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Abstract: In order to enhance water quality and comply with Standards for Drinking Water Quality
(GB 5749-2022), the ozone catalytic oxidation and biological fluidized bed process was constructed before
the conventional process at a waterworks in Shandong, with water treatment capacity of 4x10* m*/d. After
the operation of the new process, the concentrations of 2—methylisoborneol (2-MIB) and geosmin (GSM) in
the filter effluent were reduced to below the detection limit. Ammonia nitrogen was reduced to within 0.02
mg/L, and dissolved organic carbon (DOC) was reduced to 2.7 mg/L. Notably, the additional process
contributed 88.8% to the removal of DOC, and high-throughput sequencing revealed the presence of
microorganisms such as Gemmatimonas on the biological fluidized bed. Regarding turbidity and

particulate matter, the total particle matter amount in the sedimentation effluent decreased from 15 959

CNT/mL before the retrofit to 4 963 CNT/mL, and the formed flocs had a three-dimensional dense
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structure. The total particle matter amount in the filtered water further decreased to 416 CNT/mL, and

turbidity decreased to 0.08 NTU, resulting in a comprehensive improvement of supply water quality, and

the process exhibited stability during continuous operation. This demonstrates the design concept of

proactively removing organic matter is effective, which not only efficiently removes 2-MIB, DOC, and

ammonia nitrogen, but also enhances the coagulation and destabilization efficiency, and strengthens

removal effect of turbidity and particulate matter in the subsequent conventional treatment process.
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Fig.1 Process flow chart of water treatment before

renovation
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Tab.1 Raw water quality in different seasons

IKBTAEAR RS X2
VEIE/NTU 7.81~10.62 3.83~6.14
AR IRER TR B (mg - 17) 3.52~7.05 3.22~6.83

2-MIB/(ng-L™") 50~300 10~40

GSM/(ng-L™") 8~100 5~20

W10 -1 2 000~20 000 1 500~3 000

& 1 RT O 320K R K v e R R AR A i
B, ST AR 1 2-MIB 5 GSM ¥k J i, b 3t
SEFE AR AR
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70 ng/L, LA A0 FE T 25 K Hh mELA g 5 vk 32 o LA v
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BE), 24K pH>8. 5, IR B TR

@ PUEH KM E R (52 NTU) , 1&gt s
PRI (1~2/d) , | IX By K FE | HLRE T P K, 348
T KT B T AR
2 RIBRABREILFE
2.1 IZR8

B TR K e 28 A ALY B A, T AR A HE
DI S B AR A e AT IR B /2R B A i FAL B
W JEK oA FLA) A 2 2 B FLAL B T 23808 R R,
X SR T VE T R KR R R R SR
U, T2 TR 5 AU AL S A A P it A R i
U R LA R A8 AR AL SR T — A W T AR DR + A R A
R T AR (AL 2) o FIFH g R Ak (/XL
FUKMEAL AL RGP A - OHD W R A= i A, pe Sl 25
Bk 7 Hh ) LA 4 S AR AL, DA R R Tl R
ffAT HLTS Ye ), 3 Bk K AR A, 52 5 0 225 R
T A FHACR s A=W It A R T 87 %) A ) R 45
T T H LA KA B T A B Bk A it U ) VA
JRUBS

lPAC

R —— UK B~ A S| Ak || i
S I b

B2 MIERHMKLEIZRE

Fig.2 Process flow chart of water treatment after
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Fig.3 Layout of ozone catalytic oxidation—biological
fluidized bed
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Fig.4 Changes of 2-MIB and GSM concentration and
their removal rates before and after the implementation of

the new process
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Tab.2 Abundance distribution of microbial

communities in quartz sand filter media (top 5)
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Tab.3 Abundance distribution of microbial
communities in biological fluidized bed (top 5)
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X DOC Y EBRFR N 50. 7%, 7B & i T A A AL
AL AT I I (WEE 4 o R 2 A A /Ny
TFAHA, 0 R A BN 5 i G TR 2 10
mg/L UL b, AR HE T R R AEER . A,

()

do

12.0
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Fig.5 Concentration changes of ammonia nitrogen and
DOC before and after the implementation of the new
process

i EERR
TERTIGRT , JOK B M 2 {H 4 8. 41 NTU,
Zeta WL N =9. 59 mV 5 R BE UL IE Ab BIJS 75 Bk
2. 14 NTU, Jf H b TR BE5] 5 WOR AR T AR, b A
TR 3 1 23 R, Zeta FL AL T 22 -6. 39
mV 5 A7 S0 8 M AT A 8 2 B B 2 Al H A AU
Yy, B N 0. 45 NTU, Zeta HL S 4R SL T 55 2 -4. 24
mV. JHAh, 75 WOREZ I, J5UK o UR P S R
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SR S B 2 3 540 CNT/mL.

