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%, JHPH 7120825 3. KR RSEREIR S IREEABE . R A 210096

#H OE ETURARGTREERA T EAEARRSERME TRESITEIE, BT TR 510 400 (96 kPa), 2 800
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XKEIA BEEMX; SE; MERMSRTZ; REERA
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PR & 4 S U 0 AR, 46 5 352 U W e i A DU AR L i . A AR T E
R IR A A R E S . IR S8 A DL S R R B RGeS R
fif BE R R, AR A% BT PR TR TR B0 A A AU A T R TR R, S S B G T AT, AR
AT 1 A FE T o ATt Ky 5 | A S B3t ) pHL T, 52 e A 4 1) G AR mi iAo U SR, B
0 AH R B i AR AR, ARVARUREE IR N TS RIS e RIS 45 i Re U AE I b A EE R . b
WO AR FR W], SR A e 16 PR 15 Je (%) G004 P 485 0 AU s v, T LS e 3 7K Ak B O R e
Vs i AR O VIR AR BT, R R TS G ) Y S BRACR R AR o Oy S IR I A M X T TS K AU
MIARLEBR, AR R EM AR, 28 T —ER R BERE#SNA T2, T Z2a
MO ERER AL, T2WE, SB4EfH, EMEFATEA RREMAEBR, HREXNXR
Gt b R 25 B ORI L BRI AR 52 0 i N BT . A, AR SCRA R R RS Ve BRI AL T 2 AE AR [
SRS TR BT I A5 o 5 al, B30T T BRI SE T B T s 1T R Re FTs Je oy i) L B
R, SaWEE R T, b 3 UEX B R RO R B A T2 R G2 m L, ok A
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1 MRS T
11 XBERE
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K A VLR OF B Wl . B, S Ak R B (DPAOs) LUK 4l £2 4t i) NO1E i 732 4K
PEAT A Rl . RO E T TR AR . KRB EAMANY, RIE KA R s DLTE
RV v 31l el o 17/ | I BV T =Y PN = L8

BiFEa

e e | —
ST ki
S phE=—— g
/(RW L a8 ] e
REMEKE | L ‘ o

— _--_. | —

l—"

B Bt —>

KA i

AR R p/Ers
1 RREWSRMBBRAIZREE
Fig. 1 Flow chart of the modified dual-sludge dephosphorization and denitrification process
FE AN s R A AL A BT, DRI . AR | B A R B A A R R i D 20 3,
3 M4 L, AL EURA BUN I i e e 22, BARON 120 mm, LR 350~400 m* m >,
B %N 70%~80%



LARE] A s A 2 R A5 U T 275 Y ) 25 BRI AR A 52 115

1.2 SLIKER

ARSI 00 T DO b DX 3 A T T KK 5 R
BT s SR, R AN T AR 40 7 6l [X 55 B /K
YE Rt K, BTG ACR B AR R &, s
T : 256.41 mg'L"'" CH,COONa, 76.42 mgL"
NH,Cl., 13.17 mg-L™' KH,PO,. 25.00 mgL"
NaCl, 15.00 mg-L™' MgSO,-7H,0. 750.00 mg-L™"
CaCl,, 50.00 mg-L™' NaHCO,. 0.50 mL f#{ & JT . 35 _
R, P EE R AR SHENT . mr rBWSRRERAT RS ENE
1.50 g'L™" FeCl;:6H,0. 0.10 g'L' MnSO,-H,O.  Fig.2 The physical diagram of the test device of the modified
0.15 g.Lfl H,BO,. 0.06 g-Lfl Na,MoO,-2H,0 dual-sludge dephosphorization and nitrogen removal process
0.03 gL' CuSO,-5H,0, 0.12 g-'L"' ZnSO,-7H,0. 0.03 g-L™' KI, 0.15 g-L"' CoCl,-6H,0. 10.00 g-L"
EDTA. 50 v gk 7K fb 2% 75 A & (COD). 2 A F1 BB (TP) 43 Jill °& 180.00~220.00, 20.00~25.00 FlI
2.80~3.50 mg-L ",
1.3 LWEITHRHG

