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Focus on Discrimination of Dead Pediastrum Cells

Jong Myong Park, Ji Won Hong"?"

Water Quality Research Institute, Waterworks Headquarters, Incheon 21316, Korea
YDepartment of Biology, Kyungpook National University, Daegu 41566, Korea

?Advanced Bio-Resource Research Center, Kyungpook National University, Daegu 41566, Korea

Abstract

This study examined the scientific and administrative limitations of the current official water quality testing standard,
the "Phytoplankton-Microscopic Counting Method (ES 04705.1c)," in the context of increasing variability of aquatic
ecosystems associated with the climate crisis and proposed regulatory and policy measures to improve the accuracy of
public water quality statistics. The green algal genus Pediastrum retains its morphology after cell death because of its
rigid cell walls. During sudden increases in flow caused by extreme rainfall, dead cells may be resuspended in the upper
water column, potentially leading to overestimation of phytoplankton abundance. Analysis of three water samples from
the Han River showed that Pediastrum accounted for 89.1% of the total phytoplankton abundance during hydrological
disturbances. However, morphological discrimination indicated that more than 45% of the counted Pediastrumcomprised
dead cells and cell wall remnants. Such misclassification can distort ecological diversity indices and reduce the reliability
of operational data used by water treatment plants. To improve statistical objectivity and the practical utility of
monitoring data for water treatment, this study proposes an administrative amendment introducing a "dual reporting'
method that separately records viable and dead cells. Furthermore, to enhance regulatory acceptability and field
applicability, a stepwise guideline was developed as a draft partial amendment, with standard light microscopy-based
morphological discrimination as the primary approach and selective application of erythrosin B staining to anomalous
samples. This proposed amendment could provide a scientific and institutional basis for climate adaptation policies while
improving the reliability of public water quality statistics and supporting proactive risk management at water treatment plants.
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EAS g7 o] n|AE A2 T 3] AT AR
tEste 2 o yE 249 F(species) £9& 2Y
B ot FE 22 9 oy A5 59 Ut Fot
of A9 £2]-315H Ae) U HF-BET S22 A
= T 9 Aoargof dis) gote 4= k. o= Al

THbacteria), A (fung))d HE°] ZF(algae)
A T3 npRsixjoltt, 2FE TS nBE £F
(microbial community)< 44 ¢ E]-3FeHd &2
Aol £2]7] 4 'FAH &7 A3l A & diHst
= BEA E(bioindicator)°ItHBade et al., 2007;
McLellan et al., 2015; Mgller et al., 2020; Oshun
and Grantham, 2023). A4 W A4 EF3E9]
Z 24, 98X, ¥ A4 (shannon Index 5) &
B 712 o, 71593 (= A5) T A
7t At A AEHAE HFAH o2 LA FE
2, FUolAE ot AFEel ololx St
(Thawabteh et al., 2023; Park et al., 2024).
T T4 3 (freshwater environment)oll &
A= X F(green algae), TXF(diatom) ¥ &

2

ZF(blue-green algae) & 2% T2 27 544
AHThawabteh et al., 2023), A5A ] 544 o

Tt o] G SR o] A 4 50) $AH 9

< 1d 4= tk(Palmer, 1959; Lanciotti et al.,
2003; Park et al., 2014; Kumar, 2021). T3t &7
o] 3% 11 AAE F<(total phosphorus, T-P), &
A (total nitrogen, T-N) 59 FYLo=2 QI A1}
o7k sir}, whebA Z2F ol gt RYE P 4
A B E g 37 AHdLd Qo] Fas AAE
2217}, 2B LRt 3 FFFA
Q7= A AR AH E o]F Bt A dEA dx g
A3t Ha19] 7]&o] AASH AJEstE o] 9, Alm
AHARE S B4, Ayt B 5] H 3pgof Qlo] A4
T AA B3 dEsH] £451 UtHMinistry
of Environment, 2025; National Institute of

¢}
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Environmental Research, 2025).

T A2 )5 Hste} 75 97le] olg Al @
AR 59, 2 EANRE Ast B 3HA
g2 R 5 ol oo dF m52F S Al 3lel
QAT 227} Yl Ao = Hol=t, ol aF
w25 F9| P2AAsk S04 7| dgt o

of,
ofol

A3
ARl o7 ST S(genera Pediastrum)s T34
E44 A& 716tk ZAl(colony)E ©1FH, A
Jopal Sekeh Al e L 2 slo] Qlo] B35k A
J;—-_‘_ [e]

#2of v 7Fstck(Millington and Gawlik, 1967;
Jankovska and Komarek, 2000; Zamaloa and Tell,
2005). ®A= Ft RIdohs S8 39U 12 QIgh
ALY J19AHQ | B Fo2 s A W
o]l S5 o, E-=o] AH Pediastrum 2] AHA
HZ(dead cells) ¥ §1 A28 FxEo] 502 UA|
o AHE-H(resuspension) Frtt= Ho|thXiang et
al., 2021; Anzani et al., 2026).

