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The North East coast of England experienced a mass mortality event in
late 2021 affecting millions of crabs and lobsters. The die-off coin-
cided with the redevelopment of one of the UK's flagship ports,
prompting local scientists to suggest the remobilization of dredged
industrial contaminants as a cause. A multi-agency investigation found
no definitive causal factor; however, re-evaluation of data by

consultants drew a different conclusion, linking the industrial
compound pyridine to the crustacean deaths. Authors of an unpub-
lished study subsequently claimed that their data demonstrated pyri-
dine to be exceptionally toxic and that their modeling explained the
coastal distribution of washups. These data were presented to a cross-
party Environmental, Fisheries and Rural Affairs (EFRA) committee in
the UK parliament and led to the commissioning of an independent
panel to review the data. This panel was also unable to identify
a definitive cause, but found that a major role for pyridine was ‘very
unlikely’. Unfortunately, the debate has been highly politicised, with
misleading information aired by the two leading political parties. Here,
several members of that independent review panel refute the pyridine
link to the mass mortality, based on both reported data and the known
chemistry and behaviour of this molecule, and highlight where the

science has been misrepresented by the media.

1 Background

In autumn 2021, the North East coast of England experienced
a mass mortality event that affected millions of crabs and
lobsters across a 70 km stretch of coastline." This event severely
impacted the local inshore fishery, making international news
and, more recently, notable shifts in benthic invertebrate
ecosystems. The die-off coincided with the dredging and
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Why there is no evidence that pyridine killed the
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Environmental significance

We challenge the hypothesis that the industrial compound pyridine was
responsible for a mass mortality event that killed large numbers of crus-
taceans along 70 km of the English coastline. This event made interna-
tional news and has been the subject of investigative documentaries and
independent reviews. It links with broader topics such as SDGs on water
quality and life below water, as well as science communication and trust
in science/scientists more generally. The manuscript carefully goes
through a series of 5 key questions refuting the hypothesis that an
industrial compound called pyridine caused a mass die-off of crustacean
life across 70 km of English coastline. This is significant as it details how
mistrust in government agency data, partisan politics and arguably over-
confidence by the media in research, which had not undergone peer
review and appropriate scientific scrutiny, played a role.

redevelopment of one of the UK's flagship ports, in the Tees
estuary, prompting local scientists and environmental
campaigners to suggest the remobilization of industrial
contaminants as a cause, and opposition politicians to call for
the suspension of Teesside redevelopment. Following an
investigation by multiple government agencies, no definitive
causal factor was determined, although it was speculated, based
on satellite data, that the cause may have been an algal bloom."
Re-evaluation of Environment Agency data by consultants,
funded by the fishing industry, drew a different conclusion and
proposed the industrial compound pyridine as a cause.> Pyri-
dine was widely used in industrial processes and historically
manufactured in the area. The Environment Agency urged
extreme caution in overextrapolating their pyridine data within
the biota, however, as the methodology had not been optimized
and a limited number of crabs were analysed.

These developments led to speculation in the media that
there had been a cover-up by the UK government. For example,
an article in the Guardian newspaper on the 6th June 2022
entitled “The dead shellfish littering our beaches tell you a lot
about safety and secrecy in Britain” started with the opening line:

“With every passing week, it looks more like a cover-up. The
repeated mass strandings of crabs and lobsters on the coast of
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north-east England, and the ever less plausible explanations
provided by the government, are the outward signs of an undersea
disaster and a grim new politics®”.

The Times newspaper in January 2023 ran with the headlines
“Cover-up claim over shellfish mass deaths off Teesside*” and
“DEFRA won't dredge up truth about toxic seas®”.

