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ABSTRACT

Microcystin, stable compounds with circular heptapeptides, is presented inside cyanobacterial cell. So far, over 30
types have been known to exist and microcystin-LR, RR among them are the most potent toxin compound. By this rea-
son, a strong oxidant, ozone was used in this study to remove the microcystins produced by cyanobacteria. Removal
efficiency of microcystin at M water treatment plant was also evaluated. Microcystin concentration was determined by
protein phosphatase inhibition assay. The results showed that dissolved microcystin in raw water detected in the range
of 0.011~0.028 ug Microcystin-RR equivalent//. Above 98% of microcystin was removed through overall treatment sys-
tem. Therefore, the water treatability of M treatment plant seemed to be excellent. Removal efficiency of microcystin
according to unit process varied as characteristics of raw water such as DOC, UV, and turbidity. Removal efficiency
of microcystin by ozonation was investigated in laboratory according to contact time and ozone dose. Dissolved micro-
cystin was increased by twice fold according to ozone contact time, but increased by fifth fold according to ozone dose.
So, changing of ozone dose more affected microcystin release than changing of ozone contact time. Behavior of micro-
cystin by ozonation was similar to that of DOC, and residual ozone concentration gave influence to removal ratio of
microcystin. In conclusion, single ozone treatment wasn't effective on microcystin removal in case of water containing
a lot of cells. Therefore, it's more effective to use ozonation process after the removal of cyanobacterial cells in advance.
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A : Blower B : Silicagel
D : Contact Chamber E : Sampling Point
Fig. 1. Experimental apparatus of ozone oxidation.

Table 1. Operating condition of ozone treatment apparatus

EUA TOG-2

= g} -4 A EHA ), AH5HLE)
2 A=EZ 51

TN 13.51 of air/min

Z271W LEFE 05~5.8 mgOy/! of air
HEAZH 2.5-20%

AR SR 21

Table 2. Analytical methods used in this study

Items Analytical Methods
pH pH/ION Meter(DMS model DP-880M)
Alkalinity Titration Method
Turbidity Nephelometic Method(LaMotte Chemical

Model 2008 turbidimeter)

Chliorophyll-a Trichromatic Method

NH,* Phenate Method

DOC TOC Analyzer(Shimadzu model TOC
5000)

UV, UV-VIS Spectrophotometer(Kontron

model Uvicon 930)
SS Standard Method
Ozone Production Ozone Analyzer(BTM 963)
Residual Ozone Indigo Colorimetric Method
Dissolved Protein Phosphatase Inhibition Bioassay
Microcystin

——

C : Ozone generator(C-1 : Ozone Outlet, C-2 : Ozone Inlet, C-3 : Variable Control)
F : Destructor

G : Exhaust

A3 AL t=e HA, assay HA ] 3TGARZ 74
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1. ¥5HO0IM2| microcystin®] MHE g LIt

1.1 99 £HEA

AukrdgrigEel it Ao FARMAAE A
E AFY 92 Table 39 JehiAT) Y59 &
23~28°C, pH= 7.24~9.59, €ZE %= 19.8~24.3 mg/l,
2% 124~323NTU, 4=vobd A 82.8~128 ug/l,
£ZE71EAQ1 DOCE 5.26~9.05 mg/l, Y8 A
47182 (Natural Organic Matter, NOM)¢] 2] ¥ 2]
UV, 0.107~0.579 cm™'ol o, F2A| Eo] A &
£ Jehle 223 45 830~289pg/lel HAE B
Atk G257 4o] &ol pH= v¥IwE =4 JElhk
3, R A4 e Weken, dxfe) 4l
o2 <3 gxel DOCE AR =& S Edvh
DOCe 25 &AME=Z 2 9 570mgyl, 526 mg/l,
9.05mg/l, 5.52mgiE FAHA=Y pHF MY w2
99 18Ul 9.05 mg/lE 7Y & UE Bk UV,
= GREEE 0579, 0.113, 0495, 0.107 cm™'E ERY

= 8¢ 26987 99 18¥¢ol 242 0579cm”,
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Table 3. Characteristics of raw water

Sampling Dates

Parameters

Aug. 26 Sep. 11 Sep. 18 Sep. 25
Temperature(°C) 28.0 28.0 24.0 23.0
pH 9.22 7.79 959 7.24
Alkalinity(mg// as CaCO;) 23.0 19.8 24.3 22.8
Turbidity(NTU) 2720 3234 2317 1240
NH4 (ug/l) 1277 828 1058 1148
Chl.-a(ug/l) 2470 830 1492 28.90
DOC(mg/l) 570 526 905 552
UV,si(em™) 0.579 0.113 0495 0.107
UV,/DOC 0.102 0.022 0.055 0.019

