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Abstract: This study examined a combined potassium permanganate (KMnO,) and polyaluminium chloride (PAC) process for
treating karst waters, with experiments simulating the seasonal variations in manganese concentration. Using algal organic matter
(AOM) from Chlorella sp. and Pseudoanabaena sp., the mechanisms for Mn(Il) removal, AOM transformation, and DBPs control
were investigated. The results indicated that KMnO, oxidized Mn(II) to MnO,, while PAC promoted the co-precipitation of MnO,
with AOM through adsorption and bridging. TEM analysis confirmed that MnO, was encapsulated by PAC flocs and associated with
AOM. FTIR and ICP-MS analyses demonstrated enhanced Mn(II) adsorption via coordination with algal surface functional groups.
The combined process reduced the formation of carbonaceous DBPs (C-DBPs) and nitrogenous DBPs (N-DBPs) by 16% and 18.5%,
respectively. Notably, trichloromethane (TCM) formation was reduced by 51%, underscoring the process's effectiveness against
C-DBPs. Compared to KMnQ, alone, the combined process reduced N-DBPs formation by only 0.6% in the Chlorella sp. system but
by 27% in the Pseudoanabaena sp. system. This disparity suggests that DBP formation pathways are differentially regulated by
AOM components, which vary with algal species.

Key words: Mn(Il); algal organic matter; disinfection by-products; KMnO,-PAC; hydrological seasons
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Characteristics of UV parameter changes affected by Mn(II) in pre—oxidation and pre-oxidation-coagulation combination
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MnO, ({4 AR T 5 25 s POl I, 5 TEM
W )/ NEREAA 22 MinO, #f PAC S W IS —
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A KMnO40.3-PAC2.5 [I444F, 4 KMnO, ¥ i1

20080 m

20[0) [

2 0.5mg/L I EEARR MnO, FEIEE 1.15mg it
L% 5k B KMnO, 5A4% Mn(ID LGRS
F PAC B3R 3 FALHE MnO, 76340 fy_L3ipe,

200inm

»
L g
.

K5 PRREFTA RAEAT KM-PAC N TEM &
Fig.5 TEM images of two algal species systems under different KM—-PAC conditions
KM & KMnO,4

F1 BWHEMELRE KM-PAC TH MnO, 88
Table 1 MnO, content of two algal species systems under
different KM-PAC conditions

B MnO,(mg) KMnO,~PAC
INEREE 1.15 KMn0,0.3-PAC2.5
Lyt JiE 5 0.46 KMn0,0.3-PAC2.5
INEREE 0.59 KMn0,0.5-PAC2.5
Ly JlE 5 1.15 KMn0,0.5-PAC2.5
VE: 0.3: KMnOGA& S 40.3mg/L;0.5: KMnO4 i 50.5mg/L; 2.5:PAC
WRJEH2.5mg/L.

2.6 DBPs FP 47

WK 6 FrR,fE C-DBPs 427 11, B T &
I KMnO, ff =S F L (TCM)« 1,1- & N b
(1,L1-DCP)AI 1,1,1- =S A KE(1,1,1-TCP) it A= i i
BTG 16%. 3L TCM [\ B R A 51%, 8/~ 7E
KMnO,~PAC H 5 A 24l il C-DBPs A= i 1X I
T PAC WP RIME R PAC JEIEWL I 2:B% AOM;[H

I} PAC 3 3 H ML E AOM A Min(ID) (1) 1 58 e [,
WD S AR BT C-DBPs i R4 R TCM
BRI A A SRS A R R R Ry 108
B ) AE B AT S 38 3 S U, B8 T KMnO,~
PAC It JE TCM 2R8I K A4 b i B,
I 1,1-DCP A1 1,1,1-TCP (¥ i A48 1 AR, PAC i
FLWR B £ 0 5055, D T IX 2% C-DBPs [ £
Eﬁ ISE [30,47] .

7E N-DBPs ZE 57 1H1, 11 3C 70 A7 v 2% B .40 A
L3 77 IR AW R4 KMnO, F Ak 75 5 1E
N-DBPs Fii 44,7555 @A N A2 1l %1 45 (HANSs)
= 40 £ Wk e (TCAcAm)™' 2% A % o b % 0
KMnO,N-DBPs i 2E i 7R G BRI 18.5%; Bk
T 248 /NEREEAA 2R N-DBPs it & 54U A 0.6%.
ICP-MS 4 B 7s /N KA R MnO, & &K
(1.15mg)(FE 1), KHHE AT RERIBCAL T Mn(I)7ES
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A I B T R 7 A A S A E S N-
DBPs Fi A% 5 % i, F 5 N-DBPs [l 7 BRI,
Mith R A R N-DBPs “E i &8RRG 27%, 5
I AOM 4 Bl A7 O 2 1 (25.6%) 1 /> T N-DBPs
B A ACE, 70 J BE T (74.4%) 242 KMInO Ak J 1 1
BEARE L [ I PAC 3t W PR R MR 4 P A S T F
— B> 55 A R N N-DBPs R &9 &

TcM [ 1,1-pCP B 1,1,1-TCP

=.[50-51
RS

WA KA H T 2GR 2), KMnO4~PAC Bk
H T 2% DBPs 1) 2:Br4(16%~18.5%) T At it
AT R 3%~13.7%: R 5:6%~11%). F E G 5 T
KMnO,-PAC P}E{EH, KMnO, %838 DBPs §i
1A 45 74, PAC T8 3 W B ZEA47 1 AR 3 AOM-Mn(1I)
SEUTVE 2> DBPs Az 0,

[ tem 1,1-pCP B 1,1,1-TCP
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Fig.6 Trend chart of changes in DBPs FP of two algal species system under different KM—PAC conditions
KM 8% KMnO,4

R2 AREILZXREMESZEIFYMHERYRIAMLE S

Table 2 The removal efficiency and advantages and disadvantages of different process types on disinfection by—products

TEHRM DBPs 2 Fk % (%) g% PR BN
AT 3~13.7 FRANE, N F {745 5 25 i DBPs, JXUR: 11 [52]
R 6~11 AR WA i, 5 42 i DBPs [53]
KMnO, %4k 8~21 44K Mn(11) 4 MnOx;MnO, 5431, DBPs 22 B 52 B [54]
KMnO,~PAC B 16~18.5 Py [F] 558 25 Bk AOM, Mn(IDA1 DBPs; L 24 A0 5% KBS

(175 75 45 4 ,PAC 10 1L B 2R 3 Min(11) 5 AOM
FEVTUE, W R SEE Mn(11) 5 AOM (1) 22 4 3 PG
DBPs 4= 1% 53 B KMnO, 55 PAC 76 FEAK 11

3 it

3.1 KMnO, ¥ Mn (IDFALA MnO, JFilA AOM
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3.2 /hEKEEAR RN Z PR E A E A FESE Mn(D)
TC A7 W B D6 T 2548 SUVALge TH T 26%, S T /N
BRUER R E & 5 1 RFE . O A IR SR A 2R 0 3 LT
(74.4%) J AR HOR IR I A, 105 PAC MHAEI1E
e Mn(IDPURR T 2244 P9 3.

3.3 M T2 C-DBPs fl N-DBPs &%) )
A 16%A1 18.5%, 3575 KMnO,~PAC X T 2%
¥ DBPs;/NEREAA R N-DBPs {XFF{E 0.6%, Kk
HJEA 0 N-DBPs  Hi /413 3 i B B4 £ I e
& 2 R B T S (74.4%) AR A IR (25.6%) 18
N-DBPs 2E il 5 P 27%.
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