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Abstract

Photosynthesis and respiration rate of microalgae are important factors during advanced wastewater treatment
research using microalgae, There are several equipments and measurement methods for measuring
photosynthesis and respiration, with different challenges that occur during pretreatment and stabilization of
the analysis process. Therefore, in this study, for accurate Photosynthesis and Respiration (P&R) analyzer
measurement, the analysis process was divided into pre-processing, DO stabilization, and analysis stages and
each was optimized to enable accurate evaluation. For this purpose, the effect of DO saturation of the
sample on P&R analysis, DO stabilization according to the degassing flow rate, and photoinhibition of the
OD level on photosynthesis was investigated. Based on our study results, when DO was supersaturated,
photosynthetic efficiency decreased due to photorespiration, making it inappropriate as a P&R sample. In
addition, 0.5 L-N2/min level was the optimal nitrogen degassing flow rate for DO desaturation. The
inhibition of photosynthetic efficiency by self-shading caused by the increase in OD was observed from OD
2.0, and it was found that P&R analysis is preferably performed on samples with OD less than 2.0. In
addition, based on the above three optimization results , an optimized P&R Analyzer instruction for accurate
P&R analysis was also presented.
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1. Introduction

71E9 stEFAEAE AlA"EE g ol 7|gte 2 {7]
& AAS e ALReE dHFHo] gfon
2o HAZFE HE& FAHH7F S T2 AT A4
ZHE o] &S A= dH ot YA AAHE st
F U 7E 2 AL Q58 WAERFY 38T gl
3] AAst= A, geHEotE o] &she AlZ&Hd H|
oq 718 9 d4, A AATFC] HAUTe FHol AUt
(Travieso et al., 2006). ©]& 3 Bl GANA HAZFE o] &3
st EAT AT7F B EopollA s AP 9
=8, olg g A7 o HAZEFY 8= 9 A
oY, ol FAIFH & &8l oF 7ha st th(Kim
and Lee, 2001).
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455 ESE AT (Jakob et al., 2005)9F F3A
Z-gol 237 dissolved oxygen (DO) H3E =73
(Tang et al., 2014) & ©&Ft AF7F R v} ok
A £25 &35 FHZE Phyto-pam¥ Water-pam
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(8.5~7.5 mg-O,/L)S
et al. (2018)9] ATl A S
3 Ao A zF A]ia 0.4~0.6 ODZ 4** S 0111 L
Z719 3087 & 2AC2A DO g3t 7He 23
st th ESh Sanchez-Zurano et al. (2020)+ DO ¥E3t%=
90~130%91 A B3 9 &I} =34 ]_cﬂ om, J)’t}/‘ =
q& A %ﬂzsﬁoﬂﬁ %713 DOE #
o

]
dAeiME HY DO FE2 AFHLR HEHOF =
B76kaL, obd ®FES AYo] v wFI A o] tH(Kazbar
et al,, 2019). ©] Yol= DO ZHEE 93] 2Ag7E P
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= A9 E g715% w2 DO EXES B € &
Y 34 FHaLcE Z8Y 5 JYorn=E, o]lF T
a7t Avk =g, BFEF Z ol optical density
(OD) 5=t 3715 EA7F H & self shading effect @
2 B, rAERFY &40 A|dE et FEIE
S SBATE GA FHA YT HIb| E4E op]
skl olo] ti AT 9 ZFSE T F AES ¥
s3itta & & vk

ole] & AT A= A A FS P&R analyzerE o
2 398 9 S8F 39 AHY BFSE F3E, A
59 DO 3= WE FIH 2 SFEES HaLAS
&3 BristdoH, A4y f3d wWE DO Mgt A

Eaipnh =3, ekt
self shading effectoll <
% ghobetal, P&R analyzer #2452
%= EF3tE A4 ODE AAlstaA sk ol2d P&R

‘(r)r
MEE Ed 9 %r SRR
A ER AEY ODFE WL
@ B AdgE

analyzer A@X|° 719+ FFS FHYS Eall, PIAERF
B8 9 SETEE B A 33 5 Ue F 4@9}%
AXE 2 EAEAS FYsAL, o 754 < OGS
nAEF AlRY ST AAEH ZA z%.g_o].oq 8%
T UAEE AT B8 9 S5 ZBE ST AEHF
P&R analyzer ¥4 w7 d-& A At TH

