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At the end of May 1968, there occurred in north-east England an outbreak
of paralytic sheéllfish poisoning which affected 85 persons who had consumed
“mussels (Mytilus edulis) taken from the Budle Bay-Holy Island area (Figure 1).

Such outbreaks, whilst relatively common in North America, are rare in

Euiopé;“aﬁd intensive investigations were therefore made by a number of
groﬁps'tofestéblish the circumstances of the outbreak. This account sets
out only the main features of the incident which will be described in
greater detail elsewhere.

The first unusual observation was the sudden death of sea birds, mainly

shags (Phalacrocorax aristotelis), on and around the Farne Islands between

14 and 23 May. Post mortem observations failed to reveal the cause of death,
although intestinal haemorrhage was commonly observed. Before death, birds
were seen to lose equilibrium and stagger, and many vomited sand-eels
(Ammodxtes spp.), which are their normal diet. Large quantities'bf dead
sand-eels were caught in néfs and washed up on the shore just south'df the
-Farne Islands, between 24-and 27 ¥ay. In addition, dead sand-eels wore
reported in the: caxch of a selne-net boat much further” north, off Rosehearty,
*"on 30 May. C -

. The main-outbreak:-of paralytlc shellfish poisoning in humans occurred on
30-31 May, when 85 persons became ill after eating mussels,- most of which had
been purchased from a'shellfish shop in the city of Newcastléiupon-Tyne." The
mussels were gathered on 28-29 May from commercisl mussel laylngs in the
Holy Island-Budle Bay ' area, which is the centre of the only commer01al mussel
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fishery- 1n north-east England. These mussels are normally gathered at
weekly or tw1ce Weekly “intervals’ throughout ‘the year, and those’ % aken durlng
the previous week were apparently harmless. Several other cases of illness
:occurred among those who gathered mussels from the same area for themselves
from 19 to 26 May. Most of the illnesses were caused by mussels whlch had
been s teamed in the shop for 20 mlnutes and the llquors discarded before
consumptlon, although- some patlents .cooked the mussels only for 5 minutes;
none ate the mussels raw. The symptoms were typical of P.S.P. cases reported
'in North America, with a short incubation period (at times as little as
20 minutes), loss of sensztion of the hands, tingling of the mouth and
tongue, a sensation .of floating;-and weakness of the limbs. In the worst
cases there was difficulty of respiration; there were no fatalities, although
several patients were taken to hospital. .

When the outbreak was identified, the local health authorities stopped
the sale of nnssels, and on the advice of the Minist;y'of Agriculture,
Fisheries and Food closed the whole of the Northumberland coast for the
teking of bivalves. This area was subsecquently extended to include the whole
d: the coast*between Fife and the Humber. By 31 May, the presence of P.5.P.
toxin in the musseis was confirmed by the Newcastle Public Health Laboratory
using the standard mouse toxicity technique employed in North America.
Mussels causing the illness contained, before cooking, between 10 062 and
20 800 mouse units of tox;n per 100 g of meat, which is greatly in excess
of the value of 400 nnits considered in North America to be the maximum safe
level. After cooking for 20 minutes, 60.5 per cent of this toxin was still
.present, w1th 32 per cent in the liquor and 28.5 per cent in the mea.t. '
Fortunately, the liquor was discarded and, not consumed. Patlents VhO were
111 recelved doses of toxin ranglng between 3 000 and 30 000 mouse unlts,
isome became ill after eating only 3 000 units, whilst others esc ped 111ness
after taklng 30 000 units.

Having established that the mussels were toxic, a survey was made to
determine the geographlcal extent of the toxicity. Inltlally mussels,'m.

escallops (Pecten max1mus) and queens (Chlamys opercularis) were taken.from

T'places between Musselburgh and the Rlver Humber, but sampling was later
" extended to 1nclude mus selﬂ from otatlons north of the Firth of Forth and on

_ the west coast of Scotland, and mussel s, cockles (Cardlum edule) and oysters

_(Crassostrea angulata) fron the east COast of England as far south as the
Thanes Estuary. Ihe results of tests on samples collected between 29 May

‘and 7 June uouth of the Flrth of Forth are shown in Flgule 1 and from other
Scottlsh statlons between 10 and 14 June in Flgure 2. South of the
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Firth of Forth the toxic arca extended without break over 200 miles (320 km)

