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H 1. Algae alert system level(Ministry of environment)

Classification Warning Alert Bloom

More than More than More than
1,000 cells/mL 10,000 cells/mL 1,000,000 cells/mL

. More than More than
Hydrophilic district | o, 00 cepie/mL, 100,000 cells/mL.

Water supply source
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12l 2. Areal map of Okjung reservoir
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201819 6, 9, 10, 119 F 43] 2AME AASIA T 20174300 3702 F &
(AR BEFHAAH S), SHEHAA 0), FHHHH €)) 29 3AH
I A9 35S A T4 UF sAHS ARSI e, 2018d0= A
FASHH(AER EFRAA S), SUTHAA 0) 2483 =4 1A, +
A EE e 5AHE AAst FF ZALE AAEIATIY 4> dF =
A g ARd BY 5 A% 74 AE AFHE 228H ¥k AF7)(Van
Dorn sampler, Wildlife Supply Co., U.S.A)E AR&3lo] 3= o, A
F SA FAolA Portable Multimeter(HQ40D, Hach Co., USA)E AH&-3te] 4=
2(Temperature, Temp), T4°]55(pH), &= 44 (Dissolved Oxygen, DO),
A 71H =% (Electric Conductivity, EC), 4+&}3H 7 ¢](Oxidation and Reduction
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18] JF4-a(Chl-a)E 78330 AP BAS flal AFHE AEe Al
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24) Mcnaughton, S. J., 1967, Relationships among functional properties of Californian
grassland, Nature, 216, pp. 168-169.

25) Shannon, C. E. and Weaver, W., 1949, The Mathematical Theory of Communication.
Urbana, IL: The University of Illinois Press, pp. 1-117.

26) BES, AR, AN, 2011, TAAFADAL] T B2H AAA 2o B
AT, TR E SRR 331 8F, 564-571%
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2! 5, Temporal variations of meteorological and hydrological status(2014~2018)
(a) Precipitation and irradiance hour, (b) Inflow, outflow and water level

-

29) Zujok, olAle, 2AE, 2007, TCPAZEANS o] S

A % frelel $E S
AT, TFFESASI A 238 13, 161-168%.
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2! 6. Temporal variations of Water Quality Monitoring Networks T—P
concentration(2014~2018) (a)River, (b)Lake
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rojssld-gsts| =), 3848 28, 71-78%.

33) S, w7, 2004, TES S AR §58F EA A gE AW,
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34) AF-ZE AL, o149, 2015, THIAE FUARNAY] A BA,, TR 5248 ER);,
484 13, 12-25%.
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12! 13, Temporal variations of Organic factor concentration
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(a) Temporal average distribution,
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112! 17. Distribution of N/P ratio (a) All, (b) Surface, (c) Lower
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HEF LS GZ2F 12.9%, TF2F 58.3%, 527 15.6% 5= 3714 EFT0]
oF 87%5 A AISh= ACE UEYTE o]E ERTo] 2AZIZE AAd 2AA
Al Rk ZeE YEgon, o] F UM B AEFOE $HEE 2

pu— /\
o FxRE BRALYG 97 EREUE M gol 2 FL ARRE
Synedra acus, Cyclotella comta, 3T+ Microcystis aeruginosa, =5ZF+
Chlorella vulgaris?) 2102 |HEHJT. T A A HolAe &8 A =
F AT BE 2% 3L NGl ke 9% BAIen, 49
o] Zrle 1@l BA8) Zvlele] sEol ek xRe] AAAT] %
T3] FoAAA F3| med A= AdHAT<IH 21>, o1F 7, 849] Ae-F
F7h2 28l 499 $o vEe) YYUT L 47120 olste] 9Uo] Yy
7t S7kete] 2/ ARl & B AR A S0l 2AHN] HEL A
olet A7 4 Sk
20189] A9 99 o]F F43] I AEHFS o o|F IS B
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@ . (b)

