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Effects of Plant-mineral Composites (PMC) on the Water Quality, Plankton Community and
Microcystin-LR in Eutrophic Waters. Kim, Baik-Ho, Ju-Hwan Lee, Chae-Hong Park, Dae-Yul
Kwon, Hye-Jin Park, Byeong-Cheon Mun', Byeong-Jin Mun®, In-Chel Choi?, Nan-Young Kim,
Han-Na Min, Myung-Hwan Park and Soon-Jin Hwang* (Department of Environmental
Science, Konkuk University, Seoul 143-701, Korea; “MCE Korea Co., Seongnam-si, Gyeonggi
463-712, Korea; *Waterworks Research Institute, Seoul Metropolitan Government, Seoul
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We examined two reservoirs (Inkyung res. and Joongang res.) and two streams
(Kyungan str. and Jecheon str.), all of which were eutrophic, during the 2010 warm
season, to evaluate the water quality improvement activity (WQIA) of plant-mineral
composite (PMC), which was previously developed to control suspended solids, includ-
ing cyanobacterial bloom (Kim et al., 2010). We simultaneously measured both solid
(S-MCLR) and dissolved microcystin-LR (D-MCLR), before and after PMC treatment,
in the Joongang reservoir. Taking water body size and volume into account, we con-
ducted the whole-scale experiment in the Inkyung reservoir, and mesocosm-scale
experiments in the other three systems. The WQIAs of PMC were found to be compar-
atively high in SS (70~81%), TP (75~91%), BOD (65~ 91%), Chl-a (88~ 98%), phyto-
plankton (84~ 92%) and zooplankton (68 ~ 88%), except for the Kyungan stream, which
was below 45% in all parameters. After PMC treatment, the concentrations of both S-
MCLR (47%) and D-MCLR (96%) decreased within two days, suggesting a mitigation
possibility of hazardous chemicals such as agrochemicals and endocrine disrupters
in the aquatic ecosystem. Our results collectively indicate that PMC is a useful agent
to control suspended solids, including nuisance cyanobacterial bloom and their exu-
dates, in an undisturbed water system with a long residence time.

Key words : plant-mineral composite, water quality improvement, phytoplankton,
zooplankton, microcystin LR

G Fel FEAG AEAA ] Shde] deiAnt

A = (Reyssac and Pletikisic, 1990; Yamamoto et al., 1998;
Sigee et al., 1999; Choi et al., 2005; Kim et al., 2008; Park
Z|Z J257 (Microcystis aeruginosa) Alo]& 3+ ot et al., 2009; Kim et al., 2011), o] 52 ZEH oz ulxz

* Corresponding author: Tel: 02) 452-3749, Fax: 02) 452-3749, E-mail: sjihwang@konkuk.ac.kr

— 347 —



38 U . o|FE - UME - HOIE - wsn - 2UH -

Azl 0 e F B ¥ F) HHE AT et
Kim et al. (2005)2> AbzAlw A 2]A] F2F Hes 4
AT 25 42 Shske Zrlecla Rasigd

A 274 microcystine 7004 Z2] §=x|7} d8A glo
o 713 73k =4S 7R3 9= microcystin-LR (Choi
et al., 1997; Chorus and Bartram, 1999; Brittain et al.,
2000)2 pH, &%=, &4 ol E3l57] o= 6NHCI,
TFA 5 7}ito = A7} 7}5-8lc} (Harada et al., 1991,
1996).

S w430l AAse nEAEel AT e
t}eF3t allelochemical (Rice, 1984; Einhellig, 1995)3} £
A= Aol Hold FEES FEF(H712) A
5ol dsirs on] 2k ez g} (Naet al., 1998; Kim
and Kang, 2000; Gam et al., 2003; Yun et al., 2003). Z]