0495 cm™'Z A3 =2 ke Bt o= 7H$dl 9
3 ggare] Falde] IR fFYHA] o=
A AX T UV,/DOCFES BE Y5502 0102,
0.022, 0.055, 0.0192 8 26Uo] 7P H& L B
o DOCY 24040 ]‘:'1194 sl»al:o] 713 =82 o 2=
ATk HHHo 99 1892 HARTIEE Qo 277
Q) FUIEAS] R Fo} ZF AR o MX
W f71E4e 5 f50] sl o] <l DOC
FEvl 22 oz F4HE gL A7ie] AFs 949
25d9= DOC Fx7t 8¥ 263} Mgt UV
ol wiAl veht oddlle 2R/7IQI fr1EHe] £
R84 FF/E o|FE Aog HuHT: wlghi A
B AFHY we 4 $ER71EE Y Y A4
Aol Aelrt e AR FriEEd], & 8Y 269&
DOCE AFR7|E20] ¥, 259 pHr} 71 Sof
gxAEe] BAdo] F3lo] AHatd 99 2592 Z£Fol
A Ak f71EAe Fhge] w9 2o zlog 24
Ao}

12. A5Aeag
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mg/[E AR ET olw A dFow riw
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AALN 2R8EY ol 5 271 DA APt
E0ER] gty wiRolt) ¥hEE 96%004 97%E &
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Fig. 2. Overall performance of water treatment plant based on
several pollutants in filtered water.
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Table 4. Experimental results on several items of water quality in each process at a water treatment plant (Sept. 11, 18)

e Unit  Temp DO Alkalinity Turbidity NHy  DOC UV  Chla
Process °C) (mg/) (mg/D) (NTU) e/l (mg/l) (em™) (ug/h

RW' 28 6.7 779 1975 3234 828 526 0113 8.30

Pre-O? - - 7.01 19.25 6.76 606 494 0088 0.46

Sep- 11 (g3 - - 6.65 1175 116 1101 359 0079 -
P - - 680 1175 1.22 703 333 0085 0.16

RW 2 6.25 9.59 243 2317 1058 905 0495 1492

Pre-O - - 7.33 1725 950 1007 599 0455 269

Sep. 18 (g - - 6.78 1178 119 1040 363 0393 0.39
F - - 680 1335 0.54 916 321 0312 048

1 : Raw water, 2 : Pre-ozonation, 3 : Coagulation/Sedimentation, 4 : Filtration.

Table 5. Experimental results on several items of water quality in each process at a water treatment plant (Aug. 26 and Sept. 25)

Date Unit Temp pH Alkalinity — Turbidity NH,* DOC UVys, Chl.a
Process (°C) (mg/l) (NTU) (ug/h (mg/l) (cm™) (ug/l)
RW!' 28 9.22 230 272 128 5.70 0.579 24.7
Pre-C° - 6.41 13.0 3.6 77 2.50 0.360 42
Aug. 26 Pre-O? - 6.60 12.5 3.5 74 1.70 0.298 32
C/s? - 6.11 8.5 1.5 71 0.40 0.269 29
F - 5.95 8.0 0.9 47 0.70 0.260 16
RW 23 7.24 22.8 12.4 115 5.52 0.107 28.9
Pre-C - 6.98 20.5 9.2 84 5.57 0.100 2.5
Sep. 25 Pre-O - 6.99 20.8 7.0 64 5.39 0.090 0.7
C/S - 6.87 14.8 1.5 66 3.58 0.079 0.2
F - 6.84 14.3 1.4 89 3.26 0.077 0
1 : Raw water, 2 : Pre-ozonation, 3 : Coagulation/Sedimentation, 4 : Filtration, 5 : Pre-chlorination.
228.0x 89 2640 AED o) 24.7 ug/iolA s
80 mos 112 @om 8 |

42 ugi= FAasle 83%2] AALS R, 99 259
ole 289 ug/iolA 2.5 g/l AEt] 91%9] AL
< Ho 8¢Y 269 HTE T ol 8 26U
NOM =7} %o} olofl Uist d4 a7%o] il 9¢
250l H4 FRAFe) BW7] oz AzkE. Ao
EhE 2RSS 99 1143 99 18U FAgw HeE
A0 o3 FERH-q9 AAE] A2 94.2%%
%I Q=0 ARFII} o}F 43RS A 2= 9l9)
o} Aoz Agat Ao o) FE22H 9
AAEo] 80%E FEskr U = F40) gxHe
AA ol EFHUE &+ UTh(Fig. 3 &4 FX).
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Fig. 3. Variation of turbidity and chl.-a according to unit

processes (Sept. 11, 18).
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o
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Fig. 4. Variation of turbidity and chl.-a according to unit
processes (Aug. 26 and Sept. 25).
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w2 Zlog FAE U ge dhe Bl B
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oM 6982 oFF 2oUTh
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AA FH & Folg HAEd Al 719E &
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1.4. Microcystin®] 7] 24

