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WR GBS EAALNEZFFEIHERE a NUITHR
RAEF ARG HRBL HRRF . H R

QBEHAFREEPHREF N, K M 510632;
2 F WA DI GEANE K FF 5293005
3TEAKEE R AL HEFO,)TK TN 510632)

FEE MR a BOKIHEEM AUK A SR P Ay — IR Z A8 b5, B0 2R a W€ A b SEFE I G VIR BUAR 572 4
SEIA LR IE T R AR AL AT AL BEXT 4R 2 a D ERCR AR . LSRR B R IR/ NEREE (Chlorella pyrenoidosa) Fl
T2 BE (Microcystis aeruginosa ) B A 5% 50 A4}, 38 4o B DR 22 52 36 R TF A8 52 36 B o % 5% 1 o A [ L R Rl OR 4L iR
P o (1) 45 2 B2 2 00T 4 BRORACR 1) 52 0 0 2 VR RO T T AL B S AR R a IR AR AR . SRR LW AR Rl R
Ab IR 5 2R R a WS AR A S R 30 s RAL 4 IR 90V NI 4 h PR A1 T o /DR BE AN B BT 4 K a
VR A2 7 AR X bR A G 22 23 3 R 0.57 D0 R 2.25 06 A8 S R KL CV 7330 0 0.46 00 1 1.84 06 . B ARJKRR I 2 45 51 WK
5 P9 B B vk L 43 OO BE 1k (SLL 88 - 2012) AR OB 1 (HJ 897 — 2017) 1 iz 52 ¥ il 45 412 103 AH Lb . ¥ 460V il i A
TR 10 4 MO AR 0 T A U vk EL I A 5 RRE X i 22 T /DN 3R B N D ARG 4 b Oy B 4R L 5006 DL B HHR S AR
59306 LA b o VR UR R AL B MR a BY SR IROBCE W . i TR U vk HOBOE R B B B R AR R AR

25 SR e B A RE A S AR AR N
EEW R EELG R ER TR ER LR
hESES:Q331 XHkFREARD A

T AV ) 2 K A 25 R G Y A R L B
B K A A R G D) BE A2 K PR B B A 4
I8 /R A F (Casé et al, 2008; Ptacnik et al,
2008; Zhang et al, 2017), FEEHE /KK E EFRiL R
TS 2R OK AR AU T AT 1) M ) AR A7 )
A, 32 HE e Y52, 07 AR A Y 48 R O 8
HME o 7E 52 B 7K 21 58 2E i A1 K AR S AF 5T e AR AT 4 T
YR EEAR TR a fE IR LY &
B Aa bR -5 2072 0 (52 55, 1987)

MHER R a BYSE I E I A OO R
JeHk G b LR GE 0 43 06 6 BE VR N TR R )
2 (54, 2008), PR I 8 3 R (KRR % 7K
W53 A7 75 ) 5 4 O HE 5 R a i U7 125 B X
R Ty vk ek ik, A AE AR I G 2 UK 58 42 20 3R
FCRTAE ] L, X8 Ty gk 3 B 22 S A 4 20 M 1 Uy X
(R 45, 2005) | B B [A] CR] R 9 45, 20005 4

WK BHI:2019-02-16

ELWB EHEARBEESTH (4140306 57 KR THI
I H (2013B091300015) .

EE BN AR, 1994 4F A4, B W 0F 52 26 DR 52 J7 [n) 5 3
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B A5, 2005) . 48 B 5K R Ak R Bk R S,
2003) \HEHUA I (LK S, 2001) %, 40 A A 2
D7 VR A ) 2 2 a I DGR , H R A BFEE K
TR S S VR L U I R R T vk (R R AR
2009) , AF S T 1 40 it 9% Aot 2% B ERGE B B HL AR
FAR LR BRIR2E R SRR a JGRE N 55 [n) i
T RARAR (5 B AE, 2007) 5 45 G W RS2 R il
AT AEFE T B BOA 58 4 L 40 R OB Mo L
2013) 5 8 7 I A BE XA 2% S BB R B (R AR5
2007) , HL AT REXT B SN G il BE AR AN 155 . WAL RE
200 PR SV R L B PR K G B D [ AR 3Gk & S T PR
R I Mot 3 A R O O AN 5 A, K B 7S A i B A
M & E R (5K R X, 2007; Wang & Sain,
2007) ,

