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Advanced treatment process of norfloxacin pharmaceutical

wastewater by magnetic coagulation-UV/O,
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2. School of Water Conservancy Engineering , Zhengzhou University , Zhengzhou 450001 , China )

Abstract: Taking the effluent from the biological treatment unit of a norfloxacin pharmaceutical company as the ex-
perimental water, the effect of magnetic coagulation—-UV/O, process on the advanced treatment of pharmaceutical
wastewater was investigated. In magnetic coagulation test, the flocculation effect of PFS was obviously better than
PAC and PAFS in COD removal, and the coagulation aid effect of CPAM was obviously better than APAM and
NPAM in COD, chroma and turbidity removal. Adjust the magnetic coagulation process was 48 wm magnetic powder
dosage 300 mg/L, PFS dosage 400 mg/L., CPAM dosage 6 mg/L, dosing two step sequence: magnetic powder plus
PFS—CPAM. Adjusting UV/O, process was ozone dosage 26 mg/min, initial pH 9, initial temperature 20 “C , oxida-
tion time 60 min. After treatment by magnetic coagulation—-UV/O, combined process, the effluent COD was less than
30 mg/L, the chroma was less than 2 times, and the turbidity was less than 1 NTU, meeting local emission standards
of Jialu River Basin Water Pollutant Emission Standards(DB 41/908-2014).
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Table 1 Test water quality index table

K FTAR bR WEEIC pH COD/(mg-L7")

R/ (mg- L) o8 /£ W EE/NTU

BAE 18~22 7~8.5 180~300

800~900 800~1 500 130~260

R RE 255 REH (Fe,0,, TALZR) , M & T 2%
BB AR AR RAFR(PAC) RAEHA
B8k (PFS) R A HRER Rk (PAFS) , ¥ R 43 #r 4l , Kt
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Fig. 1 Diagram of test device for UV/O, process
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Fig. 2 Effect of type and dosage of coagulant
on treatment effect of wastewater

& 2 (a) AT AT, PFS #8578 100~400 mg/L 3
L, COD 2 BRACR 3G in 4y W 18, PFS 8 2 K F
400 mg/L B}, COD 2 BRECR FEA £ ; PAC . PAFS #£
Jin & 7E 100~600 me/L 35 [l Y, COD 25 [k % i PAC .
PAFS $ &t 9385 i £2 20 38 . EAR RO~
Ab P %R B % 8 PFS>PAC>PAFS, PFS, PAC,
PAFS 42 il 1 31 2 400 mg/L B, COD 2 B 2R 43 5l 4
51.94% .37.73% .31.71% .,

& 2 (b) AT A1, PFS. PAFS # /il & 7£ 100~400
mg/L 0 [l P, b BE e BR AR B 2P BT, il 81.03% .
71.22% Jt % 93.8% .97.06% ; PFS . PAFS # il & K F
400 mg/L ], 3 B 25 B AACR B 5 BT FEAR R AR AR
FE o PACTNEAE 100~300 mg/L {5 [l 4, 1t 25 B
F il 89.05% % 4 I+ & 97.78%, PAC £ fin & K F
300 mg/L B, it B 2 B R B A AR 2 7E 99% .

i 2(c) AT, PAC \PFS PAFS £ il 5 7E 100~400
mg/L G N, 08 L BRRED BT, 20l 74.11%
77.42% .63.7% T+ % 91.39% .87.86% .88.99% . 4 PAC.

PFS . PAFS # /il K T 400 mg/L I, PAC \PAFS {1, J ik
AR BEARRE s PFS IR AR 12 T3, e 244 PRS2
e A 600 me/L I, 4 8 25 BR 3y 94.96 mg/L.

