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1. A Study on the Distribution of Paralytic Shellfish Poison

Dong - Suck CHANG, Il-Shik SHIN, Hak-Rae CHO, Ji-Hoe KiM, Jae - Hyeung
PYEUN*, and Yeung - Ho PARK**
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Paralytic shellfish ‘poison(PSP) accmulate in shellfish as a result of feeding toxic
dinoflagellates. The shellfish do not seem to be harmed by the toxins, but become toxic to -
humans and other animals that feed on them.

The purpose of this study was to investigate the distribution and changes of PSP by
species of shellfish, collected area and collected month. Also, the correlation between PSP and
toxic dinoflagellate, Protogonyaulax tamarensis, was investigated.

Five hundred and six samples of 13 kinds of shellfish for PSP bioassay were collected at
the shelifish growing area of Pusan, Masan, Chungmu, Samchdnpo, Yosu, Mokpo and Daechén
located in South Korea during the study period from May, 1985 to Octcber, 1987.

Most of the samples submitted were free from PSP except sea mussel, short - necked clam
and ark shell. Among the intoxicated samples, PSP was most often detected in sea mussel.

PSP was detected mainly in spring(February~May) in the southern coast of Korea. In case
of Pusan, exceptionally, toxic sea mussel have been found even June and July in 1987.

The toxicity score of toxic shellfishes examined was ranged from 23.44 to 150.26ug/100g
of edible meat and toxicity of sea mussel was higher than other toxic shellfishes. By the study
of anatomical distribution of PSP in sea mussel collected at Masan in Febuary and March, 1986,
the toxin accumulated in digestive gland was about 70% of all.
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There was no significant correlation between toxicity of sea mussel and cell numbers of
P. tamarensis that one of the causitive organism of PSP during the studying period in Masan

area.

There was almost no difference in toxicity of sea mussel by water depth of collection, but
toxicity of surface shellfish was a little higher than those of 3.5, and 7. Om depth.
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REHES FEAAASY iz HAE god)
v TRHAEEMREE dovle MEKRAES
(Paralytic shellfish poison, PSP)o] A& 473 &4
7} 92 1o o] & PSPl B3Ity gL 477
Agso] 23 9t .

PSPE= 3 RUWFERES) Protogonyaulax sp., Py-
rodinium sp. ) ¥ WRvH|ELR 1 B
¥ol Clostridium botulinum® Htde ulx]A] %
Bt ESFE Foe Boj&d A3 FAUE
229] 1000000 E3te BEE Sho|tiEA - H
0, 1982; %o, 1983). ] #Hel FEHUE we v
HZ A& Jeh = Z(McFarren et al., 1960 ; Kawa-
bataet al., 1962) Mtk BEFolet stgen &
#Hol AR saxitoxing MR alaska butter
clam, Saxidomus giganteus®) KEMZ HE Faj3
I E2MNQCE Protogonyaulax catenellas %73
sla) HojAdHol 3t HFIL BiLEe Aol ¥
HPow E4E 2R FBRd F2 F35d
I BgEde e 7 eyt Alge] o] HRE
AHE ASde F50) HI AW A=
3t} (Ueda et al, 1982; Maruyama et al., 1983),

PSPdl 93 FEADE ml itk K FA
M 19303 W #H dEiA $toem (Kawabata et
al,, 1962) o] % d&NA = 19754 ol¥F 2 HFE
ol HIW3 dojy Fade Ao BAEA
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713 Ytk
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TR 100g T 80ug o142 AddMe i A
HE XL deH dEANME gF 40mouse
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o] A3 dojut HFES o] g L v)d Ao
2 F3=o] oo thdt thPo] AFF HAHolt).