Authors of an unpublished study in 2022, led by several
universities in North East England, further pushed the pyridine
hypothesis when they announced that their investigation had
demonstrated pyridine to be exceptionally toxic to crustaceans,
while their coastal modeling explained the distribution of dead
crustaceans along the coastline.® In their study, they reported
that pyridine:

“is highly toxic to C. pagurus [edible crabs], ranging from distinc-
tive patterns of acute toxicity to observable behavioural responses at
much lower concentrations. The observed behaviours under acute
exposure correspond with reports from the fishing community and
other coastal users during the mass mortalities, specifically that
moribund animals were presenting as twitching and paralysed®”.

The data were presented to a cross-party Environmental,
Fisheries and Rural Affairs (EFRA) committee in the UK parlia-
ment in October 2022 and led the government to commission an
independent review of the available evidence.” This independent
panel was commissioned in early December 2022 and was tasked
with reviewing all the available evidence and trying to determine
the cause of the mass mortality event (see terms of ref. 8). Their
report was published on the 20th January 2023 and the panel, like
the government agencies before them, was unable to identify
a definitive cause, but found that a major role for pyridine was
‘very unlikely’.® Unfortunately, the debate became highly politi-
cised, with misleading information aired by the two largest
political parties. Here, several members of that independent
review panel refute the pyridine link to the mass mortality and
highlight where the science has been misrepresented by the
media. In doing so, we explain why pyridine did not kill the
Teesside crabs. We do this by answering the following 5 questions.

2 How strong is the evidence that
pyridine was found in high
concentrations in crab tissues?

Original data from a joint report' by the UK Environment
Agency (EA) and the Centre for Environment, Fisheries and

Aquaculture Sciences (CEFAS) found elevated concentrations of
pyridine in crabs (Table 1). However, the results between the

View Article Online

Communication

impacted and reference locations were not significantly
different (Mann Whitney T Test; p = 0.2). The EA urged caution
as they were using a non-optimised semi-quantitative gas
chromatography-mass spectrometry (GC-MS) methodology and
stated that “This is unlikely to be very accurate, but we don't have
the data to confirm this”. However, some felt there was sufficient
evidence to warrant further investigation,® given that pyridine
was an industrial compound, manufactured and discharged at
the location.

This methodology was recently revisited by a CEFAS study,
which further developed the analytical method to take account
of potential matrix effects associated with the sampling and
analysis of crustacean tissue samples and marine sediments.
This study confirmed that the Environment Agency was correct
to be cautious in their interpretation of the elevated pyridine
results.'® Reanalysis of crustacean samples that had originally
returned high indicative pyridine levels with the EA method (3-
429 mg kg™ '; Table 1) demonstrated very low concentrations of
the chemical (<0.02-0.077 mg kg™, over 3 orders of magnitude
lower). Analysis of additional crab samples, unrelated to the
events, also demonstrated the presence of pyridine at very low
levels (<0.02-0.139 mg kg™ '). Therefore, the original rationale
and justification for pursuing pyridine as a causal factor are
substantially weakened.

3 Is pyridine ‘exceptionally’ toxic to
crustaceans?

Evidence presented to the EFRA inquiry” and repeated in the UK
parliament, across news media and several special documen-
taries was that pyridine was “exceptionally toxic”. As evidence,
the EFRA committee were told:

“...we [authors of Eastabrook et al.®] undertook our rigorous
scientific work that was done to international accredited standards,
we found that pyridine was not just toxic, but exceptionally toxic™.

All chemical compounds will be acutely toxic when presented
to aquatic organisms at sufficiently high concentrations. What
makes them exceptionally toxic is that they do not need to be
present at particularly high concentrations to cause mortality,
which is where comparative data become important. Searching
archived lethal toxicity data (US EPA Ecotoxicology Knowledge-
base: https://cfpub.epa.gov/ecotox/; ESI Date Tablet) on pyridine
hydrochloride (CAS-no: 110-86-1) reveals that the LC50s for
crustaceans (50-2550 mg L~ '; median ~900 mg L™ ') and fish
(26-1560 mg L™ '; median ~400 mg L") are comparatively

Table 1 Original pyridine concentrations observed in edible crabs, which started the working hypothesis that pyridine was a causal factor in the

crab mortalities (Joint EA/CEFAS report?)

