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Treatment of Antibiotic Fermentation Waste Liquid by MIC Reactor
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Abstract: By gradually increasing antibiotics concentration and organic loading rate (OLR), the
treatment efficiency of modified internal circulation anaerobic reactor ( MIC reactor) on the vancomycin
(VA) -containing antibiotic fermentation waste liquid was investigated, and the microbial community was
analyzed. The MIC reactor had good performance for the treatment of VA-containing fermentation waste
liquid after the domestication of the sludge. When the influent VA concentration was about 70 mg/L and
hydraulic retention time (HRT) was 4 days, no inhibitory effect on the operation of the MIC reactor was
observed. At this time, the COD removal rate was about 90% and the VA removal rate was over 90% .
When HRT was 2 days and OLR was 25 kgCOD/(m’ - d), the maximum COD removal loading of VA-
containing fermentation waste liquid was achieved by the MIC reactor, which was 19.5 kg/(m’ - d).
The result of microbial diversity analysis showed that Bacteroidetes and Firmicutes were the dominant
bacteria at the phylum level.
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FEEEAER T IR 2R AT Ve K (UASB R 3%) o
ZRFELAED SR UASB Jiz 7 Ak B0 ] 24 1 25 1 K
WESE T /K S35 Bt ] (HRT) Xt COD 2R 5400
B4 HRT iAF|— s FEJE J5 (HRT 10 ~20 h),
COD Z= LA 45 R Ap A% 32 4504 R ] UASB
L AR Ab BT 6 — 43 KL T R MK K, BFIT T K
SO;™ kX COD EBR A ML, % B Y9k SO;
W <1 500 mg/L.COD 5 SO~ W =6 i, %
I 3BT E B COD 2R FK >80% . X H™ R
UASB [ ge b B Z ik R (LRIR AL R &= &
RBP4 ) 1K BFSE T BRI
A B COD £ BRACR I , 45 9 % BRI 4%
(R B AT B pH (A 55 Bk 1 0 25 1 i
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FO g ) HAT A BILGA AT = B s B4 8 7 5 N
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Fig. 1

1.2 #MisREIREAK

FERN G YE IR B AT S AR S K AR BT 50,
MLVSS =9.43 g/L, MLVSS/MLSS =0. 7 , # P {A 1 2
10 L,

TR /KB 2265800 245 8 ) FAa PIRP R
O3 R TEARLL 2R IR VA kBRI, W 0 5 R 1
pHE 4K 3.2 ~3.8.6.2 ~6.8, COD 435K
30 000 ~40 000 .45 000 ~ 65 000 mg/L, TN 4351 H
1200 ~1300.1 500 ~1 600 mg/L,NH, - N 435K
140 ~160 .1 300 ~ 1 600 mg/L, TP 43514 280 ~ 300 .
160 ~ 170 mg/L, PO, ™ 435 80 ~ 120,120 ~ 170
mg/L, SO~ 43512k 7 000 ~ 8 000,300 ~ 500 mg/L,
SS 4351124 3 700 ~5 000 .12 000 ~ 14 000 mg/L, 44
FWRBEA3 4 0,100 ~ 110 mg/L,
1.3 REBENBHEIET

IR I 216 4,551 ~ 119 KAFE T,
B LULE MR S PR AP I T AR 2L R S T
FRig TS e , R i 2 A0 42 & A PL B A (OLR) R 5¢
UG VeRESE XM B HRT 2 4 d, 55 120 ~ 182 KK
B I, iz B Be LA ah 21 2= A VA 2 58 I 1Y)
REGWAE K, W B VA KB L
(=R B N R N 5 TEA N S Y VR S
HRT 3 4 d. %5183 ~197 KRB B, %W Beig 2
L HRT )\ 4 d /b3 2 do 55 198 ~216 KRB
IV, iZBr Beffds HRT 2 2 d, W8 R #tk it . FLAA