FH PSPY| ©E AT njF, Jhud, 4B 5o
A& Medcof et al. (1947), Bates et al. (1975), Buck-
ley et al. (1976), Hashimoto et al. (1976), Shimizu et
al. (1978), Nishio et al.(1982), 415 % (1983), Onoue
et al. (1983),Hwang et al. (1987)0 "&]3}4 Bo] X
I e, EveEidiA old #F AFERE
1986'd 39 £ AT HAAAGYZANA A&
Eo] A4 AFGANE H AFGFF Alao) tigk
LAZXAF B £987)0l o3l wEE wp Y&
Boln I o9 Folry) JE HF o}

M B AFoME REE FERHY F
e Ao Yoz HA PSP B¥9} B4
2 S AAEFAES FA dste] 4ES
ZAE R3d e wioth

M R HE
1. 88

2 A AFE A8E 19859 58%H 1987d
10974 i, &L, SR, BK, =F#, KE %
KN S FARH Aol A AW REFig) AF
2 X)(sea mussel, Mytilus edulis) 215, Z(oyster Cras-
sostrea gigas) 63, IZN (ark shell, Anadara brough-
tonii) 49, B}A2 (short - necked clam, Tapes japo-
nica) 44 ¥ (clam, Meretrix lusoria)26, 2 %}(cockle
shell, Anadara granosa)28, M Z7Y (heart cockle, Ful-
via mutica) 7, W27 (purplish washington clam,

.Saxidomus purpuratus) 15. 7127\ (pen shell, Atrina
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pectinata japonica) 3, A5 (abalone shell, Nordotis
discus) 2, 28I (turban shell, Batillus cornutus)
21,84 o) & % (whelk, Neptunea polycosta) 19 %
HE1% (creeper, Cerithideopsilla cingulata) 147}
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Fig.l. Location of sampling area.
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B 489 AHEE BEESAE HE FRAB X
E(LBHEEE 2E E2%%L Gonyautoxin - 10}
ov %@ Maryland¥ Rockvilled] e 44 &
AAQFe] PSPEZSGo 2R HAPESQOT
AEFELS AT 18~21g I+ Institude cancer re-
search(ICR)A mouse FH & AM&3tqt}.

3. EEFX HH

AlE4 PSP 2F4L &L AFKRAFLEHEY
RREAMREIRSI(1978) ® Methods of Analysis of
the Association of Official Analytical Chemists (Hor-
witz, 1980)8) kel B RHFig. 2).

& AT NER WAEE JFAd Eyeld
Hi2 BERY o EatiE B oA 583 kAl
ZF oF 2002 38t g0 FAHEHY A
e A& 100g& YA Fsto 0.IN F4F 100
mist & 4& F 5N g4te2M pH 3002 2H
8t 583 Holi HEANA ¢43] 4% g 01N
GAe 2 pH 3082 RAY F2EFEN 200miE
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Samples

!
|

Wash, shuck and drain(5 min.)

I
l

Homogenize(90 sec.)

!
|

Take 100g and add 100m! 0.IN HC1
(The pH of mixture should be less than 4.0)

|
I

Boiling the mixture for 5 min.

l
I

Cool to room temperature

I
I

Adjust pH to 2.0~4.0 with 5N HCI

Make up to 200m!

Centrifuge for 5 min. at 3,000 rpm.

[
l

Supernatant
(PSP)

Fig.2. Flow sheet of acid extraction for paralytic
shellfish poison (PSP).
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4. BREERAE

PSPY EAEFE A O. A, C.(Horwitz, 1980)8}
Wi gl YEANEE B39 23 HY (Fig 3).

HA E48FE €I e EEEL4Y wmid
AYFE ERAPASY B4 el HIHE
MUE YEHE conversion facter (CF value)& So-
mmer®) Z(McFarren et al., 1960)o] & &<« o}
Zol T8k

CF value= A+(WXT)
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Inject 1 ml of acid
extract to 5~10 mice

Make a dilution to obtain
death times of 5~7 min.

l
I

Determine the mouse unit

N
AN
P A

\. Determine the
] N Conversion
[ \
| // Factor
| // (CF value)
I/
174

Convert mouse unit to ug of poison

ug of poison/100g sample

Fig.3. Scheme for bioassay of the acid extract.

