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EU sampling strategies for the detection of
veterinary drug residues in aquaculture
species: Are they working?
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Over the past 50 years, the culture of aquatic species in controlled conditions to enhance production has grown in importance
and now provides nearly 50% of the world’s seafood supply. In part, this expansion has been made possible by the use of
antibiotics, antifungals, and other veterinary medicines to control disease and improve welfare. Despite guidelines being
available, the sampling programmes for drug residue surveillance of aquaculture products recommended by the CODEX
Alimentarius Commission were withdrawn in 2008 and put under review. Directive 96/23/EC sets out legislation to govern
how sampling programmes for drug residue surveillance should be conducted within the EU. This directive applies both to
produce raised within the EU and also imported products from third countries. This communication examines the existing
EU sampling regimen for aquaculture products and comments on its possible application in a global context. We examine
UK statutory sampling data that, while indicating the effectiveness of the directive, also suggests that the directive may lead to
unnecessary sampling. Regarding imports, examination of the Rapid Alert System for Food and Feed (RASFF) database using
process control charts and statistical modelling suggests that the sampling regimen described in the directive is effective but
not sufficiently flexible for the range of aquaculture practices that exist. Limitations of the directive, datasets, and practices are
further discussed. © 2012 John Wiley & Sons, Ltd.
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Introduction

Over the past 50 years, the culture of aquatic organisms in con-
trolled conditions to enhance production (aquaculture) has grown
dramatically, and now accounts for nearly 50% of the seafood con-
sumed by the world’s population. It is estimated that 310 species
are cultured, in freshwater and/or marine habitats, with production
occurring on every continent except Antarctica.[1] As most fisheries
are at capacity, the growth of the aquaculture sector is set to con-
tinue, with Asia dominating production.[2]

One of the major constraints of aquaculture is disease.[3]

Aquatic animals are often maintained at a high density, within
ponds or pens that receive water directly from the surrounding
environment, so when disease outbreaks occur they can be unex-
pected and difficult to control.[4]

There are few veterinary medicines licensed for use with aquatic
animals destined for human consumption, and those that are
licensed require withdrawal periods prior to harvesting.[5] Govern-
ments have a responsibility to protect consumers from being
exposed to harmful concentrations of medicine residues in their
diets. They address this through the implementation of monitoring
regimens. These operate by setting a maximum residue limit (MRL)
for each compound and the analytical testing of samples obtained
from animals destined for human consumption.[6]

In the EU, sampling regimens for aquaculture produce are pre-
scribed in Directive 96/23/EC.[7] This covers the situation where
the animal has been raised within the EU; thereby inspections
can be conducted at any point of production, by competent
authorities of member countries, allowing remedial action involv-
ing the producer to be taken. Such actions can be referred to as
Drug Test. Analysis 2012, 4 (Supp. 1), 1–9
statutory, as they are backed by a legal framework. The main fea-
tures of this sampling are outlined in Box 1 and are rigid across
fish species. Residues of concern are divided into group A and
group B, with group A as compounds for which a maximum res-
idue limit (MRL) cannot be set. In the UK, the statutory scheme is
overseen by the Veterinary Residues Committee (VRC) of the Vet-
erinary Medicines Directorate (VMD) and is funded by a levy im-
posed on producers.[8]

The EU is the world’s largest market for imported seafood,
worth an estimated US$23.9 billion.[2] Countries exporting to
the EU must provide guarantees that sufficient monitoring is
conducted so that unacceptable residue levels are not present,
by the implementation of suitable surveillance programmes and
control measures. The monitoring strategy that is recommended
for these countries is set out in Directive 96/23/EC, and is produc-
tion based, regarding the number of samples taken for analysis
(7, Box 1). The way this is usually implemented, with regard to
sample numbers, depends on the number of EU-approved export
establishments operating within the country, as to whether it is
total national production or total production from selected farms.
As an additional safeguard, individual members of the EU
© 2012 John Wiley & Sons, Ltd.



Box 1

Summary of Directive 96/23/EC relating to aquaculture products.

Finfish farming products

Here a sample is defined as one or more fish, according to the size of the fish in question and 
the requirements of the analytical method. The minimum number of samples collected each 
year is at least 1 per 100 tonnes of the annual production. The compounds sought and 
samples selected for analyses are chosen according to the likely use of substances and the 
ratio of group A and group B substances.

