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AA] F£E 42 P e s g a2 37 HiEEE 210 and <50 pm 7] RRZFO) BANREE A, AL
o] Al B 7)ol we} @3 M7)E HF3ISH= ATP assay W 2§ 7Fsdel disl &elsl 2312} s9dck, A A%
FAE 52 AEST AEE A FF S r|ed AT Aoy Mt 5 A& F3 531901,
A8 A <5 um meshE ©] 83X Z7)71 & F-FEZE AAS vhs B B M3tk 53272 Tetraselmis suecica
9} Y2F2R Navicula sp., Halamphora coffeaeformis, Halamphora veneta 352 A8E 0 2 A74slglon, 4879
NAF EE T E T suecica= 0, 5, 10, 25, 50 cells mL™', Navicula sp., Halamphora coffeaeformis, Halamphora
veneta= 0, 50, 100, 500, 1,000 cells mL''7} B =5 212} A543} o]y At 5 F4 Mg ARl FY313
ok HAS F= ol whE AE2 3 (Bioluminescence, RLU) 717 FDA+CMFDA 94 23, 12|31 AE F3] £
A A5 v WA MR F7)0 B RLU k& AP stict. =3, 534 g FAkeel oist 233 dads
Q1517 Q13 359 & HRFES AAFINE 5534 A Ak ] 9081 RLU & SR80t %
B2 g 20004 T suecia 3 F-2 27 3% RLU 2 &5 50l w2l 434S RFATHR=0.942~0.999,
p<0.05), T+F84 WiET FAHE2 Luciferase 54:0] B3 Aol FFE vA= 222 1= T (pooled variance
t-test, p<0.05). ¥ A7 AARFZFE F& 719 $H o= A% FFAv|F S L83 44 i) F L Al
W digk AFE APEHGCH B AFA AARE £5P4 FAE A5 T ET ERIENA, AE U5
e AT T3 EelEo] S F714Q Bk A7t P ok AARAYE $FH4 >10 and <50 pm 7] ¥
270 YAl WP o g A4 rled Ao waEr).

Abstract — This study investigated the feasibility of applying the ATP assay method to quantify the luminescence
(RLU) intensity based on cell density and size for the live/dead determination of attached microalgae (=10 and <50
pm) discharged with antifouling biocide particles during the in-water cleaning process. Wastewater samples were
obtained from an R/V and container vessel through the in-water cleaning process. Before the experiments, larger
particulate debris was removed using a <5 um mesh before being sterilized. Tetraselmis suecica and the attached
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diatoms Navicula sp., Halamphora coffeaeformis, and Halamphora veneta were selected as test species. T suecica
was inoculated into the wastewater sampled from the R/V vessel at final concentrations of 0, 5, 10, 25, and 50 cells
mL", while the diatom species were inoculated into the wastewater at final concentrations of 0, 50, 100, 500, and
1,000 cells mL"'. The RLU values, FDA+CMFDA staining, and cell volume analysis results were compared to
determine RLU values based on cell size. Additionally, to understand the interference effect of in-water cleaning
wastewater on RLU values, the diatom species were inoculated into the ambient water of the container vessel, and
RLU values were measured. The RLU values of T. suecica and the diatom species exposed to the in-water clean-
ing wastewater showed a linear relationship with cell density gradient (R’=0.942-0.999, p<0.05). However, the
wastewater was also seen to affect the luciferase reaction rate and RLU intensity (pooled variance ¢-test, p<0.05).
This study is being conducted as alternative research because the fluorescence microscopy staining method is lim-
ited by the small size and aggregation of attached diatoms to the vessel’s hull. Our study results suggest that the
ATP assay method can be applied to future research on the live/dead determination of attached diatoms in the in-
water cleaning wastewater.