T: 43FE9 AP g MU

ol f EE=AEAL dA BN JHE BF
=289 1m4E 42 511849 ICR mouse°l &
ZFALE e Ab A Zbe] 5~780] H& 5 gdg
CF valueg 78 9 AHgston AlgAN F28
ZE4E9Y FLFFEIAE 2L HEY A
F& Fd gF Kol st Fad

. P=WXTXCF value X200

PIAE 100gel B9 Qe 54%

W:AEEEY AFe gk MU

T: AISEY AR dE MU

200 © 3} Auj <

5.. Protogonyaulax tamarensis® £2| X S8

Z2A4 AAEHAES P tamarensis®] ZHA
7] 2 A Sk pSPete] FHAAE Lol 9
shod 223 - AJL(1984)2] el Wl P tamaren-
sisE £8 548390

2, 19873 2€98E 68 Atolo] EiLe] AFHX
FA Ao KEHK 1£ E #H3H 25% glutaralde-
hyde solution 40miZ I ES IFAIA ikl
A 2~397 BT F 200mIE F5F o 5
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1. HF5) K=

19854 59
28 PSP9
=3

JEHA 2152 88 v 23 1387 HF F
506~ & ¥ 5370 A& A PSPt HEE O oF 105
%9 AE&e YRR AREEE AFEH2}
5371 FBAE F 478 AFeA PSP7t HEEH
VA AEgo] e Aoz JEut & szAg
HAgAMNT AE&o] R st 4z 37 Mg
ot 278 Al geA PSP7F BEHAL A12Me 30
A8 F UR ABoA PSP/} ZHEHo HE &L
FoU AlEF7E A7) i Eo gA g vlasr)e
odelfth 28l 2, U, nu, Ml §9 2K
Ao AE, A8t1F fEIF HELE 59 1K
HoX& PSP7F AEH A &l

ZV7hE BARY AS AFEA 9 npA o}
vzt 2, 7lgi¥] SolNx PSPrF Aedctn B
(#n, 1983) H3L Yo FEMSIS Okinawa H1k
A& Al(xanthid crab, Zosimus, aeneus, Atergatis
floridus, Platypodia granulosa) T3 EAMEEEY
A% (turban shell;Turbo argyrostoma, green turban
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shell; Turbo marmorata, top shell; Tectus pyramis
and Tectus nilotica maxima)s WM % PSP/ HE ¥
tn BuE 3 glth(Yasumoto et al.,1981 ; Kotaki et
al., 1981). Kotaki et al. (1983)2 ©]9} &2 A9 11
59 224Dl Protogonyaulax sp. 8 EFIE
o] of e} iRl AW Jania sp.o KL
el Ao g Hadgrh

S8 B Ay A$ BAYAME PSP A&

NE WEFUFAME PSP/ HEHA Ee olf2
= FEuvet R BEEEOIERE Jania sp. 9
FLEE7T A7t A S z27Ho] oy 7] HE
ol PSP7} #&HX ¥v Aoz FHAC Iy
PSP7} A& 5 A ggtths Ao] PSP7F A ke
Ag Tahe AL ofJuz o8 HFR9 HILwIEE
HE A AT v gE AoZ BHAG.

Table 1.Distribution of PSP in various species of shellfish (May, 1985 — Oct., 1987)

Sample Number of samples Detection

name Tested Positive rate(%)
Sea mussel(w)V 70 19 271
Sea mussel()? 145 28 19.3
Oyster 63 0 0
Ark shell 49 3 6.1
Short - necked clam 44 2 4.5
Cockle shell 28 0 0
Clam 26 0 0
Heart cockle 7 0 0
Purplish washington clam 15 0 0
Pen shell 3 1 333
Abalone shell 2 0 0
Turban shell 21 0 0
Whelk 19 0 0
Creeper 14 0 0
Total 506 53 10.5
1) Wild

2) Cultured
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Table 2. Monthly changes of detection ratio of PSP by collected area

Collected area Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Total
Pusan a/bV 0/2 2/14 5/25 3/4 6/49 2/9 2/6 0/13 0/15 0/10 0/10 20/157

Ratio(%) 0 143 200 750 122 222 333 0 0 0 0 12.7
Masan a/b 0/2 3/14 5/23 5/18 3/19 0/10 0/5 0/7 0/9 0/12 0/10 0/2 16/131

