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Abstract [ Objective] The acceleration of urbanization has led to an increase in urban water supply demand. As an important water
supply source, surface water quality and purification effect are crucial to ensuring drinking water safety. In order to investigate the
effectiveness of the coagulation-precipitation-O;-BAC combination process for treating local micropolluted water at a water treatment
plant (WTP) in Jining City, Shandong Province, this paper carries out an experimental study on the treatment of micropolluted surface
water by the combination process with the conventional treatment process as the core process. [ Methods] This paper introduces the
operating parameters of the coagulation and precipitation, pre-oxidation and O;-BAC processes, and explored the effect of different pre-

oxidants to strengthen coagulation. [ Results]  The optimum dosage of polyaluminum chloride ( PAC) was 10-15 mg/L, and the
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enhanced coagulation effect of polyacrylamide (PAM) was limited. Two pre-oxidizers of sodium hypochlorite and ozone did not have

further reduction of turbidity in the effluent, while they enhanced the removal of organic matter. The O,-BAC process demonstrated a

better removal of organics, and more than 30% of permanganate removal and more than 60% of UV, removal could be realized with an

ozone dosage of 1.00-2.00 mg/L. [ Conclusion ]

This paper provides reference and technical support for the operation and

optimization of a combined “coagulation-sedimentation-0,-BAC” process for the treatment of micropolluted surface water in Jining,

Shandong Province, verifying its excellent engineering adaptability and operability. And it is of great significance and promising

prospects for widespread application as a guide for the operation of local WTP with similar processes.

Keywords surface water pretreatment coagulation sedimentation —ozone-biological activated carbon( 0,-BAC)

KRR H R IR Z — B A2 0
FIBEEAL HOHEDE , 5 RS % % 2 iR KF R A
Wrsghn' ' B AL TR R, 2 — A
ARZSBYHGETT B DU B T T A AR OK
Z— BT IX A, IR T A E RO K
Pz — Y AR UR I B T, R
17, it 3 S T A R T A i bR g, e U Y K
W2 B T S R BIR Y g R
MUK AL PR T2 3 B 5 TR BE MTDCVE , SR T, o
WL/ AL BT 2500 T 52 A KRB A LD 25 B A8 R 4%
AR B AR I R R AT i G 1 feE
FH 5 A AL AR TR Ak B AR R 4R v TR K Y
i,

BEBIFSE B AEARTEAN [R] FUAL AR HE Ab B A X
PR GEIRBEIUHE T 2 BRIATS Yt /K it vh A RERK
AP T, X EHARRA Rl R A THE PR
YK i WS B IFa AR (N iz A HLAE)
J7 HRRCRK AL B 5, BRIT T IR BER A B
TR B BRI SR AL TR BE A ASCR s LU, X L T A )
FIEERY 3 AR AT [ YRR B (NaClO ) | e IR A1

Tab

(KMnO,) S FHREE DU T AWM ; 5, 78
FREIRE T I L R B LA T TR AL B
T X HEK A DL LB, e T 5k A s R
AAE BEFIT S SR S Se i () TR0 A B RTR 8 A B
FEARAE B = A A Ak 355 2 T 1) o FH R (B
() LA, 8 BT K B8 80O i 0 AR K Ak
HAR,
1 REKRESHZE
1.1 KR EIEITHR

RIS AR H LR B T oK) /K, 1R
R [ R A A AL (PAC) , B &K 4 > 10. 3%, A
ALO, TH]  BhEER [ RN IE TERE (PAM) ] A 1L
FIBECA KT Ingglal, FikEs s T LRSS % e
KT T LRI, K 1 s, K s
BIRAIRA G ATTRZ B, 52 b R
DUTE T A B A8 25 i b A 1] 3 A 0% e g b
H TR BE DTIE #8412 1T S80S 5 /MR 56 25
BRI A (0,-BAC ) T3 4b B BA ST RT3 ik 7K
R JFIK IR BETIE AN FRS (172K, 1K 46 R SR 4
PEATE R P, K E R 3 m®/h,

[ ok }——{ﬁ&%ﬁ%——{ﬂﬂ&ﬂm}—{@ﬁﬁﬁ@——{ ik ]

