H3R% Hel &l TR Vol.32 No.8
206 2016 4F 4 H Transactions of the Chinese Society of Agricultural Engineering Apr. 2016

RRTRREARESYIRS K C/IN SIKAIEIR

x| me, ERET, ®ROMW, AEE, $AR
A TS5 AR B 3 55 ) T RIS,
TR TR KRB AL TR A0 %, bt 100124)

W OE: T T Ry DA R EROR SRR A B R, BRI T R R R A VRS el A BRI A A B
(CIN) 15KITTATYE. Ak, ESER b TEPE (pH {A=4.0+0.2). i (A% pH {E). Bk (pH {5=10.0+0.2) &4FF
KHPSAT IR R 75T IREA R BRR AR S0 0 A5 88 T it IR R BRI A 0 A R i (0. 10, 20, 30, 50,
100. 200 mL), 7 A S R B B2 A R FH o 45 SR8 0« P 45 A T W AR I AL W3 4 i (soluble chemical oxygen demand,
SCOD) FjHst gl (short-chain fatty acids, SCFAs) =& B i BRI AN Ak 4 115, Forh C/N AT C/P Eb 4l i ik
18.9 F157.0, BIEAVEASMINBRIEAIE . AR, ¥4 NO3-N=(15.0£0.5) mg/L i, FAEHINE N 30 mL, Leh
NO3-N LFRZh 100%; Bt ferd, ARl 20 mL, BN B Rt 22.8 mg/L. 475 TR B ME IR R TR
E W RAESN IR IR ATAT 0, R R T RIS AN SR 435 Ve AR B R0 TE L, SRR T ARG e BRI T P VIR TR 40 I

b, 3T AP CIN LE SR V5 /K.
K§EA: Gk FR; KB CIN

doi: 10.11975/j.issn.1002-6819.2016.08.029
RESHES: X703.1 TEERERD: A

32(8): 206—211.

YEHS: 1002-6819(2016)-08-0206-06

XM, EHE, R OB AES kR MRESRERELABRESYRSIK C/NISKLBYERIV]. R TEFK, 2016,

doi: 10.11975/j.issn.1002-6819.2016.08.029

http://www.tcsae.org

Liu Ye, Wang Shuying, Yuan Yue, He Yuelan, Peng Yongzhen. Anaerobic fermentation mixture from waste activated sludge under alkaline
condition improving treatment effect of wastewater with low C/N [J]. Transactions of the Chinese Society of Agricultural Engineering

(Transactions of the CSAE), 2016, 32(8): 206—211. (in Chinese with English abstract)

http://www.tcsae.org

0 51 &

Bt o ] o A 3 T AR SRR AN W it A AT B X
SR KA G R R . AR KA A B R
A IRV R R Ak 2% T 40 BE (soluble chemical oxygen
demand, SCOD) 5 FI-F /LWt s sk Fe o kA7 1
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(short-chain fatty acids, SCFAs) , 23|/ 2 vk, o
AR SCFAS AE AR TR, A LG L4 i — s
55 4 e R O A Rk R 4 T e IR R R 1
SCFAs 775, BRIHA IR Ak 2 — iy s s R i Ak
P, UHAERVESAE T, W4 SCFAs JHfIL &
B T SRAHR i R = TR i, (RN DR K BT A v 1)
T2 TR, R A Y B AR K 9 A 1K) SCFAS
HEAT SOTEAGFIURE R, R 08 Al YR B A A LA S TR Ax v e Ak
PR o) . 3 TG CIN EE S B A5 K I AL B,
BAT) 2 0N AT 5

FEMGIEA b, 273 0 30 AR v Ve B P DR SR T T
G GUEAT IR DY, IS0 08 1K A e AT 43
YL 3 9 R AT ) FH U320, 5 o A B T A5 O A B o
4000 r/min "R E§.0 10 min J5 B RIS HOR H 80K R IR S
W2 B a4 B K TR e R . AR, AR SERRERAE
LR P I8 R L T R e K A T B e T
AT, BRAERAE HAEFERC . R DL B A, A5
SHHRPESE (pH 1=10.020.2) R KIHEEAT IR 47508 R
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FIRRTAT PEREAT VP AL, SR T Ok B A e ARk
KRR, SCOD AR SEM RN, FEXEAE T~ K
WIS AT IR 4305 e IR IR 5 ) 1) B A B R 1A T %
2. MCEIELER, DIIIZ T 248K CIN Ee 2 A0
To 7K AR TR A (4 0 P B Al o

