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Monitoring of Paralytic Shellfish Poison by Highly Sensitive
HPLC from Commercial Shellfishes and Sea Squirts
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Abstract

We monitored paralytic shellfish poison (PSP) by HPLC method in shellfishes including a sea squirt, and
its products produced in domestic and imported, total 35 species, 850 samples, collected at 9 cities such as
Seoul, Busan, Daegu, Ulsan, Pohang, Masan, Tongyeong, Geoje and Sacheon, 10 times by month (2 times in
April and May) from March to October, 2004. PSPs were detected in a few raw samples on March, and it
showed highest toxic ratio (72.9%) on third week of April (51 samples toxic in total 70 samples) and decreased
suddenly to 2.4% on third week of May. After then, PSPs were detected in a few samples, sporadically, and
disappeared after August. Most raw shellfishes in the market were safe from PSP, showing the toxicity below
1 MU/g (quarantine level 4.0 MU/g), except oyster collected on April at Masan (1.9 MU/g), blue mussel on
April (1.8 MU/g) and purplish washington clam on May at Sacheon (2.1 MU/g). However, it was strongly
suggested to survey and under control for the imported scallops and ark shells which showed highly toxic
in the quarantine level on May, July, even September. PSP were not detectable in the all shellfish products
collected on May, July and September, except 2 boiled and dried mussels contained trace amount (0.01 MU/g),
and all those products were safe as below quarantine toxin level (4.0 MU/g).
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Table 1. Ratio of toxic species by month and shellfishes
English name Korean Month
& name Mar. 1/Apr” 3/Apr? 1/May 3/May  Jun Jul. Aug. Sep. Oct.  Total
Blue mussel Azan 9 1/9 9/9 9/9 0/9 1/9 2/9 0/9 0/9 0/9  27/90
v 556) (11.1) (1000) (100.0) 0.0 (11.1) (222 (00 (00 (00 (300
Ovster 2 /9 - 2/9 9/9 9/9 2/9 1/5 2/6 0/4 0/5 0/9  26/74
yste (LD (222 (100.0) (1000) (222) (2000 (333) (00 (000  (0.0) (35.1)
] 2/9 - 2/9 7/9 2/9 1/9 1/9 0/9 0/9 0/9 0/9  15/90
Short-necked clam  BFA® 000y 00y (778 (222) (LD (LD (00 (00 (00 (00 (167
Purplish N2 1/9 1/9 8/9 2/9 0/9 2/9 1/9 0/9 0/9 09  15/90
washington clam = (11.1) (111 889 (222 (00 (222) (111 0O (0.0) (0.0) (144
Bloody clam . 0/3 2/5 5/6 0/5 0/5 0/4 /7 0/8 0/8 0/7 858
y = 00) (40.0) 8330 (00 (00 (00 (143 (00 (00 (00 (143
1/1 0/1 1/3 0/3 0/5 /6 /5 0/5 0/6 0/6  4/41
Pen shell 2N G000 00 (33 00 00 (67 (2000 00 (00 (00  (98)
Cockle 20 1/2 0/1 0/1 0/2 0/1 0/0 0/0 0/0 0/0 0/0 1/7
o¢ = 50.0) (0.0 (00 00 (00 (00 (00 (00 (00 (00 (143
o 0/2 1/3 0/0 0/3 0/1 0/1 0/0 0/1 0/1 0/1 1/13
Soft shell clam =AM 1 (335 (00 0O ©O0 (00 00 (00 (00 (00 (7D
Verus clam oz A 1/5 3/5 1/5 0/6 1/6 0/4 0/5 0/6 06 6/52
=== 0.0 (200 (600) (2000 (00 (167 (00 00 (00 (00 (115)
Surf clam (C)° QA= 01 0/0 0/0 0/1 0/1 0/1 0/0 0/0 0/1 0/1 0/6
url clam it 27\ ©0) (00 0 (00 (00 (00O (00 (00 (00 00 (00
o = 0/1 0/1 0/2 0/3 0/3 0/5 1/4 0/4 0/3 0/4  1/30
Surf clam (M.) TE 00 00 (00 00 00 00 (250 00 (00 00 (33
0/0 0/0 0/0 0/1 0/0 /1 01 -0/ 0/0 0/0 0/3
Hen clam AREN 00y 00 00 00 (00 (00 ©0 (00 (00 (00 00
1/2 0/1 0/0 0/2 0/4 0/4 0/3 0/3 0/5 o6 1/30
ul
Razor shell 2N 00 00 00 00 00 00 00 (00 00 (00 (33
Hard clam w5 0/5 0/6 78 1/9 0/9 1/8 0/9 0/9 0/9 09  9/81
©0) (00 (875 (11 OO (125 (00 00 (00 (00 (11D
. 0/0 0/0 0/0 0/0 0/1 0/0 /1 0/0 0/0 0/0 0/2
Tellin EEA 00 00 00 ©0 (00 00 (00 (00 (00 (00 (00
Sen squirt A 0/8 0/9 2/9 0/8 0/9 1/9 0/8 0/6 0/7 09  3/82
q e ©0) (00 (2220 (00 00 (00 00 (00 (0O 00 37D
] dosin w2 0/0 0/0 0/0 0/0 0/1 0/2 0/1 0/2 0/0 0/0 0/7
apanese dosima - A= 00  ©0 (00 00 OO 00 (00 (00 (00 (00 (00
Sub toal 1265 10/68 51/70  24/78  3/82  9/79 &7 074 0/79  0/85 117/756
(185) (147 (729) (308) (370 (114) (105 (00 (00 00 (155)
Ukirst week/April. 2Third week/April.
¥Scientific name is Cyclina sinensis. “Scientific name is Mactra veneriformis.
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Table 2. Ratio of toxic species by month and collected places