Vicinity of the mortality event Concentration (mg kg™ ")

Reference locations Concentration (mg kg™ ")

Saltburn 439

Bran sands 255

Seaton 204
Runswick 20

Mean (SD) 229.5 (172.3)

1386 | Environ. Sci: Adv., 2024, 3, 1385-1391

Norfolk Wash 195
Norfolk Wash 3

St Mary's Lighthouse 78
Penzance 35

Mean 77.8 (84.0)

© 2024 The Author(s). Published by the Royal Society of Chemistry
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Table 2 Lethality data from Eastabrook et al.® 2022, highlighting the LC10s, LC20s, LC50s, NOECs and LOECs

Time (hours) LC10 mg L ! LC20 mg L " LC50 mg L ! NOEC mg L ! LOEC mg L ™" R?
24 17.38 18.11 19.44 20 50 0.69
72 0.066 0.26 2.75 20 50 0.37

higher (i.e., less toxic) compared to other many ubiquitous
known industrial legacy contaminants. In fact, the levels are
similar to those for caffeine, a ubiquitous compound found in
wastewater, so classifying pyridine as exceptionally toxic to
crustaceans, or any aquatic organisms, is questionable.

The results of toxicology experiments conducted on edible
crabs by Eastabrook et al. (unpublished preprint®), and pre-
sented as evidence to the EFRA inquiry, are reproduced in Table
2. These results are particularly revealing as they highlight some
of the issues that can arise from modeling toxicology with
a small number of replicates (n = 3 per treatment). Eastabrook
et al.® reported that:

“We extrapolate our findings in crabs to the other decapod
species impacted by the 2021 autumn mass mortalities. Our LC50
data indicates that C. pagurus is more susceptible to pyridine
toxicity than other commonly used bioassay organisms (fish and
non-decapod crustaceans)®”.

In this instance, the “No” and “Lowest Observed Effects
Concentration” (NOECs and LOECs) for both 24 and 72 hours
were 20 and 50 mg L™, respectively, and above the modeled
LC50s. Based on existing published literature, the LOECs in
Eastabrook et al.,® if accurate, would be at the lower end of what
had been published for LC50s in crustaceans (see Fig. 1). Their
modeled LC10 [lethal dose predicted to kill 10% of the sampled
population] was 0.066 mg L™, which is over 750 times lower
than the calculated LOEC. Typically, extrapolation would not be
performed past the NOECs and LOECs; however, in this study,
the LC10s were used to model crab mortality 70 km down the
coastline. For example, the EFRA committee were told:

“We modeled based upon the rate of pyridine on the same scale
CEFAS used, so a total release of 10 000 litres. We ran the model
using the tides and the currents affecting the coast on each given

100000 -
__ 100004 o
- |
= ° ® W/ e e
2 1000 ﬁ S !%EE o .
r 00g0 Sode?
o 100 - s o,
S : &
10~ °
° °
1 L) I I I I I I
. . X
(o\'b 0\\6 ’boq;b P S e”'o o@db 019'»
& & & S
« & SR

Species Groups

Fig. 1 Comparative LC50s for pyridine across various animal groups
taken from the US EPA Ecotoxicology Knowledgebase (https://
cfpub.epa.gov/ecotox/). The spots represent individual studies and
the bars represent the median.

© 2024 The Author(s). Published by the Royal Society of Chemistry

day that the dredging campaign took place and for the following
weeks. The model clearly showed that pyridine in water would be
transported all the way down to Whitby and Robin Hood's Bay.
From that we could pull out toxicity values based upon what we had
generated in my laboratory. We could then make reasonably sound
estimates of the extent of population loss from the crabs and
lobsters in that given area.... Based upon our work, we predicted
that half of the crab population would have died in the first 24
hours. Moving further down the coast to Runswick Bay, we pre-
dicted that 30% would have died within 24 hours. Then moving
right the way down to Whitby, we believed that we would have lost
10% as a minimum of the population there. Therefore, we have
shown that pyridine is extremely toxic.””