" ‘of coast and at least 8 milesg (13 km)‘offshore'in"the'region-of the Farnes

and Flamborougn Head.--The hlghegt concentratlong (> 20 000 un1t0/1OO g)
occurred in musselu collected between uyemouth and Blyth. On the east coast
of Scotland, tox101ty reached 3 867 unlts at Burntlsland on the Fife coast,

was absent ‘at Montrose, but present at Aberdeen, the- Ythan, and Sandhaven

“1'39%?130 ehearty, where ! sand~eel mortalltles had earlier, occurred . None of_

the samples takén from.the west coast of Scotland contalned detectable toxin.
Test's’ have continued at intervals and there has been a steady decllne of
tox101ty at all stations (Table 1) |
On average'a 50 per cent reduction of the concentratlon of toxin took
place in about one week. Thus the time taken for raw shellflsh to become
safe for human cons umption (< 400 un1ts/100 g) depended upon the initial
concentration of toxin present. Mussels from Eyemouth and Blyth with an
initial concentration cf 20 B0O-27 pOQ.unifs/1OO g took eight weeks to reach
the safe concentration; whilst those from Dunbar (initial conceptrafich
3 200 units) took on1y~two weeks. lll sheilfish from the toxicgarea were ~
safe for human consumption on 23 Aﬁgusﬁ, eleven weeks after(the‘initial detec-

tion of ‘toxicity. Tests for toxicity havé continued with shellfish from a

.. number of stations around the United Kingdom, but at the time of writing no

toxicity has been detected at any other point.
The concentratlon of toxin in single samplcs of other shellfish col-
lected off the Northumberlend coast was ag follows-' escallops (Pecten

maximus) 7 840 units, cockles (Cardium edule) 3 136 units, queens (Chlamxs

oéercularis) 1 280 unfts, soft clams (Mya arenaria) 668 units. The adduc-

tor muscle of the escallop contained only 216 units/100 g.
‘ Apﬁarently'normalrSpecimens of ‘several species of iish and other shell-
fish taken from the Northumberland coast contained no detectable toxin:

plaice (Pleuronectes platessa), flounders (Platichthys flesus) Ahaddock

(Melanogrammus aeglefinus), herring (Clupea harengus), winkles (thtorlna

littorea), whelks (Buccinum undstum), lobsters (Homarus vulgaris) and crabs

(Cancer pagurus). However, laboratory tests have shown:that whelks when. fed

exclusively on highly toxic mussels for 12 days accumulated up to 1 112 units/
100 g of tissue. '

Plankton observations were started soon after the report of dead birds
and sand-eels and again when toxin was detected in mussels. At no time were
bloom concentrations of toxic dinoflagellates found in the vicinity of toxic

molluscs, but it is well established that the toxin may be retained by



© Table 1 Toxicity of raw mussels expressed as mouse units/100 g tissue
June . July August
27-2 | 3-9 [10-16 [ 17-23 |24-30| 1-7 | 8-14 |[15-21 [ 5=11 | 12-18
Weecks after muésel toxicity

0 1 2 3 4 5 6 7 | 101 11
Rosehearty 547 243 <200 “'nil
River Ythan 218 nil nil
Aberdeen 243 nil nil nil
Montrose - <200 nil nil nil
River Eden 3333 302 <200™ | nil | nil
Lower Largo 2833 1545 315 | <200™ [ nil
Burntisland 3867 <200t <200" | nil | nil.
Musselburgh 106 nil nil nil nil
Dunbar 3200 362 360 nil
Eyemouth 20080 17400 | 5995 732 278
Holy Island 20800 3880 3740 525 nil
*Farne Bank 7840 2080 382
Budle Bay 18480 9480 2800 260 nil
Blyth .- 27000 | 24780 | 13300 5496 865 <200"
Hartlepool 5920 | 3880 1126 183 nil
Scarborough 12800 | 5600 1374 nil nil
Bridlington 190 - nil nil nil nil
%bleethorpes— . T . .
Grainthorpe pll 'nil nil nil

*Some toxin present

*Bscallops (whole_gggp)h_‘v
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bivalves long after the bloom has disappeared. However, exceptional phos-
phorescence was seen on the 14 May around the Farne Islands and on 22 May
off Staithes; watcr samples from the latter area were found to contain

Gonyaulax tamarengis at a concentration of 74 OOO/litre. On 24 Mgy,

Dr J. B. Buchanan of the Dove Marine Laboratory, Cullercoats observed a dis-
coloured patch of water 4 miles off Blyth, which contained a dinoflagellate
' subsequently identified as G. tamarensis. Other patches cf discoloured
water were observed 10 miles (16 km) ENE of the mouth of the River Tyne
between 27 and 31 May and 2% miles (4 km) off St. Abbs Head on 31 May. On
and after 3 June small numbers of G. tamarensis were widely aistributed off
the north-east coast of England and off the Firth of Forth and Rosehearty,
as far as 15 miles (24 km) offshore, but bloom concentrations were not

observed, although Peridinium depressum was occasionally abundant. However,

samples taken by continuous plankton recorder, end analysed by .

