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Abstract: This study was designed to develop simple tools to easily and efficiently
predict the occurrence of algal bloom in agricultural lakes. Physicochemical water quality
parameters were examined to reflect the phytoplankton productivity in 182 samples
collected from 15 agricultural lakes from April to October 2018. Total phytoplankton
abundance was significantly correlated with chlorophyll-a (Chl-a) (r=0.666) and Secchi
depth (SD) (r=-0.351). The abundances of cyanobacteria and harmful cyanobacteria
were also correlated with Chl-a (r=0.664, r=0.353) and SD (r=-0.340, r=-0.338),
respectively, but not with total nitrogen (TN) and total phosphorus (TP). The Chl-a con-
centration was correlated with SD (r= —0.434), showing a higher similarity than phyto-
plankton abundance. Therefore, Chl-a and SD were selected as diagnostic factors for
algal bloom prediction, instead of analyzing the standing crop of harmful cyanobacteria
used in algae alarm systems. Specifically, accurate diagnoses were made using real-
time SD measurements. The algal bloom diagnostic tool is an inverse cone-shaped
container with an algal bloom diagnosis chart that modified SD and turbidity measure-
ment methods. Lake water was collected to observe the number of rings visible
in the container or the number indicated in each ring, depending on the degree of
algal bloom,and to determine the final stage of algal blooming by comparison to the
colorimetric level on the diagnosis chart. For an accurate diagnosis, we presented 4-step
diagnostic criteria based on the concentration of Chl-a and the number of rings and a
fan-shaped algal bloom diagnosis chart with Hexa code names. This tool eliminated the
variables and errors of previous methods and the results were easily interpreted. This
study is expected to facilitate the diagnosis of algal bloom in agricultural lakes and the
establishment of an efficient algal bloom management plan.

Keywords: agricultural lake, algal bloom, diagnostic tool, harmful cyanobacteria, phy-
toplankton
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Table 1. Location and hydrological description of study sites

Simple tools for algal bloom diagnosis in agricultural lakes

Fig. 1. Locations of agricultural reservoirs used in this study.

Narme Location Watershed area Surface area Water capacity Mean depth
(km2) (km?) (x10°m?) (m)
KJ 37°39'6.48"N  126°28'25.00"E 15.11 0.57 4.180 73
YA 36°36'38.16"N  127°14'41.38"E 16.20 0.87 4.868 5.6
HJ 37°23'56.80"N  127°13'21.08"E 710 0.15 0.483 3.2
DJ 36°44'1791"N  127°12'5789"E 3.83 0.16 0.739 4.6
WL 36°50'42.72"N  127°4'34.47"E 4.21 0.22 0.524 2.4
JD 36°54'49.55"N  126°44'54.68"E 2.34 0.16 0.587 3.7
BL 36°43'40.02"N  126°39'15.94"E 8.40 0.21 1.065 5.1
KD 35°42'21.86"N  126°54'33.15"E 0.73 0.10 0.315 3.2
BA 37°54'59.52"N  126°59'560.80"E 3.40 0.14 0.967 6.9
CPR 36°12'48.00"N  128°0'52.00"E 10.00 0.18 0.665 3.7
YD 36°51'23.84"N  127°52'42.79"E 5.35 0.18 0.644 3.6
NJ 37°46'68.00"N  126°13'42.80"E 18.84 119 6.214 5.2
JS 36°47'4.47"N  126°53'51.12"E 143 0.24 0.615 2.6
CD 36°54'10.74"N  126°44'31.46"E 470 0.24 1.026 4.3
JK 36°29'50.71"N  126°40'15.45"E 10.64 0.30 1.284 4.3
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Table 2. Characteristics of water environment factors in 15 agricultural reservoirs from April to October 2018

Parameter \t/(\e/ra;:gr SD pH EC DO Toc cob SS chl-a N phyt(;rg:rlwkton cya:j)rbrzgtleria
. Camc! -1 -1 -t -1 -3 -1 -1
o) (m) (WS-ecm™) (mg-L™) (mg-L™") (mg-L™) (mg-L™) (mg-m™) (mg-L™") (mg-L™) (x10%cells-mL™")  (x10%cells-mL™")
Ave. 246 07 92 2768 109 69 13.2 16.3 70.2 2.064 0.098 24.86 21.79
S.D. 47 03 09 1289 43 27 6.7 18.56 88.7 1.123 0.090 41.32 41.66
Min 155 0.1 6.0 72.0 33 21 3.0 0.8 0.7 0439 0.018 0.02 N.D.
Max 36.1 1.3 11.0 706.0 232 170 40.8 1375 593.7  6.370 0.743 211.00 20783