The R value for the regression analysis was only 0.37, indi-
cating the modeled best fit equation was not strong at 72 h.
Unusually for lethality testing, the LC50 values were modeled
not using probit analysis on the proportion (%) of the pop-
ulation that died, but using a binary regression model on
individual crabs being alive [1] or dead [0], which meant after 72
h, the model predicted, with confidence intervals, that the crabs
[and not a proportion of the population] were between 0 and 1
and thus neither alive nor dead. Therefore, in answer to the
question “is pyridine exceptionally toxic to crustaceans” the
answer from existing data is no. We would argue that having
modelled LC50s below the ‘no observed effect concentrations’
makes these data unreliable. Furthermore, extrapolating down
to LC10s to help explain mortality events 70 km down a coast-
line is questionable.

4 Has pyridine ever been recorded at
concentrations likely to cause acute
toxicity?

The Environment Agency has been monitoring water in the Tees
estuary using GC-MS screening, which includes pyridine, as
part of their surveillance programme since 2011."° The highest
recorded concentration of pyridine was 2.4 ug L™, at a time
when it was being actively manufactured and discharged under
license by the EA. This concentration maximum for 2012 is
approximately 375000 times lower than the median LC50
values for crustaceans. Following the mass mortality event,
there was no pyridine measured in the water (i.e., below the
limits of detection). Therefore, it is highly unlikely for pyridine
to have reached acute concentrations without detection, which
persisted for 70 km down the coastline.

5 Does pyridine adsorb to sediments?

Pyridine (CsH5N) is a monoaromatic molecule and can be
regarded as a derivative of benzene, where a sp>-hybridised

Environ. Sci.: Adv., 2024, 3, 1385-1391 | 1387
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Table 3 Chemical properties of pyridine (CsHsN)
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Property Value Reference

Molecular mass 79.10 g mol ™" Sax N. I., Lewis R. J., 1987 (ref. 11)

Physical state Liquid Sax N. I., Lewis R. J., 1987 (ref. 11)

Boiling point 115.5 °C Weast R. C. (ed.), 1985 (ref. 12)

Solubility in water at 20 °C Very soluble Sax and Lewis, 1987 (ref. 11)

Log Kow 0.64/1.04 Verschueren K., 1983 (ref. 13)

Log Ko 0.84 Roy W. R., Griffin R. A., 1985 (ref. 14)

pKa, 5.19 Reinhardt C. F., Brittelli M. R., 1981 (ref. 15)

nitrogen atom replaces a CH unit. Pyridine is highly soluble in
water, unlike benzene. This enhanced solubility in water stems
from the presence of an electronegative N atom, which polarises
the molecule and withdraws electron density from the ring.
Some physico-chemical properties of pyridine are shown in
Table 3. As a water-soluble, low molecular weight, mono-
aromatic chemical, pyridine possesses a very low octanol-water
partition coefficient (K,y) and organic carbon-water partition-
ing coefficient (K,.); the latter effectively describes the parti-
tioning of a chemical between water and the organic
component of soil or sediments. As a comparison, benzene,
which does not have a propensity to partition or sorb to sedi-
ments, has a K. of ~55, while pyridine is lower still with a K, of
~7 (log0.84 in Table 3). A low molecular weight, polycyclic
aromatic hydrocarbon, like naphthalene, has a much higher K.
of ~1000 and hence is commonly present associated with
sediments in industrial ports, etc. This is not the case for
pyridine.

