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Abstract : Algae blooms have soared recently in the lakes across the nation due to eutrophication. Blue-green algae cause un-
pleasant scene, produce taste and odor problem, and hinder processes in drinking water treatment. Algae toxicity monitoring has
been strengthened, because the damages of wild lives and livestocks by algal toxins have been reported. Investigation on the cha-
racteristics of cyanobacterial occurrence and concentration distribution of Cyanotoxins in Hoeya reservoir have been conducted.
Physical and chemical influences of water environment on cyanobacterial occurrences have also been studied. Movements of four
species of Microcystin and five species of Anatoxin-a among Cyanotoxins were observed by LC-MS/MS analysis. Microcystis spp.
among the cyanobacteria have mainly dominated in the Hoeya reservoir during the investigating period. The density of cyano-
bacteria were positively correlated with temperature and pH of water. Highest concentrations of Microcystin-LR and Microcystin-
RR were 0.424 pg/L and 0.117 pg/L at the sampling points. Total concentration of Cyanotoxins in water coming into the water
treatment plant was 0.182 pg/L, and they were not detected in treated water.
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Fig. 1. Sampling Sites of Hoeya reservoir,
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Table 1. Chemical formular and molecular weight of target

compounds
Microcystin-LA 96108-79-9 CagHe7N7O12 910.06
Microcystin-LR 101043-37-2 CagH7sN10012 995 17
Microcystin-RR 111755-37-4 CagH7sN13012 1038.20
Microcystin-YR 101064-48-6 CsoH72N10013 104519
Anatoxin-a 64285-06-9 CioH1sNO 165,23
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Table 2. Summary of LC-MS/MS analytical conditions

Desori- HPLC condition Description MS/Ms analytical
ption condition
INSUU=\aters ACQUITY UPLC  Instrument Y aters Quattro
ment Premier XE
Column Waters BEH C18 Source 120°C
temp,
Mobile A: Acetonitrile/0.1% Desolvation o
) ) 350C
phase Formic acid temp
B: Water/0.1% Con gas
Formic acid rate 50 L/hr
Gradient 05minA:B=70:30 Desolvation 800 L/hr
program gas rate
255minA:B=70:30
6.00minA:B=65:35
650minA:B=15:80
800minA:B=70:30
Run time 8.00 min
Flow rate 0.4 uL

Table 3. MBRM parameters for analytical Cyanotoxins

Compound RT  Parent Daughter Dwell Cone Collision
name (min)  (Mm/2) (m/z)  time (sec) voltage voltage
131,007 0.2 25 16
Anatoxin-a 080 166,043
148,983 0.2 25 14
i in- 126,979 0.2 42 42
Microcystin: 038 519918 - :
RR 134987 02 42 28
i in- 135,000 0.1 18 14
Microcystin 352 523420 . .
YR 507470 0.1 18 10
i in- 127,000 01 78 86
Microcystin 372 995585 . .
LR 135,048 0.1 78 60
i in- 135,048 0.2 40 60
Microcystin: 455 910659
LA 776575 02 40 18
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Table 4. Calibration of Cyanotoxins Table 6. Monthly amounts of influx from Nakdong river in the

Compounds  Conc range (ug/L) y=aX+b P last 4 years (m’)

Anatoxin-a 0.1~100 y=10264x-07919 09983 Month 2009 2010 2011 2012
Microcystin-RR 0.1~100 y=10122x-03417 09998 Jan 3,706,046 7,346,170 5,709,505 0
Microcystin-YR 0.1~100 y=0984x + 04697 09992 Feb 1,568,436 3,572,079 4,052,568 1,069,810
Microcystin-LR 0.1~100 y=1.0071x - 08753 09994 Mar 4,861,142 0 876,782 880,970
Microcystin-LA 0.1~100 y=10168x-04916 09997 Apr 4,551,383 0 4,664,900 0

May 3,460,962 0 0 0
2.3.5. 2IMAMo| HE Jun 315,718 0 0 0
ERES EEEY 5T o8] EREEEY 672 2y M 0 0 0 0
B mETAS 24T AT, w89 dFAlo] Table 49} Aug 0 0 0 0
Zo] ®E ©=0.998 o] mch Sep 0 0 0 0
Oct 2,710,351 0 0
Nov 4,018,930 1,596,100 0
Dec 7723434 6,955,624 0
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Table 5. Monthly dominant algae in surface at site 1