Schematic diagram of MIC reactor
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Tab.1 Operation scheme of experiment

| BT | VAR | #ik COD ¥ OLR/ (keCOD

A fl/d |(mg-L )|/ (mg-L")|-m>-d")
Bt 1) 1~119 0 3000 ~320000.75 ~8.21
B 1120 ~182] 0 ~74 |30 000 ~40 000| 7.5 ~10
[rE: 1183 ~197| 64 ~77 |30 000 ~40 000| 10 ~13.3
B IV[I98 ~216| 66 ~77 |30 000 ~53 000| 15 ~26.5
1.4 SHAERF®

COD R R 742 7 i 325 000 5 5 TN \NH; = N TP,
PO, SR KRN A W 4347 05 35 ) (55 4 R AT
T 5E 5 SO; ™ (MLSS \MLVSS | SS % F it 3k I 1 5 &
K VA He 2SR ] Waters €2695 R €35 A AT
B,

FERPENEWITR (VFA) i@ it Agilent 6890A < AH
EIHAGHEATINE R B0 354 HP — INNOWax
(30 m x0.32 mm x0.5 pm) , &7 THE: B 1A
S 100 °C L4588 2 min, DA 10 °C/min X J} & 190
CLPRFES ming 233 He oy 20 ¢ 15 R4 TR BE O 250
C s FID A0 g AR EE D 230 °C o AU 3L S0
4 40 mL/min, 255 & N 450 mL/min, A SR E
45 mL/min; #EEEE A 1 ul,

1.5 EMBSESERSH

15U RE AL 3 41, KR 1 R T5 e, R 2 X
F SO g iaA755 119 RgT5 0, A6 3 BUE SO d
IBATER 182 KI5V, Xt 3 dHREMUEAT I W 2k
PERI . A4E E. Z. N. A, ® soil %] £ (Omega Bio —
tek, Norcross, GA, U.S. ) i85 DNA $hik,
DNA ik i F1 44 B2 F1) Fi] NanoDrop2000 347 46; 0, )
FH 1% 4 3500 M B8 0 i DK A I DNA. 42 B i ]
338F (5 ’-ACTCCTACGGGAGGCAGCAG-3 ) #i
806R (5’ -GGACTACHVGGGTWTCTAAT-3" ) 5| ¥ %}
V3 - V4 W[ AS X i 4T PCR 9731, MG FE P : 95 C il
AR 3 min, 35 PMEIR (95 CAPE 30 5,55 CHE & 30
$,72 °C FEAH 30 s), )5 7E 72 C F4Eff 10 min
(PCR 1% : ABI GeneAmp® 9700 %) , PCR Jz Jij {A&FH
20 L, P2 AT 2% B AR e e AT HL DR A, 1)
JEE e PCR 7= ¥y 3 ik 47 5 &, il & PE SO I H]
Miseq PE300 ( Mlumina) #EATI0 7 o J5L 460 77 77 514
F Trimmomatic #fF 544, {f ] FLASH # {4 #£ 479

% ,ffi 1] UPARSE # ff#17 OTU %K, | ] RDP
classifier SEATHIFR 0 A TR
2 ZR5itw
2.1 MIC R ZEHETHR

R EIANE  MIC [ #sH COD Z:BR38H OLR
Bl ] A AR AR TN 2 Bl o 7RSS 1 ~24 Kt K
IS 5 P V5 0 35 0 s it & 0% K, BEBF OLR 2hy
0.75 ~1.2 kgCOD/(m® + d),COD £ 5 ZHBAK; 7E
5525 ~ 119 K, Bk g m kK Z )5, COD £ BR
REA BT B, BB Be 45 A OLR iy 8. 82
kgCOD/(m’ - d), COD &% F 91. 47% , I, i}
VFA <200 mg/L, & COD EBERAE VFA & &%
W IR AR5 Je & 2838 N 1 A i A IR o

° COD KPR
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Fig.2  Variation of COD removal rate and OLR

BB L IFAG I, EBE K I VA J 5 I 5
AR VA W, X W E] R $F OLR ££ 7.5 ~ 10
kgCOD/(m’ - d) Z [, COD ZBR# 5% TR 5 F I,
PRI BEAE AR K A AN T A I IR, LR COD
LBRFFREAE 90% Lo 47, I H VFA <300 mg/L( L
K3) ., COD LERFAML VFA & R R A T5 78
E&EN I VA KEEIR