B A I, R T T Je KV e Yy
8.92 NTU, J5L/K Zeta HL 07 A -10. 21 mV ; A H LAk
RS VEME M 8. 74 NTU, Fe AR TCIH 87484k (B il T
A SRR A AR v ORI T kA SRR RO R
S HL T o RO R VA I 14 B A RS R SR I [
Zeta LA T B 2-5. 82 mV; & AL IR A B 5 | 1%
MR N[ T E 9. 72 NTU, Zeta HL A7 [ & 9. 10
mV SR b TR A Y B A s i,
NS 2 N RA SR /R NN 0B R/ 3 S P TR ki
s 28 IR R O UE Ab P ¥ LR % 22 0. 96 NTU, L%
FEHTREAR 55. 1%, Zeta BAOE FH R 22 1. 37 mV ; £ 3
fib 0% 3 U8 S5 ¥ R E N 0. 08 NTU, Zeta HL AV [ &
0.96 mV,

B2 L AR R K URL ) B R
29 370 CNT/mL , 4 B BEUUTE AL 5, 0B 9 5 5L
F% 28 4 963 CNT/mL, HHp |5 wm LA PN 14 FURE 47 5 i
BN, A P ET Y 14 067 CNT/mL [ 2 3 063
CNT/mL, /NRIAR R T 5 2 5 8, 5 wm DL YA
67 40 P14 R s A AR o8 0 i 7K A SR 4 60 i 2
i Zad DE b 35 |, BURL ) BB % % 416 CNT/mL.
B LA AR R T AR T U 2R
AL ILIE 6.

K 6(a) JF/K EHEREETTIE I B ) 20k, A

ST SRR AL, AR T A BOR R BN GE
JE SR AR XA 1 6 (b) AR R RAE £, 22 1R
AL AL - A W A PR AR B, P28 R BEVTIE T AL
EA 1 == ] 4 R 2 3% i T T
TS ARG HAT AP DT ERE . TS
R, 5 YRS L, AR R RE T R
LB R AP AL Y . X R IIE T
Pt I LD R | S e AN S R L L
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BRSO , T AL 1 LT 2000 P ol B DA A7) 11
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Fig.6 Morphology changes of precipitated flocs before

and after the implementation of the new process
3.4 IZBITREM
B2 R KRS TR IR 4 R
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Tab.4 Operation results after adding new process

5K JEUK SRS K AR K TREEILIE K Ut K
F(eid b 151 113 [l ¥iE f(eid P | VR | E | JEE Hia
2-MIB/(ng-L")| 103~188 | 157.4 | 10~24 | 174 4.1~73 6.1 2 | <2 | <22 <2.2
GSM/(ng-L™") | 21.5~46.7 | 32.2 <3.8 <3.8 <3.8 <3.8 <3.8 <3.8 <3.8 <3.8
A /mg-L") [ 0.07~0.19 | 0.14 |0.18~0.33 | 0.28 0.09~0.18 0.12 [0.05~0.10[ 0.08 | <0.02 | <0.02
VEBLEE/NTU |5.97~14.52| 8.90 |5.68~11.34| 8.41 5.54~11.10 | 9.09 |0.45~1.27| 0.85 |0.06~0.10| <0.08

H 2 4] 0L, 783 T 280" 5 i i Sis 17 i 72
W, 2-MIB {1 157. 4 ng/LF& % 17. 4 ng/L, 244
AL PR AL FE S [ 2 6.1 ng/L, IR HE DU IE b B S
2-MIB<2. 2 ng/L; £ &AL A AL AL B 5 GSM TGk
K th o BEFE 1247 ] A 2B K i A e 2 T 28 T I i
AR S T AR E M IE I RETE A AL D Re T
W 2 A A A LB, WAk R K Z A8 0. 09~0. 18
mg/L, 23 P B SRR E FE 2 0. 02 mg/LLAN . )
Ah A IR H K iR 5 0 KR 3 sl mes v Ttk 3X
T ALIR T2 6 JCHLRTUR, SE A Jo 22 #0RT 2 B g

77, HLF 53 A= 4y B0 % 5 SO0 A0 DR MR KT ok B T
o ERMAESE T B IR EEUTVE 3 g K
VE M BE 4y 3R 0. 45~1. 27 NTU 5 0. 06~0. 10 NTU,
B K VA B (BN S T0. 08 NTU, R i 1.2
AR INASE s 1 TR

4 %

O RE A - Y A R X RBR Y i 2
AR BRACR, & A A - AR
T A, 2-MIB ¥ B H1 160. 3 ng/LFFEZ 5. 5 ng/L,
FBEFN 96. 6% ; €M H /K 2-MIB 5 GSM 43 51| H %
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FEETEY 72. 0,10, 1 ng/LFEZE LR

Q P A SRR A AR T kL
TR B A LY R A B A A
LB T8 e, B R 1 R K 2 20k B T
B AJESE T 2 A e K A& FE 2 0. 02 mg/L
PLF,DOC H 5.2 mg/LIEZE 2. 7 mg/L, b T 2% 7R/
FEAR T 48. 1% , Horp B AL S AL - A= W Ak R T
oA BR i 88. 8%,

@ REAMEA S A Y TR AT A RO
FUALBE T 2808 8 T 2875 IR BEDTTE H /K5
B A 15 959 CNT/mL B %2 4 963 CNT/mL, ¥
IR R R ELAT = 4 28 S ) ST AR S A L D UE S K R
Yy A 3 540 CNT/mL % % 416 CNT/mL, ZE3h B [
0.45 NTU [4% 0. 08 NTU, 4> i F+ 1 HEAK K 5 .
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