Month 2009 2010 2011 2012
Jan  Stephanodiscus Stephanodiscus — Aulacoseira  Aulacoseira
Feb  Stephanodiscus Stephanodiscus Stephanodiscus  Cyclotella
Mar  Stephanodiscus Stephanodiscus  Stephanodiscus  Cyclotella
Apr  Stephanodiscus  Stephanodiscus Synedra Cyclotella
May Phormidium — Chlamydomonas Chlamydomonas Endorina
Jun Anabaena QOocystis Cyclotella Cyclotella
Jul Microcystis ~ Chlamydomonas — Aulacoseira — Hormidium
Aug Microcystis Microcystis Anabaena  Microcystis
Sep Anabaena Microcystis Anabaena  Microcystis
Oct Microcystis Microcystis Aulacoseira -
Nov  Aphanizomenon  Aulacoseira Aulacoseira -
Dec  Stephanodiscus Stephanodiscus — Aulacoseira -

Table 7. Water quality of Nakdong River introduced into Hoeya
reservoir in the last 4 years

W coo ss TN TP Cha

yeanstatistic (mo/)  (mg/) (mg/L) (mg/L) (mg/m’)
Average 6.4 101 3.165 0.132 411

2009 Max, 95 176 4932 0178 147 4
Min, 49 10 1616 0.102 24

Average 75 199 3.659 0.113 116.8

2010 Max 98 282 4368 0.151 2225
Min, 41 16.0 2913 0.074 48

Average 57 147 3.776 0.067 238

2011 Max 6.2 19.6 5708 0.080 489
Min, 50 74 2727 0.044 47

Average 73 19.0 3.405 0.139 223

2012 Max 92 26.0 4201 0216 49 4
Min, 54 9.0 2674 0.092 25
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Table 8. Average values of environmental parameters at the surface of Heoya reservoir at site 1 (2009.01-2012.09)

, 947

Date croit:rc])?iglgae Sté;:riwr;%;ggr?ad P ™ Teﬂmp Chl_Ag pH u?gggs N/P Ave. Cﬂ)f p’\r/leocri]gillay— Day-light
(cells/mL) (cells/mL) (mg/)  (mg/) (C) (mg/m’) om temp. (C)) tion (mm) hours (hr)
09-Jan 24680 0 0.054 2511 38 835 9.0 496 465 15 147 2046
09-Feb 22730 0 0.041 2,706 57 752 94 537 66.0 6.7 486 1422
09-Mar 10047 0 0.060 2872 10.2 461 92 564 479 88 350 1952
09-Apr 4731 0 0.064 2926 172 412 89 563 457 139 629 2504
09-Mar 4727 2820 0.041 2417 219 196 90 534 590 188 923 2552
09-Jun 6492 2295 0.030 2076 230 178 90 470 69.2 222 228 190.2
09-Jul 1737 318 0.039 1617 242 18.0 78 223 415 233 4507 915
09-Aug 6491 856 0.025 1.362 24 4 202 82 175 545 242 43,0 1472
09-Sep 2265 1320 0.022 1171 242 96 74 195 532 214 504 1514
09-Oct 402 102 0.028 1377 209 39 75 231 492 170 545 2458
09-Dec 667 152 0.033 1.562 144 75 75 311 473 9.6 36.3 156.8
09-Nov 3584 0 0.040 1.923 85 251 82 385 481 39 16.1 2104
10-Jan 33120 0 0.060 2.460 33 416 9.1 464 410 15 170 2257
10-Feb 18120 0 0.063 2795 3.9 432 90 488 44 4 44 108.0 142 6
10-Mar 6492 0 0.052 2832 8.0 225 79 404 545 70 989 1234
10-Apr 916 0 0.021 2238 115 55 79 348  106.6 10.8 1228 1723
10-May 605 0 0.025 2094 185 52 7.7 310 83.8 176 1373 2112
10-Jun 816 76 0.022 2044 224 46 78 241 929 222 401 214
10-Jul 731 125 0.015 1596 276 43 8.2 227 106.4 254 266.8 1593
10-Aug 3242 2914 0.031 2050 304 71 94 191 66.1 278 1145 1977
10-Sep 4839 2733 0.039 1301 264 175 83 174 334 227 1820 1723
10-Oct 1958 1538 0.031 1631 210 103 79 175 526 16.6 385 1797
10-Nov 1970 156 0.044 1388 140 10.8 74 203 315 9.0 155 2296
10-Dec 3560 0 0.048 1.869 7.7 326 78 276 389 33 30.2 2037
11-dan 4360 0 0.039 2228 21 13.9 8.1 340 571 -1.9 105 2377
11-Feb 7841 0 0.034 2.802 42 256 76 371 824 43 761 1527
11-Mar 6692 0 0.017 2.409 82 178 8.1 371 1417 6.7 18.5 2726
11-Apr 2595 0 0.023 2351 138 113 8.0 366 1022 126 83.6 2234
11-May 915 0 0.022 2,646 183 57 8.1 332 1203 172 1148 180.3
11-Jun 578 0 0.020 2147 229 39 78 298 107 4 220 2935 163.4
11-Jul 4256 290 0.028 1.848 261 18.8 8.6 160 66.0 252 2848 160.5
11-Aug 3923 2410 0.023 1.744 26.7 129 85 171 758 253 710 1272
11-Sep 756 400 0.022 1.101 253 142 78 193 50.0 218 96.5 172
11-Oct 404 148 0.019 1.257 212 52 77 204 66.2 218 710 196.4
11-Nov 365 0 0.031 1.334 16.0 83 76 226 430 158 939 1282
11-Dec 255 0 0.035 1.585 91 22 76 247 453 32 190 2106
12-Jan 391 0 0.025 1,544 41 15 79 258 618 16 742 1953
12-Feb 1539 0 0.027 1.604 45 20 8.0 274 59 4 15 120 1733
12-Mar 5013 0 0.043 1916 75 41 8.3 290 44 6 75 108.2 179
12-Apr 1995 0 0.035 1.670 13.9 19 8.0 276 477 141 1505 2331
12-May 2281 0 0.021 1.487 199 16 8.2 221 708 184 38.1 2254
12-Jun 538 0 0.028 1.603 214 15 8.2 223 573 312 76.4 1359
12-Jul 1964 0 0.024 1.756 241 18 78 226 73.2 261 2210 1755
12-Aug 8327 6856 0.063 1912 288 7.0 96 194 303 26.8 2204 1734
12-Sep 1795 890 0,048 1.259 270 6.1 85 168 26.2 211 392 6 186.6
cheterd Bepsix| | M35 125120134 128 ||
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Table 9. The correlation coefficients between each environmental
parameters in Hoeya reservoir (p<0.05)