Group A substances have an anabolic effect and unauthorized substances for which there is 
not an MRL. These substances include nitrofurans, chloramphenicol, dimetridazole, and 
metronidazole. Sampling for this group of substances should comprise one-third of the total 
samples taken for analysis per year. All samples taken at farm level on fish at all stages of 
farming, including fish which is ready to be placed on the market for consumption.

Group B substances are veterinary drugs, including substances used for veterinary purposes 
and contaminants. These substances include dyes and organophosphates. Sampling for this 
group of substances should comprise two-thirds of the total samples taken for analysis per 
year. Sampling is carried out at farm level, on fish ready to be placed on the market for 
consumption or at the processing plant, or at wholesale level on condition that tracing back to 
farm of origin can be done, in case of positive results.

In all cases, samples taken at farm level are from a minimum of 10% of the registered sites of 
production.

Other aquaculture products

Species must be included in the sampling plan in proportion to their production as additional 
samples to those taken for finfish farming products.

Box 1.
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conduct non-statutory sampling on imports. The aquaculture
products imported into the EU are diverse, and the non-statutory
schemes are necessarily limited. In the UK, this work is conducted
by the Department for Environment, Food and Rural Affairs
(Defra) through the VRC, border inspection posts, and retailers.
The sampling conducted in these non-statutory schemes is based
on a combination of factors, including experience, risk analyses,
and intelligence.[8]

Amajor part of the intelligence informing non-statutory schemes
is provided by the Rapid Alert System for Food and Feed (RASFF).[9]

Through this, any transgressions identified by an EU member state
are reported and shared between states, thus alerting all compe-
tent authorities of consignments that may need examining in more
detail. In addition to direct communication between the authori-
ties, the transgressions are reported on a dedicated web site.[10]

Obviously, not every country exports to the EU, but it is
expected that all countries establish residue monitoring and
control systems. It is therefore relevant that existing systems are
examined so that their effectiveness can be assessed and recom-
mendations made.
Here we aim to assess the impact of the implementation of EU

Directive 96/23/EC regarding residues in aquaculture produce,
using UK statutory data. The effect of the directive regarding
imported products is analysed using RASFF notifications and
wileyonlinelibrary.com/journal/dta © 2012 John Wile
process control charts. Limitations of the directive, datasets, and
processes are discussed.
Materials and methods

UK statutory monitoring data

The results of statutory surveys, relating to samples tested, residue(s)
sought, and outcomes, for the period 2002–2010 were requested
from the VMD in electronic form. The data obtained were organised
into separate Excel files according to year and species tested. These
were imported into MinitabWstatistical software (version 16.1.1)
and collated. UK fish aquaculture is dominated by salmon and
trout, therefore the VMD data were split to reflect these two indus-
tries, and other species examined separately. These data were com-
piled into counts per analysis, per year, together with occurrences
over the recommended MRL.

RASFF data

Market information and border rejection data were obtained
from the RASFF portal database using the following selection cri-
teria: hazard category – residues of veterinary medicine products;
product category – bivalve molluscs and products thereof,
y & Sons, Ltd. Drug Test. Analysis 2012, 4 (Supp. 1), 1–9
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cephalopods and products thereof, crustaceans and products
thereof, farmed crustaceans and products thereof, farmed fish
and products thereof (other than crustaceans and molluscs), fish
and fish products, molluscs and products thereof.

Data covering all available years (2002–2010) were downloaded
from the RASFF portal, as a single Excel worksheet, containing the
following information: reference, notification date, date of any
update, notification type, action taken, notifying country, distribu-
tion status, alert description, and product category. The alert
description comprised one or two sentences describing the prod-
uct, residue found, and the country of origin. Each alert description
was manually separated into variables to provide information on
country of origin, residue, animal type/species and processing
information. The data were organized by date of alert into two
datasets, invertebrate or fish.