Pyridine is a weak base in aqueous solution, much weaker
than ammonia or saturated amines (pK, ~10). This affects the
extent to which pyridine can be protonated (giving rise to the
cationic pyridinium ion) and attached and bonded to the
surface exchange sites of particles, which are negatively
charged. At a pH of 8.1, which is in the range expected for UK
coastal seawater, the ratio of the protonated pyridinium ion
[CsHgN]" to neutral pyridine [CsHsN] would be 0.0011. At the
same pH, the saturated amine, trimethylamine, (CH;);N, would
have a protonated to unprotonated ratio of 41.0122. As such,
only a negligible percentage of pyridine could adsorb to
particulate matter at seawater pH. Even in deeper, marine
sediments where anoxic conditions might prevail, with a rela-
tively low pH of ~6, the proportion of the ‘stickier’ protonated
pyridinium cation will still be low (~12%), given that the pK, of
pyridine is 5.19. Disturbance of old sediments through
dredging operations will therefore not give rise to marked re-
partitioning or desorption of pyridine back into the dissolved
phase, as there is a negligible sorbed quantity of pyridine in the
first place. Alkylated varieties of pyridine, or other higher
molecular weight N-containing polycyclic compounds like
quinoline (2-ring) or acridine (3-ring), have higher K, values
than pyridine and will show stronger partitioning tendencies to
sediment. Historically, these chemicals, alongside pyridine,
would have been released as waste through industrial coal-
processing activities (carbonisation, gasification, and liquefac-
tion)."® Accurate modeling of active sediment movement

1388 | Environ. Sci.: Adv., 2024, 3, 1385-1391

processes, such as dredging and disposal of estuarine sedi-
ments, would need to account for the low propensity of pyridine
to adsorb to particulate matter.

In marine and estuarine systems, the environmental resi-
dence time of pyridine is considered to be short, on the order of
days (water column) to months (sediments).”” Given its high
aqueous solubility, volatilisation loss from surface waters will
be less pronounced compared to other volatile chemicals such
as benzene. Microbial biodegradation is considered to be a key
loss or transformation process for pyridine. Historical pyridine
released from past coal processing activities in the Teesside
area will have long dispersed and/or been biochemically trans-
formed and degraded over the ensuing decades. Evidence from
the literature indicates that pyridine residues present in sedi-
ments, even anoxic sediments, undergo biodegradation but at
varying rates and influenced by the redox conditions pertinent
to a given location."" Initial biotransformation of pyridine
gives rise to hydroxylated-derivatives, i.e., metabolites of cata-
bolic driven processes by microorganisms. These
compounds exhibit toxicity akin to pyridine (and higher
molecular weight analogues of pyridine), but they are generally
transient in the environment (shorter half-lives than pyridine)
and their concentrations are low relative to pyridine itself."*>*
This infers that the likelihood of biotransformation products of
pyridine being a casual factor is highly unlikely, especially given
the low or non-detectable concentrations of pyridine measured
in the environment at the time.

The independent panel report'® concluded that maintenance
and capital dredging were both ‘highly’ and ‘exceptionally
unlikely’, respectively, to be the cause of the mass die-off event
in November 2021, the latter on the basis that capital dredging
had not yet taken place around the time of the crab die-off. The
joint investigation by the government agencies found no
evidence for pyridine in the sediments or water around the time
of the mortality event.* The EFRA committee and the indepen-
dent panel were presented with further data commissioned by
the North East Fishing Collective from 2022, where pyridine was
detected in 15 of 24 sediments from the Tees estuary.”® One
explanation provided for the mass mortality event was that the
dredging had tapped into an unknown reservoir of highly
contaminated sediments containing pyridine.” For example, the
EFRA committee were told:

“Simply by the fact that we are measuring pyridine in the
majority of our samples, in the Tees estuary and in the spoil zone, is
a significant red flag that must be taken further, because it implies