1 BRIk i T 2R AR A
Fig. 1 Overview of Pilot-Test Process of a WTP in Jining City

1.2 SWmBEFE

2.1.2. 2 /AN B 2k /AR 5, 2. 3
ANTTEEE N ZER A R

AN A3 14 VR 9 3K 56 SR FH S P AR AR E
TR TR 3506 1L K A e A [ 3910 42 1 25 571
TABERR | Ry 455 400 52 B K A PR 6 ot AR, 1 e
B FE 1 min (200 v/min) , B 5 5 B $E 5 min

(120 r/min) , 5 12 # 4 FE 12 min( 100 r/min) ,
SERE HE 20 min, B ORI AR O HR AR
RTS8 1 ) O < 9 s S 7. W BN [T
HEAT o X kB 4 A 0 A DAY ( HACH-
2100N) Kz, UV 5, 2R FH 55 40 43 56 0 B 1k A7
S, 1R TR R e BICfe P TR P R R R B o vk R AT
et



KA B A, EUT, 45,
KK E AL T 25 Ab S48 T . M FRoK TiAb B SR FE AL B ZE (5] Vol. 44, No. 9,2025

2 HEBRES PAC o~ , LIS i B R SR A8 B BRI =
2.1 EHLEIEITLYHEBREEE 3.20 mg/L, % Bk % ik 5] 22.82%; 7€ 10 mg/L 1
2.1.1 REE T ZAHRGE PAC $i N =i R SR FR O PR AR = 2. 85 mg/L,

K 2(a) R T AN PAC M XHREEITIE T BERFMINE 31, 09% ; fE MR Al E4kZe3 0 PAC
SRR RCR AR, T (B 0)  BURET, SRR R R T
iVl R 1 5 BRFRAUK 4. 7% 5 76 5 mg/L 1) PAC Bl 2(c) JB/R TSR PAC $ i 4 IR BEDTE T
PR, W RS 1.0 NTU, 2B %k 5 ZEBR UV, ZERMEN, B H K UV, ¥
80.32% ;PAC $4HEH 10 mg/L I, U 2B %5k HN0.099 em™ , B UTHE (BN 0) B UV, 1
| 88. 3% ; TEMLIERN KL NR PAC it ik 25 0.098 em™, 5 J5 K AH kb JL P 6 48 4k 7
JELBRFRIRF] 0% J5 #a THaE . IRBER T ARFE 5 meg/L Y PAC & T, UV,, ¥WHEEFRMKE
ISR MRS FEAR AR B T VU R BRRBEIREEN 0,068 em™, 2R %K 35.23%; fE M LAl |, B &
PO RGN T BAE S R RERERE PAC B kSRR n , LR R B S T
THE , X EEJEREEF AR R R IERAT  FasE Y PAC RIS E 30 me/L I, 2R =

PR S BOK R EORL  F AR IR 50% ,UV s, FEI% 2 0. 052 em™
B 2(b) B T AR PAC £ & SR EEDTRE T. M F7E 5 mg/L B9 PAC # i T B AT DL St

SRRSO R, FUKEARRRERTE e T S Y e R AN ML B R S /N
BOYED 4. 14 mg/L, FOMTIE (BN 0) BF w0356 4 I8 4% 590358 B, 29 5R H 5 me/L B9 PAC
MR RO CUA RS RS, 755 mg/L 10 #ns

@ 77 1100% (b) 457 1100% (¢) 0.12 1100%
sk /of.__,__, Jooos 40 § § ?ggﬂ*ﬁﬁ'%"f" g:(’) U};ﬁg%%
0 2 Bl 480% > —a—F LS
i eI 20 ~ 35N 0 N Y g
5T . —o— R 700, 13_0 \\ \ '§ 170% ~ 008 N J70%
§4 \\\ fo0%y <55 \\ § § % 160% ¢ & 0,07 fe0% ¢
= ; | Jsove e gj ’ § 50%3 0.06 § _o—9—0 Jsou
3 Lo M &~ §_§ 400%™ 2 005 § % % § § 09
B‘&z 30% % b2 X %‘%’\ 30% gg‘ \ 30%
00, ELO § 20% u'n; \ § \\ 20%
1 0.5 o o o
410% 10% 0.01 10%
JAS @Nmmmq 0o AR VNN NN DY, 0,00 NSNINNISSIN A
Q i av ol ol | AT VR VIR P\ PR AT\ VI PR g™ ol
@ 3 \ﬂ\%'\\JQ \%:5 m\a:;) ‘“":0 P Sy A e;\o:“ o2 “W:}i S o @ . “\Q\Q oy ({\k:;} (\\G;Q o
JEk BPACHE Nt J5iAk B PACHE Im &t AR PACH &t

