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Abstract; Phytoplankton are a very important component of the coastal marine food chain. Thermal water discharged from
power stations has become a serious problem for the coastal environment, but we still know very liitle about the potential
impact of thermal effluents on the marine ecosystem. In this paper, species composition, cell density of phytoplankton and
chlorophyll concentration were measured during a series of temperature controlled laboratory experimental incubations in
summer (July) and winter (January). The natural sea water for the experiments was collected from Xiangshan Bay ( Lat.
29°38’'N Long. 121°41’E) near Ningbo City, Zhejiang Province. Phytoplankton samples were preserved with Lugol’s
iodine (1% ) and analysed under the microscope and the chlorophyll concentration was measured according to routine
protocol. The resulis showed that the main phytoplankton group was diatoms, with Skeletonema costatum being the dominant
species. Diatom species composition was markedly influenced by temperature, which related to the seasons, the range of

temperature elevation and experimental time. The species numbers declined rapidly when temperature surpassed 36°C in
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summer when the ambient seawater temperature was 28°C , or 34°C in winter when the seawater temperature was 12°C. Cell
density of phytoplankton was also markedly influenced by temperature. In the summer experiment, the maximum cell
density (40.56 cells/dm’) appeared at 30°C , and in winter, the maximum cell density (625.8 cells/dm’) appeared at
24°C , both of the maximums were observed in the 7th day of the experiments. The chlorophyll concentration of sea water
was influenced by the ambient temperature as well, with the maximum chlorophyll concentration (42. 61 pg/dm’)
appearing at 24°C in winter, which was positively correlated with the phytoplankton cell density in the winter experiment ( r

=0.81,p <0.01).
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Table 1 Items of water quality used in experiment

15 H Items E 2 Summer &2 Winter
{R & Temperature (°C) 28.0 12.0
P Salinity 27.7 24.9
B4 Suspended particulate matter (mg/dm?) 6 17.4
pH {E pH value 8.09 8.20
{2 E & E Chemical oxygen demand (mg/dm?) 0.17 0.83
5 HERSPREL Reactive phosphate ( pmol/dm’) 0.935 1.516
FEHLA Inorganic nitrogen (pmol/dm’ ) 44.071 77.000
4£BS T4, Unionized ammonia ( pmol/dm®) 0.030 0.019
TAYER L Nitrite (umol/dm® ) 1.643 0.357
EREE Nitrate (pmol/dm® ) 41.929 75.786
#kth Ammonia (pmol/dm?) 0.500 0.857
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Fig.1 Sampling stations of sea water used in experiment in Xiangshan Bay

1.2 oy AR

FRAF R THE 50 cm x50 em x25 em(62.5 dm’) KEAH , LR AK N 50 dm®, I AR B L BARK
BRI, 2 CRERBRESE, BRIBE 4 40°C, LI e (1000W) XK EAH K17
#, WMZK-01 I B s R AR HIKIR , 28 % KRR TR IE, BIEERE N £0.2C, LEARFAHER
FEXKIGEREERHTRE AR, REOKERAKRS TS, Sk 2R ERNSEREE G R
SREECHOEXT) A (1500 £100) Ix, SEHRFEHIN 12:12 6B B ZDS-10 Bl g shBARETH( HEWREF
BRAXRT ) M%E
1.2 BV H RS A

£EF 1d B4 LI IR /KR 500 em® , 5 1% B-8F R (Lugol” s solution ) [ 52 , B S 23K 455 FH 0. 1
em® PRI YT BAE T B85 (Olympus BH-2) F #E47H1 7P % & M40 M T30, 8B BE B B A B 2 IRBESTHER,
BUPH1E , SLR B R R QR A ) ' s st AT
1.3 MRREE

KRR EN SR AR EE . G5 1d REASLBRE K 1 do’, L Waterman GC/F y§ i
BT EL IR, U R 1 /T 50 kPa, Al 42 R B ARVE A, U8 HT, J5 A 5 om’ HEEE W 10 g/dm’ B MgCO,
BB ER BRI IR TEBEN, N 10 em’ RRECH 90% K TSR 7 (5K 15 B 5% 2B 30 min,
RIBHRIEGHE R 3 ~4 WUFLDER, BT 4000 r/min 554 FE.L 10min j5H_EIEW, I3/ 90% HER
FEAF R 10 ml, 3 FE &8O J5 BT To Frith 4 5 AbFT 436 BETHE 750,664 \647 nm F1 630 nm JZERAL
AT . WK MR R RR QBB " Bk B A KB AR

p(Chl) =p(Chl a) +p(Chl b) +p(Chl c)

