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FORE WORD 

Environmental monitoring is the basis of any scientific regulation for the protection of the environment. One of 
the major responsibilities of MAFF's Directorate of Fisheries Research (DFR) is to conduct such monitoring for 
the aquatic environment and the results of these studies are published annually in two separate reports on radioac- 
tive and non-radioactive contaminants respectively. 

Although these reports do reflect work on the biological effects of contaminants, a major new development in 
recent years has been the idea that some diseases of marine organisms may be related to contamination. This has 
led to an intensification of work on this subject and the time therefore seems right to publish the data on a regular 
basis alongside that in other areas of MAFF's environmental scmtinies. 

This then is the first report on environmental contamination and disease and covers the work in 1990. It includes 
the last major study by DFR ofthe seasonal distribution of paralytic shellfish poisoning toxins. This area of work 
has now been transferred to the Tony Research Laboratory, but future developments in DFR for the monitoring of 
the algae which produce these and other toxins is likely to develop further under recent EC Directives. 

The association between fish disease and contaminants continues to be an emotive subject. This difficult area of 
study can only be dealt with properly by the careful conduct of work and the regular publication of all data. 

Statutory fish disease work continues to be the principal government responsibility in relation to fish farming and 
towards ensuring that fish farms and natural fish populations CO-exist without harm to each other. New develop- 
ments within the EC single market measures require additional monitoring in this context and future reports will 
reflect this increased commitment. 

It is expected that this component of MAFF's Aquatic Environment Report Series will in future be published 
annually. 

C. E. Purdom 
Deputy Director 

(Aquatic Environment Protection) 
Ministry of Agriculture, Fisheries and Food 

Directorate of Fisheries Research 
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BZOTOXZNS 

1. THE MONITORING 
PROGRAMME FOR PSP 
AND OTHER SHELLFISH 
TOXINS 

1.1 Introduction 

Since 1968 a survey for the presence of paralytic 
shellfish poisoning (F'SP) toxins in bivalve shellfsh has 
been undertaken annually by the Directorate of Fisher- 
ies Research (DFR) of the Minismyof Agriculture, 
Fisheries and Food (MAFF). These surveys com- 
menced as a result of the high levels of PSP contami- 
nation of mussels (Mytiius edulis) which occurred in 
1968 and which resulted in 78 persons being affected 
by paralysis after the consumption of mussels from the 
Holy Island and Budle Bay areas of Northumberland 
(McCollum et al., 1968; Wood and Mason, 1969). 

The 1968 outbreak clearly demonstrated that there was 
a significant risk from PSP toxins to consumers of 
bivalve shellfish from the north-east coast of Britain in 
spring and early summer. At that time, no other 
Department or Authority was able to take on a moni- 
toring programme to protect consumers and, in addi- 
tion, the reputation of the British shellfish industry was 
also at risk (P. C. Wood, pers. comm.). It therefore fell 
to DFR to institute a monitoring programme, which 
operated from April to August from 1969 to 1990. 

From 1969 to 1987, the programme was based at 
DFR's Bumham-on-Crouch Laboratory, but was 
transferred to the Fish Diseases Laboratory (FDL) at 
Weymouth from the 1988 season, with the handing 
over of responsibility for research into shellfih 
hygiene to that laboratory. 

In the years after 1968, peaks of PSP toxicity were 
detected during each season, although never at the 
levels reached in 1968 itself. Warnings against the 
consumption of mussels were posted in affected areas 
when levels of PSP approached safety limits and no 
new cases of PSP in humans were reported after the 
commencement of DFR's monitoring and advisory 
programme. The results of the monitoring surveys 
were published in various formats up to 1983. Much 
of the information on the first 10 years of PSP monitor- 
ing to 1977 was summarised by Ayres and Cullum 
(1978). No monitoring reports were published be- 
tween 1984 and 1986, although the monitoring pro- 
gramme was continued and internal reports were 
produced. The results of the 1987 and 1988-1989 PSP 

programmes were included in the reports on monitor- 
ing and surveillance of non-radioactive contaminants 
in the aquatic environment for the years 1984-1987 
and 1988-1989 (MAFF, 1990,1991). 

A review which updates and supersedes the report of 
Ayres and Cullum (1978), summarising the pattern of 
PSP detected during the 22 years of DFR's monitoring 
programme, is in the course of preparation. 

This report presents data from the 1990 monitoring 
programme, during which levels of toxins higher than 
anything seen since 1968 were recorded. Some details 
of the sampling programme conducted on the east 
coast of Scotland by the Scottish Office Agriculture 
and Fisheries Depatment (SOAFD) are also included. 

