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B E AXHLTE, 8B TARFRAENERRTRUEALSA, RAT A
HOBERREF i, REEATHELAST. B, FHTRERFN, #B5FEA,
R AV, 2 REARY, B, BB FTHREELR 1057-10%%mel/ L #
0-10Pmol /Ly MEFARTH LR KFANLEMR, HSHEFAANAS SRS
KL 38, #85FEA5MN KT 1030/ 10 mol /L o, HAKALE
M, FETERXTHEFENE, AdmA%SM EDTA, %8 HRALHK,

X@iA &%, B, #, BTEL
W F

W RRRME RS A FATHHRERY. RMTALTETE, FROAENR
MR HEEENEARIT. S0 E ) ZERNLREME Y —, EIFFERED
fRGH T RFRR. B, SREMFFEESREPNEDHEZ—,

Wk R 4 BT R IR B E R R, EHERKRRFARE Y. A
KERRFITHT L HERBBEUT 4o, @A @ SA5RERREHR, Bk
WAL & MBS IR S5 VR R R R AR RS I RS WA R L AR |

NS, S Tt A A AR TR N TR P R L AR I P B B0
HEH, FAXHARETH. SR FHEHARBREWEE (Jsochrysis galbana) KM

REFEERE, SEARSMFFNAKPEENNE. SR FRERICLHBER,
S A
(—) MR B st 5

HREW S (sochrysis galbana) BRI A P FELEBERE, ‘
W, S THEERES B HMKEM (CuSO, - 5SH,0) FE/LE (ZnCl) RHMR
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» FHEESRIM ARMEEE, ERIHE,
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Il By EREE: &3 (Usochrysis galbana) HEFRPHEETHREER 9

2000mg / L, BfLiG7e, MBS 2.5x107mol / L. EDTA 8%k (Z-KE&
T8 IBIRACHIER 2.5 X 10 Pmol / Lo B RIRIEI A4y 740, BEvR A UIRK 2% £k,
(DMK ERES MALE

BE&KESMEAK (B 29-30, pHS.0-8.1), WHETRZMERMHD, 0452 %
LB R R, ExXPiAd. Wik, BEREIEB. B 48cm, HNEE 2. 2em MWEK
¥, MEG>TELRARMN (FLREHARK), M Ilmol /L WMERLHE, BEETK
YT, LANER 10-20ml / min Fd i K, BRAXEFE. PR HILRTNE
ASERBET. RERETEMRPEMHERE.

FREREEERLSHA imol / L HEMRELEG, AERFAMIETE,
(Z)XRBFHE

£ 1000ml =M, MERLEBAK, WARSREEREERE, EREFERN
500mle MA—ERERRFBHR, F—REREHF—-HMA EDTAI0 mol / L, B4
FT30E, MASHESRENERRTRD 60 R/ ZEHELA., BERRE 272
1C. AMZHA] 40W BEATAEIE, Yl 4000Lux (TR NEMBT ™ ZD-
MABEHNE), tREEE : &% 10: 14, ERELER=ARMCEHES 345,
BRBEL, B UV-365 HicaXEEH (HARSHE) 7 550nm &M lom AR, L
BARGBHMERNE, BEHMEN, B3R FHHIFEAREETHER. RiREK
KB R sy X4 £4r bk (Single—classification analysis of variant, ANOVA) 4r
¥r, W—MEAEESENBWANRTE2E (Two—way analysis, ANOVA) ¥,
AELERE (D BE.

(=), SNTFREENHTN
Al Sunda ' UM A F BUHBHSEFEE, HFERA.

M =A_M+ EDTA A\ K yepra (1)
T R A K +A_ K +A K

™ ™ MEDTA Ca™ CaEDTA Mg~ MeEDTA

XE Mo Ay Ry DAL ETLBRERE., WEETFHRENLSTAEERYK.
Kuepra AR EEBITE S EDTA AR EN e Keppra F Kygapra 27 B 08508
1 EDTA & A REFE, 230 11.89 #19.99, Ac, 7 Ay, AiBKPEMBENEE,
MANEERE R, M Ry, BB K TFHEREUTE. R, M Ry, 575124 0.21 #1 0.26
OO FEEREAE. BRESN 9.44x 107 1 5.25x 107mol / LOP, R Ac, R Ay,
5y 8126 0.0020 #0 0.014mol / L.

