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Abstract In recent years, the demand for phytochemicals has increased due to rising global
health awareness. Among phytochemicals, carotenoids such as astaxanthin and f -carotene can
detoxify singlet oxygen, one of the reactive oxygen species (ROS), and are effective in prevent-
ing human diseases such as cancer, cardiovascular problems, atherosclerosis. Because animals,
including humans, are unable to produce carotenoids, they must ingest them from vegetables
and fruits to protect their bodies from singlet oxygen oxidation. Some microalgae grow faster
than other plants and can accumulate carotenoids in much higher concentrations in vivo. To date,
approximately 200 different carotenoids have been identified in microalgae. Therefore, as an
important source of natural carotenoids, these microalgae have been mass produced and used in
supplements and cosmetics. However, the number of species actually used for commercial appli-
cations is still limited mainly to Hematococcus and Dunaliella.

Conventionally, comparison and evaluation of microalgae accumulating carotenoids have
been conducted by measuring the concentration of each of the various carotenoids in biomass
by high-performance liquid chromatography (HPLC). However, it was not possible to evaluate
the antioxidant capacity of carotenoids in the target microalgae to determine antioxidant intake
for comparison with other microalgae biomass. This is because it is not practical to quantify the
type, content, and antioxidant capacity of all the various carotenoids in microalgae to obtain a
total antioxidant capacity. In addition, it is not possible to analyze all carotenoids by HPLC be-
cause only a small number of carotenoids are commercially available as standards and some are
unknown. Phenols, which is considered the two major antioxidants together with cartenoids, can
be measured for total antioxidant capacity by the DPPH and ORAC methods. However, these
methods cannot be applied to carotenoids, which have a different antioxidant mechanism. Al-

though knowledge of the antioxidant capacity of carotenoids in microalgae is desired, techniques
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to measure it remain limited.

Based on the above background, the singlet oxygen absorption capacity (SOAC) method was

finally developed in 2010. In this method, a singlet oxygen generator (endoperoxide solution)

and 2,5-Diphenyl-3 ,4-benzofuran (DPBF) solution are added to carotenoids samples and the

decay rate of DPBF is used to evaluate the antioxidant capacity of the sample. Therefore, if the

SOAC method can be applied to microalgae, the antioxidant capacity of all carotenoids in mi-

croalgae biomass can be quantified as SOAC values. The SOAC method also allows many sam-

ples to be analyzed at once using microplates. This can be useful for screening useful strains that

accumulate high amounts of carotenoids. However, the SOAC method has not yet been applied

to microalgae. Optimization of analytical processes, including the extraction of carotenoids from

algae, is required as an immediate research priority.

Keywords: antioxidant capacity, carotenoids, microalgae, singlet oxygen, SOAC method
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ZD 10 4E THRGHEE R A H 7o e A e b i %
FRDTBIN 0Tz, SRMMEEIE, ¥ 7Lob
RBEROM, EATvb, 2825 F =K, TAAZ)— A,
ZLT M TR R F R, BRI TIlGEEN
577 MM D AN I T\ 5 (Ferreira et
al. 2021) o ZAUIA 27— bDE T I FF Ay DL
ZLTH I aaF AV A (COVID-19) &G RIZHE
ATATAIANDZEA RN LD, R R kD
EFEVCLLLDOEHELZSND (Lafarga 2019) o S5
MBI SN ATE L IRE. AR, €53,
IRTI, B, FUERILY B O EE)sm GE
MiENTNBIELKRELIH TH D, MBS
A KD IEFE T 205, LB DL EONEZ T HEGERE
TS, MBAMRILIBIG 2 2%, €070
MBEHIL, COWEERRELRIT L2008 ELC,
AR)T 2 /=, AT /AR, raua7 )b, BT A
FZIZCOET M4 DRI E 2 A1 - 3 558
JJ% > (Halliwell & Gutteridge 2015) o ZILHHTEE
LB BT 528 THIRRALIE A, e IRIE 1 A
PUEBGAE R R ERGLIENTE, F T RERNWE
CTTAMIIV (REEAL ) EE ., T

DEEo TS (FFEITD 2015),

P E E7 2/ —VREHITT /AR RD 2 DI
KAE, ENEISNER T G R EE S Rl be Z
DHIBHAT /AN RIERALY E L, ARG TR
MO—>ThiL—HIEHRE ('0,) IIHLEVWHIERL
fex 7Rl (Foote 1968). 23A. /L4, HRERE B2
ExEUE A2 DRB) AT DRIRIZHF ST 5, Lol
CMNE ST O T AR G TER Wz, 1K
PSRRI 20D BN, AN, & EE=eK
FEREL, REEEL COFEDE (Del Campo et
al. 2007) . BHEE A SHIZ, ST TIZBEZ 200 F
HOHT JARHRIEEN TS (Egeland 2016) o 2
D= R & B CHI R EE AN 28, RIRD 7
07 /ANREEL THEHIN TV A,

R EOIT T ANOFEHE - . BEmoy
HCehiudmsigkru~hrs 574~ (HPLC) T4
M C&% (Markovitz et al. 1993, Fernandes et al. 2020) o
L2, i et 1< 2L D IEE, it
PR E B ORI, M RO EE D
INAF = AL 7D OHRALREZ FHL 72V A1,
MEEP O KA T /AROLETITOWTHE, &&.
Pl bnez e =L, PURRILRE ORI 13 Z LI %
BTV, Fo, EEYHES RSN TWLIa T



3 TN TESE 55 25 (2022)

JARIEI—EHTHYRAOWEb D L7200, T
JAR% HPLC THM T AZLIZTER W, 22T 2010
fE, —HIHBERFEH e (Singlet Oxygen Absorption
Capacity, SOAC) I %€ 235 56 S4172 (Ouchi et al.
2010) 0 AT/ ARHHGRIC — BEIHPRK I EH TH L
IR F IR (BP) i, 2,5- Y 7x2)0 34- N
> 7> (DPBF) {&ili&flz. DPBF DYtz
ET DLVl G T ETHL, BIEEOHTT
AFOHIEALREH 2 1L SN TBY (Mukai et al.
2012, Iwasaki et al. 2015, Bodo et al. 2020, Zacarias et
al. 2020) . FUHEFEA~ OB AL EN L,

DL EIO ARG TIERRAITT /AN D A FEIZBIT 5
MEEEOF ML, BhaeoEaEbIZmiT 72 hulk b ag
FHiE O By M2 B 22 HIEL G TERR
FLHaT /AFOBERILEERE. 2L CHUM EE D
EEMHFORELRLI-OL, MEHHEEOTIEELEE
D217 % SOAC 73T DFIH T BEEIZOWT

%,
2. BHEBRRELRRILYE

2-1. ;E4#%E (Reactive Oxygen Species, ROS)

LN ST R, BRAPIC 21% EENAEE
FERMIAH, FIIIMTLP)T OEFAZERIZE) T4
VEF— (ATP) #HEHEL TS, ZOMIETHERFEIL, 4
OOETFRZIFTPKIZETEN, B2 2 HTH%E
ey ZELTZIREEICR D (02 + 4H "+ 4e ~— 2H20) o
LAl EBIZETORENPERIZETF RTINS
DI TR G FHICEF 2T T 5%
R, BV ERLTHZOZITRS7E T DAL YD

1()2
0, ‘0,
ONOO

*NO NO,

RLDMEN 1~ 3% FEFHETS (0.1 ~02% T
HHHEMDHS) (Halliwell & Gutteridge 2015, Prior
2015) (Fig. 1) o ZOINALEERNIA G E R IR T
PR EAE (Reactive Oxygen Species, ROS) EASFRSAL,
SRVERAL A RED . REMRDBOIIE, A—/3—FF
K (7=FY) FVHV (-0)). @EILAKE (H0,).
ero¥ 7270 (-OH), —EIHKRFE ('0) 2B,
gD ROS EMHING (FF 2013) 0 A—7S—AF K
(7=F>) Vv (-0,) ReFuFT7V7)0 (-OH)
AR E T 2O, WEILETFEECEN T
ALY %o HERILKFE (H0,) 13 BRt, A4k
WD Fe™ IZE)AK B FEFOe ¥ 7270 (-OH)
I RSNBIE THRIBCE FEE W, WEAERILTS
(A 2013), —EIHEFE ('0,) FIEFHIZE A%
T 505, BT OACALLBMFET D20, R
LETH)EIRILEAZ/RT (Halliwell & Gutter-
idge 2015) o TOMBIZH, JLFED ROS ELTIE, —R
ftg# (NO-). IRE~VEFTI7VH)L (LOO-) 7
EWEEND (Prior 2015) 6

ROS DAL INIERN T4 LRI EXLHT, &
M cho~vrarr—Iid, AR EEEELC. M
Fa 72 ROS & BEAE LR AL 7-MH M 0 & L
#7715 % (Halliwell & Gutteridge 2015) . F 77,
ROS FMIEN DY 7 FMEE s FELTHERET 528D
HEEN TS (D'Autréaux & Toledano 2007) . 2
I ROS RN OFHEI O D —EEIH-> T 5,
L LR R TR ER AL A7 &1 X0 HE AR A T ROS A°
WENA R SNDE, MR Y T TR BEOA
R A BRALL CLEV, MIRAN DS X7 D2
FRE OB, BIZTOEG. BASCEIIREL, L

H,0, 7 *OH LOO* —> Reactive Aldehydes

Fig. 1. Generation of reactive oxygen and nitrogen species. Modified from Fig. 1 of Prior (2015).
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R 22 & DTG EIER O FEER B g 528
HHITAS  (Bandyopadhyay et al 1999)

2-2. AR TOREMEEHAT /AR

PR EEIL, fRICEB T Ll X745
5T OBILEGZESE S, B, 23k
ZEDTELYE THAD (Hallwell & Gutteridge 2015) o
ROS DAL EICH L. ERNIZIINYT—E, 7L
FF I RIFF LY =B, A= N—F FTRTH ALY —
YrEOHBRILESE, TAIVE VR (B30 C), 7o
=), T I ANEEGE OPLEEALY E A 570 5 5 1
BREDFEAET S (Krishnamurthy & Wadhwani 2012) o
T/ —=VRTAINVEVERIZROS O TheFOF 5
Vv (OH). BRRALKFHE (H,0,) . ~IVAFIFA
;AR (ONOO') WXL PUER L REA 38435 (Tommos
& Babcock 1998) T DHLERALHEIL, 0T /AN
FoE —EEAVHAE T AL TALILNOF D
A%, ROS DHE T2 2T L AFE THIESINLA, ROS

B EEEALL 2R, SNOIEER b R bl PR
LW EE L TR REL 20\ BRILWELILL 72h 23
yT—X, TNEFF ORI =B EDHERAL
BFICIVEFE2ELNLIETHE(LEINS (Tommos
& Babcock 1998)

—J. har /A NE—EEEE ('0,) ICxXLEW
PUERLRER RS (Fig.2)o 1968 4E. JLiRIV GIEHT
\Z&D, paTAROR) Ly (MEZEREE) P—E
HBFE DR AN F =22 T, —EIHBEY

WELRIEKIREO=FEIRE (BEOME) ~RE
LV, T I ARICEA E e S U F AR DSBS 7

AT I ARIEZ T 57 T A
WF =R Ly (T HES) ORBNICIVEEL
THHLIEZET 5720, #@0RLELO—HIHRE
M2 C&D, F72, HOT I AREG DAL 528D
o\, ZO70HOT IANTE I, ek
FEFIRE, REHAELL TOFTFEHNEL (Del Campo et
al. 2007) . WFZERFELIHFEIATHON TS (Hirayama
et al. 1994, Stahl & Sies 2003, Singh et al. 2020) o
AT AR RTONEBAEY OtE M.
WA, PR LAY RERESEERTAIEHLN
TWbe — Ty M ETEIWIIATT /AR E AR
TES, BWOAEKNITHFAEST HH0T /ARIET T
B roBEIESnbolI sk $5 (B 2007) . 7
07 /ARG, O L->TUMLFEA T HIEDT
& BUEREEAEINDLITT I ARD 85% Ll EAH
LA M THELDOD, BB 2O RKIKH
KDIAT I AREFEDTFED S Eo TS, TNETIZ
<)== )VREEDE SR, Haematococcus J& 1B X
O Dunaliela J&<5 OB ORI XL KIKH KD
HAT I ARDRGHLEFEN SN TEIZ, AT /AFDT
Piid. 2019 0 15 KV AS 2026 4121 20 K
FIZET HEFHEEINTBY (Meticulous Market Re-
search2021) . 5 #%b=— AU CREE &, 1bhE
mnJFEREE DO SFE T H B~ HA RSN T 5,

12& 172 (Foote 1968) o

B-carotene endoperOX|de

Ilght x

B-carotene

\\\\\ X

Vibration
Heat

X

\ N

Fig. 2. Singlet Oxygen Scavenging Mechanism of B-carotene. *O,: triplet oxygen, 'O,: singlet oxygen.

