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Distribution of Cyanotoxin Microcystin-LR in Han River System and Ecological Park in
Seoul and Kyunggi Districts. Suh, Mi-Yeon® Baik-Ho Kim! and Myung-Soo Han!?*
(*Department of Environmental Science, *Department of Life Science, Hanyang University,

Seoul 133-791, Korea; ®Seoul Metropolitan Government, Research Institute of Public Health
and Environment)

To determine the content of hazard microcystin (MC) in Han River system and
Ecological Ponds in Seoul City and Kyunggi district, a most toxic derivative,
microcystin-LR (MCLR) of 15 samples of 7 ponds, 4 rivers and 4 reservoirs during
low precipitation and cold season in 2003 were analyzed by ELISA method. With the
change of water temperature (0.4~21.9°C), cyanobacteria including Microcystis
aeruginosa dominated the cold phytoplankton community in small ecological ponds
such as Kyungbokgung Kyunghyaeru (KBP), Seokchon reservoir (SCR), Yangsoori
Ryukgakji (YSS), having the long residence time. Contents of MCLR (the detection
limit; 0.05 pg L™Y) were high in cyanobacteria-rich sites, especially, Microcystis
aeruginosa. Total MCLR, cell extracted type plus dissolved type, were 1.39pg L™ in
KBP, 0.55ug L™ in SCR and 0.59 ug L™ in YSS, in the first sampling having a high
temperature (>20°C), while some detected only in YSS during the cold season. As
expected, the MCLR content was correlated with Microcystis aeruginosa (r =0.526 for
cell extracted type, r = 0.433 for dissolved type). Therefore, low concentration of
MCLR detected in small ponds and Han river system in Seoul metropolitan city and
Kyunggi district, maybe hardly affect human recreation activity, especially the
drinking water supply.

Key words : cyanotoxin, ecological park, Han-river system, microcystin-LR (MCLR),
Microcystis aeruginosa, Seoul and Kyunggi district
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Table 1. Physical characteristics of 15 sampling sites in Seoul-Kyunggi districts.

Sites Symbol Area(m?) Storage(m®) Avr.depth(m) Sediment-type Resources
Kyungbok palace KBP 11,613 - 1.9 Silt, clay Ground water
Kyungan stream KAS - - 6.0 Clay, silt Kwangju-Yongin city
Yongsan park YSP 6,708 6,000 1 Mud Tap water
Paltang dam PTD 23,800 240 milnon 16~20 Silt, sand Han river
Hangang bridge HGB - - - Clay, silt Han river
Seokchon reservoir SCR 147,400 737,000 5 Silt, clay Han river
Kildong eco. park KDP 4,900 4,900 1 Mud Ground water
Yeouido eco. park YEP 476 476 1 Silt, mud Ground water
Bundang central park BDP 13,520 - 1 Silt, mud Yuldong reservoir
Chonho bridge CHB - - - Clay, silt Han river
llsan lake-park ISP 299,900 453,000 2 Silt, mud, sand, clay Han river/Koyang city
Banpo bridge BPB 25,000 2 Clay, silt Han river
Juam lake JAR 1,010 450 million 13.3 - Posung-Hwasun str.
Sangsa lake SSR 135 250 million 27.3 - Lake Juam-lsa str.
Yangsoori Ryukgakji YSS - 30 3 Clay Han river
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First reaction
50 uL well™* with sample and standard
50 uL well™* with first antibody solution
Plate sealing and shaking at room temperature for 1 min
Stay at 4°C, 16~24 hr
Remove the plate sealing
3 times washing with 250 uL well ™

'

Second reaction
100 uL well™ with peroxide conjugate solution
Plate sealing and shaking for 1 min
Room temperature for 2 hr
Remove the plate sealing
3 times washing with washing solution

'

Colorimetric measurements
100 uL well™* with colorimetric solution
Shaking for 1 min
100 uL well* with stop solution
Detection at 450 nm

Fig. 1. Schematic steps for the measurement of cyanotox-
in Microcystin-LR.
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Table 2. Physicochemical factors of 15 sampling sites in Seoul-Kyunggi districts.