1 RS 7HE

11 ERIERRIER SR
75 KA A T KRR MK IER R CIN LT
K PERRLAE 1o BIATFIRIR L S hRis A AR S 5
ffrrp il SBR S dy, Sl MYEYE 3 RPURER T, R4
Je (K95 36 3= oy ik 2.
1 RBATKULEER

Table 1 Characteristics of wastewater

ZH P (AR 2
Parameters Averagezstandard deviation

TR EA A

Soluble chemical oxygen demand/(mg-L™?) 155.3¢27.4
NH,"-N/(mg-L™) 56.4+12.8
NOz-N/(mg:L™) 0.240.1
NO5-N/(mg:L™) 0.4+0.2
PO,*-P/(mg:-L™) 6.0+2.1

x2 HEAREAEKTREEFER
Table 2 Characteristics of waste activated sludge (WAS) for
fermentation after settling

24 PR bR e 2
Parameters Averagesstandard deviation
pH {ii pH value 7.420.2
JUBYT I 44 Total suspended solid/(mg-L™) 7345.8+372.1
FER PRI £ Volatile suspended solid/(mg-L™) 6603.8+333.2
BRI A
Soluble chemical oxygen demand/(mg-L™) 256£12.7
IS tah
Total chemical oxygen demand/(mg-L™) 9732.6+283.5
JE 5% IR Ui Short-chain fatty acids/(mg-L™) 21.3+4.7

1.2 RBWEERFZE
1.2.1 RF) pHAE&M T REK B REHKIAIIL

KA 5.0 L (V3 L PR I SN, 43 il % 1Al
RVGVSRHAT R KBS, il $En 5 mol/L i) HCI A1 NaOH
W, P pH (EAERRYE (pH {E=4.0£0.2) . FiE R
pH 1) + BEPE (pH 1ii=10.0¢0.2) , & EFEHI{E(30.0+
0.5)°C, ¥5Jef/Ifia (sludge retention time, SRT) 4
8 dM, FesEizfrood Ll L.
1.2.2 TR0 & B R BK B R M 3 B RUIR B 64
B e iR

1) B RAEUR TR A W00 SR A R A0 1) 5 i i 56

LR BT I B A AR 1.5 L (/b SBR
SV, W L TR, RN P43 e pH {E R DO
Pk, s BT 1 AL, H T ek, ROV
PR N EIR ((2521)°C) 5 SNV AR S A ) Bk
P, ERBRT Bl 250 rimin; fitb R B
il 1404 300 r/min, AR (1.040.2) mg/l. 7 41%
P55 5 A SBRy. SBR,. SBR3. SBR4. SBRs. SBRs-
SBR;, M SZH s (1 U SBR S % rh B e 203 7%

TRKIEVE 3 3, WEREJEH SCOD. NH,-N. NO,-N.

NO;-N. PO>-P X (520, 45 MLSS=(6000+
100) mg/L. [7] 7 4 e s 4l in 0.5 L JEJEAN 0.5 L
SRy AK (P2 RILER 1, BB NaNOs ¥,

W5 NO3-N=(15.0+0.5) mg/L, [&]i}43 5115 SBRy+ SBRss
SBR;. SBRs. SBRg~ SBR; HHHL AP % (pH {H
=10.0£0.2) MKIIEIT IR RV IR IRE KRG 10,

20. 30. 50. 100. 200 mL, SBR; E N4 1. REHT,

RNV Ny B 10 min LI BRIS A 52 %
SBR[V 1 ST RS RE, 14T A2 60 min, 2
Ja AT IS, 84T IR 180 min.