13.0%

[ Cyanobacteria
[ Diatom

i Chlorophyta
M Other groups

&l 20. Distribution of Algae measurement
(a) Species composition(2017), (b) Species composition(2018),
(c) Cell count composition(2017), (d) Cell count composition(2018)
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2l 21, Distribution of Algae cell concentration
(a) Temporal average distribution, (b) Spatial average distribution(2017),
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Q1 Microcystis aeruginosa® WEPF oM, o] AHE 119714 727
Synedra acus?7t 3IFTU<E 2>, 5EEH 10274 F Fo| 45 o}
HFoZ HdolAA Yeltor, 119els 5272 Chlorella vulgaris7}t
oA FoRE YERTE 20189 AT BRES Synedra acus7t 853

OFHF BT YElen, 6, 9, 11<9o= Cyclotella comta} A 3%,
olHF o WMAolytAA YEGT 10€9= Synedra acus?7t $HFOZ,
Aulacoseira} OF-HEFOE YERGTH

H 2. Dominance Index & Diversity Index

Sampling time Dominant and subdominant species DI H
May. Microcystis aeruginosa Synedra acus 043 | 24
Jul. Microcystis aeruginosa Synedra acus 050 | 23
o017 Aug. Synedra acus Microcystis aeruginosa 0.36 2.7
Sept. Synedra acus Microcystis aeruginosa 047 2.3
Oct. Synedra acus Microcystis aeruginosa 0.33 2.7
Nov. Synedra acus Chlorella vulgaris 0.34 2.6
Jun. Synedra acus Cyclotella comta 0.61 2.1
2018 Sept. Cyclotella comta Synedra acus 0.31 2.7
Oct. Synedra acus Aulacoseira 043 | 25
Nov. Synedra acus Cyclotella comta 032 | 26

4 =A]5(Dominance index)= 20170 Q] W2 433 HEH=
Ebgtom, dx{7t $A4les 74l T =& ghol UERRTHO, <717 22>,
<& 2, 3> 10l FHEAT7E 7HE 9 YEls=E, ol 7129 £
Dz Ha= Qs 2R/} 72F7Y Aol AAEHAA AAF7F A
o2 Uepd Ax3E AdETh 2018d0d= FET FHE U THE AR
719k €] 6dol i g3 FHE THE 22 @S BT ol fHFTeE
Uehd F2F9 HFe Blal dx2Fe ii“?‘r—/] d7gol A" 7ol UM
o, A7 AA YettA =29 232 adEn

kv

o

40) 31F2, ZFA, ANE, 2011, TIAFADHY o7 BB A AR 2 B3
AT, NSAFetE] =), 338 8%, 564-571%.



08 30
%0.6 - 4 25 g
5 )
£ 2
g 04 - 4 20 &
c 2
6 02 4 15 B8
a

——DI
—o—H'
O | | | | | | | | | "]O
May. Jul. Aug.Sept. Oct. Nov. Jun. Sept. Oct. Nov.
Sampling site

37l 22, Dominance Index & Diversity Index

H 3. Dominance Index & Diversity Index standard

Very . Some . Very
g e defectiveness Deieeiivrsss satisfactory SifsE ey satisfactory
DI 09~1.0 0.7~09 05~0.7 0.25~05 <0.25
H <1.0 1.072.0 2.073.0 3.074.0 >4.0
(3 ) q_ OFA] ;(]

¥ =27 EFTY g A 9 (Diversity index) 201
A2 GERGTY?, <8 22>, <¥ 2, 3> BAEIE SHTA59) b
Ao E et B2 5ol Fx2R/e} 27 A%
SZ2R7F St e Fol dE Aol 7191 Zow Eol‘ﬂ, Ha
2l 7l xR Paw s F5U Fagon vehd dve 1l
ok 20180l = e ZARAZIONIA T4 5 Fel= yEhter, 6o 7t
e e Bt ole 5%-7} FAToE YA dx2Fet 527
o] 7ol Ao thefdo] rast yEhd AaE AaEAoh