No KBP KAR YSP PTD HGB SCR KDP YEP BDP CHB ISP BPB JAR SSR YSS
1 212 203 203 198 19 21 174 175 19 19.1 205 18 219 216 186
WT 2 135 145 128 141 148 143 103 124 143 13 133 142 189 187 138
3 5.2 4.2 3.8 11 12 0.4 3.2 4.3 13 13 2.4 1.7 1 1 0.4
1 8.1 8.4 8.7 9 8.2 9.8 8.3 7.7 9.1 9.4 8.4 8.2 7.3 7.6 9.7
DO 2 8.5 8.5 9.2 9.4 8.6 9.6 9 8.1 8.7 9 8.8 8.3 7.3 7.6 9.8
3 7.8 8.3 8.3 9 8.3 8.2 7.8 8 8.7 8 8.6 8 7.3 7.3 9.6
1 111 9.1 10 111 7.1 9.7 9.1 55 115 103 9.2 10.4 7 6.9
pH 2 121 117 113 108 74 108 9.7 6.3 11.7 114 109 5.9 9.1 101 10.2
3 14.6 14 159 14 14 14 14 14 15.5 14 14.5 14 9.5 9.5 15
1 354 253 222 132 192 126 297 497 148 119 122 164 51 54 8
Cond 2 371 331 245 93 252 128 299 508 156 159 127 240 52 55 118
3 387 300 319 95 200 120 290 300 150 90 147 100 51 45 90
1 3.2 1.6 4.6 18 3.3 2.2 2.6 2.6 3.3 1 0.8 3.2 11 11 2.4
BOD 2 3.2 5 3.9 1.6 2.8 2.4 4.9 0.9 1.8 14 12 21 1 0.6 2.8
3 1.9 6.9 24 15 3.2 2.7 3.7 2 15 24 0.7 35 14 1 2
1 0.797 3.686 0.72 1.872 3.494 1.027 1.776 0.672 0.653 1.642 0.173 2.726 0.614 0.49 0.806
TN 2 0.499 3.158 0.346 0.72 3.341 0509 095 1.171 0.73 1594 0.336 2.88 1.238 1.238 0.672
3 2717 5.213 1.958 2534 6.73 1.824 3.389 2.976 2.333 3.562 1.411 5.846 2.141 2.477 1.584
1 0125 0.12 0.134 0.024 0.178 0.086 0.077 0.072 O 0034 O 0.158 0.043 0.01 0.029
TP 2 0.206 0.504 0.187 0.499 0.499 0.288 0.269 0.192 0.034 0.034 0.13 0.302 0.11 0.01 0.13
3 0.037 0.152 0.046 0.05 0.315 0.056 0.074 0.046 0.056 0.054 0.009 0.268 0.057 0.057 0.038
1 254 186 278 221 6.7 406 198 43 138 124 21 7.3 0.2 0.4 0.6
Chl-a 2 43 116 6 6.3 2.9 9.6 7.8 2.7 2.9 5.8 11 2.4 2.1 2 1.9
3 16.8 331 95 63 225 74 186 109 5 16.1 25 146 15 48 104
1 1.271 0.039 0.094 0.032 0.028 0.501 0.026 0.022 0.088 0.033 0.025 0.035 0.153 0.042 0.51
CMC 2 0.153 0.052 0.043 0.011 0.006 0.039 0.006 0.005 0.046 0.012 0.004 0.006 0.012 0.011 1.49
3 0.003 0.004 0.005 0.002 0.005 0.007 0.006 0.002 0.004 0.003 0.004 0.003 0.005 0.002 0.462
1 0.119 0.044 0.078 0.037 0.045 0.052 0.037 0.048 0.069 0.059 0.049 0.046 0.005 0.005 0.081
DMC 2 0.018 0.016 0.012 0.004 0.006 0.019 0.007 0.005 0.005 0.005 0.021 0.013 0.03 0.032 0.225
3 0.037 0.002 0.027 0.011 0.026 0.024 0.024 0.024 0.037 0.028 0.019 0.024 0.023 0.031 0.494

WT: water temperature (°C), DO: dissolved oxygen (mg L ™), Cond

: electric conductivity (umohs cm™), BOD: biochemical oxygen demand (mg

L™, TN & TP: total nitrogen and phosphate (mg L™*), CMC: microcystin by cell extraction, DMC: dissolved microcystin by filtration.
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Table 3. Lists and distributions of phytoplankton species of 15 sampling sites in Seoul-Kyunggi districts.
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Species