1.DO faillf 2.DO 48k B AHiFeas AWk 5pH Bk 64T
i 7THER 8.pH R 9.k

1.DO detection 2.DO probe 3.Magnetic stirrer 4.Aeration head 5.pH
probe 6.Rotameter 7.Sampling port 8.pH detection 9.Aeration device

Bl XBEEEFS
Fig.1 Schematic diagram of experimental device

2) gt DR AR TRV R R o 2 1 s i X

RGBT P BN L BRI AR 1 Bk SBR X
N2, BN %M e pH Sk, SO i R i Ol
W ((25+1)C) , RNVERIEHECA R hiEReE, ik
ok 250 r/min. 7 41 N85 3 954 SBR1~ SBRy SBR3s
SBR4. SBRs. SBRs. SBR;, it SBRy i #fil 0.5 L JiK
U AEFITEERE) R 0.5 L S2hris/KAVE A5, SBRos
SBR3. SBR,. SBRs. SBRg. SBR; #14) 4l #F SBRy [l
b, BommgbE gt (pH 1=10.020.2) I KIHEAT R4
TSR R R AR A 10L 20, 30, 50. 100, 200 mL. &
BOHT, BNV A No B 10 min 14 bR IR 4R 520
% SBR Jr Mg AT PRAASEHE, 21T IR 120 min.
1.3 SAE

SUEVRIEAR (total suspended solid, TSS) . 4% & 1
=VFE A Cvolatile suspended solids, VSS) K H i & ¥4
Kiill. pH . DO KH WTW pH/Oxi340i £ il {3 K63 .
MAL2E T4 (total chemical oxygen demand, TCOD) .
Wb A T4 R (SCOD) X 5B-3(B)%Y COD i
KA A . NH,-N. NO,-N. NOz-N. PO,*-P XM
% [# LACHAT /A & QuikChem8500Series2 i 7T 5 20 #r
K . SCFAS K Agilent7890A <A 4 i A k5 I, FID
K, sk AS K& R SF: 30 mx0.53 mmx0.001 mm,
N, A, #AWER 20 mL/min,  SERE LRSI 2% 7>
MYERFLE 220 F1 250°C, AR 4GRS 80°C, Hn Tt
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UL A 240°C, BEREAAARN 2 pl. BRE6 TR IS () SCFAS
WAEAMR . NR. ETE. 5 1R, ERBRMSE R,
B e AT BE JR I P 43 il e DA LB &2 % 1.07. 1.51. 1.82.
1.82. 2.04. 2.04 #:A4k 2k COD WKL G n&it b B
SCFAs i 84,

2 H#R5ITE

2.1 A[E pH EEHTHRKSRERAEBESMLFEER
B ELER

& 3 LA H, ErEMRIEAL T, By
AR B RE TR P22 T 5 2 (0 NH, =N fit PO,>-P, JLrp
AN pH A 4E T NH,™-N 7= A5t (R O - Bt > ik
>, AN pH ST POS-P P2 AR IHEFE b 1R
PESHgPE> bt [, 7Rk FIRR R Ak R Ry5 ik
RAR B FE R T 52 1) SCOD LA K 5 JiLHE B iy

(1) SCFAs =ik, HHF N Btk >t > bk, HAE
Bl 25 A1 38 v Ul DR AR R I A2 1) SCOD BL K SCFAs
Pt v T H AR AT N IOAE, B FRIR TSR IRE K
PR A CIN LEAT CIP Lh 435 iik 18.9 A1 57.0.1X 5
AT A58 ML, AEBRE pH (4R, BEAT LUK iR
R RS £ 1) SCOD Ml SCFAs, S A DLl 4 £
g N P gt w20, Ml . mbE 4t AT
TAE ) MO 3R A D o3 AR RN TS T IR AR, AT 345 3
Z IR EP= TR FE I, R I lE 4% 43 v DU 2 ML
KA, A SCOD & T, s 2 1 il SCFAs [ 5224,
FAh, Bk A AR R A A b A I, AR
SCFAs N8R N e (CHy) , MWIMBRR, 2
A SCFAs B2, Pk, &5 et (pH
fl=10.04+0.2) JRA A BEIR G930 35 5 A R A s I adk
TR

#3 B pH EZFHTKAZITHRRSERELABRESYRIUFER

Table 3 Characteristics of long-term culture anaerobic fermentation products from WAS under different pH conditions