T AL ook MeA|e] 2FAE Aske] FHAL
A& (Camellia sinensis, Quercus acutissima, and Cast-

anea crenata) % & (minerals loess, quartz porphyry,
zeolite) = o] 5S¢ EFT AB-FE =g (plant-
mineral composite; PMC)2] ZFAA AA%& v|wst
v} g]lom (Kim et al., 2010), 3o eF *42] =52 1
o= PMC A=, W, &, pH, 4, 27% 5l o
g HH3 AFE A =3 vk sl (Lee et al, 2011). A3}
o ojstal, PMCE 3, Wxe] X} A glo]
Z2Zo)| Abx o 2 0.05mL LY P =moi=
3 EP‘“E.E —9—@-“/‘]'/\]7]_1_
42 20~30°C,pH 7~9, %= 16~ 1,400 umol m2
1m ol3}, F2Frt $Ashe Al Ay aj_
HAT T} PMCE AR zAe] 443 Als B

o B3 YEF(HAE P D) B 4
A=Y

B
Ll

e

ﬂ/
.L Jlm nL

s
_?Lni
~

Aol A48T A 2R500 AT Fo AT A7AH
= w9 esier

= A7E AR Ade s 7 eE Aded
A W% A 84S B Sstel AR S

>
*ﬂ 74117471T(WHO)°1W Aekslar s 85l wst
ZF=2 (microcystin) ] 7| FsxE FEHOZ 1ugl?
o] X"k (WHO, 1998; Figueiredo et al., 2004; Hoeger et al.,
2004; Chorus, 2005; Vardaka et al., 2005), &5 1.3 ug
L™ in Australia(NHMRC, 2004), 7y} 1.5ug L™ (HC,
2002)& o}z om, B} oirlakEel WE 75

Sua - Hold - Uoked - st - wog

i

0‘4"-

A
=7l

WHO, 54, 35 So|A Z+Z+ 20~100, >100, >10 ug

L 502 xlo]7} Alslt} (WHO, 2003; Wood et al.,
2006).

B ATl A Z7)9 S st 37 A
A 4 vz3ES AAElT, YA QdAASFAE= A
A AAZ Hdez FU3 H=(PMC, 05mL L HE
At oo, 1~29 Eof AN a2 77t 2R
gt &H =41 = Microcystis aeruginosa & =7}
=9l FodA Ao ME PMC Mg H3e] 824 2
A4 2F540 HIE S 2AI

Age A7) 2 FAE A7 AAE A

o
= u —
YAato = slelom] AokA, FobA4x] gl AHAM I} 7o)

W AN ek el HxzaEe AXshe] A
ssich (Table 1). QAAFAE FHlo] £29 IA4=

59 Al TURToD FT 0A0E AW AFA
Zrel AT WAL ool Fol F olF7F AAST gl
o, G4 2FRES} S AQHE SR (BT HE)
i*i el Sl SR Bk, A9 W

ol Fol MAsta glor, v
o] o ARAL FH (FFE)

sl er FyE Aber 2] o] glovt

of =1 22 A& o 91 A (FLA)7E AR 8
om ol efe], Wl Fo] MA kT vid Fa2f Ao

ojubar ¢Jk(YTN, 2009).

T
E
N

2. 434l

AAASAE AL oA Gl e 24
sl AlREA e AHE HAse] vz dAlet
37, Bibol g S (| Z )] ofef R FE wido}
viel] ZFE3Al HAA|F S PMC X 2]i= Lee et al.
(2010)°] whyell whe} =5 AAoA FYEHA 0.5mgLt
2 AHF3och 1A PMC ) (10gL Y E %538 &
gete] HEFex=s 05mg L H=s E7g BAP|E
o] 8-3lo] AMul w= v zx3Z 71AA}E ¢ A AFEFY T}

R
PMC 2] & SA54d Hiede £33/ #7148

o] 1



ihd
a
A

=-4= E8A Ao wE EZIE A =RSL HE 349

Table 1. Experimental conditions and designs for four reservoirs. All PMC-treatment experiments were conducted in 2010.