Wiater temp.: Water temperature, SD: Secchi depth, EC: Electric conductivity, DO: Dissolved oxygen, TOC: Total organic carbon, COD: Chemical oxygen demand,
SS: Suspended solid, Chl-a: chlorophyll-a, TN: Total nitrogen and TP: Total phosphorus
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A = NAg= G227 Merismopedium spp.7t = g4 o|gfetd S AMH I} 27 AL TN,
Table 3. Appearance frequency and standing crops of phytoplankton
Standing crops of phytoplankton (cells-mL"~
Phytoplankton taxa Species name Afppearance 9 crop pRvIop ( L
requency Max. Min. Average
Harmful Anabaena sp. 15 109,474 1,473 30,795
cyanobacteria Aphanizomenon sp. 4 82,800 1,937 36,800
Microcystis sp. 74 2,173,684 97 188,073
Oscillatoria sp. 134 2,078,348 21 206,919
Cyanophyta Aphanocapsa sp. 18 61,495 655 15,399
Aphanothece sp. 4 1,792 145 587
Coelosphaerium sp. 1 21,004 21,004 21,004
Gloeocapsa sp. 8 10,802 218 3,112
Merismopedium sp. 28 13,250,000 581 537793
Synechocystis sp. 14 30,021 55 6,316
Chlorophyta Acanthococcus sp. 6 3,928 158 1,610
Actinastrum sp. 1 9,303 9,303 9,303
Ankistrodesmus sp. 8 1,453 48 805
Chlamydomonas sp. 110 125,000 53 3,726
Chlorella sp. 118 87289 53 5,127
Chlorogonium sp. 1 1,053 1,053 1,053
Chodatella sp. 19 6,547 55 1,444
Chromulina sp. 1 53 53 b3
Closterium sp. 5 3,819 109 1,986
Coelastrum sp. 34 68,758 291 8,915
Cosmarium sp. 37 4,842 97 1,295
http://www.koseb.org 437
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Table 3. Continued

Standing crops of phytoplankton (cells-mL™")

Phytoplankton taxa Species name Aﬁgearance :
quency Max. Min. Average
Chlorophyta Crucigenia sp. 5 4,910 1,418 2,952
Dictyosphaerium sp. 1 5,456 158 2,087
Eudorina sp. 1 14,545 14,545 14,545
Franceia sp. 1 436 436 436
Gloeocystis sp. 33 6,219 143 2,175
Golenkinia sp. 7 2,273 263 1,113
Kirchneriella sp. b2 4,21 53 906
Mesotaenium sp. 2 1,053 105 579
Micractinium sp. 5 51,579 968 16,589
Monoraphidium sp. 59 12,589 89 1,898
Nephrocytium sp. 2 1,091 194 643
Oocystis sp. 46 4,286 48 848
Palmella sp. 1 1,309 1,309 1,309
Pandorina sp. 8 12,632 48 4,257
Pedliastrum sp. 19 20,076 291 6,089
Phacotus sp. 1 1,053 1,053 1,053
Scenedesmus sp. 109 33,120 53 4,628
Schroederia sp. 64 2,946 53 704
Sphaerocystis sp. 3 11,293 556 6,913
Staurastrum sp. 44 4,364 48 957
Staurogenia sp. 1 4,364 4,364 4,364
Stichococcus sp. 1 218 218 218
Tetraedron sp. 1 4,842 484 1,420
Tetrastrum sp. 1 3,874 436 1,931
Treubaria sp. 10 909 48 355
Trochiscia sp. 3 526 53 225
Bacillariophyta Achnanthes sp. 3 222 53 110
Asterionella sp. 17 26,341 48 4,362
Atteya zachariasi 2 222 196 209
Aulacoseira sp. 51 22,727 b5 2,982
Cocconeis sp. 37 1,964 53 433
Coronastrum sp. 8 2,182 194 1,315
Cyclotella sp. 90 188,217 53 7212
Diatoma sp. 6 484 48 284
Diploneis sp. 2 1,053 53 553
Eunotia sp. 1 6,316 6,316 6,316
Fragilaria sp. 2 218 21 215
Gomphonema sp. 4 546 109 263
Hannaea sp. 1 109 109 109
Meridlion sp. 2 9,474 8,947 9,21
Melosira sp. 3 1,053 491 690
Navicula sp. b4 55,200 48 3,905
Nitzschia sp. 71 8,445 48 1,132
Stephanodiscus sp. 89 14,528 109 2,059
Surirella sp. 4 218 48 103
Symbella sp. 4 1,091 48 335
Synedra sp. 42 11,457 48 2,164
Euglenophyta Euglena sp. 17 10,653 48 1,561
Phacus sp. 5 2,727 526 1,268
Trachelomonas sp. 131 10,911 53 1,444
Dinophyta Ceratium hirundinella 3 546 158 417
Peridinium sp. 12 982 48 479
Cryptophyta Cryptomonas sp. 60 18,400 53 2,694
Chrysophyta Chrysococcus sp. 1 48 48 48
Dinobryon divergens 1 21 21 21

438 ©2019. Korean Society of Environmental Biology.
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Fig. 2. Correlation of Chl-g, algal cell count and SD.