KBP KAS YSP PTD HGB SCR KDP YEP BDP CHB

ISP BPB JAR SSR YSS

123123123123123123123123123123123123123123123

Anabaena sp.
Aphanocapsa sp.
Chroococcus sp.
Hormidium sp.
Lynbya contorta
Merismopedia sp.
Microcystis aeruginosa
Micro. wesenbergii
Oscillatoria sp.
Phormidium sp.
Plectonema sp.
Cryptomonas sp.
Mallomonas sp.
Dinobryon divergens
Achnanthes affinis
Asterionella formosa
Ast. gracillima
Attheya zachariasi
Aulacoseira ambigua
Aul. distans
Aul. granulata
Aul. granulata var.
spirals
Aul. solida
Cyclotella sp.
Cymbella sp.
Diademis sp.
Diatoma vulgaris
Eunotia sp.
Fragillaria crotonensis
Gomphonema sp.
Gom. acuminatum
Gyrosigma spencerii
Melosira distans
Mel. varians
Navicula sp.
Nitzchia sp.
Nitzchia acicularis
Nit. hanzzchii
Pinnularia sp.
Rhizosolenia longiseta
Stephanodiscus sp.
Surrirella sp.
Synedra acus
Syn. ulna
Euglena sp.
Actinastrum hanzzchii
Ankistrodesmus sp.
Ank. falcatus
Chlamydomonas sp.

Closteriopsis longissima

Closterium sp.
Clo. acutum

+ + 4+ 4+
+ + o+ +
+ + + +
+
++
+ ++ +
++
+ + +
++ + + 4+
+ 4+ +++ ++ + ++ ++
++ + ++ 4+ + +
+ o+ + 4+ 4+ +4+ + o+ ++
+ + +
+ + o+ 4+
+ +++ +
+ +
+ 44+ + 4+
+ +
+ +
et il o i o T S S
++ + 4+ + + 4+
+
++ + + o+ + o+
+ o+ I e e o
+
+
++
+ ++ + 4+ +++
+ +++
+
+ + o+
+ ++ + ++
+ o+ 4+ ++
++ 4+ ++ + ++++++++ F+ ++
I e e o S e aaa a ah ab E E
+
+ + +
+ 4+
+
44+ ++ + +++ A+ A A
+
++ +++ + 4+ Attt + ++ ++++
+++ + +
+ + 4+
+
+ +
++ + + +
+ + 4+ + o+
+
++ +

Jr
+
+ +
++ + 4+
+
+ + o+
+4+ + ++
+ o+
+
+

F+H+++++++
+ o+ 4+t

+ o+

++ + 4

++ +

+++++

+++
++++ +

++++ +
+ o+ o+
+
+ o+
+ o+

+
+
++

+++




242

Table 3. To be continued.

Mol - 2

KBP KAS YSP PTD HGB SCR KDP YEP BDP CHB

ISP BPB JAR SSR YSS

Species

123123123123123123123123123123123123123123123

Coelastrum sp.
Coel. sphaericum
Cosmarium sp.
Crucigenia sp.
Crucigenia tetrapedia
Dictyosphaerium sp.
Elakatothrix gelatinosa
Eudorina sp.
Eudorina elegans
Golenkinia sp.
Micractinum sp.
Monoraphidium sp.
Mon.griffithii
Pandorina sp.
Pediastrum biwae
Ped. boryanum

Ped. duplex

Ped. simplex

Ped. tetras

Scene. acuminatus
Scene. acutus

Scene. armatus
Scene. bernadii
Scene. denticulatus
Scene. disciformis
Scene. ecornis
Scene. obliquus
Scene. opoliensis
Scene. quadricauda
Scene. quadrispina
Scenedesmus sp.
Schroederia sp.
Sphaerocystis sp.
Staurastrum sp.
Sta. chaetoceras
Sta. cingulum

Sta. iotanum
Tetraedron minimum
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Fig. 2. Standing crops of phytoplankton of 15 sampling
sites in Seoul-Kyunggi districts.
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Fig. 3. Abundance of dominant phytoplankton species of 15 sampling sites in Seoul-Kyunggi districts.
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Fig. 4. Microcystin concentrations at 6 sites showing the
highest standing crops of phytoplanktons.
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Table 4. The dominant species and dominant index (DI) of phytoplankton community in Seoul-Kyunggi districts.