R ,p(Chl) K st 2 MK E (pg/dm’ ) ;p(Chl a) ¥k It a B9WE (pg/dm’) ;p(Chl b)
NG KFIHEEE b BYRE (pg/dm’) ;p(Chl o) XK E ¢ BWKE (pg/dm’)
2 #R
2.1 JREEXHEREE YR S B R

Z BWE B AREKOK e IL R R Y 20 #h (3R 2) , Horh Ak oE 18 F, H B 2 Fb, R B N R FHE Y
Wi FZARE, B AR B (Skeletonema costatum) RLEFY . TEEFZ LB I WD HFHEY) 16 F, Ho sk
B 14 P, 5 YR RB0N 87.5% IR 2 B, IR MR RN 12. 5% s FEA LI P LR B R I
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Table 2 Species composition of phytoplankton in the natural seawater sample
Fp4& Species® E & Summer &2 Winter
il B 458, Skeletonema costatum (Grev. ) Cleve +
B B 4538 Melosira sulcata (Ehr. ) Kuetz.
LYk B 458 Melosira moniliformis (0. F. Mull. ) Ag.
IR T H5E¥E Melosira nummuloides (Dillw. ) Ag.
FI35 4l Leptocylindrus danicus Cleve
BB fF#, Coscinodiscus jonesianus (Grev. ) Ostenf.
EST R fF ¥, Coscinodiscus radiatus Ehr.
T IR UE B, Ditylum brightwelli (West) Grun.
A 5522 B, Nitzschia paradoxa (Grev. ) Grun.

+ + 4+ + + 4+ o+ o+

RINMIZETEFE Pseudo-Nitzschia pungens Grun. +
K32 P, Nitzschia longissima (Breb. ) Ralfs +
F4IEFE Navicula sp.

FIERLE8E Pleurosigma naviculaceum Breb.

ZE B A B8, Chaetoceros affinis Lauder +

TWesE A £ Chaetoceros curvisetus Cleve

H 2= E¥F# Asterionella japonica Cleve

B4 78, Synedra ulna (Nitz. ) Ehr.

SEHEIE P, Licmophora abbreviata Agardh

25 A P& Ceratium fusus (Ehr. ) Dujardin

X f# Ceratium furca (Ehr. )Clap. et Lach
# T [F] the same below

BT R MR YR R R0 2 5 LA 2,3 GEIGEIR S 3,7 R YR IS4 L EdE
F6,R7). FWGRRY WX Y B RAE AU R B3, R R S 3 YRR R A S g e [R)
R, ERFLRET EERENI R, LR R, FEEYHREEEE L. Flin, BREKKHES
IR FRHAEY) 16 o HLBW B T R, 28C LB IRA A 12 FpERHFA Y T 38CLBA+ RAEF
Jh B AR, B G 3] O P 0 B (R O 4 3 AR RAEL 540 C 5K R o U PP B AR 1 R )

+ + 4+ + + + + o+ o+ o+ o+

16 1 m -
14 b 5 LI 1
2 E e il
§ 12 g )8 ! i
S 0k 8 LR '
8 3 O I
3 8 A W :
& & 4 Hu :
w ST X .
K4 L & 2 HHME
2+ 0 LB i) : LB
Q 1 16]\“= N AN Q
0 20222426 i (X
28 & ) 2830 e 5k " S
- W 23 3 e s ﬁom“ HE Temperqypg 0y 10 3830 o
i Temperam e (0) 40 1° 52

B3 RENSFFIEYAHRARK BN
B2 REXEEFFEY A A A Fig.3 Effects of temperature on phytoplankton composition in winter

Fig.2 Effects of temperature on phytoplankton composition in summer experiment

experiment
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A BEZN, BRYELEIRFES 32CH, R EDHEA B E D, BELRFEE 7 R, 12C LR
A 12 PR EEA Y16, 18CHI 20°C LB A 3R 11 FREEEY;22°C LB AP A 10 FZFHEY; W
30°CLIA P A 5 MREY ;2 CERAP RAPBLAER, BHRAMEMKEVES 3 fRIFHEY;
34.36 38 C A1 40°C LA RIFE Y L 2T,
2.2 REE R YA B R R