R 2 S TG VTR
H Soluble chemical oxygen Short-chain fatty acids NH,"-N/(mg-L™) PO,-P/(mg-L™)
pf_" Vel demand SCOD/(mg-L™) SCFAs/(mg-LY) CIN P
BME KM CFEME BME BOKME CPRIME BME BRME TPRE EBME BRI T
Min. Max.  Avarage Min. Max. Avarage Min. Max.  Avarage Min. Max. Avarage
@Mt (4.0£0.2) 563.4 988.1 778.9 88.5 143.7 114.2 1084  139.7 123.9 51.0 71.2 62.7 6.3 124
o CRED 298.6 405.1 352.2 32.9 76.2 18.2 39.3 26.9 7.9 19.3 144 129 245

Bt (10.0+0.2) 2538.3 4160.3 34285 13302 18153  1521.4

1635 259.9 181.4 47.9 83.0 60.1 189 570

2.2 FREMEBWEREAERESYN REAREEDIE
p=A)
2.2.1  BMR AL B RAYIT R A AR 69 7ol

A WUBRIEAE Sk b B2 4 o kA, BT
A M K= B T IR — A 3 2K AMImERIE . iR
IKERUEFI A SRR, & 28, b 4T ANEIBOINE
PR (pH {=10.04£0.2) NKIEITHR AR T5IRIEEA
RIBIRAEW AR AM RIS AE S A A B B 1R 1 FH 15 45t A
K REACR B2, B 2¢, d 45 T xR SCOD A%
e

M 2a BT LLE W, PG NOg-N b (15.0 +
0.5) mg/L. &ALt FE b, s WAt 2 4 A 1%
IS ER S, NOs-N IRIERHL N, ~MNGHH
TR BRE], NOs-N 134 J5 s S i FAR I
TP%. UIREKREHE S E NS 30, 50, 100 mL
If, NOgz-N 7 30 min N4 HB#ad s 4hsg w2
200 mL i, SOMWEAIZER:, NOg-N 7E 40 min N4k
B PRk 20 mL I, 7E ROV EERET (60 min)
15 273 NO3-N AR E I, 42 74 0.4 mg/L, NO3-N
BBRFENy 97.3%; Mgk BN, RIS FEAS
AETEAHEAT, NOs-N B2 439124 69.3%(V s an=0 mL)
H185.2% (V upwan=10mL) , X 5HRIEA A7 520,

B 2¢ b St B2 Hou B (1) SCOD RIS e, bt
NOs-N [FJJik/b>, SCOD & T, MANKIG n R ki
TEEWHNEH 0 £ 200 mL I, SCOD A & 4e1 K5
W, 4y 26.9%. 41.8%. 46.5%. 42.1%. 44.8%.
27.9%. 12.6%. 5 4MEVLLEH, 440 E& <30 mL I,

TE NI, SCOD Bt [ i A6 HIREAT T BEAR PR, IX 42 i
TRUK B R BRI B R AT ML 1 SE i s v 4k
W AE; B SNV HEAT, SCOD KMl g, XEW A
SN, R o R MERR I AT LA LE B SO A A
FIF I AR b e 351 o i M B0 R = 28 50 A 100 mL
i), SCOD Fifi s fif fb (I REAT FFEE PR, X AT RE DR A 4480
g 50mL i, SEAHGENYGERS, BRiX
AL BT REAL, SRR RN R0, A s YR T,

B S BEAT AL SO, B 2b BT RIEIR ST
A NH,-N, B REERSHEINEIN, RETHI66
NH,*-N BB, A 34.6 mg/L #n% 743 mg/L, 5
WEE, 5INTEZE SCOD, M 80.7mg/L Hin%E
667.0 mg/L (¥ 2¢) , 7E AR, SCOD Fl4x i M
59.0mg/L -JFk 583.1mg/L. BEAE A SN (KHE4T,
SCOD AW /NFte T-Aae, IS NH, =N Jél 4 i 12 i ik
o MRFEREYENE <30 mL I, NH,-N £R#%
o, EEOINE A 20 F1 30 mL I, NH,-N 2[5 %
/15 24 0.293 mg/(L-min); $& SN 4 50 mL B, NH,™-N
PRI ARG, 4 0.244 mg/(L-min); ARSEER RN
=100 mL, NH,-N 2B 20 ZA0HE, NH-N %
B8 % 4% ) 0.109 (100 mL) A1 0.004 mg/(L-min)
(200 ML) o 3X 2PN A R, i) SCOD 4%
M TS ROV T, BRI SCOD LA TR IR
AR, SR BAE S RS R R A R Se b A3
SEERAL . SI4h, BEE RN T, SCOD
AWIHFE, AEARFBINE (B 0 mL ¥ % 200 mL)
500N, SCOD F4x & (F 2d) 434k 47.8. 455, 53.2.