B2 B PAC B FIREEDUE T2% (a) W (b) SR FRERIE AL (¢) UV, M RBRACE
Fig.2 Removal Efficiency of Coagulation-Sedimentation Process at Different PAC Dosages for (a) Turbidity;
(b) Permanganate Index; (c¢) UV,

2.1.2  PAM BhsEXHREE T 2 A FRALAE AYR A BT PR F I K b B AN, A S mg/L PAC
J T 5 PAM AHREE R P BIRCR e 8E7E JR/K P ORI C 5 I M B A FE L SERE B A

5 mg/L [ PAC $inE T IF RIS, PAM B 38K T ZARMAEL, e 1 DR B, (H X
K 3(a) R T AN PAM 8t FIREEDUIE I WU RBRECR AR THA IR,

X R0 B 1) 2 R AR, . DKk B A Oy 5. 52 K 3(b) R T AE PAM £ T IR EEITIE i F

NTU, R S DI G M E M EE B &R E STEEmRERIs s 25, FOK SRR BN
1.22 NTU, & %35 5] 77.90%; PAM £ 3.78 mg/L, FiREEDIIE G HH MK E 3. 04 mg/L,
0.2~1.0 mg/L Bf, WKVl BE FD B IR BEDTIE T ZEB%3A%) 19. 58% ;£ 0. 2~ 1. 0 mg/L 1) PAM £/
BUAH LI TCHA ARk, 3X R PAM B in A K fig i, K SR R Eh e BRI B TR B DTE T 00 AH L3
RO THRBEDTIE A EBREMEESCR . M4 B L, XE PAM AN A KGR LR EEDL



DE N/ G I N
WATER PURIFICATION TECHNOLOGY

Vol. 44 /No. 9,2025
September 25th, 2025

VE TR X R R AR A B

K 3(c) BBn T AR PAM $hnfe IR ERTUE T
FEXS UV, B ZBRECR . JHUK UV, ¥IEN 0. 105
m™ IR EEUTIE SR K EIE TR UV, YI{EFRAT

£ 0.075 em™, KFRFIRF] 28. 57% ; PAM iR
0.2~1.0 mg/L I, Hi7K UV, FIEAMIREETTE T.00
TR TEI AR L, X R W] PAM B0 A K GEA R
PETHR BT IS RN UV, TEFRIVZRRR

(a) 1100% (b) 4.5 - 1100% @t 1100%
6 I Jo00, ; RN : N UV, 1900,
52&[&$ i aor —o— LB# 90'_ 0.10 § o LB 00,.
3 o—0—0—o o o PB0% 35 180% 0.00 {80%
170% o 470% 0.08 470%
=-L|.1.U 3
> o NN e NN NN NN
S -sn%ﬁ E 50%$E 2 0.06 50% 8
g 0o 520 o, T _70.05 e
E 140% # . \ 40% " i 40%
2 Po% g i \ N N \ 30% U-U’* k\ =N \ N \ 30%
200 L \n\ X \ 20% = N N 20%
] @@@@@ § 10% 0.5 § § \ 10% EET { 10%
Y 0 0.0 1 \Q\ ’\{ RN RN NN N 0 (]:Uﬂ b DRINNIRNIN o
® Q'\ \ﬂ‘% D‘(“"’ h\ﬂ“‘f %6"2’ (\"‘7 \%‘ o 5\0 A \“% i“*’ .}\\“* \“\g @—'ﬁ- g'.l @g\; (1\%\&; ‘\\\‘s;':; @Qi\_'g @\i"l\)
ITJ}(RPAC&JIHE oK BePACHE fm Bt ok B PACHE MR

3 I PAM B FIRBEVLHE T 267 () TR (b) B BRRRER A (o) UV, 9 EBRALIE
Fig. 3 Removal Efficiency of Coagulation-Sedimentation Process at Different PAM Dosages for (a) Turbidity;