2. Materials and Methods

21 i OJM=F MA™ S B

E AFo) M= Chlorella vulgaris & i £22 X35
A 2319921, Korean Collection for Type Culture (KCTC)
ol A BEFESITE C vulgaris®] W FE BIXZE= BG-11 Hl
A& AHESH e, 1 24& Table 1¢] YR T

Table 1. Composition of BG-11 medium

BGI11 medium
Chemicals Concentration (mg L)
NaNOs; 1,500
K,HPO, 40
MgSO; * TH,O 75
CaCl, - 2H,O0 36
Citric Acid 6
Ferric Ammonium Citrate 6
EDTA 1
Na,CO; 20
<Trace element solution>
H;BO; 2.86
MnCl, - 4H,0 1.81
ZnS0; -+ TH,0 0.22
Na;MoO; * 2H,0 0.39
CuSO;, - SH,O 0.079
Co(NOs), + 6H,0 0.049
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1ol AMRE C vulgarisE Wl Y37 Y& Atiulg &
& AEE AR A &5 £2H9 C vulgaris
BG-11 HWjAld] ¥EF & 50~500 mI7hA] 2 4& 87t
o W gste Fgoldem, FuldrI(HB-305M, Hanbeak
CO, KOREA)E °]&3tq 2= 25+1°C, = 100 PPFD(n
mol/m’/s)E AT EZNA v Fatch

Al & BE F9A C vulgarisE o] &3 A Fs
PR, A& viA = BG-11 MiAE 2o A 2
299 FY Fa 72 555 AA9 X A =4S
modified BG-11 #{ X129, <k 0.5 OD7} =& AuvjIFS
AFsAt &, ¢ Do 2= NaHCO:E 500 mg-C/L7]' 2
T2 FY8 FHL, AAFOFZE NaNOsE 50 mg-N/L7}
HEE 23 o}%loﬂﬂ, Q12 KH,PO,E 10 mg-P/L7} HE=Z
FUsA T F23H 2 pH controllerE o] &3te] % 25°C
9} pH 7.5+0.58 FA&1 FA LW, FE+= 150 PPFD7} HE
£ Bar-LEDE WH&X Fulo] MX)5te] A FHA )

e

A
Zikill
=
=2
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2.21 P8R analyzer A7 &

B AFaXM = C vulgaris®] F%
7] 95k, Fig. 13 Zo] AA A2
sto] A& T

P&R analyzer+= —E—iﬂ W Fol <F 150 PPFD9 #
£ LED7} #35o] 3lomn, =]
ZA 79 Ug Adste 9ES AT EA Wil
AU HE+ P&R THEEE @ 90 mm x 93 mm (H)E working
volume 430 mITh DO meter 24+ HAZFY F3H4
4 5§ FFoNA Hsste DOE AL R 7|5 9
&g SR LH, DO metere] AZ2H AFE AR AP ¢
o] DO W3tE =43ttt

um] ZHE 42004 258 $P8H 1
t3F

(D LED controller, 2 Photometer, (3 Main reactor box on a
magnetic stirrer, @ DO meter, & DO probe)

Fig. 1. Photosynthesis & Respiration (P&R) analyzer used
in this study.

Aol FstH 2 FF A ARIER s E QYA

&, gxAdA = AZte] Aged wet DO7L Z4stA =
, BERAAAE BRHoE Qs APE i sFeR
2E A2 zpold s @ets DO WEs douA =5
P&R analyzerg 3% o) dx03H} dx49 ST
15 min2 2 YA AP x2S $3F d+=
ZALE HFA ggeH, 920E 98 W& 150 PPFD
¢] LEDE XAt F3th

2 ATqAE GxANA WEF DOTFL
A Wl DOE +3FETLE AR on. 5
oA WEkg DO gx7A4 #Hald DoY) &&
qoz Aststdtt.

vAZEFY &% met gAt 5 Wsksk DO
P&R analyzerE °]&3st] 3T + ARLeH, HA
B8 2 3% &5 &) TMestdh

ot o _ﬂ !