PAC .PFS . PAFS £ il 344 400 mg/L BT, PFS X}
COD [ 2 B R T PAC \PAFS, {H i B PAC PFS .
PAFS Xof 3t B 1€ 3 1) L BR AR AH2ZE AN R . PFS ik
FEIREER, X5 Y A BRI AR B LA 50
PAC PAFS W8 FETREER , K TE B AL, B AL, BAT
AR v % TE H AT, AT AR W B O AT 5 T 0 b A
fiff e AR ZE Y . BRI, PAC B PAFS X8 B K% ikt
JER R BRACR AL . XA ML A KB AH C R 5
T 9 BH Bk ER VR R B A K T B A, 2
PAC . PFS . PAFS £l K T 400 mg/L i , 3 Fh 25751 55 2R
FHZEANK, 3 R BR AR BT COD &
W, PFS (1) 22 (3 R 0 T PAC \PAFS . % HL PFS
AR B, PES $ & 2 400 mg/L.

2.1.2  BhE A AP E R I 2R E ARG R

FEWRFE R 20 °C, AN IR , 22 5E 57 PFS B i
} 400 mg/L () 4514 F BEH APAM \NPAM ,CPAM iX 3 Fif
U004 BB TR R AT 0T LR, 25 B AN () B 8 5 A 2 K
5 o ot i U B o 24 R K A BRSO 1 R ) 45 SR
Bl 3 TR o

& 3(a) A1, 76 CPAM £ 24 0~6 mg/L 1Y
TN, BEE CPAM B (19 75, CPAM X COD 1y 25
bR 38.21% Fa2b b T+ % 53.89% , CPAM i & K+
6 mg/L I}, COD % BN AR FR 2 22 ; 76 APAM \NPAM
IR 0~10 mg/L AE 4, B 75 APAM \NPAM 4%
JineE (4 JE, COD 2 BR8N Wi B2 &1, 3 il H 38.59%
38.39% $E Tt % 52% 45% . FEIREAR N IEF N, COD
E BB CPAM>APAM>NPAM

i & 3 (b)) BT AL, P 25 BR AR AR SK O CPAM>
APAM>NPAM, 7£ CPAM % /il & 24 0~6 mg/L ¥ 1 [
W, CPAM X it B /) 25 R 2% B 81.56% 2 0 I+ &
93.92% , CPAM I K T 6 mg/L I, it B 2 [ R
AL FFRE s NPAM £ in & i1 0 F+ 2 10 mg/L B,
NPAM X it B ) 25 B R 1 79.69% 2% 12 T+ % 85.92%,
F W NPAM $ A £ 6 b 52 7 25 B 800 52 il A K 5 B
& APAM H i i 85, s K BROR B 2 TR,
APAM B4 10 mg/L A, 33 25 B3R 93.05%

i 1 3(e) ] %1, b CPAM ,APAM \NPAM i1
Y TR, 3 Rk Bl B R X R R BRRBCR AR E
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Fig. 3 Effect of type and dosage of PAM
on treatment effect of wastewater

JI, CPAM APAM . NPAM & Jill i 7€ 0~10 mg/L 35 [l
I, R0 B Y 25 5 Rk 9 CPAM>APAM>NPAM, 7F
CPAM # il H:  0~8 mg/L A9 I [l Y, € )3 25 B R 44
IS, 75.72% TF & 90.73%, 24 CPAM £ & A
10 mg/L I, €0 8 25 bR 3R 92.07% , €2 B 25 B R 14 Jn
B, M4 APAM  NPAM £ ¥4 10 mg/L B, {5
JIE R BRARTR BN e K, 43900 K 84.73% . 75.72%

N[A] CPAM . APAM NPAM # /1 & T , % COD . 4,
JE URE 9 R BRACRI I R W, AEAS B n 3 T Y
CPAM 11 22 BR SR O T oAt 2 Fp Bl 0] o 20 A S AL
PAM £ i Ak 2258 v == 2 W AR AR T A B K
L AL B A P SR A B A K TR )
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XF K A BRAOCR AR . £33 R 45 2R, CPAM £/
R T 6 mg/L 5, COD St B Ab B R AR E , (8
JERBRAARWIG N (ARG A XSRS . LR AR, Bt
FIFEH CPAM, CPAM i 4 6 me/LL.
2.1.3 BRI EER AR