(%)

Place
Month Seoul Busan Daegu Ulsan Masan Pohang ’;‘ggfé Sacheon Geoje Total
M o/8" 1/9 3/10 3/8 0/6 1/6 1/6 2/6 1/6 12/65
ar. 0.0? (11.1) (30.0) (375) ©0.0) (16.7) (16.7) (33.3) (16.7) (185)
\/Apr o/8 0/9 4/9 1/9 1/8 0/6 1/6 2/7 1/6 10/68
pr. 0.0) (0.0) (44.4) (11.1) (1255) (0.0) (16.7) (28.6) (16.7) (14.7)

/A 7/8 7/8 6/10 3/9 7/8 5/6 6/6 2/7 3/8 51/70

pr. (87.5) (87.5) (60.0) (33.3) (87.5) (833)  -(100.0)  (286)  (100.0)  (72.9)

|/Ma 5/11 4/10 2/8 2/11 2/8 2/6 2/8 3/8 2/8 24/78

Y (45.5) (40.0) (25.0) (18.2) (25.0) (33.3) (25.0) (37.5) (25.0) (30.8)

M 0/11 0/9 0/10 0/10 0/10 0/7 1/7 0/9 1/9 2/82

ay 0.0) (0.0) (0.0) (0.0) 0.0) (0.0) (14.3) 0.0) (1.1 (2.4)

] 3/11 0/13 0/9 0/12 1/8 0/7 2/5 1/8 2/6 9/79
un- (27.3) (0.0) (0.0) (0.0) (125) (0.0) (40.0) (12.5) (33.3) (11.4)
Jul 2/11 2/13 0/10 1/11 /7 0/7 1/6 0/5 2/6 9/76
u (18.2) (15.4) (0.0) ((9.1) (14.3) (0.0) (16.7) (0.0) (33.3) (11.8)
A 0/11 0/10 0/9 0/10 0/6 0/8 0/6 0/6 0/8 0/74
ug. 0.0) 0.0) (0.0) (0.0) 0.0) 0.0) 0.0) (0.0) 0.0) (0.0)
Se 0/11 0/12 0/9 0/10 0/8 0/7 0/7 0/8 0/7 0/79
D: (0.0) 0.0) (0.0) (0.0) (0.0) (0.0) 0.0) (0.0) (0.0) (0.0)
Oct 0/11 0/11 0/10 /12 0/9 0/8 0/6 0/9 0/9 0/85
. 0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) 0.0) (0.0)
Total 17/101 14/104 15/94 10/102 12/78 8/68 14/63 10/73 17/73 117/756
(16.8) (135) (16.0) (9.8) (15.4) (11.8) (22.2) (13.7) (23.3) (15.5)

PNo. of toxic species/No. of total species. PRatio of toxic species.
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Table 3. Paralytic shellfish toxicities analysed by fluorometric HPLC method in shellfishes and sea squirt collected by month

at Seoul and Busan

Toxicity (MU/g)

Name Seoul Busan
Mar. 1/Apr. 3/Apr. 1/May 3/May Jun. Jul. Mar. 1/Apr. 3/Apr. 1/May 3/May Jun. Jul.