Modified from Fig. 1 of Sandmann (2019).
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3. MHERICLBHOT /M REE

3-1. AT /A REEORRIVEEN BRE :
Haematococcus lacustris 35 & U Dunaliela salina
HAR I BT MM I L0 T AN A i =
WFEM 1B OETLEHEESIN TS (Fraser &
Bramley 2004) . $§I2. MEVECTROILG AT 5h0
FIARD 1 DIZ7a%F o F o ThHY, EICHERHE
HEIZ XD AER Y 1000 7 t A SN S (Dembitsky &
Maoka 2007) o EEHEICOWTIE, MATY T4
YRIVTV )X F U OEFEDRBLIAHIAS (Stauber
& Jeffrey 1988) . flii2% Chlorella J& D)V 74> (Del
Campo et al. 2004) . H#EEHED )T = (Dembitsky
& Maoka 2007) 7%EHE 4 ORAIEIEE T T /A RO
AEDEDHEINTEY, B, BENKEE
FELZINL T BDI, Haematococcus lacustris DT A
5 %4 2 F » BLO Dunaliela salina D - 15> D 2
fiiC25 (Rammuni et al. 2019) o
H. lacustris |&. RIKEDFRGFEIETI—ay/3, T
7. TI7UA AT A)HHRE R R OIS AL TB
0. LIEUIE—EEICAELBKIZENLENLE R oh5
(Proctor 1957) o ZE3/R.Z. HiArHam., wHaEE, KR
iR E DEFIIABE LB RN T, ANAISE
ELCIERMAICERE LB - hOaT & T Ay X F
AU TIRE/AMBICERL ., REokiRME (&
AN BT S (Li 2007). ZOEMEITMBOS
FEJRE RO T%E\)ERETTET S (Rammuni et
al. 2019) o TD/DBERIRT Ay X 0T D EE
BEEIREL TR SN TV:%  (Del Campo et al. 2004) .
PSR ETIE LR D AN A IS B AR L C 2 B
BRI X TT AT X H o F L DEERITI 2D 2
BB RG22 3k e DM N 2 1 612 0 RIS & Tl
IR )= AT V8, ANCAIREIZLDMIE A
TAY XA T U ERHSELLIR ATV h5%5 (Ha-
genetal. 2001) o 7AY X T A BOFEIIETHL
APV AL G (FFICEFRE) ORZOMEEDN
—MEHY7EAS, SAUSERR S i AL AT & 7t A

HbEbZEbHD (Wang et al. 2003, Gao et al 2015) o
1994 E12 EREOFEFE ST HETAT 2 —7 2 D AstaReal
Group 23T H. lacustris % V7GR O 7 25 F
Yo FUEER RIS, ZOMIZH, AATT)VD
Algaennovation Ltd X7 A)7/10 Cyanotech Ltd 557%5[d]
BICPASARIES 285 > 2% T H. lacustris TDT AY
FHOF U EELTBY), BHIERKOEERTZHD
Cyanotech Ltd Tl 4FE [ CHZJEE & 13 ~ 15 t DN A
I~ AERHEFELTA (Del Campo et al. 2007) o LAL
2735, H. lacustris (FTNETRER KL T
BB EEFANZ HE TGl L AMEL, W% pH O
IR SN TS 27280, #2378 D D. salina DI A%
U7k pH R IR COREFEDITET, N7 7RO
BEHE VSO Y I — T a NI LTSS Th
% (Lorenz & Cysewski 2000, Del Campo et al. 2007,
Solovchenko & Chekanov 2014) o Z D7z [ S 3% 5
Yol ORI S B 200D, KEA#E
FEEL\ T RIS T VA FEIZBWT H lacustris &
DR A RS, NI T)TREDIAVYIA—T g
ATFROFTHA R o 52 825KkO5N T 5,
D. salina \35CHIZ ZAROE R EZ R ORRIEH T
Do HWoyowa, L Wb, KR TGRS
% (Del Campo et al. 2007) . =\ 55 B, 6
SREE. BLOERRZHEOAN AL THEINDE
MRS - T o2 B iR EICETE TS (Lamers et
al.2008) o = D. salina DFGZEE 13,1986 4F 24—
ANT1)T @ Western Biotechnology Ltd & Betatene Ltd
2L THIDT 250 N5 — VDT = FF o KA DF —
TURINIZTE RSNz, RIROIRMZ AL, HT
HIHFER CO, MGz Th R\ iR/ NEDOHI I Th o772
B, B -HaT7rOmEMEEEEIIK o700, F—A
)T OFEEFANE L 7o 5 R AU IO F 2 2
PRS2 (Del Campo et al. 2007) o Z D%, MET
b D. salina ORGHEAFED R SNT=DS, EREEZ )
FEEBD, FEISPVIRIEE i 2 72— AT A XD
B2 fl AVE A E72 (Del Campo et al. 2007) . ¥
(2id 2 R s Apseon, £, F—KETD.
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salina DI B 55 3 5 T/ < AR L
7RIS, BRSO ERE AR, ot
FEE2 T, MUILHELE R R ZIZEIo TN D
f-huarreBEREEE TV (Ben-Amotz 1995), L
MLy BEHUZIEAL N 2% 15%~ 25%127:5 &
AWML T2z, IRV IO LT TH 72
BB PhoTnze D%, MKREHWTIY
o O B BE THEE CEAMRSFE R SN2 T, B -
HOT A EE R OR T ) 200 mg m? day ' 12
#L7- (Ben-Amotz 2004) . D. salina DHFEIX, F—
AT\ ARTZNVHHIEEY, BIEIFAVR, +504,
FAVIZHEBIL TV % (Ferreira et al. 2021) o

3-2. SHREELVHFIND
FRBAREkREHAT/MFOESE
WAEEHO O T /A REEME 1 H2472) 0385 %
FEL /A F AR DOATT ARG BIZEoTRES, &
NETIZ, EAROREERMM H. lacustris BLUY D. sa-
lina SNLEWEGEE RO T ARG A BA D, 2
MUZED AT T AN E A 7R 3 O S ik
PEHFRINTVD, ZNHOH A G H <
HaF /ARG A EEEDIC Table 1 12F 072, FEER
R E A T EAVEAL T AL BFERE, bR, B
FORAEIIEE R O 4 DBRIE/ T 2= D EL .
HOT AN % D BT R B a7 AN G
IO 5728, 2O Table 1 Tl 500 mL O =fj
7R TR ESN, WIHEEE IO T AN ER
AN E SN RO AT FEHL 72, T A F
Yo F U T AR EREL TIE, PESER AR
@ H. pluvialis FACHB-872 (Cheng et al. 2016) &£ V)
BT R O\ R Chlorococcum sp. MA-1 (Ma &
Chen 2001) . Chlorella zofingiensis CCAP 211/14 (Del
Campo et al. 2004) . Monoraphidium sp. GK-12 (Fujii
et al. 2006) D 3 EDHION TV D, IL—TDEA
DFEEHSHBESI2 Chlorococcum sp. MA-1 (XT3
ML, a7 ANEFEIZRNDOD, 1
SHAEEIX 3 fEmve — T BT e A

MEFHOPZIE, FESEF D D. salina CCAP19/18
(Wolf et al. 2021) XVf - HOF > & & OBk E
Asterarcys quadricellulare PUMCC 5.1.1 (Singh et al.
2019) .
al. 2011) .
2016) DSFEREINT VD, D THA VRO BAKIA I
O HLEES T2 A, quadricellulare PUMCC 5.1.1 &7
EF AL, 9 fif FEERLT
Who IIZT, ANRA OV 25 HEES 7z C
acidophila A-2 \(JTEZEF LI, 4 f5EWpS -
HOT VG EERT o ZORROBEFHEH L L3
FEOLOINEAS, pH 2.5 THROKDMEIEHREZ R
PR HAECTH 5 D. salina CCAP19/18 1Z, pH 8.0 T
KEFFESN TS5, pH 8.0 (IO
FUT OHEICE>TLEE pH THA/2D, KERE
R CIFE DT> 73— a AELTLE) . ZHUIHfL
C. C. acidophila A-2 73¥45H9 % pH 2.5 Tl o
WA RN 7)) 7 OB IZ IR SN B 720, C.
acidophila A-2 \I KERERHZOLF3I4—T a2 EL
HENEVIAFEEA T 5. ZOIHN, IhEFTHSNRT
WA SR FELD AT T A R A BE T O B S
Tl AT M ST b,

AR OIN BIE AT T /AR OREEA A HIN &
L7 s O K A E IS H. lacustrisDT AY x4
YF U BIUD. salina® -7 7B EETHED T
07 /AR HREEL U NV T AV T A FH
Fr ) aby  BTEFFF I AINSIHEWTREL T
72N T\ % (Meticulous Market Research 2021) o %
72 ZNETIZBEZ200f B D17 /A N ) gl i 58
OB SN TEY (Egeland 2016) (T4 THLH 7272
HAT I ARDIFE RSN T D B Z1X20134F12,
HA O T3 L0 B S 72 ik Coelastrella sp. Ki-4
MHIREW T A% X4 F 2358 &7z (Kawasaki
et al. 2013) cKawasaki et al.(2013) 1ZZDKEMET A
& FUE100C TR BSLIEL |t b § 52,2-
V7 2= )V-1-¥2) Ve R T V)V (DPPH) 43 BT i CHUER
LRz Ml L7z Z DR R BLRL R I BV LB 2 L T

Chlamydomonas acidophila A-2 (Cuaresma et
753/ Tetraselmis sp. DS3 (Tsai et al.

BB - T A
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Table 1. Carotenoids in microalgae grown in 500 mL of flasks in batch culture.

Specific growth  Typical pigment

Strain Isolated site rate (d°) (mg g-dry weight!) References
Astaxanthin-accumulating microalgae
Chlorococcum sp. MA-1 Surface of rock, — ¢ Astaxanthin g ¢ Chen 2001
Malaysia (7.1)
N Soil, Astaxanthin Del campo et al.
Chlorella zofingiensis CCAP 211/14 United Kingdom 0.96 (1.5) 2004
Monoraphidium sp. GK-12 Ffef;‘pgger’ 0.90 ASta(’;?gl;hm Fujii et al. 2006
Haematococcus pluvialis FACHB-872"! FreShC“}/f}f; lake, 0.61 As‘[(az)ga%;hm Cheng et al. 2016
f-carotene-accumulating microalgae
. ) Acidic lake, -carot C t al.
Chlamydomonas acidophila A-2 CIS[I)(;ir? ¢ 0.59 p ((:elui(.)9(§ne uarezs(grllzi cta
Tetraselmis sp. DS3 Coastal area, 0.62 p-carotene Teai et al. 2016
Taiwan (5.1)
Asterarcys quadricellulare PUMCC 5.1.1 FreIsI}11 drilaver, 0.25 p —((:§1r7(?3¢;ne Singh et al. 2019
Dunaliella salina CCAP19/18"! Salt lake, 1.82 B-carotene  yyiif et al. 2021
Scotland (3.0
Other carotenoid-accumulating microalgae
Coelastrella striolata SR-3 Surface of rock, ) 5 Canthaxanthin = sy o 512007
Japan (47.5)
Coccomyxa acidophila A-34 Amg;)cairrllver, 0.34 L&teir)l Casal et al. 2011
. . Water-soluble Kawasaki et al.
Coelastrella sp. Ki-4 Soil, Japan 0.25 astaxanthin (1.6) *2 2013
. Offshore area, Zeaxanthin .
Chlorella saccharophila M-5 New Zealand 0.31 (11.3) Singh et al. 2013
Fresh water lake, Fucoxanthin Petrushkina et al.
Mallomonas sp. SBV13 Vietnam 0.44 (26.6) 2017
. . . . . Vaucheriaxanthin ~ Stoyneva-Gértner
Eustigmatos vischeria S12 Soil, Bulgaria 0.32 (2.4)" et al. 2019

*I Strains for industrial use; *? Carotenoids found only in microalgae

WRWEEEEDL S, EWEIN A RENTZ, 20D
KIEWET AY X0 F NIk A %05 30 B EHEHEL RS
HLTHY, COFEMRY EREICOWTIIEZZHIS
NTWR\, ZD72h, EDF 287 H E B
IZHFGLTOBOPIEHLPIRS>TH RS, L
M A FFOARIENET AY X 0 F ANIER DT A% X4
YT IDLE R IC XD R AT, D A B
BT OREEIZEDSTTEL, ZDTOHERDT A
X F DB Mt G e L7 ALHE R R A
LCHHLR T WITRRIEDE 2515, 2019 121,
TNHNT DOF IO TS S 72 B IE R m
Eustigmatos vischeria S12 705H/N7 ) 7 £ 2F 298
FERENTz (Stoyneva-Girtner et al. 2019) o /N7 7

4t

FH 2 FIBEANTEHODPAMILO T R =2 2
TER. B AL EIHIE A RO 2L DS 5C
WAH AT /AR THL, MATNI )T
(0K EUT OIREE S TOHMRALREZ 7R 3 &V )l %
oo DEoIH#HIaT 7 AFORAETEEL TH
HEEIXIEHEZED TS (Del Campo et al. 2007) o

4. T ERAE D HUER (L RERTA

4.1, AR OB AT EE

AT AR B AE T DM O A B %R
BRI~ M5 74— (HPLC) %L C/NA < AD
Ha7 /AR EEE I E T AL (Markovits et al. 1993,
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Fernandes et al. 2020) .#»A\\32.2-27 = = )L-1-E¥7)
WVERZV)V (DPPH) % (Brand-Williams et al. 1995)
W 3272 7 VIILEE (Oxygen Radical Absorbance Ca-
pacity, ORAC) ¥ (Ou et al. 2001, Huang et al. 2002) 72
L2 Aa T AR E R T - TPV EINZ
ZOWERE P OPRALEEZ I E T 52 LI2LoTT
DI TE7z (Marxen et al. 2007, Banskota et al. 2019) o
HPLCH AT TR EE DN AR AT T /AR OREAEY)
B ASUBEFZDS I IR 200 /DL Lora T /A
FAFEAEL (Egeland 2016) 209 HAZ AW 75T T
ENTWEATT /ARIZTL—EBTH 5 (Bijttebier et al.
2014, Londono-Giraldo et al. 2021) o ] 2(E, 7 A% ¥4
YFURNT AL B-HOT L EEOHOT IARITENEN
Haematooccus)& . Dunalielalg& Ol EIE, <) — I —
VRIS T /A2 B S SR EM T4 70t A
DFELEN TN D280, F DM IEL IS T B,
L NI TR F U EOF AT /AR E
ERHERE A 5 58 RSN 71E 20 TR A A2 g 7o
Y ADMEETIEESTHEL T EEFIEDME LI T
W BB T ARG BRI AL T AY
PUFUTIIT A RS F V) AT, -T2 T
(39-3 A-B-710 7 » OFFHERIED A TF-TELD, T DAl
DHOAT I ARDFVERIZOWTIET I S ASIRSIT
Do 5T I ARDFRALREZ AL 223 7201213,
FRdE I E E R OHPLC AT IZ T BB D D75
DL EOBHIZINIZE AL DHTT /AR THE#E A )
VENTBLT \ZOHIRALRRIZOWVTHIIL N IEN T
W\ 2O ZEABHPLC /AT Tld il 3 o 47
07 /AR E R PRI A 92 X R TH 5.