(b) Permanganate Index; (c¢) UV,

2.2 WMEAMNENLETZHENMm
5T AN FE AT B I AR B8 R A5 AL

ROR EFRAE 5 mg/L BYIE E PAC SO N IFROF

o
2.2.1 WHARNTAL

Kl 4(a) B/ T A NaClO #An4 T AR BEDT
TE AR 2 R O B RO K OF 3 T R R
5.36 NTU, 7l IR 5E UL E I, H 7K 0 b 5 3 H 0
1.42 NTU, EBRFRT K5 73. 51% ; B NaClo #n
A 0.25 me/L AN 1.50 mg/L, /K% il ¥

NaClO 7E5 b 22 BRI B 5 TR A BR o

Kl 4(b) 7R T A[F NaClO #hm R f9TR BT
VE SRR B R ER AR RO BRI . ROK SR R AR
FEEIE R 3. 69 me/L, 7E AR EETLIE R, H 7K
Vi E AR 8 B 3011 mg/L, K BREALN
15. 72% ., Ffi#& NaClO # i M 0.25 mg/L BE &
1.50 mg/L, 7K &5 4 B2 #h 48 50 & W &2
2.82 mg/L, KRBT 2 23.58%,

K 4(c) B/R T BB NaClO B F fIR BT
FEHIKA UV, fH. JK UV, MM 0. 101 em™

EFEZE 1. 24 mg/L, LERFALHENN 3.35%, XKW 1EH IR BE U1 IE W, oK UV, 38 B K =
(@ 8¢ oo © 1100% (@ 0.11p 1100%
EIHME  lo9g, 2l | EY MMt % g o, 0.10 SYUV.. J90%
T L ;?}o 35 § —o—RRE :zo 0.09 § i:l&:’r%% _zz%
6 p—o—o——o—0] " ’ 0.08 %
Jro% T30 §§ {0 O 170%
B3 N Jo0% ¢ £2s § § § § § 60% . :5,:;2; % % N § § 60%
<4 50% g5 & S0%gE 3 50% &
g Jo0, 0 E AN oo X 2008 o
33 Y g % S 004 NI RN 7
o & s ‘ \ %%_ ”
430% 30% 0.03 '\ 30%
2 b 1 2 H
«20% P %%\ \\ &\ % 20% 0.02 % §\§ \ \ 20%
! 10% 05 % 10% 0.01 § 10%
5 @@@@@ ! O_D\\\\.%\\\.ﬂ ms.\\.\\\\d
Sy m\s Q?%mv@m%’ 0«\% #® ?ﬂ“‘: Q{\;"dm\%@w‘b o 2 & o R ~ “c‘ﬁsﬂ\*@ﬁa 0«\2

i *&NaCIO&ME E‘*Khac IO&illlﬁ

4 AR NaCIO B T IREVURE T 2506 (a) PERLIE ; (b) PERRRRERIAC (¢) UV, 9 KRR
Fig. 4 Removal Efficiency of Coagulation-Sedimentation Process at Different NaClO Dosages for (a) Turbidity;
(b) Permanganate Index;(c) UV,

JEK BeNaClOHE fm &t



& L TN VAN B B

YT H HUAL BT 2 5 A S5 4R T MoK Bk B TR 38 Ak P52 431

Vol. 44, No. 9,2025

0.08 em™ | ZBR AL N 20. 79% ; BEE NaClo £
M 0.25 mg/L I NZE 1. 50 mg/L, K UV,,, &%
S T %, NaClo Bt @it 0. 75 me/L 5 KBk
FRAAR, DL EZEHRFRY NaClO 1A fb i F2 75
s A B 2% Bk T A B SR b B T A BB Y
ROR
2.2.2 BLATWSALL

Bl 5(a) s T AN [m]l 5 R 45 0 i TR BE UL TE
TR R R I ROR . 7R IR BEDITE R, thK
VEMEESAIE R 1. 32 NTU ; £ AN [R] 701 58 400K B2 17 5%
PRI TR 8 DT UE J5 , 7K T R Y 43 0 I =
1.17.1.00.1.03.0. 89 NTU, 7EfK# i FHE#H =
SRV R 1% 358 0 T Y ek B 19 2 R R Ok B 1 4
T, 17 24 AR KT 0. 5 mg/L A R ) 25
PR TRE , U R BEDTIE H /K ¥ i B8 T A2 e X
T 1.0 NTU,

BS5(b) 7R T 8 B0 706 420 YR B8 T U 2ot
TR e R R 5 B K B, JRK R A IR AR A
3.70~3.80 mg/L, FR7M Tl B AR Ab BRI ST R A R
AR S A B = PR T L IS TR, IR
BEUTIE XS = 5 W2 £h 18 B0 BR300 17.38% ; i 45
TR A 0.3 mg/L $2T7F % 0.9 mg/L, iR
SR AL TR BRI T T A PR R 48 ) 2 B e o Tl B T
% 22.63% 26. 40% .26. 59%F1 26. 46% .