Ratio(%) 0 214 217 278 158 0 O O 0 0 0 0 12.2

Chungmu a/b 0/9 3/16 3/10 6/50 1/14 0/11 0/12 0/11 0/11 0/24 0/2 0/1 13/171
Ratio(%) 0 188 300 120 71 0 O O 0 0 0 0 76

Samchénpo a/b 0/8 0/8
Ratio(%) 0 0
Yésu a/b 0/2 1/8 0/1 1/6 2/2 0/2 0/2 0/2 0/3 4/28
Ratio(%) 0 125 0 167 1000 0 O 0 0 14.3
Etc? a/b 0/2 0/7 0/2 0/11 -
Ratio(%) 0 0 0 0
Total a/b 0/17 9/67 13/61 15/78 12/84 2/32 2/25 0/31 0/37 0/46 0/12 0/16 53/506

Ratio(%) 0 134 213 192 143 63 80 0 0 0 /0 0 105

1) a/b : number of intoxicated samples/number of tested samples.
2) Etc. area contains Mokpo and Daechdn

Table 3. Toxicity of intoxicated samples by collected area from May, 1985 to October, 1987 .

Collected Sample Range of toxicity
area name (ug/100g)

Pusan ‘Sea mussel 26.74—127.62
Ark shell 39.60— 71.51
Short—necked clam 23.44— 25.52

Masan Sea mussel 31.36—150.26

Chungmu Sea mussel 29.11-104.39
Ark shell 63.65

Yosu Sea mussel 37.38— 81.05
Pen shell ) 37.73
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1985 5436 19873 10871 X) 3070 € zte] PSP
A2 &L ARE HEsky HWKFIZ vas 23E
Table 29 Uehhier BHl H&&L Appendix

table 13 2t}
AAH oz B u PSPE FEol BARl 2 3

4,599 J2Ho g HE U 19873 T E0]3}
A A 627 790 AEHYen 1 o
2l9] doles A& A gk 18 PSP FE
A A7 KBEWYE 88~169T olgon ZA}Y
T & HAEE P S B2 10863 3¥0lgloy
o] 19873 492 F£F A gle) 397 499
A& &) &4 UexchAppendix table 1). E3 ¥
d HEAEEE 389 490 ol AAYRZAE
537 % 52% %) 28707} 3, 489 HE&H S
e B34 REHLI 48 Rez A0
(Table 2). ‘

A9E HA&2eL A4nEdE A 7 AY F
AEEo JH1A L A9 BEXKE vgxoy A
235 LT Billo] gkoy #mH2 B
2, B, AR, BXx 5 giddE PSP A
Z2HA2Y K, A 5 AsAR G e FEF
A $SrtHTable 2).

WA - BF(1982), 18] 1 EFD(1983)= 1975 o]
F BA A2 AR A PSPl A% REHLEAN |
WS gAsges 1 Al7le F£2 1944 7
9 AolPon of B KEY HWE 40~154C 9]
Aty B 1Yot 3 Prakash et al 1971)% 71
1}t}e] Fundy$tol A PSP7F 718 @ol A& HE A
7162 ~112)e KEHE7 5~12C ok BIE
o B d39 AFY FAG FHE JEMRAL, °]
9 2o Axz ¥ m PSPl 9 HEHEIL7I K
B Ui @At A U F AN

8 KNG dE& AYFe g 64H 7€
dx PSP ZA&HA=Y I AEF 49 ¢
A ¥stAlgt o] PSP YEFAEY Z4
79 zo] Yl Aoy #&FH1 gloy 1 G
g 498 waly) st A 2F F9 Ao

3. BXREER

PSP/} H& 9 53/ ANEY S4¥FS AgE=
ZAst A2 Table 3% Appendix table 20 e}
wsith

AR5 EaxgRe AFIAVL v o)y Hx
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ol wsle Fol &ALV B ANEI E48
Fr & Ao Jepgow EA4gg) 4 &
& Age 198749 5¢ 3Y mRAtelA AHE AFY
A2 AR 100gF 150.26ug] At} (Appendix ta-
ble 2).