Process control charts

Statistical process control charts can be used to determine when
an intervention may be needed in animal production systems in
the absence of control data.[11] For the process control charts, the
datasets were arranged into monthly counts and initial time plots
produced. Analysis was conducted with MinitabW statistical soft-
ware (version 16.1.1) and using C-charts based on Poisson distri-
bution counts.[11] The centre line (�C) was set as the mean count
and the upper and lower control limits (UCL and LCL, respec-
tively) were set at 3 sigma limits above and below this. The �C
was adjusted if a point occurred beyond the UCL, 9 points in a
row were present on the same side of �C, 6 points in a row were
all increasing or decreasing or 14 points in a row were alternating
up and down. In the event of such out of control signals the con-
trol charts were rerun omitting those years. This gave an estimate
for the mean number of notifications per year and associated
variation that could reasonably be expected in the absence of
Table 1. Results of salmon data collated from the statutory scheme of the
UK. The figures relate to number of fish examined, along with the number

Residue(s) analyzed

2002 2003 2004

Antimicrobial 149 133 131

Avermectins 198 173 174

Benzimidazoles 97 76 78

Benzimidazole/Levamisole

Bronopol 49

Chloramphenicol 214 198 201

Dimetridazole 208 197 185

Malachite Green 77(14) 115(6) 142

Dyes

Florfenicol

Levamisole 45 33

Methyltestosterone 44 41

Nitrofurans 35 99

Nitroimidazole

Nortestosterone 45 40

Organophosphates 39 36 35

Pyrethroids 55 42 126

Quinolones 100 122 123

Sulphonamides 69

Tetracyclines 150 134 131(2)

Drug Test. Analysis 2012, 4 (Supp. 1), 1–9 © 2012 John Wil
special causes for the process when in control. Finally, the chart
was rerun with the new mean count but including all years, so
that instances when the rate of notifications exceeded the UCL
could be identified.

Log linear analysis

Process control charts can be used to identify periods when a
process is out of control, but cannot readily identify factors
responsible for special causes. Therefore, log linear analysis
was also conducted on the RASFF count data.[12] The factors
used in this analysis were year, country, residue, and species,
for both the invertebrate and fish datasets. The individual
factors were collapsed to form generic factors. The analysis
was conducted using IBM SPSS Statistics version 19 (version
19.0.0.1). The log linear models were generated using back-
ward factor elimination starting with a saturated model and
a removal probability set at 0.05.

Possible interactions between factors highlighted in the models
were examined in greater detail using comparative bar charts.

Results

UK statutory data

The UK statutory sampling data for salmon and trout are pre-
sented in Tables 1 and 2. Both tables highlight that the resi-
due monitoring regimens are not consistent over time. It is
notable that for some compounds, such as chloramphenicol,
the sample numbers remain similar across years, while appar-
ent changes in sampling rates for other compounds reflect
the adoption of new analytical methods (e.g. malachite green
incorporated into a wider dye analysis). However, it is also
clear that some compounds are sporadically tested for (e.g.
methyltestosterone).
Veterinary Residues Committee of the Veterinary Medicines Directorate
of these in which residue exceeds relevant MRL, indicated in brackets.

Year

2005 2006 2007 2008 2009 2010

132 120 84 258 289 278

175(1) 163 155 72 76(1) 75

78 73 71

158 168 163

203 185 183 186 199 193

99 172 161

142 134 129(1)

132 139 134

84 86 90 88

185 96 91 92 100 96

164 176 169

35 38 35

128 118 103

124 114 84

132 120 84
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Table 2. Results of trout data collated from the statutory scheme of the Veterinary Residues Committee of the Veterinary Medicines Directorate UK.
The figures relate to number of fish examined, along with number of these in which residue exceeds relevant MRL, presented in brackets.

Residue(s) analyzed Year

2002 2003 2004 2005 2006 2007 2008 2009 2010

Antimicrobial 10 10 12 12 12 10 27 18 18

Avermectins 5 7 6 6 6 8 11 11 11

Benzimidazoles 15 10 11 11 12 12

Benzimidazole/Levamisole 8

Bronopol 15

Chloramphenicol 24 15 23 23 20 21 19 15 14

Dimetridazole 17 17 24 13 20 21

Malachite Green 69(3) 119(3) 107(3) 106(1) 100(1) 103(1)

Dyes 99 98 97

Levamisole 15 10

Methyltestosterone 5 5 10 10

Nitrofurans 10 14 24 15 13 11 13 12

Nitroimidazole 19 15 14

Nortestosterone 5 5

Organophosphates

Pyrethroids

Quinolones 10 10 11 11 11 10

Sulphonamides 10

Tetracyclines 9 10 12 12 12 10
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Both the salmon and trout data demonstrate that residues
exceeding MRLs are infrequently found in UK farmed fish. The
most common infringement recorded was the detection of
malachite green in both the salmon and trout industries. How-
ever, this declined after 2002 and no dyes were detected after
2007 for either species. No group A residue, as defined in
Directive 96/23/EC, was reported in a UK salmonid between
2002–2010.
RASFF data