Keywords: ATP assay(ATP 5 7 ¥]), Attached microalgae(-2} % #), In-water cleaning(5~% % 4~), Live/Dead
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LA

AAFFYE2EL F7)7 FL deEo}l B v AIZRFRE
dFos F7)7 £ #F F27H sl &0 AA §-9
ol AEo] A% AL ousic}. o] RAPEEL Aute] £33 &
S5 A 40%71A) a2 et ople}t AAQ) 5 =3 A
A|ZITH(Yebra et al[2004]). 20219 % 7]5 oF 184k & o] 23}=
FAE] I FekoZ {R1ET 9lom(MOF[2023]), °1E F
F3re] Auto] 4] B @] oA AA FH4LE A3
#Ao% F5A. @A fevetE X8 22 FUlelN 7F
BFAE O E830F FAE 5 A= AAFIPE 7534
£ 7o) Z18=] 31 ) THHyun ef ¢l [2018a]). T2 A A =544
Al s BlESe) 3 492 9 3 9 ] AEA
T 9 AETRRY FAAE oo = QItK(Chan et al[2015]). @]l
= A4 3}A17] F-(International Maritime Organization, IMO)2] | %F
$73 15 %.9]¢18] (Marine Environment Protection Committee, MEPCy=
2011d AAF-ZAE 3 L HF olF A3S AT T
2 Aoy 7l =gl & ) &EISTHMEPC[2011]). ©]&= 2004d9]
A= 20199 2E7FE IMOS] ‘AErEHS 8l BAHE0] FA4
o} FHE A% A P HIMO[2004]) 3 o] FF MA 2}
34 BEL HIE A Peko = AE Ao = 4FH}

AAFABE 75 Fd2 HiEE U S BES EA o5+ &
#Ee] =7} 3 o)F BA| Aol w9 Fodt & 4 ok 1
?A AR s et E 210 and <50 pum 7] BES
oz AL 7Fsd AP S AASka Q. dEAQ B
H© 2= Flow cytometry®} FlowCAM(flow-based imaging cytometry)
& 0] &3 flowtype A5 U=} Al HH(Baek and Shin[2009];
Veldhuis and Fuhr[2008])3} Calcein-AM (calcein acetoxymethyl
ester) (Baek and Shin[2009]; Peperzak and Brussaard[2011]), FDA
(fluorescein diacetate assay) (Garvey et al[2007]), CMFDA(5-
chloromethyl-fluorescein diacetate) (Steinberg et al.[2011]), SYTOX
Green nucleic acid stain(Steinberg et al.[2011]) 5°] Sit}. 3FA%H

PSS PR EHIES o= shdE whyos et
KAl F-axo] AEEE FYsh= FL 7)) AR 4
Al Wby o 2 0] AEA {FE= Bklo] B j Ao}

ATP assay "2 Luciferase 47} A& U ATPS} 318} uke-S
S8l W& AWASH= Lucifering B33 ATP 55 2 233 A7)
of e} AY3leh= o, AuEEsA YA E T A8
Y EE 3719 BEIF M EE HUL A% AERA W
2 AME 3 QIth(Hyun ef al.[2018b]). WHEHA ATP assay HHHS
AE 37) 197} ekl osl FRstechd, #EstE A =7
9] U AE AE JRAISel the ATP S5 H9S A 5 Q)
o}, T AAT A w2 252} pH 183 AEE Al
Hgg e vy o 3}3HEA 5] 93 Luciferase ¥H-3-0] B84
312 47} ok BarE] 31 QJrH(Auld and Iglese[2018]; Cho[2000]).
E3] Deluca and McElroy[ 197819} O'Sullivan et al.[2023]2] S+
of w2, Au} who =g 1 Dol 3E o}dn} F2l= Luciferase
1k8-2 Alslod 38 W3- AAEHA LaAZIcka B st
EE A ke ¥ 7= 2008 FAMA BX1H7) olddle= f71F
4] 815HE<] E g3 EFA|(TBT, Tributyltin) AHE-0] F2 o]F¢]
320083 o] Fell= -2 H(Copper salts)¥} F2E AAE2
(Booster biocides)& L3+ T}ok3t 31822 58 ALg3) ko)
(Kim[2020]; Telegdi et al[2016]). W} ATP assay P &8
3 AAFABE 594 MEST W 210 and <50 pm F712] A
E AL B4 A A 2 e e EEE Q% I 1=
of &}7] wiioll A& 7153 AlY v Ao gk Ao},

webr] B AFE Tetraselmis suecicas T34 WEE =
AR F Yehhs Asaag bdkgo] A8kl wel 433
2ol RE=A1E ERIs) B A} sigick. T3 A4 e
Al =< o)A BFA) F (matrix blank sample) 704 3%2)
B3 F2F ALY A AR FovIFAE Bl
o} AZH o7 24 ] AE AFel| e ATP 5% FHL £
B A HaujEgol BaAFEFO) AES 95 o
ATP assay] 34 7Fs9& AEsaA 391tk
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2= H Y