1.2 The 1990 sampling programme 

As in previous years, sample boxes and packing mat- 
erials for mussel samples were sent to Environmental 
Health Departments (EHDs) in late March 1990. 
Sampling sites comprised: 

(a) the north-east coast of England; 
(b) Berwick Harbour; 
(c) the east coast of Scotland. 

The EHDs concerned were those of selected District 
Councils on the north-east coast of England, from 
Scarborough north to the Scottish border. These were 
sites which had been used for most of the 22 years of 
DFR's monitoring programme and were largely chosen 
as a result of early experience with the patterns with 
PSP in bivalves (Figure 1). North of the Scottish 
border, on behalf of SOAFD, the Scottish Sea Fisheries 
Inspectorate collected mussel samples from three sites 
on the Scottish east coast at two-weekly internals. 

As a result of the high levels of PSP detected off north- 
eastern England in late May by the routine monitoring, 
an expanded programme of sampling was undertaken 
£mm that area, from a large number of other sites 
around the coasts of England and Wales, and from the 
east mast of Scotlimd. This widening of the monitor- 
ing plan also included molluscs other than mussels and 
crustaceans. Following the expansion of the sampling 
programme in England and Wales in early June, the 
routine and expanded monitoring programme in 
Scotland became the responsibility of MAFF's Torty 
Research Station (TRS) in Aberdeen, acting on behalf 
of SOAFD. All east coast (England and Scotland) and 
all MAFF area (England and Wales) PSP monitoring 
samples for 1990 are reported here. 
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Figure 1. Stations sampled during routine 
monitoring for PSP in mussels on 
the north-east coast ufEngZand 

The data from Scottish sites will be published more 
fully elsewhere. 

1.3 Materials and methods 

1.3.1 Sampling and analysis 

Routine samples were collected at low tide on Monday 
or Tuesday of each week and dispatched by post to 
FDL at Weymouth. These samples consisted of about 
100 g (roughly 20) whole mussels (Myrilus edulis L.). 
The mussels were opened and 50 g of meat and shell 
liquor were harvested and weighed. 

Samples within the expanded sampling programme 
were collected and dispatched to FDL or TRS by the 
most convenient transport route, including special 
courier services where necessary. Scallop samples 
were collected from chartered fishing vessels. 

All samples were processed within 36 h of receipt at 
FDL, most within 18 h. The analytical procedure 
employed was the standard mouse bioassay (Greenburg 
and Hunt, 1985). 

Samples of species other than mussels were processed 
in a similar manner to mussels. Oyster samples 
consisted of 50 g shucked whole meats Scallops were 
opened and the different tissues dissected out depend- 
ant on the objective of the particular sample. The 
different tissues were either muscle (M), gonad (G) and 
viscera and mantle (V), or edible Q (consisting of 
M+G) and non-edible (N) components, pooling 
animals in groups where necessary to obtain sufficient 
weight of tissue for processing. Crustacean samples 
consisted of whole pooled animals (shrimps and 
Nephrops), digestive glands of individual (or pooled) 
animals (crab and lobster) and101 white meat (crab), 
dependant on the reason (i.e. the specific problem 
being addressed) for which the sample was taken. 

An equivalent volume of dilute HCl(0.18N) to the 
weight of tissue was added, the pH checked and, if 
necessary, adjusted with 5N HCI or 0.18N NaOH to lie 
between pH 2.0 and 4.0, the whole transferred to the 
jar of a Waring blender (New Hadord. Conn.) and 
blended thoroughly. After blending, the sample was 
heated to 100°C for 5 minutes, then cooled and the pH 
rechecked and, if necessary, adjusted as before. 

The presence of PSP toxins in the clear supematant 
was then assessed by the standard mouse test. Female 
white mice (of about 20 g in weight) were injected (by 
the intraperitoneal mute) with 1.0 m1 of the 
supernatant. Two mice were used in each test. The 
mice were then observed for 30 minutes to detect 
behavioural differences and to determine time of death. 
The level of toxin present in a sample was determined 
fmm standard calibration tables (Greenburg and Hunt, 
1985) of survival time and mouse weight and ex- 
pressed in terms of mouse units (mu). This abbrevia- 
tion used in this repoTt refers to mouse units per 100 g 
of tissue (saxitoxin equivalent 80 pgJ100 g-' tissue). 
One mouse unit of saxitoxin will kill a 20 g mouse in 
15 minutes. 