TP, Chl-g, SD 5] ATAS (r) & 451t (Fig. 2, Table

4)

T E2F AEFS 27 r=1.09 2GS Kol
o et AEBAE HEHH o™, fol HE2F r=0.559,
SE2F r=03702 SABWHAE HoJFA 9lo] 5U&

T3k SD9} r=-0. 3514 79
ATTA S HofFol Chl-a-@r SD &= JA| F 27 &
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Table 4. Correlation analysis with algal distribution and physiochemical factors (TN, TR Chl-a, SD)

Total

Harmful

Parameter phytoplankton Bacillariophyta Chlorophyta Cyanophyta cyanobacteria Flagellates TN TP Chl-a  SD
Total
phytoplankton
Bacillariophyta (_006%5;()3 1
0.370 0.304
Chiorophyta 6.0001)  (<0.0001) !
1.000 -0.063 0.347
Cyanophyta 5 0001) (0401)  (<0.0001) !
Harmful 0.559 -0.106 -0.004 0.563 1
cyanobacteria (<0.0001) (0.156) (0.955) (<0.0001)
Flagellates -0.006 0.263 0.271 -0.020 0.036 1
9 (0.934) (0.000) (0.000) (0.787 (0.627)
™ -0.003 -0.044 -0.027 -0.001 -0.115 0.022 1
(0.973) (0.554) (0.714) (0.988) (0.122) (0.765)
™ 0.137 -0.079 0.003 0.138 0.082 0.086 0.360 1
(0.066) (0.288) (0.966) (0.062) (0.272) (0.247)  (<0.0001)
Chi-a 0.666 0.042 0.259 0.664 0.353 0.255 -0.010 0.271 1
(<0.0001) (0.575) (0.000) (<0.0001) (<0.0001) (0.001) (0.896) (0.000)
D -0.351 0.073 -0.224 -0.340 -0.338 -0.123 -0.291 -0.678 -0.434 1
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Table 5. Correlation of algal species and Chl-a
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Total S Harmful . . . .
noph Bacillarioph hloroph Flagell . Micr . llator: . D TP
phytoplankton Cyanophyta Bacillariophyta Chlorophyta Flagellates cyanobacteria icrocystis sp.  Oscillatoria sp S
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Fig. 3. Relationship between Chl-a, harmful cyanobacteria, total phytoplankton and SD.
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Container diagnostic tool

Algal injection appearance

Fig. 4. Conceptual diagram of 3D container diagnostic tool and algal injection appearance.

Fig. 5. Description of diagnostic tool (Container).

Table 6. Comparison four level criteria for algal bloom management

Description of each criteria
for algal bloom management

Level
Chl—a(mg-m's) Diagnosis (Ring number)
Attention <20 6-8
Caution <35 4-5
Alert <70 2-3
Serious >100 1

442 ©2019. Korean Society of Environmental Biology.
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Table 7. Results of the diagnostic tool identification of the Oscilla-

Attention: 20 pg L'

No. Level Chl-a (ng'm™)
6—28 Attention 20
4-5 Caution 35
2-3 Alert 70
1 Serious over 100

Simple tools for algal bloom diagnosis in agricultural lakes

Fig. 6. Method of determining the level of algal using the diagnostic tool.

Caution: 35 pg L!

Control: distilled water

Serious: 100 pg L'

Alert: 70 pg L'

Fig. 7. Discrimination of algal blooming grade (Oscillatoria sp.) by diagnostic tool.

toria sp. and Microcystis sp.

Chl-a Harmful cyanobacteria
Level -3
(Mg-m™)  Oscillatoriasp.  Microcystis sp.
Control (Tap water) N.D. 8* 8
Attention <20 6 7
Caution <3b 4 5
Alert <70 2 3
Serious >100 1 1

*Each number means the number of showing ring according to trans-

parency.
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[]

DI water
(0 mg-L)

Fig. 8. Diagnosis chart of algal blooming grade by an easy diagnostic tool.

Table 8. Hexa codes of diagnosis chart for algal blooming grade

Species i‘itntion aution
Oscillatoria sp.
Code #iOeS . #57 190
Microcystis sp.
Code 7 #a6d4a9 869078

Alert Serious

#6c9274 #5e8758

s

#6c8945

444 ©2019. Korean Society of Environmental Biology.
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