5(c) R T ANl B AR B i IR EEUTTE
AR UV g, MR R A& i3 i,
BT EN UV, ) RBRAR TSI B, iR Bk
PUVE K UV, A ECIEIK AR T 24, 73% ; & TR
ABEM 0.3 mg/L #THE 0.9 me/L, Tl & 5
PRTR B U0 BE K B UV, %85 K 20 5 AR T
35.35% .41.49% . 42.55% F1 47.31%, 25 H: FK W,
TR AL T IREEUIE T 20 AL 285

] 1100% (b : o 1100% 012 - s .7 100%
e ik W ik Oyt Eok B iedaok] © 5K k]
HEHK —e— ki (7% i ] Lk —o— ERE 190% 016 ] sk —e— £BE{90%
6F o—9 o—2 J80% ' e BB 180% am P L oEm m 10%
>i’/ﬁ’1’ ‘}_‘]{; 7 b 1% ! Tk VR 1% —oosil] T | / 1 fro%
ol | 7 < o o i % 2 4609 B o o I Pt _'E . = 3 7 160%
!;4.‘_ : k 'k B /% 6)0{5'_ = i i T ] 2" & e T il oﬁ_
=k : B {s0%s & 5 sovts Zoos EM VER LI il 500
-,-- B I 2 q > ¥ / %
#3104 B = Ja00s ™ & 410%™ 3 b L2 agla00™
;grz -...; '- ’ 5 7 ; , 1300 i 0% 0.04 7 T ,: : 30%
| 1 < LR o L | 20% 002l k: x 20
L AL /;I] 10% i 10% k K 0%
o % e i o % o oot o i 7
oUtei s il’_' s W@l o L L L 1] 0 0,00 L=k LT Ly e Boss 1
0 03 05 07 09 0 03 05 07 09 0 03 05 07 09
SN (mp L) SLAE MR/ (mg L) S/ (mg L)

B 5 AR AR A IREETLIE 2R (a) VMU ; (b) BRRIRERFE R (o) UV IORBRACR
Fig. 5 Removal Efficiency of Pre-Ozone-Enhanced Coagulation-Sedimentation Process at Different O,

Dosages for (a) Turbidity; (b) Permanganate Index; (c¢) UV,

2.3 O, BAC REAETITZWMEMLETZHN
BEFR T

BRI BEDUIE H AL FE T 25 A0 B H 7K %3k
JEFEA T LU 2 (A2 08 AR K BA: bR ifE) (GB
5749—2022) BER HF FACHL T Z XA B 25 B
BAFE AR, Y KK BRI KK bk LA
TRESE, it — DR AL T 2 A FALRE 1 FT fiE
PE, AT T H R B 9 O,-BAC IR AL B T 25 1
W%,

Bl 6(a) s 1 AR B2 1Y B AR A& (1. 00,
1.25.1.50 mg/L F12.00 mg/L) F 0,-BAC ¥ Ab
FREATT XS HE K b B IR R 48 B0 B R ACR . TR
1. 00 mg/L SLAABME T, K B = 5 BR $h 15 550k

2. 84 mg/ L, SLAEH 7K LA R P e I it 8 7K A4 v e PR
ERFERIIE S BN 2. 48 mg/L Fl 1.94 mg/L, £
REIRF 12. 68%F1 31.69% ; 7E 1. 25 mg/L KA
T T 5L AR 7K DA R P e D H 7K 1 R e TR
TR S K 2. 35 mg/L Fl 1. 77 mg/L, # L
K 2.72 mg/L 1 2 Bk #4553k F) 13.60%
34.93%;7E 1. 50 mg/L BLAAFNN T, #F 7K 5 5 R
ERIEECH 2. 77 mg/L, B K LA BT T o U b 1
IK ) e i R Eh H8 B (B 43 0 2,33 mg/L 1 1.74
mg/L, BRI A E] 15. 88% Fl 37. 18% ; 1E 2. 00
mg/L RN T, #K & R iR TE Bl 2.75
mg/ L, SLEEH 7K LRI e I sl 7K 1) 15 4 1R 4
BOEE SN 2,27 mg/L Fl 1.72 mg/L, 2= 5%y