R - 26 T 980 0 il i Ak RO AL 0 52 S 3R
AR ARTE b L A W 9 400 T R A R Y PR AT
BT B AE R PO | R E K R S L O
LU 35 CK R 7K W 43 A 096 ) CB 4 B0 42 B T
] I B v L AR VR IR B v MR/ TR 4 2005) (0K
Jo I S 25 0 2 43 O BE ¥ ) (SL 88 — 2012) (UK
M2 2 a 0 43 )6 6 BE 1) (HT 897 — 2017) Xt it
RE a AR IURHOR e 5 BT I e ML R 5T IF Ui
RIS 2 a 1 S Ak Ty ik
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. 1.3 HEFELEALIE R E F ik
1 L ] 3
MRS T& JH IS TR £ 24 8 5 (045 pm) 3 98 — 22 i K
1.1 EIgsrs TR UREYTE RN 1/4 J5 & T X 371 /0 58 1 8 4% P i
LIl #igEmAFEsE ZEHNERFREAZDBKRE eI W 25 JE R TS K 43 (MR B BLAE . 2016) , B UE

(Chlorella pyrenoidosa) FIE 4% 1 3 ¥ (Microcys-
tis aeruginosa ), ¥ 3F ¥ A BG11, ) H& 58 & K
30 pmol/(m* « s), W BE 25°C, St W5 J M b
12 h = 12 b, % B0AE K0 00 30 S 50 61 8
1.1.2 H&XE RABERERENA 3 A AR
WA CHY L B T . H WD R 2K AR A 126 Bk iR
BECRETHRE SN 1 mL) Bl 1k R AL L BB AR AT
1.2 EWHE
121 BEEER URAREE R RN 2
() A2 52 i - S 3R AR IORCR Y R R . 4000 LU [F]
F14) V0 2800 R T Ol O A R B ) R R
G BRI R XS /N BR O TG i R a 4R U Y
M) 5 7E A A B D R S i, oAy 2 MR — 3 I
JIT S R 3R AN [6] K P R AT S R a S I, B S
ISV E 5 A TAT BRI s IO B EAE
N 53 AT B

U ER 1 WA VR ) 43 9 R 10,3050,
70.90.110 s, #Rfl 1 ¥, 90 % N EIR$26 h,

FE R R 2 RRRECST B 1.2.3.4.5.6 IR,
B R 50 .90 % N EIIR 4R 6 h,

FH R 3 B AR E 5 2.4.6.8, 10,
12 h, RIS 2h 50 s, R 4 K.
1.2.2 EXREH RE 1.2.1 WHRKHELHmLER,
PR 3 N R A A B AEEME 3 ASKFRA 3
F 3KPM Lo (3°) IEAC K HEAT IE A S 56, f Ak S 56
G EBALRARE 5 NPT RIEEE M, RS
B S AR R 43 B 5 dls
1.2.3 I 2B A IF 38 S5 BT A9 fe f Ak 4R 1
T VR Rl A B/ 1R RN GO L 4 Sl Ak B
JE/NEREE R R B R R 2 W AL BRI
5 VAT G WL AR Ry 3 B Bl .
L.2.4 #FFF B 40 A ML OR A A @bk
FAOEAR I RE ) 5 M2CK 482 a A9 22 40t
JEHE ) (HJ 897 —2017) \ M3 /K J5i M- 43 2% (1430 7 43
JEVCRE ) (SL 88 — 2012) (M4 (J & Vi il 12 #2722 A
M5 (P i 5 35 ) H 1 5 b 75 i B I P 35 3% 19 4l
WU B AP KRE 42 a MREE, M W E 7 B AL
B IA R ] — K e B B K AR A L IR
R et R A AL A 5 AT RIEE A
PE B 5 BUOHE (B AR S 20 A Bl