Within the EU, between August 2001 and January 2011, there were
622 notifications of veterinary residues within imported inverte-
brate products. Regarding imports of fish products into the EU,
between May 2000 and January 2011 there were 182 notifications.
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Figure 1. Process control chart for RASFF notifications of invertebrate
products relating to veterinary residues. The chart shows the time course
of notification data and the 0070 position of the centre line �Cð Þ, upper and
lower control limits (UCL and LCL, respectively). Notifications exceeding
the upper control limit are labelled with a 1.
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The majority of these notifications occurred after February 2002,
with a solitary event in May 2000. This latter notification was con-
sidered an outlier and removed from the analysis.

Process control charts

Both the process control charts (Figures 1 and 2) for the inverte-
brate and fish data indicate that the frequency of notifications
fluctuate over time, with sustained periods where there is an
increase in notification number, followed by a period where the
frequency of notifications declines before stabilizing.

For invertebrate notifications, the process control charts identi-
fied a centre line of 3.33 notifications a month, with an LCL of 0
and an UCL of 8.80 notifications. There were two periods when
the frequency of notifications was unusually high, spanning
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Figure 2. Process control chart for RASFF notifications of fish products
relating to veterinary residues. The chart shows the time course of notifi-
cation data and the position of the centre line �Cð Þ, upper and lower con-
trol limits (UCL and LCL respectively). Notifications exceeding the upper
control limit are labelled with a 1.
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2001–2003 and 2008–2009. Two other points exceeding the UCL
were noted in 2005 and 2006; however, the notification
frequency rapidly returned below the UCL and therefore could
be attributed to random fluctuations rather than sustained devia-
tions of the notifications (Figure 1). After the 2008–2009 peak fre-
quency period, the frequency of invertebrate notifications
suggested an overall shift in the mean number of notifications
per month to below the 10-year average of 3.33 notifications per
month. For fish notifications, the process control charts identified
a centre line of 0.69 notifications per month, with an LCL of 0 and
an UCL of 3.18 notifications. There was one noteworthy period,
between 2004 and 2006, when the notifications exceeded the
UCL indicating that the frequency was unusually high. Two other
points exceeding the UCL were noted in 2002 and 2007; however,
as in the invertebrate analysis, the notification frequency rapidly
returned below the UCL and therefore could be attributed to
random fluctuations (Figure 2).

Log linear analysis

The number of factors associated with reporting events was col-
lapsed for both the invertebrate and fish data. For both datasets,
this resulted in four key factors being considered: year, geographic
area of origin, product type, and residue type. The log linear model
took the form

logfijkl ¼
X4

i¼1

logFi þ
X4

i¼1;j¼1

logFij þ
X4

i;j;k¼1

logFijk þ
X4

i;j;k;l¼1

logFijkl (1)

where Fi i=1:4 represents the factors year, geographical origin,
product type and residue type, Fij, Fijk, and Fijkl their two-, three-,
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and four-factor interactions, and fijkl is the observed notification
frequency for year i, geographical origin j, product type k and
residue type l.

Invertebrate dataset. The levels associated with the factors
derived for the invertebrate data were: year: 2001–2002,
2003–2006, 2007–2010; geographic origin: Bangladesh, China,
India, Vietnam, Asia other; product type: Macrobrachium spp,
marine shrimp, Penaid spp.; residue type: bacterial inhibitor,
chloramphenicol. The use of these levels meant that 157 notifica-
tions were removed from the analysis as either they lacked suffi-
cient detail for analysis, or they did not fit into any of the levels,
resulting in 465 alerts used in the analysis. All invertebrate product
data retained for analysis were crustaceans (prawns and shrimp).

The results of the log linear analysis highlighted two 3-way
interactions (year� geographic origin� residue type; year
geographic origin�product type) and one 2-way interaction
(residue type�product type). For this, the likelihood ratio
test of the final fitted model had a p value of 0.969 (w2 = 15.807;
df = 28) suggesting the model gave an appropriate fit.