DPPH #:%° ORAC #EIZ2WTh, AOF /A0
FRALBEZ FF M § % L Cla KR&%FEE NS 5. DPPH
BN ESINTZLELZAERT DIV TH D
(Brand-Williams et al. 1995) 7 =/ — VSO HIERAL
WEDPAR EFIZE 254524 T DPPH 2%%
TEEND . ZOLED 517 nm OWIEEEDJRFE DSk
OFBALTEEZ M E T 5. — T ORAC 1T K [E
] 37 Z AL SR AT L2 Lo T 37 S 7= LR AL RE BT filfi v

ThHY), FVINEFEESEL22-TIER 2-T3/
vruNy) ZHEYE (AAPH) & AAPH IZXD 54
L7z VI K0 RSN A e REET VLA v
ZRBHIIRINL . HOLIEE O HE OZ L5
BHROPIERLAEZ M E T4 (Ou et al. 2001, Huang et
al. 2002) o AIAZEZBHIEIZXY, BUKMEREZ ST
WVIILRE (H-ORAC) &, BUMPERESR T VWV
(L-ORAC) D%l AZENTES, MTHE, 7=
= VHEERILDLT LR E DT 7V 2 e
DFHMIELTHY, JACAEMOFHIlI SN TV
(Prior 2015) o LA L7255, W FFEH07 /48D
—EIEMFEOW I ERIEFHE T 2282 TERV —
HIHM BT IEFICEF AL T 225, ZOETO
ACNZINBDSFEA ., AN LR B ERILIE 2R
I o AT /AN DOBE ) L TRIC—HIHRK(Z
PR fLREL /Rl (Fig. 2). — /i CeFOFIIIV4
@ ROS IZITHW PR LRER RS2\ 728 (Zorov et al.
2014). DPPH {#b ORAC b0 7 /A FOHiR AL HE
OFFMiIZ# L Ty 72V (Watanabe et al. 2009) o Ll o>
ZENHINFETO HPLC 30112855 EE I %E > DPPH
. ORAC EIZLa i LRl =L, AT /(F%
T A EOFEMICIZEL TBS Y, D
AT HHTT /AR O — EIHBR R E B R R
W7E TEBTTEDHFEDKOSN T A,

4.2. Singlet Oxygen Absorption Capacity (SOAC)
HEE

R OEEREFZE (ROS) ICH L TOHEERER
e 3 HEE, COHHE I IEFE ROS 2584 S+
AEEFEMZS (Marxen et al. 2007, Banskota et al.
2019)0 AVT/ANO—HIAFRFEHERROWEIZIE
—EHMERLEETHIFROF TN (EP) ¥
AR CTHD Ll TOEBIZIZT—TVEEEE
UK R DML ERALIL IS L B TR, T2 200
LA UM LB FEDfEmEDE) 728 (de Mello
& Wootton 2002), EP iAFEIIZGIERATTES, &
07 /AR O— IR 3 IH 2 Re 2 12 B 5 2 g8 o 1
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IF1275>T72 (Mukai et al. 2012) o L2*L. 2010 4E
(220 EP s AT SN/ S e Zo IS, U7/
ARDO—EIHB FH 768 (Singlet Oxygen Absorption
Capacity, SOAC) HI7EFE DB FESINTze TDFHET
(. AT AR IS — EIHBR R A H]TH L EP
B, —EIHRRICLDHE S5 25- V72200 34
~N'77 (DPBF) iz %, DPBF (413 nm
OG- FEOA, —EIHMRRICIDRILshbE, £
DWW SCEDEFET B EEFFD, £D7295, DPBF D
WEERE DS, a7 /AN O— BEIHERRE %
FOBHEE, § bbb —EIHER RN T2t LhE
KDBLZENTESL, %8B, DPBF O EHExa - M2
70— )V CHEMEALL 7%, $UER{LAEZ 7R3 SOAC
ik 3% (Ouchi et al. 2010) . = SOAC 5212
NETHELEO & MHRAITT /A ROHiEAL BT
RSN CES2 (Mukai et al. 2012, Twasaki et al.
2015) . FMHERIHICHE VT, SOAC MIE % 7z
AT /AN DOHRALRRRTHIATE T LA, KIS E Bl
ARV, MRS C 0 SOAC I 5E % i ] Tah
. INFTOFHM T CIREI TER o7z, KA
BEANE bR T AR SROER LRl E T 5
ZENTE, A7 /ANERIREE L TORGHEIHOHF 72
A ARl CE A 1D B % .

4.3. SOAC AIEZDREME

SOAC HIEFNLUH . 6 DDA TEDH5
JEEE R TR 2 BERTC 1 308 SOAC fiEL 2>
ETELRD 72D 24 72V 7L —be 72 SOAC Ml
TENMET S (Takahashi et al. 2016) . —FEIZ3 D
DE I E DS BRI 5720 ITAETIZ 96 7L T L —
I F V272 SOAC fifl @ I 7E A3 EA A 541 (Wang et al.
2018) Fulki i T 15 OB & [F Rl TE 58912
Teotze TIUZKY, BIZIZ, BREHRHPLHBEL /-2
OMERE L EIL, 596, BRRZLREDAN A
SRR LR, a7 AR LY 2 V7L —NC
T—5UZ SOAC EZIE T HZEHTE, BV HLRAL
REAX A T AMAEREDO AN — = o 7 TE L] fE

D385 SOAC DI HT HERE I FEBE THEC DI L
HPLC |2&5707 /AFO 5 H Tl 15 OFEOMIES
BLZ 1R 5, F72. SOAC 5T EIE KT CTH
MM LERL, v A7aTL—N)—F =&z hiuL
PUEALRER %2 C& Do ZD72, SOAC T2k
B AED D FRE ] TORE B2 F A RO 27
== H SIS,

Eo12, BRI, B0 T /ANOHH - R
DIz, H—DHha7 /A8% % m|ZEFE T Aol 5
DEFENFNEH O FE G LR>T1ADY, 4 SOAC D
NI N F < AB 70O AHTT I AR DOPL LG
PR E TELINTZIUE, BEOIaTF /AFNDOEH
72 CRPUMBALIG M2 JE L LTl i O R g% 5F
i C&A720. ZHOHITT I ARDIRAEL T DI
HLPUERLAIE L CRoHE RATREMEA S 5.

SOAC {ll5E A Mot S 4H 1B 3 BRI s L
T, BRI AT oML, INETH
MR PSOHTT I ARHIHIZIE, AT IVRIVAT I
F (DMF) ®7thr, AFHr, 25/ -, zauask
WAEEDSHWHILTEZ: (Suzuki & Ishimaru 1990, Fu-
ruya et al. 1998, Bocchini et al. 2015) o 727>"CH DMF
RT by AFF AR DG AF =Ry
ORIV AL L TR Tha T /AR DAL LI W
VPR EFFO7-® (Bocchini et al. 2015) . 4FI2fH%
MBSO T /AR LWL TE 2,
[ZDMF &, 7tbr, ANFH U LDLMAELE A+~
AMHOHTT AR FE A E > (Suzuki & Ishi-
maru 1990) . ZAUZXFL. SOAC Ml Tld, HH .
AF =), ZunRlV A, BEK (D,0) 2MERE 50
501 1 THERL ST SOAC 1% V% (Ouchi et al.
2010) o =@ SOAC BHEDATT /AR EZ N
F ORI WS CEZZHRIE R E O\ DMF,
TRbrReaF b, lEE 2 FICOWTHEL7:
EZhH, SOAC VAEIEIIABD FE#EE LB TRl &) =R A
B Z ARSI (LI R5EK) . TEETREL
7-BEARFZEICBVCh, SOAC ORS¢
DLW EEFHEL T D (Iwasaki et al. 2015) 6
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PR 28 STV B RO a7/ A Rl R)
WERYE T LHEIE, SR LB, B
B -, FLRETOERICI DML, ~ A
O LB (100C) . BEE T avs GEfLF 7 Ll
) oW BALBE A3 % (De Ancos et al. 2000,
Prabakaran & Ravindran 2011, Goiris et al. 2012) o 72
A TR ELEIE, AT LR R R
FEZE ST ORI UM A B 5 A2 LS TE
B728, AT P XD B E R I LD
07 AROIEALD D70, EHIZ, =Xt b )
LEDALF W E DR\ T THIAH S (De Ancos
et al. 2000) o =i /& R AL BRI HE R D SOAC 1 THH
OB EOYEEITH O TE . )~ DD
HRhROYEE LT, 1T /8% SOAC T
GRS BT RN OB CHIL, 20
HHE L SOAC WD IR &% SOAC HIEIZA T 5
HEhdsb, EBRIZ, HaF /ARO—F /A OARTF
Yo F MBI E R AR Fusarium fujikuroi
? SOAC fH#%Hll5E 72 Parra-Rivero et al. (2020) T,
TR THRT /AREHIL, O E SOAC &
4% 1:8 TIRALZIRATE SOAC FETHML T,
St ITIEL 72 ORI R IR & St 23t RIS
5.2 508 % T3 TR $ 5 28 T SOAC Hix v
7R OO T /AR O AL E E KD gL
TEDLLEEZ BN A,

BIEASHL, POEHETAIUT /AN - L
HIZEWIHEREIL, FEPEIo VLI RARATT
JARDEFEREL THETH L, LA LFEBIZHEEF]
AL THWONTWAREIZRESNTEY, Film
MR ORARAE AL IEND, TERFESN
SOAC HlZE X, HuT /AR RICT G350
MR —EHBE ON LTI LILNTE,
T /A RO LREREMI A %) Th DL
EZoNDe FARFHMBOE AL, A HMHERED

BEICHL O BEW DD A,

I
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21 7hIPMISA1509> JICA/JST SATREPS-EARTH”
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Abstract In recent years, pollution by persistent organic pollutants (POPs) is becoming one of
the severe environmental issues which cause damage to human health. Currently, although ozone
treatment has been employed for POPs removal as an advanced treatment, it has disadvantages
of high costs and production of harmful byproducts. Photocatalysts have been attracting atten-
tion as one of the innovative POPs removal methods. The photocatalyst is a semiconductor that
triggers an oxidation-reduction reaction by light exposure on the particle surface and can achieve
mineralization of pollutants. Although TiO, is a typical photocatalyst, ZnO has also attracted
attention because of its low costs. Many researchers reported synthesis and characterization of
various ZnO particles with different particle shapes and morphologies using different synthesis
methods. However, comparison of their photocatalytic activity under the same experimental con-
dition is very limited.

Therefore, in this study, we synthesized three different ZnO particles with different particle
shapes and morphologies, such as flower-like, multi-shell and rod-like, and compared their par-
ticle properties and photocatalytic activities for the same degradation target compound under
the same degradation condition. Samples were synthesized by a solvothermal method using
Zn(NO;), 6H,0 as raw material. The particle shape was controlled by adding appropriate struc-
ture-directing agents. The flower-like, multi-shell and rod-like samples were synthesized by
adding hexamethylenetetramine, L(-)-proline and ethanolamine, respectively. The photocatalytic
activity was evaluated by degrading 2 4-dinitrophenol (DNP) as a model POPs.