2 A7olA= microcystin FEE 4817 YsiA
microcystin-RRE ©|-88] HEHZFAE Fsiied 2
A= Fig. 59 7t} Protein phosphatase inhibition

assay°] 9J8] £& microcystin FEE 43 A3,

Microcystin-RR Standard Curve
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CPM
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Fig. 5. The inhibition of protein phosphatase by microcystin-RR.,
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Table 6. Behavior of dissolved microcystin at M-water
treatment plant

Concentration of Dissolved Microcystin
(ng m-RR eq./l)

Aug. 26 Sept. 11 Sept. 18 Sept. 25

Unit process

Raw water 0.014 0.01 0.025 0.028

Pre-chlorination 0.03 - - >0.031

Pre-ozonation 0.007 0.06 0.06 0.011

Coagulation/ ND 0025 002  0.005
Sedimentation

Filtration ND 0.02 0.01 0.011

Post-chlorination ND ND ND ND

microcystin®] FESA7F 125 pg20 WE ©)1E 0.006
wimel] FEE, o] ZEE AE 2/ 1 miE FE3l
22938 Axol=Z 0.003 ug microcystin-RR equivalent
/el S}, B Ao o) ZEE protein phos-
phatase inhibition assay el o8| ¥4 73t &
£ microcystin %2 ZAEIAE 43I} Protein
phosphatase inhibition assay®] 73& 3HA|E Lambert
et al®& 0.1pg/l microcystin-LR=Z, Harada®+ 1pg
FEoF B3l vh 3t} Microcystin- Al EW S4
2, Microcystis7t 283 £ =2 AXEZRE fE5H0]
Tooll £EEE S4FE AR vEd ZoE UF
A Aok webs, £ microcystin F5EE HPLC 1t
Hog FAse Z1e 03 pg/l oY Aewt 7RssA|
T 2 ol 9= Eot I7=e] 2REAL SH
Ho| Igkg|ofo} sl=dl, X9 protein phosphatase
inhibition assay= £ #AWle] 2 £ Qv et
"o}

1.5. 8& Microcystin®] FF22]54E AALE

A o938 2Elee] 5 microcystin 24
A#e Table 63 Zrh A4 FYF W £5
microcystin F =7} AlEAH EREZ 0014 pg/l,
0.01 ug/l, 0.025 pg/l, 0.028 ug/i=Z 2zt Ve 9)=9]
A A} viws] & o o} F W2 kg HYr) o
T B AT oy Aol vehd gx2FoE 5490] v
£ ve Rog AHA U= Microcystis ichthyoblable
2 $HAL 61%)H W] WEes AAY. 9
4 1193 18de] AL HMeEAs FA o)
microcystin FE=7F 25 0.06 pg/l2 P50l v zkz}
edlel 249 FrlsiRET olAe AEE AFAI] &
Eoll gl F2A 27 FA =3 A E H microcystin®]
THZE 2SS rithFg. 6 Ax). ©] A
B9 FWR H X0 71t vl e &) X
of &8 Y3lA @erhe drAdele ARkER o

l B oo t1 D 09w 18% J

=) o
o o
& >

D.M (uglt)
o o

3
N PR
RW Pre-0 C/s F Post-C
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3 o ey R
RW Pre—C Pre-0 C/8 F Post-C

Fig. 6. Variation of dissolved microcystin according to unit
processes.
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X
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Table 8. Varations in several items on water quality according to contact time at ozone production, 13.5 mg/min.

ltems " Temp Turbidity UVagy Chl-a DOC D.M' OR’
(min) P (°C) (NTU) (cm™) (ug/l) (mg/l) (ng/h (mg/h)
0 7.74 27 33.6 0.3010 138.88 11.89 0.44 0
25 772 27 28.2 0.2197 121.04 12.15 1.71 0.217
5 7.76 26 237 0.1278 72.61 11.56 0.82 0.589
10 7.73 26 223 0.0798 67.39 11.76 0.65 0.650
15 775 26 204 0.0590 65.55 12.72 1.03 0.640
| : Dissolved Microcystin, 2 : Ozone Residual.
Table 9. Variations in several items on water quality according to ozone production at contact time, 5 min.
ltems i Temp Turbidity UVas Chi-a DOC DM OR
O.P.(mg/min P C) (NTU)  (em)) Wwgh  mgh) b (mel)
0 7.74 27 33.60 0.3010 138.88 11.89 0.44 0
6.75 7.92 27 30.96 0.0861 132.00 8.50 0.35 0.180
20.25 7.86 27 20.58 0.0759 117.30 8.02 0.16 0.507
27.00 7.88 27 18.69 0.0685 98.88 9.32 1.59 0.645
33.75 7.89 26.5 18.42 0.0665 79.23 9.56 2.29 0.789

1 : Dissolved Microcystin, 2 : Ozone Residual.
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