A HLZEB OB L 3 L ENE AR O A P R
30 s. T IR 5 min, It B E 4 K, Bk RE
AL PR , 1 B O 10 mL AY 90 % T IR . 5
FEWE FEAI T 4 C KA IR, 4850 7 000 r/min
B0 15 min J5 . % J5 1€ 630.647.664.750 nm I K
A0 AR S TS AT AR a VR M OCTT R
AR

01 =11.85X (A~ Assg)~ 1.54 X (Agpr— Aggg )~
0.08 X (Agso— Arso) @

Krfepr IR E a 0 &k E
(mg/L) 5 Ao Avso s Agir Ay B IRFELE K 664,
750,647,630 nm T IIOGIH .
1.4 HEIWSLEE

FIFH SPSS 22.0 AT RN R 20 . 2 H I
B (LSD ¥ 56) s Excel 2010 #4522 14,

2 RS

21 BEZERILE
2,11 R KB A R A R) R I R B R

f— ™ B R 2, R B AE AT L 5 9 A0 A
PR, SEH R WL, /N 3K e 0GR R R 50 s
Ja. HOM g R a kOB 43 G O 141.16 pg/L AN
98.58 pg/L, B F W T 30 s Ja my i & 45 R
(P<20.05) , AR 1 I 22 88/ D, {H BB )
SRR I (] R 0, NERGEE RN L B AR R a UK
FEI R BFE T (P>>0.05), A 2 WU AT
AP AR ]2 50 s, U IFER R a SEHUCR R .
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Fig.1 Effect of liquid nitrogen quick freeze time on the
determination of chlorophyll-a concentration in

C. pyrenoidosa and M. aeruginosa
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2.1.2 WAKRsAH  hIE 2 A W, R BN
[F] 2 /N 3o 08 0 Tl 20 88 I 2 R a VR B O 45 SR AFAE
WEZER ., o NEREE AR R B URAL 4 R R
B S5 R i, M R a W 3 5 162,04 pg/ LA
108.16 pg/L. /INEREE G0 % 35 VR Al 4 WK B LE 7R il
3 WAL IR S AH X 45 85 8.65 %0 Al 12.14 %65 K BH 4
RS VR Rl S5 R30S S 4R R a BRI, DG Rl
U — 2B 1 I, i 2 R a WK T B0 B Y 4
In(P=>0.05),

s2o0r EVNERE
R O %
. 5160}
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s 120f
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Fig.2 Effect of repeated liquid nitrogen freeze-thaw cycles
on the determination of chlorophyll-a concentration

in C. pyrenoidosa and M. aeruginosa

2.1.3  HANLER T EZ AR B f 3 Al ek
BRI Rl 0 B I 2 3K YR RE A R AR I [R] 1) 59 o i
TR AR 4 b R AR AR a Y AR K B B R
AR 162.76 pg/LF198.58 ng/L., 1H Bl % 3= #2 mf
] O HE A, Pt 2R 3R a YR JSE 304 0 2 48 IR L R DR 4
4 AT LR /N ER R B 20 3K 2 SEAR R UE 42
T A iy 1 R ) 952 B2 1T A 2 5 | Pt 2 3% A o gk M 3% It
VA R A PR AR . R 4 b O ROE LR
& 1]

roor MNERE
mEEtEs

B4 Falk /g - L'
Chlorophyll-a concentration
g

S
=3

<

10 12

6 8
B A/
Extraction time

B3 AERREE B ERNEFNBKERD
HMEEHZZE A NELEROEN
Fig.3 Effect of extraction time on the determination of
chlorophyll-a concentration in C. pyrenoidosa