%8 XI| MRS, ARV IR R R SR S CIN V57K A FERUR 209

67.2. 61.4. 106.2. 154.1 mg/L. M KB KIsdT A
LR EFEE, T R B B AN InaIE, v LA
24 %)4E NOg-N 2h(15.0+0.5) mg/L I, 3X Ptk AR &
PR S ) ) AR 4 30 miLs

a. NOz-N (At #)
a. NO3z-N (Denitrification)

b. NH,-N (T fb it 72
b. NH4*-N (Nitrification)

€. SCOD (AL F) d. SCOD (bl 2>
¢. SCOD (Denitrification) d. SCOD (Nitrification)

B2 AR AeZ o R AR B R Y 3T RN ARl it A2
NO3-N. NH,"-N. &A% % L& (SCOD) ##h
Fig.2 NO3-N, NH,"-N and soluble chemical oxygen demand
(SCOD) during denitrification and nitrification processes adding
different volumes fermentation mixture with pH=10

2.2.2 BREERBKFERA WA LA ) H

3 it T 7 FORREIEF, BB R
POS-P AfbiliZk. W% RIERAVIBMRIN, R4
G POS-P SN, [FI, % RZH POS-P
b S EHEAT AR . 24 R B S B <30 mL
i, R 30 min Py, B R R 4 BT, 42 30 min )i,
R ETE, TYEINE=50 mL I, YIkG PO,S-P
W%, BB R REE R N

B3 AR AMRAKLERADE I EXHHG Y
Fig.3 Phosphorus release process adding different volumes
fermentation mixture with pH=10

4 25 TR AL b SCOD AL 4L
KerrRemiie, RV R =R — PR R S5 I
Wi, B REHRSYEINE I, ¥4 SCOD &
K, SCOD i HI %6 52 I 58 39 K Ja sk N R R, 480
o4 20 mL K, SCOD #HZ8 K, & 53.0%. [FK, Rl
R BN S ASKIE I, R 6 i (R A S IS4 K
SRR, 4y 185, 22.6. 22.8. 20.5. 12.9.
5.1, -5.9mg/L, "JLLAH, 4Nk 20 mL i, H0R
WK, A 22.8mg/L. M4 MmN % 200 mL i,
VR IR AU, I R RA MR A A Y R SR
FERUN, L) SCOD KK 2 FEAR G A FR i,
IR &E oy 200mL I, Wl S B Z, K
18.8 mg/L, HHff AR S5 NS &2 12.0 mg/L,
T SBGRREE . Htk, MK M8 T A L
CREHEIE, R TR R N B AN IE BT, my LA
X AR IR A I A AR 724 20 mL.

B 4 BEEUE S HERE A SCOD A A T
Fig.4 PO,*-Pand SCOD in phosphorus release process

3 4 it

1) Bt (pH {=10.0+0.2) PR P41 F &K
JHDRAEUR e = A B8 2 (R R AL 27 /7 % (SCOD) BA K
FiHENRIT 2 (SCFAs) , CIN FlI C/IP 43Jjl =ik 18.9 1 57.0,
S AE A AN IR ISR -

2) F V5 Ienst AR IR G ) AE I A R m
VE A InBR I E AL, 2940145 NOs-N 4 (15.0+
0.5) mg/L I, 3 42 ¥ Y A e VR G ) 1) e A o n & Ay
30 mL. B, SCOD A% 42.1%, NOg-N LFR#EN
100%:; HHNHE =50 mL I, HI46 NH, =N &858, i
A IS RS2 30 W] B A