A A AFHAFZIE(ES 04705.109] A=
A EF3E A A ot ARAELL FA|
A AN AA At EE5E S ABAE(viable
cells)& skl £e2] Alsts gt 7150] A4
Hol A 4k Sid JIE2 9¥E W
(identification)® A=t W Al4=(counting) WHI-S
A5t J& ¥ AlxZZ(cytoplasm)e] FHE 5
A= (chlorophyll) & o5l TE AbAZ B4
7holEgRRlE As] AlFstA| et of&E 34 Al
A 72 AR AR BE HexR 2R ¢
Gz O"'2 20149 olF 109 o AAEA
2ol 7% S71= AT A 42425t A}
ot ol g 27/ AT EAE Wstrle] gRFo]
o}, o|49d Helet A 7|EY] RAls Al A
2E Ao Qlol A7 9 FHolu £47t
AR T wdo] JFE vxA 2 4271 9l
. B3 AR BUE Y SHoAE 7]Eel AA
'ghost biomass' 7t A4 ¢4 2/ o= 921 A
HogH A & o A5 dFotr A7 2
ZAL HlolE Y] A=E AT 4 Ut ol =7t
25 BUEH dolg Zgte] A@AgS Ao it
ozl F9l, T84 5 5 e}t AdEo] 24

+= chlorophyll-a &=32] @A iAo Qlo] FA
2 ZA9t TS Fste o] ot

olo B A M= Pediastrum & M2E2] AY3}st
A FZ22 BT 71/ ool mhE AR wAUEC]
4 BUEY Holgof nA= 2FF AlEelo]Ast
1, 7 A dad 93 #3 A HolEE Hi" S
& o] F AFstaAt gt} volrt glo|E o Apd FH

WA Sl A et AP 2E 25t
o 7]ot= o] 3} 7|5 HAl(dual reporting)< At
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2.1. AtHIZS| A7t S AHE0f| D|2|= S Al=2
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Pediastrum® 143 N EA E35] AlEZE o

A QB 716 B4 9 Bd A EXAo] S et
E 5t F8R102 B 5= vk, Pediastrum &2

of2] 7He] ME7} 75t d o 2 & o] Fm HPgh
Uy = o FEhg g0k, HEE o R S
sl WHAA 470, 870, 1670, 327M, 647 =2 FHdf
128709 A|z27t shte] #AE o] EtHMillington,
1981). o|&2 AEA ] totelete Wi 71t 3t
3& $18t chlorophyllth &S 8 F24 W= 11
g2 &2 oo Al F 2 i 247 = 5419 =
AZolA 8 |zt RERR2 IAAESHY 7HA]E A
d Ar=z Fx3 HEYo] EtH(]Jankovskd and
Komarek, 2000; Zamaloa and Tell, 2005).

BEA BA| oA F2 HAAFste] AA Fof B
Hol Y Pediastrum MR E=, St 29 2 9 IR
Al WA= et A S (shear stress)d} 2Fq-ol 2
off e om A ARRE 4 dew, 1 724 B4
o2 Qs A2 AstEthXiang et al., 2021;
Anzani et al., 2026). AM|ZEZo] £AE|o] Exto] W
zto] 7} S48 AN E= Stokes®] W2 o whak 7t
SIS 2 ZotE =], el A3 Ao =1 7]
24O = Stokes?] HAStA YA 7 £ Al
I 9250 Algel vlgstr] wZell, Alzo] 24 2
719} 914 Fx= AAES 283 = @ Haetr
SFYTHXiang et al., 2021; Park et al., 2022). &, &
M2 =x57et @ Pediastrum &2 AEE°] 715t
o2 i o|FH AG T vt FASHE

2, )8 AEe] A e BEs} 3 el E 24
A 0] 2 Yt A e G4 Aol Agtatel 1%
9 Aol H o)A FE = o4 1el 4] ofatx
ATFE Wi} wetd AREE §450] Tadt o] 5]
5 % A ZA 5 AHE $A5A |
o} oA "2 A 4ol g ARA 9 g 4715}
‘o] Aol 4 A= Weld & x5 2w Holg 3

BAR7E WD B AR Pediastrum % AHIE B FHoE 983
=5 Ajsksh F4l0] e,
g, W YR 1A 210 THAY

71Z(ES 04705.1¢) ' =]
o m2H, AEA EHIES F7F B4
E5(cells/ml) FHIZ Alssis AS 93]

(Ministry of Environment, 2025). #A1& d435=

0] A%, Aul7 Alof el BE F 2A|Y 40
2A 9 B AZ 5 FAY 2 2A0) AE 52

21 tete] fAS g AHESTH(Ministry of
Environment, 2025). ZARF A2} & 2H10%hel 2
7t Pediastrum M E7} 64 cells FEi2 TEH of i
2O Azf ol A WA AT 7MYk, X FEE
oh3t o] A= 4= Qi) whek =39t 59 | o
2 Qs A A Fol A= JdH AEH
Pediastrum 7 A7t gFo = AR52 49, 5k 4
Z A vA= 24 dE Aol A& =0, Al
zdo] BE AR PHTE {FAH 64-A12EF
Pediastrum <A Zt 1707} Z¥Zte] 10709 A=pollA
BTEE NS o], o= F 640-A =7t =W, F 1,000%F
(&, &7 & A& 71590 1 mLell th-&ste) A+
71 10080(%, 1,0007He] AzH/10709] AAp) Q1 F
64,000 celle] T&E AolB =, Hk o] 5|4 oL} 55
g glo] dHe TS 1 F 5=+ 64,000
cells/mLZ =57 Hct,

1) A=9-2t=H(sedgwick-rafter, S-R) ¥H EZE
A4 71E
- ¥ A £1: 1 mL (1,000 mm?)
- v Y WA 712 50 mm x A2 20 mm (=
1,000 mm?)
- Y Y& ol 1 mm
- HigH Az R 7ER 50E, AR 2082 A E
Z 1,00071¢] A=} 3t
- A1 B 72 I mm X A2 1 mm x 2

°] 1 mm = 1 mm?