FEIRE M 20 °C, ZL5ER] PFS BEI&: -l 400 mg/L, BY
HEF CPAM BN 6 me/L, 86 K3 £ 0 & 24 200 mg/L
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Fig. 4  Effect of magnetic powder sizes on magnetic coagulation
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2.1.4 BB xR R B R R A

TEJR B 20 °C, 2 EE] PFS B4 400 mg/L,
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Fig. 5 Effect of magnetic powder dosage on magnetic coagulation

b &S AT, XY R 4% i R 100~300 mg/L H
COD 8 J i LB Ay R ke, Ytk
ek 300 mg/L B, COD JhEE 3 J2 pRR o5k 5
T 62.74% .97.31% .90.14% , 24 3 £ i i A 300~600
mg/L I, COD P B (085 25 bRt B ST By i

YRGB <300 mg/L I, 7K th g ks 85 b, 3
S ER R R, — R L T ROR
BEROR s YR BN > 300 mg/L I, — )7 10 i T 1
Wy AE 22 1A 2w 3k 2 W BRI AN, 2R AT R A R SRR
FEANAL | H 43 068 I AR N 55— T R P AT B
2 i Ry R % R A A, e 2R R R g R AT 3 3K
Ab BB . T e S E X 3R T B LK A R YR Ak
HR 56 v O 6 R #4300 mg/L™*, Yunyi LI
S SIF W R Ry A3 0 e A A 3 Y TR N TR RN A
fE. 6% I8, ARGk B i 300 mg/L.
2.1.5 2 F 3 AR5 AR R ORGSR

250 BT an 2 2 il 7

TE48 wm R RY 4% i 5 R 300 mg/L, PFS 4% Jin 4
400 mg/L, CPAM # il i 4 6 mg/L, i J& 2y 20 °C, pH
R 8B SR TT B SRR TR 25 50 4% i X6 COD L ik
JE LR R BRACR I, 45 R 6 TR .

H & 6 AT, A [R5 Z6F COD 8 8 ik B 1Y
Aob T A% SR LA T S B, 6 R BN R 41 1,211
BB A 6 IR B 22 . X R K e B
BR300 T K Hp R IR R, R v T R Tl 4R VR
B, K PR TR S AARSTOR S ) B R R BRI 2L

*z2 AR MIRFE

Table 2 Addition sequence of chemical

Eike By

1 fili By +PFS—CPAM
2 flh B —PFS—CPAM
3 PFS—CPAM—f )
4 PFS—H#—CPAM
5 PFS—CPAM+T4 ¥
6 PFS+CPAM+{i% ¥}

T 25500 22 )+ 7 i e 3R 20 24 790 1R & 7E 18] — I ) s e , < —”
T 45 DN 2 7R AN AE R) — B ) s B, 358 S 1 R R B 0.5 min
(200 r/min) , 25 2 YL HE 2.5 min(200 r/min) , 12 3 53 15 min
(30 r/min) , 3 YA FH I 46 1T A 245 500 25 ik [a] 0

120/ Jcop
110 - O wh
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Fig. 6  Effect of addition sequence of
chemical on magnetic coagulation

P 1.2 BOROR BT o X S TRRE b HE B LK A4 |
BiE YAk T5oK T R K PRI ST A B R — B
HWHE2M I, HE 1 25R BT R B AT
B WA, BT A PR A A A 1 (27004 it
J¥ R 0 3+ PES—CPAM)AE A S A 24 70 5 i 7 20 45 o
2.2 UV/IO,TEMHLRE

UV/0, i 56 I 7K S 28wl R 8 i 40 4 B )5 19 95
K, HIK Bde bR W3R 3 s o
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Table 3 Water quality parameters of ozone oxidation process

S8 WEEIC pH  COD/(mg-L7") @E/fx  BhEE/NTU
B 18~22  7-8.5 50~80 70~130 <1.0

221 ERAZEWEAUV/O L HEZKRMFH R
TER UG IR E 4 20 °CL,pH N 8 1 251, 43 1 it
A BRI N 16.22.26 .33 mg/min # 17T UV/0, %
PR 6, S8 Ak B[] 43531 2 20 .40 .60 min, 1 22 7K 5 45
b, 25 31 7 T
H1 &7 AT A (6] Bz BF ] R, COD 2 B 8 24 it
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Fig. 7 Effect of ozone dosage on COD removal