Morphologies of the resulting samples were observed by a scanning electron microscope.
Based on the SEM observation, it was confirmed that flowerlike, multi-shell and rodlike sam-
ples were obtained as expected. The result of X-ray diffraction (XRD) shows that the peaks at 2
6 =31°,34°,36°,48°,57°,63°,68° , and 69° can be attributed to ZnO. This result indicates
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that ZnO is successfully obtained by all the synthesis methods. The results also showed that the
intensity of the strongest diffraction peak of the three samples varies depending on the ZnO sam-
ples in the following order: flower-like < multi-shell < rod-like, and the rod-like sample showed
a significantly strong peak intensity among the samples (approximately 15 times larger than that
of the flowerlike).

On the other hand, the BET specific surface area exhibited a different order: rod-like < multi-
shell < flower-like, and the surface area of the flower-like ZnO was more than 5 times larger than
that of the other two samples. These results showed that the strongest peak intensity in XRD
measurement and the specific surface area for the three samples are in a trade-off relationship.
Finally, photocatalytic activity tests were carried out using 10 ppm DNP under UV light irradia-
tion. The DNP is widely used as an indicator of the photocatalytic activity. The treated water was
sampled periodically, and the DNP concentration change as a function of time was determined
by measuring the absorption at 357 nm with a UV-vis spectrophotometer. It was found that the
DNP degradation fitted the first-order kinetics well for all the samples and the degradation rate
was in the following order: rod-like < multi-shell < flower-like. This order is similar to the order
for the specific surface area and opposite to that of the strongest peak intensity. The results sug-
gest that the highest photocatalytic activity for DNP degradati on was in the flower-like shape

where ZnO contributes a very high specific surface area and not by crystallinity of ZnO.

Keywords: Persistent organic pollutants, Photocatalyst, Wastewater treatment, Zinc Oxide
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Figure 1. Mechanism of organic compounds degradation by photocatalyst.
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Figure 2. Reactor diagram for evaluation of photo-
catalytic activity.
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Figure 3. X-ray diffraction pattern of ZnO samples
with difference morphologies.
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Table 1. Crystallinity, crystallite diameter and crystal face of the strongest peak for ZnO samples with dif-

ference morphologies.

Samples Crystallinity (%) CryStaH(i;‘:n‘;iameter (s:t?(;i[;sftaf)z:lf R(100)/(101)
Flower-like 71.1 30.2 (101) 0.74
Multi-shell 77.1 417 (101) 0.59
Rod-like 90.6 79.4 (100) 1145

LT/ (Fig. 4a)o <)V F ¥ x)VEl ZnO 1d. 100 nm
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110.0624 min". 0.0259 min". 0.0151 min" TH - 7=
(Table 2)
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Figure 4. SEM images of (a) flower-like, (b) multi-shell and (c) rod-like ZnO particles.
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Table 2. Comparison of DNP degradation rate for
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Abstract Coccolithophore is one type of phytoplankton that forms calcium carbonate plates
called coccoliths, and is relatively diverse with about 200 species in the world’s oceans. Coc-
coliths accumulate in massive calcareous deposits on the sea floor that serve as a sedimentary
buffer of ocean chemistry and are also a major long-term carbon storage that has a significant
impact on the global carbon cycle and climate. Coccolithophores are also a major producer of di-
methyl sulfide (DMS) that is the dominant precursor for cloud condensation nuclei in the marine
atmosphere; DMS emissions decrease solar radiation due to increasing cloud cover. Coccolitho-
phores play an important role in biogeochemical cycles in the ocean by influencing the oceanic
uptake of atmospheric carbon dioxide, and producing calcium carbonate sediments and DMS.
Coccolithophores often bloom on massive scales. Around the Japan archipelago, coccolithophore
blooms have also been reported; a Gephyrocapsa oceanica bloom in Tokyo Bay and Sagami Bay
(1995) and Hakata Bay (2004, 2007, 2008), and a Emiliania huxleyi bloom in Suruga Bay (2007).
In mid-May 2020, a massive bloom of coccolithophores were observed in Sagami Bay, Japan,
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possibly for the first time in 25 years. The bloom was initially observed by the JAXA, GCOM-C
ocean color remote sensing satellite “Shikisai” capturing a vast emerald green reflectance image
in the bay. Researchers who received the report immediately conducted in sifu observations, and
found that coccolithophores caused the massive bloom. Coccolithophore is a common yet elusive
group in the waters around Japan, and there has only been one report of a bloom observation in
Sagami Bay. This study shows the characteristics of the coccolithophore bloom observed in Sag-
ami Bay in 2020 and also reports on the marine environment during the bloom. Water tempera-
ture, salinity, nutrients, chlorophyll a, and cell density were collected from field samples. Satellite
ocean color data was provided by “Shikisai”. Satellite images on May 13 and 17 in 2020 show that
the bloom spread counterclockwise due to counterclockwise coastal currents in Sagami Bay. The
species, Gephyrocapsa oceanica, was confirmed using light microscopy and a scanning electron
microscope, and was the same species that occurred in 1995. Chlorophyll a concentration and
cell density at the surface were 1.2 ug L™ and 9.0X10’ cells mL", respectively. NO, and NO;’
concentrations at the surface during the bloom were 0.10 zmol L™ and 1.83 zmol L™, respective-
ly, which were relatively higher than previous years. The results suggest that one of the causes of
coccolithophore bloom is the relatively high concentration of inorganic nitrogen. Previous studies
of prokaryotic and eukaryotic community structure in the coastal areas of Sagami Bay using ge-
netic analysis have reported occurrence of haptophytes and the occurrence of coccolithophores
throughout the year. These results suggest that coccolithophores are frequently present in Sagami
Bay and form massive blooms in a short time period if environmental conditions are favorable.
Further investigation including culture experiments are needed to resolve the details and specific

causes.

Keywords: coccolith, haptophytes, remote sensing, spatial variability
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Figure 1. Map of the Pacific western boundary coastal region of Japan, bathymetry and sampling station

(St. 550) in the temperate waters of Sagami Bay.
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Figure 2. Initial remote sensing ocean color satellite images of the coccolithophore bloom in Sagami Bay
on May 13 (left panel) and May 17 (right panel) 2020. The emerald green reflectance signal shows the ex-

tent of the bloom.
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Table 1. Environmental factors collected from Station 550 during the onset of the coccolithophore bloom
in Sagami Bay. Data in 1995 was based on Ogura & Sato (2001).
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Figure 3. Scanning electron microscope image of the identified coccolithophore, Gephyrocapsa oceanica.
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Abstract In aquaculture and ornamental industries, copepods are recognized as preferred live
feeds for marine fish larvae over commonly used organisms such as Arfemia and rotifers. Marine
fish larvae fed with copepods show better survival and growth. Despite obvious advantages of
copepods as the live feed, their use is still limited owing to low productivity and cost-efficiency
when mass cultivated.

Copepods from the genus Acartia are good candidates for a live feed because their body size,
swimming behavior, and biochemical composition are suitable for many marine fish larvae which
have small mouth gapes. In addition, Acartia species produce dormant eggs which can be stored
and hatched to feed fish larvae. Acartia steueri Smirnov is widely distributed in the coastal wa-
ters of the western Pacific Ocean, and is an essential food source for the larvae of commercially
important fish in their natural habitats.

Different dietary microalgae affect the egg production rate, hatching success, survival rate,
growth rate, and the population growth of copepods. One of the underlying bottlenecks in the
intensive cultivation of copepods is fatally low survival rate during their larval stages. Calanoid
copepods including genus Acartia feed on live microalgae. In the present study, in order to clari-
fy the favorable dietary microalgae for larvae of Acartia steueri, the nauplii individuals were fed
with four mono-microalgal diets and one mixed-microalgal diet to measure their survival rate.

The present study conducted two experiments. In the first experiment, the nauplii hatched

within 24 hours were individually reared in 6-well plates under three diet conditions (mono-diet
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of Tetraselmis suecica, Rhodomonas salina and Isochrysis galbana) in April 2019. Survival rate
and development stages of the copepods were measured every two days. In the second experi-
ment, the nauplii were reared in 600 mL beakers under three diet conditions (mono-diet of 7
suecica, Chaetoceros gracilis, and a mixed diet of 7. suecica + C. gracilis at 1:1 carbon ratio) in
April 2020. Survival rate and development stages of the copepods were measured at day 10 and
day 20 during the incubation duration.

In the first experiment, the survival rate at day 20 was 26.8 * 7.2% when fed with 7. suecica,
which was the highest value among the mono-microalgal diet conditions. However, only 0.6% of
individuals fed with 7. suecica were developed to the adult stage (copepodid VI). In addition, the
malformation at first antennas was observed from the copepodid individuals fed with 1. suecica.
1. suecica is well known to be rich in amino acids but with poor fatty acid content. These results
might suggest that 7. suecica is the favorable diet for early developmental stages (i.e. nauplii) of
the copepod 4. steueri, but has a nutritional problem for the later development stages of life cycle.
In the second experiment, the ratio of individuals developed until adult stages was maximized
under the mixed diet condition of 7. suecica and C. gracilis, and this mixed diet can be consid-

ered a favorable diet for 4. steueri larvae in the present study.

Keywords: aquaculture; calanoid copepod; malformation; nauplii, survival rate

1. ELBIC

HAT VLB TELDITREM O EZ 8
HIRTHY, LEZZDOHALENEDD 80% %1505
CEDME SN TS (Tanaka et al. 1987, Mauchline
1998) o #A T HIT LA R R IR L\ o7z 2670
Feliiea B LTHY. TAVRT VT ITOLI RN
(b7 T 2B E R (Nass et al. 1995, Stgttrup
2003) . fFHEA ORI L Tl L7k A X% Rm4 28

V IREEREH AT BT A HE A OB 2 6
S TWD  (Stgttrup 2003) o FDT2OHAT VM
R ORTEE L THWARADEAIIT DI, F
AT VAR LA HERIZT AV R T VT I T S R AR
FHL7AFHE LI, R REE, ATl
YMiE S 3 528 AV S TV4  (Shields et al.
1999, Barroso et al. 2013) o ZDIH%F HHRKIKIE
PORESINIAAT VEPHFHEROE AV SR

25, BRI Lo TR EBIL . [FFE - [

AZXDHAT VR EFET HIENHLL FHEEYR
9 5L TR 2 SRR P AR RE TR AT B8 Vo 72 R DS H
% (K 2014) o 207280, FiEBREAHIHLZEN
TOREKWEIAT VHORKBEEFEIRDONTNS
B TLvEVST B A Y BT R ORT R L 72 BRI
X2 DA pE I (Molejon & Alvarez-Lajonchére
2003), R7EHEERBEATESN TS,

HAT VOB EEOBAE T EE 13, Bkl c X BI04
R E SN2 RGO AR IZ Lo TRES
Nbo IATVHOREIIBWC, T 28 EHIA
AT VHOINAREREE, WALER, AR R R
(B AR R OB MZ R E DTS (Camus & Zeng
2008, Pan et al. 2014) o JPAREAREE L, AT HHD

HIGIZ BT AR ECEA A BN CE R E T 5
72 (Poulet et al. 1995). F7Zx 58Kl EEEE T TOME

AR O EERD R ANAT DI, I EETRHIB T 5
MR EESNTD, ZO—T7 T, LD #E T
AHZB 9 HIF5E13E D FBRD N #E S L JHMES S IR 72
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ENTEY, EFLENTALT VT ITOYA DB
RETOEFED 40 ~ 70% L3N b—F (FFAR- R
T 1961, Balachandar & Rajaram 2018), A TEg5: T
BT BHAT 4 Acartia bifilosa DA DPSHEET
DAEAFFIL10% LT AT TIZ 0% RN EA T
HILT5728 (Li et al. 2008), LA O3
DYEINAT VDO KERE RIS AR OTFETH
Bo AT VHNL) —TITAGEDS, TGRTANE,
ZLUTHARETRET 5B TEOEERZbsE, 1k
R K3 5720, AR RH A X, 5
BB L 7B R A I3 TS B RS oo M gs (F) A
AN 9% (Berggreen et al. 1988, Liu et al. 2010),
Roman (1991) (XHCSF bR CRRRRL 7-RPRHE R 5%
BB D Acartia tonsa |\ZABFE S, HERL72HK
WEIRFEDYNE W, TRE~NOI) A A E%
PRFL A =TT AL TIEY S BN
PR FIENZENT DS, TAORTANGR, BARA~E5E
ETDHI S TEDOHE G L AR BIZIREA~D
AR B EAIEINL 7228 %ML L 720 20720, A
TVRUIFEEICHE W, BRI ARERIIEL T HLHE
WS sz, FEEREEEREL THEOBEZ1TIZE
TP AR E R AR ED ) b4 B E AR 2 AR TE AL
WifEshs,

Acartia JEHAT VIRIFH R H OB RHIZB AT
SNDIFHENE O WFETHY (Hansen et al. 2016), %<
OFIEDIFHEFIESTHLUIART AR, BEIRITEY, A=
LA R ZE OB 2 E W BT RSN T0 %
(Rajkumar & Vasagam 2006, Wilcox et al. 2006; Han-
sen et al. 2016), 7z, JMIER TR CALRE Vo7 AN
BRIEICSHENLE—FEAYIZ IS LEAME 1L 35720 (Uye
1985, Baumgartner & Tarrant 2017), & HFE B D
B PRAF DS BE CHAHIEDREIN TS (Hansen et al.
2016)0 L7235 T, EIHL THIRISEL, BELE
LI THBEMELL TOFHRREADTSL ETD
PEOFFEIEAE AL TOFHATHETHY) (Hansen et al.
2016, Pan et al. 2019), W& - LB L THA THL,
Acartia steueri Smirnov (XAL VT K FERNTEITIZIA {55