IEE

2.2.2 Chlorophyl-a &3

A& ske BE A E £t Chlag 33
st A HITFAAY(ME, 2017)0 FAE
stow, 1 W2 ol e} Zrh

Chl-aE Z33t7] g3 AFT vAZF AIEE oA
(GF/O)ell o &, nidfiatdth 1 £ ol EO+])S ] &3}
o B3 WEES 4°C XA 4 hr o] FEsTh
FET AEE A EYVIE o] &35t 20 min o] AHE
g5 AX Bt 28 459& EFEEAE ol &
sla] 750, 663, 645, 640 nmollA =335t olglol Chl-a
E &S] A% &g AAEHA T

(11.64X, —2.16X, +0.10X,) X

Chlorophyll—a (mg/m?) = v
2

X; : OD663 - OD750 » 1 OD645 - OD750
X; : OD630 - OD750 OD : %X (optical density)
V) = 4599 & (ml) Vo = A3 A7 & (L)

o} 22 Yoz £33 Chl-a 32 C. vulgaris® FF
d 9 SF 55 S A9 volHE AFGEH AT

23 3|EA A

E A9 P&R analyzer Aol AL&3E7] Yol G4 Al
%3 C. vulgarisE working volume 1 L] 953 o}z wt
X2 §AX AFsATh &4 AxG AW 2133 Ak
THA 2 WA 9] 718 JEL BG-11 IR E o] &35t
&, 22 29 59 Fa 2L 555 WA
autotrophic £71-& £43}7] fJste] Frlgatt FUs)
©1 NaHCO; 500 mg-C/LE &agoz st E3
2 91& NaNOsZ 50 mg-N/LE, KH,PO, 2 10mg-P/LE FY
FReH, pH controllerE ©] €3t pH 7.5£0.55 X3
FATt.
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3. Results and Discussion
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2 g -533}1:1—, a4, P&R analyzer 24t A&
=% 2 FFH 70 w2 DO F&ol AR 2, of
t 2ho]= P&R analyzer ¥4 X0 X2 ZEg

2, o] F&o g gots & P&R analyzer £4
EFH 9 EFSE sasitta & Sl

ololl, P&R analyzer EA89 &&4k47t B ¥t 2 &
23} el Ao i, P&R B4 & FP5tH, ojE &
AoA 7P PgH g Fgo] teeA Totste], &8t
stz skt

2 2 3§ &% HuAdA S A8
A #x2s 9 X8 AU C ovulgaris A EE FHISHA T
Autotrophic ZZA vl Fe /= FEY FFAA &
£ AA3IEZE, sampling FF<9 DOE <F 10~15 mg-0O,/LZ
H23} Aejoleh Wk, DO FE3} A5 HEY 27
S AAA FA samplingdt AIEE FA] IUE A AME
Eipa=g

38, DO E¥3} A8+ sampling &3 x5} Aej<l
Algol ZAE7]E AAIS DO 5 mg-O/L7HA] ©7]A1A
Fu)stRch BEX3 A189 DO AFAE 5 mg-O/LE B3
ZAE Kim et al. (2012)°] 714 uAEL DO FA 2
mg-Oy/L, B 4.5 mg-O,/L ©]’Fo] A Hojof &4 T
Al HlgA st Bask Yotk tete, & AFdA =
Aog7] ¥ d21E HEIE 9 Z4Y DOY ¥xAS
AePe o 71 dasEE DO WslES 1#d o, DO
E¥3 AIEE 5 mg-OJ/L FFL2Z2 §FAGE Ao FAs}
I gastaA

H9} 2o ZAZ Fu]" DO Fx3 9 B¥5 A8 o
sle] ZHAl A &3 P&R analyzerS ©|&3le], =AY Hx
Aol APd 5F 9 FHE FBoNAY DO Hs BEFS
ZAbSHA T

312 AlB2| 8EMY =
oMo nlxl= HE
B AFdA e 91 311404 FHld DO #¥35 9 £¥3}
ANEE HFLZE P&R analyzerE ©]&3te, F3H 9 5§
o] 2% 9 Z&d ojugt Fogt o7t YA Lotrgte
W, DO Est=o] ME GxAFH} g2 #1049 DO 2
&2 ot Fig. 29 ZUth
Fig. 258 ®W, C vulgaris® TEHF(Dark) A= 158 &

(¢
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Fig. 2. A comparison of respiration and net photosynthesis
efficiency of C. vulgaris according to the dissolved
oxygen level.
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Fig. 3. A comparison of the total photosynthesis, net
photosynthesis, and respiration of C. vulgaris
according to the dissolved oxygen level.