S5 U A B PG 45 R TV R R K AR HEAT, BT i U AR M XA Rl SO T B R ARG e T2
MR BRBE R . TRV BT . PO IR XK AR B i Y R AR, e RN 96,
72 F1 65 kPa, Ik Hs P4 i o HE SRR B S g AR AR AU, RGEHE KAy 24 L7, Hh i AR
AT PR A K 2 B Ll PRARCHE . (RAECH . A0 L BRI Y K 45 BA I E] (HRT) 4331
3.0, 3.0, 4.0, 2.0h; 5leEIF L 50% A4, RIS JEE (SRT) 2 20 d (% AR AE0 ) 5 IR AA0H %8
48 (DO) #5518 2.0~2.5 mg-L™', BES DO K 3.0~4.0 mg- L', AFESE THBEIT30d AL, &
SRt (I BR A1) 975 U8 (MLSS) T e B 4E 5 7E 1 000 mgL™' 2247 .
14 SHEE

B KRB KFEL 0.45 pm JEE IS I8 /50 %, COD. TP, & % . NO,-N. NO,-N I MLSS
Pt E AR E ", DO F pH Hi I 5E {X (HQ30d F1 HQ1110d, 3 ) P& .
2 WRBNSRERBRALZNIREEER S
2.1 BRTPENITTE

T2 R Ge b i i W R 54 COD | ot s A8 Ak AT # 38 . BR IRAET, #FARSEH COD &
WETRG MK RN 0 TEFE X R & T5 e 19 COD Z M, A P 4 =X (D)~ (7) 1153

Mint.cop = Mesr.cop + Man.cop + Mu.cop + Mas).cop + Mw.cop (D

Miyicob = Qin - Cincop 2

Mxcop = Qin - (1-1) - Cis.cop + Or - Crcop = (Qin * (1-1) + Or) - Canacop 3)
My cop = Qin -1+ (Cincop = Cuacop) (4)

Mas)cop = Oin 1+ Cracop +(Qin - (1-1) + Or) - Canacop — (Qin + Or)  Cer.cop 5
M. cop = Qesr - Cer.cop (6)

My cop = Ow - Xw+ [+ fev (7N

J_:t EP : Mnf,COD %j /% Z‘L i& 7J( H/‘J COD /%‘\ E“ 5 mg'd_l; Meff.COD y‘] /z{;: zf‘lj IJLL—II 7J( E/‘J COD /%‘\ % 5 mg'd_l;
MANCOD ﬁ%%?@fﬁﬁﬂ@ COD A%’\% 5 mg'djl; MI—LCOD ﬁ{&ﬁ?&ﬂ% %% 5 mg'dil§ MA-S) .COD jﬂ@%%ﬂﬂ_ﬂ:ﬂ
B M DL IE M I FEAY COD St , mg-d's My cop AFIARTTIPHY COD B, mgd'; O, AR
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i (Ld"); Cpheop NEGHK COD, mgL'; ¢ MRE MRS S KREZI; Oy HEITE e
B, Ld"'; Cyeop MENRITIRAY COD, mgL™"s Cuyncon HEREMH K COD, mgL™"'; Cyycop MK
7K COD, mgL™; Cypeop WHRGEHIK COD, mgLs O, WK, Ld's Oy HFRTTI
Heim, L-d's Xy WREIARIGIRIKE, mg L™ 03 &GRS IR Wk B S5 300 43 06 P15 Je vk 19t
B, MRAESLREER, ARCH0.65; foy MGG T ALY COD ik it & ZE, WIS LR,
ANEEYMEAGEN e A EZR, HREMREWHE mgE L HHEHEB R D SAH 1.48 mg
COD i, AR AT M A3 22 G0 v (0 1ol A W R v ) Bsf B B g S B I 0, AR 1,481
22 ATEWNITE