2.1 A &S MEF

=gtz A74(20194 92 19y Zelo FEA
(202243 62 22)°] HAL] BE 2& F9) AAE T3 MEE A
55 g3k 7584 e Beld F9e = A 1.5em
3719 943 £ 4909 viEE A5E F93 = (Diaphragm pump)s
3l £ oF 35 Lmin' 7522 8749] 100 L E2¥] (Polyethylene)
£7]12 o] FHAHFig 1). TAD WlEF F 10 LE A 5um
nylon mesh YIEZ {3} o5 4 L B Aol U F 4
A7HA] <4T8] AelA Basigict. E=3F Aelold a4
T AAR A Al FERL HIEEC] XA &2 TR g
#°] 5 um nylon mesh HE=Z oJ3}3t F 4 L E7 Aol 74
3l =72 ARSIl

2.2 OMI=F MY

AR 7180 ARy YEAFEHIIA A Hol AR
He @ 71 37171 10 pm SR Tetraselmis suecicas A7
3l tHHyun ef al[2018b]). F-F|H 5+ Ao At A A
Eol| BEErS PP - S8SIS Navicula sp., Halamphora
coffeaeformis, Halamphora veneta ¥5-& 7381521, 2} v)A|x
Fe ST syIed A E TN TN Bl AEE 2
313t

2.3 AE W

T suecicas G4% 532 HIEE =2 A4S gl g &
AEE AT ARE ARE AMEEHoH, AE FY A 3
o} Hd 7 F2ol 50 mLA ¥58190r}. 128]31 50 mL Conical
tubeoll #F WEFE7}0, 5, 10, 25, 50 cells mL* 7} HEF =
A8tkFig. 2). B MZF(Navicula sp., H. coffeaeformis, H.
venetaye U3 0E Z13E ARAME Helo 3EH 5 F4&
&g} TSRS e thy 50 mL FHO HF AE
%57} 0, 50, 100, 500, 1,000 cells mL™' 7} B =5 352] ¥
HNZFE 22 Y35 tHFig. 2). 281 Ao AMSHE B E
AY 871 el 2 7S 43I

2.4 3N 9

24.1 "HIZF FFFGaEEH

e A3 2 APE S #R187] 918 FDA/CMFDA 3344
W& AR89 a1, FDA/CMFDA A9F A= 93t A[201519] A
Tl FalA 28T FDA/ICMFDA 33 S48 )3l Al
1 mL 7] FDA A9} 25 pLE WA 9] F F83] wikst o
CMFDA A9} 10 pLE FY3I5it. oF 15837 shdejell A Alss}
AAFE WES-A17] F B 33d |7 (Axioplan 1T, Carl Zeiss, Germany)
blue excitation filter(excitation: 450-490 nm, emission: =520 nm)
stellM @4 75 FASIATHn=3)Fig 2).

242 "X Z5F2) Relative Luminescence Units (RLU) =%

AP 57) tjake] AJE(40 mLyt S0] = 50 mL Conical
tubeZ 3,000 pmell A 10% 52 A4E-2] 55 51 (Hanil Scientific
Inc., Republic of Korea) ¥5)& ZHAHA AAHT F 1X PBS
buffer(Gibeo Inc., USAYE 3718l HF F971 5 mLo] HESF
315}, Vortex mixer® A9} PBS buffer’} 2 EFHEE 3 5
96-well culture plate(Thermo Fisher Scientific, Denmark)®ll &3
A& 100 pLE 9] 3}3L CellTiter Glo™2.0 (Promega Inc., USAYS
100 pLE 4315t 100 rpmell] 387 A3 WHE7](Hangzhou
Allsheng Instruments Co., China)® A58} Alefe] E315]A] & F
10%7F 4k 271 T30}, S (Relative Luminescence Units,
RLU) %32 Luminometer?] GloMax® Explorer (Promega Inc.,
USA)E S73IAtHn=5)Fig. 2).

