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Abstract: The study analyzed the relationship between harmful cyanobacteria and
physicochemical factors in Lake Juam from 2005 to 2018. The research locations were
designated St. 1 (Juam-Dam) and St. 2 (Sinpyong). Harmful cyanobacteria was found in
four genera (Microcystis sp., Anabaena sp., Aphanizomenon sp., Oscillatoria sp.). The
average standing crops of harmful cyanobacteria in both locations were 2,575 cells mL™
and 2,557 cells mL™" from 2005 to 2011. Since 2012, there has been a significant decrease
that the measurements were 42 cells mL™" and 82 cells mL™ from 2012 to 2018. To
analyze the reason for the decrease in harmful cyanobacteria, Pearson’s correlation and
t-tests were performed on data collected during the summer period (June-September).
Pearson’s correlation showed a significantly positive correlation with total nitrogen (TN),
outflow, and storage and a negative correlation with electrical conductivity. T-tests were
conducted in two different periods and showed decreases in total nitrogen, electrical
conductivity, and residence time. The average rainfall was decreased from 263.3 mm
(2005-2011) to 219.9 mm (2012-2018) and total nitrogen was decreased from 0.912 mg
L™ (2005-2011) to 0.811 mg L™" (2012-2018) and the same variability was seen in TP (total
phosphorus). Therefore, it seems that the low-rainfall decreased the nutrients (TN) and
variability in the TP, resulting in a decrease in harmful cyanobacteria in Lake Juam.
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7] sie ge 7ot A A0 Sl et (Paed
et al. 2014; Harke et al. 2016). AP ATLE T, CO, 5%

EEHIAEY A2 (van de Waal et al. 2011) ¥ N/P ratio (Oh and Rhee 1991),

olelgt Ag= ¥l 42 (Lomas and Gilbert 1999) 53 Z-2 354 g1t

640 ©2019. Korean Society of Environmental Biology.



Variation of cyanobacteria occurrence pattern and environmental factors in Lake Juam
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Fig. 1. Location of Lake Juam and the sampling sites in Lake Juam.
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mg L7} 2.9mg L2 ZZF et on, Add+ AtE
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Fig. 2. Annual variation in physicochemical factors (water temperature, pH, DO, EC, BOD, COD, TN, TP) in Lake Juam.
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Fig. 3. Annual variation in physicochemical factors (N/P ratio, NOs-N, NH3-N, PO4-P) and hydrological factors (inflow, outflow) in Lake

28 AFAT 5.0~6.0 days= FA =S o] = U] o} A2 A E AdHom HEHE 2 dA
Q] Birel {og 279 doubling time (7HA| 9] 2717} £ A Sdst =2 YA 2 75 e gt
5 87t E=d AR EE AIXE Microcystis > 2.8 days) < 3 F&FE 1] 4= = ARPO|t (Faithful and Griffiths 2000;
St o, RO RS Aljlsh] o ol Aoz mt Shin et al. 2003). 73-3-%F % 883.4~1,967.0mm2| W= 3
=Ith(Wilson et al. 2006). T 1,528.9mm = WEFETEH (Fig. 4B). Z-9-30] AFEE o
AAFL 4,736.3~5,670.7 MJ m*2] HIZ Bt 5,172.2 B (6~99) = A 7<} | oF 63.2%F AA|5h= 2L
M] m*E HATh(Fig. 4A). QAFES A& B4E& A AF74$718 HIo, o= ¢4HH 9¥71A] 40% 1%
A M S7bekda, 397 ASEE A8l AAast E2 e Uehlie A9 SEuE 25 7159
+ HES glskelet. Autr] e} $uk7] o] AR 242} E4& 159t (An et al. 2001; Noh et al. 2014). ZHF
5,155.4MJ m’, 5,189.0 M] m* 2.2 £ zjo]= Holx] 9kt 719t SEt7] 792 A9t7] 1,554.9 mm, 8] 1,502.9
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Fig. 4. Temporal variation in climate factors in Lake Juam.
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Fig. 5. Temporal variation of the standing crops, chlorophyll-a and harmful-cyanobacteria abundance in Juam Dam.
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Fig. 6. Temporal variation in the standing crops, chlorophyll-a and harmful-cyanobacteria abundance in Sinpyong.
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mL 2 SISt (Fig. 6A). 20128 7|E0.2 AAxtY]
oF TR0 Wt BT aE AEZF2 42 1,925 cells
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L7 W TNO| ZHAok e SAollA Asterionella formosa
O] N|Z47} F7 oI th= Sivarajah (2016) 2] A2t A
213t} st 2 (A1) Folld T FETFES 13~26,043 cells
mL 9] 9|2 &t (Fig. 6B). Bt AEF2 AR
(2,557 cells mL™"), SHF7] (82 cells mL™") ]l B]3H 2F 301} 2]
2 AEZ AJolE Ho, 7 A BF freld 2 {7t 4ot
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http://www.koseb.org 647



| I
Korean J. Environ. Biol. 37(4) : 641-652 (2019)