HABIRGE TR AIER EE 5 A A EA NS —EB AU N A, — o & R AL
TER L8R, —#aaRA/E B LBR, HARAR éﬂﬁiﬁéém}éﬁmﬁz FROERET, APt
8~ (16),

Mintx = Mein + Mpen + Mion + My x (®)

Minen = Qin - Cinx ©))

Mein = Qeir Cern (10)

Mpex = Manx + Mux + Max (11)

Maxx = Qi (1-8) - Cion + Or - Con = (Qin - (1-1) + Or) - Canan (12)
My = Qin -t (Ciox — Cran) (13)

Mun = Qin -t Cran +(Qin - (1-1) + Or) - Canoan = (Qin + Or) - Caon (14)
Miossn = (Qin + Or) - (Caon — Cosn) (15)
MWN=QW'XW'f'fN (16)

A M WEREHKOATE, mgd'; Mo WRGEHEKWE T E, mgd'; My NEREEL
EM AR AR, mgd's My NERAEMNSH LR AR SR, mgd's My FEEFRRTEIHE
AR, mgd'; My AIREMSAEL BRI AT &, med s My ARSI R 25 6 4k S s Ak
ZBRB AR, mgd'; M, NBEM R LR AT E, mgd!; Co NRGEH KA,
mg L™ Cony WRGHKERIKE, mg L™ Coy HINRIGIRTAMEE , mg L Coyan HKE
T A B B AR B, mg LYy G AR A B B E , mg L' Cyon Al Cosn 77
A1) Sy ke B T A B A R R At A D TE M Y B B, mge L' A TE MRS TR TR AR B A, iR
P AR KT W 2 W 1L, FE— 2 1075 e 3 N f, I 0.10 mg/mg 2587 B Y HL BB 5 N 552 Bl
1y, Ak EC0.10%7,
23 HEEMITE

WA 1 25 I 3 0 o R R TS VR A HE OSSR, R R 0 e A T e T S R K b A
R K B R s U B = . RREIRAETE, EA RGBS T RS K T i B 5 R
mleh Bz, PR (17)~20 (23),

Mintp = Megp + My p (17)
Minep = Qi Cinp (18)
Meip = Qe - Cep 19)

My p=Mup+Mop—Maxe (20)

Mpp = Qin -t Cyap+(Qin - (1-0) + Or) - Caneap — (Qin + Or) - Cacop (21)
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Mop = (Qin+ Or)(Caor—Cosp) (22)

Munp = (O (1-)+ Or) - Canoap = Oin - (1-) - Cinp — Or - Crp (23)
s My WRGHOKIBEF R, mgd's My, ARGEHKBBETE, mgd's My, WRRIGRT:
Bk, mgd's C,, WRGEHKBKE, mgL"'; Cup WRGEHKBEKE, mg L' M,, HHHE
WEBRABER S, mgd's My, BT ERBEE, mgd's M, K%M B 8 5,
mgd™'; Cyap A MRS A BEEH A BEMR B, mg L5 Cannp A IR S80I U0 A S S0t 19 Tl 0 B
mg L™ Cuop A MBI A BRI BEMREE . mg L5 Cop A ARSI I A D0 UE Hh 1Y) B MR 2
mgLs Cyp I 5 IR MBS EE . mgL,
3 ZFR5THL
3 FESETHRRENSERBMEATIZEITHRE

AWFFEREI T AE 65, 72 Fl 96 kPa 45 {F T #1 FTRSETESRMTYHLKKE

Fa E B 1T W TR By 3 2K K B B HE (% 1) AT Table 1 Average concentrations of pollutants in influent and
RIS 7 G035 A FRE BB A0 4B (1 3). hi#e 1 cifluent o differentai pressures el

ATLAE th, RSB BIPEI AR BEROR ey COP/meL ) TPUmeL?) BR/mel ) TN(mgL?)