HEME, F
A, EDTA_A, - 10'"

Zn‘[‘ = — Lo + 16.50 : gy 999 (2)
10 A, 10" +0.0020x 10" +0.014 % 10

Zn
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MEmE, A
13 80
A, EDTA A, 10
C“T = -4 + (8 R0 1189 9.99 (3
10 A 1077 +0.0020 X 107 +0.014 X 10
BHR ) 1 Q) HERARRAKRERTENEFEE & Do
#:1 ARBTFERITN
Table 1 Calculation of copper and zinc ion activities
i 13
Copper Zing
eI iw B
. Activity Activity
AR {mol / L) MARE (mel / L)
Added concentr— - Added concentr- -
ation {mol /L) # EDTA % EDTA ation (mol /L) # EDTA % EDTA
Presence Absence Presence Absence
of EDTA of EDTA of EDTA of EDTA
0 L[t 0 0 0 0
10-0 10 12.47 lo—lll S0 10—7 10930 10--8.{!}
1 U—E 10 ~12 57 10—9.80 10“6 10* E.23 1 0—1.00
107 1 10788 107 107% 10740
10—6 10--10,53 10—?.80 10—4 10-5.05 ' m—s.oo

(ZERFERD RS R EARE O E |
B 1 HEm T HRENSEEA R R RRER, R2AOHETHRIELAEL
RAERROEEER. UELRERM, YMASE 10°-10"mol/ L, % EDTA H#b
ETFEES 107°0-10%"mol / L £, SMAMRED 0 AFIMAREN 10 mol /L, WFE
Bk 107 %mot / L #HELEE, MEKE X (P<0.05) #RE. MX/LAZWELELZRF
(P>0.05) %, MARBEN 10%mol/ L MH4l, H EDTAGEHNTHEED
10"%®mol / L, J EDTA F-ER & FiE RN 107" mol /L, 4RBZEREEP<0.05. XM
AWRER 10°-10"mol / L, & EDTA fFfelf, FEEN 107°7-107""mol / L, #HZRER
£ (P<0.05) £5, HEMAKRED 0 EHEPARE (P<005) £R, NRAKTEEND
10°27-10*mol / L b, L&#EHEKRL,

£ HRTFHRSNESARLXELKROEN
Table 2 The effect of copper on the number of fsochrysis golbana at Tth,

i)k
mAMREE Number of cells { X 10* cells / m])
Added concentration P
(mal / L) # EDTA & % EDTA f#
Presence of EDTA Absence of EDTA
) 4979+ 46 499.1+17.6 >0.05
to*® 520957 5116+ 146 >0.05
10t 527.4+47 5224£9.7 >0.05
w07’ 513487 509.3 + 4.1 > 0.05
108 504.0%13.7 463.0 £ 6.0 <0.05
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3 TR, & (Isochrysis galbana) BHMBPREH THrREEE 11

YR % 10%Cal1s/m1)

L1} 1

1 SEMFRiaR S I BT A
Fig. 1 KEffect of copper ion on reproduction of Isechrysis golbana
L35 ToWAE -, =, 5. LRNER. A, B, C. D. EAYAMARKE 0,
1%, 10°% 107, 19°mol/ L, 2N E EDTA 7, Si0E EDTA #&. EDTAIREY
10 mol /L. (199348 A 12-19 H)

(DB TEENREEL WRAE X

B2 0K THESHSBCARENT®, %3 AN THRSHESRE LEE K
RiEEME R, BLUE- XA MRS AR RIS SR TR R, S mA NS
0-10"mol /L, # EDTA # 7, BFHEEN 0-10°%moi /L, £ EDTA H&EM, &
FHEEX 0-10°"mol /L, #EHEHEYELE (P>0.05) £R, YWMAKEN
10*mot /L, ¥k EDTA %#&R, EFTEEX 10°%mol / L, A0MREEENR BH b/
EEBE (P<0.05 ¥y REH EDTAHH, BE-FEED 107°%mol /L, SMkBEH
hEEBE (P<0.05) B, MAKEN 107 mol / L 4LHEE, HE EDTA MK
EE¥ (P>005) %R, '