2) 93 25 A3 424 (ES 04705.1¢c 71 N =
(C x 1,000) / (V x S)

- N: 94 1 ml B A2 S35 A2 (cells/mL)

- C: A3 Al AlSSE F AES(cells)

- Vi 37} e Fdo)) ARgE AA A 52] Fa)(ml)

- S @nEeR AAT F AR 2He] 44l 1,000
2+ % 10072 A5 S = 100)
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Table 1. Abundance and morphological viability distribution of the genus Pediastrum at Han River water system during the

hydrological disturbance

. Total Total . Viable Dead
Sarr.lg)hng C;PS ; phytoplankton  Pediastrum Peﬁ/ 135[2;;77 Pediastrum Pediastrum De?d ((:;;l
sites coordinates (cells/mL) (cells/mL) share /6 (cells/mlL) (cells/mlL) ratio %
. 37°31'10.28'N
Site 1 127°05'27.32'F 680 588 86.5 323 265 45.1
. 37°31'07.47'N
Site 2 127°05'08.04'E 520 440 84.6 242 198 45.0
) 37°31'37.03'N
Site 3 127°04 2736’ 502 488 97.2 269 219 44.9
Mean + SD 5673 +98.0 5053755 89.4+68 2780+ 413 2273 %343 45.0%0.1
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A T2 1A 370 AR F Al=E A
34 F 97l AHFHSFHTHTable 1). A= AF = ¥HE
(van dorn) ZH—rﬂ% o]-gste] #3551 0.5 m= W
o g2 Haslglal, Ao SA] ZpEet Ee]o g Al
2 (1 Dell ¢ 5 FF 8H(lugol's solution)=
2E FE 1%(v/v)7t HEE Hrloto] N2E g4 1
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DA AR AP ol
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A% 592 43 HA

chamber)oll st FHH AlE W 23 E Al
29| J7FE F&str] flol BEeh oA gollA 30
= ol AA|sk3iTt.

A7 9 A AsE 35HvH (olympus BX53,
Japan)& AH&-SEe] B = QIT}, A THe] S-Sl
Aot SA A drdS Hsh] Qlof, F29E A2
H Az 4 7HFE 1007 oS WA 2 a1
o2 rt2x2m ui& 2008 2 4008] 2HFolA
HhE A5 tHSchoen, 1988; Son, 2013). §3
Pediastrum % 4 We] A|lZ2d & o 5ot et
A AR AZL] A7 AEEE Fstet] Qlsl, ¢
vb B=ule @A (bright-field) 2=t |07
A Aol =2 WE(green filter, 546 nm)S 4
REE AARE w2t E-gsto] 54 9 AFE XY
of, FE dEF Tk AL 2. 101 AN E THAE
14*9-0]'04 cells/mL T2 A&

Y FAHAH71E(ES 04705. 1)l T <
A FAA) T 2 Aol Absh=
A Alg HAB) Y] AFH ear 9wk
(overestimation)®] SAIA Fold< AESHI
g5 EE -AX(paired t-test)= A A5
2 ¥ 30 A AT F 9/ F A=
3% REEA)E dde s +aEo 54 &

A19] ZFE]@ A< A6 & A 3 2ol o] BH#D)=
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2.3, MeRBrY BT 2% A| 23} R 201 23

G4z 24 WA A} AL RS 2
FelA) g 28 W B0 Egehs AL S4EA
SUHY dlol8o] A4 Asfshs 7H 4
O} §F alolth, ol A4 A 85 Sadehs
4 2] e 715 AN S e o=
slo] S4B glo] wm Asket 3 ulAy

= T 24Z oA E Az} AN ] et 4
2ol Aot} A H o2 AR W AAHE Feo]
T2 73 B R vA] = FFE A4 =TS
4 9] FAA EAS v o R AlET ol ds Hk
= o, ohaat 22 A BE o A EY] 0 AE
et 4= Qo

% S5 E(species richness): & 5@ 54 A
E AolY A9 Yol EAst= A= tE BE T2
T MR BoEH, F FER ol QA= &
(phylum), “X(class), =(order), ZHfamily) 5 &5F
sH4  thFA(taxonomic diversity)= Margalef's
richness (Dmg) &< Menhinick's index (Dmn) #]
T 5= &oto] fedoz FAY & i Margalef,
1958; Whittaker, 1977). ©] A&7} Abg== o]= A4
= o] At A2 stol|A T E 2Adv= et
Foleng o] JgHste] fFo] WEoE g,
I 9 AIE & Sl tE Tl &3 Holl &4
steg QA AA7L BHotA] 21 Ao 3K
(BHd &84 & 5 e AAEE AgHes A9
Sh= Zolth, A WollA ARAIE, 3] ZK(frustule),
Pediastrum %2 Rl A9 Fo| FLEEZ] ofugt 2
2 A T 282 AE, EF £EF2 )Y A
7ERISIA & F71e 4= ik o] AR o] e
oA E D §1A] Fl AR AEFET A F
TRE S AHAY FETE o] JfgrtEEs oF
244 &= ok