96 kPa it , 7k COD {f # iF 30 mg-L™', 7F K MK dEk MK HEK HK K K
72kPa 1 65 kPa T, 7k COD ff{EF 20 mg-L; oo [ISHSET 3362015 21905186 2360202
E 3 ﬁ"%}i%ﬁ:? , H_,I 7J(ﬁﬁﬁ%mf§ﬁj{ﬁ? 27.204+4.92 0.54+0.25 0.76+0.98 6.39+1.78
’ o R 3 ’ 7
A% Sl 72 KPa i1 65 kPa it 7K SR I B 17334526 0.38:028  048+127  6.57+2.05
LT 0.5 mg L' iRZEIRFH, 72 kPa I (s 2075845 353036 2313203 2484201
65 kPa T . Bt EL I L% 2 45 F S 47 10 o 189143.60  035£0.14  0.64£071  7.52¢1.11
KK IR B IR T 7K A B S G W HE b 110 [ZZIcop BNTP XX %% OO TN
#E) (GB 18918-2002) —4% A Frifi. 100 - % 5
90 F X
P 3 AT, A HE M 96 kPa B {1 % 65 kPa ol
S
i, B B %l 84.23% HEFFE 90.44%, i s 7T i
2 60f S
AR 73.37% WA % 69.89%, COD i) 2 B R Lol %
1 87.45% 4225 5 90.94%. < JE 9 e A% T 42 7 Haoy s
— s e T e e i . 30 F *
B L AR LTS U8 Bk A B BT 2 9 COD AL B 1Y 20} &
KBRPERE 10 %
a— s -+ — 0
32 FARISETHRENSTRIZAGERT T e
o= se Uk a
AR e B3 RGREETHESRNERE
3ARAETT FBIRBIRG e R G da i ia Fig. 3 Removal rate of pollutants during the stable operation
A7 3 Ta] 7 45 B0 2% PN B R TR AR AR A O 1Y of the system

1H) & 4~ 6 s . HIE S FE 6 vl AL, ZRGTE 3 NEE FHEA R ARRBEIUE, HAE
X 2R G545 SOV A% B T RE 7 AR T i S

1) R4 T4 %00 COD Wi #E. HE 40l WL, ARESE T 45 80 () COD {E A7 1E— & i 2
5o MM 96 kPa T [ % 65 kPa B, JRA L A COD M\ 39.41 mg-L™' ff % 25.00 mg- L', K&
it COD {H M 32.64 mg-L™" FEARE 29.41 mg-L™', BRI COD fHM 31.76 mg L™ P&k % 24.26 mg-L™,
DUVE ML COD {H M 27.20 mg L' F&AK & 1891 mg-L'. FIRFW], E AY FEAR (15 4% [ 1 %% 80
COD fA .2 T K¢, AR AT AR T2 R AU Je R 401 COD 2 BRALAE -
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LIRVE

) ARG AT A MERE . T AR O R
(B 5) 2 2 Mot 2038 3 I Tt 19 ) 25 il 4 J i Ak
PEFT . DR AR St Rl 405t 9 S i AR VE o 7R Vs i
AW RFFAZMROT, S EM 96 kPa
B D\ 65 kPa B, I 40 Tth 22 20 vk B AN 4.73 mg L™
EFAE 87T mg L™, WERMEMM 1.91 mg- L™
TREZE 0.60 mg- L' HbAh, 65kPa RS ¥
i S R B K 3.0~4.0 mg L', {HARA 1.49 mgL!
12 AR AU S A, RIS R T
MSACVERT, HEMISEm T R G n I A RE .

3) R TR ERE . B3 RET
() BV I AR AR AL (B 6), 3 ANRURRMEF

v $1i7 O LN [7E 281 o0 R (AR A

250

7 itk Pt XX 4t
0T sesan B <ot B3 Uit
200 F % 2
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E
8 100 |
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N
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Fig. 4 Variation of carbon along the improved dual-sludge
system at 65, 72 and 96 kPa
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Fig. 5 Variation of ammonia nitrogen, nitrate nitrogen and nitrite nitrogen along the improved
dual-sludge system at 65, 72 and 96 kPa