_Azsoo- 1 AV
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Fig.3  Variation of effluent VFA of MIC reactor from 120 d
to 216 d
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FEash, VEA &t B3 B Be 45 i, COD £ B
HRAE85% fiAi ,VFA 3755 mg/L, TEBTEIV thig b
2 OLR M 15 kgCOD/(m® - d) #2555 26. 5 kgCOD/
(m’ - d),COD EBERFE TR, VFA B FFH#
#7E OLR Jy 26. 5 kgCOD/(m’ - d) i, COD £ R
%k 71% ,VFA 7E 1 000 mg/L 45, 328 MIC J2 )i
PHEE T R Ia X COD L m i 5%
2.2 #HKATEHIR NG

2 HRT 730528 2.3 .4 d, 3 Dh VA BB A
HEZKIF, 43 A AN [\ ik 7K COD A far X COD 2 B 17 fif
AL ERFA 0, 45 R A 4 Frs. AlAL, kK
COD fAfifhy 7.5 ~26.5 kg/(m’ - d) B}, COD =[5
B pir A 7K S AT ) 38 0 S B B TS T R
WK COD iy 25 kg/(m® - d) B}, COD £R %
h 78% ,MIC S i 4 %% K W 1Y e K COD £ R
5% 19.5 kg/(m® - d), 4 HRT 3 4 d B}, #FK
COD fifirh 7.5 kg/(m’ « d) #2555]9.49 kg/(m’ -
d),COD L BRBAAE NI YEFFTE 90% ity 4
HRT g 3 d B}, #7K COD ffif A 10 kg/(m’ - d) &
AR E13.3 kg/(m’ - d),COD R M 90.4%
TREF 84. 1% . X4 HRT 3y 2 d i), B % #E 7K COD
Fifar A 15 kg/(m® - d) #2755 5] 25 kg/(m® - d) B,
COD ZBR¥FE—H F B, M COD 2B fufaf Fe AR I
FHEa#, FEE K COD Fifify 26.5 kg/(m’ - d) £ A
T,COD ZLERFTFER] 71% ,COD LR T R
18.82 kg/(m’ - d) .
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€ 18r 186 =
E % 6f )
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Fig.4 Effect of influent COD loading on COD removal

loading and removal rate
2.3 (=B ER RN

56 gk Kk COD ¥k B 4y Bl AE 30 000 1 40 000
mg/L 7247, LA VA LR R #E K, 7 84N 7] HRT
X COD 2 i 28R 25 B A7 1 52, 25 SR ANl 5 e
No AJLAE L FEHFZK COD ¥R 30 000 mg/L ()

ZAET, 4 HRT )2 d ZEKF] 3 d 1), COD LR
88.76% I F+5)90.3% ;4 HRT=3 d H,COD %
FIEARYA AL, TEHEK COD Jy 40 000 mg/L #y
FAF R B HRT fYSER, COD ZFRFM 82% Tt
7 89.06% ., PRt Xf A [m] k7K COD ¥ J , i i
% HRT {H, COD R AT LLAERF REA AL, LI
HEK COD ¥ B 2 G e ) HRT 2640 T ik 3 i
COD KR, BG4 (P45 R — 5 It
A, 243K COD ¥ By 30 000 ~ 40 000 mg/L Hf,
COD RSk HRT f45 8 2B BT

ZBR=(COD 4 30 000 mg/L)
= LBR#(COD 2 40 000 mg/L)
= 2R G4 (COD 2 30 000 mg/LL)

2r + £BR G (COD 4 40 000 mg/L) 118 %
< 90 116
o 88F 114 £
o =
ﬁ 86 {1242
a R
S84t 110 &
T st 18 2
80 : ' - 6 3
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Fig.5 Effect of HRT on COD removal loading and removal
rate