ZANZ F BEaggo] £ A ARH
100¢% 80ug (Prakash et al., 197)% ¥+< A&&
2E 1302 AFgxd e Jeigon A5 A&
ANX Y vlgL 26%0 EdEch 13 HIRF)
Z2E W3 B4 2R 5 BA VIZ vay 2
2A BEHY dov HAEH AVl 249 5¢
Abole] F@E o] AU

41 $(1983) PSP EARHIERS 3000 MU
(% 600ug)/60kg of human °©]2tx Rty ed B
A7 Fo BREY ol2v S4¥FE A
YHe giey #4Wse et 2 S48
BES d3sdd 4dsEg g4 £ fa 5
A%l & AgE o= & R I )
A g3 £, B, AREY AGdA 124
253 317) BEo) N9E AEAANL FPH oo}
g Aoz Bydr

a3z AFEA 7} e R Hdle S4gg
o] ¥ o] FE Prakash et al. 197D} &3ld A
Fgx)e] ¢ PSP YA EHAES P tamaremnsis
g dAHod HHsE filter - feeding systemO]
TE #HFol vt & ddsie] gl7] YRolzta
Byt ‘

4. Fnt Bilo| BFER

PSP7} ®el HAEHI v KT Bl
AFFAE tidoz 10873 2958 797 PSP
9 28 9 LEAN7Y B54TFE AR 2
& Fig 49 #v)

PSP2] HE&AI71E Bille] 3¥xol%en il
4922 Kol < U9 s "o 2EA
E BE 59 F¢, #lhe 79 FToE Bl
wic} & EAFEF M & AR Eillel 5
Az B 698 F<¢E0 o VI AXE d@ste
u HJaE4dFs Bl &£ild vidld A O
guich 28 5 g kiR A Hol7t AR
=3
Hashimoto et al (1976)2 H A& <] Hikimoto - ura®i
A AHE AFEA e RAZRAGA LAEFIE
o] WAsE Al7] mE Atebdl AEQ 297} 394
£ PSP7t AZHWYSY 2 F Aol AAg o) o}
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Fig. 4. Comparison of PSP toxicity in sea mussel by month in Masan and Pusan.
® — @ . Toxicity of Masan. 0 — o Toxicity of Pusan.
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Fig. 5. Density of Protogonyaulax tamarensis and PSP toxicity in sea mussel collected at Dock - dong, Ma-
san, 1987.
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5. P. tamarensisS| B2 EFREEDIS LA

1987 3¥ 5 5¥7bA BluAIHg e PSP 99 E
FaEY Y AFDAY SLTFTY A O
stod 2AME AFE Fig 5o VERAATH

Blyx g PSP dAZTFIESY —HQ P ta-
marensis® AZESHAIE 39 189 Ho= AF
g27F Hzxg =387 AR A7) 39 102
AR ¢ 1579 A% &7 JEgen 28EANE
PSP7F AbgtA e Al7lRT o5 A& =Aed o
£ Hashimoto et al. (1976)°] H %2} Hikimoto - ura
AN AHE AFDA Y ZAZRAAA ANEFA
Eol WAsE 77k e AbEr3 3o PSPPI 4
29901 g AFdgE vik oE e B
Aok 2y AFEX Y B2RF] Mg &S A
e P tamarensis’t A9 & vebd A 7lE S
12 % 18,000 cel)2th ¢ 5¢ A YEb; Prakash
et al. (1971)9) At FAME AEFE el

3+ Nishitani et al, (1984)< B Quartermas-
ter Haborol A1 198133 19839 FH3 9 PSP
%7 P ocatenellad) B} BAE AN AT
AAEFAEY B} Hao) 22T F PSPEEo]
Hae] 29 W 1983d)%E UAL, PSP &Fol
AIEHAERD WA HIX ] 2§ H(1981d)
T Ut Bidte 949 EFIEY B AF
o] PSP Aleld] 4 4HE FHuACE HH
He A& ofd Aoz FHH

6 KR BREE

1987 49 309 BLALS) FHFelA AHL.
AR £ S2dFe 2R AAE Te
ble 45} 2k,

Table 4. Comparison of PSP toxicity of sea mussel
by water depth in Masan area

Depth Number of samples Mean value
of toxicity
(m) Tested Positive (ug/100g)
0 15 9 84.0
35 15 8 64.0
7.0 15 5 64.0
Total 45 22 70.0