¢ DO Est=o W2 DO #sFY Apol= A §lo] F+ Al
8 EF DOE A9 Zastdod, g #E(Light)ol Al
£ DO Estk=o] @& DO ¥stEY 2pol7} vk AMd S &
Qg g AT =2 FFA DO JJri9Jr Al&8 DO |
= 4.5 mg-Oy/L, EXsHSH A w9 MaEF2 7.5 mg-O/L
2, 9% AR AIRE ol&std FA AFsRedE

Tk, 27] §&4E TS ' Apolof what, oF 1749 &
T zolE B4t

o

e 2UYES Yo,
2 Agstl vud Aue

0%, T"SOHOOG X o
Fig. 3¢ UrEhHEiE} F AR Y FEETFS oF 1w 9
Aol7t wu, £BFYTE A& e 2ol o 17whe] %

1 BhH, < FxsdH A= 0.6 mg-0J/L, &
ZFEIAE 0.5 mg-Oy/LE 9T 2ol & Holx] ggich
$19 Fig. 29+ 39 x4 27 Zo|, DO HE3} A5
A8 B B8 DO EXS AEY BFEE E&ET 22
AL =2, Fig. 49 AAIS nAZFY BSF 7IAE E F
O]E]- Kazbar et al. (2019)°] «]o]-?i, %5 B (photorespiration)
DO7]- J,].vg]_ /J-EH Q) g—a—].‘_—_q] %}—al/a 34.74 o]] /q
RuBisCO E&7t o|tstgtag A7) =d wel, 25§

oE Bl v, TEY
mg-

Ao A= RuBisCO 47} A4S 1FAIZITh & DO T
23 FHE 524 0149} 2 Bt At 459 Be 4
go]7] e, AAE HEZQ21,5-0112KRuBP)FH 2



O[M=F S8 = HIIE Bt Photosynthesis and Respiration (P&R) Analyzer EAMZAH Z|%{s} 453

Oz COz
ADP.

P
3PG RuBP RuBP ‘\
ATP

Ribulose 5-Phosphate
Glycerate

( RuBisCO Triose phosphate
CO;  Serine
NH3
Glycine 2-PGlycolate + ~ 2 x 3PGlycerate
3PGlycerate e

Photorespiration Calvin Cycle

Fig. 4. Photorespiration and photosynthesis mechanism of the
microalgae
(https://en.wikipedia.org/wiki/Photorespiration).

Al7]& RuBisCO9 7F2EA 84S Fuf7]50] FX1H o,
RuBisCO 47} At4g 13t vl o] Fopzith 25, o
gt 7125 YA FFPYEG FEF 71370] AT
31 & 4 thMaurino and Peterhansel, 2010).

RuBP= B34 #FGNA 712843} 9hgo 93 2849
3-EAX A 2H3-PGA)E BEAITE T, B5F ol
e akas) WSS 58] EAFZFE] Z4K2-phosphoglycolate,
2PG)S AJ4FgtCH(Peterhansel et al., 2013). 3-PGAE &3
o vt2 ALEHAT, B F PN = 2PG7} 3-PGAR Hh

£ QAA ATP &£40] gojyrz, 334 58] thdh
Jolx tH(Peterhansel et al., 2013). o] 43 Z2 Y5z H
B, DO #x3} A|8oA FEFOoZ QIS F3Y T80
& ZFadhe Fig 29 39 492470 AgEh

Chl-a& 7|#22 H7}3817]
¢l Chl-a ¥ 4 ¥
o Yeta &&444a £3=Y &S vl 2 @itk

DO FE3} Aejo e B34 £E= 776 pmol-O,/mg-chl-a/h,
DO E X3} Hejo) = 531 umol-Oy/mg-chl-ahZ 27+ 4H&
Hol, 22 3 2AYAE E75kL F 1.59 ¢ zpol7t 2y
sk Th

°|= Fig. 45 &3 A8 =%0l, DO #E3 27X FF

— 1000 -

= Total Photosynthesis
:

G 800 1 mRespiration

£

£ 500

Q

2 400 A

=S

LF]

® 200 1

=

3 0 I . — .