2 A= (dominance)?t W5 x(evenness): $HT

7
A
e

=

K

& EA O] 2ol sl 3 WollA] dub &<l

FFEEAIH HE)E 7HA AL Q=7 YEid= A

oot md o2 A& A 4=(simpson index) [1-D]

o] Ao, 3 Wl FE9= B2 F R E

2 FTY g2 A¥H o2 &St Lambshead et

al., 1983; Mendes et al., 2008). ©] gto] 19l 77k
=

5% 4 50 B Al stk elulolct. $-

w7t UR e A 2R7los Fa29 By

18715 WA B3 A Pediastrum & AHIE BAE FH02 985

TtE= A9E zefigit) ot e 2 ol &
Aok o2 T AAL7 duit 25, Ao &
HiE]o] QIE7HE UetllE 2| Eolth, BE o] A4
7h = o HE =7t EThAL ob, £ S EAL o
2= Sl AsH #- 57 Rehal sfAji) A &
A A7)0l g SAPE 3E2 Al AREe] =
28 QRIS ¢ Y I2 A H HF 5) 22 2l
off AR A= A-FAEE, o S AAAF7 5
Ao BEed 5 Q. 29pHor 4 W T2
WA v&0] #@AES Uetlle 75 5E 257 54
5| stebstAL, B4 Foll gk S =7 B estA =4
UehtA |, o] 8 s 23S st s
Z 749 95t 45 FAl(biological interaction)s
dfste] At He LF/FE FES 4 Ao

Shannon-Weiner T34 Z15=(H'): A elictoll A 48
E A9 g Frre of 7 de] ARgste A
BE2A, 0] T (T FRDER o=, 2 F
o] gt 1% Ao J=A(F #TE)E Al &
st deAle] BT AR EE HTH o= A=
3Fstth(Lambshead et al.,, 1983; Mendes et al.,
2008). 2 T (9 & ZF T A Hl&i)E 5
Aloll §Egot= 2|4 H' 9] 7%, o] APdEh Al E2
Ao g A Axd dfEe] e SHE T Ex
MAR @1=]o] A4 f]do] At o] A 28 F
(99 A91H F7HE A5 AA A1 2] A g
o] AAEL} H|AFH o2 A Aubd & Q)

A A A7 = (ecological health) B719] A A
B A AT Brt= A Y 124 234, 7154 ¢
24, a8 R 2 HE ] wike] et I EEHFE
FHoz Hdsl= Yoz, Es| o=
AR Aoz (A A A ¢ 0F

37 o wet 7M1 AR )7t A= 5t
AE ez o7 H3ck= WA 771 BUHI
7t BA) Ao, A& SHY FeHE 2J=
tHCostanza, 1997: Ministry of Environment,
2024; Kim et al., 2025).
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(d) Empty Dead Cell Remnant y
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Fig. 1. Morphological distinction between active viable (live) cells and dead cell wall remnants of the genus
Pediastrum sampled from the Han River water (400 x). The top row represents observations under a green
filter environment, comparing (a) an viable cell colony with complete structural density and (b) a damaged
dead cell remnant exhibiting structural abrasion, cell wall fracture, and loss of intracellular protoplast due
to physical turbulence. The bottom row represents standard light microscopy observations, comparing (c)
an active viable cell colony filled with dense, dark protoplast and (d) a complete dead cell wall remnant
(ghost cells) characterized by a transparent, empty cell wall network resulting from total chloroplast loss
(Note: These specimen images were acquired using field-level digital imaging techniques to empirically
verify immediate readability and practical applicability within the routine monitoring environments of

water treatment plants).

Pediastrum®] AHAIZESt B 1kA =437 9
FAHE 0 o]HS gHig B AA A Yol o
FAF AH], At FF, HolAks W Gt AR A

o

0.

o B4 &l 18 7ofsl 2Tk, webd ol S-S
EFT TP A0k 4B 5 A EE @A
o] A7 47 Al Wedehs AR gl AEE
FgsP] ofch AR o 97 WYkl oG
A ghe 47 0l 472, S 1 w2 2lap]
ghSo] §7 Al 2 ot WOl B Ashshe 4

3.1. S AR0IM Pediastrum 2| A4 AN HEY
31 £2 0z

7% §17] e S48 mUEE AA 75 §)

3l SV ¥49] Pediastrum 552 A ZL} AbM|E 2
A= Jefstd EAS B4 A3} 1A 219 34
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(O™ "e E WA3g) of whet 7HA A Q] ApEA o] =&
= Aok Fig. 1).
AR, 2 e g st E44L 71 A
(Fig. 1a)= A9 22194 A X
ot ofu e}, Al 77} o] Zor wieet g4y ¢
(protoplast) ¥ FEA FJEo2 FYs}
At} B =24 S48 ol AR5 ohEH AR
Z(Fig. 1b)2 FA] AR th #2271 S =] ¢
124 e, @# =7](horn-like projection)®]
upE-§A 9 Az argo] Aisitt, ERE Az o]
gRxo] YiRIt REAH o2 EYshA H|x|= 358
Aol ERI=| it

=4, g5 WAgS o= g 7474 24 gt
S M2 TAE F2H2(Fig. 1ot F= 8 14
ol i GEA7F 2 Y o] T2 MAFo B 7 2t Q)=
25 Bt olet 28 o 2 A ZE2(Fig. 1d)<
Mlzdo] A4 9 g2 E o] Fstdn| 7 o] o] Az
YWHE Idi=2 Fash= ¥l Az Z:% wa Ak
FeA 2} 215 F2(cell wall network)= =7
SHA f-Alstal glot, R 93 7.‘:_% SHzA} Glo] &

HotA b= FEsHY ztolE HEs| YSotatt

A A ATPARAZIE(ES 04705.1¢0) 'A=4
EFIE-AnFASE o B Al A 28 A
-, BAYL Fig. 1bo] mk=5 AHolt Fig. 1d9] &
Het 9l Az JRA] GA] Aokl Pediastrum =
gFo2 Jrfa A4stA Hot