Al ZOALBRIZTS 7R ZLE (Kos 1958), B[R
EHERF B D) (Nishida 1985) LS T 5, A
T /=77 2L 1 WK 70 pm., WK O
13 1400~1600 pm £ THY) (Ueda 1997, Okada et
al. 2009), HRBREE TIZB\ WK EEE MO
AOEZELEEFE 72> T\ % (Tanaka et al. 1987),
72, 2000 ind. L O # LRI THAEL Th, EAFER,
PUAERE TR L, WRALFRAME T LW e it S Thh
(Takayama et al. 2020), TR A7 —)V TOIFBEx} RAE
LENTWA (Takayama et al. 2021)

HAT VRO FERAIZB T IEE BRI AE
Yot e CA T O g R OFUENEIZ B
THHFTHB AT Lo TRFBENEAIA T DA
YR B O AL L TEE AN AR R ok | o 25
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B i 5H < — AN Tetraselmis sp., Nannochloropsis
sp.) & Sinocalanus tenellus.Pseudodiaptomus inopinus.
Acartia clausi (BIAED57HE CAcartia hudsonicabl {1
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sirostris OB EE L CTRGET SIS IR A BEME R AR 2R3
RO TR o722 e S STV A (Uye 2005, Alajmi
& Zeng 2015) o T TARNIZE TlE K BEREGH 73 B C— %
AR ST B 2 72 372 SEA TSR
(Z& o TH—EPEE IO B OB B 257 %
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AEIRHILBME 2T o2 AT TIE A, steueriiiFIZH
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- 2RI (CN ) RIRIiEERE V7SO
FUCH B A 3 D000 5 A BBl & LRk Ter-
raselmis suecica, 7')7 Mg Rhodomonas salina, ¥
Chaetoceros gracilis. /N7 Isochrysis galbana @ 4
flix 7z (Table 1) 2 CTOMMERIL S0 mL
=7 A RIS E LTz BiICHW A
EHOMPLOF— L —7 (120°C. 20 5 H) %M
LIH 720 Foo PO FERREIEI L& Tr) -0 Ry
FN TR AT o720 BEFIIIAHBE B 5 b
3 km DE 5 M S TERIK L 72 K g g7k % $h H AR
. Hira 35 L, FLEE 022 um DAV TL T4
V¥ — (Merck Millipore) Tl 72D % A K
EL. 2 Br A AE L BDRHE S ORI VW, B
FEIKIR 20C, JEHEEE 120 4 mol m™ s\ WIS &
% 12 B SRS RE EL 7oA v F 2X—% — (FLI-301N,
EYELA) WTHEMLz. 55l O ERE S O M i
FEGIMERET R I FAEY B T (OPTIPHOT-2,
Nikon) TaEHEL. Mg A XZFERIZOA—5—%
AWVTHIEL7: (Table 1) BEHEIEO i3 & 1,
Nagao et al. (2001) |ZbEDXTCHE MR (Series 1T
CHNS/O Analyser 2400, PerkinElmer) Cilll5EL 720

2.2. BT 77 b AR LIBRIBKORE

B 75 7R OBREITHBLE OIL P I AL
B3 HEAMM (35°0949°N, 139° 10'33"E; /K% 6 m)
THEML 720 Acartia steueri DEEFEZH 727K 1S,

FE I M IZBW TR KT N ITRKL, B2
BUTHAEW 180 ym DF AT Ay 2 TR OB HEY)
TN BBRE, FIREEETC 3 AL R
HEVY0.22 um OHF T AT 7A73N—=T4)V8 — g # ik
L7z#E7k (FSW <022 um) %V 72,
W77 7 EEHIHPIZH AV 180 pm OEY
Ty oAb (0430 emy K100 cm) & )
a2 O CHEBRMEF R E T 528 TRz,
BHEERH PR TR K N THRIKL ., #RIRK
=T (Shinwa Rules Co., Ltd.) "C# i 7K izl 2L
720 BBHHFTET 2R ZIR L oD, JIMBohAT
VHEORAZRC720 BE 65 um OF AT Ay A
T L7 R K% Bk 5204 7 VORI
Iz BRESNEW 7T 7 BT 30 43
AP e [ 37K 5 R 27 B BR B2 G R e A+ ) il v B
ity —NOEBRE~FEHEL, EEEME (WILD
M10, Leica Co., Ltd.) T 4. steueri MESAR DA%, 1 H
(1997) A3t L7- T RE- A B GBI L 72,

2.3. Acartia steueri / =7V REE - ARKEA
$hiFDLFEER R DR
WA - S OB E B R O R ET SE BRI EL 2 8] 9 f
L. EBIHG =7 250 E L, kL2, B
JOPREEL T2 A. steueri iR e FERZE THETLHILT
B7zo 1. 2 MIHBOEBRIZH B ERIZZNEN,
2019 4F 4 I, 2020 4 4 FIZEREL 720 ERISN 72

Table 1. Microalgae used as diets for copepods in the present study.

Microalgae Classification Cell size (um) C/N molar ratio
Tetraselmis suecica Chlorophyte 7.0+ 1.1 59+09
Rhodomonas salina Cryptophyte 103 £ 2.7 6.9 £ 0.6
Isochrysis galbana Haptophyte 45+ 1.1 11.5+£1.3
Chaetoceros gracilis Diatom 59+0.6 89+04

Mixed diet
(T. suecica & C. gracilis)
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AR % 25 fEA9 D, 250 mL OB EE#EK (< 65
um) Tiii7zL7zF V7 2 RMUZIE L. T weissflogii
ZhsrE (500 ug CLY) AAEHL. BIKIE. W
1C 24 R OBILE; A2 AT o720 BIMLER#Ef%. 200
mL ¥ — 7 — NI R % 10 RO IAEL, T
weissflogii (500 ug CL") ZFHEEL. 19°C. HHREE A
F 12 RS T2 H RS 5 5 2L TR G2, 15
HAL7ZI0E FSW Ciili 721 72 200 mL ¥ — 4 —I12F L.
19°C. WEHT T T 48 Wl RE 5L, MR btk 24 R DA
D) =TI ARG ER LT OR; 3 ERRIME L7, A%
B Rl LS, A steueri LR FEE DR A X
%78 Acartia tonsa \ 2B\ CHPAE E B L% B E
HEIFIT HERHE L B IOz (Berggreen et al.
1988) o

1 MEDFEEETIX, T suecica, R. salina, I galba-
na M3 O0H—fHEE 7z, 2 [ HOFEER T,
T. suecica H.—f1¥L& C. gracilis B—fFEHIMNZ T T
suecica & C. gracilis DIRERIF (RFEL 1:1) 2
L7z

1 EHD =TV AN DR AR FERBIZIL, Y=V
=M R i LTz, /=T AL AT 1
TR 6 mL O K T /2L 72 6 72 )L 7L—h
WAL KR 19T, BEFTT 40 HRE, DLIFER
BNO SR T HFTHREL 20 IR SIS
100 KD/ =77 2GR 3 #THEEREZIT-
720 2 HIZ—H] 50% DK% 7S A — ) EAy MTHL
BRE. Fi7-ZeifpkEscial, +rm OBk (420 ug C
L") 252720 BROEFFRE 2 HIc—mEIEL, 2
ANRTA M DI ST RE A B R B A b eI B i B R AR
FrL720

2 [IHD ) =7 ) A5 A DR ERR T, E—h—
TEEEF AL BRSRETEIZ 600 mL O i
KTHi7zL7ze—h—% 32T OHEL, ThEho
E—7—12 100 kD /=T A A% NE LT (6
mL ind.") o E—=H—{JIZHNFE 5 mm OF T AEEZHE
L. U= D= &S OB R L\ E T o720 HEKEE
B 2 HIZ— ATV, ¥—7—N O 300 mL O} 25 i

KEHE20 yum DF AT Ay 2 TR LA HDHHEKL .
Ay 2l RSN RIE R T3 Cze T —h—
IR FieeigkE Mz 720 K. fE5ME. 10H
Ho =7 AR # FEERE Rk E L, A E AL
7%, BLATEMEAEDICIRT HE TR R T o720
Bi42 10 HH. 20 HEIZR il K2 <N 7o 228 L
FARBAMSE T CAFEBEEEEL - DR, IR
FAMADERIZOWTIITEREFE B Cb e DX 5%
B A Ko7, Bi4E 20 HH DAL, 2 HIS 1 [B[F kR
DFFETHE ATV, BURE G LS5 613,
BENPOIRE, AT CREL AR RLEL
72

I =TI AN BT DAL (%) 1ZL T D (1) X T
HibL7z.

. . Cind
Nauplius stage survival = ——x100 (1)

N ind\ZFEBRIZAEHL 727 — 77 250 A o B
¥ (ind.) % C indi$T RS AN IIF CTIEL 7S
(ind.) 7R 90 TR AMINI B BAAF3E (%) (LD
T Q) NTHEHL.

Copepodid stage survival = ?;—Zg x 100  (2)

C indlZA R AN FTHZEL /M4 % (ind.)
%A indl XK (TR AN ) FTHEL 22 A
¥ (ind.) 2789 o/ =7V AU D SRR TO A A5
(%) ZLLTF o (3) s ML,

N1~C6 survival = I*V”"“ x 100 (3)

ind

N ind\ZEBRAE L 722 — 7)) A% A O #) BRI
¥ (ind.) %4 indl 3k (T RRYAN6H]) T THZEL7Z
A% (ind.) 277§ 6
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3. &R
3.1. 7z V7 L— bRV 1 BEHOER
(2019 £ 4 RIREMEH)

Tetraselmis suecica H.—EEHXIZBWWT, 4R3I
B RHEUHE VR PITEA L, B EOHEIZa RS
AN IO MBI D TR S, K3 30 HEICHUE
fEfk (c6) M#EIEEs/: (Fig. 1)o /=77 RO
AL 489 £ 13.8% I KRYAMADHELERIL 1.0
£ 1.5%. /=TI AADPLRAT TOEFZEIL0.6 *
08% Th-7zo Kid 10 HHE 20 HEOAEFERIT LN

First-experiment
100 —— (a) T. suecica
1
75 —
50 +

25

(2022)

FI624 + 148%. 268 + 72%% 7KL Ki4 20 HH
DfEilE D 2ODEHRHX L IARTHBISEVMETH -
7= (one-way ANOVA, Tukey-Kramer, p<0.05, Fig. 2) o
FIELRL M T TR 72T ETOIRETA MR
BT E—LIIZRIER AT ALtk vo
CaEABIEE SN (Fig.3)

Rhodomonas salina Hi— 81 FH X2 BT 2 E 72814
B3 0 HEA2S 4 HEMIZH 60%M AL, B53E6HHIC
IR AM OB O TEZE SN (Fig. 1),
J =TV A OEAFERIZ17.3 £ 19.8% 2 /RL7225,

ONOC1 mC2 O0C3 =C4 mC5 RC6

Nauplius stage survival: 48.9+13.8%
Copepodite stage survival: 1.0£1.5%
N1-C6 survival: 0.6%+0.8%

E E (n=3)
O T T T T T T T T T T T T T T I_I 1 T 1 T 1 T IC)I T

100 — .
S b) R. salina
E)’ 75
e Nauplius stage survival: 17.3£19.8%
= 50— Copepodite stage survival: 0.0£0.0%
S N1-C6 survival: 0.0£0.0%
S 254 ’_}r_-‘ ﬁ (n=3)
O T T T T T T T T T T T T T
100 77
c) I. galbana
757 Nauplius survival: 0.0£0.0%
50 Copepodite stage survival: 0.0£0.0%
N1-C6 survival: 0.0£0.0%
25 (n=3)
O {il 1 T 1 T 1 T T T T T T T T T T T T T T T T T T T T T T T T T 1
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Incubation duration (day)

Figure 1. Temporal variations in survival rate and development of Acartia steueri fed with (a) Tetraselmis
suecica, (b) Rhodomonas salina, and (c) Isocrysis galbana in the first-experiment using plastic well-plates
as incubation containers. Bar graph colors represent development stage of the copepods (N: Nauplii, C:
Copepodite). Survival rate from naupliar to copepodite stage, copepodite stage to adult, and from nau-
pliar stage to adult are described in each figure. 370 individual nauplii were used in each diet treatment,
which were spawned from adult females collected in April 2019 at Manazuru Port in Sagami Bay, Japan.



EIED - B A T U FH Acartia steueri DEEFEIZ BT AT EHR ST 38

First-experiment
100 OT. suecica [ER.salina 0Ol galbana
9
=
o 51
+—
©
T 501 P
.2 [
Z
> 25 4 ’l‘
w R
0 sl o — 0 o0

at Day 10 at Day 20 N1-C6
Incubation duration & development period

Figure 2. Survival rate of Acartia steueri fed with
Tetraselmis suecica, Rhodomonas salina and Isoc-
rysis galbana, in the first-experiment using plastic
well plates as incubation containers. Bar graph
colors represent each microalgal diet treatment.
Survival rate of N1-C6 indicates the percentage
of individuals surviving from nauplii first stage un-
til copepodite sixth stage (matured adult). Error
bars show the standard deviations (n=3). Asterisks
on the top of bars denote a significant difference
among conditions (one-way ANOVA, Tukey-Kram-
er, p<0.05). Nauplii specimens were prepared from
adult females collected in April 2019 at Manazuru
Port in Sagami Bay, Japan.