Characters IKR* KAS** JAR** JCS**

Location 37°26’57”N 37°29’18”N 37°24"09”N 37°04’ 14”N
126°39' 20"E 127°18' 23"E 127°13' 04”E 128°01’ 48”E

Water type whole reservoir mesocosm mesocosm mesocosm
Surface area (m?) 3,600 (ca. 60 x 60 m) 600 (20 x 30 m) 200 (10 x20m) 300 (15x20m)
Mean depth (m) 0.70 1.00 2.00 1.30
Volume (m?) ca. 2,520 600 400 420
Temperature (°C) 125 25.1 22.6 19.7
Experiment periods (d) 6 April 3 June 7 September 12 October

IKR: Inkyung reservoir, KAS: Kyungan stream, JAR: Joongang reservoir, JCS: Jecheon stream.
PMC: plant-mineral composite (concentration, 0.5 mg L %), which was first developed by Kim et al. (2010).
*: the experiment was conducted in whole reservoir. **: the experiment was conducted in mesocosm constructed at littoral zone of

reservoir.
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Table 2. Comparisons of environmental parameters with and without PMC treatment for each study.

IKR* KAS** JAR** JCS**
Parameters

No Yes No Yes No Yes No Yes
Conductivity (uS cm™) 370 391 279 294 236.0 240.0 153.0 174.3
Dissolved oxygen (mg L) 11.3 12.2 11.8 125 9.0 10.1 8.9 9.8
Turbidity (NTU) 48.5 8.7 37.7 20.7 14.2 21 13.7 35
pH 8.1 7.6 7.9 7.7 8.1 7.5 8.4 8.2
Chlorophyll-a (ug L™) 11.6 1.4 6.2 4.8 58.6 15 238.3 19.5
Suspended solids (mg L) 20.0 6.0 22.9 14.0 12.3 25 84.5 15.8
Total nitrogen (mg L ™) 5.1 4.6 2.5 2.0 25 2.4 55 2.0
Total phosphorus (ug L™%) 45.5 11.3 115.2 67.3 78.9 16.6 398.8 35.7
BOD (mg L™ 13.8 21 19.3 154 29.2 2.8 18.1 6.3
Phytoplankton (10° cells mL™?) 76.8 8.1 1.8 1.3 72.4 11.7 73.8 6.1
Zooplankton (ind. L™ 8.0 2.0 461.1 63.6 422.0 137.0 192.8 22.8

IKR: Inkyung reservoir, KAS: Kyungan stream, JAR: Joongang reservoir, JCS: Jecheon stream
*: the experiment was conducted in whole reservoir to compare the differences before and after treatment of PMC (0.5 mg L™1). **: the
experiment was conducted in mesocosm constructed at littoral zone of reservoir, to compare the differences between no PMC (no) and PMC

treatments (yes).
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Fig. 1. Water quality improvement activity (WQIA, %) of
PMC in environmental parameters. Minus values
represent an increase following PMC treatment.
IKR: Inkyung reservoir, KAS: Kyungan stream,
JAR: Joongang reservoir, JCS: Jecheon stream.
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Fig. 2. Water quality improvement activity (WQIA, %) of
PMC in biological parameters (phytoplankton and
zooplankton). IKR: Inkyung reservoir, KAS: Kyung-
an stream, JAR: Joongang reservoir, JCS: Jecheon
stream.

Q2 H4s FEoh £ PMC A2) AF 2R
A

3t A E-Zg3E Coelastrum microporum, Cocconeis

&
=
[}

placentula®} &= =% Bosmina longirostris, 277
Naupli 5] 43t} T Al A& PMC A2 &
AEESYIE 84%, FESYTE 68% 507 A EEYA
E @2 gavt £38keE PMC M2 A% 2E Mi-
crocystis aeruginosa, Synechocystis pevalekii, Bosmina
longirostris®} £7+5 Naupliz} -A3}elc) Ao A
L PMC A & AEZAIE 2%, FEZYTE 88%
Foz AT £ N 5 BYAE AoluE o}
ERlic) A EZe3 52 PMC %8 A% =T Microcystis

J

l..O

After
52%

3@

15%

59%

4%

96% 97%
JAR
3% 1%

1% 2%

94% 85% 8%
JCS
4% %

[J Cyanobacteria
[ Chlorophyceae+Cryptophyceae
[ Bacillariophyceae

Fig. 3. Relative composition of phytoplankton communities
before and after PMC treatment. IKR: Inkyung re-
servoir, KAS: Kyungan stream, JAR: Joongang re-
servoir, JCS: Jecheon stream.
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Table 3. Changes in phytoplankton density (10° cells mL™?) after PMC treatment for each study.