Oversaturated DO Unsaturated DO

Fig. 5. A comparison of the photosynthesis and respiration
rate of C. vulgaris according to the dissolved oxygen
level

1 % B4e sdsE Aoz APt

3. - = = =|pou
S&da RE 5} oA ool g FE 580l A
s Eths 2o w2t DO # xSt A9 A8E BXs 4

g7IA Ak e Bago] Aol AER ul, 24|
Al9] f-#o] P&R analyzer 419 §lo] DO g8t H| A=

S Folry] 918, 27] DO 11~12 mg-0,/LY HEF 4
H AEE ide® 2487 §%& 0.2, 0.5 2 1.0 L-Ny/min
2 A33sta DOZF 5 mg-0,/L7F 8 w7 712171 &, o]
o] 50% &< DO st AFS ZYUHPSHA DO Hgsh
BEg getatdnt g, @7]e wE DO g8t Z Tt
A3 £8 FoE DO 5 mg-O/L7HA 248771 4839 A
Aol A, ¢+g3 T Ak 1087, 424 g2AL 7| &
P&R analyzer ¥AJol A A& 15802 77 HPGste BF

A 2A0A TF 2 FHE £=8 S

3.22 MAEY| [k WE DO +H 5|

A2 @717% 0.2~1.0 L/minoll WE DO ¢33} Z gl o
3 AP A= Fig. 63 2ok 7] DO 11~12 mg-0/L 2 I
23} FH A5 DOE < 5EIF AAG g7]e &) w2
EE2 5 mg-O/L7HA] A, o] F 5~508 59 H8
sh PR A 2] whet tha oldt g dEs B
At

Fig. 69 A4g7] 3o @2 ¢Hs 4FS B2H, 05 2
1.0 L-Ny/min §ZlA EF DOQ! 5 mg-O,/L F+ZdA F
FF BT FHOE MM Fhdte 4TS Btk 1w
W} 1.0 L-Ny/min £7-2 g7)A] Rl 2771 249 Gl o)
A7 2EH2E g 987} 9lo], £ AFelAE €7 &
H7t A9 Z2omA &7] Z&7t 50% FF20 0.5 L-Nyming
DO #x 3} Al80) Hig 24gy] fFoz 2FAh

3 RE Aig7] 4% =0 AP, Hgs 1 B¢
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15 E —_— N ':!25555“@ Dark period Light pericd
oy , Ny degassing period Stabilization £ et
E (0-2 L/min) v g 10 A Stabiliztion
g 10 4 8 period
(a) % 5 > W
5 2
2 a o : T T T
0 T \ T T T T T T T 0 10 20 30 40 50
0 5 10 15 20 25 30 35 40 45 50 ) .
Time {min) Time (min)
. Fig. 7. Experimental P&R results to verify stabilization period.
Q , N2 degassing period Stabilization
w (0.5 L/min) iod N B
é.’j - $H 158714 99 348 Do FAAT 152 2
8 A DO7F Hd ¥ A&, P&R analyzer 48 F=P3IATH
b % @z F7HDark period)ol el DO ZaE 1587 2k 0.5
% 1 mg-O,/Lol o™, =7 T3 (Light period)elA1¢ DO 7}
E £ 1583 9F 5.2 mg-O/Lo|1EH, DO #E38} A 85 1)
“ o L L 2 o] &3l P&R analyzer ¥4& P F% DO Hs}t
0 5 10 15 20 25 30 35 40 45 50 _ 5
Time (min) Fa90) 928 %7 oAAY 259 vasH, 49
Aag7o 93 44Fs] F &3t P&R analyzer —E—’ﬂ o] 7}s
15 _
g , Npdegassingperiod  Stabilization iRt Abdol SAH A,
z (1.0 L/min) period
an 33 BEN U SE =HE Y8 AR A0sE
(C) E‘E DO Saturation (25°C) OD gg
8 5
= 331 0D S AlzEt|
5, R A 29 OD %ol P&R analyzerE o] &3 B34 2 58%

0 5 10 15 20 25 30 35 a0 45 50
Time {min)

Fig. 6. DO stabilization patterns according to N, degassing
flow rate (a) 0.2 L/min (b) 0.5 L/min, and (c¢) 1.0

L/min.
H|& S&Fo] <t AR Y] diFel, €7] F DO7}F Y
StAl HEStEl A il HAS] FASe TS Holn b
st ok #aE Qi