TR AN AL ) — T 2 S AAE TO
AT 0% R E TR E TSR HETHo

720 Bi#2 10 HHE 20 HHOAfFRIZZ N2 244 +
223%. 40 *50% %7RL7> (Fig.2)o

Isocrysis galbana B.— R X2 BT AT R 42
FHAG LD SN, 5538 16 HUIAIZ T X Cof
DIETL, TRYAMIERE TEAEIT I EThH-
727z, =TI, IR AN =TT
WD SHAE COEFFIIET0% THo7z (Fig. 1)o
38 10 HHOALFHFIL 2.7 £ 32%., i3 20 HHOA
3L 0% Th-7- (Fig.2)o

3.2. E=Hh—%AW: 2 AEDEER
(2020 £ 4 AIREMEEF)

T suecica H.—fRHXIZBITHIEE RS 1L, £/ —
TIIAGEDSED (Fig. 4). AR 10 HHIZ
40.0 = 5.2% %Z/RL721%IC, 5538 20 HEIZIZ 6.1 £ 5.4%
FCETL. BARICERETEEAROE E1E 0% Tho
7z (Fig.5)o

C. gracilis . —EFHX TOAAFEITE 2 10 HHIZ
455 £ 153% ZRL721212, B2 20 HHICIZ 123 +
82% T TNL7: (Fig. 5)o BMUAIZZRE TE/ KD
HE1E 105 £38% 2Rl BAEFTOREICKET
22 He B L7z,

T suecica & C. gracilis DI G EHXIZBIT L5532
10 HHDZEEE B ORI C. gracilis B—fFFFX &

Figure 3. Images of malformation observed at first antennas of Acartia steueri copepodid fed with Tet-
raselmis suecica, in (a) dorsal view; (b) lateral view. An arrow in the right image indicates a broken point of
right first antenna.
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Second-experiment
ON OC1
(a) T. suecica
100 7| [ 7 ]
s 75
+
©
E 50 7
>
= |
S 25 ]
n
0 T T == )

(b) C. gracilis

EC2 OC3 BEC4 ®mC5 ®@C6

(c) Mixed diet
1 1 (T. suecica + C. gracilis)

—

0 10 20 0

10 20 0] 10 20

Incubation duration (day)

Figure 4. Temporal variations in survival rate and development of Acartia steueri fed with (a) Tetraselmis

suecica, (b) Chaetoceros gracilis, and (c) Mixed diet (T. suecica + C. gracilis) in the second-experiment us-
ing glass beakers. Bar graph colors represent development stage of the copepods (N: Nauplii, C: Copepo-
dite). Error bars show the standard deviations (n=3). 370 individual nauplii were used in each diet treatment,

which were spawned from adult females collected in April 2020 at Manazuru Port in Sagami Bay, Japan.
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Figure 5. Survival rate of Acartia steueri fed with
Tetraselmis suecica, Chaetoceros gracilis, and the
mixed diet (T. suecica + C. gracilis) in the second-ex-
periment using glass beakers as incubation containers.
Bar graph colors represent each microalgal diet treat-
ment. Survival rate of N1-C6 indicates the percentage
of individuals surviving from nauplii first stage until
copepodite sixth stage (matured adult). Error bars
show the standard deviations (n=3). An asterisk on the
top of bars indicates a significant difference in among
conditions (one-way ANOVA, Tukey-Kramer, p<0.05).
Nauplii specimens were prepared from adult females
collected in April 2020 at Manazuru Port in Sagami
Bay, Japan.
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Abstract A massive infestation of a free-floating aquatic invasive plant, water hyacinth
(Eichhornia crassipes) has been causing numerous problems in Ethiopia. Water hyacinth (WH)
is mainly composed of lignin, crystalline cellulose, and hemicellulose polymer, thus its solid
part can be used as a potential alternative energy source through thermochemical treatment.
Hydrothermal carbonization (HTC) is a conversion of biomass into solid components of char
(biochar) and carbon-rich liquid products (biooil and aqueous phase) by heating biomass in
the presence of water in a closed and autogenous environment. The objective of this study was
to evaluate the effects of various operating conditions on energy conversion efficiency and
characteristics of the final products using water hyacinth through hydrothermal carbonization.
Hydrothermal treatment was carried out at three different operating temperatures (210°C,
240°C, and 270°C) for three different retention times (1, 2, and 4 hr) to obtain biochar, biooil,
and aqueous phases. The study shows the possibility to convert WH biomass to biochar and
biooil through HTC, where the best performance in energy conversion from both products was
64.5% at operating temperature of 240°C and retention time of 4 hr. Operation temperature and
retention time significantly affected yield and higher heating value of biochar and biooil. Biochar
yield decreased and biooil yield increased with increasing operating temperature and retention
time. However, there are still low yield of biooil which potentially contains high gross energy.
Therefore, it is necessary to evaluate other variables such as type of feedstock, amount and
type of liquid mixed with feedstock, and operating environment to improve energy conversion

efficiency through hydrothermal carbonization.

Keywords: biocrude oil; biofuel; biowaste; hydrothermal treatment, van Krevelen diagram

1. INTRODUCTION been causing numerous problems in Ethiopia (Hill et
al. 2011). The invasion of water hyacinth affects water
A massive infestation of water hyacinth (Eichhornia  transportation systems, hydroelectric operations, hydrau-

crassipes), a free-floating aquatic invasive weed, has lics of canals and rivers, flooding hazard, human health,
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fishing, irrigation, navigation, livestock, and aquatic
biodiversity (Dersseh et al. 2019). Water hyacinth has
invaded the largest lake in the Ethiopian highlands,
Lake Tana, and was officially recognized in September
2011 and the infestation area of the lake has reportedly
reached up to 50,000 ha (Abera 2018). The rapid and
extensive increase has led to urgent necessity of research
aimed at solving the problem or finding ways to utilize
the plant. One of effective ways of treating water hya-
cinth is separating the plant into liquid and solid parts
by squeezing or compressing, of which each part can
be utilized for further treatments (Hudakorn & Sritrakul
2020). Water hyacinth is mainly composed of lignin,
crystalline cellulose, and hemicellulose polymer, thus its
solid part can be used as a potential alternative energy
source (Moki et al. 2020, Zhang et al. 2020).
Thermochemical treatment is one of effective tech-
nologies to convert biomass into energy sources because
it does not require expensive equipment, concludes
treatment quickly, and produces valuable products (Yao
& Ma 2019). There are two main thermochemical treat-
ments which are pyrolysis and hydrothermal carboniza-
tion. Pyrolysis is a traditional method in thermochemical
conversion which is the degradation (decomposition) of
biomass by heat in the absence of oxygen (Demirbas &
Arin 2002). On the other hand, hydrothermal carboniza-
tion (HTC) is the conversion of biomass into solid com-
ponents of char (biochar) and carbon-rich liquid prod-
ucts (biooil and aqueous phase) by heating biomass in
the presence of water in closed and autogenous environ-
ment (Sahoo et al. 2019). HTC has unique advantages in
terms of biomass conversion compared to pyrolysis: 1)
HTC requires relatively low reaction temperatures (e.g.,
180°C-350°C); 2) HTC keeps water in liquid state under
autogenous pressure prevents conversion of biomass
to biogas such as carbon dioxide and nitrous oxide (Li

et al. 2013); 3) HTC can be used as the most suitable

pretreatment methods for wet biomass with high organ-
ic content (Zhang et al. 2020). There have been many
studies on the transformation of water hyacinth through
hydrothermal carbonization (Romén 2020, Zhang et
al. 2020), however have rarely been studied on energy
conversion efficiency of water hyacinth into biochar and
biooil.

Therefore, the objective of this study was to evaluate
the effects of various operation conditions on energy
conversion efficiency and characteristics of the final
products using compressed water hyacinth thought hy-

drothermal carbonization.

2. MATERIALS AND METHODS

2.1 Materials

Water-born water hyacinth used in this study was col-
lected from Suijo Park in Saitama, Japan. The collected
water hyacinth was immediately transported to a labo-
ratory at Soka University and crushed and squeezed to
separate to liquid and solid residues. The solid residue
was dried at 45°C for 48 hr in a drying oven (WFO-510,
Eyela). The dried solid residue was sieved with particle
size less than 2 mm (WH), and then stored in a drying
oven at 90°C for 24 hr for further experiments. The WH
sample used in this study showed 11.8% of moisture
content, 39.6% of total carbon, and 16.4 MJ kg_l of
higher heating value (HHV; Table 1).

2.2 Hydrothermal carbonization of water hyacinth

To investigate the effects of operating reaction tem-
peratures and retention time on HTC, three operating
reaction temperatures (210°C, 240°C, and 270°C) and
three retention times (1, 2, and 4 hr) were performed
using an electric furnace (FUW242PA, Advantec). Here-
after, the operating conditions are expressed as operating

reaction temperature/retention time such as 210/1 and
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Table 1. Main characteristics of solid residue of water hyacinth.

pH Moisture content C H N o) Higher heating value
(%) (%) () (o) (%) (MJ kg ")
6.75 11.8 39.6  6.11 1.81 52.5 16.4

" Difference by 100% — (C%+H%+N%)

270/4. Approximately 4.0 g of dried WH and 60 mL of
distilled water were filled in a 100 mL stainless steel
autoclave vessel (TX-202, Huanyu). The vessel was
purged with high purity nitrogen gas to avoid oxygen in
the vessel. The vessel was completely enclosed with a
steel handle. The temperature was raised to the desired
temperature at a heating rate of 5°C min™' and kept for a
specific retention time at the reaction temperature (Zhang
et al. 2020). After the reaction, the vessel was left to
cool down to room temperature. The sample was taken
out and recovered from the vessel, and stirred with 80
mL of dichloromethane for 2 hr in glass beaker to sepa-
rate into solid product, biooil, and aqueous phase (Jaiswal
et al. 2021). The solid and liquid phases were separated
by vacuum filtration by filter paper (Whatman No.1).
The solid residual was rinsed in deionized water for 24
hr, dried in the oven at 95°C, weighed and designated as
solid product. The liquid phase was loaded into a separa-
tory funnel, then separated to obtain a water-soluble ox-
ygenated hydrocarbon designated as aqueous phase, and
dichloromethane mixed with biooil in the bottom of the
funnel. The dichloromethane compound was evaporated
at room temperature, weighed, and designated as biooil.
Each experiment was performed at least three times to
ensure repeatability and reliability.

The yield percentage of each of the final products was

calculated as follows:

weight of solid product

) ) o —
Solid product yield (SY) (wt%) weight of WH

% 100% (1)

weight of biooil
X 100%

L o) — Weight of biooil
Biooil yield (0Y)(wt%) weight of WH (2)

Aqueous phase and gas yield (AY)(wt%)

(3)
_ weight of (WH — solid product — biooil) x 100%
- weight of WH 0

2.3 Analytical procedures of hydrothermal
products of water hyacinth

The dried WH and the final products (solid product
and biooil) from each HTC operation were analyzed
for elemental composition and higher heating value
(HHV). The elemental composition of each sample
was determined using a CHNS organic elemental
analyzer (240011, PerkinElmer). The total amount of
O was calculated by the difference between 100% and
sum of C%, N%, and H%. The HHV of each sample
was determined by a bomb calorimeter (6050, Parr)
in accordance to is based on ASTM D240-19 (ASTM
2019).

In order to determine energy conversion efficiency
of HTC operation, energy densification and energy
recovery efficiency of the final products (solid product
or biochar and biooil) were calculated by the following

formulas:

HHYV of solid product or biooil (4)
HHV of WH

Energy densification (ED) =

Energy recovery efficiency (%)

(5)

= (yield of biochar or biooil (%) X ED of biochar or biooil)
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Figure 1. Relative yield percentages of solid product, biooil, and aqueous product and gas from hydro-

thermal carbonization of water hyacinth.

3. RESULTS

3.1 Yields of hydrothermal carbonization
products

The HTC reaction of WH was performed at three
different temperatures of 210°C, 240°C, and 270°C for
three different retention times of 1, 2, and 4 hr. Relative
yields of solid product (SY), biooil (OY), and aqueous
phase and gas (AY) showed wide ranges (37.5%—87.2%,
0.35%—-6.86%, 12.5%-55.6%, respectively (Fig. 1). The
operating condition of 210/1 resulted in the highest SY
and was not significantly different from those of 210/2
and 240/1, but these values were significantly higher
than those of other operating conditions. The maximum
OY and AY values were observed at operating condition

of 270/4.

3.2 Elemental analysis of hydrothermal
carbonization products
Relative C, H, N, and O contents of solid product
ranged between 42.7%-50.0%, 3.56%-5.27%,

1.48%—-1.97%, and 44.5%-50.3%, respectively, and
those of biooil between 64.8%—71.1%, 9.58%—-16.9%,
0.54-2.47%, 11.5%-24 3%, respectively (Table 2). As
operating temperature and retention time increased,
C and N contents increased and H and O contents
decreased in the solid product, while there were no
particular trends in elemental contents except for
increasing N in biooil with increasing operating

temperature and retention time.