1 2 3 4 5 6 7 8 9 10

11,000

2 07181 1000

3 -0.068 0.454 1.000

4 0483 -0.351-0487 1,000

5 -0.121 0596 0.582 -0.440 1,000

6 0489 0553 0486 0030 0547 1,000

7 -0.163 0510 0,834 -0.576 0.693 0.477 1,000

8 -0.178 -0.658 0.301 0.038 -0.206 -0.168 0.079 1.000

9 0425 -0383-0412 0959 -0.417 0.056 -0.528 0,111 1,000

10 0.133 -0.036-0.180 0.520 -0.235 0.026 -0.341 0.001 0.513 1.000

. Concentration of cyanobacteria (cells/mL)
. T-N (mg/L)

. T-P (mg/L)

. Water temperature (C)

Chl-a(mg/m®)

pH

. Conductivity (umhos/cm)

. N/P Ratio

. Temperature (C)

0. Monthly precipitation (mm)
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site2, site37} Yo FpEHe 44 AYE Ae-E
A|4=sto] AFBFATE o] Al7] F3F DO+ 8.0~14.5, pHE=
7.5~10.5, £ 20.2~32.32] HEHE Ul XA}
AHE zpol= Atk 182l T-N E = sitelofA] Ht
1.590 mg/L, site2o| A= Hat 1.463 mg/L, site3o)| A= 3
at 1.967 mg/L2 ZHEoH, T-P F sitel oA Ft
0.048 mg/L, site2¢]| 4] S+ 0.050 mg/L, site3o| 4] H+ 0.074

Table 10. Values of environmental parameters at site 1, 2, and
3 in 2012

2011-lan
2011-Jul
2012-Jan
2012-Jul

Table 11. The standing crops of cyanobacteria (cells/mL)

Site/Cyanobacteria 30, Jul 8. Aug 20, Aug 3. Sep 24. Sep 15, Oct

~ Microcystis 9,870 11,280 6,400 1,000 120 80
S|1te Anabaena 160 230 350 260 80 40
Oscillatoria 150 120 80 180 80 10

Site/Parameters 30, Jul 8. Aug 20, Aug 3. Sep 24 Sep 15, Oct

DO (mg/L) 8.0 8.5 102 111 88 88

pH 94 94 105 92 94 79

S'fe VTvgt”;f(g‘; 288 282 304 270 225 204
TN(mg/) 1525 1672 2777 1262 0977 1324
TP(mgl) 0048 0051 0091 0046 0043 0011
DO(mgl) 106 101 116 107 83 81

pH 100 100 102 91 84 77

Sizte Vtgt”;f(‘g‘; 318 297 306 273 213 203
T-N(mg/) 1052 1422 2375 1291 1320 1319
T-P(mgl) 0029 0060 0109 0038 0038 0029