IKR* KAS** JAR** JCS**
Phytoplankton
No Yes No Yes No Yes No Yes

Cyanophyceae

Anabaena spiroides 9400 39 23

Aphanizomenon flos-aquae 25 9

Chrorococcus minor 78 20

Chroococcus minutus 360

Microcystis aeruginosa 52627 8190 61950 2260

Oscillatoria sp. 2990 1493

Synechocystis aquatilis 16600 3140 620 333

Synechocystis pevalekii 11760 1200 2610 720

Phormidium valderianum 1690
Chlorophyceae

Ankistrodesmus falcatus 20

Ankistrodesmus gracilis 11 9

Coelastrum microporum 503 179

Coelastrum sphaericum 80 427

Cosmarium rectangulare 51

Gonium pectorale 240

Pediastrum duplex 12 934

Pediastrum simplex 1

Scenedesmus ecornis 5

Scenedesmus intermedius 880

Scenedesmus quadricauda 13880 2160 82 190 40

Staurastrum sp. 240 60

Westella sp. 1200
Dinophyceae

Peridinium bipes 40

Ceratium hirundinella 1
Cryptophyceae

Cryptomonas ovata 480 120 25 9 660 140 2290 456
Bacillariophyceae

Achnanthes minutissima 164 172

Amphora inariensis 3

Aulacoseira ambigua 120 138 89 200 100

Asterionella formosa 42 4

Cocconeis placentula 300 213

Cyclotella meneghiniana 127 80 500 211

Cyclotella stelligera 165 101

Stephanodiscus sp. 80 40 8

Cymbella minuta 14 15

Fragilaria crotonensis 50 31

Melosira varians 20 31

Synedra acus 39320 4260

Synedra ulna 120 13 7

Nitzschia palea 1100 160

Nitzschia sp. 7 8

Navicula cryptotenella 8 7

Navicula gregaria 21 31

IKR: Inkyung reservoir, KAS: Kyungan stream, JAR: Joongang reservoir, JCS: Jecheon stream

*: the experiment was conducted in whole reservoir to compare the differences before and after treatment of PMC (0.5 mg L™1). **: the
experiment was conducted in mesocosm constructed at littoral zone of reservoir, to compare the differences between no PMC (no) and PMC
treatments (yes).
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Table 4. Changes in zooplankton density (indiv. L™1) after PMC treatment for each study.

IKR* KAS** JAR** JCS**
Zooplankton
No Yes No Yes No Yes No Yes

Rotifera

Asplanchna sieboldi 13.6 0.1

Asplanchna sp. 29.8 1.6

Brachionus angularis 2.0 0.4 0.8

Brachionus calyciflorus 0.6 0.1 25.0 6.5

Keratella valga 2.0 0.4 2.3

Philodium roseola 0.2

Polyathra euryptera 1.2 0.2

Trichocerca cylindrica 1.0 0.7
Copepoda

Eudiaptomus formosus 53.3 25

Neutrodiaptomus okadai 21.8 17

Macrocyclops fuscus 8.3 1.0

Nauplius 3.0 0.4 37.1 14.8 111.0 38.5 13.5 12.3

Calanoida 35 6.5 82.5 4.0
Cladocera

Alona guttata 1.5

Bosmina longirostris 1.0 0.4 372.1 43.9 282.5 85.5 7.5 0.7

Diaphanosoma brachyurum 4.1 0.8

Daphnia galeata 1.9 2.1 1.0

IKR: Inkyung reservoir, KAS: Kyungan stream, JAR: Joongang reservoir, JCS: Jecheon stream

*: the experiment was conducted in whole reservoir to compare the differences before and after treatment of PMC (0.5 mg L™%). **: the
experiment was conducted in mesocosm constructed at littoral zone of reservoir, to compare the differences between no PMC (no) and PMC
treatments (yes).
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