3.3 Fuel characteristic of hydrothermal
carbonization products

Comparing with WH (16.4 MJ kg'), HHV values of
solid product and biooil overall increased to 16.0-19.7
and 23.1-27.8 MJ kg, respectively (Table 2). The
maximum HHV of solid product and biooil were
observed at operating conditions of 270/4 and 240/4,
respectively. HHV values of solid product overall
increased with both increasing operating temperature
and retention time, while those of biooil overall

increased only with increasing retention time (Fig. 2).



Wautisirirattanachai et al., Water hyacinth hydrothermal carbonization

Table 2. Elemental analysis and higher heating value for water hyacinth, solid product, and biooil.

Operating Elemental analysis (%) Higher heating Energy
conditions " value densification
C H N of MJ kg™
Water hyacinth

39.6 6.11 1.81 52.5 16.4 -
Solid product
210/1 427 5.27 1.51 50.5 16.1 0.983
210/2 430 5.04 1.54 504 16.0 0974
210/4 44 4 4.16 1.82 49.6 17.9 1.09
240/1 432 5.05 1.48 50.3 16.0 0.976
240/2 46.1 4.20 1.85 479 17.8 1.09
240/4 48.8 4.33 1.59 453 19.2 1.17
270/1 45.5 449 1.67 48.3 17.1 1.04
270/2 46.8 4.20 1.70 474 18.5 1.13
270/4 50.0 3.56 1.97 44 .5 19.7 1.20
Biooil
210/1 69.9 148 0540 14.7 23.1 1.41
210/2 70.2 16.2  0.780 12.9 254 1.55
210/4 67.8 12.1 1.63 184 259 1.58
240/1 71.1 169 0567 11.5 24 8 1.51
240/2 64.5 9.60 1.60 243 26.3 1.60
240/4 67.0 10.8 2.16 20.1 27.8 1.69
270/1 69.1 134 1.20 16.3 250 1.52
270/2 653 9.58 2.04 23.1 238 1.45
270/4 69.9 10.8 247 16.8 26.2 1.60

i Operating conditions refer to operating temperature (210°C, 240°C, and 270°C) and retention
time (1, 2, and 4 hr).
* Difference by 100% — (C%+H%+N%)

HHV of product

Energy densification (ED) = WAV of Wi
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Figure 2. Higher heating values of solid product and biooil from hydrothermal carbonization of water hya-

cinth.

In addition, when operating temperature and retention
time increased, ED of solid product overall increased,
however ED of biooil was overall positively affected
with only increasing retention time (Table 2). The
highest ED values were obtained at operating conditions
of 270/4 and 240/4 for solid product and biooil,
respectively. Noteworthy was that ED values of solid
product at operating conditions of 210/1, 210/2, and
240/1 were below 1.00 (0.983,0.974,0.976, respectively
(Table 2), which meant HHV of solid product was lower
than that of WH feedstock. This may be explained by a
possibility of operating temperature and retention time
being too low and short to complete HTC reactions
to form biochar and biooil (uncarbonized). In fact,
visual observation of solid product at these operating
conditions (Fig. 3b, 3c, and 3d) revealed that appearance
was similar to that of WH (Fig. 3a) and different from
that at operation condition of 270/1 (Fig. 3e), which
could represent functional biochar produced through
HTC. Therefore, in this study, solid product of these 3

operating conditions were excluded as uncarbonized

product, and those at the rest of operation conditions

were defined as biochar.

3.4 Energy characteristic of hydrothermal
carbonization products

Energy recovery efficiency of biochar (excluding
uncarbonized product at operating conditions of
210/1, 210/2, and 240/1) exhibited 45.0%—61.7% and
overall showed a decreasing tendency with increasing
operating temperature (comparing only 4 hr retention
time among 3 different temperatures) and retention
time (comparing only between 240°C and 270°C
temperatures, respectively (Fig. 4). On the other hand,
energy recovery efficiency of biooil exhibited 1.28%—
10.9% and overall showed an increasing tendency with
increasing operating temperature (comparing only 4
hr retention time among 3 different temperatures) and
retention time (comparing only between 240°C and 270°
C temperatures, respectively; Fig. 4). The sum of energy
recovery efficiency of biochar and biooil resulted in an

almost equivalent range of 63.0% and 64.5%, except for
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Figure 3. Images of (a) water hyacinth before and solid products after hydrothermal carbonization of water
hyacinth with operating conditions (b) 210/1, (c) 210/2, (d) 240/1, and (e) 270/1.
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Figure 4. Energy recovery efficiency of biochar and biooil from hydrothermal carbonization of water hya-

cinth.

that at operating condition of 270/4 showing 56.0%.

4. DISCUSSION

4.1 Effects of operating temperature and
retention time on energy conversion
In this study, energy conversion from varying operat-
ing conditions showed 56% to 64.5% (Fig. 3). The best
energy conversion efficiency was achieved at opera-
tion 240/4 comprising of 58.0% from biochar and 6.5%
from biooil, most of which came from biochar. The
higher the operating temperature and the longer retention
time were, the lower the yield of biochar obtained (Fig.
1) which was the main reason for lower energy conver-
sion. Higher temperature and longer reaction time could
lead to enhanced migration of C to gas phase as mostly
CO, meaning reduced energy conversion efficiency as
biochar (Singh 2015). Comparing energy conversion of
hydrothermal carbonization with other studies, Zhang
(2020) showed the highest hydrochar (biochar produced
through HTC) energy recovery efficiency from WH of

66.1% at operating condition of 210°C for 0.5 hr and
the lowest of 39.8% at 270°C for 1 hr. Romén (2012)
showed that the highest energy conversion efficiency
on hydrochar from walnut shell was 58.9% at operat-
ing temperature of 190°C for 20 hr, and the lowest was
49.6% at 230°C for 20 hr. The different results in energy
conversion efficiency may indicate that there are other
variables than operating temperature and retention time
such as type of feedstock, amount and type of liquid
mixed with feedstock, and operating environment such
as size and withstanding pressure of carbonizing reactor.
In this study, the sum of energy conversion of biochar
and biooil was comparable with other studies and ap-
proximately same for all operating conditions except for
270/4. Therefore, it appears that these operating condi-
tions used in this study were suitable for HTC of water
hyacinth. However, depending on demand for different
final products, an operation of 270/1 may be suitable for
large energy conversion by biochar and an operation of

270/4 can produce high energy conversion by biooil.
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4.2 Effects of operating temperature and
retention time on hydrothermal reaction
Operating temperature played important roles on the
final product yields during HTC process in this study,
which was consistent with previous studies that showed
temperature was the most critical parameter for the
conversion process (Garrote et al.1999). At all retention
times (1, 2, and 4 hr), SY decreased and OY increased
with increasing operating temperature (from 210°C to
240°C then 270°C; Fig. 1). Reza (2014) explained that
temperature accelerated kinetic energy on HTC reaction
at the beginning of the process. Mok & Antal (1992)
referred that through decarboxylation and depolymer-
ization reactions happened at the first stage of HTC,
hemicellulose and lignin in biomass began to degrade
with water at operating temperature from 190°C, and
dissolve into water from 220°C. These reactions also led
to forming the liquid phase intermediates in which a va-
riety of organic compounds were incorporated (Xiu et al.
2010). The intermediates could undergo a wide range of
reactions such as isomerization, dehydration, and con-
densation, which could separate the intermediates into
biochar, biooil, and aqueous phase (Bobleter 1994).
Retention time also showed important effects on the
final product yields during HTC reaction. At all operat-
ing temperatures (210°C, 240°C, and 270°C), increasing
retention time (from 1 to 2 then 4 hr) caused decrease
of SY and increase of OY (Fig. 1). Noteworthy was that
operating conditions of 210/1, 210/2, and 240/1 prob-
ably did not create enough energy to complete HTC
reactions to form biochar resulting in high SY (80.3%—
87.2%) of uncarbonized products. However, longer
retention time even with lower temperatures (210/4, and
240/2, and 240/4) could create enough energy to com-
plete the first HTC reaction of decomposition to form
biochar, then as a result SY was reduced (49.7%-56.1%).

In case of operating temperature of 270°C, even with

short retention times (1 and 2 hr), it is possible that there
was enough energy to complete the decomposition re-
action to form biochar. Therefore, SY values at 270/1
and 270/2 (51.3%—-59.3%) were comparable with those
at operating conditions of 210/4, and 240/2, and 240/4.
However, 270/4 caused significant reduction of SY to
37.5% probably because the secondary HTC reaction of
repolymerization may have continued longer to partially
convert biochar to biooil (Zhang et al. 2020), resulting
in high OY (6.86%).

Relationship between O/C and H/C atomic ratios of
feedstock (WH) and the final products (solid product and
biooil) under different operating conditions can be sum-
marized as van Krevelen diagram (Fig. 5), which can
represent different reactions during HTC such as dehy-
dration, decarboxylation, and demethylation. WH used
in this study had O/C (0.99) and H/C (1.8) ratios which
fell in a category of carbohydrate based on van Krevelen
diagram for major biomolecular component areas (Julien
et al. 2016). Solid product produced in this study had O/
C and H/C ratios ranging 0.67-0.89 and 0.8-1.5, respec-
tively, which decreased when operating temperature and
retention time increased (Fig. 5). van Krevelen diagram
can suggest that the dominant HTC mechanism was de-
hydration resulting in C-richer solid product from WH
with increasing temperature and retention time, which
was represented by a tannin category in van Krevelen
diagram (van Krevelen 1982, Kambo et al. 2017). In
addition, decreasing O and H contents of solid product
with increasing temperature and retention time (Table 2)
can also explain the reason for decreasing solid product
yield (Fig. 1) through dehydration reaction during HTC
(Lu et al. 2013). On the other hand, biooil produced in
this study had O/C and H/C ratios ranging 0.12-0.28 and
1.75-2.83, respectively, which partially fell in a catego-
ry of biocrude oil based on van Krevelen diagram (Cheng

et al. 2021). Increased H/C and decreased O/C ratios of
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Figure. 5. van Krevelen diagram showing the H/C and O/C atomic ratios of water hyacinth, solid product,

and biooil from hydrothermal carbonization of water hyacinth.

biooil compared with those of WH could be explained
by hydrodeoxygenation which could happen during the
initial reaction of HTC (Bi et al. 2014). Among biooil
produced at different operating conditions, those at mid-
dle temperature and retention time (e.g., 210/4, 240/2,
and 240/4) probably went through a next HTC reaction
of demethanation which lost more H per mole of C.
Then, next reaction could be decarboxylation which lost
more O per mole of C resulting in reduced O/C ratio for
biooil produced at higher temperature (e.g., 270/2 and
270/4).

5. CONCLUSION

This study investigated the effects of various
hydrothermal reactions at different temperatures
and retention times on energy conversion efficien-
cy and characteristics of the final products using
compressed water hyacinth thought hydrothermal
carbonization. In this study, it was shown possible

to convert water hyacinth biomass to biochar and

biooil through HTC. HTC's best performance in en-
ergy conversion from biochar and biooil was 64.5%
at operating temperature of 240°C and retention time
of 4 hr. Biochar and biooil yields greatly varied de-
pending on operating conditions. Therefore, depend-
ing on demand for different final products, operation
of 270/1 may be suitable for large energy conversion
by biochar and operation of 270/4 can produce high
energy conversion by biooil. It was shown that hy-
drothermal carbonization had a potential to increase
value on WH feedstock due to producing C-rich fuel
when appropriate operating conditions were applied.
However, there are still low yields of biooil which
potentially contains high gross energy. Therefore,
there are needs to evaluate other variables such as
type of feedstock, amount and type of liquid mixed
with feedstock and operating environment such as
size and withstanding pressure of carbonizing reac-
tor to improve energy conversion efficiency through

hydrothermal carbonization.
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Abstract Considerable skill is required to identify copepods at the species level based on their
morphological characteristics. However, DNA analysis does not require advanced microscopy
techniques and provides objective data on the phylogenetic relationships between samples.
Therefore, DNA analysis is useful as an alternative method for taxonomic studies of copepods.
The lysis buffer method by Lee & Frost (2002) is a simple protocol for extracting DNA from
single copepod samples. In this method, a fixative, such as formalin, is first replaced with
ethanol and a buffer solution. Then, the copepod sample is lysed in the lysis buffer containing
a proteolytic enzyme. Thus far, we have conducted DNA extraction of single copepod samples
using this method and performed gene amplification by PCR. However, due to the low success
rate of PCR amplification, genetic data could not be obtained for approximately 50% of the
formalin-fixed samples. In this study, we improved the lysis buffer method with the aim of
enhancing the success rate of DNA extraction and PCR amplification from single copepod
samples. In addition, the effect of formalin fixation time on PCR amplification was also
examined.