3) P iR ms N R R S AR I R R AR Sk 4
I Is R E A, BN 20 mL. I, SCOD
M AN 53.0%, RN 22.8 mg/L; M# =
=50 mL i}, ik PO, -P & i W 2, oRE AR
B A [

RIBERAYMHER, BT SO RTRE i ik
FE PRI AN A2 BT 4% e A B R SUER e, SRR T AR
G R IRA HTIN RIOE B0 AR R
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Anaerobic fermentation mixture from waste activated sludge under
alkaline condition improving treatment effect of wastewater with low C/N

Liu Ye, Wang Shuying™, Yuan Yue, He Yuelan, Peng Yongzhen
(Engineering Research Center of Beijing, Key Laboratory of Beijing for Water Quality Science and Water Environment Recovery
Engineering, Beijing University of Technology, Beijing 100124, China)

Abstract: Direct discharging of high nitrogen and phosphorus concentration wastewater can bring serious eutrophication to the
environment. The activated sludge process has been widely used for solving this problem. However, the process exhibits poor
removal of nitrogen and phosphorus due to the shortage of carbon source, and also produces a lot of waste activated sludge
(WAS) which needed to be treated and disposed. On the basis of these considerations above, anaerobic fermentation of WAS
and fermentation liquid utilization processes were developed. However, fermentation liquid separation from fermented sludge
was difficult and had high energy consumption. To avoid the problem of liquid-solid separation difficulty involved in
traditional WAS anaerobic fermentation liquid utilization process, the feasibility of using fermentation mixture directly as
external carbon source for nitrogen and phosphorus removal of wastewater treatment was discussed. Firstly, the characteristics
of anaerobic fermentation mixture under the acidic (pH value of 4), neutral (pH value uncontrolled) and alkaline (pH value of
10) conditions over 90 days were compared. Secondly, biological denitrification and biological phosphorus removal processes
by adding alkaline fermentation mixture of different volumes were investigated. A set of sequencing batch reactors (SBR) were
respectively fed with 0.5 L seed sludge and 0.5 L wastewater, and then alkaline fermentation mixture of 0, 10, 20, 30, 50, 100
and 200 mL were added into the 7 reactors. The feasibility of using anaerobic fermentation mixture from WAS under alkaline
condition as external carbon source was indicated by nitrate nitrogen (NOs™-N) removal efficiency and pure phosphorus release
amount. Meanwhile, the influence of ammonia (NH,"-N) concentration on biological nitrification process was analyzed. The
results indicated that: 1) Alkaline fermentation mixture showed the best merit of reusable carbon source, with soluble chemical
oxygen demand (SCOD) reaching 3428.5 mg/L corresponded to short chain fatty acids (SCFAs) accumulation of 1521.4 mg
COD/L. Meanwhile, a small amount of nitrogen (C/N=18.9) and phosphorus (C/P=57.0) was released during alkaline
fermentation. 2) The NO5™-N removal efficiency was 69.3% when the initial NO3-N concentration was 15.0+0.5 mg/L and the
maximum pure phosphorus release amount was 18.5 mg/L in blank test. Compared with the blank test, the highest NOs-N
removal efficiency (100%) occurred with the optimal additive volume of more than 30 mL in biological denitrification process.
The maximum pure phosphorus release amount (22.8 mg/L) occurred with the optimal additive volume of 20 mL, 4.3 mg/L
higher than that of blank test. However, excessive fermentation mixture could significantly reduce the nitrification rate. The
highest NH,*-N removal rate was 0.293 mg/(L-min) with the optimal additive volume of 30 mL in biological nitrification
process. When the additive volume was more than 30 mL (50, 100 and 200 mL), the NH,*-N removal rates were 0.244, 0.109
and 0.004 mg/(L-min), respectively. Therefore, the strategy using anaerobic fermentation mixture from WAS under alkaline
condition as external carbon source is feasible. It can solve the problems of carbon source lack and WAS disposal, and also
simplify the process of traditional WAS anaerobic fermentation liquid utilization. This strategy is suitable for the treatment of
rural domestic wastewater with low C/N ratio.

Keywords: wastewater; sludges; fermentation; C/N