2.5 OlHI=F 2o AL S ATP HES|

AT Ry APATRARE Fasle] AxkeRa He
Table 13} ZTHHyun et al[2018b]; Sun and Liu[2003]; U.S.EPA
[2021]). 28] 5 B AlEFe] F3 At A] Table 12] Ak ol 3l
Ik Al 2] F7(height or depth, pm)y= A9} E290] 2]
Nordic Microalgae(http://nordicmicroalgae.org) 3! Aquatic Protozoa
Checklists 2=3}Ic}. B3 Hyun at al.[2018b]0l4] 283+ ATP
TE AP E Fasie vAZRF 9 A7 2hEe ATP F
Z(ATP concentration (pg mL")=0.1571 x RLU value + 814.45)%}
Al 2R @Y AE FIum’)F 7HA1E ATP %5 JZ3 3t

Fig. 1. (a) In-water hull cleaning and (b) Discharged water sampling.
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AP - ARE - A -
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a4 2579 €v)4 74 9 Relative Luminescence Units (RLU) =4 vz Ax}
L1 =
a N 'd b
of =4 AL WET
(A FRig) + (3 AlAR 337, <5 aum)
. A . v
r — B i 3
el Hi r 10 sec., Vortex mixer
\. J \
'3 I* N - N
( 96—well culture plate®]
—* 50mLe dzF D ujESF + FRYE T4 100 gL as sample + 100 gL as CellTiter
L ) L Glo®2.0 (Promega Inc., USA) F4l J
¥ [
' ™ g ™\
3,000 rpm, 10 min., 5 ; i
centrifugation (sample 40 mL) 100 rpm, 3 min., Shaker mixer
L - L >
¥ Y
g R s ™\
4 AA 1("mln - red{,t}on lm:le
| (sample + reagents)
\
¥ 2
- ™ '
1X PBS bufferd 5% 3t RLU 24, GloMax® Explorer
HEF 1 5 mLe] HES & (Promega Inc., USA)
. >, \
E |
( 2 A8 34 Y ¢ . ,
L 0, 50, 100, 500, 1,000 cells mL~! AE e g9 g4 71&7] v,
] (Navicula sp., Halamphora coffeaeformis, 95% CI, t—test
\_ Halamphora veneta) ) N = ”
: " 4 ™
nlA 2332 AlE g o H = o
-[ T B8 mhamiias ~» FDA+ CMFDA 94 % $38v4o% #3
r \

Fig. 2. Attached Algae and Relative Luminescence Units (RLU) Comparison Procedure.

(yArl'z 59.2? X exp(ﬂ.ﬂﬂmtuell vu!ume]+ 870.09).

2.6 34 &AM

PUdn)A Azt 2499 RLUY A8AES 18] 8 &
4418 3]7) 541 (SPSS 25.0, IBM Inc., USA)YS AA|8lgith =3
BAu=F AR B ATP 353 A 75 J4a¥AE 9% &
& wdsly] S8 FauEaet iz 34 71€7) viag
95% AZFFoll A testE 71335 42 Excel 2019 (Microsoft
Inc., USAYE o] 83}3it). ojd 712717} t B E w23, F B3
el gk BR4lo] 2= 78 (pooled error variance)dlel 7133
B%thFig. 2).

3. 409 nE

3.1 OMI=RS 37|12} HeY

) HEF2) B9 ANHF ATP 555 AHE31] Table 141 74t
slo] A5 95 F819.3, 359 FAARFR BS 7]
7} 25 P02 A5 T (Table 1, b and ¢)2] T2 AA|
7} o189 S5 FAQ) dol= FUsia JFgeisit. 33 4
#E Bd, B/4 vHARFA T osuecicad T7Ne AF

12.0 £ 1.19 pm, B 10.6 £ 0.55 um= Q1= 3, F-2n|H=F
Navicula sp., 7= % 698 +0.39 pm, T3(F7) 1.91+0.53 pm,
H. coffeagformis®] A7) A% 164+3.03 pm, TZ(F7) 7.89 +
1.76 um 12|31 H. veneta?] A7) % 7.06 £0.01 um, G5
&) 1.91 £0.21 pm O E ERIFITH SAHE HolE vlgoz
AXE o HZFY) B T suecica= F 706 um’, Navicula sp=
20.0 pmt’, H. coffeaeformis= 510 um® 212 I H. veneta'= 129 ym’ =
1= $ItHHyun ef al.[2018b]). 1E]3L HI3E HefjE v]AIZF 4
F EF 39U AX e Ho)AT, G =71 S/ el ot
2} B2 =F 359 A9 713 7 -7 (aggregation)©] LA}
% TH(Table 2).

