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[, A 100 wmol/L ZH A ST BRZHKY 1 315 nmol O,/ (min - g) fEE
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PRIEFR FEFRIREE R (20.5 £0.5) °C FREE D 20
+0.5 JEHIBEE R (60 £5) pumol /(m® - s)
JA#A 12D: 121, ZE7R N T VES Bi 32 1K 51
IKHELE R BN BT R R
ERHERIIE , B R AR PS TR AOGF &
7o Fv/Fm 353 0.6 Ll L,
1.2 EWigit

FAMKIE RIS 5.2 % AR 4N JF 0 e il
ARV BE NaClO ¥R, A R VR BERR B :2. 00
4.00.6.00.8.00.10.00 mmol/L, ¥E/K 3% FEAE N
Z5 FIX R, 71 0 mmol/ L, EFEARFEEEIA(S em)
ST, B2 1.00 g, K H AT 51R T 100
mlL A [F] ¥ BE NaClO ¥, ##& 5 min J5 FHIEK
B FRE T, M iR R S EIO0
FEbE, BMREER 3 K ITETEIE.
1.3 MHERXEFERSENNE

FRAWERBENEEETHERES R,
BORT B i i & BEIR 29 0.5 g, FHIBARIR R IR T3
TRREK S, THFoE T AT , B 148 15 5
DA BRSNS mL YRR 4R SERF S, SR JE INA 5
mL 80 % PIERHER ,4 200 x g EIRE 0> 15 min, F
UUUE , 751 80 % HNERE % 115 2 25 mL, Ot
5 38 2 58 AP AT A6t BE T T6 Hith B 317,
L 80 % PNERYE St , XL 1T 350 ~ 700 nm
MK . B 663 nm (M4 K a S
1) M1 645 nm (483 b BRI ) AL B IO
fHo MERR a KB (C,) ISR b Ik E
(C,) A3 R TF I ARTE, Bfih mg/L,
RERERBEHTES R HEREEPHER
R, BN mg/g.

C,=12.7A; —2.69A; (1)

C, =22.9445 —4.68A;, (2)
1.4 HERXAXSHBONE

PRI A 6] 7261 PHYTOPAM FI7 4
FEIRAG HKAF (PhytoWin) 3B HLE AW &
BUb B ISR TR &N, X BT 5 min
WS IE N, SR )5 FTIT Phyto-PAM 3 il ik w52 St A% 5
£k 520 nm, 38 EH 0. 1 pmol/(m® - s) 4
Kt MBS A2 PhytoWin B2, 775 Tl
BE(ML) , FOUES € B T Ak g, i
T Fv/Fm {5, FHTIOLAOL, BB F 114 T
A5 min J5 45 B — AR, 15 2] 25
HEHRAET PSIEPR & ¥/~ & Yield,
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1.5 XAHKERNNE

R T RIS [ v B YR SRR A AL B ) e W
A 2 Bl B (8] f) 28 A 15 B0, 4 52 56 LUK MR BE
NaClO ¥R A B 75556, B 0. 05 g(FW) it
JRFE T 20 CAF 53, 38 3 W AH S HL K Oxygraph
(Hansatech) i 5 HOG & R 3, B A A
[k B NaClO ¥ % (10. 0.20. 0,40. 0. 60. 0.
80.0.100. 0 pwmol/L) ¥ HE 55 FF 3t 5 WF 25 4R 14k
TFIEEE 600 pmol / (m® - s), HAMHERR
B A B B AR B % nmol 0,/ (min -
g)o

2 4

2.1 BERPEE

B 1y W SR R I RO,
HE a BEKRRICIEKFE 436 nm Fl 663 nm, I
SR b WERARBICAKAE 463 nm F1 645 nm, N
BT, 3R BURHF & R A 5 R KRR SR TE
680 nm Kb, HILATIL, ZESEFRIHIE X MR IFE &
AIEW MR a IFFEE b,
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Fig.1 The absorption spectra of the chlorophyll

extracted from U. compressa

2.2 FERE NaClO SRBFEHZEIENT
U]

&l 2 2 NaClO Kb B J5 J W & 40 MRS 1)
Xof b, 7T B B 28 Uk SR TR A Ak 3 ) 1 4 L B (g A
B, HF B AR Eaa; AK 1 75, & NaClo
BWRME , RIFE SR a MR b S8
BT REGESE XHE— P T B 2 4 a2
T AZ ]G, 2.00 mmol/L [ NaClO %
BB A R R S BV B, HEE
NaClO ¥ B F+ &, Chl. @, Chl. b 4 & J% Chl. o/
Chl. p{EH 2 E W EH, Hr 10 mmol/L SL55 2 f
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WERHSR a BEHATHET 91.10 %, Mt

LRED TFET 79.69 % .

