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Abstract: In response to the combined inhibition effects of sodium salt, heavy metals and antibiotics in the practical application of
high-load anaerobic co-digestion (AcoD) of food waste (FW) and waste activates sludge (WAS), a series of batch experiments were
conducted to investigate the individual and combined inhibitory effects of sodium salt (1~16g Na'/L), zinc ion (180~900mg Zn>*/L)
and ciprofloxacin (5~60mg CIP/L) on the freshly discharged sludge and room temperature stored sludge from the high-load AcoD
system. The results of single inhibition batch experiments indicated that the inhibition strengths of the three inhibitors on
methanogenic efficiency were in the following order: CIP > Zn>* > Na'. Furthermore, the results of the combined inhibition tests
showed that the combined inhibition rate of high concentrations of Na', Zn*" and CIP was as high as 97.8% for the freshly discharged
sludge. However, the combined inhibition rates were reduced to 74.4%~92.2% for the stored sludge under the room temperature. The
reasons for the differences between the fresh sludge and storage sludge suffering three inhibitors may be due to the formation of more
extracellular polymers for the stored sludge under room temperature. Meanwhile, the room temperature storage condition also
changed the interaction patterns of the three inhibitors. The results of high-throughput microbial sequencing showed that
Methanosarcina spp. with a small change in relative abundance (96.0%) and Firmicutes with an increase in relative abundance
(31%~54.1%) in the sludge after room-temperature storage significantly enhanced the combined inhibitory thresholds of the three
inhibitors, providing a better way to enhance the stability regulation of high-load AcoD in the coexistence of multiple inhibitors.
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PL M sl PW DRSS AL IS, T FW 2K i B 4,
SEUE R MERR IR (VEAYR 2 0% 5 % A 400 i v 2,
PR FW BB R AT A AR e 1, ) FW IR 46
RGN I AT TV VR (WAS) i LA Rt = FW
PAATH A B AT R e, 55 S FW B WAS JRATH AL
AH B K 3 AT DR AR LT A B A8 2 s Tl A= W ke 95
v R4 P B RA I A R GEis 4T 1k e P A R L
WAL RE A, 24 HL 97 faf (OLR)IE £ (10.20+0.58)g
COD/(L-d)itf, 383 ¥k 5 S mria 47 R 4 s i
174 T3 R IL 0 1 R 48 (0 A B AR Bt 4y
TN R G A U, U e By DA A R SE 1)
HEREE T [R5 | N 22 Bl 0 4 ), 38 48 S A2 i 1ot
AT XGRS B .

DR] 3k 5 R £ ST A5 AN ), F W H 30 3 2 AN ]
FE AN AR Na T34 EE o 2.2% 454 e A H
A R X FW BRI FE T /N T 6g Na'/L, i #E—
SLZE LX) FW SRS nlA S 12 Na'/LPLASE
W92 11:0.5~2g Na'/L %7 Hge sz mi /Ne 2 10g
Na'®/L T A F g d FAIG 26.2% L[] I WAS it 4>
W b SR AE = A BRI E 48, i Cdv Cu. Pby Zn Fl
Cri®4% o WAS 1 zn®" 1 el 330~3096mg/kg, %
77 FE 58 BT PR30 Sk PR A K P e Ak A T BT e R
PIYL R (CIP) 74 i 13.8mg/kg!'”. 24 CIP ik & 7
0.5~50mg/L i, 2537 B g i 3 1L DR b, R
[FF S Na™y Zn™ Ml CIP W <RI A2 48 FW 5
WAS FEH AR & X e i S e vl g o THUR
AUHACAR B RE. H A, A O E . e E MR
PONNEE I R A R U i R (S R SR A )
G2 SR ZE FW A1 WAS VR4 35 T P AEAE (1 3 Fil
JAMEII(Na  Zn® F1 CIP), % & Ffif FW Il WAS
PRAR I TS e R BE A AR FH A DL AR IE .

g S e T AL R G KRR e s AT,
AT LA AT RS B B AT I FW R WAS L3
1 FR G50 0 75 Y A= I8 W A7 V5 Y W WE SN 5, K
FHAE VAR 6 A IEAS R PR A R F B Na™y Zn®*
FCIP X AN [/ 2 70 v i gy FL v 4 v Y 7 PR e R
(VIR G 4 FH, [) ) R 9 v 47 A 35 98 4 v V0 Hh R
W ORTE 5 K50 3 ol S 2R 0 4 () AN ) g 12, A Ay
e B AT DR AR R T A R 4 1 K RS e s AT PR A R
.