HZo] 15704 F 97lA A PSP7L A=} 7}
F Ee HEES VYUY A 54EEE
RIT 100g% 84ugl2 7tF &4tk 54 35mY
A AEE&L F4 7.0mol HlE Ui BRoY
YHEsftEe 6qugo R 2okt

ol4e] AT B o Budg BFEAY B¢
KEol 7MesE S48 S48 52 A
< 2 & A

vk B - E5(1987) BAR AMERRY A
FEAE WAL R F4IE(, 5 10, 15 20m) 54
e AL da $£46 #A Qo) Kigol 9.5~

Table 5. Anatomical distribution of PSP in intoxicated sea mussel

Toxicity of Meat* Digestive gland
Sample
code whole body Toxicity Toxicity
number Weight (g) weight (g)
(ug/100g) (ug) % in total g % in total
1 60.68 81.3 2107  34.72 187 3959 6524
II 93.11 82.2 32.77 35.20 17.8 60.32 64.78
1 88.28 80.6 2741 31.05 194 60.85 68.93
Avg. 80.69 814 27.08 33.66 18.6 53.59 66.32

*Rest meat except digestive gland
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150 Abold W Eagtado) Bt Lty £
A8 Aolst 44 WEe) opet e Ju
& we Aoz 23N 2 49 AF £404
reg 2RAAE FRAAT NBAHAA £3
@4 20] 135C (Appendix table DE VI EF
B0 2487lo] AP F&0)7] W] Ho|
A2 87 52830 718 B4 Uge Aoz A
25y H%, BRE 5 7987423 PSPy
Aol ekl O Be 2ALS Sojol H¥E & 4
e Aol

Table 6. Mouse unit of PSP extracted from
“digestive gland and the rest part of -
intoxicated sea mussel

Sample code Toxicity (MU/g)
number Digestive gland Meat a/b*
I 10.59 130 81
1I 16.94 199 85
I 15.68 170 9.2
Avg. 1440 166 87

*a, toxicity of digestive gland
b,'tgﬂc@y of meat except digestive gland

7. FiEkRe BXEER

1986 293 39 {lclA A} AFFH 9
F3A FHEY de S4EFH 1 v B
B 54 $38 v nzArg 23 Table 59
.

AEd ATE A A5 TAL 100sT A=
AFFE 80.69ugol e FAMNY PEFFHS 18
6g, YA AR FFFFL 814g0IUh T
Ao} EATFS 3959~6085ugeE A Hd wil
O& Zole AR FFELRFLE 186g° 53
59ugs ¥FE slol AN EagFY oF 70%7t
TR FHEY e AE &+ AT
CE EAfEE g4 MUZ Jeid F4¢ $349
SoFE g7 1059~1694MUZE HT 14.40MU)
few YA SARE gF 130~199MUE HE
L66MUZ veht 349 g2 E40] Yuizl &
AR Hlate] o gyt L AL ¢ F AN

olg1g Axe HAF/ HHAY SHIAEY =4
2ol FAM ZFHgrie HI(Kawabata et
al, 1962, Nagashima et al. 1984)2} ¥ A3} glom
Uedaet al. (1982), Maruyama et al. (1983)°} 53¢l
Scallopel AN FFM) A=A F 70%7F
FaEd o Bng Aast A AFE U
2 b=

= ¥

1985\ 59 RE 19873 10¥) ZX BREE FE
A& A5ER, Z, 2 5 1388 50670 A8
g oz g REY A AYY, 2 F
Ag BEXE 93 ol HAUFH ZL4A4
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FmpEEo) B3 Proe(19sedE £ AT F Appendix table 1. The examination results of PSP
BERE FAHOR) @KL 2014), 293~299. of the samples by month (May,

@wEKEERE. 1986 KEFE. #EWRL. p.137. 1985—Oct., 1987)

AT - BEERE - JULR - Rt - I B & Collected Number of samples Detection Water
| U'EEBE%‘ 1983‘_ ROt RBO month  Tested Positive rate (%) temp(C)
21z &3 BRI, REEE 242), 125~129. YT - o0 =