245

Sites 1 sampling DI 2" sampling DI 3" sampling DI
Aphanocapsa sp.- Lyngbya contorta- Nitzchia acicularis-
KBP Lyngbya contorta 0.83 Microcystis aeruginosa 087 Plectonema sp. 1.00
Stephanodiscus hantzschii- Stephanodiscus hantzschii- Stephanodis~us hantzschii-
KAS - 0.42 - - - 0.73 0.
Aulacoseira granulata Microcystis wesenbergii Chlamydomonas sp.
YSP Merlsmope_dla sp.— 0.66 Aulacoseira granulata- 0.08 Closteriopsis longissima- 058
Golenkinia sp. Synedra acus sp. Aphanocapsa sp.
PTD Plectonema_l sp.— 0.61 Aulacose_l ra granulata- 017 Aulaco§elra dlstang—_ 0.50
Aulacoseira granulata Phormidium sp. Asterionella gracillima
HGB Plectoneme_t sp.— 0.45 Oscillatoria sp.- ) 057 Stephanod_lscus hantzschu— 0.92
Aulacoseira granulata Scenedesmus quadricauda Aulacoseira solida
SCR Microcystis wesenbergii- 0.36 Coelas_trum sp.- 0.07 Asterlo_nellg gracnllma_— 0.40
Coelastrum sp. Merismopedia sp. Fragillaria crotonensis
KDP Scenedesm_us guadricauda- 0.40 Aulacoseira granulata_— 0.25 Eudorlnf?\ e_legans— 0.60
Aulacoseira granulata Scenedesmus quadricauda Phormidium sp.
Aulacoseira granulata- Scenedesmus quadricauda- Chlamydomonas sp.-
YEP Stephanodiscus sp. 0.12 Pediastrum duplex 049 Dinobryon divergens 0.70
Scenedesmus quadricauda- Scenedesmus quadricauda- Scenedesmus quadricauda-
BDP Aulacoseira granulata 0.76 Cosmarium sp. 0.87 Nitzschia sp. 0.66
Plectonema sp.- Phormidium sp.- Cyclotella sp.-
CHB Aulacoseira granulata 0.44 Synedra acus 029 Aulacoseira distans 0.93
ISP Coela_strum_sp.— 012 Oscillatoria sp.- 0.73 Cosmarium sp.- 1.00
Oscillatoria sp. Coelastrum sp. Chlamydomonas sp.
BPB Merismopedia sp.- 0.49 Aulacose_l ra granulata- 0.23 Stephanodiscus hantzschii- 0.88
Plectonema sp. Phormidium sp. Synedra acus
JAR Aula_coselra granulgta— 018 Aulacos_elra granulata— 0.01 Aulacoselrz_a ambl_gua— 0.68
Rhizosolenia longiseta Melosira distans Aulacoseira solida
Aulacoseira granulata- Aulacoseira granulata- Aulacoseira granulata-
SSR Rhizosolenia longiseta 021 Dictyosphaerium sp. 0.05 Aulacoseira solida 031
YSS Monoraphidium sp.- 0.69 Monoraphidium sp.- 0.65 Aphanocapsa sp.- 061

Microcystis aeruginosa

Microcystis aeruginosa

Microcystis aeruginosa

Table 5. Correlation coefficients among biological and physicochemical parameters.

wT pH DO COND BOD TN TP CMC DMC T-phyto Chl-a CYANO
pH 0.049
DO -0.789  0.030
COND -0.024 -0.220 -0.131
BOD -0.087 0.094 0.068 0.386
N ~0.509 -0.278 0.325 0.094  0.347
TP 0.029 0.132 -0.207 0231 0411 0.283
cMC 0.218 0.344 -0.083 —0.033 0.094 —0.265 —0.067
DMC -0.084 0366 0121 -0.149 -0.004 —0.129 -0.184  0.555
T-phyto 0307 0411 -0.264 —0.136 0.064 —-0.217 -0.141 0338  0.098
Chl-a 0.025 0.007 0067 0389 0438 0262 -0.040 0085 0.056 0.128
CYANO 0.049 0089 0.045 0205 0.101 -0.178 0085 0139 0.085 0.066 —0.058
SC-M 0.101 0425 -0.027 -0.001 0.074 -0.251 -0.027 0526 0433 0470 0044 0.766

COND: Conductivity, TN: Total Nitrogen, TP: Total Phosphorus, CMC: microcystin by cell extraction, DMC: dissolved microcystin by
filtration, T-phyto: total standing crops of phytoplankton, CYANO: Cyanobacteria, SC-M: Standing crops of Microcystis aeruginosa

Probability value was significantly p<0.05.
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