and M. aeruginosa

22 EXTHER

HRAE LR R S 45 R, i — 0 B A A T R 5 )
3 R R R A PR AR ) e A SR A D R R
[E] R Al R B R BB ) R U8 LR L Ly (3) iR AT
3SHZE 3KFIELRLE A RWE 1, NE2WEKX
ANATAS S M SR 2R a W ) R R B>C> A,
BV 2R i R B > 9 R I ) > R Rl s ), %o T A8 5
B 45 S AT 2R A B A5 B 5 R 25 4 A A TR Y 4
FOHEAETEN AB,C o DLRE A Rl A 21 3
30 s, URAl 4 YK, 90 %6 (VR R B2 B IE] 4 h 43 ) £ R
JINER B R B i i SR R o, N R IE S BG4 R T SR M,
SEATIN GE 3 WL AN BRBE SR a Wk EE 4 A Gk F)
162.14.,163. 68.162.04 pg/L.FHM4¢ K a WEH
162.62 pg/L MXTFRHE 24 0.57 %, 5 RE CV
H0.46 %0 (K 3) s BB S ER a 335 F] 144. 25,

£1 EXBITERKE

Tab.1 Factors and levels for pretreatment optimization

KF . s T
BRI ] /s R IR B R PEmFE /b

1 30 3 2

2 50 4 4

3 70 5 6

R2 EXXREHEER

Tab.2  Design and results of optimization study

. A B C BRI S €33

s BE 07/ R B - EallkE M2E % a

T RE/L B ML Juge L W /g L
1 1 1 1 107.96 101.57
2 1 2 2 152.46 136.28
3 1 3 3 150.30 119.22
4 2 1 2 119.60 106.10
5 2 2 3 140.92 117.84
6 2 3 1 129.18 107.34
7 3 1 3 108.06 98.58
8 3 2 1 127.12 108.16
9 3 3 2 140.82 119.80

JNERE By 136,91 111.87 121.42
JNERE By 129.90 140.17 137.63
JNERE ks 125.33 140.10 133.09
s £ 119.02 102.08 105.69
TP by 110.43 120.76 120.73
AW ks 108.85 115.45 111.88
R s 11.58 28.30 16.21
R s 10.17  18.68 15.04
TE k1 ko Bl ks A3 3RIR % SEHEAKT 1.2 F 3 T it 2t 8
a WERE B FIME s R Rom 5B 500 3 MK P MR K EHES
/NP HIER 2 0H

Note: k1, k3 and k3 represent the average value of chlorophyll-

a concentration measured at level 1, 2 and 3; R represents the differ-
ence value between the maximum average value and the minimum

average value of each parameter at three levels.
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S

137. 90, 140.83 pg/L, F ¥ nf 5 £ a W E N
141.00 pg/ Lo A X5 O 25 0y 2.25 %0 . 28 5 REL CV
1. 84 Yo WAV Rl A BN SE U VA BRI SR a
AR E MR (R D
R3 MKEMRREREFESN
Tab.3 Variance analysis of chlorophyll-a

concentration of C. pyrenoidosa

TR Am2ET M H R ¥y FH BE M
A 203.89 2 101.95 17.12 0.055
B 1597.26 2 798.63  134.14 0.007
C 419.47 2 209.74 35.23 0.028
RZE 11.91
J=¥:l 2232.53 6

ﬁf; Fo_z);(Z, 2)=19.00, F(»_01<29 2)=299.00
x4 MEEMHRRAREFTESWN
Tab.4 Variance analysis of chlorophyll-a

concentration of M. aeruginosa

Fr 2R WM H R 15 F {8 IR e
A 179.96 2 89.98 13.76 0.068
B 555.76 2 277.88 42.49 0.023
C 342.77 2 171.38 26.21 0.037
2 13.08
SR 1091.56 6