4) A £4
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of o] U3t AT w3 EAtia FoETh =3 F o] Aol 2R/
o] FEFS AASH= AAFE T Chl-a9} 0.380(p<0.01)9] FtoZ veh} -2
& ABAE Bolrl= sHARE 4 2FERT B F 2R/ dEFHE o7
& FAAE YEA e ol#E R AAX R FYEAFVE 2/ 224
BAASE Folio] glo] et olfre MAA R SA 5o FLErt Wl
¥ == WY 7 Y FES A WEd S dUEF
FEo HstRUR= 7RIt 22 #R1Ae Fao] 2RI O FaT
FEFS HHE 7Fsol AeS AXSE AoE AdHn. T ¢ se¥se
el $AASE FoAe] e Aem YE, S UH9 Q §=
A3 2dig 71%to] AT Aol o3 fdEU= 19, 53 A 2 &
Ak

kA 20179] Aol FARBH G2, pH, DO9}F 22 549
o]

o FeHEe] SUke A Jehd AR AdETkE 5> 9ERRF
BOD, Chl-a, ZZF, AAZFY 433 &9 4#8E Btk #27+= SS,
2, AA=F A o] ABAdE BT Chl-aobHs Aol YehA

&ek=d ol 9€ Chl-a2 S7FBIRAIN 27 F4ES B 292 &

2017937 2018149 AHEA Y FHAQ AAEE F 8 EF =79 pH,
DO¢} f71E 5T 119 &9 FHES e ol 27/ 4Ao=

Qs B F7heel wet wslshs Al UelAe] AATHLH MR

41) AR, AR, A, 2010, TS FHlS oM ] GFEe AT, (et
317, 529 33, 65-71.



H 4. Correlation analysis(2017)

Tenp | pH | DO | SS | TOC | BOD | COD | T-P | T-N | NO; | Chl-a Cyano. | Diatom | Chloro. | Total

tion | tation

pH

DO

SS 0071 | 0016 | 008 | 1
ToC 0241 | 080" | 025 | 0056 | 1
BOD
0D

0144 [ 036" | 0084 | 0134 (0.76"| 1
0363” (0592 | 0363 | 0281 | 0380 [ 032" | 1
T-P 0008 | 0059 | -0.071 |0.928" | -0.057 | 00657 | 027" | 1
TN 0156 | 0083 | 0084 | 0151 | 0074 | 0007 | -0197 | 0137 | 1
NOy 0153 | 0125 | 0150 | -0121 H0505"-0.654"| -0248 | 0083 [0516™| 1
Chl-a | 0456|0561 | 056" | 0189 |0.716™ |0.627 | 0.650" | 030" | 016 |-0200"| 1
Trradiation | -009% | 0106 | -0.046 | 014 | 0088 | 008 | 0035 | 014 | 033" | -0086| 0147 | 1
Precipitation | 025 | 0197 | 0098 | -0.11 | 0056 | 0.007 | 0049 | 0067 | -0.139| 006 | 016 [-0.841" 1
Cyano. | 0142 | 0217 | 0318 | 025" |0595™ [ 0462 | 0363" | 025 | 0214 |-03847| 0620™ | 0124 | 005 | 1
Digtom | 008 | 0218 | 0118 |0.775" | 0064 | 0083 | 027" |0775™ | 0101 | -00I8 | 0242 | 0189 | -018) [ 030" | 1
Chloro. 0612 |0.657 | 0604™ | -0.042 | 0424 | 0330 | 0.531™ | -0.063 | -0316 | 0223 | 0625™ | -0.137 | 0006 |0414™ | 0112 | 1
Total | 0310 [ 0457 | 03347 [0.703™ | 0296 | 0271 | 0458 |0.688™ | -004 | 0158 | 0520 | 0091 | 0098 |0574™ | 0928™ | 044™ | 1

H 5. Correlation analysis(2018)

Trradia | Precipi

Temp | pH | DO | SS | TOC | BOD | COD | T-P | T-N | NO3- | Chl-a ara || izt Cyano. | Diatom | Chloro. | Total