BZIRPREMNFEFAYAREENEMERNE 3, TRERRN, BEEZRBENT S, FiEE
VIR SIRE BIEEXR . ZEA R S0 IR B 5 B v ,30°C SEU8 4 1Y V3 i e 400 40 i 45 5 7 4 IR ) S B e
(1 ~7 d) A¥ERE, LR B 7 KN4 R B 4 40. 56 cells/dm’, 28.30.,32.,34°C 1 36°C Sl , BE# 5L
WAt BRI, R RIS K G 3F B IR Y K H 2 h 30C > 28C >327C >34C >36C,
38°C 1 40°C St , FE & LI B RN B , TR AR K R S22 , 40 B 4 B e W 1 B, T EL T B S e
FHREF BT, LR ZEEE 7 Kit,38°C 510 41 TR Y 40 M 55 B AR SR 955 0 8.6 x 107 cells/dm’ Ji />
7 8.19 x10° cells/dm’, i 40°C LM 4 LR B 55 7 KA A TR Y2 BAET,

£3 EFREIFIENAREEHKNE

Table 3 Effects of temperature on phytoplankton cell density in summer experiment

HE (C) Y 4185 BF Phytoplankton cell density ( x 10% cells/dm®)
Temperature 0d 1d 2d 3d 4d 5d 6d 7d
28 (X+HE4 CK) 8.6 10. 88 15.06 18.03 19.85 23.49 25.82 30.40

30 8.6 10.98 16.24 20.09 23.12 28.45 32.89 40.56
32 8.6 10.59 14.73 17.58 18.94 22.17 23.38 25.94
34 8.6 10.41 13.74 16.11 16.92 19.12 19.87 21.66
36 8.6 10.23 13.25 15.11 15.78 17.93 18.41 19.87
38 8.6 6.74 8.15 8.37 8.14 8.52 8.05 8.19
40 8.6 1.49 1.18 1.07 0.57 0.21 0.05 0

RZEZRPRENFIFAYAREROVRERNE 4. SRERRY, EELRBENIR, BirH
VIR SRR EBEX R, 24 CLR AN FFEYARERAEMFNERME (1 ~7 d) AX¥ERR,

T4 EZTEEXTE Y HREEARGN
Table 4 Effects of temperature on phytoplankton cell density in winter experiment

HE (C) Y 4185 BF Phytoplankton cell density ( x 10% cells/dm®)
Temperature 0d 1d 2d 3d 4d 5d 6d 7d
12 (XFHE4H CK) 48.43 93.2 97.28 98 104.32 104.19 108.2 123.3

16 48.43 107.91 113.72 113.12 120.58 122.36 131.35 146.7
18 48.43 109.78 112.07 113.34 120. 04 129.69 138.15 146.48
20 48.43 115.91 112.8 117.52 121.58 136.38 180.11 242.4
22 48.43 155.72 134.36 123.56 134.62 185.83 263.2 399.88
24 48.43 170.49 144.75 137.92 150. 16 219.725 391.89 625.8
26 48.43 139.29 115.74 118.13 124.06 162.43 226.23 324.13
28 48.43 83.57 76.24 67.23 61.89 60.24 60.79 59.59
30 48.43 72.47 55.88 50.42 44.57 37.92 34.99 32.97
32 48.43 17.55 12.88 4.04 5.28 1.8 3.06 2.36
34 48.43 4.32 0 0 0 0 0 0
36 48.43 1.14 0 0 0 0 0 0
38 48.43 2.16 0 0 0 0 0 0
40 48.43 0 0 0 0 0 0 0
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12°C \16°C A1 18°C 3L tndf , FESCIu i Al T , IR TR E MK i8S, It B BRI Y 3 KR 2R 50
1% 18°C >16C >12C, 20,22 24°C 1 26°C LI , HEE S I A B] B TS , FRIAAE 0 40 il 2 B B RN
FaE ERERZE2 d~3 d BRIFE YA EAR N B R, B S R Y4k S, I HIR R Y
B AN 24°C >22C >26C >20°C, 28 ~40°C LI, FEE LHIRE N TR, FRIAE Y40 & SRR
SRR RS, Ty ELFR IR 40 M 2 8 D R R B R T = R . 28°C F 30°C LR 4H, KW EHE 2 R
BT, PRI A0 MO TR B R oK, BE S BT I ;32 C SR, SER B 58 7 KA, PRI Y 40 MU 25 B AR 0 2
BEK 48.43 x10° cells/dm’ JF/ %] 2. 36 x 10° cells/dm’ ,34 .36°C 1 38 °C S2Ih4H , LI 48 2 RETTRIFHE Y2
T 40°C A, L E S 1 RERIFEYEE 2FIET,
2.1 BEXLERKPIHFREENZHE

