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Summary

Porous granules of calcium silicate could absorb hydrogen peroxide (H,0,) solution and release it
in water. In the author’s preliminary investigation in August, 1988, the sprinkled, H,0,-laden porous
granules of calcium silicate acted destructively against Gymmnodinium nagasakiense in sea water. We,
therefore, thought that this method would be applicable to remove the “red tide” occurring in fish-
culturing fields, This study evaluated the toxic effects of H;O, on G. nagasakiense tn vitro, and on
fishes such as yellowtall, red sea bream, striped jack and carp. As the result, Hy0, laden in porous
granules could destroy G. nagasakiense at concentrations as low as 4.5 and 6 mg// within 30 min. In
toxic studies on fishes, although yellowtail, red sea bream and striped jack were treated by 3-min expo-
sure to concentrations of HzO; as high as 300, 900 or 1500 mg/! in a bath, no mortality occurred among
them in 5 to 10 days post exposure. But yellowtail that were exposed to HyO, at 900 mg/l, and red
sea bream exposed to 300 and 1500 mg/! of H;0, showed slight anemia due to methemoglobinemia. In
the case of carp, they were treated by the long-term immersion of H,0,. The median lethal dose in
48 hr (LDs5y-48h) of carp that were exposed to Hy0, alone was 42 mg/l.  The LDgy-48h in carp treated
with H;0, laden in porous granules of calcium silicate was 69 mg/l.  The result in the study on carp
suggested that the combination of H,0, and calcium silicate reduced the toxicity of H,0, to the fish.
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T BHEPRE ST DY, 85 513 S LIRS
Wiy W OBBARFEROBREEIEE L, AR
TEARKOFEMEAT HHEIHAT LI L2 ER L. @
BRI IR U 8 & 2 AR 2 KPR A L7 E, &
W ASK R & BT B, R L 78BS AR L
TEFH A ZHM L, TLIICIRIR S hiz@m kol
WEiiEeR Ui, 72, ABAN OmX3mXlm
K CHRFEERAB 2GR, B AR EO ATk
EWAsR ORIl (BIFES, kR, TDLHITK
FiEGEBbRFEOKPHHER S ICT 2O HTH
Bo T/, HHOIX19884E 8 HICZHIRH BT ORET
4 U7 Gymnodinium nagasakiense 12 & HFRENIH L
T0% BB LR FARIBR S IUHERRE S 0V & 7 2RO
iz & D, HEHRMOHIEELRD, 25 LT
HFEBRDEE RS S, AT ORI FAER, KLY
Rl LTI ERE X, FO/DITE, R
W77 vy b BEER L AT AR e
DWERAILETH D, FFETHE, LOUEEHIFLE L
CEHILEEER A NV 3 7 L PRI & & 7B LR FE IS
& % G. nagasakiese DR % in vitro FEERTHE L
720 T2, FWOBEKRTEELSRBAETHL 7Y,
w54, Yo7 PhEizontamitkEoss Lo
TR EHE L

MEB L UHE

BEKERORIR & LTOLILHBBA LS v 4
BRI AMPE - 2oV - D — B At ORI 3~
Smm (Fig. 1) BL UK 2~3mm & H iz, REH
X 2B RE5~T75%, #HILIE 0.5~0.6glenm® &<,
BEOH 1 ~ 2 HOBRE AT 502 R0, R
DALEEE ST Table L IR L2 & 5 KHEPHIEELE
¥ v, BEEARIEKIZZ0% EH (FBMIETE) &
6 %A (A UMb RII9ERT) R V72,

1. Gymnedinium nagasakiense (2313 2B HER
19884 8 A I BNTC, £/, 19894E 8 A=k
HSNT OB CABRSE S L G. nagasakiense & 1\,
200mi REDH T A7 5 A2 E/1E 250ml KEDHT 5
ALY ¥ E L TERICH L, EBROH0H
BRAL AR I 13 0~ 150 mg/! WM EE L, BEbkE

Hglh, &5 WIESILHERRE S LDy ARSI ST
¥l Uico R E LCOSILHIER S V2 o Bk
1g T 1ml OBEALKFEKRERNT D b, KK
BRC I oMM AL R B REBHART Tml AR
L, lg OBILREEH VY 28 (R 2~3 mm)
IR 88T HeMmit A Lz, BELKEDORRH
FIE, TI o b 0BRGN B X ORI
Wamie Ui