2 AT 73 5 SR AR ) AlRE E
At A, F 2F 9= 32 47 33] 9hEA] 9
Hedo=2 A 680 cells/mL, 520 cells/mL, 502

cells/mL (B 567 cells/mL)E UEFLH o] &
Pediastrum 4°] 32134 247} 33] 9kE2|9] HJHo=
*] 588 cells/mL, 440 cells/mL, 488 cells/mL (Bt
505.3 cells/mL)yE AFA|ste] 4] @E=F] 89.1%2F
= Y= FHES 7|55 2AF A & A
£ 79E& 5ks H9EY sATEE 7 e
2 Qs st 214 Hdd $2(hydraulic shear
stress)Z}t flushing effect”F 285t o, o] wat
452 492 B3 vE 27 T2 HEE SACA

gREo] Ao A5 e APAR] 7 Wt AH
E e

J8y ded SHF o2 AH Pediastrum %
A F 2F 45.0% ©1/3682 cell)o] AA| =4 o]

71 WA BF AR Pediastrum % AHE RS FHORE 987

R e ARAl
5= %K (Table 1). ol @ 4 |
(ES 04705.1c) 'AE4 EFI=-AnFAeH 9 &
= A A s A8 7§—?~, A@Z7Y Fig. 1b
o] n}&=5 Aot Fig. 1d9] £ §1 A= 7HA|7}
2| RE Aol S JEFOR @ J SHAl 2 A9 Al
A Aol T 7hsd& Hojet etk A A
A AEF] F2] 45.0% ool Got= AHAZE dlo]H
7t @A Ao A o] Hr] fE =27 FA FRl AAH
HEgze sjadAre] o=71 HEAISE Aotk AlA)|
Pediastrum %9 & A5 (H+ 505.3 cells/mL)z
FHEHY 78S ol E2H YN E F=(EH T 278.0
cells/mL) 7+8] @24& 2|4 0 = HE5IH =], &4
At = At 719] F Zpo(D)= 227.3 cells/mLOl
Ao 2ol o] EEHAKSph= 31.25% UERTH A&
= 97l WHE ARE(n-1) 89 A A= FHF
t-A(t-statistic) 21.82%, o= QAW HL} 4]
Hj o] AR 2ol & fditte AS HolEd o4
T 1%° F=HA 0174]7\] Q3. 3555: A Zstit.
Zo| N EAHOZ
oﬂ = ﬂ k2| z/l]_q
OJu|5}A] Tk
MEE 12t
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Table 2. Comparison between current and proposed provisions for the NIER notification

[Proposal for Partial Amendment of the Official Water Quality Test Standards:
Phytoplankton-Microscopic Counting Method (ES 04705.1c), NIER Notification No. 2025-52]

Current Provisions

Proposed Amendments

Rationale & Justification

8.0 Results Reporting.
Measurement results shall
be reported by entering
them in the "Phytoplankton
Counting Log.

8.0 Results Reporting.

{Newly Established)

(Paragraph Newly Established)

8.1 ‘Dual Reporting Method' For algal species that retain their
original morphology even after death due to a rigid cell wall
structure, such as the genus Pediastrum, viable cells and dead/
empty cells must be calculated separately and reported concurrently
on the results sheet (Dual Reporting). For public environmental
statistics used to evaluate aquatic primary productivity, only the
"viable cell" concentration shall be included, while the "dead
cell" concentration shall be recorded and preserved as a reference
indicator for intake water management and water treatment plant
operation.

[Ensuring Data Reliability]

To prevent the statistical illusion
of overestimating the current active
algal biomass caused by the
resuspension of dead cells from
the sediment during climate crisis
events (e.g., extreme rainfall, dam
discharge), and to provide
operational data regarding high-
turbidity raw water influx to water
treatment practitioners.

[Note 1]~[Note 17](Omitted)

[Note 1] ~ [Note 171 (Same as current)

(Newly Established)

[Note 18] Guidelines for Discriminating Dead Cells In principle,
the discrimination of dead cells during microscopic counting
shall be based on morphological signs. Considering the
simultaneous analysis environment with other algal species and
field applicability, it shall be applied stepwise as follows:

A. Morphological Discrimination (Primary Principle): For
routine analysis under a standard light microscope, cells of
the genus Pediastrum showing @ complete loss or
discoloration of intracellular chloroplasts (green to white/
transparent), @ plasmolysis, or ® a ratio of empty cell walls
exceeding 50% within the colony shall be defined as dead
cells and separated from the active counting target.

. Selective Application of Viability Staining (Anomalous
Samples): Viability staining may be selectively applied at the
analyst's discretion only for anomalous samples where visual
discrimination is extremely ambiguous or immediately after
extreme hydrological disturbances (e.g., concentrated
rainfall, extreme rainfall, sudden dam discharge) where
severe sediment resuspension is suspected.

. Minimizing Interference in Mixed Samples: To ensure
objective counting, Erythrosin B staining—a water-soluble
dye that selectively stains dead Pediastrum and other dead
green algal cells in a distinct pink or red color under a
standard light microscope without damaging the original
morphology or color of viable cells (including other species)
—is preferentially adopted over fluorescence staining
methods (such as FDA) which carry risks of cyanobacterial
autofluorescence interference and require expensive
fluorescence microscopy equipment.

[Securing Objectivity and
Reproducibility Among Analysts]

To eliminate the subjective
intervention of analysts and
enhance data reproducibility by
providing clear discrimination
criteria.