Fig.2 Cell survival of U. compressa after NaClO treatment

A. AEBEHTSB. MBS

F1 AERE NaClO REFERHE
HEREIENTL
Tab.1 Change of chlorophyll content after different
concentration NaClO treatment

NaClO ¥ B Chl. a Chl. b
/(mmol/L) /(mg/) /(me/g) Chl. a/Chl. b
0 0.337 £0.014 0.192 £0.009 1.75 +0.028

2.00  0.206 £0.004 0.136 +0.005 1.52 +0.077
4.00  0.125+0.007 0.115 +0.006 1.09 +0.059
6.00 0.106 £0.011 0.114 £0.006 0.93 +0.141
8.00 0.054 +£0.006 0.066 +0.003 0.82 +0.061
10.00  0.030 +0.001 0.039 +0.004 0.77 +0.058

2.3 FERE NaClO 3R E %S MR

B & 3 AT, RS BB IOLE 7
& Fv/Fm fIsZBRyt B Fr=& Yeild B NaClO ¥k
JBE PR T v 2 0 W 356 D ) R A, oF HR A B AR I P
25 Fv/Fm {HR] 15 0. 64 ,4. 00 mmol/L SZ 55 2H 3
&) Fv/Fm B F& % 0.1,10. 0 mmol/L £t 5 E
A BRI TS HL

Tt
CLeLLeLR
OHNWPROION

0 2.00 4.00 6.00 8.00 10.00
NaC10% ¥/ (mmol/L)

B3 AERE NaClO A EBERWERE
MR R R F R LB
Fig.3 Comparation of fluorescence characteristics of
U. compressa after NaClO treatment

2.4 FREKE NaClO 3R E XA ERNEM

S PR AR 3 0 R R R R R AR )
AR, BB B A R WU A B A LA,
FMME BT AT FAE G e & U E k. B 4
JIAREIHEE NaClo AbFH 5 R iF & MOt G ER S
RN EZ B RR, AR, R T HRAS

79 10.0 pmol/L AbFRAHBEAR DL A HARIE 3 ~
19 min FAARAESS, FoASE 50 2 B IR B DA R
FIREE ] 49 %E 4 1M FE A, e 80. 0 pumol/L 7
100.0 wmol/L f AW, H 7 min JF 43X Wi 4 i
W& R R E A E,

— 2 000 = 10 pmol/L
) 20 pmol/L
= 1500 40 pmol/L
‘B = 60 pmol/L
1000 e 80 pmol/L
= @ 100 pmol/L
é 500
— # i i g
‘@_ 0 HENS A N A 7| Dayicl
ﬁg 500
2

-1 000 I 18] /min

4 MARERE NaClO J§ B -G EEXFR
Fig.4 Relationship of time-photosynthetic rate with
different concentration NaClO treatment

PA 3 min B EERROEEH R (& S) , /]
F RS 4 NaClo b3 5 , 3R KOE A U=
] PR ELBE NaClO Y& B2 ) T s 2 it 3,
10.0 pmol/L fj NaClO jf REfd f R BEAK 1G5 K
A # %2 1 300 nmol 0,/ (min + g ) &S 570 nmol
0,/(min « g ),10.0 ~ 100 wmol/L ¥ & [X [&] #E A&

ML AR T FEELKAT 3.85% ~4.28%
— 1400
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1 000
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Fig.5 The change of photosynthetic rate after 3 min of
different concentration NaClO treatment

http: //www. shhydxxb. com



218 B\ W ¥ K ¥ % #H 23 %

3 g

UTAESRA 5 NaClO Xif 13 38 A= K 5% i (4 BF 5%
B iR BIE T YR BR A N IR U B A
R pH £ X EMAA FEOR KPR, 451
IR BRI 3R 0 B £ KR AR
B EAEE A BRHAEE, A SR B AR
7] ) BRSO 5 EE T R R B G SR 3,
AWK BB T, FREY SMET
NaC10 7E#ESS b 3 5 72 rp 358 75 R B IBORI A 19
FetE, 255 B NaCIO /EF T 34 i J5 Sk R
SERME, SRR R B, R AR AR &
ST R B FEA R M, (HERTX
F NaClO X RAEUFES R KWW R AR Z I, A5L
T80 FH VL 95 WY 5 45 3 SR 7 IX 45 B A L s T 5
PHATHESE , 25 R A BARYR BE ) NaClO kv A5
ARBE A I S R A B AR KR BE R