ZFELEPREINFE K SREBREMSERNLEK S, LRERERY, BEIRRENAS, HEEK
ESRESIEHEXR, 24CERABKHFEXEBEHMFEREZREMNRE(1 ~7 d) A¥EE. SRES 7 Xt
B M-SR R W A 42. 61 pg/dm’, 12CHI 16°C 5B 4H , HE SR i A] B FE 4 , MR R IR B R B Bt g, 3F
HIEKEARN 16°C >12C, 18 ~26CLIH , FEE LI R T K , KM SR E BE Ry L ABE,
ERYELIFEE 2 KoY, SR EA RS, /5 4ke2 3, T B3 K#E 2K 24°C >22C >26C >
20°C >18C, 28 ~40C I , fEE LER M L F, R R E SMA R TREEHE, T BT R R E R E A
B iR, 28°CHI30°C LA, LIS 2 Kint, ¥k P M-SR E X B A, 73BN 26. 26 pg/dm’ F122.
42 pg/dm’ FEJE M G R E BHFES, TR EE 7 REHHFRWEEDH18 21. 34 png/dm’f116.25 pg/dm’,
36°CHI 38 CLtndt, LI F 55 6 KT ;40C LB, LI FE 2 RENEKFPHSREERELMRTHLEE R
g il 538

MR AR BFEYARPREREN AR, BAYHITCA/ER R SRR E B R, TR
YIRS BFEYPEELE, KSR I BEBAHSZRESE TN S EIEMH. ARIEEMLEHHE
T, &FM KR RKE (R 5) IRFHYARE R (R 4) WA BEEHTHERM T, R RN, &L FE
I KRR K E S RIPE Y AR B2 B & IEAE XM (r =0.81,p <0.01),

£S5 REINEFHEXRSEHEM

Table 5 Effects of temperature on chlorophyll concentration in winter experiment

HE (C) 44 &8 Chlorophyll concentration ( ug/dm?)
Temperature 0d 1d 2d 3d 4d 5d 6d 7d
12 (CK) 18. 68 21.49 22.12 22.28 22.34 22.62 23.15 24.57
16 18. 68 23.09 23.27 23.97 24.08 24.45 25.16 26.26
18 18. 68 25.79 24.27 24.32 24.77 25.02 26.67 29.10
20 18. 68 27.32 25.71 26.28 26.94 28.42 29.20 31.90
22 18. 68 29.70 27.76 28.09 29.55 30.49 32.37 35.68
24 18. 68 33.18 30.38 30.72 31.97 33.40 36.62 42.61
26 18. 68 31.77 28.78 28.95 29.85 30.76 31.85 32.83
28 18. 68 26.26 25.55 23.40 22.92 22.09 22.23 21.34
30 18. 68 22.42 20.65 16.55 15.78 15.52 14.66 16.25
32 18. 68 12.45 7.36 4.01 4.10 2.60 1.98 2.00
34 18. 68 11.39 5.08 3.35 2.76 2.41 0.57 0.06
36 18. 68 4.59 2.74 1.87 2.10 0.91 - -
38 18. 68 2.31 2.16 1.80 1.64 0.51 - -
40 18. 68 0.64 - - - - - -

hitp : //www. ecologica. cn
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3.1 REE AR YRR S B R

B B R R P A B BB E R, A YR 2 B 2R AR B T IR T AR A M R A v
B, LR ERN, RENRIFE YR R RN E B E R E 5 HIRIEE SR A
Ko EEZ, BRI FseFim sy b 0 3 AT B i 52 09 B W 1R 38°C , AR A28 , X Wi 7 I i A 00 Fr BB 52 19
BEERE U 34°C, 3 HEEl 5 2 KA XWERA R, AR F N Z N &R IRE A 36°C, Lk
3 R, EAT T 2R B IR, 32°C , T BSEWE 3 K%, W AREWLAET,
[F— R =R Z R EE R, F HE RS RN 2R TA S, XML 5IFEK
A FPBO SCIRIRE—3