HERKOR B B TL TS, EARES, 4R
JE R 96 kPa B, R4 3 1) L B Wk I Oy 14.57
mg-L™', 7 72 kPa fl1 65 kPa T, FR 4 ith A i o
BB 17.27 mg- L™ A1 23.91 mg- L', B
HAUENREMR, RARBEEN L, BBRKRER
FARTE o A 0 SO TP Y B VR R
B, 2 IR RO 7E Bl S0 AT SO AR B 5Bk . b
WERFH, SRR FE AR AT AL 2 DR A R i
R, RERBERCRA TR T, 72 kPa BT
b %) i A U R B R 2.55 mg LT, AH X T
65 kPa 1 92 kPa I} , ik A Bk 4t 1Y A 0k
=, B AR R A B A AR B, RN
A I 2 0 R A W 25 B ) R AR

33 FTRSETEEMHNERERFREDH

25 -
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20 + [T et B <ot S it
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Fig. 6 Variation of phosphorus along the improved dual-
sludge system at 65, 72 and 96 kPa
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A SCH R Gk i A7 0 ] 1 1 35 3 AR 4000 4 4 1 e B 40

1) COD £ BRI fi . ANFESE T &4 COD B ¥R 7 5 45 an 4 2 fif s . 16
96, 72 1 65 kPa I, KA b XF COD 25 & (19 BT #ik %8 43 51 o4 36.32% . 45.67% Fl 41.76%; A% % 3th Xf
COD £ By TTHk 43914 46.78% . 49.10% F1 47.50%., H IH ] 2401 PR 480 1th F0EG 480 3t g ke BL 750 0005 e s
BB & T2 COD iy FE LBk e, HAGEMAY COD i #E & K TR &AL .

*2 AREISET COD KR £
Table 2 Material balance of COD at different air pressures

JE 5% /kPa Mnf,con/(mg'dil) Merrvcon/(mg'dil) MAN.COD/(mg'dil) MI.COD/(mg‘dil) MA-S),COD/(mg'dil) MW.COD/(mg.dil)

96 5180.23 652.9 1644.32 2198.39 194.09 481
72 5119.71 415.9 2148.22 22715 102.94 481
65 4981.2 453.75 1890.6 2137.68 79.38 481

AIXF T 96 kPa i1 72 kPa T, 65 kPa MKt %} COD {4 #E & /)N, 5 96 kPa #HL, COD i #E
WINPT 60.71 mg-d™'o XML 1 A AR R, S AR AR R, COD A 3 #E it b
ZUD . RN TR E MK UE, 5 96 kPa ML, 65 kPaif COD f W FEHE T 1 /N T 245.68 mg-d ',
FLIF PR Ry K v B0 o3 FE B SO A T BT B ARG, AT R DRI IR S R B I i, — T A2 a1 R 4t
M RERE LG, B TERIRMTE AR 5 —Jrim, REE SRMRRAL, (IR . PRS0 Fn i 0 i i)
RAMR BRI, s, s e b8 A B8 2 R A& P8I R A, SOE 4 i 20 #E
COD =i .

) REBRIBREAMPE MG . AFRSET RZRET ANt B RNz IR, #EARR
2, T2 P A At A 0 RS 1% ) 26 i Ak S s ARV R L DR At N i St 1) RS AR A F 5B, D
B A Wy R AAE FH T 25 Bk, FRAR 0 43 40 0l B R K R A 5 Je HE R GE . 3R 3 o My TH R 1
B, ALK A TEEVERN, HEDJE oA D AN s AR, 7E 96 kPa T, SR AL AU o aE
JK TN 1 68.08%, G4t . PR A0 Ak 42000 430 5 30.58% . 21.95% 1 15.55%, ARAE ML . PR 4803t A1
Tl S8 T 25 I 1 TR SR 0 1) R 48.42% . 41.64% F1 11.79%, it B DR 480t F0IG 480y ek Y X5 1
PREEMA T2 A M E L LBRIER . 65kPalf, SAHILZBRIA i iEK TN (19 66.38%, ML . IR
b A S0 20 1) A 30.42% . 22.02% F1 13.94%, AIGAAIH DR Al R IR A b X AR 2 R B9 B R R 4 1 ok
43.62% . 31.57% F119.98%, k4l Bk Mo 260 19 =2 22 H 0T