1 MR57FE

1.1 R K

FW AR 8 T 27 A B e ABEAOLTC 1, L v 66 ot 75
A 0.2%M) £ WAS 1A VG 2 T Him5 K b B FW
FTWAS WA LR 4:1(GE R E) LS e BLA
SEHG E CUARUE IS AT 1 AR B far i FW AT WAS
s RAESE L R G L % R G s e i
Ak 8.3d,0LR 4(14.46+0.27) g COD/(L-d), i
Ve A7 () LT AT e 8 WS I v AT ST A R
PRV, SR A TN AE Y SR A7 [ i
HIF VHES S Sl [ Ol 22~30°C, A7 1 (1]
20d, T JE R R 50 IV 34 4 s A7y 3 v A4 B
Hee A= i8I A2 V578 FW AT WAS JE & 56 51 P4k
PRSI 58 45 T WAR 1.

F1 SHARELHELHESRE. ZRNFSREMESE
FREyERILHF 1%

Table 1 Physicochemical properties of the high—load

anaerobic co—digestion fresh digestate sludge, stored

sludge under room temperature and mixed substrate

mi e g SR e
BEY5 e A5
TS /L 333+1.13 3214092 71.5+0.42
Vs /L 18.6+0.28 1694050 21.340.78
TCOD /L 4234044 1924024 117.8%1.24
SCOD /L 544034  4240.17  45.03+0.57
pH {8 7.8 7.6
T g CaCO5/L 5.6 4.9
418 2 COD/L 0.5 0.6 2.4
R ¢ COD/L 0.1 0.1 0.2
T 2 COD/L 0 0 0.1
4.3 g COD/L 0 0 0
HE T g/L 1.840.03 1.5£046  22.4£0.19
E20 g/L 0.740.06  0.5+0.02  2.6+0.34
NH, N /L 1.0+0.03  2.7+0.07

1.2 LR E

Na'. Zn*"F1 CIP 43 %ILA NaCl. ZnCl,. CIP [
PR AR A AR Y S FoiE e 3 Famdm
vk RS U Na W EWE A 1,2,48
16g/L,Zn* W JE V% & 2 180,360,540,720 F1 900mg/L,
CIP WJE & E N 5,10,20,40 H 60mg/L. H %, 7F
120mL IR A E I 10mL FW FI WAS VR 4535 %,
SR I N 5 ) NaCl. ZnCl, A1 CIP [l 4485 K,
NN B B 5 037 A L RS 38 5 43 3, e e
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Kl 1(a),24 Na W0 1g Na'/L I A Ebx 2, R e
PRI 13.3%;1H 24 Na & 8 %5 8g Na'/L i}, i ¢
Fe AR L R IR T B 2 76.7%, 31X 5 L AT HEF T %
] 8.2g Na'/L & KA b RGUFREis 4T F R A4
AR 25 3P A 1(b),24 Zn™ RS AN
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10°C/min 3% LT3 120°C - EFE 2min, LA
5°C/min {35 _ETF81) 200°C HAREF 2min. < R
20~50mL ¥ S AR 52 , DAAE 2 SR e 5 A kR v
T 5 B A R A A i v e R I SR I AE
e V5 Je AT TAE DR Uk 22 FE R 2 BT R AL UG Ak, 5 A
THEUGRI B R FH Gauss 77 P20 275 1 24061
R PE(ICs0). 1E AT 50 25 5 43 B v R A 22 40 B VA
DR 3 0 R 6 4 TR 1 AU B SR T 22 3 W A E A
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2.1 Na', Zn® Rl CIP i 74 R A LI AL Y5 U
A

N R

AN Na'™s Zn® Rl CIP 6 RAIEI A6 75 Y8 1 S A PR S A4 1Cs,

Individual inhibitory effects of different dosages of Na', Zn*" and CIP on anaerobic co—digestion sludge and ICs, values

540mg Zn®"/L i, Zn™ 1 g il (0 5l B DR - B (e k6
A=A B, e AT E o TR AL T4 e 14.0%~
34.3%, M AE L HTHIE ST -8 I 200~400mg Zn”'/L 45 G
BT b i B R g s R [ A SR A
A g2 01T PR AR R A R S BUR & e
VIR RESG AR TG Y Zo™ B % 720mg/L L
I Na B AR 1(a)), A E
R 2] P BRI 25.0%~28.0%. Rt Na "l Zn® %)
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ey B AT T A HE U P B — A P 35 5 AR A R Ak
e VA JRE SR ST A P A 4 P 1 ()[R B CTP(Smig/L)
I, e 87 ey T AT YR I 7 R e R 52 240, HLRE
5 CIP W JE I 45 10mg/L INf AH HExT B 4 7 A e i [
% 44.0%,3X 5 BLATHT 7845 R A — 8025 Lk
LEHLMHT Na's Zn® Hl CIP (1) 1Cso 23514 3g/L.