2. ABCHTIEMESLURSMER

AL LCUERET OIS CHE SN THS
T, w¥A, LT YRV, NG ORIk
WK CRMIFE AR R 220, BELKEDIRE
RS X B B BUR B AT & o 2o, LENE, 4
FRCHE L O AR e e B L, itk
gt R Ls, E7, SRR EA RO RINER
DANEFVEHET 2 PRI ERILTA IANE
sulyMAEFEH IS I &0 6 MEMEIR LB~
g7 (FMAERE 1500g), w54 (FEfgE
800g), 7Y (FHKE 250g) DWW TKIE 21~
24°C DEMTIT % o 720 PMERROES, 7711 1500
mg/l O3 AMBERTHE L A PAEIRE VILELE
ZLCHIE LD T, BFEALKFEIEREZ00 & 900 mgl
3OMEBMELE Lz = 412D W ISR Lk ik
BE300& 1500 mg/t @ 3 MBI L Lize =7 Pl
LK HRIRIE 300 mg/!! @ 3 4B & L, B,
MRS REE L7 3m® OAJEICINA LTS5 ~ 108 M4k
PR Lo MR O MR IR QB A 5 100 BIZA
DERER D F 2 o~ RE L IRM L, By (v
VAT LA, TS5y Fhory—), ~n2hboUy
Ml (EBHEEE), ~NErOEVE (2 LA T VLR,
THEaAY v FYAFL) RMEL, PRIk~ S
o, FERIOIRER, PFHRMR~ES O ik
EERE L,

¥/, oA AR TRISE ST TH L7120,
BE KRR C oSN & SILEER S VL7 2B
0 2 2 /BR LR R OB O LR Ik o 4 W T
Thote EEIIESROA4 (RE 20~30g) % 50!
DI 54 hRM ORI 20°C) ICINE L, BEMEAKHE
W% 0, 22.5, 30, 45, 60, 75, 90mgl IZEE L,
ABEEM OPETEH & UHL LN & % U Ao aBREILKTEAR
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1. G. nagasakiense \=337 38k

31 EgElRi, 19884E 8 AZHH B OMETHR
68 U7z G. nagasakiense % Fvy, 200mi @ G. nagasa-
kiense % & ik (210018 4/ml) (ST SE R OB B
KHFEAB L UCEIVEERE A V3w ABRICRIN S 228
BALAHRARDEA T B, HFELTwEHE TSI V2
bR E B L TORRE, BRLKIREEA
JEERIX CILMBR LA MERE 9, 15, 18, 37.5, 45, 60,
75, 150 mg/l TIE100% MM B AT = b, Bt
79 AT EECHIMRICILE L Cunds, Zhuca LR EE
IR CraaolikIREE B L CTwic, SILHERES Vv
vy LR S A R LK SRR AN SEBRIX T,
MIE 9, 30mgl & BIT100%MIBREANE = o Ttz

2 sk, 19804 8 B MRS OMETER
G54 L7z G. nagasakiense & fiv>, 250mi @ G, nagasa-
kiense® B Uil AR EBRLKFIRE 0, 3, 6, 9, 15, 30
mg/l TEREAbAR R E SILEEER S V2 7 L RIS
W THAL, 8B (15 30, 605%) L20TT
Yo b AR EE L, T ORI Table2 (12X &
Oy, SEREYBRTERHRSIEEAERS R
ol FNIH LT, BERILRERE 3mg! A
X Tid155 Il b % B4 A B REMl B L,
BRI L 72 6 mg/l AR TSI KA
lalp i B A ABIREEMINE & 2 0, 3003 vkl
iz AERONE ol 9, 15mgl AR TH
IS RIS D BAERIKESE B4 HOKT, K0l

Table 2. Destructive effects on Gymnodinium naga-
sakiense by H,0, ladan in porous granules
of calcium silicate

H,0. Time progress Number of the cells
(mg min (cells/mi)

svinming S

0 15 12300 0

30 12500 0

60 6250 50

3 15 7140 3360

30 5770 4630

60 5010 5790

6 15 2580 11320

30 90 10710

60 0 10300

9 15 90 10510

30 0 10700

60 0 10300

15 15 90 11110

30 0 10100

60 0 10500

30 15 0 11600

30 0 9700

60 0 9600

Water volume treated: 250 ml, Porous granules used:
lg

b BTHREREMRE 20, 05%ICEETHE
P 2 REHIREEMIL & 2 5 720 30 mg/l AR THE155>
BILETHEZ > AR EME L 2o T i
(Table 2)

o5 3 EFLERI, 452 MIGEERICHISHEE, RiEOMR
LR FEDSRERAN RIS DOV TIIET L 7o BT B HEE A B3R
KUT 307 ORI~ L7 G nagasakiense % ¥l
BL, BB L7, 250ml D HET S vy