H: Foos(2, 2)=19.00, Fo.01(2, 2)=99.00

_(a)
CE[ w1 s
HE M2 |
wE 1207 mM3 |
28 mM4 |
i
%z 0F M5 |
R
R
% E 400 |
e I
<
S |
0
® X 2x 5x X 2x 5x
BRI LR
Algae concentration gradient
4
Fig.4
5200' Hlh
;_JE 160 C4h
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2 2120t
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S= 80r
&z
il
+ £ 40
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NIRE O REE WY H G2k
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Water samples
Bs5s FAEKEZREFEONMHEZ aRKENELERILE
Fig.5 Effect of extraction time (1 h, 4 h) on chlorophyll-a

concentration after liquid nitrogen pretreatmentt

2.3 AEMEFZEMHRE a BREHE

JANIE 4 —a Af 0L, M1, M3 Fi1 M4 il 5 J5 1 32 B
R v ELI 25 SRR e MR A . DA i vk i 5
BAEM K, M1 I 5E J7 5 Hi AL BRFE I B (5R 5D
FH B3R 5 T 07 12 43 3000 7 AR ke J32 /DN 35K 35 R Al 9 3
G a VR BE, 45 R oK, M1 SE R R A, L R
28.49 pg/L M1 25.89 pg/L; PEHRL R i 22 4 M5, H
K 26.04 pg/L Fl 24.61 pg/L, MMH4%E a Wi
AR L5 B J7 i 45 2R T W3 22 = (P>>0.05),
F 3R 5 Bh 7 10 i v vk BE /DN BR G R G 9 B, i
G a ME SR WoR ML ik R BOSOR B, L E
M 138.22 pg/L Ml 135.46 pg/L; i fik g M5, HAH N
125.31 pg/LA1123.07 pg/L; M1 43 @ T HAh 4 F
J535 (P <C0.05) HAH X bR o f 22 55/ . DU DA
SR F AR T R a H A, M1 E T
AR BUOR B (4 - b) o 40 B % P 8 57 4l
WFNET AR KRR 22 ML I8 T35 48 A6 1 h Al 4 h
TRt 45 R R, 1 h BIBHCRREIAH] 930~97%
(B 5), B+ M2 Wl gk, Bk, M1lE ik
R AE TR B, R A SRR TC G L BRI Tl T R S 0
ER

(b)

M3 M4
M52 77
Methods

M2

ARMEFENENEFRARRMEMKEREE  RENELEROLER

Comparison of chlorophyll-a concentration in algae cultures and field samples determined by different methods

x5 SWMARKEIHEGEE a WEFEN
5 4b 22 Bt 8] O R FE B LE B
Tab.5 Comparison of analysis times for the

different methods

e Tt 4k 3B ]/ AR ] / SAERT/
7k h h h

Ml 1/5 1~4 1.5~4.5
M2 1/6 2~24 2.5~24.5
M3 1.25 4~12 5.5~13.5
M4 1.25~2.5 20 21.5~22.5
M5 6~8 - 6.5~8.5
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3.1 BREFBMAAAEEGENHEE  RINNEIE