Bar charts of the interacting factors are provided in Figures 3–5.
For the 3-way interactions, these indicate that over time the nature
of the alerts relating to geographic origin, product time, and
residue type change. Of note is that in the period 2001–2002, Asia
other, Vietnam, and China were the principal contributors to notifi-
cations, with India contributing few notifications and no notifica-
tions from Bangladesh (Figure 3). In 2007–2011, this situation had
reversed, with Bangladesh contributing the most notifications
and India also contributing substantially. It is also notable that for
the period 2001–2002, chloramphenicol was identified as a major
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residue type associated with China, Asia other and Vietnam, but in
later years bacterial inhibitors, particularly nitrofurans, were preva-
lent, notably in India and Bangladesh; both of these substances
are in group A, as defined by Directive 96/23/EC. Figure 4 indicates
that product type was associated with geographic origin, for
example with China and Vietnam having alerts for marine shrimp,
Asia other for Penaid spp. and Bangladesh Macrobrachium spp. As
over time the geographic origins for the notifications change, so
do the product types reported. Figure 5 for the 2-way interaction
between residue type and product type indicates that residue type
is associated with bacterial inhibitors being noted in freshwater
products (Macrobrachium and Penaidspp.) while chloramphenicol
is reported in marine shrimp and Penaid spp.

Fish dataset. The factors derived for the fish data were: geo-
graphic origin: Asia other, China,Vietnam, rest of world: product
type: catfish, eel, marine fish, freshwater fish; residue type: antibi-
otic, dye; year. The use of these factors meant that 24 notifica-
tions were removed from the analysis as they lacked sufficient
detail or did not fit into any of the factor categories, leaving
158 notifications for analysis. This reduction limited the number
of factors that could be included, and so year was left out of
the log linear analysis.
The results of the analysis highlighted three 2-way interactions

(fish product� residue type, fish product� geographic origin and
residue� geographic origin). The overall fit of themodel had a like-
lihood ratio p-value of 0.189 (w2 = 12.446; df = 9). The interactions
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were again examined using bar charts. Further charts were made
to include year in a similar manner to those generated for the inver-
tebrate data (Figures 6–8). From these, the pattern of the inverte-
brate data appears also to apply to the fish data, in that there are
strong temporal, geographic and product interactions relating to
the type of residue highlighted in the notification. In particular,
from 2004 onwards, dyes became the prominent residue type
detected. In 2004–2005, there were a substantial number of notifi-
cations regarding the catfish associated with Vietnam (Figure 6),
with most notifications regarding Vietnam being related to catfish
and dyes residues (Figures 7 and 8).
Discussion

The aim of sampling food products for the detection of veterinary
residues is to protect the consumer, meet international obliga-
tions, and promote the trade of safe food. The aquaculture indus-
try in the UK, is dominated by Atlantic salmon Salmosalar with an
annual production of around 145 kilotons, and rainbow trout
Oncorhyhnchusmykiss with production around 15.5 kilotons
per annum. The only other aquacultured species of significance
is the blue mussel Mytilusedulis, with a production of around
32 kilotons per annum.[13,14] However, due to the farming prac-
tices used for M. edulis production, it is unlikely that veterinary
residues would be present in this species and therefore the focus
of sampling IS on salmonids. While other fish species are farmed
in the UK for human consumption, the production is compara-
tively very low, so these species are only intermittently examined.
In 2007, 1 barramundi, 2 carp and 3 tilapia were included in the
statutory sampling. No residues of antimicrobials were detected
in any of these samples.

From the UK statutory sampling residue data it is clear that few
residues are encountered in either trout or salmon. Of further
note is that the number and nature of analytical tests are not con-
stant from year to year. This reflects changing farming practices,
perceived risk of residue presence, and advances in residue
detection. The residue-testing framework in the UK is based on
a matrix ranking regarding likelihood of use, potential harm to
the consumer and compliance with Directive 96/23/EC.[7,8] The
most common residue encountered in sampling of UK salmonids
is malachite green. This triarylmethane dye was first recom-
mended as a fungicidal treatment of fish in 1936, and has since
been used for the treatment of various fungal and parasitic infec-
tions in aquaculture.[15,16] It has not received an MRL due to
concerns regarding toxicity and human health and was banned
RoW

