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LT AR 3 TCs £ TR R | A4 Aksk 2 , 4k & mF (VA Feit) # 100 mg/L B, TCs & &
Ry 27.5% 3 Z 3] 84.5%; 35 T RE AWM TR Bk, BTk B AR 69 TCs K AR, BB mg
7 600 mg/L., X T AE2 W T B K P 77.8% 69 4F L VL AS By BRAE A& M TRAL 33 A2 Ak AR TR, A
T HATek BB EIRTCs ) Th, 2L ARG, G5 A ML Z 4% K COD d 531 mg/L
% %199 mg/L, 4 B R RAA R,
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Biological Pretreatment Process for Removal of Tetracyclines Antibiotic from
Wastewater
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(School of Resources and Environmental Engineering , East China University of Science and
Technology, Shanghai 200237, China)

Abstract: The biological treatment of tetracyclines (TCs) antibiotic production wastewater has the
common problems such as large amount of foam, difficulty in sludge settlement and low treatment
efficiency. To solve these problems, a pretreatment process consisting of biological aeration and iron salt
coagulation was proposed. The biological pretreatment not only increased the TCs removal rate, but also
reduced the dosage of iron salt. When the dosage of iron salt (calculated by Fe) was 100 mg/L, the TCs
removal rate increased from 27.5% to 84.5%. To achieve the same TCs removal performance for
wastewater without biological pretreatment, the dosage of iron salt was 600 mg/L. The reason might be due
to the fact that 77.8% of volatile fatty acids in wastewater were effectively removed during the biological
pretreatment process, thus reducing their interference to the removal of TCs by ferric coagulation. After
the biological pretreatment, the COD in the effluent from the subsequent biological treatment system
decreased from 531 mg/L to 199 mg/L., and the treatment performance was significantly improved.
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PUFRZ A4 R (TCs) , L FE UM &K (TC) L5
F(OTC) M4 8 R (CTC) & FEBRYT A F s
FESEATIL I 2 R E YA R A= Kb
PEAESR B — B W I PTAE R L T TCs ISR IR 1A
A8 15 AR TCs B 2 X6 A W Ak B 2R 455 7= A 7™ o
SN, TR G0 i A BSOS TR TR
PRIXE SR (R, 20 Bl B A OB I B U R R A R
Az 7 K Ak BRI #E K CTC ¥ B R 20 me/LL.
COD 24 15 333 mg/L, 424k Hi 7K COD 24 640 mg/L. #
B SR 2 AR B OTC 1 # A E IE 7K
(COD 24 900 mg/L.) , 247K OTC ¥ J&E N 5 mg/L B,
52 (A M EL, 17K COD i1 90 mg/L T+ 2 529 mg/L,
COD £BR3EH1 90. 0% FREZE41. 2% HKPIFESFCR
FH PR b ] TC AL 7K (COD 24 600 mg/L)
Y Bk 7K TC e JE 1 20 mg/L T+ 2 50 mg/L I, COD %
B 92. 4% [ 2 66. 0% X4 7K TC ¥k B #1230
mg/L B, V5 AR AN 2 TR . IRAh R N
WK ZUA 2 TCs K AR WAL 3 R 48 i — -3 il
MG o Br5EAKgR B AR = FORE CInyE B g |
AR EEI )R —E XRI 5 TCs 3L
W5 e BB ARG o R I IR AN (UAT 15 LR
I T S M T STt DAY R ) A% T AR A T e Ak 3

N T REAR TCs XAEY) R GE M52, 7EARb 322 AT
W R IR BE BRI TCs o BRAEZET X 4li 7K i i
() TC AT IR BE IR0 & IR, >4 S S fb k3 n 2
(L Fe i) Zyk 500 mg/L B, TC 7] H 100 mg/L % &
7.7 mg/L, 2B F N 92. 3%, Saitoh 25 L & B, 24
SRR BN (LLALTE) 2 5 mg/L B, 2K i
TC.OTC F1 CTC Al 1 100 we/L 43 W F& 2= 1,12 F1 12
/L (LR T R B B 25 5 IR /K A BRI, 2B
L5354 39. 0% .3. 0% F1 4. 0%, K SIH 5 H R
B IR Bk 25 BR 5 58 5 K T i TCs, X8k 1y
2.5 mg/L i, CTC,OTC 2 BR AL 43 51 K 61. 2% Fil
33.7%. A UL, %5 T2l K EC il ) TCs B, TR &8 7] LA
IS AN RS 1 K DR AR | (EAE b B S BR A 7 R K B
HY 02 7K ke B A AR JEORE CAnJE By L i B 55 ) 7E
IR S A vh G p R A R R TR (VEA) 547 AL
Yy, T 20 B TR R T 20 TCs 1Y 25 BRSO I AN HAR
PRI, I 22— ol 5 B LA 4850 ) Ak B8R 2 B A 7K
TR TCs , B SEBR R HINMA

