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Abstract: The ozone—biological activated carbon (0,~BAC) advanced treatment process, based on
its relative position to the conventional treatment process, can be divided into three modes: pre-, mid-,
and post-positioned O,—BAC. To clarify the characteristics of each process in pollutant removal, a
systematic comparison was conducted on the action mechanisms and design parameters of the pre-, mid-,
and post-positioned O,—BAC processes. Their actual treatment efficiency was comprehensively evaluated
from multiple dimensions, including the removal efficiency of key water quality indicators such as organic
matters, taste and odor compounds, ammonia nitrogen, and turbidity, as well as biological safety. The
results indicate that the pre-positioned O,—BAC process preferentially removes raw water organic matters,
taste and odor compounds, algae, and ammonia nitrogen, thereby enhancing conventional treatment and
preventing microbial leakage. The mid-positioned process utilizes a mid-positioned—upflow BAC filter
operating under slight expansion conditions, eliminating the need for secondary lifting. However, its

operational efficiency is significantly influenced by the inflow rate. Sometimes, micro-flocculation needs
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to be added to ensure subsequent filtration effectiveness. The post-positioned process serves as a terminal

safeguard following conventional treatment, further improving water quality. Nevertheless, it faces the

challenge of balancing biological degradation with the control of biological leakage, and is typically

combined with ultrafiltration membranes to ensure the biological safety of the effluent. Overall, water

treatment plants must rationally select the process type based on different raw water qualities and

purification objectives to ensure water safety.
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Fig.1 Flow chart of pre-positioned O,~BAC process
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Fig.2 Flow chart of mid-positioned O,—~BAC process
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Fig.3 Flow chart of post-positioned O,—~BAC process
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Tab.l Comparison of technical parameters among

pre-, mid-, and post-positioned BAC filters

T H A& hE Ja 8
KT b b T I3
W2 IR 1% 30~50 >25 0
eI B & (mg/g) | 800~900 | 900~1 000 |900~1 000
HRRLAE fmm 0.40~1.50 | 0.30~0.84 |0.65~2.36
R /m 1.5~3.0 1.0~3.0 1.5~2.4
Y& /(m/h) 20~60 10~12 6~12
Al s 18] /min 7~10 10~15 9~18

Il # —0,/H,0,+BAC i Ak R >R H L ) i 7K T
KIFFC A NGRS, b THI U E £ 20~60 m/h, 2
$F30%~50% 1 ¢ J2 W Mk 22 LAB IE R AR B2 . R
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1. 5~3. 0 m, A A 24 7~10 min'™*'*,
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S, — N 10~12 m/h, 1K R I A KT
25%. SEBRIEAT R, K2 K s ik,
FEIZ AT K B AR AR IS, 3 P 2 J2 2 ik SR AT, e 2 h
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o TSR AR AR R B, — R
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1. 0~3. 0 m, kTR A 10~15 min' "7,

J& B =N A BAC JE it — R B BAC( EJ2)
HHYERCF2) 48 n SUZ gk 254 , Hodh BAC )2
i B — A SR AT Bk 900~1 000 mg/g 1
YR AL 1 e CHNAE PR i BB W ) 5 e A% kg
0.65~2.36 mm, JK)ZJEEN 1. 5~2. 4 m, fr Heibkife
$90.5~0.7 mm, B )2 EE H7 0. 1~0. 6 m, JEH N 6~
12 m/h, b EBsHE] R 9~18 min22+28 ) % T 2538 18 W
JE R A DR 5 ) A W ik U (EA B X LA
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oA 55 5 | K K BT K R K R VTR BT i
K A5 BRI R K KR, L SE Al 7K T 2 85 Can K i
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Tab.2 Actual operational parameters of engineering cases corresponding to different processes

TR O, 8t/ (mg/L) |0, B flET [E] /min|  Hekifs WJZIEFE fm | {55 B4 A 1] /min
INARAE LK 51 B K K 2.00~4.00 30.00 0.4~0.6 mm 2.0~3.0 10.00
HrE WA FE AR 5 K K 2.00 15.00 2.0 15.00
TR T B BH X K 2 K S 3.00 15.00 0.5~1.5 mm 1.5 15.00
TrraFK T 51 Bk KR 1.50~3.00 15.00 20x50 H 3.0 15.00
g TRINF KT AT
3k S AN o 1.50~3.00 15.00 22 16.90
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TR G O, 8t/ (mg/L) | O, 3 MRS ] /min|  Hekif? HJEIERE /m |15 B I 1A /min
SR IR R K 1.36 12.00 0.7~2.0 mm 30.00
T T BH X B K R K 3.00 15.00 0.5~1.5 mm 15 15.00
JEE AT S 42 T 4] i 7K S K 0.60~2.00 13.50 8x20 H 2.4 17.37
BIAT /KT B UL iKY 1.50~3.00 15.00 22 16.90
TRYINHEIK T K A 0.40~2.00 11.95 1.8 12.00
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Tab.3 Removal effect of organic matters by pre-,

mid-, and post-positioned O,~BAC processes

| BUKHREE| WK | RBR
CHi- 2z 1=} S
%Jlfgj(gf’; COD,, |2.30~7.00| <120 | >75.0
;Lﬁ -
H FETIF X | TOC 3.68 1.01 725
BKZEAK™ | Bpoc|  1.36 0.57 58.2
e
g "@f@@j' COD,, | 1.33~3.56|0.54~1.22 | 57.8
- FRTTFHK | TOC 3.68 1.45 60.7
PR K EAK™ [ Bpoc | 1.36 0.74 45.5