Viet
na

m
Chin

a

Asia
_o

th
er

Catfish
Eel

Marine fish
Freshwater fish

Other

Product

2007-2010

RoW

Viet
na

m

4-2006

ing to geographic region and product type over time. RoW represents rest
hart shows that the period 2004–2006 was dominated by notifications of

y & Sons, Ltd. Drug Test. Analysis 2012, 4 (Supp. 1), 1–9



RoW

Viet
na

m
Chin

a

Asia
_o

th
er

2007-2010

Antibiotics
Dyes

Other

Residue

RoW

Viet
na

m
Chin

a

As
ia_

ot
he

r

2004-2006

RoW

Viet
na

m
Chin

a

Asia
_o

th
er

50

40

30

20

10

0

N
u

m
b

er
 o

f 
n

o
ti

fi
ca

ti
o

n
s

2002-2003

Figure 7. Bar chart for number of RASFF notifications of residues in fish products, relating to geographic region, over time. RoW represents rest of
world. Residue type Other was omitted from the log linear analysis. The chart shows that the period 2004–2006 was dominated by notifications of
dye residues in products from Vietnam.

EU sampling for drugs in aquaculture

Drug Testing

and Analysis
in the EU and North America for use in food producing species. In
the UK, it was withdrawn from use in 2002, and in 2004 the EU set
a minimum required performance limit (MRPL) of 2mg/kg for
total combined residues of malachite green and its metabolite
leucomalachite green.[17] The ban and introduction of an MRPL
are reflected in the results of the statutory sampling data where
the detection of this residue in fish rapidly declines after 2002.
The initial numbers in 2002 could be attributed to a ‘wash-out
period’, but later instances indicate infringements that required
further investigation.[18]

Due to the decrease in the number of reports relating to the
UK salmonid industries, Directive 96/23/EC appears to be effec-
tive in detecting veterinary residues and contributing to the
reduction of transgressions. The rationale behind choosing the
sampling strategy for Directive 96/23/EC is not explained and
does not have an obvious, statistically based, origin.[19] Indeed,
the monitoring and control plans were developed to ensure a
high degree of health protection while avoiding disruption of
intra-community trade.[20] Such sampling schemes can work
very well in practice, as indeed appears to be the case for 96/
23/EC in the UK, but a result of such a centrally prescribed
approach may be a tendency for oversampling, inefficiencies
and inflexibility.[19,20] In this respect it is notable that from 2002
to the present no group A residues were identified in UK aqua-
cultured products, suggesting that the likelihood of their usage
within the industry is low, but a significant sampling effort
remains devoted to them.
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Directive 96/23/EC also relates to third country exports of
aquacultured products, requiring that they have comparable
mechanisms in place to prevent contaminated food entering
the EU.[21] The UK, like other EU states, validates this compliance
through a combination of sampling and testing regimens
arranged by the competent authority (VMD), border inspection
posts and retailers. These organisations incorporate elements of
randomly sampling consignments along with intelligence reports
and experience. Border inspection posts are required to sample
at least 1% of product consignments, but can increase this if
contamination is suspected.[21] While there are fixed proportions
of samples to be tested for specific groups of residues, unlike
Directive 96/23/EC, examination of imports does not always
operate on a predefined sampling basis and is reactive to changes
in perceived risk, increasing or decreasing numbers of specific
analyses when there is intelligence to support such modifications.

A key element of the intelligence gathering for residues, used
by the UK, VMD, and border inspection posts, is the use of the
RASFF reporting system, to which all members of the EU sub-
scribe, notifying each other of recent transgressions.[9] Analyses
of these data indicate that veterinary residues in aquacultured
products imported into the EU remains a current issue. While
the implementation of the RASFF alert system has undoubtedly
enhanced consumer protection within the EU, the report entries
are for infringements only, and do not indicate the underlying
sampling efforts involved. Therefore, interpretation of rising
notification counts, while demonstrating a particular issue with
a product or country, cannot adequately reflect the scale of the
problem, as this could be amplified as a result of increased
vigilance within the RASFF system.

The RASFF data for both invertebrates and fish indicate a rela-
tively steady rate of notifications punctuated by periods where
the number of notifications rapidly rise and then decrease again
to previous levels, resulting in a notable peak of activity detectable
by the process control charts. For fish, there was a single peak of
activity in 2004–2006. Log linear analysis combined with bar charts
indicated that this was driven primarily by a rise in notifications
relating to malachite green residues in catfish imported from
Vietnam. In the UK, malachite green was detected in catfish from
Vietnam in 2004 and dialogue between the two countries was
initiated to identify the source.[18] Subsequent investigations and
discussions by the Food and Veterinary Office of the EU with the
competent authorities in Vietnam led to enhanced procedures to
ensure compliance with Directive 96/23/EC.[22]