18-21

© 2024 The Author(s). Published by the Royal Society of Chemistry
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in those deeper sediments, where there is no oxygen present, you
have a reservoir of pyridine there. What we believe we were
measuring in our surface sediments was effectively the diffusion or
the percolation from that pyridine reserve. It was coming to the
surface and being interacted with in that destruction zone, and that
is what we were measuring. Again, simply the fact that we were
measuring pyridine in the sediments, given what we know about the
chemistry, is of great concern.... We know the discharge of pyridine
will have been reaching the whole way down that coast. We have
even seen that from the sediment. You speak to the fisheries when
they put their pots out at Whitby and they are finding out their pots
are being covered in fine sediment. That never happened before.
You are not just getting water being transported carrying pyridine;
you are also getting the sediment itself.””

The independent panel concluded that it was very unlikely
that pyridine released from sediments could have caused the
unusual mortality of crabs in the region.” They based this upon
the fact that pyridine concentrations that were measured in
sediment samples (for example, the highest measured concen-
tration of 42 ug kg ' (ref. 22)) were too low, along with the total
dredged and disposed mass of sediment (~150 000 tonnes).
Therefore, it was predicted that a total of <10 kg (or <10.2 L) of
‘released’ pyridine at either the dredged area and/or the
offshore disposal site could be released.® This quantity is far too
low to be toxicologically significant, even if pyridine was
retained in a stratified water layer (e.g., associated with a salt
wedge estuarine system).’ In response to the independent
report, Newcastle University issued a press release stating that:

“...the dismissal of pyridine involvement also ignores the
chemistry of the molecule, including its propensity to adsorb to
sediment particles and its capacity to remain for many years in the
environment if protected from oxygen. The report also overlooks the
fact that we detected pyridine in surface sediment fully 7 months
after the mass die-offs, and that we have been prevented from taking
sediment core samples to quantify pyridine levels in the deeper
sediment.”®”

In contrast to claims of ignoring the chemistry, it was these
chemical properties of pyridine and consideration of more
realistic volumes that, in part, indicate the unlikelihood of this
compound causing the mass mortality event. The claim that
pyridine strongly binds to sediments and thus could form
sufficient ‘reservoirs’ of the compound to cause acute toxicity is
unlikely given its characteristics. Similarly, these same proper-
ties make this particular compound unlikely to have drifted
down the coast ‘adsorbed to sediment particles’ again in suffi-
cient quantities to cause mass mortality.

6 Could pyridine hang around long
enough and at sufficient
concentrations to cause acute
mortality across 70 km of coastline?
We highlight that it is likely the modeled lethal toxicity values
generated by Eastabrook et al.® overestimated the toxicity of

pyridine (see question 2). However, making the assumption that
the LC50s are accurate, the independent panel report

© 2024 The Author(s). Published by the Royal Society of Chemistry
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highlighted that the coastal modelling undertaken was defi-
cient in two aspects: (1) an unrealistically large volume of
substance was injected into the model simulation and (2) the
model was approximately a factor of 10 more dispersive than
most comparator observational estimates of coastal disper-
sion.’ The report states:

“This modelling was based on release of large volumes of pyri-
dine (10 000 L at two sites, or a total of 19.6 tonnes). Even with the
large input of pyridine, the modelling demonstrates that pyridine
concentrations in the water column are too low to cause mortality in
crabs. For example, the highest concentration range of pyridine
modelled in a seawater plume from both the dredged area of the
Teesmouth and the spoil disposal site was between ~1 to 10 ug L.
That is ~6 to 60-fold lower than the estimated 72 hours LC10 value
for edible crab and ~2000-fold lower than the estimated 24 hours
LC10 value (reported by Eastabrook et al., 2022). While the pyri-
dine modelling was undertaken to illustrate the geographical
spread and duration of a potential plume rather than representing
the absolute concentrations, it is evident that a very significant
emission of pyridine (i.e. greater than >20 000 L) would be required
to achieve concentrations in seawater close to those that resulted in
acute toxicity.®”