3.2 Tetraselmis suecica J|¥|5= X RLU &4 da}

% A4 F2MEFM T suecica 3255 Z71 digt RLU
%7h= F=28.908 (p<0.05), ¥A|5 R 0.935, RLU %8 =
0.008 (p<0.05)°)3, ¥E3} AlTByYF F(HACIEE RLU T7h=
T. suecia +2J7| 3 7WAlG F7HE &Jv|3tk(Table 3, Fig. 3). Wk
A, B2HES 2004 Aot Q= T suecias ATPE 33317}
7Fsshcal BaEo] Hyun ef ol [2018b]2) AP AT Aol &
FEAL o]83l0 SHF RLU 3k ATPZ AKESh= 748 243
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Table 1. Geometric shapes and equations for the calculation of biovolume

Species Simulated Shape Volume (¥)
Prolate spheroid
. . _T 2
Tetraselmis suecica 5 @ m " V= 3 xb” xa
Cross section U
prism on elliptic base
% &
Navicula sp. sl v =gxaxbxe
apieal section girdle view
- a .
Halamphora coffeaeformis, i 3~ B _a
Halamphora veneta ik visw siddicn V=3xbxe
o, [t
4 B a "
- apical section girdle view
Table 2. Cultured algae size and life form (n=3)
No 3 5 (um) SE5FEA) (um)  AF(F, pm’) g
1 Tetraselmis suecica (Chlorophyta) 120+1.19 10.6 +£0.55 706 Single cell
2 Navicula sp. (Bacillariophyta) 6.98 +0.39 1.91 £0.53 20.0 Single cell
3 Halamphora coffeaeformis (Bacillariophyta) 16.4 +3.03 7.89 £1.76 510 Single cell
4 Halamphora veneta (Bacillariophyta) 7.06 +£0.01 1.91 £0.21 12.9 Single cell

Table 3. Results of simple linear regression analysis between bioluminescence (RLU) and Tetraselmis suecia (cells mL™") (*p<.05, **p<.01,

**¥p<.001)
Variable Unstandardized Coefficient Standardized Coefficient ) F(p) .
B SE B
(constant) 4.241 1.667 2.545 .
RLU 0.008 0.001 0.967 5377 o 094

B, T suecicas= 1 cell 3 2F 907 pg mL'°] 3L, cell volume (um®)
2 938 pg mL'E 2= 210 F AR SIHFig. 5).

3.3 Navicula sp., Halamphora coffeaeformis, Halamphora
veneta || X RLU 24 Zn}

T34 METS Uzs U vARF s wet 2de
AERHEHRLU) gke) AR Aex] wasla v vpg Al
Fol we} AAkR ATP F5 AHE v)as) ®okeh A9E B,
Navicula sp’i= T34 MES AEA F=326.1, p<0.01Z &2l
53, thEFANNE F=32.51, p<0.05Z w2 v}e Algo) As
Qlo] Bl7Ed e 3kel= Ao R FAHATL} H. coffeacformis)

H veneta®™ "|& vlEA 8 F#Ql0] 534 lEFTEH
coffeaeformis: F=281, p<0.01; H. veneta: F=116, p<0.01)¢} th=
T(H. coffeaeformis: F=281, p<0.01; H. veneta: F=365, p<0.01)
BT 3ARYY Fishs 02 ERIEITKTable 4).

ATP 5% AAkE 93l Fig. 49] 37 B3 2o u}e} 1 cell 7
RLUZ 73131 Hyun ef al.[2018b]2] ATP 555 AME24S 4§
3t AY} Navicula spe BaErolM 1,804 pg mL' cell’, i
ol A 444 pg mL!' cell', H. coffeaeformis= 7 A& oA
3,080 pg mL" cell’, thE=ol| A 659 pg mL" cell' 1)L H. veneta=
Q22504 2,473 pg mL! cell!, 2504 1,137 pg mL"
cell'& YeRfie] iz o] 5534 vlES AEo gz
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R/V hull cleaning

3000 -
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2000

1000 4
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-1000 A

-2000

-5 0 5 10 15 20 25
Tetraselmis suecia (cells mL™)

Fig. 3. Simple linear regression graph of Tetraselmis suecia and
bioluminescence (RLU).