weook HoR
WATER PURIFICATION TECHNOLOGY

Vol. 44 /No. 9,2025
September 25th, 2025

WAE] 17. 45%F1 37. 45% , 4550 Won , BA RN &
4 1.00~2. 00 mg/L B}, 0,-BAC T2 &3 H nl WA
R IR ER TR AL PR

Bl 6(b) R T AS[RIBR BE By RAA &= T, 05-
BAC REE AL HE B TT K UV, L%, £ 1.00
mg/L ) BRI & T, # 7K UV,,, {HH 0.058
em™", BLAUH ZK LB PR A L 1 7K A UV, fH R
0.033 em™" F10.022 em™ , EBRRAFHH 43. 10%
62.07% ; 7F 1. 25 mg/L B RSAB NN & T, 7EK UV,
{E>4 0. 056 em™ | 5L 7K DL K3 4 ¢ i bt 7K 1Y

a) 3.5¢ _ . - 1100%
@) 3 sk B vk B sk °

—A— AR ERE - ®ETRERE  90%
&2 5 - _1_ 180%
~ 7 470%
H60%

30F

FRE MR B (g L)

0sH

0.0 e LR # ol
1.00 1.25 1.50 2.00

REHE M (mg LY

UV, 3514 0.029 em™ F10. 020 em™, Z3BR3%4507
M 48.21% K11 64. 28% ;1 1. 50 mg/L [ KA AN &
T, HEK UV, 14 0.055 em™ | BAH K LR E 1
I K UV, 6539928 0. 026 em™ Fi10. 018
em™' FER R HIKF] 52. 73% 1 67.27% ; 1 2. 00
mg/L [ REF &, K UV,,, 5N 0.056 cm™
B R DL BTG PR e it HH 7K 7 UV o, 43 I REAIR 2
0.026 cm™ F10.016 em™ A1 HFHEK 19 2 bR 5051
IKF 53.57%F1 71.43% , 455 WoR, 0,-BAC IR JF Ak
BT 2% UV, BIRBRIT I TSR,

(b) 1100%

007} 2 sk B3 feiek B Gk

—h— SRR LT —— BEMK KRR

N T PO P

0.05H .
Me—+H— 11

{o0%

>

: o
a1

0.02H

o S I 1B
1.00 1.25 1.5 2.00

HEHE R (mg L)

6 AR ABE T 0,-BAC TREZALBEHITCXT (a) FARIRERTEEL (b) UV, BIRBRACK
Fig. 6 Removal Efficiency of 0;-BAC Advanced Treatment Unit at Different O; Dosages for (a) Permanganate Index; (b) UV,

3 it

AR S i AN A AL B T2 A B 0,-BAC T Ab
FEXF 5 RLTRBE — UL E T 25 A A0S YL /KRB 1 52 i)
HEAT T X HOAIF I R T 45 T MB35, M
INARA T T oK IR EE-DITE-0,-BAC T. 203z
(- CE =73/

(1) 38 i/ MARUL R TT T AR PAC £
R IREETTIE T X K Hog B A AL R AT i)
FFRCR WS T Btk PAC BOIMEEIEE N 10~ 15
mg/L, T PAM BIIA ST H 7K 7K 52 48 A 14 32 T AH T
AHBR,

(2) XA NaClO F1R 40X 2 Fh S A 500 Y 4
FUAL PR T 26T T AT LUARSE o R4 ARV B 7
FBRICHA SAE R 1005 A Ak T XA L

(3)0,-BAC VR AL BE T 25 R B A 5 59 A AL
W ABRRCR . RERMEN 1.00~2. 00 mg/L KA
R S 30% LA b 1 5 i R k48 B0 2 B AT 60%
DL UV, ZBRE, AR, biE R A i

36N, 05-BAC TR EEAL I T 2 XA WL K BR A E
HrR T (HAE RSO T ST A,
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