Table 1. Chemical component of porous granules of calcium silicate used in the study
substances Si0, Ca0 AlzO3 Fep04 MgO Ig-loss  Tatal
content (%) 54.7 25.2 2.7 1.5 0.3 14.5 98.9
substances Cd Pb Cr As Total-Hg Cyanide PCB
analysis* ND!  ND?* ND* ND* ND?® ND?® ND7

1:<0.005ppm  2:<0.02 3:<0.04 4:<0.01 5:<0.0005 6:<0.01 7:<0.0005
* following the method in Notification No. 13 of the Enviroment Agency
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by 2 EUHKIGEEORERE 0, 1.5, 3, 4.5, 6,

7.5 mg/l THREALRERE STVRIER S A > 7 A RIS
PR SECHRAL, &R (15, 30, 605#%) K20y
I o b AR NE Uz AL 2 M YE L.
ARGEBRL AR LAz b 0 Lz h, M
FIEA R C & RE A BB R o hrz, FhiC
LT, B ARZERIE 1.5 mgl AR TIR600# b
KA-DHILILEKIRECH B0%, 150BICHRELE R
TAHARBREEN S SENI L, RREcHmL, B
BRI SEILRE 3, 4.5, 6, 7.Omgl R AR Tl & H1i215
SEIISHIRE L % B 5 RO A A il £ 1
LA LD B CHBIL, BRI AR IR L 7
{Table 3).

Lo fEffaiciEo &, Bmk#E 3, 30mgl K
BHETIC BT B G, nagasakiense OIEAL % e 12 B
PR L 7o 3 mgd IR EEMEHR, 2075 vy
b HIRIETH & 2 BT, RAICREBRIIAICR)D
HEHIEAS A 27 1) o — BB A HIREETY IS D Y, &5
HE 70, BMER A5 L5 DAtk 4

TEBL B ol. TOMH, HHHEESEE L, MEEOM
BLAERISA D, O/ OMNLILARIE & RS L AT
& T oo 105741 IAHEE & ARENIE IR L, MR
A2 b L & QIR A L L, R ORI
LCERIBAL Lo 7z (Fig. 2)o 45 kil i g (2
WAL, MR O —MAspd &4, MR B & OBEEE
AT A S L CHIl R AR LA, F7:, R
1Lk 3% 30 mg/l KB CTOFERTIE, G. nagasakiense &
MBI REY A L, IB1E, MRt MY
BEUHRAROBE I ERI L, 35 SDPICHR L7
(Fig. 3) o

2. REIWTI?EMSLUREE

7 TR AR AR SR 900 mg/l SEV LI % O R
MUCHS U CRILERD A kAT 70 4RI & AMEON
B OLRBYH LN, ZOHI0HMOME LTV
WIS LR R BB LA, B ER/FRAS
Nipdroize F72, WEELKIEILE 300 mg/ WBHT
B E A LR IR S 2 h ol @I LAKIRE 300

Table 3. Destructive effects on Gymnodinium nagasakiense by H,0, ladan in porous
granules of calcium silicate at low concentrations

Number of the cells (cells/ml)

H,0 Time i .
(mg/l progress First trial Second Trial
(min) swimming standstill-burst swimming standstill-burst
0 15 25160 340 21240 150
30 24750 850 24350 350
60 22090 410 18100 890
1.5 15 20970 3230 17160 1750
30 18290 5710 14840 2060
60 17440 2560 12010 590
3 15 13710 11090 7040 9160
30 8330 11870 6240 8960
60 4650 15750 5500 8400
4.5 15 4350 16150 5500 11100
30 1690 17520 7580 9730
60 1410 16790 1360 12240
6 15 3340 18560 5180 14020
30 870 19530 3550 15150
60 270 17830 0 16100
7.5 15 3160 14440 150 10710
30 660 11040 190 10710
60 0 11500 0 9600
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Table 4, Hematological data of yellowtail exposed to hydrogen peroxide