I8, P&R analyzer £44] 4x7A FolME €&
ARl 2] kol Bl dojuA] oH, oo E Fx
TAAE & B33 o9 #= Z7<1 150 PPFD &
o] & AR F7] W&o, 3 P&R analyzer 4 3
Al BAZE g2 & ACE #GHT AEFOE, P&R
analyzer AP ZAFAE wig oz HA3 427 FZ d)
AES AF 0.5 Np-L/'min FF22 ZAE7]|E A5

Aol HAolgte AAE AUTh

T3 DO #E3} A8 DOE F4E %9 5 mg-0,/LE
z3357] 98, 2497]Z 0.5 Np-L/min 222 AA54
A9 DO WS/t thd Betgste] Hgsts AlAE Hart
Aok gyl olol, Fig. 73+ Zo] 12.5 mg-O)/L FF2
2 #3xs8td A8E 24875 S8l 5 mg-O/L7F 2 7R
g97] &, s e 15Ee R A FASE FEl
A DO ¥3E 2UEF st 2 23, g3 jA] 5B &

N N

ol:
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B nR= TS Loty 93514, 2.0 ODY C. vulgaris
£ o] &3l %< Sdl 225 0D, 2.5 OD, 3.0 0D X85
FHeR . C vulgaris®] 552 AR E o] &3 A
Ze A go] nAxRAA 2EH2Z ZE&S 87} 9l

3AIZE o AARAFZAIZ &FE C vulgarisE ©] €35t €
sk ODell %50 AR FAZ C vulgariss A3
o] £A Fal Azt AARZ o] BIlste] 3AI%F o] &

%2 ANAh

3.3.2 Self shading effectE 245t z‘sl Ha{% oD 23

nAEFY] =S B W & 2
B7R1A F shdolBR A BES &
stttk 284, v EF= oD7F AR
effectell s FFo] FRINE EFstaL FFHFo| BF
of Hld A &= T AA vAZRRY 338 &4 Eo A
7Fe W& 4= 9ok Self shading effect:= Beer-Lambert Law
o Ao M FEat, PAzT Fd U2 FFE 84
A o] 2 AF shtoltt