[Field Applicability and Prevention
of Interference with Other Algal
Species]

To prevent the analysis workload
caused by mandating universal
staining for all samples, and to
establish a practical and scientific
standard capable of accurately
screening only dead cells without
interfering with the identification
and counting of other species
(e.g., cyanobacteria, diatoms) in
mixed samples.

[Note 18] Freshwater Algae
Classification Table and
Phytoplankton Counting
Log: Refer to Appendix

[Note 19] Freshwater Algae Classification Table and
Phytoplankton Counting Log: Refer to Appendix.

[Prevention of Branch Numbering
and Amendment of Note
Numbers]

Sequential adjustment of serial
numbers and textual modification
due to the newly established
guideline [Note 18].




990 uEy -

2) T4 5 Ul A B Fhol =gl A
A AR o] TA L FEehy AT E 7]%_3§_ Sict,
© Al Y GEA(chloroplast)e] g A
R (A A ), @ Ml 2 *l‘#(plasmolysis),
@ A W " A E&o] 50% o4l A=
APA| IR A oJRit, o, wAJo] modt A gt
)7 Shofl A YA

erythrosin B E+= fluorescein diacetate (FDA)

AW (viability staining, ©l:

@A 5) & Ao H4asiel BAT 4 JEs
st
3.4 A 84 Y A IS 24
A7) ASHE A7 U8 (ehel e, 2 el A Ak
@A A 45 BIIE A AR
2 WS

9 A SAATAE

o zxte} HAA, si2
She HA2 %’%}742 AW ot
N7 A NA AlEsh=
impact analysis) @ 1A 924 (regulatory impact
analysis, RIA)Y] A B7t 5= A +84
(regulatory acceptance)d A3 7Hsd(feasibility)

o
LT

Lo~
U
2
-

FFEA (leg1slat1ve

o] 7] wjFo|t},

A, B QR Hotd 84 #Ho= dnjgd A
7 g A A AN EE EElsto] Alsthe A2 B4
do AA ARFE AF FVNE & o =y
Pediastrunre ME 2717} 23(EF 10~50 pm ©]
A, AlEED A4 ofFIE dvt FedAn| 7 (40081L)
FHNAME S¢to R Hehs] PEHEER SdE B4
dofA| F7t= Fol= mlulotet, A o] 79 Ha
ZAPY obd 71T HSKESH 59, | W) A5 ‘B
o] A& of ghafiAlut A o2 HEsie = -2 A
AotH 24 8848 AT 4 Ut

=4, dlojy] &80 FAAT} thEA P A9

71215 A estoof itk AJFEA] FpA oA AN Z Q]
o oA e A AREf| A %*%J AA &
ZQ3t %ﬂ

15 Eﬂ"l‘ﬂiﬂi %%
TS ekt
& 849 Bl
A 7)3o]| 21719

ariz #4885 ek AelA@R)
A 7V F23A AARE A 4847

7
§ F54E BA SEokE 4R U o
w

A

o)

N

M

lo

kl

b

ol

rin

)

)

i

Io
S gl xo N pg rE
oo rE N 1% o

F—?~

3.5 AIMIE T 7| =US 2lg A= g Argt
L A 8/ A ot
715 9171 t-83 4 HlolH 2] Al=/4d-& 2tH 51|
Al AAE Pediastrum & AAE THE 2 o] st H
I AAZ AA FF BUE A AH FSE7] 915)
M=, FAA A Rk @ EAEE] 47 Fot
oF A 71Ee] Aadgdel gt Het A=A HEZFA
gP=jojof gttt =7t £A L FFHART|EY A
g 82 A ANE7E 2 A @] =42
zHd 4~ qloenw TFolME FE A 2ot
Al AEE|ojof & TAA Zto]EgiQldo] (A& At
Ska12} Fek(Table 2).
A, A TEE 9 EJ A 84
Sthskstr] Qs 24 o d
! 7}°]EE}°] 0| ”1510}‘:]'. nEdY
FEAAQ G A8-& oF3teh= 7/1% 2449
HolE 7HsE 27t ek meb A B4
Alelle B3 Fedn] A stellA
g, B A W 81 A2 B1E(50%
o

L=

<o
X

oZ: :lé Hm
e

o ofl
b}

S
kal
Ir

ofl

£
olt
=
2

O
4
Irt
o
I
9'15
o
Mo
ol
o
i)
rE
ofr
N
P
Y
il
2ok gl ofN o
o

._V|L_]
i

z |o
frtl
i
o
ol
ol
rr
pous
o
ot
o
i)
o

)
Ho
o
- 0
>,
g
s

3

e o o X O pft 1o o
> |o Jo
rr 2 oo

140:-[#

o i =
op

_O|L

oo

o
Hr
>~
)

R L= A U



P1E917] Al B8 4+ B4 A= L A8 22093

FE aFHn A Aol A AA1E FDA 59 33 &
A Fx T AAES] 27153} auto florescence)
1 7V ol EASkAL 117te] AH|7E "= o]o] A
E];I Eia 14%01] 6]—7;”7]— 0]]’4— H}-Eq /\_9_/\‘] /\H/\O]
erythrosin BE 8% ¢ AAZ 9 53 A5 Y
B AE F(EEF, 9t 1‘?— el 15 FHY Al 2
Joll THdS 2] FouA AN zRt ddA o s 28
o2 AMA7|= o]do] HirH HE QITtH(Kim et al.,
2016; Yewalkar et al., 2019).

a£4 o; o]2|gt o] s}t Bl I AR 3
olEgkl 74l WA A SR =, 57t 4
Al 7“-‘4“61% AR o2 385t @—’F%} *3
2t A g 59 Al AAAQD =2F -3 (filter
clogging oI} 5) HolEE Al Fots TAH Hebd
(reference indicator)22 HERE Zo] ulgkzgh

Zolt.