TR0 ZR R Ak B G T A 3 a ViR Y BT
R R MR o MR Z 2R N R 1Y
M), e R v R R IR T A ) L A —
V00 PRI P % R V= B T 22 B 7% B i 4 i
R B SRR a W TR RN (R AR a 1Y
USR5 Mt A K 5 SR R B, SR R
a V&I 3% T B0, {5 VR R ) A K, HE R B A Rk
. FAESE (2002) AF 5% % PR 38 0 5 fl vk 5 e 4l
200 it B 4 S TR R R R A LR UL AR
(2003t IA A 3 M0 4 il V0 250 R 442 1o Y7 U AT 2 A L 1
Tl 1 5 DA B 5 (2007) BIF 5% & B0 I 45 3% A2 32 1 I 1)
FR 5 IR 55 K, IR 4R A ) 2R 51 6 ho 4R EHUR B T
SE 5 LTRSS S (2010) TN R 5 2 B AR IR R
WA 4 h, it 6 h GRS EMEA TR, AL
BRI VR 4 W RPERTE] 4 b A] RLRE N ER G R
PPN LR FE o SEARPRISE A BRERIASE (2000) BF 5T
KB EGE R 30 s X 40 i A 35 M A R 0 e K
W 5% 35 I\ R A B T 7 A1 T Ak B o S 3R U B s
B M AR (25 ik 4R 45, 2008 Liu et al,2012), A 52
B, % S, TR N ) A 5 50 s, HHER R a Y R IRUBOUR
JCH AR . IEAE S E L S i A a $R AL
SR R A7 < % il VR 80> 1 I i) > 3 o ]
VR0Vl Ak BRI A A SR R a Y RS Ok T
VRAFIE] 30 s RAEKEL 4 R GRARRTIE] 4 h, X%
AT 0 UE M S 50 2 B, YRR il T A RO R
HA B R,
3.2 ARAMEFEMNMEE « WIRBHRLLE

Xt 5 N KRG 75 1 /0N R R R 2 B YR R
A B AT AR I 5y ki  E a I B BCRCR AL T H A
Jri:, HCEP AT BE LS M2 L M5 I 7 i i 40
RS FHOT SR a KA G A T ) a4 R
PR A, [l s Ak 20 R B, 75 2 R B B, DRI 5 1% T
PRI 5 s B P s 2 398 o FF B R L AN OM R K
(FIEH 5, 2009; 5 £ B4, 2011, M1.M3 J&
M I 5 Ty 3 3 2 3 2o AP I UK R L 7E = TR T il )
JFHAE 206 3 A= B pKORE 38 R AN Y-S 3500 K 66 i
R S AL O A0 5 RS I A RV L R R R AL 40 AR TR
P L JBE Z3 B L 40 i 25 B JIE 45 #) Bl B IF 8™ F (Ren-
dal-Vdzquez et al, 2001; #MA] 4, 2004), 40
ZoVRE AL H S 40 P9 A ST R 40 M g B 4 A
R 445, 2017) . FF &Y 5 005 TE T 0 75 IR 4%

T FIBEL R /0N, PSS 1 i 40 R 2R B0 2 4 DA T 3
IV A A BN N B K 5 R KB i Ok
240 HL P A1 24 K b T 8 X 2 i e T R A A R It
45, 2002) , B IR (2017 BFFE K B, Y U5 Al i
Ab 3L A 200 A B S 4 M RE A 2L PN T
Y0 G2, G A B B AR R R A K. AR R R I S R
PN SR R AR K AR ML RE T TR T
TP 4 2 a 9 4 ORI 35 T Al 4 By i
FEAR A B 2 S K A v, D 22 S O B35, T v
JE W2 3R R KA TR VR T VR o AR A A R A [ A
2 fol T, AT AR A% 3o R A, R B R, BB 8 A
S LUK fh (Lucas et al, 1999) , dF 11 5€ 4 5 % 40
Ff, RO R R O W R T A 4 ROk
2000 S A Ve I K AR IS 3 20 L B A D I RE
R 1 A A

R T R K BT bR R R AR A
2 Pe i E 7 AR R, M3 Al M4 il 58 J7 2 B9 i Ab
P R 2 4 T A I [R] 5 1 ML T ik AL PR FE
AP /b iR e L = AT DL gE fE &2 1 h, HARE0CR
REIRE] 9390 LA b o PRI, ML ik 8 BORK% 0
R 22/ B A B AT

4B

(DFE 5 PP E M4 2 a 1977 29, M1l a2 J7
Bt A FRAE R BT S IR 5 M5 M3 M2 il
M4 U 5E 7 AR LG, a3 BB T 8.4%6.3.120.5.2 %
3.0 %0 s Ab BREF A K FERT, 23 4R & T 11.3%6.1.7 % .
8.0%.7.4% . M1 J5 ¥k W5 if (0] 45 o 4 oy 1k 45
B 1/2 LA b 38 B AN TR K A 1) il 2 25 0