Temp 1
pH  |0801"| 1

DO [0641"| 0634 | 1
SS 0071 | 0016 | 00| 1
ToC
BOD
COoD

0241 | 0280 | 02% | 0086 | 1
0144 | 036" | 0084 | 0134 |07B"| 1
0363 0592 | 0.363" | 0281 | 03897 | 032" | 1
TP | -0008| 000 | -0071 |0.928"| 0057 | 0057 | 0271 | 1
T-N 015 | -0083 | -0084 | 0151 | -0074 | 0007 | -0197 | 0137 | 1
NOB- | 033 | -01%5 | 01 | 0121 |-0596™-0.664™] 0248 | -0.083 | 0516™ | 1
Chl-a | 04567 |0561™ | 056~ | 0189 [0.716" |0.627" | 0.650™ | 0063 | -016 |-0200"| 1
Iradiation | -0.0% | -0.105 | 0046 | 0.154 | 0058 | 008 | -00% | 014 | 033" | -0086| 0147 | 1
Precitation | 025 | 0197 | 0098 | 011 | -0056 | 0097 | 0049 | -0067 | 0139 | 006 | 016 [H0.841" 1
Cyano. | 0142 | 0217 | 0318 | 025 |059™ | 0462" | 03637 | 05 | 0214 |-0.3847| 0620™ | 0124 | 005 | 1
Diatom | 008 | 0218 | 0118 |0.775™| 0064 | 0083 | 0271 [0.77"| 0101 | -0018 | 0242 | 0189 | 0189 [ 0360" | 1
Chloro. | 0612 |0.657 | 0604™ | -0042 | 0424™ | 0350 | 0531™* | -0.063 | -0316"| 0223 |0.625™ | 0137 | 00% | 0414™ | 0112 | 1
Totel | 0310 | 04257 | 03347 |0.703" | 0296 | 0271 | 0458 [0.688" | 0044 | -0.158 | 0521 | 0091 | -0008 | 0574™ [0.923" | 044" | 1

Sjol, 279 433} ojolA Abgol Z71gel uet Y4E F71BER B
o 201799 A HERE GE AAE Zhe] ARHgo] UshiA gt
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Aoz o}, AT AHH FAyo] glom, 91%e] 4l o) s}
Fe eItk BRI, B9 22508 So JHES Ueglon,
sxvpe] A3t vlmsle] §AR BEE AT o)t dxRel IR 29
A% A21RE B9 /150 Wasknas A87bsT FHE MIAA S
T 5 Q] mEel "avh e APINE 4T F Y TFeel UeS
BOITh 201899] B9 FEF F o] ol FuAol tehton], 53] 9

ergom, ol G FEFe) it A ek

FAENE wRoE =RAY A FAA frelde] fle A= Al9lst

24 TASIATE KMO test

A8 A7 2017'd 0.709, 2018 0.582F A= 01, Bartlett’s test 23}
a

o]&E0] 0.000(F25F<0.05)2 F 27U BT whEste] BAo| slssitia
AdEn FAHAREY A3 201737 2018 25 4719] 2Rlo] FEFHUL

d
o, AA Ag B gid 7l 22t 291 19] 40.4%, 34.7%, 23 27}
17.0%, 21.6%, £S1 30] 11.2%, 12.0%, 221 47} 8.0%, 9.9%% % 74.6%,
78.3%¢] AWEL 7lA= Ao g Ve
HA] 201799 FAERA AAZ 29 12 F20] B A7l 27, 53]
TEF o] Zrlste 27/ BiAo] Ekaj A, A9 pH7} Z7Vet
AL, Dozt = @S ougitty BUATKE 6> mEbA 29l 1L )
A gAzA] Halg olg] AA 29 FREo AZo] HalHA 44
o] z7lo] Walsh= WA WSE PO, SHTANH 2R A