BT Cs A 7= PR K Az A B TR (R REA7 AE A B

RO ANAE 75 YR TR PRI W 23t A 96 VA ) 27 46 i)
B, BB VI SC BRI K AR G B T AR
KRR IR B Y AL B T 75, LA TCs 1 2 B
Rl HR FIZ AL BE T 2R R K T TCs Y
AR O, 2 BT JE S A ) A B R B B AT IR L 18
HEIZ A Y PR 38T 250 80P, JF DA 4 i ik 3 v
VEA YR ARG £ B I 53 388 v TR O 25 B TCs AR
14 JELBE

1 MREF*E

1.1 RKIEAK

RIS KA TCs A& B NGl A8 = AR K
A NS 0 R AR AR Al K b B
ARG, ZRGW FE T LR =B A/O+5
G DIE , I THR K 2R 6 000 m’/d, COD Ab 3
oA 48. 0 t/d LR A (TKN) AL B4 3.7 t/d.o
1.2 PRSI HE

A i a2 R R ) i X R R 2%, RSy
?70 mm x 400 mm, A RLEFN 1.0 Lo 285 Ue B
3R Al 22 7K b B 2R G5 0 - 40t , B2 R TR A TR
) 2 V7 A Mk (MILSS) 4 9. 2 o/L. 15 YR UL % Lt
(SVy) N 75% 15 R F5 EL(SVI) 2 82 ml/g. J I %
BAT R 12 b, Horp BE 10 h o UTEE 1.5 h 4K
0.5 h, B K R 50% o
1.3 BERIEAZE

SR FHAR R TRV X /K R AT A 3, A 38X 52 4
58+ SR FH BB 27K e i 1 v B2 R 75 me/L ) OTC VA 5
A= TALER S K RE (BPW ), R A B <0 B R
FEIBATHIN] (5 5~16 K) B K s R &AW Ak 3 Y
K, BRI KK BE(RW) o TREET R ek, HLAAK
55 O BRI A — 2 ' K AR, BT HE T
fe by DAE TR s QF iR BE A, BRER B (L
Fe i1 )4 100~600 mg/L, F-45 1 30 min; @W IR
I e (PAM, BN 9 5 mg/L) , 4R 2233 15 min;
@ EDUTE , BT WA I A DK BT bR
1.4 S£YeiEF*

A= A 3 e R Tl gk 5K R R A, ROSE R
7100 mmx300 mm, H AN 2.0 Lo 428075 B
R Aol R /K A B 2R G5 1 G S, $E R S MILSS
H7.8 g/L..SV,, N 70% SVI J3 90 mL/g, 3643 A Wi
ASB B 5 — B B K R TR ER B i 2 100 mg/L
() BPW TR EE K 1217 2 KK RS E 5 58 I B.
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HEAK R FHERERFEINH2: 4 400 mg/L i BPW JREEH K ,
[FIAEIZ AT 2 AOK AR E o RN #i s 47 1 i v
F COD ffaf 17 0. 8 kg/(m*+d) .
1.5 SWmMBREFE

[ 7K I S5 AR 11 A48 R % W (1 mol/
L,pH=4.7) , A BETR ~) 25 AL PR 1 min, IR 2 W &
0.22 wm A HLRJE Je bt 3k Xl DR 28 L U8 L B
TRV MCSE T AR B BE AR AL, T AE 4 °CTF RAE T
I, S P s A0 R (0, 1% — — 2% e BB B 35 A (HPLC—
MS/MS) I 5 DU IR P E R . SR Q/YZ)
10—03—02—2000 il 5 VFA ¥ & . COD.NH,-N,
TKN K MLSS Z: UL C/K R R 7K W I 43 B 73 ) (36 4
RO HEA T A
2 ZR5H%
2.1 EYBESIKE