3.6. 7|ch&xt

A, 7144 ARA SN, A5 24 A
45} 9l o] civky] HAe] Ao heT &
Qlek. T ] APALE T 47 WhAL e, o] 93t 7]
S WAlS B AN HlolHE BERORA A4

URAE AU AN B R Ge el

2
i

_{

O

E%Eﬂ‘ﬂ/"e] 7‘47]' A H) T (Mﬂhngton and Gawlik,
1967; Jankovska and Komarek, 2000)2} 718 #]
HlF B4R Ql5f WAgsh= o7tz 2 2ajute] &5
2 fM(filter clogging) @74 A of|Z3le] A
] 27|12 WstHog 2AS 4 9lon] AL B A]
WEEE E gy 2 B3 59 o]H9 §8 =4
of tholl =AY FH(E D SAEH)S AAA
o2 7 4 e Aed 2AT i s

A, AAE- P9 THANA B o 5= ArH

[e] -1 = u

e}

AR 3 29 g BUT 5 gk AAE
o W2 of ] ML HAH 02 AfFo =,

o} T do o
o o

N

AR GAH F7 BEOR dlof Ansld g4
A 842t ool B3 o7 S W 5 A

71E WA FF AR Pediastrum S A BRE FHeE 991

89 BHE 2 o8 4 5l 3 A0RE g
A% 2 AN A5 A 37 oIS Bl 4
Ses0] el E WEs} 27 5 ol7iv] HS
R0 2 ANFORN, FF 4 Azl dhat 3
W2 RS ol n ghast] Aulaog jRg 1
Y +ERS YHoR TS A)H WL
24T % 9k,

47E

o o5 |

oA, 8 +HBTEAIE7IE(ES 04705.10)9

AEA EFIE A B0l 71K Aeh- A A

g A5k olof gk AFA tiekE Altetarat &

PEYeh, AFE ol =E2H @Y 22 2T L
A Ped1a5trum J} o] 2 Yol ZFet =

A =
= FEet A9 FHAR 2 BAEY} AN EE
WS Weket e 715 Folstar glol, Aeaty
gido] 24 Mot @58 TR AgEe &
7 AR ZAet T B9 FHlE st it
SH, AAIZS] A% w7 Aok & E A

oz 2ok, ol & FEAZ O YoleelA 47
She 2l A4 B4 29 WAl eheha sk
AAZS AT 7Y
54 @S AN 2 4 4%
Alo]7] o]t} o] zt@ Aeaor 499 18
= 95 8 AN G212 D)l delstel 44

Z

Zro] okx =0l ol 2

0O

A 5 e AR i

44, 911 B2



dt-
=

992

o

Al

2~
Al 3l

A 719 m|A A 7
7 BUEH AAE Tt o
A olt, =71 &7 A A
i v fYof -85t
A Hols FAlol 24
=7F ek e 9 )%
A3(climate adaptation
QS Ao 7|tidct,

=]

S
= o

=

9& st
T

1

[e)

o2, Fe A&
7] A 715dst A

policy) =80l 7]t

do ool e i

st

i

o
°©
A~
s

REFERENCES

Anzani, H. S., Kantoush, S. A., Nguyen, B. Q., 2026,
Sediment  management reservoirs: A
Comprehensive review of processes, trapping
efficiency, flushing techniques, and bypass
solutions, Prog. Disaster. Sci., 30, 100556.

Bade, D. L., Carpenter, S. R., Cole, J. J., Pace, M. L.,
Kritzberg, E., Van de Bogert, M. C., Cory, R. M.,
McKnight, D. M., 2007, Sources and fates of
dissolved organic carbon in lakes as determined
by whole-lake carbon isotope
Biogeochemistry, 84(2), 115-129.

Costanza, R., 1997, Toward an operational definition
of ecosystem health, in: Costanza, R. (ed.), Frontiers

in

additions,

in Ecological Economics: Transdisciplinary essays
by Robert Costanza, Edward Elgar Publishing,
Cheltenham, United Kingdom, 115-132.

Jankovska, V., Komarek, J., 2000, Indicative value of
Pediastrum and other coccal green algae
palaeoecology, Folia Geobot., 35, 59-82.

Kim, N. Y., Sim, Y. B., Park, S. R., Lee, K. L., You, K. A.,
Lee, H. Y., Hwang, S. J., 2025, Development of
integrated assessment Index (IAI) for evaluating

in

aquatic ecosystem health in Korean rivers, Korean
J. Ecol. Environ., 58(5), 459-470.

Kim, S. L, Kim, H. J., Lee, H. J., Lee, K., Hong, D., Lim,
H., Cho, K., Jung, N., Yi, Y. W., 2016, Application
of a non-hazardous vital dye for cell counting with
automated cell counters, Anal. Biochem., 492, 8-12.

Kumar, R., 2021, Enumeration of algal species creating
problems in water reservoirs, water supplies and the
possible solutions, Int. Res. J. Plant Sci., 12(4), 1-3.

Lambshead, P. J. D., Platt, H. M., Shaw, K. M., 1983,
The detection of differences among assemblages of
marine benthic species based on an assessment of
dominance and diversity, J. Nat. Hist., 17, 859-874.

Lanciotti, E., Santini, C., Lupi, E., Burrini, D., 2003,
Actinomycetes, cyanobacteria and algae causing
tastes and odours in water of the River Arno used

\:Oﬂ .

ofol
rie

for the water supply of Florence, J. Water Supply
Res. Technol. AQUA., 52(7), 489-500.