1.3.2 'Action' levels and procedures 

A standard 'action' level of 400 mu for PSP toxins has 
been operated over many years in the UK. This is 
identical to the 'action' level which is used in the USA 
and Canada. When the thmhold level of 400 mu is 
exceeded, shellfish are regarded as being unsafe for 
human consumption. The testing laboratory then 
informs the Department of Health @OH) Food Safety 
Division, the Environmental Health Department.? 
(EHDs) of the District Councils involved, plus the 
District Office of the Sea Fisheries Inspectorate, and 
Marine Environment Protection and Fisheries Divi- 
sions of MA=. The DOH and the local EHD take 
action to post warning signs on the affected coastline 
and to publicise the risks from consumption of local 
shellfish. 
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1.4 Results reached in British waters since 1%8. Addition- 
ally, levels of above the 'action' level were 
detected in samples from Benvick Harbour (903 
mu), the Coquet Estuary ( l  119 mu), Hartlepool 
(909 mu) and Whitby (848 mu), whilst its 
presence at St Andrews (250 mu), Elie Beach 
(338 mu), Holy Island (386 mu), Saltbum (255 
mu) and Scalby Mills (300 mu) showed that it 
had become very widespread in less than 14 days. 

1.4.1 Molluscs 

(a) Mussels - north-east coast of England and east 
coast of Scotland (Table 1): Sampling com- 
menced in the week ending 13 April. First signs 
of PSP toxin were detected in samples collected 
in the week ending 18 May, when toxin was 
present at Whitby (218 mu), Redcar (245 mu), 
Trow Rocks, south Tyneside (518 mu), Cresswell 
(210 mu) and the Coquet Estuary (209 mu). The 
Trow Rocks sample at 518 mu exceeded the 
'action' level of 400 mu and the DOH and the 
local EHD were informed accordingly. 

By 1 June, PSP was present in mussels from all 
sites between Saltbum and Elie Beach (except 
Musselburgh) and levels at Trow Rocks (Figure 
2(a-b) had fallen markedly, but were still high 
(3 217 mu). Mussels from Sunderland contained 
7 178 mu. By the week ending 15 June, toxin 
was essentially confined to the area between 
Coquet estuary and south Tyneside, and the last 
sample above the 'action' level (807 mu) was 
detected at East Staithes in the week ending 22 
June. North of the Scottish Border, in the 
routine sampling area, the final trace of toxin was 

The samples collected the following week (i.e. 
those samples available for processing on Thurs- 
day 24 May) were tested on the morning of 25 
May, when the Trow Rocks sample was found to 
contain 19 881 mu, a level of PSP toxin not 

Table 1. Levels of PSP (mu) in mussels (Mytilus edulis), sampled M n g  routine monitoring 
of  the north-east coast ofEn~land and the east roast ofScotland 

Week Ending Il-May l%May 

Monmse 
St Andrews 
Elie Beach 
Musselburgh 
Benvick Harbour 
Holy Island 
Budle Bay 
Coquet Estuary 
E Staithes 
Trow R&$ 
Sunderland 
Hanlepool 
Redcar 
Saltburn 
Whitby 
Scalby Mills 
Cornelian Bay 
Bridlington 

Week Ending 

Monlrose 
B Andrews 
Elie Beach 
Musselburgh 
Benvick Hsfbour 
Holy Island 
Budle Bay 
Coquet Estuary 
E Staithes 
Trow Rockr 
Sunderland 
Hanlepool 
Redcar 
Saltburn 
Whitby 
Scalby Mills 
Cornelian Bay 
Bridlinglon 
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detected at St Andrews on 6 July but essentially, 
on the Fife coast, the toxicity problem was 
confined to the end of May and early June. 

In Scottish waters, an extension of sampling 
points north along the east coast from Montrose 
(Table 2, Figure 3(a)) identified further areas of 

IOOOOO toxic cont&ination, but not at the high levels 
10000 found further south. 

a 2 l00 
(b) Extended survey - England and Wales (Figure 

3(b)): In the week following the detection of 
10 lib 13 20 Apt4 27 4 ii May 18 25 1 8 h 15 a 29 e 13 20 27 3 east serious coast, levels a series of toxin of 'precautionary' in mussels on the samples north. 

JU~Y A* was taken around the coasts of Enaland and 
Sampling date Wales. The majority of these &ples were of 

mussels but, where appropriate to local bivalve 
fisheries, oysters and cockles were also sampled. 

Figure 2. Weekly k v e k  of PSP detected in This sampling was repeated in the week ending 
mussels at Trow Rocks: (a) 
arithmetic plot and (5) Zog sc& 6 July. Details of sites sampled are shown in 

Figure 3(b). No evidence of PSP-type neuro- 
toxin was detected in any of these samples. 