LAY R B IS TR
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Fig.1 Operational efficiency of biological aeration reactor
F L1 AT, AR ) e S B i K COD L TKIN Al
VEFA ¥ BE 43 54 10 207 .1 038 F1 1 947 mg/L, pH K
5.67. 55 1~4 K, %% H /K COD TKN Fl VFA ¥k &
435911 4 900,510 1300 mg/L % #f |7 % 8 060,970
F1440 mg/L, /K pHAE 7. 35~7. 65 Z 1] ; B J , &5 5~

1050F ¢ & &
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7501 ¢
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oe
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LBRE 1%
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16 K, i 7K COD . TKN il VFA ¥ J& 43 5 §2 5 78
8 038.966 Fll 432 mg/L, K FR #4511 0 21. 2% .6. 9%
F177.8%, K pHEEEAET. 45 oA o

X B 16 Kk | H K TCs ¥ BEHEAT /0 #r , 45
R WIR, K TCs e BE R 95. 81 mg/L, Hor OTC .\ TC
HICTC W43 50 78. 15 4. 62 Fil 13. 04 mg/L; 224
Yo AL B 1K TCs e R 72. 66 mg/L, H
OTC.TC 1 CTC ¥ Ji 53 | &y 58. 89, 3. 42 F1 10. 35
mg/L, 25 BR R 5 5]~ 24. 6% . 26. 0% F1 20. 6% 1]
L, A RS R X TCs B 25 B R AR AR, LY = Fil
TCs 1 EBRBCRALL
2.2 REEAIE

ARSI R L BPW 55 RW rf TCs Y IR ¢
G,

F1 REAIGAER
Tab.1 Treatment efficiency of coagulation test
mg- L™
BEh oTC BPW RW
ik OTC| TC |CTC| TCs |OTC | TC |CTC | TCs
0 {75.00(57.66|3.48 [10.09|71.23|78.15|4.62|13.04{95.81
100 1.53| 9.77/0.53| 0.74{11.04|57.55|2.64| 9.27/69.46
200 | ND | 5.64/0.26| 0.41| 6.31|47.84|2.02| 7.40/57.26
300 — | 4.84/0.16| 0.21] 5.21|43.40|1.44| 4.76/49.60
400 — | 2.61/0.12| 0.15] 2.88|32.35/1.07| 2.43|35.85
500 — | — | — | — | — |21.61]0.87| 1.20/23.68
600 — | — | — | — | — |14.16/0.69| 0.78/15.63
{E: ND R AR ; —"Fon R TR

H 2% 1 A %0, BPW 5 RW B4R EHR IR H K TCs
B YT A R ER B0 S 3G IR . SRRSO
oA 100 mg/L I, BPW H /K TCs ¥ A 11. 04 mg/L,
E RN 84. 5% ; RW 17K TCs ¥ B4 69. 46 mg/L,
EBREFN 27. 5% ; Si/KBC I B OTC /KR BE K Hh
OTCIRIE N 1. 53 mg/L, Z2BRK K 98. 0% Mekihik
Jn 2 7 2 400 mg/L i, BPW 7K TCs #eJ& 4 2. 88
mg/L, 25 BE 3 K 96.0%; RW H 7K 1 TCs #k £ R
35. 85 mg/L, ERFEN 62. 6%, ] W, YEkEH B0
AHIEN), BPW 1Y TCs K BRZ348 T RW (19, AE ) fiikk
PHRBHS 3 S TR BEXT TCs 9 A FRACR . BPW 5 RW 1y
TCs KRR IJILF 85% /- 47 i), BPW [k Eh # hn &
100 mg/L, Tl RW f9 £ £k 8 i 4 % 35 600 mg/L.
ALUL AR P Ak B BE A2 YT 45 TR BE o R b Y Bk
i
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IR, F AYTRAR I L IR ERPOREELEREE