) £3 ENTHRENSRELXEKRNER
Table 3 The effect of zlnc on the number of Isockrysis golbana at 7th.

el k4
PARE Number of celis { x i0* cells / ml)
Added concentration P
(mol / L} #H EDTA i fE X EDTA .4
Presence of EDTA Absence of EDTA
o 4264+ 6.5 434.2+ 6.0 =005
1077 4428175 4428+ 7.5 =0.05
10°% 4553152 4544143 >0.0%
107% 450.3+ 5.6 443478
i B3 1.9 3679+ 19.7 <0.05
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Fig.2 Effect of zinc ion on reproduction of lsochrysis polbane
1. 3. 5, TH#WAE—. =. E. LENERSERE, A, B, C. D, EMYnARERE O,
107, 10t 103 10" mul/ L. ZTHEESXE EDTA #4, BHXNE EDTA . EDTA A%
EH W mol/ L, (19934E9 H2-9 )

ME 2 ERTUFEN, FPEEL EDTAGE, BETFEED 0-10%mol /L M. »
REWEHBELERBRLYH SETEEST 10 % mol /L, FHTEREHE.

1t %

AXREES FRHEMEETEADESERT ™, BMESM EDTA HERER
WABASTRNETEE, BETH. BLRUETSREAENREME RN
BT TR e R A # AT REE Y, HHATIHEREA, MEREKPHAHKE
SRTRMEREEATREARSEERKGEE, ik, STHERTELLBMERIR:
R, EbeE OO BBEXEERINE, R T AREARESA, BXENARES
K BRERDEEETFEREA, BEHHSERPBLELERRRER. B—HH, Wik
THTERFHIEH, RERAEREK, KESAREEEK, HBIR TN
TR R,

ME BB MRRERE, WLBLEREET 10 mel/ L, FHTRENSN
MR EHE, REABASETHEEBEMm, SR T EEN 107 7-10"®mol / L ¥
EAHESEELERNEE, SR FEEZFRET 107 %mol /L i, &r4t8%,
BUOR i TR B H E T B R LB, T B S B %,

FETHBRANTR, EOEFEELERBREESBHLEE, JE2EGKT
HEH KRR, BT EREE 10 %mol / L AT, FEEEFHEM, B
ST AR EWE R LT,
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AEHEALE, EHH EDTA SREHERAHNREELHEHE®R, H, ST
ME, REWEHENRETHEETAEE, “LHRAESRE, AR TSRS
FEEMASZ—,

FXMAREGRAGE— B PRENEFEREPHE. SR THRSIRE, HR. BT
A A ARV R A R N S R, BRI TR B R RN T L A M.

B F X W
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OPTIMUM IONIC ACTIVITIES OF COPPER
AND ZINC IN SEAWATER FOR CULTURE

OF ISOCHRYSIS GOLBANA

Qu Keming Yuan Youxian Zhang Duxi Gao Chengnian -
{Yetow Sea Fishery Research Institute, Chinese Academy of Fishery Sciences. Qingdao 266071)

ABSTRACT The optimum ionic activities of copper and zinc in seawater for the cul-
ture of Isochrysis golbana were studied in this paper. A new method of seawater treat-
ment was used in removal of heavy metal ions from seawater. The ionic activities of cop-
per and zinc were determined from thermodynamic calculation. The results show that the
optimum ionic activities of copper and zinc are 107'*% —10%% and 0-107%® mol /L
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respectively for the culture of Isechrysis golbana. Copper ion is essential to the reproduc-
tion of Isochrysis golbana, but zinc ion is not. When ionic activities of copper and zinc
are higher than 107*% and 107%% mol/L respectively, they have harmful effects on
Isochrysis golbana. The toxicity of copper ion is greater than that of zinc ion, however,
the toxicities can be eliminated by adding EDTA.

KEYWORDS [Isochrysis golbana, Copper, Zing, lon activity
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