Margalef, R., 1958, Information theory in ecology,
Gen. Syst., 3, 36-71.

McLellan, S. L., Fisher, J. C., Newton, R. J., 2015, The
microbiome of urban waters, Int. Microbiol., 18(3),
141-149.

Mendes, R. S., Evangelista, L. R., Thomaz, S. M.,
Agostinho, A. A., Gomes, L. C., 2008, Unified index
to measure ecological diversity and species rarity,
Ecography, 31, 450-456.

Millington, W. F., Gawlik, S. R., 1967, Silica in the wall
of Pediastrum, Nature, 216(5110), 68-68.

Millington, W. F., 1981, Form and Pattern in Pediastrum,
in: Kiermayer, O. (ed.), Cytomorphogenesis in
Plants, Cell Biology Monographs, vol. 8, Springer,
Vienna, Austria.

Millington, W. F., Chang, S. R., Gawlik, S. R., 1988,
Structure and function of the bristles of Pediastrum
boryanum (Chlorophyceae), J. Phycol., 24(4), 512-
518.

Ministry of Environment, 2024, Water environment
conservation act (Statute No. 20349), National Law
Information Center, Sejong, Korea.

Ministry of Environment, 2025, Official water quality
test standards: ES 04705.1c (phytoplankton-
microscopic counting method), National Institute
of Environmental Research (NIER), Incheon, Korea.

Ministry of Government Legislation, 2026, Criteria for
legislative drafting and
Government Legislation, Sejong, Korea,
https://moleg.go.kr

Mogller, T. E., van der Bilt, W. G. M., Roerdink, D. L.,
Jorgensen, S. L., 2020, Microbial community
structure in arctic lake sediments reflect variations
in holocene climate conditions, Front. Microbiol.,
24(11), 1520.

National Assembly Secretariat, 2019, Theory and
practice of legislative drafting, Seoul, Korea,
https://assembly.go.kr

National Institute of Environmental Research, 2025,
Regulations on the operation of quality control for
environmental testing and inspection agencies
(NIER Notification No. 2025-52), Incheon, Korea.

Oshun, M. 1., Grantham, T. E., 2023, Leveraging
species richness and ecological condition indices
to guide systematic conservation planning, J.
Environ. Manage., 1(341), 117970.

Palmer, C. M., 1959, Algae in water supplies: An
[lustrated manual on the identification, significance,
and control of algae in water supplies, Robert A.
Taft Sanitary Engineering Center, Cincinnati, USA.

review, Ministry of



7159 A 33 53 A AR S I E0ET

Park, J. B. K., Craggs, R. J., Shilton, A. N., 2014,
Investigating the life-cycle and growth rate of
Pediastrum boryanum dominated high rate algal
ponds, Water Res., 60, 142-153.

Park, J. M., Kim, Y. K., Lee, A. H., Lee, H. J., Koh, Y. J.,
Jun, N. S., Kwack, W. S., 2024, Variations in algal
distribution and diversity in oceanic island and
inland freshwater reservoirs : A Step toward for
securing diverse freshwater resources, J. Mar.
Biosci. Biotechnol., 16(1), 63-68.

Schoen, S., 1988, Cell counting, in: Lobban, C. S.,
Chapman, D. J., Kremer, B. P. (eds.), Experimental
Phycology: A Laboratory Manual, Cambridge
University Press, Cambridge, United Kingdom,
16-22.

Son, H. J., 2013, The analysis of phytoplankton
community structure in the middle-lower part of
the Nakdong river, J. Kor. Soc. Environ. Eng., 35(6),
430-435.

Thawabteh, A. M., Naseef, H. A., Karaman, D., Bufo, S.
A., Scrano, L., Karaman, R., 2023, Understanding
the risks of diffusion of cyanobacteria toxins in
rivers, lakes, and potable water, Toxins (Basel),

15(9), 582.

ANE71E N BF A Pediastrum & A E B3-S FHo2

993

Whittaker, R. H., 1977, Evolution of species diversity in
land communities, Evol. Biol., 1, 1-67.

Xiang, L., Huang, X., Huang, C., Chen, X., Wang, H.,
Chen, J., Hu, Y., Sun, M., Xiao, Y., 2021,
Pediastrum  (Chlorophyceae) assemblages in
surface lake sediments in China and western
Mongolia and their environmental significance,
Rev. Palaeobot. Palynol., 285, 104356.

Yewalkar, S., Wu, T., Kuan, D., Wang, Q., 2019,
Applicability of differential fluorescein diacetate
and propidium iodide fluorescence staining for
monitoring algal growth and viability, Waste
Dispos. Sustain. Energy, 1(3), 199-206.

Zamaloa, M., Tell, G., 2005, The fossil record of
freshwater micro-algae  Pediastrum  Meyen
(Chlorophyceae) in southern South America, J.

Paleolimnol., 34, 433-444.

* Professor. Ji Won, Hong
Department of Biology, Kyungpook National University
jwhong@knu.ac.kr

* Ph. D. Jong Myong Park
Water Quality Research Institute, Waterworks
Headquarters
eveningwater@korea.kr



	기후위기 시대 공공 수질 통계 정확도 향상을 위한 수질오염공정시험기준 개선 방향 제언: Pediastrum 속 사세포 판정을 중심으로
	Abstract
	1. 서론
	2. 재료 및 방법
	3. 결과 및 고찰
	4. 결론
	REFERENCES