Hematological data

(Ir;lxzo ; Days aft(;l; (mean and standrd deviation of five fish)

g exposure RBC  Hb Ht  MCH MCV  MCHC

0 346+ 12.4 50.5 36.2 146.7 24.7

31.9%3 0.8 3.9 3.7 15.8 0.9

300 0 350 12.6 48.7 35.8 139.1 25.8

24.5 1.2 4.1 1.4 3.8 1.0

3 382 12.9 50.0 34.0 130.7 26.0

43.2 1.1 6.4 1.2 5.4 1.1

7 376 14.3 54.0 38.1 143.9 26.6

26.0 0.8 5.3 1.3 10.7 2.0

10 350 14.8 53.0 38.0 135.7 28.0

12.4 0.6 1.8 1.5 2.4 0.7

900 0 406 14.4 57.6 35.5 142.2 25.0

40.2 1.1 5.1 1.8 5.2 1.6

3 301 12.5 43.7 42,2 146.9 28.8

33.8 1.6 2.4 8.5 16.1 4.5

7 337 11.4 43.4 33.7 128.9 26.2

13.5 1.1 2.7 3.0 8.9 2.0

10 369 12.1 48.9 32.7 132.4 24.8

13.9 1.1 3.0 2.2 5.7 1.8

#1: for 3 minutes in a bath at 21-24°C  *% mean, *% standard deviation

RBC: red blood cell count (X 10* cells/ml) , Hb: hemoglobin (g/dl) Ht: hematocrit
(%), MCH: mean corpuscular hemoglobin (y%) MCV: mean corpuscular volume (25}
MCHC: mean corpuscular hemoglobin concentration (%)

mg/l LTI, 3 H, 7H, 10BZOME
B TH R AR RE R A S e d o (Tabled),
WEE(LAKHIERE 900 mg/! BT, 3 HEDMAR
HC, BECRMARDSNAA, TH, W0HBROME
M IR ESE L Tz (Table d),

v &4 Tl KSR 1500 mg/! LA T, ML
BERIIBREDOA PASF OV ESR LN T
HolnT, SHHMOFAFNHERE L TRELREL
Too ZOMR, 5 HMOMTETHMPICBELREIIRS
N ol 5 HHDMBARETIZE RBF 2RICORE
MaRMATED Sz (Tabled), MER LA 300
mg/l WA Tk, A%l BEOMBEMETS B 3
BB  MATR S 0z, 5 B OfFEH A
R ERBIRI O D o,

e 7 VOBBRALKEIRE 300 mg/! MBELATE, 5
HIMOMEMR R c gL SRR RN o7 &

7o, MLEL] BERIZHUIMER B ARE Lo, 4RI R G
B orz, (Tableb),

oA T, BERERIOREMBAIZL Y, Smgl L
LTI S N BB AU S N CHE OO SRTE L B
BAPANEZOEMGERRI UCHIE L, +O#KE,
WAL K K B 5T D 48R - 3B SE M  (LDsgy)
H42mg! ERESHI, FRISH LT, SILHEREY
Wy A JERLCIRIN S & CRE kR R4k 5 L7588
T, 24B$ LDso i3 75mg/l, 48051 LDgy 12 69 mg/!
EHEENS, ZORRKTIE, IR OBELKHC
LB LB OME R EHE LTBY, A
MBSO Y MIERBBTH o 70 T 413009 508
{LRFEOIHIE, BRLKEIMIRYS & SILH R
Vi LA JRAR R LR RS- 013 5 PEER S 7z,
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Table 5, Hematological data of red sea bream exposed to hydrogen peroxide