o]o] P&R analyzerg ©]-&¢ F4H 2 SFF B4 9
o, Al8¢ OD #to] #d 2 aFF EXMA A= F73
A QI self shading effect Y& FHAs}etaLA}, P&R analyzer
EHAIRY HUSE OD Fhs 24837 A Ad & AAS
2%, Fig. 8% 22 Z#E dAh
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£ 200 7 Total Photosynthesis M Respiration %ﬂz\‘:} 1‘;_]-’ %ﬁa—]’;{] Kl U]*ﬂ ‘TEI_' 7HX'“"] "’lt}é E% ] O]']d,
LEH'; 150 NAT PAZF AR AAZAY B2HE 2 S§E59S ¥
5 1w 7Vol= 929 self shading effectS T3 ke T-all oksl
é 22, ojggt Ffole IAS AAE Ha glo], AAT Al
g £ IYE P&R analyzer £A10] o] &3 Aok & 4 ik
5o HE = B =
2.00D 2.250D 2.50D 3.00D - _
0D (660 nm) 34 detM/SEZF MEA B P&R Analyzer'g'
. . Al
Fig. 8. A comparison of the total photosynthesis and HE XA Mt
respiration rate of C. vulgaris according to several A 279 FH 9 35 &2 AEs] 93 AEAS
high OD values. Table 20l AAIFATH A& S IA 5SS, TEIE &
=g &394 SEE UFo AXEd e, SEEEE A
Fig. 8¢ 34 £& ZAAE B, self shading effect] ¥ 23 A9 583 AP AP0l = 0D, MLSSS}
F& ol C vulgaris®] OD7} w5 FRE S5 4 22 AELFS VFoE @Yo, F3FE 2 ¢33
ZhAashe 3% B W, 2FE5E AE 0D FEA srz 48 49E SFEE 4N 9FF 0D, MLSS
2 93 Hol g Holx &gith F, 2.0 OD 24 F olele] mAZEF FFHH HHHQA A#o] A& Chla &
4 £ =+ 153 umol-Oy/mg-chl-ah 0] AL 2.25 ODel A T% J]zoz Ao} Az AL AA AT
£ 86 mol-O,/mg-Chl-a/hr, 3.0 OD A= 84 1mol-Oy/mg-Chl- A3 Autdo APAT Y A2L ngo njA 27
a/hr2 £ 50|, 2.0 oDl ¥l 3.0 ODAA F3H & =7} Z8H 2 353 £ 24T & 3= P&R analyzer &
oF 1.8¥) Astd AAS &AL 5 AU Ae 9% APA AL obF) Table 30 AASFAT AFA 2
olfd A%e wEoR 2 AN T P&R analyzer 2 Algo) A, gk, 1T BHEACE FRF 3
232, 2.0 ODE ZFshes PAERF A8Q FF, AAZ A o, 0D 7% shading effect WA o] Fofl o] He3}
Hog Fds] AR dFodlAE 1.0-1.5 0D e 2 o ZME & Qg
3t & P&R analyzer AL &= Ao Fsitt= B 31
Table 2. Summary Table for P&R rate evaluation
Respiration rate evaluation
Equation for evaluating respiration rate per microalgal OD Respiration amounts (O, —mg) « 1 1000 pmol
(¢mol-O,/L/OD/hr) Lxt, (hr) OD (660nm) 32 myg
Equation for evaluating respiration rate per microalgal MLSS Respiration amounts (O, —myg) o L . 1000 pumol
(1mol-O»/mg-MLSS/hr) Lxt, (hr) mg— MLSS 32 mg
Net-photosynthesis rate evaluation
Equation for evaluating net-photosynthesis rate per microalgal Chl-a Vet photosynthesis amounts (O, —mg) . L . 1000 pumol
(1mol-O,/mg-Chl-a/hr) Lxt,(hr) mg— Chl—a 32mg
Equation for evaluating net-photosynthesis rate per microalgal OD Net photosynthesis amounts (O, —myg) oL 1000 pmol
(¢mol-O,/L/OD/hr) Lxt,(hr) oD 32 mg
Equation for evaluating net-photosynthesis rate per microalgal MLSS Vet photosynthesis amounts (O, —mg) . L . 1000 prmol
(¢mol-O,/mg-MLSS/hr) Lxt,(hr) mg— MLSS 32 mg
Total-photosynthesis rate evaluation
Equation for evaluating total photosynthesis rate per microalgal Chl-a Zotal photosynthesis amounts ( Oy —mg) » L 1000 pemol
(1tmol-O,/mg-Chl-a/hr) Lxt, (hr) mg— Chl—a 32 mg
Equation for evaluating total photosynthesis rate per microalgal OD Total photosynthesis amounts (O, —mg) oL 1000 prmol
(1tmol-O,/L/OD/hr) LXt, (hr) oD 32 mg
Equation for evaluating total photosynthesis rate per microalgal MLSS 7otal photosynthesis amounts( O, —mg) » L . 1000 pzmol
(¢mol-O,/mg-MLSS/hr) Lxt,(hr) mg— MLSS 32 myg

Respiration amounts : DO decreases during the Dark period (mg-O./L)

Net-photosynthesis amounts : DO increases during the Light period (mg-O./L)

Total-photosynthesis amounts : Sum of both Respiration and Net-photosynthesis amounts (mg-O,/L)
t; : Dark condition period (hr) t, : Light condition period (hr)
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Table 3. Optimized overall instruction for P&R analyzer test

P&R Reactor Specifications 0 90 mm x 93 mm (H)

Sample volume 450 ml

P&R analyzer configuration P&R rate analysis test under the exclusive If the OD of P&R sample exceeds 2.0,

and sample preparation | Guides for condition of shading effects dilute to 1.0~1.5 OD is recommendable

OD setting P&R rate analysis test including shading Dilution is not needed
effects by the OD of P&R sample (even though OD exceeds 2.0)
Impl tati the 5~10 PPFD of
Light intensity mplementation at the >~10 PPYD o
ordinary room light intensity is desirable
DO stabilization conditions Nitrogen gas degassing flow rate 0.5 L-N; / min
for P&R test Reaching point for DO stabilization 5 mg-O, /L
Period for DO stabilization after reaching stabilized point 15 min
Temperature Room temperature
Mixing conditions Without mixing
Working volume 430 ml
Analysis conditions N . . B
for P&R test Dark : Light period 15 min : 15 min
Light source & Light intensity White LED / 150 PPFD
DO measurement interval 0.5~1.0 min is recommendable
4. Conclusion Acknowledgement

sted o S8 d
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