800mg/L 1 15mg/L(&l 1(d)).Z5 b ik, Na'" il Zn?' 75
R R B 1 6F s i A DR AR 9 4075 Y 1) FR o 7

A A L AE L A B T 3 5 AN [ 5 8 4 sl 4
FH IRV CTP R IR B RS 390 HE 0t 4 P DR e,
FEET WAS HhERfE Zn® Fl FW HhAE7E(R Na',
WAS HIR A CIP Xt g FW T WAS 346 5
S5 140 o 3 R A

2.2 Na'. Zn®"Rl CIP X & 4 fiff PR AL AL B fif v
A S (SR

221 Na'. Zn*Hl CIP %R ILWAb Fr i e 1)
12 Na®.Zn® I CIP % R LI AL BT ey Ve 1
BRI 2 P, RFEHSE Na™ Zn™ Hl CIP X7

i HEE = e PRSI R MBS E ] R 2R
LR B R TR, 24 Na™h 2/L Zn™" ) 720mg/L
H CIP 24 60mg/L },3 Flfii il 42y i 01 ) 460 ol 4 FH e
588, L Ff X 7= R 2 19 410 761 26 0 99.3%.3 Bl il 42)
SEAF I F e AR R R I EAE L, T R I
RS 4 2 RO i 0 R A B A 0 O R R
JECAK A RIS T B e B2 R4 Na ™ 1g/Ls
Zn*"ly 180mg/L A1 CIP Jy Smg/L B B 5 ) /i
fire 5ok 164.67TmL, b= AL 2R A 22.5% 4H L
TR N 180mg Zn™ /L. 1g Na'™/L, Ho 4k g
HHETE 20.7%, 70 g th FARIAKSE Na'(1g/L)xt itk
V5 P 7 PR e DR LA A P A A Na Al Zn™
SIS P IR EAE F 20 B SRR T R fR T v A
Ao DR AE L A0 B 0 HE Y8 b A P T ARG T
LG A0 4 R i A A v VR 2 R4
BB HH LA 2 X T TP % B T e v R ) AR
I R, K k2 PRAIG T R S Ay e 1 7 e

RURE.

%2 Na'. zZn™#0 CIP M5 AR RELH L FETRANCFE LT RO ERZ AN R EBEIH
Table 2 Na', Zn*" and CIP in orthogonal tests and their combined inhibition for the fresh and stored digested sludge from the high

load anaerobic co—digestion system

A7) JREFLIHA B 5 PRAFEH AL W AR5

IH S ) =

A (L) Zn> (mgL) CIP (mg/L) F 527 B (mlL) *m%”:;ﬁfr M%) mﬁii W%U(Tﬁﬁ HIR(%)
0 0 0 0 134.43 0 0 165.98 0 0
1 1 180 5 164.67 -30.24 225 220.15 -85.72 -63.8
2 1 360 10 156.29 -21.86 -16.3 219.94 -85.51 -63.6
3 1 540 20 559 128.84 95.8 154.13 -19.70 -14.7
4 1 720 40 11.66 122.77 913 163.71 -29.28 2138
5 1 900 60 1031 124.12 923 104.83 29.60 220
6 2 180 10 159.98 -25.55 -19.0 207.75 -73.32 -54.5
7 2 360 20 105.67 28.76 21.4 204.84 ~70.41 -52.4
8 2 540 40 15.16 119.27 88.7 177.59 -43.16 -32.1
9 2 720 60 0.96 133.47 99.3 172.96 -38.53 -28.7
10 2 900 5 3.51 130.92 97.4 153.46 ~19.03 -142
11 4 180 20 23.11 111.32 82.8 207.93 ~73.50 -54.7
12 4 360 40 85.74 48.69 36.2 187.06 -52.63 -39.2
13 4 540 60 532 129.11 96.0 153.21 -18.78 -14.0
14 4 720 5 405 130.38 97.0 195.24 -60.81 452
15 4 900 10 332 131.11 97.5 61.59 72.84 542
16 8 180 40 18.60 115.83 86.2 175.18 4075 303
17 8 360 60 11.17 123.26 91.7 139.11 -4.68 35
18 8 540 5 1175 122.68 91.3 121.49 12.94 9.6
19 8 720 10 622 128.21 95.4 166.15 31.72 -23.6
20 8 900 20 0.58 133.85 99.6 34.48 99.95 74.4
21 16 180 60 2118 113.25 84.2 190.26 -55.83 415
2 16 360 5 33.20 101.23 75.3 201.26 -66.83 -49.7
23 16 540 10 5.06 129.37 96.2 189.75 -55.32 412
24 16 720 20 3.48 130.95 97.4 113.09 2134 159
25 16 900 40 2.94 131.49 97.8 10.54 123.89 9.2