2.4 HMAERKRERI

TN VA BB VLG, SN 2% o 7K VA ik
FERASALANIEL 6 Fr . AT LA H, S 120 K353
134 K, e i geitk it VA We#E 4 10. 8 ~11. 87 mg/
L, VA £&% <40% ,COD L% E WM 91.47% T
K3 72% BT VA X DR A8 G0AE P 0 3 M B A 4
YER . 7RG JLK, COD il VA EBRZFEFFU T+, %2
W DR A TP AE R B UG N o 2 )5 B Y 5 ik
JK VA WREER, 23 B8 COD X BRr 3 FEARAR 5 2 T
PRE R IR . WA IR AR R B R i 3R AT, DR AU AR
Vg s b TR K BB R TESS 182 K45
i}, 7K OLR 3 10 kgCOD/(m® - d),COD £fp%
$189.06% ,VA BR3FE >90% , KU PRAAFMEN &0t
YL IE Reas X BA A Y e Y i (nde A= R ) 7
ABUPEFIEBREE T . Meng 251 SR I K 00K 75 U8
PRSIV it b $HL5 BT B P4 bk ( AMX) 1804 R K, 45
IR DA TS Ve AR5 B WG . AMX, H: COD 2% R
L[5k 84.7% ,AMX LG % ik 70% ~80% , X 54
IS Y VS
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Fig. 6 Removal effect of VA and COD by MIC reactor
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Fig.7  Composition of bacterial community structure at

phylum level

HIFEl 7 RT3 1 RIS U6 (2R U8 ) I p 34 i
FE(AH X EE >5%) A Chloroflexi (27. 1% )
Proteobacteria ( 22. 5% ) . Actinobacteria ( 18. 5% ) .
Bacteroidetes (9. 3% ) . Saccharibacteria (5.8% ) Fl
Acidobacteria(5.3% ) o B T AR GEHELLSL, HeMhi5
RIEEA Firmicutes Ugnavibacteriae EERANT 2 E AR
AIICA ), 3X 5 T 9 7K T PR T e R A M A 2
BAMEER—3 " FEREAIE T G R A
1119 d E‘J%%“%,%ﬁ%ﬁ@@i’),ﬁ%*%%‘ﬁﬁ
BAT A, MEAETT K B WA A
Actinobacteria ( 47. 1% ) . Firmicutes (29. 1% ) Fl
Proteobacteria(10. 4% ) , X JLFP B & 3 5 1Y /K R R
LR, 2 5 R AR, 40 Actinobacteria [R1E
FHE BN R S AL A AR RS R . 4
PR B ANLLR IR IR A5 e 220k 63 d Wik, 2 &
FEVEAE] 1KV BRI ERET Actinobacteria BAHRS 32 B
B2 1% LT X 5 VA XHZE W EA BRI fiIfE
A = H R BE A Bacteroidetes (64. 9% ) .

Firmicutes (20. 7% ) K1 Synergistetes (6. 1% ) , H.
Bacteroidetes 2y 5 =7 A AR R o AHSCHEE &
B, RS PR AR R IEOK I, 20 T B RE A LA A
%K Bacteroidetes Fll Firmicutes''®~"* , DX 5 AWk
PR IR — 2, LD Ay 8 o S0 1 2 35 T 0 2 T
B RK G , Bacteroidetes ZHFXT VA BAG BTy
Ptk , BERE A AR 1 R AN A A 0 7 A SR SR FATR
R I IR R AE PR AR IR T R 55

3 %

@O REFGRE I IE, MIC [ #%F VA
R EA BT AL PERE T . 2 HRT 2y 4 d VA
WSRO0 ~77 mg/L B}, %] MIC 2 b g i b FRAKCR
BAT RSO, B COD ZBRA 0] 35 90% Aty , VA
ZBRATIK 90% LA b MIC s 4 VA & I IR WK
[ffcR COD KBRSy 19.5 kg/(m® - d), BLHF
HRT Jy 2 d, BEAR A HLGLGT N 25 kgCOD/ (m” - d),
COD FBRH N 78% . B X MIC J I 44 e % 25 B
VA S RFB 73 A LTS 4, {H Hi 7K COD

WA IR, T 5 SE AL PR A RER B HE I EEK

QA IREE LA BN, U R R4 VJA
B B o A SO T O W PR s TR et R L 4
Y ZAE DD AR REE TE T TKE BRI liljj
Actinobacteria . Firmicutes Fl1 Proteobacteria ; X4 4bFH VA
R W, A0 TR R I TR 1T K BRI B

Bacteroidetes 1 Firmicutes .
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