F6 REMNEFFIENHXEARHTKN

Table 6 Effects of temperature on phytoplankton composition in summer experiment

F2% Spocies RBC (FHEH K) 30C 32 34C 36C 38C 40C

Od 3d 7d O0d 3d 7d 0d 3d 7d O0d 3d 7d 0d 3d 7d 0d 3d 7d 0d 3d 7d
R B AR + + + + + + + + 4+ + + + + + + + + 4+ + + +
BRIK B + + + + + + + + 4+ + + + + + + + + 4+ +
el e + + + + + + + + 4+ + + + + + + + + 4+ +
ERAEE + + + + + + + + 4+ + + + + +
TesEfEE + + + + + + + + 4+ + + + + +
A& + + + + + + + + 4+ + + + + + +
FERIEE + 4 + + + + + +
KEEE + + + + + + + + 4+ + + + + + + + +
BRERE + + + + + + + + 4+ + + + + +
RRIZFE + + + + + + + + + + +
TR BE + + + + + + + + 4+ + + + + + +
FPR e + + + + + + + +
Ep =Y o4 + + + + + + + + + + + +
R + + + + + + + + +
RAE + + + + + + + + + + + +
XA + + + + + + +

£7 REMNEFFIHEYHRERBRNE
Table 7 Effects of temperature on phytoplankton composition in winter experiment

F2% Spocies 12°C (X184 CK) 16C 18C 20C 22C 24°C 26C

Od 3d 7d O0d 3d 7d 0d 3d 7d O0d 3d 7d 0d 3d 7d 0d 3d 7d 0d 3d 7d
R B AR + + + + + + + + 4+ + + + + + + + + 4+ + + +
SHRESE + + + + + + + + 4+ + + + + + + + + 4+ + + +
HRTEsEE + + + + + + + + +
B EsE + + + + + + + + 4+ + + + + + + + + +
P2 grEE + + + + + + + + 4+ + + + + + + + + + +
BRIK B + + + + + + + + 4+ + + + + + + + + 4+ + + +
el e + + + + + + + + 4+ + + + + + + + + 4+ + + +
ERAEE + + + + + + + + 4+ + + + + + + + + 4+ + + +
A& + + + + + + + + 4+ + + + + + + + + 4+ + + +
KEEE + + + + + + + + 4+ + + + + + + + + 4+ + + +
RRIZFE + + + + + + + + 4+ + + + + + + + + 4+ + + +
TR BE + + + + + + + + 4+ + + + + + + + + 4+ + + +
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HEZE, HERZEHET R, 28C LI HPAH 12 FHFiea Y ;30°CH 32°C WA A 9 Mitilsmy; m
38°C LA A 3 AR Y) 40°C R T RATIE AR 1 BERFEY. BLXFELLRES T XA,
12C LR A 12 PR Y16 18 CH 20°C LA g 11 Frilie i Y ; T 30°C sEle 4 b HOA 5 Fhifils
T ;32°C SEBe 4 v H ) 3 R ERIEE Y534 .36 38 C AT 40°C SL I 4 vh iR s i W13 23 sE 1, B R — 25
H, BEE G IR IEE R, B R R BB, X F E R TR AR Y OE W 2 A m e, K
S Z IR, 2T,

FOh MBI ETHERBE AT, A SRR M EK, BFEYMH LS BEHE >, WEE
2C LA, R FE 7 RNEFEIEY R B AKEEPE 16 M2 9 f, £ 32C LB A, 5
B2 7 RENFHAYIREE0h B K 12 R 2 3 #,

3.2 RBEXHEREE Yy 2 O R Y R

VB o IR R ) 0 B B L B, BRI A & LR S A I M IR 4
BRHESCH:, I BIE T B RA R E M EA B 2R . SREREN, EESREENIA, RiFEY
MR E SEERISEXR, AXEMERAMET , BREX TR K SRR R ALk Y
B AT<8C ,ZF AT<14CH, FHHH YA % B SRR S L1 o )T K T 2 I KA E, BRI E Y
FREB GG, AP LW EE NS, YA RERSREENIEEX R, BEE30CERA, &F
24°C S , BUAE YA KRB BT M, X — BRI ML 5 B o 4 MR 307 E BEFNIE 30 W 7 1Ly k3, 7
FEE XA LIIRE, Ono ™! %} 7/ F. 25 M Heterosigma akashiwo HIBFF LR —3, LT LEF,20