Therefore, to summarise, the LC10s generated by Eastabrook
et al.® are over 750 times lower than their own derived lowest
observed effect concentrations (LOECs) and the authors’ own
coastal modelling used an excessive volume (2 x 10000 L) of
pyridine, which is 200x higher than estimates based on sedi-
ment data.® Even with these excessive volumes for the dredged
area and disposal site, the predicted pyridine concentrations of
1to 10 pg L' in the vicinity of the dredging or disposal are ~6
to 60 fold lower than their derived LC10s for 72 h. With the
pyridine concentrations even close to the dredge and/or
disposal locations not reaching acute toxicity thresholds,
evidence that it could be concentrated enough to cause acute
toxicity 70 km down the coast becomes very weak.

7 Conclusions

We conclude that pyridine did not kill the Teesside crabs
because there is no credible evidence that it was present in
sufficient concentrations to cause acute toxicity and a localized
die-off. The sampling that led to the hypothesis that pyridine
was responsible was done using a very limited number of crabs
(n = 4 per location) and using a methodology that was not
validated. When this methodology was optimized and samples
were reanalyzed, the caution recommended over their accuracy
was vindicated. It therefore becomes even less credible that
a die-off could have occurred across at least 70 km of coastline.
The evidence presented to the EFRA committee and across
media outlets claiming that pyridine was ‘exceptionally toxic’ to
crustaceans is not substantiated by the published literature.
Crabs were presented as uniquely sensitive to pyridine but again
the literature suggests otherwise. The unpublished data pre-
sented to the committee is not without several limitations in the
study design, as highlighted. Unfortunately, the crab mortality
event became highly politicized, highlighting a potential lack of
trust in the data presented by government agencies. The latest
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polls put trust in politicians (9%) at a 40 year low and the lowest
since records began in 1983.> It is therefore conceivable that
trust in the data presented by government agencies may well
have diminished due to speculation about central government
interference. The data were presented to the EFRA committee in
the context of university scientists vs. government scientists
when the data and interpretations had not undergone rigorous
scrutiny and peer review. The media were also quick to present
the data with an unusual level of certainty. This presents
a problem for those serving on the EFRA committee and for
wider society, who need politicians to make informed decisions
based on the best available science. Progress in understanding
the cause of the crustacean mortality was not helped by the
partisan behaviour of politicians and some members of the
EFRA committee openly questioning the independence of the
panel they requested be set up. Furthermore, the independent
panel did not state or imply that dredging of historically
contaminated harbours is safe and not without impact, as was
presented by some politicians.

Through several investigations, neither the EA, CEFAS nor
the independent panel of scientists (CMEP) were able to
identify a casual factor. The CMEP categorized parasites and/
or disease as ‘as likely as not’ on the basis that crustaceans
had presented a pathology (tremors and twitching) seen in
other mass mortality events with crustaceans and the fact that
there had not been widespread monitoring of novel viral/
bacterial pathogens.” These mass mortality events with crus-
taceans caused by disease were also known to occur in areas
with multiple stressors (e.g., eutrophication, legacy contami-
nants and urban runoff). The panel reported that the likeli-
hood category “would move to either very unlikely (<10%
probability) if results of molecular screening were confirmed as
negative; or very likely (>10% probability) if a broad diagnostic
screen of these potential pathogens proved positive®”. The inde-
pendent report by CMEP concluded that “It is possible that
a combination of factors led to the unusual mortality, rather than
one of the causal factors considered in this report®”. However, we
feel that elevating pyridine disproportionally, among the
thousands of chemical compounds present, is not justified
when there is no evidence it was present at close to toxic
concentrations, and it was detected at similar concentrations
in other areas of the United Kingdom. As members of the
independent panel that investigated the data available on the
mass die-off event, we share the frustration of not finding
a causal factor. It is therefore imperative that we improve our
coastal monitoring so that we can better understand our
changing environment.
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