@} Oscillatoria sp. (12.2%) = ZAFE] O], Microcystis sp.2t Q1 7ho] g wefstaat RV g o2 ol
Aphanizomenon sp.©] 64.3%=Z =2 &S Bt} (Fig. Zdot= o5 A7 (6~99)E oz Aaesds 4
6C). FallgzFol £@d el & Ay nE g AT (Table 1). FHHANA EA% FolidER= A
S FZ7F2 Microcystis sp.7t A EHSE] Anabaena sp.,, % (0.370; p<0.01), TN (0.327; p<0.05), E2Z2H.q
Oscillatoria sp.2} Aphanizomenon sp. ‘&< AVIAE Fold (0.317; p<0.03), 7 (r=0.314, p<0.05) 7+ L] g
27 A SESAU SHske P Bt ol Al AS e, A7 EE (-0.427; p<0.01)9h= =
3y Aot FARY Felid 2R %T‘ﬂ FFS HERTH (Park o] AHAE HeRlh A2 R (0499; p<0.01),
2005). 2RO B L AargS TFEH o7 olet 4 A 47F(0.425; p<0.01), TN (0.348; p<0.01), FU=F
P FER2H 4 1.8~44mgm’ Y] HYE HF 2.9 mg m’ (0.324; p<0.05) T o] AATAE e, H7HE
oM, 22249} FolERF AEF STHYEH2 A= T.(-0.506; p<0.01), LAFF(-0.310; p<0.05) = =2
AX|5}A] 2F2UTt (Figs. SB, 6B). Ol FA4F 2] A 50] ¥ FEEAE Ul A4S F AHNAN St felid
2 2V (Han et al. 2002), A|ZZ2] A7) w2 2228, ZF+ TN, H7E, AsE &9 4HAE 2o, A
o] eS| Ao (Odata et al. 1993)i weheoh 714 e 7R = 0] U HAE HAH froligE2Fe &
B OAlpE 49 E33EE 9T € Jo= uod T dao] YelEE fIste] o5 (6~9¥) 7172
o} (Larsson and Hagatrom 1982; Lee et al. 2008). Aoz =55 1S AASEATH(Table 2). 24 At
TN, EC, AFAIZES] FAZ & foJu]gt 2fo] 5 ghels)

3. 82 At Ak TN ARt7]of] vls xt7]of Z4-stgl om, A7)
HEEol AFALE A, B FlRES e

GGz E =T 7|5 H olstelH SulfR g ol x| 29k, TPO] 7% Bt 2ol glovt FEHA}

Table 1. Pearson'’s correlation coefficients between standing crops (harmful cyanobacteria) and environmental factors in Lake Juam

Period Site  WT Chl-a TN TP EC NO3-N NH3-N PO4-P  Solar radiation Inflow Outflow Storage
Summer (A 0.293* 0.317* 0.327* 0.229 -0427** 0.187 0.034 0.234 -0.265* 0.134 0.314*  0.370**
(Jun.-Sep.) (B) 0.247 0113 0.348** 0.009 -0.506** 0.256 -0.143 0.080 -0.310* 0.324* 0.499** (0.425**

*: p<0.05, **: p<0.01. (A): Juam-dam, (B): Sinpyong, WT: Water Temperature, Chl-a: Chlorophyll-a, TN: Total Nitrogen, TP: Total Phosporus, EC: Electrical
Conductivity.

Table 2. T-test results for environmental factors by period

Period Tst 2nd .
Parameter p-value
(Month) Mean+SD Mean+SD
WT (°C) 16.1£3.1 16.3+2.0 0.739
Chl-a(mg m?) 33+26 27%11 0.029
TN(mg L™ 0.912+0.148 0.811+0.127 0.008
TP(mgL™ 0.015+0.01 0.015+0.005 0.962
EC (um hos cm™) 65.1+75 770+8.7 0.000
NO3z-N(mg L™ 0.566+0.13 0.544+0.101 0.480
Summer NHz-N(mg L™) 0.042+0.025 0.041x£0.028 0.833
(Jun-Sep) POs-P(mgL™") 0.003+0.003 0.003+0.002 0.385
Rainfall (mm) 263.3+193.8 219.9+164.8 0.370
Solar radiation (MJ m?) 482.5+64.2 504.0+472 0.232
Inflow (m* sec™) 50.9+52.2 34.0+375 0.171
Outflow (m° sec™") 40.0+371 2424221 0.060
Storage (10° m®) 2270+74.5 219.5+78.6 0.714
Residence time (hr) 118.9+44.3 1445+31.6 0.016

1st: from 2005 to 2011, 2nd: from 2012 to 2018. WT: Water Temperature, Chl-a: Chlorophyll-a, DO: Dissolve Oxygen, TN: Total Nitrogen, TP: Total Phosporus,
EC: Electrical Conductivity.

648 ©2019. Korean Society of Environmental Biology.
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