%39k FH1H

VFA XHRBES A THRAEH . Tso R I,
VFA F IR EERE S Fe FL A TP MR 19 Al i HE L &
Y. Pereira %" AN AR FALER 5 OTC XS Fe 1)
Be & A TESE 4 G R, S K AL 0. 036 mmol/L 1)
Fe 0. 043 mmol/L [ OTC i}, Fe—~OTC it & 11 (199
SRR ECR 0. 8, 1A n(Fe) :n(BEER ) =1:3 () LA
INAFR )5 , Fe—OTC BL A 90 090 0 19 1 53 % =2
0.42. "I UL, MoK & A @ VFA B, Fe 5 VFA
Zxpe R AR B AR, B IR B R T Fe AUAT 2L
WeBERRAR, T 2B TCs EBRF T M. Mk 749
WE S5, R KB VEA ] 8 Bk 0 % g, VEA
el 1 947 mg/L B 3 432 mg/L, 55 1 X 1R B 1t
TR , 33X 1] B2 TCs 22 BRI i 0 S
2.3 HYABEEIEITRRE

R T 2 B UE i A ) AL B VA A R
SR R T 3 2 52 107 # oF 19 Ak BB 1 7K 2R 45 A= g Ak
AL E BT O 2 s o 2R 1~31 K 2 Bk
IK R PR ERF 24 100 mg/L I BPW JRBE K
55 1~5 KON AL A B I BB B, bk b 78 5 1%
K AR FURY B ok K, #E 7K COD A NH,-N 43 51 4
2 820 #1480 mg/L, TCs 4 5. 52 mg/L, i 7K COD F
NH,-N 435 1 210 F158. 5 mg/LiZ Wik 2 115 F11. 2
mg/L. 5% 6 KL, AN P ) 7K Aroqb 58 A kK, #E7K
COD } 5 640 mg/L. NH;-N J 960 mg/L. TCs N
11. 04 mg/L, 7K COD 11 NH,-N F 4 % i 7t & , T
2 19~31 K, R AT E BT B B, 7K COD
FNH,=N 43 51 & 295 1 6.2 mg/L, 25 B 43 5 N
94. 8% 199. 3%,

HEk sk R .
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Fig.2 Operational data of biological treatment reactor
55 32 KGR, HEAK T4 S BRER B 5 400 mg/L
i) BPW R #E 7K, 37K COD 4 5 240 mg/L .NH,~N

47958 mg/L.. TCs 4 2. 88 mg/L, i} 7K COD #l NH,~N
B R, B2 38~49 K, ARG FKE AR E BT
BB, B iz 47 3 E) H 7K COD AT NH,-N 435124 199
F13.7 mg/L, KR 3514 96. 2% F199. 6%, 15k
UUREPERE R AT, I Bk

FEIA TARER A, WA R AR R A K
AR FRITH SR R FALEE T 7, A R Gk K coD
NH,-N 5 TCs ¥ i 53511 2 7 555~11 180.354~637 5
30~95 mg/L, i 7K COD , NH,~N f4 5 2 3¢ Ji 43 51 g
531.8.0 mg/L, R ZRGRRIAFRREisfT, (HE
BRIz AT i A7 B YL UK 70 1 B Tt R T V5 R TR
Aef 22 G THle b i BA, E 3 R .

a A1

b. IR 2
B3 FETCs&EF=EkEYAbIE RS HIEFRRBIZII S

Fig.3 Foaming phenomenon in biological treatment

system for TCs production wastewater

XL PR TR A B 5000 % 4 B s 174 R
AL AR AL B T 2R B AR R R SR L R
Ab AL . MK TCs W B 30~95 mg/L FE &
11. 04 mg/L I}, A=Ak H 7K COD #e B i 531 mg/L [ =
295 mg/L; 4 i /K TCs [ % 2. 88 mg/L I, A= 4k Hi 7k
COD #t—2ER# % 199 mg/L. iafTid 244700 i
WA, AL R IK TR TCs 23 25 52 i A 4 Ab B
RGERIBATROR . 3 TCs A2 77 K I A= ) b 21
B, SR FHAAL R T 2 = R 25 BR 7K i i TCs & 1
LB
3 %t

K AW AL 38T 250 HE TCs A 77 IR 7K kA 7 13
AP AL R TR K T B R A AR Y EE R Y
TCs, $& & T RE AW AU . kB
100 mg/L ), TCs KPR 27. 5% $ =51 84. 5%, H.
Sl YA | S5 S A YA B R 42 7K COD H
531 mg/L[% % 199 mg/L, 1% T 2 M8 sk, vl &
1R MR B TCs JE /K A BB BARIE R AR S5
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