& 0,-BAC T.Z2Xf 5| # /K 7K COD,, 1) 2B
Al LK E] 75.0% UL b, & T i 0,-BAC T2
(57. 8%)""; Xif 8 30] ZK 7K B9 B A3 LR (TOC) FilA:
Wy AT [ 1 f A HLBR (BDOC) Y 25 B3 3 00 il e ik
F72. 5% F158. 2%, 55 )5 B 0,-BAC T. 25 5 # 75
19. 4% F127.9%" . 73 B A, i E 0,-BAC T. 2
K H 04/H,0, = 9 A AL R B8 38 0 = 1 BAC T Ak
IREEARACE H A O, 3 il A AL M BAC ¥ th , A 2508 /=
T AN LB IS T T2, oK
A AT R LR L T AR, A T
[F) 38 350, il e 8 2 R e B AT BILA LA G W
AR N8 = A L R BR R . P E O,
BAC T 20/ - ] 9t BAC 38 3t % ik S5 Ah T AN B e Ik
A, R T AL AR, H B - i BAC JE L K
A WIS o W S A Y B s A B L X A
Jo X LA 5 0 U8 1 255 TR B A 0 il 37 vp B - 1 1)
T BAC Y&t K B R FRE (9 5 ), X D3k 31 e e
YRR L DA SRS 5 = A DL R B X
TJ5E 0,-BAC T. 25, AL Je R AE Hh 7K ol B I 42 1]
Az s L AZRHEAT TR AR S B - 9] U BAC U8

% A 0 A IR, 2 R T R AR E TR L (H
X T AR RS A oy R S8 RN B 1) 0 A s, DU
JEZE B R ME LA = . A LR E AT E T2
J& BT W BAC U8 ML TR AL, RO R
Wyt BE A A T )2 L 1/3 Ak HLVE M i
IR [ B Sy R RO R A PR R
0;-BAC T-ZME LA A L 2B
3.2 MEmkR

HIE B AS B 0,-BAC T. 254 RLBR Y B i
RBP4, A 'E 0/H,0,-BAC Fi ALK T 2%}
TR IR K (2 2-MIB 4 600 ng/L, GSM 7 100 ng/L)
BRI LB, K BRI 100% S &
FUG B O0,-BAC T2 X B IR ML 5 /K B B AF i &
Btk SR 1032 (X6} 2~ MIB 1 GSM [ 4 fR 25 B R K T
HIE T2 X4 g%k 2-MIB F1 GSM 1y 25 5
WA 0, AL EATT , BT B 0,-BAC T. 252K H 0/H,0, 5
AL PR T X 2-MIB Al GSM AL RICR . 7 4
WFFE , R K RN 05 2Bk 2-MIB BRI T e/
P& JE BN, 33X S PR A JEK R A R SR AT HL (NOM)

CIEYR &3 O3F£§5 COH,
*F4 WIE HEMNMFEO0,-BAC TEXT IR B AL
MR

Tab.4 Removal effect of taste and odor compounds

by pre-, mid-, and post-positioned O,—~BAC processes
JEORHRBES | ) KA BE | £BR

R E S| EEELY

(ng/L) (ng/L) RI%
%4 LK)~ [2-MIB|  600.0 <5.0 >99
s FIEOKAEKS GSM | 100.0 <3.8 >99
Hij
%5k 8] 2-MIB|  160.3 <22 >99
HOKPEK™ | gsm | 323 <3.8 >88
WHIF K %5 [2-MIB| 24.0£10.3 | 3.242.0 87
rl‘lﬁ Y [30]
1K GSM |33.5¢12.2| 3.1+3.0 91
7 10.0~30.0| 23~33 |[77~89
= Ixﬂllﬁﬂg PRy
J# 30.0~100.0| 2.4~3.0 92~97
3.3 &&