1 cell B &2 ATP 5= 32 Bt o) vlARF) ATP 573
A vpgA 2o Wl AR O ATP 5 3k UeR 7F540] 9l

Container ship hull cleaning

AP AR - AN - AET - HEY - EW84

& )3t ulebd PAIE} Luciferase 54 23l 932
u)x)=x] FAHCE AES) Y3l pooled t-tests 7|HEOZ Fig,
49] FrulEr ARtz F 2§ 718715 et 2
A} Navicula sp., H. coffeaeformis 12)3L H. veneta®) 3|7]%2382)
7171 A okg Aol we}l {2l gk @3 230 (pooled
variance t-test, p<0.05)% YFERHATHFig. 4, Table 5). ©]2] % v}
BAR tE FJARPL 7187] Aol FAFAE Y FAHEo]
Luciferase £42] 33 wk-g-of] 9L v| 2 o= dag)
Luciferase &4 23] st S4¢12] A3k ol Fef o3 4
AH = o2 &3 A SlrhRodionova and Petushkov[2006]).
Rodionova and Petushkov[2006]12] A7ollA 27} F49A Mg,
Mn* @ Ca®™)& Luciferase 49 89S 7ML 17} 2549
2 Fole wet A E3E JeERIATHCI <C0,*, SO, Br
<S0,7 PO, NO* <I §). Wl2b Navicula sp., H. coffeaeformis
I3 H veneta= "|AS] 7534 FAHES] EA|, 359 TF
4 sk et 2 oE 2% Aogks vErd 5 ol a8z

Port water

3
&

pauan meq&:ém;a_g_

4x10° | y=160.579x + 6136.487
R*=0.994 ®
IxI0° 4
5 2x10° 4
10° 1
y=452.134x - 2812.781
0 4 R*=0.942
4x10° { y=303264x +14116.953 y=1222961x-1211.145
R?=0.993 R =0.999
3x10°
= 5
T 2x10
o'
10° 1
0
4x10° 1 y— 184.728x + 10377.725 y = 109.286x + 1945.562
R>=0.983 Resls
3x10°
Vi
& 2x10
a4
10°
. | /
0 400 800 1200 1600 0 400 800 1200 1600

Cell number (cells mL'])

Fig. 4. Simple Linear Regression Graph of Attached Algaes and Bioluminescence (RLU).
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4000

R*=0.99

3500 4 y=59.27* exp """ ") 870.09

3000

This study

H. veneta
Navicula sp.
H. coffeaeform
T. suecia
Reference

2500

2000

ATP (pg mL™")
o B N N |

1500

|55 &0 g{j@m?

2000

1000

1000 3000 5000 10000 15000 20000

Cell volume (ms)

Fig. 5. Relationships between the ATP concentration (pg mL"') and
cell volume (um’) (S.C: Skeletonema costatum, C.S: Chaetoceros
simplex, T.S: Tetraselmis suecica, H.T: Heterocapas triquetra, PM:
Prorocentrum minimum, H.C: Heterocapsa circularisquama, S.T:
Scrippsiella trochoidea, C.M: Chattonella marina, A.T: Alexan-
drium tamarense, Hyun et al.[2018b]).

Luciferase &2~ 233 571 9 A= ATP assayS ©]8-3F A4
ARE FEH4 e U FIAZF AArE) vl 242 &
48 A0 T Pdg o]F Bl S8l #4skaAt sk AlEet
U3 ajde] dgFe] EFEAS F7RE AFJHE T
EFE 237 (Standard addition)yS 8 L2 7} gicka ot
Ho, IEEAS 83 AAFZVE ATP 24 57} A= o
5} 7Hh(Elison and Thompson[2008]): 34, 24 thde] A52
ayEHsle] wjA ulgA g E Fh|gic 4, 50 mLe) v bt
BA g0 433 559 ATP EFER S FU%) viAg e,
Fig. 28} 2] 55 9 373 238 23 AL AEska A5
ATP 555 AR}