DO(mg/) 125 118 129 145 86 83

pH 99 100 98 95 75 77

Ste Temp.of o5 509 304 221 218 202
3 water (C)

TN(mgl) 1466 4457 1196 1319 1763 1601

TP(mg/) 0078 0174 0058 0059 0048 0030

~ Microcystis 7,800 6,780 3,400 1,200
S|2te Anabaena 320 210 480 280
Oscillatoria 180 120 80 180
~ Microcystis 7,800 10,200 3,200 1,100 540 400
Sge Anabaena 180 350 450 320 320 280

Oscillatoria 120 180 150 220 180 120

mg/L2 20| Aulzel HojopsieiA
for T-N, 0.020 mg/L for T-P)&
(Table 10).
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Fig. 4. The correlations between water temperature & standing crops of cyanobacteria.
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Fig. 5. Concentration variations of dissolved Cyanotoxins at sur-
face areas,

Microcystin-LR (MC-LR)
2} Mlcrocystln-RR (MC-RR)OI F2 HE&E%o MC-LR
9] == Zo 424 ng/L, MC-RR-& |t} 117 ng/LE H=E
Hdoh HeE edde & 2 d&57e= 3
© 1} Microcystins% 714 EA4J 0] % 6}1:}1 OPEf] Z MC-LR
9] =7} =9kth MC-RRYF HEE U 295 1}, MC-RR
o F=7t 7V wH 9E ok —’Fﬁﬂoﬂ st A7 2}
= UE 3Iofznte] E4ow HojRr: ey 7|5 g
daclol Wslo]| wef Zxdte FRAFOIY 5o A

Al Wstshr]| = gk

AF71ZE FeF 634 & A AN R AR d2FE o

A+ A (Table 12)0]| 4]+= MC-LRZ} Anatoxin-a2] 7
Microcystis . Th= Anabaena®} 5-2)5F AU AE

H2ls =

OT\__

Belch

Table 12. Correlation coefficients between concentration of Cy-
anotoxins and cyanobacteria genus (p<0.05)

Cyano- 1 | R MG-RR MC-YR MG-LA TotaMC Anatoxin-a
bacteria
Microcystis o4 0564 0787 -0097 0381 0390
(cells/mL)
Anabaena oo (615 0033 -0012 08563 0727
(cells/mL)
Oscllatoria o nas 141 0211 -0468 0126 0118
(cells/mL)

v|3l] /WA =7} L53] &2 Anabaena
9} Cyanotoxins EAFolel] §-e]4o] glcta ®rl: ol
Q2B 2 Cyanotoxin®] =7} Z7}5H= A|7]19} Hash= A
712 ol §o14e AES) HotTh FAHI7lelE fo

BRI Microcystis |

03k ATA S AT 4= QA TAEs A7|oA =
Foju)et A s HEE = ATk
Table 13- Cyanotoxins®] &%=7} Z43t= A]7] E¢t9

(30.Aug.~15.0ct.) 24412 YepH AMTHA o]t} Table
122} &2] MC-LR, MC-RR, MC-YR 58] X7} Microcystis
of WERT £ do AVUAZ AL 2L L & 9
ot w2hA Microcystins 9| Fk=7F S71sk= A7l 1 &

Table 13. Correlation coefficients between concentrations of Cy-
anotoxins and Cyanobacteria genus during decreasing
phase (p¢0.05)

O¥ano- i | R MC-RR MC-YR MC-LA total-MC Anatoxin-a
bacteria
Microcystls g4 0650 0891 08347 0849 0712
(cells/mL)
Anabaena o 6e5 0550 0675 0101 0655 0733
(cells/mL)
Oscilaiona )6 139 0079 -0462 0144 0079
(cells/mL)
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Table 14. Correlation coefficients between environmental para-
meters and concentration of Cyanotoxins (p<0.05)

Water MC- MC- MC- MC- total-

parameters LR RR VYR LA Mg Andoina
pH 0640 0407 0516 0105 0722 0648
Temp, of water 0,606 0485 0653 0123 0709 0648
DO 0406 0180 0142 -0143 0436 0478
P 0508 0399 0433 0076 0590 0519
™ 0366 0269 0288 -0029 0420 0.338
nfprato  -0368 -0.252 -0.317 -0.103 -0420  -0.355
Chioa  -0104 0274 0211 -0245 0036 0024
Standing crops of () a5 (54 740 -0169 0321 0366

algae (cells/mL)
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