For the invertebrate data, there has been over three times the
number of notifications to RASFFs compared to those for fish
products within a comparable time scale. Despite two obvious
ey & Sons, Ltd. wileyonlinelibrary.com/journal/dta
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periods of increased notification rates, the underlying rate of
notifications is also higher than for fish products, as highlighted
by the process control analysis. The commonly detected residues
in invertebrate products are bacterial inhibitors (predominantly
nitrofurans) and chloramphenicol. Nitrofurans are antibacterial
compounds that have an added value in prawn and shrimp
farming as they have been reported as postponing spoilage
post-harvest.[23] However, they are carcinogenic and have
been banned for use in food producing animals in the EU.
Chloramphenicol, another antibacterial, has previously been
recommended for use in shrimp aquaculture, but concerns over
potential toxicity led to it being withdrawn from food producing
animals in the EU.[24] Assessment of this substance by the Joint
FAO/WHO Expert Committee on Food Additives JECFA and the
CODEX Committee on Residues of Veterinary Drugs in Food
agree that no MRL could be set. Both chloramphenicol and
nitrofurans are listed as group A residues in Directive 96/23/EC,
and MRPLs have been set for both compounds.[7,25]

The two main spikes in RASFF notifications for invertebrates
relate to different countries and residue usage. The first spike
consists of notifications predominantly for nitrofuran and chlor-
amphenicol usage from China, Asia, and Vietnam, while the sec-
ond spike is for nitrofuran residues in products from Bangladesh
and India. As for fish, import bans and communication between
European officials and the relevant competent authorities of
these countries has helped to reduce the number of incidents
of exceeding residue limits and ensure compliance with Directive
96/23/EC. Further controls imposed by the competent authorities
included the requirement that all exported consignments from
non-compliant countries were screened.[22,26] In addition, in
2008, Bangladesh instigated a self-imposed ban of exports to
the EU as measures were put into place to try to ensure Directive
96/23/EC compliance.[26]

The high numbers of invertebrate notifications in comparison
to fish indicates that there are more invertebrates imported into
the EU, or more individual invertebrates are required to generate
an analytical sample than fish, or analysis of invertebrate tissue is
more effective, or imported invertebrates have more issues with
excess veterinary residues. It is this last subject that is perhaps
of most concern in terms of protecting public health. It is appar-
ent that aquaculture industries both in Vietnam and Bangladesh
have actively sought to establish residue testing and sampling
strategies that meet the expectations of Directive 96/23/EC in
consultation with EU officials. However, the sampling regimens
implemented in these countries differ from those of Directive
96/23/EC, which was primarily developed for fish production
within the EU. Part of this difference may be due to the nature
of the respective farming industries. For example the combined
UK number of fish farm sites is estimated at 800 generating
around 150 000 tonnes of product, while in Bangladesh the esti-
mated number of prawn farms exceeds 200 000, generating
around 80 000 tonnes of produce.[13,26] Prawn farming in Asia tends
to be produced in small-scale enterprises, often using low-intensity
methods, while UK salmon production is intensive and is domi-
nated by a few major international companies. The biology, life
cycles, and husbandry of the farmed animals are different, and
finally many prawns are required to equal the weight of a single
salmon. It is therefore questionable whether the single sampling
regime outlined in Directive 96/23/EC based on tonnage output
can be equally effective across all aquaculture industries.
Presently there is no consensus agreement regarding sampling

regimens for veterinary residues for countries exporting to the EU.
wileyonlinelibrary.com/journal/dta © 2012 John Wile
Alternative global sampling strategies to Directive 96/23/EC for
food animals are described by the CODEX Alimentarius Commission
with the aim of enhancing and standardizing global food safety and
encouraging trade, but unfortunately the recommendations for
aquacultured animals were withdrawn in 2008 pending revision
and clarification.,[27] While Directive 96/23/EC may work within
the EU, it does have recognized limitations.[17,19] The global aqua-
culture industry is diverse and a single sampling strategy based
primarily on fish production is unlikely to be both effective and
efficient. Therefore, Directive 96/23/EC should not be considered
a suitable replacement for CODEX sampling protocols. As aquacul-
ture industries and markets continue to develop, the challenge will
be to develop efficient residue sampling strategies that are flexible,
reactive and relevant to different farm animals and practices while
ensuring consumer safety.
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