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Objectives : The objectives of this study were to evaluate the characteristics of microcystins (MCs) release form
Microcystis sp. in surface water during pre-oxidation process using chlorine and ozone and it’s removal by advanced
water treatment process as post process when raw water containing high Microcystis sp. is introduced into the water
treatment plant.

Methods : Raw water which had contained over 400,000 cells/'mL of Microcystis sp. were used to evaluate the
characteristics of MCs released from Microcyctis sp. and chlorination (Cl,) and ozonation (O;) were used as
pre-oxidation process and Oz, Os/H,0,, UV/H,0, and biological activated carbon (BAC) were used as post oxidation
process.

Results and Discussion : As the concentration of chlorine increased, the concentration of released MCs in the water
increased, but decreased when higher than 5 mg/L of chlorine dosage. Released MCs were consisted of almost
MC-RR (57~86%) and MC-LR (11~29%). In the ozone treatment after prechlorination process, the MCs
concentration was increased by several fold to dozen fold to compare before ozonation. However, when chlorine
dosage was over 3 mg/L, MCs were rapidly removed as the ozone concentration increased. The MCs concentration
of flocculation/sedimentation treated sample after the pre-oxidation was increased more than two times before
treatment, the MCs was continuously released during the coagulation/sedimentation process from the damaged
Microcystis sp. due to the prior oxidation process. In the post-oxidation process, O; and Os;/H,O, processes were
more effective for removing MCs than the UV/H,O, process, and O; and O3/H,O, processes removed 100% of the
MCs when O; was added above 1 mg/L. 100% and 93% were removed respectively at 15 minutes of EBCT (empty
bed contact time) in the BAC process, when the MCs concentrations of influent were 0.8 pg/L and 2.8 pg/L. The
biodegradability of MC-LR was lower than that of MC-RR. It was necessary to increase the EBCT of the BAC
process when the concentrations of MCs or the ratio of MC-LR were high.

Conclusions : Although, pre-oxidation treatment to the raw water containing high concentration of Microcystis
release higher MCs concentration in the oxidized water, that can be removed by post Os;, Os/H,O,, UV/H,0, and
BAC processes. The removal rate of MCs by Os process was higher than that of UV-AOP process, and 93 ~99%
of MCs removed with 15 min of EBCT in BAC process. In the drinking water treatment plant where the
pre-oxidation process is applied to improve the efficiency of the flocculation/sedimentation process during the
blooming season of Microcystis sp., Os/BAC process after the flocculation/sedimentation process is recommendable
to MCs remove.

Key Words : Microcystis sp., Microcystin, Pre-Oxidation, Release, Advanced Oxidation Process (AOP), Biological
Activated Carbon (BAC).
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Table 1. Analysis conditions of LC equipped with online SPE.

Time A% B% mL/min Time A% B% mL/min
0.000 98.0 2.0 1.000 0.000 98.0 2.0 0.250
1.000 98.0 2.0 1.000 1.010 98.0 2.0 0.250
1.010 98.0 2.0 0.100 3.000 2.0 98.0 0.250
7.000 98.0 2.0 0.100 6.000 2.0 98.0 0.250
7.100 98.0 2.0 1.000 6.100 98.0 2.0 0.250
9.000 98.0 2.0 1.000 9.000 98.0 2.0 0.250
Mobile phase A 0.1% fo'rmic‘ac'id in wat(.er' Mobile phase A10.1% fo'rmic'ac'id in watér'
B: 0.1% formic acid in acetonitrile B: 0.1% formic acid in acetonitrile
Injection volume (mL) 1,000
Transfer time (sec) 60 Elution time (sec) 480
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2.5. Microcystin (MC) 244

$2Z0] ZESH= MC 5 EE24 0 online SPE7} A-2tgl
UPLC-Orbitrap MS (Thermo, Exactive Plus, USA)E A3}
o] & 7%9 MC (MC-LR, -RR, -YR, -LA, -LY, -LF ¥ -
LW)& A4 gakstoch. 44 Aeel A 759 MC
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Table 2. Operating parameters of Orbitrap MS.

Scan range 120.0-1200.0
Resolution 70,000
Polarity positive
Run time 9 min
MC-LR 995.5601
MC-RR 519.7899
MC-YR 1045.5344
Measured m/z MC-LA 910.4901
MC-LY 1002.5158
MC-LF 986.5189
MC-LW 1025.5302
HESI source Electrospray
Spray voltage 3.50 kV
Capillary temp. 320C
S-lens RF level 50.0
Heater temp 100°C
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Fig. 1. Changes in the microcystin and DOC concentrations

with chlorine dosage.
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(a) Cl,: 0 mg/L
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Fig. 2. Impact of pre-chlorination on Microcystis cluster

under the microscope (x200).
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Fig. 3. Released microcystin concentrations with different chlorine and ozone dosage.
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Fig. 4. Changes of MC concentrations before and after
coagulation/sedimentation for the pre-oxidized water.
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