Mr G. A. Robinson of the Oceanographic Laboratory of the Scottish Marine
Biclogical Association at Edinburgh, showed that G. tamarensis first appeared
in samples east of the Firth of Forth between 19 and 21 April. Numbe;s
appeared to increase and spread southwards until the middle of May, reaching
a maximum concentration 10-15 miles (16-24 km) oiﬁ_the_cpqst between  Eyemouth
and the Farne Islands between 11 and 19 May. No observdtions were made
within 5 miles (8 km) of the coast and only e few south of the Farnes,, but

it is probable that high concentrations were present in the coastal areas at
the seme time. Detectable concentrations were present up to 60 miles off

the coast, but by the end of Ilay thesec,; together with the high concentrations,
had virtually disappesred. Thus G. tamarensis was widely distributed off the
north-east coast both. immediately before and during the bird and sand-eel
mortality and during the first cases of mussel toxicity. In the absence of
any other toxic dinoflagellates in comparable numbers, it would seem
reasonable to conclude that G. tamarsngig was the source of the toxicity.

‘The presence of large numbers of dead Ammodytes off Northumbzrlend
between 24 and 27 May and off Rosehearty on 30 May would suggest.that.these
fish are particularly sensitive.to Gonyaulax toxin for no other dead fish
were observed, except for a few plaice which may have died from other causes.
A few dead or weak invertebrates have been found within the toxic area

(Venus striatula, Macoma baltica, Cardium edule, Lucinoma borealis), but,

apart from these and the dead birds, no other major biological damage has
been reported.
A limited series of hydrographic observations was made off the north-east

coast during the first half of June. Neither salinity nor water temperature



apéeefed to be abnormal. There was a well developed thermocline with surface
water temperatures within the range'9.3-12.8°C. Nutrient concentrations

vere low when compared with those made in January but this was not unexpected
after the sprlng phytoplankton bloom had taken place. Very low dissolved
oxygen values G 57 per cent saturatlon) were found at two stations 5 and -

8 miles off Scarborough. It is possible that these may have resulted fronm
oxygeﬂ depletion following the decay of an exceptionally heavy phytoplankton
bloon. | _

Analysis of meteorological observations made off the north-cast coast
during the month of llay shows that the frequency of onshore winds was higher
in.1968 than in ali years since 1957, although winds were stronger in 1967.
During the first 11 days of the month there was no protracted sunshine but .
12, 13 and 14 Mey were falrly sunny Rainfall off the north east coast
durlng May vas in no way unusual.V v

At present we have o explanatlon of why a bloom of toxic dinoflagellates

Should have occurred durlng 1968. It is likely that an unusual combination

of hydrographlc and climatic conditions occurred at a time when adequate

mlneral nutrients were present in the sea and this allowed a massive proll-

feratlon of Gonyaulax tamarensis to occur. During the last 40 years, only

one 1nc1dent of shellfish toxicity has been reported in Britain. The feasi-
blllty and need for routine surveys of shellfish tox101ty are now under
con31derat10n.
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Le.boratory, Newcastle-upon-’]?yne),a,ﬁd;i)r C. Hobbs and Mr D. C. Cann (Torry .
Research Station; Aberdeen) for the results of toxicity estimates;
Dr J. B. Buchanan and Dr M. Longbottom (Dove Marine Labvoratory, University of
Newcastle-upon-Tyne) and J. A. Adans and D. D. Seaton (D.A.F.S. Marine
Laboratory, Aberdeen) for results of plankton znd shore investigations;
Dr J. Dodge (Birkbeck College, University of London) and Dr N. Reynolds
(M.A.F.F., Fisheries Laboratory, Lowestoft) for the results of plankton
investigations; Dr J. C. Coulson (Department of Zoology, University of.
Durham) for details of bird mortalities, and many others who contributed to

this investigation.
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Figure 1 Distribution of toxic mussels, 29 May to 7 Junc 1968 (mouse units pef 100 grammes )
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Figure 2. Samples taken 10-1 June.