Zooplankton samples were collected from Manazuru Port, Sagami Bay on September 14, 2017,

using a plankton net with a mesh size of 180 um and fixed with 5% neutralized formalin-seawa-
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ter. Adult females of the calanoid copepod Acartia japonica were selected from these samples
and stored individually in ethanol. DNA was extracted from these copepods via a modified eth-
anol removal method, with adjustments made to the dilution of the lysis buffer, and incubation
time. The mitochondrial cytochrome b gene was amplified from these DNA samples by PCR.
When the concentration of the PCR product was 20 ng uL™" or more, PCR amplification was
considered to be successful. Based on the conditions optimized by the above studies, the effect of
the formalin fixation time on the PCR amplification of copepods was also investigated.

A higher success rate was obtained when natural drying or vacuum drying was performed
to remove ethanol during DNA extraction rather than removal by pipetting. Since there was no
significant difference between the results of natural drying and vacuum drying, natural drying,
which is easier to perform, was selected as the optimum method. We also confirmed that a high
success rate was maintained without diluting the lysis buffer after the inactivation of proteolytic
enzyme. Regarding the incubation time for lysis, changing from the conventional 60 minutes to
30 minutes did not result in a significant decrease in the success rate of PCR amplification. Thus,
the success rate of PCR increased to approximately 90%. Additionally, compared with the con-
ventional lysis buffer method, the number of steps was reduced by half, and the required time
was shortened from 1.5 hours to approximately 50 minutes. Furthermore, we confirmed that this
improved lysis buffer method can be applied to single cells of small protozoa such as flagellates
and ciliates. The effect of formalin fixation time on PCR amplification of the mitochondrial cyto-
chrome b gene after DNA extraction via this improved lysis buffer method was investigated. As
expected, the success rate of PCR amplification decreased with the formalin fixation time. How-
ever, when the fixation period was within 1 month, PCR products with a concentration of more
than 20 ng uL" were obtained in 95% of the individual copepod samples. Furthermore, even af-
ter 3 months, similar concentrations of PCR product were obtained in 80% of individuals.

Genetic analysis of small zooplankton is increasingly important not only in taxonomy but
also for biodiversity and phylogeographic studies. The data presented in this study will be very

important and useful in such studies.

Keywords: copepod, DNA extraction, formalin, lysis buffer, PCR amplification
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Figure 1. Agarose gel electrophoresis of PCR
products in the study of ethanol removal methods.
Ethanol was removed from the ethanol-soaked co-
pepod samples by (a) pipetting only, (b) pipetting
and natural drying, and (c) pipetting and vacuum
drying. Twenty A. japonica individuals were used
for each condition. After the PCR amplification of
mitochondrial cytochrome b gene, 2 pL of the re-
action solution was electrophoresed.
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Figure 2. Success rate of PCR ampilification in the
study of ethanol removal methods. The propor-
tion of individuals with confirmed PCR products
are shown in hatched coloumns, and with PCR
product concentrations of 20 ng pL™" or higher are
shown in black columns.
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Figure 3. Agarose gel electrophoresis of PCR prod-
ucts in the study of volume and dilution of lysis
buffer. Twenty A. japonica individuals were lysed in
(@) 20 pL of the lysis buffer and diluted 5 times with
sterile water, or (b) 100 pL of the lysis buffer (no di-
lution). After the PCR amplification of mitochondrial
cytochrome b gene, 2 pL of the reaction solution
was electrophoresed.
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Figure 4. Success rate of PCR ampilification in the
study of volume and dilution of lysis buffer. The
proportion of individuals with confirmed PCR prod-
ucts are shown in hatched columns, and with PCR
product concentrations of 20 ng uL™”" or higher are
shown in black columns.
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Figure 5. Agarose gel electrophoresis of PCR prod-
ucts in the study of incubation time for lysis. Twen-
ty A. japonica individuals were lysed in 100 pL of
the lysis buffer for (a) 60, (b) 45, (c) 30, (d) 15, and
(e) 0 min. After the PCR amplification of mitochon-
drial cytochrome b gene, 2 pL of the reaction solu-
tion was electrophoresed.
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Figure 6. Success rate of PCR ampilification in the
study of incubation time for lysis. The proportion
of individuals with confirmed PCR products are
shown in hatched columns, and with PCR product
concentrations of 20 ng uL™' or higher are shown in
black columns.
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Individual copepod in ethanol

$
1. Ethanol removal
Pipetting and air-drying for 10 min.

¥

2. Lysis
Lysis buffer 100 uL, 65°C for 30 min.

@ .
3. Inactivation of proteinase K

95°C for 15 min.

. B
Immediately used for PCR
or stored below -25°C

Figure 7. The protocol of improved lysis buffer
method.
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Figure 8. Agarose gel electrophoresis of PCR prod-
ucts in the study of the effect of formalin fixation
time on PCR amplification. Zooplankton samples
were collected and kept in 5% neutralized forma-
lin-seawater for (a) 2, (b) 4, (c) 6, (d) 8, (e) 10, (f) 12
weeks. Twenty A. japonica individuals were select-
ed from each fixed sample, and DNA was extract-
ed by improved lysis buffer method.
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Figure 9. Success rate of PCR amplification in the
study of the effect of formalin fixation time on PCR
amplification. The proportion of individuals with
confirmed PCR products are shown in hatched
columns, and with PCR product concentrations of
20 ng L™ or higher are shown in black columns.
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Abstract Distribution of Noctiluca scintillans, nutrients and chlorophyll a at the surface
was investigated in the upper Gulf of Thailand in summer. Observation was made along two
longitudinal lines across the inner gulf during the southwest monsoon period. Significantly
high chlorophyll a was observed at stations on the northern line compared to the southern line,
and the highest abundance was located in the eastern part of the line. This was accompanied by
significantly elevated nitrate in the eastern part. Higher abundance of N. scintillans cells was
observed also along the northern line, and its maximum occurred in the eastern part. The high
abundance of both chlorophyll @ and N. scintillans in the northeastern part of the study area sup-
ports Sriwoon et al. (2008) who showed a build-up of N. scintillans and phytoplankton biomass
in the northeastern part of the upper gulf, where surface water circulation alters according to the
monsoon cycle: the southwest monsoon induces a clockwise circulation from the west to the
east, and the northeast monsoon develops a counterclockwise circulation. Sriwoon et al (2008)
concluded that the southwest monsoon circulation produces a favorable condition for growth of
N. scintillans in the northeast part of the upper gulf. In the present study a significant correlation
was found among nitrate, chlorophyll a and abundance of N. scintillans, suggesting phytoplank-
ton abundance supported by high nitrate availability served as prey for N. scintillans. This infer-

ence is compatible with findings of Sriwoon et al. (2008).

Keywords: Noctiluca scintillans, Gulf of Thailand, surface distribution, Southwest monsoon
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PR KB OMBEEREY 27 F 2 3B VRO
RS HTEDHSNT VLD, W T TRT
FET WD IR CTIEEER D LAk D 7N — 2% TER
T2 EHE - 54 2006) o ZAUTHIL AT 1/ B
Pedinomonas noctilucae 733§ 57-07F Dfk % 2
THPHTdhb, ¥AERES (Upper Gulf of Thailand,
LUF UGoT) Tld, ZO A FO>vayF a7 ) —
LI B FARIDTE R S O BEFE R T 225
NOBEEDFHIZ 72> T\ A (Suvapepun 1989), ZD
FIEANDOENAD—BEEL T, BEEFKILDTER S
LT VEZFED UGOT IZB1F 5 Y a7 27 O KF-55 4
Tz FABIZFHBEETHY, LlHs4 oD
KENNL FTbEFERLHEANEIZ, Mae Klong JI1,
Tha Chin JIl. Chao Phraya JI. Bang Pakong JI|25/£X
(Fig.1) ¥ A S ICLD) UGoT % & SR BRBE 2L
“C\ % (Buranapratheprat et al. 2002).

B L RIKZ UGOT O 14 il Fi12BV>T 2009 4F 8
H 24 H225 25 HIZ T TAT o 72 (Fig. 1) Kilk, 3
SHEZTHERE R (Model 30; YSI) & FIVWClIEL 720
FEREPONNTYR HWTERKL, Z7U0a74)L a (Chl a).
KA BIOMGH 2372, Chl ald, FAKEAM
L2 T25 mm FE 7 I A7 7A/N—74)%— (Whatman,
GF/F) C{§iBL 721412, N, N-dimethylformamide CH
HR IR T IC 1 BRI L. EOEIGEERT (Aquafluor,
Turner Design) % F V2T EE 2l 72 L 72 (Suzuki &
Ishimaru 1990) o i 7K% 200 um HE WO TF o 7h ty
NIV a7 F 2 BLOKEIOKY) 7F 0 7 28Rl

8 9 10 11 12 13 14

76 3 4321

20 km

100° 100.5°
Figure 1. Sampling stations in the upper Gulf of
Thailand. Four rivers flow into the northern part of
the upper gulf.

725K D Chl a REZ RO J7 TR ZEL 7 (Grashof
etal. 1983), SEEIEIR I (KRB S HL TRB IR
DEe ECHIELze Y Iy F MR % R 1K 5 L
% 60 um HEVDOT T2 7 b AN TR L 72O %4
TEFE 2.0% PRIV ) O TREIEL. FEAREMEET T
AL 720

TR KR 30.1 — 31.9 TEEd, Al TR
REL Tz, #5713 24.7 - 287 TZHL. Bang Pa-
kong I A DI AT 13 BEU 14 THROEK 72,
K OB IAEIRIE O 73 A ([ ZH A AL ORI
SEHEIER I OZ UL THE EISE 2 -72 (9<0.05,
Fig. 2)o — 7\ TUEZUAM., UV BBIEIZFN 21096
50 uM, 0.84 - 1.88 yuM O#EiIH TEBL 722 F LD
ML COR B ETROON o7z, B )i

Noctiluca s
(cells L) g

Figure 2. Distribution of nitrate (top), chlorophyll a
(middle) and cellular abundance of N. scintillans.



I EFIABERRBIC BT Y ayF 2054 68

Table 1 Peason correlation matrix among temperature, salinity, nitrate, ammonium, phosphate, chloro-

phyll a and cellular abundance of Noctiluca in the upper Gulf of Thailand.

temperature salinity nitrate ammonium phosphate ~ Chl a
temperature 1
salinity -0.48 1
nitrate -0.21 0.02 1
ammonium 0.38 -0.27 -0.07 1
phosphate 0.06 0.039 0.56* 0.03 1
Chl a -0.39 -0.19 0.62* -0.16 0.29 1
Noctiluca -0.27 -0.36 0.72* 0.05 034 081*

* significant at p<0.01 (n=14)

1.4 - 3.9 TEFL TBY A 4l A e F RO
REETHHIEEIRLT,

Chl a |ZF ORFROTFIGE IS IL ORI DO Z A
FAZEK (p<0.05), ALDOWHETIIHIZ M > THER
HEIMEI A 7R L7z (p<0.05. Fig. 2)o VI F 2134
W RCCHBIL, 4 - 945 Mifla L' o CEBHL 720 M
Fa 5503 m O MR LDDILO MR TEL FRIZILDBFE T
N[0 20 o TR BRI IME N 2550 51 (p<0.05)-
43 A DR K1 Chao Phraya JI| 33 XUF Bang Pakong )l
WM 5 13 T -7z (Fig. 2)o UGOT IZBITAFE
[BIKDIEER LTS A= A7 MR TEAL S5 (Bu-
ranapratheprat & Yanagi 2003). 3 7%2bH5 3 59 H
DEETEE L A—HNUIREETE) OFEBRASH ML, 3
JEAUZPE RIS HANZ A, 11 HAS 2 HOJLHE
VA= NIRRT R OFEBRATHBL . B S
KA O WK A UGOT I A T 50 ZOTE
BRIZPEV, UGOT Tl Y awd 27— ADFSEGHT
HEALL . BPHE S A= HNIEHERT, LB A—
HAZIEVEEBCH8E 9% (Sriwoon et al. 2008), AT
FENZBW TR OH A TRV Chl a EBLUY
ayF 2y B RN SN O EE Y A— V12
BTz TN/ DB G R R T2 DEVZ B,

Yy F 2 BB ERIE B LUSChl 0 EHF E
IEDOHBZRL7Z (p<0.01.Table 1)obDHEIHETIE
Chaetocerosl@% F.& 3 B HLHE D BLEL TW7z

B\ P noctilucae K7D &4 3 HChl ak EHITHERIZ
BWTEWCh] aiig BEE D726 72 UGo T T I
AT E S A— NS IZEE T 5720 (Bu-
ranapratheprat et al. 2002). it AL72R#Z3HAFIHL
TR T T o I TN — DD 5L E 2 BN 5,
Sriwoorn et al. (2008)I%,UGoT?Bang Pakong JI[7i[]
BT LBIICBWT Chl gl BEE Y I T 27 O
R AN IEICHBIL 7228 BRI Y ay F vl g %
FEDS T I TR NI S D Ba SRR b2
EMO T T I DEEIZIN Y AT T 2T
WIS PR AR 2T BB ATE VW R R L TV b,
AW ZEIZBNTHELDY a7 F 27 fl i NI &S
BIERSIUTBY AEFRIREChl a0 H 74 AHB (Table 1)
L ERIE 2 R L CHGEL 728 ) e v Oy F a8
BEHL TRV EEZ 1S T iRz R IE 3 %,
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