Table 2. Levels of PSP (mu) in mussels, sampled during routine monitoring of the east coast 
of Scotlanrl 

Week ending 13-Apr 20-Apr 27-Apr W-May ll-May 18.Uly 25-Mpy Ol-Jun 08-Jun 
P P P P 

Domoch Filth 0 0 
BurgheadLossiemouth 
Buckie 
Findochty 
Banff 
Rosehemy 
Fraserburgh 
Pewhead 
Cmden Bay 
Aberdeen 
Stonehaven 
Monuose 0 0 0 
St Andrews 250 
Pittenweem 
Elie Beach 0 0 338 328 
Musselburgh 0 0 0 
Dunbar 0 
St AbbslEyemouth 

Week ending 

Domoch Finh 
BurgheadRassiemouth 
Buckie 
Findochty 
Banff 
Roseheany 
Fraserburgh 
Pet er head 
Cruden Bay 
Aberdeen 
Stonehaven 
hlontrose 
St Andrews 
Pittenweem 
Elie Beach 
Musselburgh 
Dunbar 
S1 Abbs/Eyem& 



(c) Scallops - Table 3 (Figure 4(a)): Scallops are 
known to be a risk when mussel contamination 
is high (Ayres and Cullum, 1978). The levels 
found in mussels since 1980 were so low, 
however, that sampling of scallops was deemed 
unnecessary over that period. However, once 
high levels of toxin had been detected in 
mussels on the north-east coast, samples of 
scallops were also collected, principally from 
the scallop beds on the Fame Banks of the 
Northumberland coast, but also from the 
Flambomugh Head region and from 80 miles 
north and 50 miles north-east of Buckie. 
Scallops from the Fame Banks have presented 
problems in the past because they have re- 
mained toxic for considerably longer than other 
bivalves and, in connast to mussels, represent a 
significant commercial fishery for the area. 

An initial sample of scallops from stacks landed 
at Seahouses, showed high levels of toxin. 
More detailed sampling later showed that levels 
on various beds on the Fame Bank off 
Seahouses had already fallen, but were still 
close to the 'action' level and remained so into 
early July. Toxin levels were measured in 
small pooled groups of scallop tissues. The 
results showed that, although PSP toxin was 
most frequently detected in the viscera, all 
tissues, including muscle and gonad, could 
contain toxin near to or even above the 'action' 
level. However, considerable variation in 
levels of toxin between pooled groups in the 
same time sample was noted. The difficulty of 
obtaining samples from the different scallop 
beds in the region by dredging made interpreta- 
tion of results difficult, but it seemed that 
scallops on the more southerly beds (east - 
south-east of Seahouses and Dunstanburgh 
Castle) had a higher level of contamination than 
those on other beds. This caused a delay in 
lifting warnings against consumption of scallops 
from the Fame Banks, because a few continued 
to show contamination above the 'action' level. 
Final clearance of Fame Bank was not possible 
until mid-July. In the waters north-east of 
Buckie, some toxicity (215 mu) was evident in 
scallops in late July. 

(d) Gastropods - (Figure 4): Samples of whelks 
and winkles. which are fished commercially on 

Figure 3. Stations sampled during extended the north-east coast of England, were examined 
monitoring for PSP in musseb: (a) 
in Scottish waters and (b) in in June. No PSP toxin was detected in samples 

English and Welsh waters from any of the sites indicated in Figures 4(a-b). 



Figure 4. Stations sampled during routine monitoring for PSP on the north-east c o a t  of 
E n g l d .  (a) in  ~ a U o p s  and winkles d (b) in  whelks 

Table 3. Leveb of PSP (mu) in seallops (Pecten maa-imm) u) the north-east coost of England and 
the east coast of Scotland 

Location 

off Seahoues 

off Flambomugh Head 
Sahwses 

Seahouses 
8 miles E of Seahouses 

9 miles E of Llmmbrgh Castle 

5.5 miles E of Dunstanbvgh Castle 

8 miles E of Seahouses 
9 miles E of tkmmbugh Castle 
5.5 miles E of hstanbvgh Castle 
8.5 miles E of hstanbugh Castle 
5 miles E of -burgh Castle 

9miles ESE of Dunsmbxgh Castle 
8 miles E of Seahouse 
9 miles E of Seahauses 
8milesEofSephouses 
10.5 miles E of Dmmmbvgh Castle 
9 miles E of hho- 
9 miles ESE of Sedm.w 
5.5 miles B E  of Dunstsnburgh Castle 

80 miles N of Budrie 
50 miles NE of Bn&e 

Number Numker Tissue(') Numbn 
ofpwls ia pwl pcsinve 

Where 'Tissue' c d m  is bkmk, whole n n k l  rested, otherwise E=rdibIe firsus. R=,&, G = g o ~ d .  M = m c l r .  V=vircrro 
@J Where seplrmc t@ues are shown, wgotivo snmplu nrr indicated to omMe relationship between PSP levels in djffrronr lirsues 10 be seen. 

Orhenvm, negarrvc snmpler arc not giwn 
** Somple ofQvcen scollops 
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