BABEA - B0 TH. 1982, BOAWEH LIS K Jun. 5 0 0 189
ME BE AT EEEE 140, 46~52. Jul. 5 0 0 195

PATESCHE - HOTECELE. 1977, BALKIRIZ B S AR Aug. 3 0 0 23.5
DEEORE. “HBETIL I FOBTAH Sep. 2 0 0 20.0
%, CEMARBHER WBERETEAO). Oct. 10 0 0 19.5
38~41. Nov. 4 0 0 158

AARSELEHE. 1978 Sk A%, AREEESL Dec. 6 0 0 98
240~244. , Jan, 1986 10 0 0 107

0 E ik 1983, Mtk B 3. Eisei Kagaku. 29, 10~15. ;e:r. ?Z g ;2(8) 1(2)1

SR - ALEE. 1984, FEEHOREF LG Apr. 2% 5 167 148
<z a7 V). AEREARESEHE. 25~ May. 20 9 100 167
3. Jun. 4 0 0 185

Jul. 2 0 0 20.1

19882 3 4 289 A+ Aug. 4 0 0 225

1988 59 179 %) Sep. 9 o 0 213

Oct. 9 0 0 175
Nov. 8 0 0 10.0
Dec. 10 0 0 105
Jan., 1987 7 0 0 95
Feb. 29 3 10.3 88
Mar. 49 10 204 11.8
Apr. 42 9 214 135
May 59 9 153 169
Jun. 23 2 87 18.3
Jul. 18 2 111 19.6
Aug. 2 0 0 24.7
Sep. 2% 0 0 206
Oct. 27 0 (4] 18.2
Total 506 53 105
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Appendix table 2. Examination results of PSP toxicity in intoxicated samples by collected area

Collected Collected Sample Toxicity
area date name (ug/1002)
Pusan Feb. 24, 1986 Ark shell 7151
Feb. 24, 1987 Short - necked clam 2552

Mar. 13, 1987 Sea mussel 3891

4 4 35.02

z z 38.04

4 Short - necked clam 23.44

Mar. 31, 1987 Sea mussel 44.40

Apr. 9, 1987 z 28.25

% 2 26.74

Apr. 20, 1987 K4 3961

May 6, 1987 2 113.74

4 z 88.56

May 8, 1987 > 76.63

4 4 36.16

K 4 45.27

May 27, 1987 Ark shell 39.60

Jun. 22, 1987 Sea mussel 127.62

4 4 33.74

Jul. 9, 1987 z 30.97

“ ~ 28.61

Masan Feb. 24, 1986 Sea mussel 60.68
v ” 93.11

Mar. 1, 1986 “ 88.28

Apr. 12, 1986 4 4358

Feb. 24, 1987 o 3156

Mar. 3, 1987 K 39.36

Mar. 12, 1987 s 43.86

Mar. 13, 1987 v 33.08

Mar. 27, 1987 > 45,07

Apr. 8, 1987 s 49.61

Apr. 13, 1987 ” 50.27

Apr. 25, 1987 v 52.78

Apr. 28, 1987 4 133.68

May 3, 1987 ” 150.26

May 18, 1987 4 51.74

May 19, 1987 z 57.46

Chungmu May 26, 1985 Sea mussel 97.44
Feb. 24, 1986 Ark shell 63.65

Feb. 28, 1986 Sea mussel 84.86
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Mar,
Mar.

Apr.

Apr,

Feb.
Mar.
Apr.
Apr,

Feb.
Apr.

May
May

WRS - PRR - BEE - 208 - FET - A

1, 1986 ” 104.39
12, 1986 s 87.99
12, 1986 & 47.09
v % 43.57
16, 1986 > 4227
& ” 35.68
24, 1987 , ” 29.11
13, 1987 ‘ 2 36.93
15, 1987 ” 95.23
20, 1987 ” 48,56
24, 1986 Sea mussel 81.05
12, 1986 s 37.38
7, 1986 s 51.64
8, 1986 Pen shell 37.73
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