Blue mussel o’ g 003 00l -  tr 003 004 tr 012 003 - - -
Qyster -2 - 017 004 - - tr - - 020 005 - 0.01
Short-necked clam - - 0.03 002 - - tr - tr 003 001 - - -
Purplish washington clam - - 0.03 001 - 0.03 - - tr 0.05 - - - -
Bloody clam - tr 0.02 - - - - tr tr 0.07 - - - -
Pen shell - - 0.01 0.01 - -
Gaper - - - - -

Venus clam tr 001 001 - 0.03 - - - 0.03 - - - -
Surf clam (M.) * - - - - - 0.01
Hen clam - _ _
Razor shell - - - - - -
Hard clam - - 0.04 - - tr tr - - 002 002 - - -
Japanese dosinia - - -
Sea squirt - - tr - - - - - - - - - - -
YBelow 0.01 MU/g detected. “Not detected. "Blank was not tested.

Table 4. Paralytic shellfish toxicities analysed by fluorometric HPLC method in shellfishes and sea squirt collected by month

at Daegu and Ulsan

Toxicity (MU/g)

Name Daegu Ulsan
Mar. 1/Apr. 3/Apr. 1/May 3/May Jun. Jul. Mar. 1/Apr. 3/Apr. 1/May 3/May Jun. Jul

Blue mussel 006 001 008 003 - - - 0.02 tr 0.11 010 - - -

Oyster tr - 078 0.02 - - - - - 0.03 003 - - -

Short-necked clam 004 010 003 - - - - 0.01 - tr - - - -
Purplish washington clam - - 0.04 - - - - 0.04 - 0.11 - - - -
Bloody clam tr 001 004 - - - 0.02 tr - - - 0.01
Pen shell - - - -

Venus clam - 0.01 tr - - - - - tr tr - - - -

Surf clam (C.) - - - - - -

Surf clam (M) - - - - - - - -

Razor shell 0.01 - - - - - - - -

Hard clam tr - 0.04 - - - - - tr - - - -

Japanese dosinia -

Sea squirt - - - - - - - - - - - - -
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Table 5. Paralytic shellfish toxicities analysed by fluorometric HPLC method in shellfishes and sea squirt collected by month

at Masan and Tongyeong

Toxicity (MU/g)

Name Masan

Tongyeong
Mar. 1/Apr. 3/Apr. 1/May 3/May Jun. Jul. Mar. 1/Apr. 3/Apr. 1/May 3/May Jun. Jul
Blue mussel - tr 015 0.03 - tr - 0.03 tr 001 007 - 0.38 -
QOyster - - }.48)1) 0.03 - 006 0.01 - tr 068 002 031
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Short—necked clam - tr 0.04 - - - - - - 0.04 - - - -
Purplish washington clam - 0.01 0.39 - - - - - - 0.05 - - tr 001
Bloody clam tr 1.87 - -
Pen shell - -
Gaper - - - 0.01 -
Venus clam - - 0.02 - - -
Surf clam (C.) -
Surf clam (M) -
Razor shell
Hard clam 0.10 - - - 0.05 - - - -
Japanese dosinia -
Tellin - -
Sea squirt - - tr - -

- - - - 0.01 - - 002 -

“Toxicity by mouse assay method.

o] A FA) o) W 3¢ 314 o] F, 49 3 F A BofA =
Mz 150 540 BEH 2, 49 AA F A 5o
Ae AF 78 25N 5Ae]l AEHAD AH FX7}
e A Lol = A FA] oA 0.15 MU/ge] & EAXo] A%
® A-e A FH 2H7F Asted A A && e Gl
CdlEe] $EHT o) WEeE weld
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84 ol F& F4Jo] 2@ H ik 53], FAA} Zel A& ke
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Table 6. Paralytic shellfish toxicities analysed by fluorometric HPLC method in shellfishes and sea squirt collected by month

at Geoje and Sacheon

Toxicity (MU/g)