HIE  HE S S 0,-BAC T. A X &AM LBk
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HOR WS, HFHTE 0,-BAC T 2@ £ 0, )¢
L 1 i SRR A TR 1 BAC T Ak PR AN 1 v 2 i
A7 T PR AW A, 7 G R T o AR AR KK
(<0.02 mg/L)"™, HAR T v & M5 & T 20
MBS EF, R 0,-BAC T X Z A Bt fr T
Ve it SECIRAS TR BAC DU 1) 79 T 2B W i, (HL R 3
BB R R LR RN, e, X AT g
Y BACTERY  rp i — [ 10) 33 BAC JEM A K R AR
DA K o S5 AR ety S 1 60 TS M A 5, 53 AN it 7
PR BE R RSN OB IR, Ok Ak
FERALDIRE . 5 E O,-BAC T4 O, 8 InEmbug >
J& , SHTE A E 0,-BAC T ZoAH L, 20 U8 b 175 i 40
AP A, % 2 K B R — 2 e . AR, i
k2 o, 58k Im , B AW A BT g, S 1)
=T i BAC I8 O E K A AT . AR TS
TEJE B 0,-BAC T 20 2 R 2% Broad B b i v %
AR IERR AT, R T T )5 8~ N 19 i BAC &
M — UK VA A IR S T AR R, B DL K AR
YL AR X i g o
x5 BB . HEMFEOBACIEZEXNRAMERMRE
Tab.5 Removal effect of ammonia nitrogen by

pre-, mid-, and post-positioned O,~BAC processes

WIREEAS by R BB A 2R A A, L Ah o3 s ) 32 i
ZUNF ZL5E, 3 W IR] s Ak R T2, R B 2 B
HOR LS (W2 6) , L T 7K B n] [ 2 0. 08
NTU LAF™ . # 0,-BAC T 2083 J5 Ze 0 ik vt £
B T KR (H R — B )i BAC B K R
A 7 B9 A R B A e, AT I R B R B
EAT 2 X W EB AT A — S, R A BUR T K
it AH S &5 (0. 10~0. 25 NTU)> | J5 & 0,-
BAC T2 T 5 B~ 1 a3 BAC & it [R) i A 4% A )
Wit e AL DR AVE L J5 - )AL BAC Bt A R KA
L A7 A 0 Gl A 0 A RS X S K e 52 o 5K
TEJFKA HL) FI8 2 U BE AR I, 5 ML T 24k B A%
AR ORI K BRI, 5 B B )R BAC B
K Ik AR (0. 11 NTU) 2 s (HAE UK AT HLY
VA B A g R BT 2 A BRI L JS R )
Ui BAC JE U AT ML G fer T i3 5 5 A ) B o
A B K R T R R Y S IR,
WEAE 5 B~ 1 [ 3 BAC I8 5 3 B8 40 422 R DL A
RAYIR A W), B 2 1 0 0 S i e P AR ok
i HH K URE 3K 1 0. 10 NTU™, [ T K A4
ARl
£6 BIE HEMEEO0,-BAC TEM N ERHYE
Tab.6 Removal effect of turbidity by pre-, mid-,
and post-positioned O,-BAC processes

SR T K | KRR
NTU | EE/NTU | /%
HIE IARFAK I HK K™ 8.92 <0.08 [>99.00
BRI HK ) 51 K PE K 210.97~8.76|0.10~0.25| 94.81
GRINHEIK T ARV 14.00 0.14 | 99.00
A AT Yl ]
Ja IR 7K

KT KR EAKY | 35.50 0.10 | 99.70

T &R E B

i

11.53 0.11 99.00

FUKERY | KRR | 2B
T ¥ R
B &S (mg/L) (mg/L) o
HASORT S o1 <0.02 >85
T [10] . .
dim [SUKEK
CrRa TPk FHIX
E‘j‘zﬁjﬂ(gﬁﬂ([]g] 017 <002 >88
R O %: N
g 'ijf[ﬂ;;;ﬁ 0.25~1.50 0.40 60
GER T OF BHIX
sk | O 0.11 35
5 R » -
T 3tk 25~1. )
3.4

T BEAE A RO K A W 2 4 1) i ) R AR
febr, HRBRRCR S5 HCE Y (NG AL sh i 40 v ) it
T AUBS: 25 DA G o AH SCRIF IR RS2, ek 5 5 7K Hp i 7
S CanAe s 28 O A H R AR BB B IR A
XK, KR ERRE EEHIAE 0. 1 NTU LA R I, 7 8
Py 5% B 2 F 20 BT R R A A AR K R bR iR
HI'& 0,~BAC T. 255 1 0./H,0, 25 4% A/ s Ay
ML B B f P, 4GS S BAC T AL IR H K v i 95 0 2

4 BATHEAE

ANFE B O0,-BAC T A #8817 REFE Ty i B AT
WEES, ELhrs T, =M 0,-BAC .4
(1) O, BN 25 48/, O, il & REFESE A . Bk O,
il & REFESL , B E 0,-BAC T. 25 19 BAC i fL IR
B1.5~2.0 m R0 AR A 282 DL 455 30%~50% 1)
RIEME K Z, 8 0,-BAC T 572 0,42 filith 5
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