AA IMO AuE 8 oS D2 7|Fd vl HEFS wjE
3ok 3132 210 and <50 pm 7] BELE ARI= AIE FE7T <10

365

indiv. mL'e] =% A5t viE3lel SHIMO[2004]). Hyun
et al[2018b] Aol ZRHEL] ATP FE& AX Bu7t 2
A AFHAL ke By Plow, Ay is e Ve F
F 5 H7B) S18) ATP 558 AlE 9] vlE o83l A}
WES AAS8 webA oledt B2k S AR $X4E
A2 9 viggel A48 Haual £ A7 210 and <50 pm
710 sdeb= BEQ H coffeacformissS AR THTable 2).
H. coffeaeformis®] ATP 5 5/HE ¥-3] B]:= Hyun e al.[2018b]2]
Fig. 3b 741& U831 AAsiict. 1 25, 1070] Aot e
H. coffeaeformis M7t EAE v ATP FE/AE H3) vl 2.82
pgmL! um*Z YJERIT} =10 and <50 um 7] AE2] AH|EQ] A4
Faj¢} Ao FoE A7) S8 A5 Zo)7F 10pm 2 50 pm
o fje] FuE ARSI ow AA #v)7 574 A5 (Table 2)9)
AEAF vE 7o T 91 TA Q) ZolE FLIech H
coffeaeformis®] 7A%0] 10 um, GE7} T = 481 ym= 7P E o
3= 1157 um' 2 2 YEREAL, H. coffeaeformis®] 733°] 50 pm,
953 F= 24.1 pm=E 7P9E W F-39= 14,465 um’ 0 F el
s} webd 10712] Ao} Q= Al gt ATP k9] F4azkd)
H ik 27} 326 pg mL' (2.82 pg mL! pm™x 115.7 um’) 2
40,793 pg mL'(2.82 pg mL™"' pum™ x 14,465 pm*)E AArR}. o]
FEE 7o R D2 A W vl 38271 ATP 5% 7)
T2 o) 2t} <326 pg mL! (Bl 7F5); 326~40,793 pg mL*
G7F A 223, > 40,793 pg mL' (& E7D.

Table 5. Comparison of regression line slopes between Hull-Clenaing
sample and control groups (95% confidence level, pooled variance #test);
(A) Navicula sp., (B) Halamphora coffeaeformis, (C) Halamphora veneta

A B C
std err 65.40753 19.8543 19.3378
t 4.457516 3.69207 3.90122
df 4 4 4
p-value 0.011 0.021 0.018

Table 4. Results of simple linear regression analysis between bioluminescence (RLU) and attached Algae; (A) Navicula sp., (B) Halamphora
coffeaeformis, (C) Halamphora veneta (*p<.05, **p<.01, ***p<.001)

Attached

Unstandardized Coefficient

Standardized Coefficient

Algae Variable B SE B t(p) F(p) R
-
cod T oow oo i a0
et w;zﬁm ;.16062 01.3650 0.999 33;2 i
. ElFCloming mRnfSn 0335 0.?}(;0 0.991 ;g:';?‘ g™ 0983
G cﬁ? E:c?(‘)g oi;o 0.997 vﬁﬁ 365" 0%
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B A9 dajs A anEaelE ATP $40] EAPES
3712 o o] & & 5 A= WY F S BTt Ad
FollA tFoid RRAEET o el & Ax ol AR
o} =2 A8 IAE JENATHR? range : 0.94-0.99). 1831 ¥
258 AP} A= AR BHL ATP 54 B4 Pro] 93¢
2= A og Uehit) o) A2 agtdwsle] ujd vl s
(matrix blank sample)E FH]3 U ATP EFEA S FUT F
SRS go® Als: AELF P Y T Ug e
2 gogt} gebd 52 B4 5 ZH= ATP assay B 5
F A4 FaalEre Ul 2A2F AArE o s Hed 5 9)
£ Ao AP} 7331 ATP assay BP9 ¥ sjAAE o 2
P BETAS AT o7 Pl A oxE FY &
We AY wPhe] i | 55 4L ER RS 71BN F
Bh= W BB F oA A¥o] masojof & Zog gag)
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E A= 202395 Ak Aoz sty Ex
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