H,0, Days afte Fish Hematological data

(mg/1 exposure RBC Hb Ht MCH MCV  MCHC

0 1 315 7.8 3%.7 248 1133 21.8

2 300 8.0 37.1 26.7  123.7 21.6

mean 308 7.9 36.4  35.7 1185 21.7

S. D. 10.6 0.1 1.0 1.3 7.3 0.2

300 1 1 245 7.0 32.9 286  134.3 21.3

2 245 6.0 33.8 24,5  138.0 17.8

3 275 7.2 6.6 262 1331 19.7

4 335 8.4 41,4 25,1 1236  20.3

5 300 8.2 39.4 27.3  131.3  20.8

mean 280 7.4 36.8 263 1321 20.0

S.D. 38.4 1.0 3.6 1.7 5.3 1.4

1500 5 1 305 7.4 30.6 243 100.4  24.2

2 320 6.2 24.7 19,4 7.2 25.1

3 288 7.0 30. 4 243 105.6  23.0

4 350 9.5 3.7 2.1 1249 2L.7

5 250 6.4 28.6 25,6  114.4  22.4

mean 303 7.3 3.6 241 1045  23.3

S, D. 37.2 1.3 7.2 2.9 17.9 1.4

S. D.: standard deviation

Table 6. Hematological data of striped jack exposed to hydrogen peroxide

H,0 Days afte Fish Hematological data

(mg/l exposure RBC Hb Ht MCH  MCV ~ MCHC

0 1 410 12.0 45.7 29.3 1115 26.3

2 390 9.4 39.1 24.1  110.3 24.0

mean 400 10.7 424 26.7  105.9 25.1

8. D. 14.1 1.8 4.7 3.7 7.9 1.6

300 1 1 425 10.5 38.6 24.7 90.8 27.2

2 445 1.0 386 24.7 86.7 28.5

3 425 9.6 38.0 22.6 89. 4 25.3

4 460 11.9 49.3 25.9  107.2 24.1

mean 439 10.8 41.1 24.5 93.5 26.3

S. D. 17.0 1.0 5.5 1.4 9.2 1.9

S. D.: standard deviation
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# = SBEALATINE 15 mgl A THS S & HE LT

REROEER DO, LILHBBE A V2 2 PRI Bo TNHLDI LD L, G nagasakiense B L U C.
7B FE I, EE 3~6mgl, 15~304T G. maring 12 & BFRE OB LT, SE{LARERDK
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7o, HERRBIC 3~15mg/d ORI £ 4
BEEfE D i L e ni B,

RFECREMOBREL > TVET ), w54, &
RT VOV THRE BB bR RO RNEN L etk
B L 7ze ARGEERT @A LK O B I HE 300~ 1500
mg/l BRAGROFE 75 7 b VRBRASREL h 12 S
PIEETH o720 F7, 6 %BEMLAEAR 121 %
12Kg OZIVHEERE S V3 vy A B ISR 8 4 Tk ik
AT B & aREBRAOEHEIIE, Bk (15958 08
ALK FEORRIEE 10 mg/d 254 LAY (B 6, &
5658), TORELY LEBREREEHEOETH - 72,
772U, BERLARI RIS TUR B L Oy LA HiR D
AT, 0L RIEREGHBLL v, AEBROM
R, T, A, T VISR K S
LTI, X PAEFOEMEIC L AR LRI $ 78,
BRI BLREERITI @RV e s NS, T2,
aAd, T, TEABLUF T T SREASNAESIH
BERAN DY LN EMAT LI LWL 2720T, ¥
BOMBITREZ S BV RIS R,

AUIBRE LR E 2 Bl T B 1R, MhomHIIC b B
BRBEERONL, BIRILKEOHROIETIE, 7
A TOUBEMH LDg 1 224mgll, & v E 024N
LDso i3 155 mg/l, =7 ¥ D248 LDsyld 89 mg/®, 2
O ¥4 ONHELIIE N 35 mgd Bk, 30H#O o
FAFHEIBHEED = & 1 {70481 LDy 3 7.9
mg/l, 2 V= EDI5HEO48HEH LDg 1 11,6 mg/l,
T U OIGEEH LDgo & 35mg/l, 7 oA 4 050% 4
EHROUSHEI) & M. dmgl (T3 kBE) & LA

Sl oTwh, TNHLDF—506, C maring 2
245 B BE R ORI TR E 2 4 b R4
Hohs, Lil, TALDF—gEnnb B
TEBRTOFHRTH Y, W%, HRFRREERTILIEY
OEEMIEEE LMD D, 48BIE, LT KEE
PN BB LR O e, BEBREAFE LIS
B EIVHERE S 2y LR ORER R R B L O
RO EILDFHEIZ DT OREILETH B,

AT RO BIH Y, SILHER Y LY LB
(22050 AV gzt Bt AR ¥ S A
BRI R I 2 R O e I o AL T
WIS W T 5,

Xz #

1) %, ME, ENE B, KHIEE AFE
— B, Chattonella marina 578 5% O MG —i%
IR H L R S5 ET B 7
U=3 ThNORERE ARKEEEE 55 6):
1075-1082 (1989).

2)  BEERVROKBERERYS, 4~ EIR SRR
ERE, DABIESI D RBREOBANESE
WOBEE (C). WHFIC24E BE ARt R B 56 SLER IR
4557, 104 pp (1988).

3) ERBROKERRES, -BBURAeRFNER
AR, (DIEEEE RSO REL FEF OB LY
Yy bR TREOBRIBATOMSE. BMEIERE R
WA AT B S BB EEE, 106 pp (1989).
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Explanations of Figures

Fig. 1. Porous granules of calcium silicate sizing from 3 to 5 mm.

Fig. 2. Gymnodinium nagasakiense in 10 min after exposure to 3 mg/l of hydrogen peroxide. All cells were swollen and
contained swollen chloroplasts. X200.

Fig. 3. Gymnodinium nagasakiense in 2 min after exposure to 30 mg/l of hydrogen peroxide. All cells were swollen
containing their swollen chloroplasts and had been burst. X 200.
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