2.2.2 Na'. Zn*"F1 CIP % R4 I 4k Bretvs v
FEAS R Ge it M Wk 3 Fros, IEAC R A

BEEHAOAYNELIRASE Y S A0 L e
(1 0 02k R 2 ) D PR I Y Ak T 1 5 e
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RO GEAT IE AR 56 R G A L 45 Aoy
BT AT %1,Na" Zn® A1 CIP MM (K D, fE % %A
44.66. 55.26 F1 41.94( 3), W] Zn™> X} B 75 U6
77 FRGE A0 1A R Wi e 25, L VO Na il CTP. 4 1
2 FiR,Na Rl Zn® 56 PRI A0 B 605 e 7 4
(YA F 2 0 b 1R] %08 (B 2(a)). 4 Na" K F
1g/L 5# Zn*" KT 360mg/L It % Na #l Zn*
P H 0, Na it Zn® 3 [/ 4 FH 6 7= PR ek R p 9
TR SR B 58 th Na"Fl CIP A6 & R 56 20 #r )
H1,24 CIP 24 60mg/L I}, Bifi =5 Na' 34 i, % 7= F ¢ 1)
O TR B 2 A T CIP 3 %2 60mg/L 1,
AHSE 1R 77 FE e ) % I8 69.6%, HAIK T 1~16g

£3 Na'. zn*FCIP MERAGE

Na'/L Al 5~60mg CIP/L FLAF I ) 7 F e il %
(E 2(b)). F U ] S0 R AN TR FE 1) Na™ Al 60mg
CIP/L s 3 {400 1) 28 R 5 Al 52 4 1 388 A0 A1 4
KR JE Y L 9 N il CIP 75 37 6 35 g oh 47 5 B
BRI L .Zn™ Rl CIP (IS 11 45 5 Na™fl
CIP 45 1 —3(El 2(c)), Zn*" Fl CIP 755 V5 I
it 5B P TR RN AR T, 2 Zn®T IR AR
180mg/L. CIP WK JELE 10mg/L I, 3 % PRI
0T B 5 e 1) 7 e 200 e 2 AL H I T 2 0 A
RE(MEHE R A 2.83%), 3 3 B N AL TRIKJE Zn®"
X DRI A v U 7 HR e A Re L A e 1 AE (I
1(b)).

HH LSS RNE BRI FS KSR ERRBRES

Table 3  Analysis of polarity in the orthogonal tests of the combined effect of Na', Zn?* and CIP on the high load anaerobic
co—digestion of fresh sludge and room temperature stored sludge
2 _ Tﬁiﬁiﬁﬁt%ﬁdﬁk%ﬁﬁi@% _ e ST RS T A S A5 Y8
Na' (g/L) Zn** (mg/L) CIP (mg/L) Na' (g/L) Zn** (mg/L) CIP (mg/L)
I; 321.64 292.61 419.34 206.69 123.33 189.31
I, 368.68 289.24 334.77 174.25 152.80 217.27
11, 490.48 549.00 477.93 241.47 246.80 296.03
Iv; 544.95 561.28 481.14 343.04 237.77 296.25
V; 531.91 565.53 544.48 301.78 506.63 268.37
K; 5 5 5 5 5 5
1/K; 64.33 58.52 83.87 41.338 24.65 37.86
11 /K; 73.74 57.85 66.95 34.85 30.56 43.45
I/K; 98.10 109.80 95.59 48.29 49.36 59.21
IVy/K; 108.99 112.26 96.23 68.61 47.55 59.25
V//K; 106.38 113.11 108.90 60.36 101.33 53.674
D; 44.66 55.26 41.94 33.76 76.68 21.39