& AR 0 S nnT 3G in . AR E A 60 min,
FUE NN 16 mg/min I, COD 2 (& % Jy 44% , 5L
AN 4> 9 22,2633 mg/min B, COD % & %
A i3 T, 4359k 48.94% .50.65% .52.61% . — %
T TR EE TE S ) P S AR i S B R
SACAR o A B n T AR R X R PR O AR R R AE R R
43T 38 A AR B T AT DA PR R A K DA T R R
SR B . YR AHN R E e, BT E R AT
B AE K TR R — A Y, P n R A M LA
e K I i T AR i RO &R AL &
Bk 76 A [A) S8 AR B E) 7 0 R AR RO B . A
&, AN &N 16 mg/min B A 420 BEAUR 8 2%, 1M
AN &N 22~33 mg/min AL B AR $2 90T, ik
B 26 mg/min by fe A BRI .
2.2.2 A4 pH 3T UV/0, 4 22 2R 49 % vh
TEW AR I BE Ry 20 °C, BRI i 26 mg/min (1)
ZAF R MU UK pH #EAT UV/O, AR 58 | S Ak I 1)
435124 20,40 .60 min, 1 %E K FHE AR, 25 R A0 8 FITR o
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Fig. 8 Effect of initial pH on COD removal

H 11 8 7T, Sz B B[] 43531 2k 40 .60 min I, #) 4
pH 7E 3~ 1175 H P COD KFRR B pH £ LT, 435
FH 38.48% .47.27% Tt & 43.67% .53.33% . J I I} [1]
20 min B}, COD £ B3 7E 25.06%~27.05% 1 FI Y,
FHAMRRRE . XRF R 20 min B S AL TR G B
B, pH AR I BRI | >4 520z B[] 43 31124 40 .60 min
BF, B g FE A S 5T, pH A B P S B N R[] R
T 40 min B}, COD K BR W pH b T2 KA Pk 2 7F
TG F T B0 T AR - OHL, - OH B T /51 1 41
PRI JE LA, X AT LA LA s i T A AR Y i
THEMIG Y0 LR ED . DA E , pH R
11 B A FRSCRAE T pH Ry 9 BsF {HIEARIH I . LA,
1f 5 Y pH R - OH A ¥k FE BUAR Y , (H 23 40 i) H,0, 11
PR HAE pH A LTI, B2 7K A H 3R a1 1 68 L 0E 1T
RE 25 55 AN AR T, 255 75 T 2 B A0 4 pH ol 9.
2.2.3 AR AT UV/IO, 4 22 3R 49 %

TE R S &N & R 26 mg/min, ¥ 4f pH R 9 A9 5%
PETR VR ) b R R R AR 5, SR Ak R T 43 31k 20
40,60 min, Ml 7E K BT 38 b5 , 45 R AN 9 Fos o

651 o J2 %20 min
60 L —o— X 40 min
—a— 7 %60 min
55+
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Fig. 9  Effect of initial temperature on COD removal

& 9 w0, Kz B I [E) 20 min B, 90 B R RE X6
COD 1 2% B 20 A B A T &2 W, COD 2 B % 2
26.04%~27.31% . i B5F [8] 43 51 2k 40,60 min B, Fifi
EVRIRE T, COD bR RAUME A T+ o L i
] 2 60 min B, %] 45 ik B2 53 R 10,2030 CHY,
COD £ B F 55N 51.09% .52.78% .53.48% , % WI7E
10~30 “CIEH N L IR EEXT UV/O, T BRI AN K, X
JE R AR S5 T SR i B v K b LAk
5 LA T B TR AR R BE T - OH 1 7 A (B
SR HE T K SRR . HLR K HE KR B
20 °C, F L% JE % E 20 C R FAE K IR E
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Fig. 10  Effect of oxidation time on COD and chroma removal
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