*3 TRSETREIRTE

Table 3 Nitrogen material balance at different pressures

-1 -1 Mg -1 -1
JEBR/KPa  Me/(mg-d™)  Mgy/(mg-d™) - - - Mpon/(mg-d™) My, /(mg-d™)
My n/(mg-d7) My \/(mg:d™) M, \/(mg:d™)
96 566.376 153.384 171.984 199.968 48.708 -1.764 32.5
72 565.548 157.644 128.876 179.606 91.316 —2.682 32.5
65 596.089 180.373 131.25 181.345 83.068 26.264 32.5

65 kPa T, Wi &K AN 26.264 mg-d™', (HHEK TN WG] N 4.41%, AH BN B 58 %
WIBE R AR, A% BUE R, S B0 P15 U8 70 W0 Y M S0 3R 5 1 Rs S VR IR A W e i 0 3 22
Forh 8 BB B BT, AR A Ok T RE SR DR D A W R A BT 85k o

3) WL BREAR MR 3 A o AR N TR GBI YR- A I 36 4 PR o 3t AR GER#E,
Z PR RERE . G R A A BE S, R W AR AR TS P P g R e, AR BE
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*4 TERSETHEIRTE

Table 4 Material balance of phosphorus at different pressures

MW.P

JE3B/KPa  Miyp/(mg-d ) M gp/(mg-d™) o o o
M, p/(mgd™) My p/(mg-d™) My p/(mgd™)

96 80.04 12.89 201.62 152.06 298.09
72 79.71 9 277.95 154.27 369.11
65 85.28 8.48 246.43 338.4 520.31

KRG, RE4TTH, RGN 25 BRS18 32 A 45 M A G S8 W W ORIl 4Tt %) 12 s Ak
RBEAEH . M 96 kPa B &2 65 kPa B, I 50 W Wl ot o7 Sl 25 B 0 19 LU ) Fh 42.99% $2 = 2
57.86%, T ST 1Y S A SR ik o LB R BR R B LU U F 57.019 [ = 42.14% . Ik, BEE TR
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Influence of atmospheric pressure on pollutants removal path in the modified
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Abstract In this study, the operating efficiency of the modified dual-sludge process was discussed based on
the data of its steady-state operation at different altitudes of 96 kPa (400 m), 72 kPa (2 800 m) and 65 kPa (3300
m). The results showed that when the atmospheric pressure decreased from 96 kPa to 65 kPa, the removal rate of
COD increased from 87.45% to 90.94%. The low atmospheric pressure promoted the synthesis of intracellular
carbon sources during the anaerobic phosphorus release process of phosphate-accumulating organisms.
Therefore, the aerobic phosphorus absorption efficiency increased effectively, and the removal efficiency of
total phosphorus in the system increased from 84.23% to 90.44%. The abundance and activity of ammonia
oxidizing bacteria decreased with the decrease of atmospheric pressure, and the nitrification function of the
hypoxia tank was limited. Then the simultaneous nitrification and denitrification were limited and the
denitrification amount of the system decreased, the corresponding denitrification rate decreased from 73.37% to
69.89%. The results of water quality variations along the units in the process and material balance analysis
showed that phosphorus was mainly removed by the aerobic phosphorus absorption and denitrifying phosphate-
accumulating at 96 kPa, 72 kPa and 65 kPa. Nitrogen was mainly removed by the denitrification process in the
anaerobic tank and the simultaneous nitrification and denitrification in the hypoxia tank. In addition, the
assimilative denitrification in the aeration tank was enhanced with the decrease of atmospheric pressure. The
result in this study provides a certain theoretical basis for the application of the modified dual-sludge process in
municipal sewage treatment in high altitude areas.

Keywords high altitude area; atmospheric pressure; modified dual-sludge process; phosphorus and nitrogen

removal
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