9 34-&
fFshs 8 84F dY¥EFY sEstEtge 2 22 71 9 34
QA= AME YEl = ACE Jtatdn 891 2& 7S g 24 2
o A9} vIA R §99] $PLE, 53] AREEH AAE Qo] YA
Aol 2 FAR FYElel w=7F Sl wet 2/ Aol fi
(Chl-a S7bh=& 712+ 9vlsle 2o E #AdETh fiEo] 89l 27 T d4

= o] HH|E Ao R Hol T3 o] AutE o R <l Az 3
2E7] fEol] 2Fo Aol = AART Z ¢lo] FS o] wk=tiy 7

42) 7147m], 2018, TEHE Ul HHESY 09T 9 VAT A AT, A=,
HAEOSt .
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H 6, Principal component analysis(2017)
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201849 FAEREA AAZ 82l 12 o= 201799 AR} FAHA U
goH, JFEFA] FBAHE HolA o} xR} 71 B Sz W)
2 QIR A o] AATEhehE HEkz E‘rElEk}E 7> 821 2& fIES #
A9 20173 = 2] fr1Ee] Aol vehA edgkew, ssote] &
WA Uehd Ao Hol F Qo] FUIE A 2R A% % AEE <
3 FREdo]l AME Aor AdHr tEo] 201793 FLsA 29l 27t
T o= Aol HWE Aog Kol 2R/ gigo] F iRt F <l
= = J 40l A Ughso]
daugede AYx °l71°ﬂ Ry 7.} FoME O =F

4ok AE Uity SR, 8 4 2240
A

[‘0 !

H 7. Principal component analysis(2018)

Variable PC1 1PC2) PC3 PC4

Temp 0.932 0.019 -0.066 -0.086

pH 0.896 0.117 0.117 -0.118

DO 0.779 -0.04 0.225 0.11

Chlorophyta 0.705 -0.01 0471 -0.091

COD 0.501 0.297 0.444 -0.062

TP -0.045 0.948 -0.069 0.013

SS -0.091 0.941 0.063 0.058

Diatom 0.119 0.911 0.088 0.138

Total 0.342 0.825 0.335 0.062
Cyanobacteria 0.132 0.308 0.784 -0.019

TOC 0.247 -0.018 0.77 0.169

Chl-a 0.543 0.172 0.692 -0.084

TN 0.12 0.152 -0.5635 0.39

Irradiation -0.039 0.106 -0.103 0.94
Precitation 0.141 -0.05 -0.085 -0.926
Eigenvalue 5211 3.247 1.799 1.488
percentage variance explained 34.741 21.648 11.991 9.921
Cumulative percentage variance explained 34.741 56.389 63.38 78.301
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3718}, oA, k=, 2009, T Ut F8 dEse) FHE it = o

TE5, 2019, FeEluvet 8 349 FEEA Y Uitk BAK 4, (=ES
783]A); 3598 23, 165-180%

5T, WA, 2019, T3 T4 SR JAGENRIS AL, TE=rE3E s
3)A); 359 43, 340-351%.

R} ALt 2016, TBARAE o] &3 G5t AdItn Fte] HEA

Ay, Ok F8s]#); 38¢H 28, 71-78%.

A AHEY, 2017, TZFARA &4 jFY;.

718, B9, HA%Y<, Stefan, P., Klaus, H. K., 713, 2018, ropAo} £

|Z2]He 2R3 g AFzolA 7P| 22 WelCH4)712 vl&

2, (32l 5583 A); 518 238, 160-167%.

Anls, AA|®, AoE, 94, 2002, "S5 FAYsiet FHE 819 BA

A, =z F7e3)2); 179 23, 105-115%.

o|AIH, 274, 2007, 'THAFEAHES o] 83 27 Y9 FHHE

A AT, T8I A; 23 138, 161-168%.

AWAE, FFF, 2019, "T¥HTE FIYFIARTSIKO) S A=A TOCS 2§

A AE,, "d=E5837453)A); 35¢H 38, 271-277%

Awd, A7, 2007, Tyl s S4ollA BgdAl dsky oA, TR
ARZE; 1399, 1-7Z&.