Name Geoje Sacheon
Mar. 1/Apr. 3/Apr. 1/May 3/May Jun. Jul. Mar. 1/Apr. 3/Apr. 1/May 3/May Jun. Jul
Blue mussel 004 tr - 075 009 - - 0.02 tr tr 0.521) 0.05 - - -
- (1.8)
Oyster - 004 004 003 004 - 018 002 004 -
Short-necked clam - - 0.03 - - 004 0.02 - 0.04 - - - - _
Purplish washington clam 0.05 0.02 tr - - tr 0.84 - - -
2.1
Bloody clam 0.01 - - tr -
Pen shell 0.95 - tr - 0.01 - - -
Cockle - - 0.05 - -
Gaper _
Surf clam (M.) -
Razor shell -
Hard clam - - 0.09 - - - - - 0.01 -
Sea squirt - - 0.02 - - - - - tr - - -
l)Toxicity by mouse assay method.
2 5A gko]l HPLC ¥4y 1} 3uv} A vebyc) &4, Holon, 5Y A F o) Folli= E A FoA] FAe] A
59 A F AZNAAE & A Gol thE A7 9= thE HEHA et
o] ]
Al o2 FHAPE I} HPLC + HH”{E-TQIH EAdo] vlebyk YA TR JIZEZO| oA TE =N
BhoEel vhps SAS BAE AR REARMI AL oo T e e 13 5
} < Ao o =
Gelel 21 Mg e ZPAHPLO BAUN . 50,79, 90 ek Stotel 499 A5hE Table sl o
£ 08I MUgeR AEAel = B2 A AR AL g g egee A4E 29, A2F 50l
733HA AAE ek ey o] A9 ARl A= 59 AR gom ol E ANBES A% A T AT A A5
Fsh 79 o1 %9 ARAE H40) AFHA sk Ast AFstelA £4 AR Kol AEHE ¥ 199
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Fo) hdatA] ot AF oFAe] Exbebx] Wk mEA vt o slm AE 2eE 3 LAY HRA 23S Ao Az
chell el sle] gl Lol B3l o) kol F-EH = AF col E O JIEE Zo| oA HE EA
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Table 7. Paralytic shellfish toxicities analysed by HPLC
method in shellfishes and sea squirt collected by month at
Pohang

Toxicity (MU/g)
Mar. 1/Apr.3/Apr. 1/May 3/May Jun. Jul,

Name

Blue mussel tr tr 015 0.02 - -

Qyster 0.01 - 052 0.07 - - -
Short-necked clam - - 0.01 - - - -
Purplish washington - - 0.04 - - - -

clam

Pen shell -
Venus clam - - -
Surf clam (M) -
Hard clam - tr  0.01 - - - -
Sea squirt - - tr - - - -

Table 8. Paralytic shellfish toxicity analysed by HPLC
method in shellfish and sea squirt products

Toxicity (MU/g)

Shellfish products

May Jul. Sep.
Oyster (dried) - - -
Blue mussel (dried) - tr -
Mussel (dried) - tr -

Short necked clam

(salted fermented)
Mussel (smoked canned)
Oyster (salted fermented)
Mussel (boiled canned)
Oyster (smoked canned)
Oyster (boiled canned)
Oyster juice
Sea squirt (salted fermented)
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Table 9. Paralytic shellfish toxicity in imported shellfishes and its products

Month (MU/g)

Name Origin Collected place May Tl Sep.
Blue mussel (boiled frozen) DPR Korea Busan B tr tr
China Busan -
Mussel (frozen) DPR Korea Busan -
Green mussel (boiled frozen) New Zealand Busan - - -
Short-necked clam (frozen) Thailand Busan - -
Short-necked clam (boiled frozen) Vietnam Busan - - -
Purplish washington clam (frozen) DPR Korea Busan - - tr
Bloody clam (raw) Japan Busan - -
Bloody clam (boiled frozen) Japan Busan - - -
Bloody clam (frozen) China Busan -
Orient clam (boiled frozen) DPR Korea Busan -
Ark shell (raw) Unown Pohang -
Tongyeong tr tr
Ark shell (frozen meat) Vietnam Busan - - -
Hard clam (frozen) Vietnam Busan - -
Piddock (frozen) DPR Korea Busan -
China Daegu -
Razor shell (frozen) Peru Busan -
Venus clam (raw) DPR Korea Busan - -
Hard clam (boiled frozen) Vietnam Busan -
Hard clam (frozen) Vietnam Busan -
Hard clam (raw) China Busan -
Japanese dosinia (raw) DPR Korea Busan - -
China Busan 0.08
Russia Busan -
- Pohang -
Scallop (raw) Unknown Tongyeong -
Ulsan 5.20 3.97
Geoje 0.03
Japan Busan -
China Daegu -
Scallop (frozen half shell) Busan 019
DPR Korea Busan 2.29
Scallop (frozen) China Daegu 141 0.73
Seoul 3.01 3.13 5.49
Ark shell (raw) Unknown Busan 527 0.03 4.33
Sacheon 1.39
Piddock (frozen) China Daegu 0.02
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