~26°C LI , R E Sciu i Rl RSB, I Y A0 I % B AR B LA S BRERE 2 ~3 d BRI
YA B AR, B S R Y AR S K B, T B i AR KR 0 24°C >22C >26C >
20°C, X FHEREH TREN IS, IR LEEBERES R, SR 3 b TR E Y A& N R T =
FhREB W , A TS FR IR ) 40 M 25 . S B R D82 , SR TIRE A S B TR B S 4, B TR PR M DL 5 2
BWTERL, 3 ELGER A ¢ B0, BRI PR L 20 B 25 M OB W i, Wilde 01 Tilly '™ B 55 4 B 138 3o B8 2K
CEFp R B2, HIRE IR ER 12. 5CH, LEBFBE R, OF B AR E 30°C ), EERBER T & #5100
B, T EX S S R

HEZEATZ10C ,£F AT=18C i, FEA EREE K= , FRIFE Y 40 i % B el , Sl i
FPRYEEE B S EEE, ERXA RN EEEETTRREEEREN AR, RIFEYLSERZ
BRI T TCIE AT IE B BOBTBR I AR K %78 . Rajadurai 257 B9 K BE 2 FhaE3E (SEFIARIFE Chaetoceros
wighami FIHIHEXL)E B Amphora coffeaeformis) B K B ZBE 2 TR I A5 (28 ~40°C) B WiFEM. Coles Al
Jones'™ BRSTI R IR M K R 5 B O A R B IEA XM , Davison ™ BFFTE I PRI MR 6 Ak 2 52
Y1 12, Morris A Glover' ™ P43 & BRI — < 1R ¥ V05 L g v SR 2 A OB A iR R T I, — B AL BRI i ) 32 31
i, Martinez-Arroyo %™ B 5% S8 75 B 5 v ) ¥R HEZK MO 19 1R IR O TR BPARL D R A R R R I
15, 3 Y6 B T SR 88 ( > S00pE m’s ™), Coles 1 Jones'™ BF 57 24 5 i i 5 20°C I Ak 3 (R A HEER
Aulacoseira granulata) B Y66 78 ZREEAK, 2R 0 X 15 B (45 5 B B Microcystis aeruginosa Kutz. | 5/ 34 5
Merismopedia tenuissima Lemm. F1EA#E Oscillatoria sp. ) FIAISE I A G SRS IRE = m i, 77
XTI Y 6 B 1R Rl B R Y 2R T 5 o
3.3 EEEXKAR R E

T O FHEERRE D, U YRETE b 28 IR 2R B B 4R, T ER IR Y0 1Y 23 1 B &R A [R] R 35
BERZ A YRR FYER ™ IR R R R W B R AR BRI RS RO R AR, (B R
IR YRR P AR UM, SREREZN, LT KSR RESRIFEYAREEZER
# B IEAE KM (r =0. 81,p <0.01)

EEMNFHFEYNHSRRERREE  EELRRENAR, HERRRESEEEREXR, XGRS
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Boylen Al Brock'™" i 1% B 4% 52 # — B, T Coles Fl Jones'™ Xt 4 R Y A E B (B M EXE M.
aeruginosa Kutz. .5 /N FZL B, M. tenuissima Lemm. F1BR B Oscillatoria sp. ) M B (B A HEERE A
granulata) AR KRB SR a WEFEERE (10°C ~30°C) KA m Mg in, JF80A th BLRE A A 1RE ARt
BE A WREREEALR, X REHTARRFEYNEREFEER, HEZF AT<8C,£F AT<14CH,
KRR E SR 2 PGS, S R YRR A Y R BT, B RREE TERE TS, R R
WENHKERSEEEREEXR, BFI0CERA, LT 4 CHERA, HEREREREKEREI &
K, HEFEAT=10C, 4% AT=18CH}, BEE SRR E AR , WK o i3 R 9K B2 8 BEAR , Ui B FR A
YIRS AR Yy BB TR L T W08 2 , Pane 4510 F1 FI#AE (&) 4047 ¥ (thermogravimetry , TG ) R4 #4
Sk (differential thermal analysis, DTA) X} 4% 8 Tetraselmis suecica FEF7RF5E, IE T BB RN FE a 1k
BRI S 2R,
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