ZA4H], 2018, TEEE U HHE] 29E 2 oV AE A A, AR
=, A5

H

N

284, AT, A, Y, 2012, T3 BG4S RS 0] &3 AR
TAH7Y,, =ESsHE A, 28¢ 13, 78-83%.

A&, 353), 1992, "9 I3 EYF A g sEL 1F
of gk AT, =2 AEAEEA; 19 28, 49-57%.

AN, o]53], Bas], 35S 2009, T2HFT Y 2F T B4, TS
sk8)x]; 319 5%, 325-331%.

A3, AU 2015, TEHE 2RTHY A EEe; /A QQ1EA,,
"SR B ESFEA SR, 208 75, 121-134%:,

ATA, B, 2004, TS BIF ARG S SA-A-A mE R
W}, eb=-54813]2); 378 235, 180-192%:.

ot
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), 2%, MBS, BN, FEA, YR, BIH FAS, ol%,
2012, TR, ARG G Fo Bl HEBEYIE T, IS
BAEEI) A, 308 18, 39-46%:

AAFT, 2019, TSHT 2/ AFA 2
T3 E8EE| A 419 1035, 554-571%,

Sk, WHER, 0l31%, 2017, TR 499 SRS AR
B 5 *ggfi}ﬂ T2 7Y, RS AR, 209 35, 138-144%
AR, ZALY, A&, FAE, 2015, "G5l S22 (Chlorophyll)

e
i
B
du
i3
oz
A
oX
M
X

ol oY

3

248 9% SRl A4 OIE FHHel val B0 BT,
rAbslrE8kE] 2], 2998 335, 325-335%:
9 o187 G Fofel 1 54 Wk, A

2014, "R TAEA
kel =, sk

S},
e 29, 93k 2006, TN YJAXFE AL 93
A% 2m

AEEAHE A icrocystins =, "TFHa=2H35H3]A]; 224 33,

=TT

513-520%.

Z8He, 2012, TAAIEER o] 253 A S EAY Y] A A,
"3 7dsh=3, 168 13, 249-255%:

ATE, 952, HAE, FAE, 2012, "EERF GaxEdd wE vFF
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<Abstract>

A Study on the Spatio-temporal Distribution Characteristics of
Phytoplankton by Water Environment Factors in Okjung Reservoir

"
Moon, Ye-eun

The purpose of this study was to find out the meteorological and hydrological
status and the trend through the results of the water quality monitoring network
of Okjung reservoir at Jeollabuk-do. By analyzing the water quality, algae and
statistical analysis, we tried to find out factors influencing the phytoplankton
growth.

As a result of the water quality monitoring network, The concentration change
in the river monitoring network was greater than that in the lake because it was
affected by rainfall directly. T-P and Organic matter concentration showed similar
tendencies because particulate phosphorus flow into water body with pollutants
due to rainfall.

The water samples were collected from three points in the river and five points
in the lake in 2017 and 2018. N/P ratio was observed to be P-limited condition
in both the monitoring network and the water quality analysis. The phytoplankton
community was found to be mainly dominated of diatoms during the study
period.

Principal component analysis of 2017 and 2018 identified 4 component that
explained 74.6% and 78.3% respectively. During the study period, these
components were attributed to change of meteorological and environment factor,
growth of phytoplankton by inflow of organic matter and particulate phosphorus,
concentrated precipitation in the summer, environmental changes causing growth
of cyanobacteria.

As a result of this study, T-P management is necessary because it acts as a
limiting nutrient among water quality factors. And the upstream inflow river has
a large change in the concentration of nutrients and organic matters entered as

the flow rate changes. Therefore, it is necessary to control the growth of algae

* Doctor’s course, Dept. of Earth & Environmental Sciences, Jeonbuk National University
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by managing the water quality of upstream inflow river.

Key Words : Phytoplankton, Okjung reservoir, Nutrients, P-limited condition,

Multivariate statistical analysis
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