LA S 1 KSR I PR 36 4 AU 2 R 1L A B8 3“2 /KT TRt I PR R 56 F b 500 2 A1 T

IV A1V AR K 90 R — T B

5,55 T M UCHCOn) VR LS55 0K T 561K B0 KT IR R I 48 8 11K 357912 K P e b 0 P T/ IV K
NV KR B4 D S22, 5 T 380 40K P b P A48 o B A (i

150 150 150
() Na'-Zn®' (Bi8515¥2) (b) Na™-CIP (i 875 3¢) (¢) Zn™'-CIP (FT8H5 )
120 22 mrsme P 120} 120}
# =
e _
o s § 9t = T 9f
= = »;
= 60 ® 6ot g
E 30 2 = 30} . 30t
2 C(Zn%) 180 mg/L — C(CIP=5 mg/L _- - —C(CIP)=5 mg/L
ol ¢« — ~CiZn*)=360 mg/L of 2w — =CCTP=10 mg/L ol 7 - — —C(CIP=10 mg/L]
------ C@n**)=540 mg/L === C(CIPy=20 mg/L weeees C(CIPY=20 mg/L
-30 —- C@n™)=720 mg/L, 30f — - C(CTP=40 mg/L. 30 — - C(C1P=40 mg/L]
o — - - C@n*")=900 mg/L 0 —--C(CI1Py=60 mg/L 60 —--C(CIP)=60 mg/1
0 3 [3 9 12 15 18 0 3 [3 9 12 15 18 0 200 400 600 800 1000
Na"IKI% (g/L) Na ¥R JE (/L) R (ng/L)
150 - - — 150 — 150
(d) Na*-Zo® (EAFI5W) e * () Na'-CIP (4735 J) () Zn**-CIP (F47£159R) ¥
nop e 120} “ 120 -
@ P .
90 P I 9t T 9w
g | * N _— 5 :
i O st T T E OT & v Tiamn z %
E Yo memT % P = f== i3 = 2
E =ZCZn)=18Gmg/L 0F 7 % 3 301 y 5
= b CZnt)=360 » —C(CTPy=5 mg/L -8 —C(CIPy=5 mg/L.
0 = ~C(Zn)-360 me/L, of — -CCIP=10 mg/L] of = — ~CCTP=10 mg/]
""" C(Zn™")=540 mg/L| === C(CTP)=20 mg/L]| =ee- C(CIP=20 mg/LJ
-30 —- C(Zn*')=720 mg/L] -30F — - CCIPy=40 my/L| 30 —- CCTP=40 mg/1)
0 . === C(Zn™)=900 mg/L] 60 . , —; CCIPy=60 my/1 | 60 , . === CCIpy=60 mg/L|
3 6 9 12 15 18 0 3 6 9 12 15 18 0 200 400 600 800 1000
Na'¥REE (g/1) Na“HRSE (e/L) Zn* R (mg/L)

B2 Na's Zn>Fl CIP s Gt DR A HT i Ve RUE A7 Y IE AR50 128 AR H

Fig.2

Interaction of Na*, Zn>" and CIP on orthogonal tests of high—load anaerobic co-digestion of fresh sludge and stored sludge
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M2 4 AT AR T 2 (V) ¥R TR 2Ty
(V) 5 2 UAE(F) KT 1.0, W] Na' . Zn* fll CIP
X e P F e i B A 8 S ), L B R R G
SR 1) SRESTEIRAAFGEE 3),00 T
T LB G Ye Zn™ 1) F; HUAR(5.16) T3t
R 2%, 46 I AE IEAS e & VR AR B b, Zn” A T Na'
A1 CIP 52 Ik Wil 2 5 2 7 45 R — 8GR 3).
BEME ST RS T A R8P Zn® o
BTG P P 5.16 13T Fo.05(4,12)~F 01(4,12) 35
W 5), 8] Zn® KBS e it e B HAT 3%
AR
2.3 Na'. Zn*"Rl CIP 5} S RS AL S
1715 Ve I E 1
2.3.1 Na'. Zn> I CIP %} RS AL I AE VS
AR B S = R R e ot 7/ P = ke s L A K
Sh ¥ Y I SR S P TR A Sk YR R A 52 A0 ) M I
WA R G PO RS T R L R G
TEIE A7 5 e R 22 0 A2 Bk 10 6 P 28082, R FH AT
AR B A7 20d 5 1) s Sy DAL Ak vs

Ve TPt 2.2 E o MR A IEAZ RS, 45 2R Ak 2 ons.