HEEENSREGREYICAERNE
IR — , B R AR Y % 6 E I W A 15 5% DA
FAE PSRN PS T 22 [ 43 ic Fl % e & i ATP 5
NADPH & | T8 Al 4 R 6 & 3R F 32
SRR MR RS BIESEREE TS
RESTHIRRAR, X E B MBI A ER A K, A
W RIS R a #B A3 4IHEHE S NaClo Xt
A H TR TENARAE B4 SCHR LA
M4 a NIEFR MK P EER R EBRER, —
MR AT A Chl. a/Chl b F{ER B PS T R
HAW(LHC 1) FEFTA & M5 R 4540 P i o5
ML E, G PESE MY Chl. a/Chl. b 255 1.0 ~
2.3 ZEREL R LHC [ & B8 iy = B 4%
fE , ASzu b % NaClO ¥ B934 i, %14
B, 10 mmol/L 20 FE & H Chl. o/
ChlL b EFEXE 0. 77, X i B Ji 1F & 768 2 e
BF, AR LHC T I RB 4R | T, R AT e 360k
e, WCE ZRREF TORA1ERA

MR RN A E R RET, B %S
BTl AT b B A N — RN EE 1
TR, BT BT i Ve AR A (L AR AT
DA BT M-SR R et R B kY R R
GBI E AU AT RAE AR F3 455 B8 Ak 1 45, 38 3ot et
MR RIS B T, BT IR 1 AR T3 38
RAERAESERKER ™ . Fv/ Fm ({EPST
FIETER KR TR, ERMHEYHTA PST X
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N AL YA T IS B B PR R, /s b RO
HL RV REFE LR Y B R KO A
fe s, HFEIEH A BRET, Fv/Fm 2— MR
SE WA, BRI E LA R 0. 657, 42 FhiE
B, E RS &% BA [F R B 46, T & Bt
HRESII TR, B ik, Fv/Fm 2 5 BRIl 2 &
FHERSE A G A 1E I A B B AR 7 AL
IS XF 28 NaClO ¥ VAL 38 1) il W 5 HE S R OB T
PEFEATINE , 45 R BnSL I 4 B4R Fv/Fm {EBA
BARFZ B, B R NaClO ¥k B 5 2 K
#, 24 NaClo ¥ EFA =3 10 mmol/L B, B
RIB TR E MR (HE EA AT
MR R W POETEE , X AT fB 2 H T NaClO X #E {4k
F a5 PS T1 F 3 14 H O 18 B BE IR, BEAIK T PS
1L F 91k R kR (8 LHC 1T % & #5515
P, WHAMRERWBREMFZHELERKZH
FiEMEA (ROS) AKFEFH5, HH Y Ry it B R
ROS & 8BUEY KT R RS MR, migk
Frot Al I N A% 338 ) & R A 5 260 T
SR R BEIRRE ) BT DL EAOL & T PRI
Al RERH TAE FB0GT E ZFE ROS ik
B R BTIERR , RARBOLE R Z .