(2) V28V il i A B o R o, 7l ) R G
BRSBTS R i R R a SRR E TR, &
FESAF D BUR 30 s JURAL 4 K90 % AR 4 hs
R h L BCRAEIS 93 %0 L b 7R T T 4
i, P 3 214 205 s i s [ Y R PR ARG ) R

& & 30k
Wit Zedh, SR, 2000, Bi BL IR L R vk 5 AL R i A A
(], P EH e, 13(3):162 - 163.

DA IS, BEIEM, JE ECH, 4, 2007, R0 H
EL). 4hKHEK . 33(6): 28 —-32.

L RO RHE L SR, 2008, PRUFAE YIS o I E T
e [J]. A BFREE, 17(2): 524 - 527.

WEY, FER, WA, 2007, HRK T BIFEMYHGEE a
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Determination of Phytoplankton Chlorophyll-a Concentration Using

a Liquid Nitrogen Freeze-Thaw Pretreatment
ZHU De-ping', ZOU Chu-jun', YANG Jun-yue’, LIN Qiu-qi'*, PENG Liang'"*

(1.Institute of Hydrobiology, Jinan University, Guangzhou 510632,P.R.China;
2.Kaiping Dashahe Water Supply Company, Kaiping 529300,P.R.China;
3.Guangdong Center for Control and Prevention of Reservoir Cyanobacterial Blooms,
Guangzhou 510632,P.R.China)

Abstract: Eutrophication of water bodies is a worldwide environmental problem, and assessing eutrophica-
tion status supports efforts to prevent and remediate eutrophication. Chlorophyll-a is an important indica-
tor of water quality and used to indicate the degree of eutrophication and to monitor harmful algal blooms
(HABs). Extraction of chlorophyll-a from the algae sample is time-consuming and often incomplete, and is
the most problematic step in chlorophyll-a analysis. The objective of this study was to increase the chloro-
phyll-a extraction efficiency by liquid nitrogen freeze-thaw pretreatment. Single-factor and orthogonal ex-
periments were carried out to optimize the extraction efficiency of chlorophyll-a in pure cultured Chlorella
pyrenoidosa and Microcystis aeruginosa. Each step was considered: the quick freeze time, the number of
freeze-thaw cycles, and the extraction time. Furthermore, we compared the chlorophyll-a concentrations
determined in C. pyrenoidosa and M. aeruginosa cultures, and in field samples, using the liquid nitrogen
freeze-thaw method (M1) and other four methods: two spectrophotometric methods (M2, M3), a repeat-
ed freeze-thaw method (M4) and the acetone/grinding method (M5). The optimal conditions for pretreat-
ment with liquid nitrogen were found to be as follows: quick freeze for 30 s, use four freeze-thaw cycles,
and extract with 90% acetone for 4 h. Under these conditions, the relative standard deviations of chloro-
phyll-a concentration in the C. pyrenoidosa and M. aeruginosa cultures were 0.57% and 2.25% , and the
coefficients of variation were 0.46% and 1.84%. The liquid nitrogen freeze-thaw pretreatment increased
chlorophyll-a extraction efficiency (>>93%), and decreased the relative deviation and analysis time. Com-
pared to M2, M3, M4 and M5, respectively, pretreatment of algae cultures increased extraction efficiency
5.2%, 3.1%, 3.0% and 8.4%, and those of field samples by 8.0%, 1.7%, 7.4% and 11.3%. The liquid
nitrogen freeze-thaw pretreatment significantly increased the extraction efficiency of chlorophyll-a, short-
ened analysis time and can be used in the determination of chlorophyll-a concentration in different water
bodies.

Key words: liquid nitrogen freeze-thaw extraction; chlorophyll-a; phytoplankton; orthogonal experiment