AYFTRT AN [RIVR E Na® s Zn® Fil CIP % IR L 1k
SR ATV VR e A A T 32 BRI 35 PUAE L )
IS 77 F g i AT AN RV R P R AR LA 6 Fh
PR B AL S ILIC G A 5 A [ e 1 s £
LT R B EES YE Xt 3 R0 B A 1
JFH Wi N A7AE 525 DX (38 2 AT 2).24 Na™h 16g/L.
Zn*" 2 900mg/L H. CIP &y 40mg/L Isf A R T IE4 410
A P B i,3 P 0T 3 A7 ¥ U8 1) 7 e
BRI 92.2%(F 2).24 Na™ly 1g/L. Zn*" N

180mg/L H. CIP 24 Smg/L I AH N R I A i HEAE
HH LGB 05 35 g 3E — 4 ey AH Y. 1R 7 PR B AR 0 6
22.5%38 4 63.8%. A1 b T B i v e, = W A7 V5 Ve
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A ST, AT 25 3] R0 Tl A )V 88 v TR K
$[27]‘

%4 Na'. zZn™#0 CIP MEQEIRELH LIS SRINE
BINFSRRESERAER R AENR
Table 4 Analysis of variance of the orthogonal test on the
combined effect of Na*, Zn®" and CIP on the high load
anaerobic co—digestion of fresh and room

temperature stored sludge

r A AL B S e U AL SIS T
# Na' (g/L) Zn*" (mg/L) CIP (mg/L) Na'(g/L) Zn*" (mg/L) CIP (mg/L)
y  90.11 50.44

St 18105.68 8291.91

S. 10017.18 4498.95

Ve 834.89 374.92

S; 8088.50 17226.59 497658  3792.96 18295.57  1858.09
5 40 4.0 4.0 4.0 4.0 4.0
V; 2022.13  4306.65  1244.14 94824  4573.89  464.52
F, 242 5.16 1.49 2.53 12.20 1.24

T oy A VIS ok S G 22 1 7 B Sk I 22T J5 R 1 e BE o591
HIIKFHL-15 Vo0 7 22, VS Ve R Z2 BN I J5 22, V=Sel fes Fyoh T 22
W F=ViVe.

%5 Na'\ zn™'# CIP MEQERELEEUFHESRMEBFSRESERNEZED

Table 5 Results of significance analysis of the combined effect of Na*, Zn*" and CIP on the high load anaerobic co—digestion of

fresh and room temperature stored sludge

s e Bruar DR AR T AT s e

e Bt DRI S Al I A5 U

P Na'(g/L) Zn*'(mg/L)  CIP(mg/L) Wtk P Na'(g/L) Zn**(mg/L) CIP(mg/L) W&k
Foi(4,12) 248 248 2.53
Foos(4,12)  3.26 5.16 * 3.26
Foo(4,12) 541 5.41 12.20 o

AP > Fo.or, R Z AR x5 45 Foo1 > P > Fo o5, M B bRIC A “*.

EAR R S5 R, S W e 77 v U v a8 (4l i
PR o B B LTI V5 e o 23.5% (% 2). 0T 97 & 0 K30
PLE(70d)% FW R EKFSFT IR ASLTH AL R e 1 7~ B

Btk RS A KSR T 7E 20d HORDTIIUVRCIRE T,
N T HERE DRSS AL AR AR A (1 Tt 0 11, R T Ol
P Ak B Ak e g — 2 Al Rl e 1 A i BRI 5 1
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2.3.2 Na'. zZn®"F1 CIP % 5 7 fig DR AR L3 Ak 55 1
WAF P IEASRIG G b Wik 3 iR E=
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M 33.758. 76.68 Fll 21.388,F WALE IEAT LA HR
B Zn® 0 e e SE I AL R A YR M
PR 4 85 85 25, FL Uk 4y ) Na ™ F CTP. 40 A1 — i
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e R A PUER.
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Fig.3 Relative abundance of microorganisms in fresh discharged sludged and room temperature stored sludge bar graphs and

STAMP analysis of variance
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