SRBEVE A R R AE T A S T (Rl R
BHH, ERLREENZHNER, XBTA DER
AR ERRE AN TS ERRALERK E
RRWIA, R RIEFEM A AR, BB
DAMEE FRA, A BT H 28 E 483K, REULA
RO el , = R LS B R R RS . B,
TEEEE M R M BE SR AERK R
B YA MR AR SEE R T Y - TR AR
/ERTRIZ WL o FER N HL A 5 (H R TE 55K B A
J& , ERo RIS A SRR AR B, BB SR A K B
—EX/PN(1 em DL L), R EME AR AT
T ERB SRS EEFR P, ESRK
SN 23 S, BT LA ARART I B 23R AR K S 0 W A5
LGB E KBRS, ERIMART 2
PRSI E Y R BR, &
SALMN RS 4T3 Fv/Fm R RFET 20% , 436
B Fv/Fm TRET 60% , Ui BALL B T S AL P i
F4EHE, AL L, NaClo fE R 2 R25 5, FR T
HXT W& ) RBRECR . NaClO #9235 38 K R JR 2
FERIE KR IR AR, IRE R B — 2541
fRIERUBTAES AL O], [ O] 1R 5 1y A AL M AT 15 7
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AT A B PN 0 2 8 T A, DTG {66 TR 1 AN B 4
MFET-" o BT A R B 5 45 NaClO (9 &, (8
RETEAN R M 283 1E 3 A2 K I [R] B R R 8 T
H NaClO fb2= Btk oA fe € , FE LA T &S
o3, F o ) 22 NaCl NaClo, FIE@ LA
SR, X ARG K A B sy, BT, RE
WHFEEREE T 72 40T $2 = NaClO ¥ MR e g 7
2 BIE R TN E R RE A B Ik
HAE S PRAE 7= B P B3 BRI, B ERBR T
TETEBRGR T R P NaClO Xof 238 F BR 55 35 JR 10
B HRAEA SRR IR Bt E M BT 5T , TR BE X
WA EEARKEWS  HEERELR,
UCRBREN it iR 5 pHL R Y S8R 594 ¥ R FE) 3 i
HRMA—E W, YA pH BARH, 2
filf LR, T 24 pH KT 12 B, IR BR M 73 55
18, i fEis B L B e, i pH BV W,
I ELEE R 10 BR 5 B2 AT BBt 23 i BRI SR $h 1
Viy

TRZH B A AN 7R 58 3R IR SR 1 X AT 2 /L
PR SCHE TR AL 5, % FH 4.2.5.6.7. 0 mmol/L 3 4~
WAL ,7. 0 mmol/L ) NaClO &AL 30 min
ZAFERA LR asmste 4.2 5.6
mmol/L fJ NaClO ¥ WRAL B )5 , M7 b iy 4R BEH
R H B IR, T A R AR
2,3djGMERIN 4.2 F15.6 mmol/L ¥ & AbFH
HIR5S , B E R SR BETE 2%, TR 4. 2 mmol/L
WY NaClO B &I T S8 40 M i HEBE T
TR VE R T W 2L, AT s BITE R B
Hi. BEINNG G AEREKBERS
BRI T BB M 2, 56 AT i TSR
JE AR NaClO B K2 {5830 7 Ml Y 5 8 1] R B
KEE B2k, Bz kg HELhRE
PR VR T B — BRI R, E an dn ey
fif ik NaClO 7E1z fy i3 72 o AR € M St )5 20
fift it 177 J& \NaClO (9 B: F 2 23R 17 2 AL

2%,
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Effects of sodium hypochlorite on chlorophyll fluorescence parameters and
photosynthetic rate of Ulva compressa

ZHU Ying'?, ZHANG Jian-heng'?*, HUA Liang'*, HE Pei-min'**, QU Xian-cheng', YU Ke-feng'*>
(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China; 2. Institute of Marine Science,
Shanghai Ocean University, Shanghai 201306, China)

Abstract: This paper used Ulva compressa which is the composing species of green algae communities in
Rudong seaweed farming sea area for investigation. Experiments studied the effects of sodium hypochlorite on
chlorophyll composition, fluorescence characteristics and photosynthetic rate of U. compressa by chlorophyll
extract, chlorophyll fluorescence technology and liquid oxygen electrode. The results showed that with the
NaClO concentration increasing, the chlorophyll content and fluorescence characteristics of U. compressa were
gradually decreasing. After 10.0 mmol/L NaClO treatment, Chl. a and Chl. b respectively reduced to 0. 030
mg/g and 0. 039 mg/g; 0. 00 — 6. 00 mmol/L NaClO have significant influence on the fluorescence
characteristics of the algae; 10. 0 — 100 pmol/L NaClO can make the photosynthetic rate of U. compressa
decline significantly in 3 min, in which 100 wmol/L group declined from the control group of 1 315 nmol O,/
(min + g ) to =472 nmol O,/(min + g ). According to the experiments and verification in aquaculture area,
4.0 mmol/L NaClO could be regarded as an ideal reagent in green algae removing.

Key words: Ulva compressa; sodium hypochlorite ; chlorophyll fluorescence; photosynthetic rate
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