ . o Y0V

SHENG Xlao—lIn ;) CUI Can- -can'”? WANG .p.a d_@ LIU Rui'*, XU Feng y CHE}\I Lﬁ-]un 2
(1.Zhejiang Proyln( al Key Laboratory of* Water 9(‘1en(’e and Teohnology, Department of Env1r0nm§;:nt in Yangtze Delta Reglon In@tltute

i
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Abstract Nltrlfymg activated sludge ( NAS)“was ennched 8 1 membrane bioreactor (MBR) with pre-treated municipal wastewater

&
and additipnal ammontum sulfate as the culture medium. The influences of temperature, dissolved oxygen (DO), ammonia nitrogen
volumettic load, free ammonia (FA) , and free nitrite (FNA) on the enrichment of NAS were investigated, the cost of the process was
evaluated, and then NAS’s application in enhancing a wastewater biological treatment system against ammonia shocking loads was
attempted. The results showed that after 182 days of cultivation in an MBR, NAS had a nitrification activity of 98. 41 mg-(L-h) ™",
which was 30-times higher than that of the seeding sludge. The yield of NAS was 14. 96 mg- (L-d) ~', costing 3. 52 Yuan for 1 kg.
Temperature was found to be a key factor affecting the sludge nitrification activity. The sludge nitrification activity was decreased to 1/
3 of the maximum value at temperatures below 15.0°C, while lowering the ammonium volumetric load retarded the decrease in the
sludge nitrification activity to some extent. In addition, dissolved oxygen deficiency resulted in nitrite accumulation, and thereby slowed
down the NAS enrichment rate. The enriched NAS was then applied to a wastewater biological treatment pilot equipment, which had
just been exposed to an ammonium shocking load. The removal rate of ammonia nitrogen in the biological system increased from 29. 4%
to 88.4% after 2. 0% of NAS was inoculated. The enhanced biological system retained ammonia removal rates of as high as 99. 0% ,
even as the temperature dropped to 13.3°C £ 1. 6°C afterwards. The above pilot-experiment results suggested that enriched nitrifying
sludge is suitable for quickly increasing the start-up or recovery rates of the nitrifying function in a biological system.

Key words : municipal wastewater; membrane bioreactor; nitrifying activated sludge enrichment; nitrification enhancement; ammonium
shocking load
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Fig. 2 Variations in the nitrification activity of enriched nitrifying activated sludge and operating parameters in the pilot-scale experiment
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