
Abstract
The European Commission (EC) regulation no. 854/2004

requires a systematic monitoring of chemical and microbiological
contaminants in live bivalve molluscs, live echinoderms, live tuni-
cates and live marine gastropods for human consumption through
surveillance plans to be implemented in all European Union (EU)
countries. A consortium of five Adriatic countries was set up in the
framework of the Instrument of Pre-accession Assistance Adriatic
Cross-border Cooperation Programme (IPA Adriatic CBC) 2007-
2013 with the aim of collecting data and distribute information on
harvesting and production in mollusc areas. A web-based geo-
graphical information system (GIS) application was developed to
support the partners to manage data and to make these data avail-
able to final users, policy makers and to risk assessors. The GIS
for the Strengthening of Centres for Aquaculture Production and
Safety surveillance in the Adriatic countries (CAPS2) is divided
into two levels, the national and the supranational one, and it dis-
tributes spatial and epidemiological information coming from var-
ious data acquisition and management sites. The great innovation
is the possibility for each country to use online drawing, modify-
ing and change of the geographic areas according to national
surveillance needs. Currently it hosts data coming from about 230
production and relay areas with more than 29,478 laboratory tests
performed on collected samples since August 2014. Data collect-
ed are used by each national competent authority to classify pro-
duction or relay areas according to the EC regulation mentioned
and to conduct risk assessment studies to evaluate the level of
consumers’ exposure to contaminants in the consumption of
bivalve mollusc products.

Introduction
The fishery sector is one of the most strategic for the

economies of the Adriatic cross-border countries. The more than
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one thousand km of coast belonging to these countries represent an
extraordinary resource not only for the tourist sector, but also for
the production of high-quality fishery and shellfish products,
which are increasingly present in the diet of consumers due to high
percentage of polyunsaturated fatty acids, fat-soluble vitamins,
high protein content, low cholesterol and high content of essential
elements (Grigorakis, 2007). Production and trade in this sector is
increasingly important in the Adriatic area and the attention paid to
the quality and safety of fishery products and shellfish is growing
both at the national and the European level. According to national
regulations and directives by the European Union (EU) and the
European Parliament Council of the EU (EPCEU) the laboratories
operating in the Adriatic countries should be well prepared to meet
the surveillance needs in terms of potential chemical, microbiolog-
ical and toxicological contamination. Current EU legislation is
focused on measures maintaining a clean and healthy marine envi-
ronment, i.e., contaminants in fish and other seafood for human
consumption must not exceed concentrations established in regula-
tions and directives (European Commission, 2006, 2011, 2013;
EPCEU, 2004a, 2008). A large number of EU countries have
organised systematic monitoring of potential contamination of
bivalve mollusc, live echinoderms, live tunicates and live marine
gastropods (in following text referred to as bivalve molluscs for
short) based on these directives. These molluscs are widely used in
coastal monitoring programmes and pollution assessment studies
as they are sessile organisms with a worldwide geographical distri-
bution. They are filter-feeders with a slow rate of detoxification
and they have an ability to accumulate many different toxic con-
taminants (Bogdanović et al., 2014; Ujević et al., 2015). EC regu-
lation 854/2004 and directives issued by the EPCEU (EPCEU,
2004b) on 29 April 2004 stipulate specific rules for the organisa-
tion of official controls on products of animal origin intended for
human consumption. In particular, competent authorities (CA)
must decide on the location and the geographic boundaries of pro-
duction areas for bivalve molluscs. The production areas from
which harvesting is authorised are divided into three classes: class
A) areas from which molluscs may be collected for direct human
consumption; class B) areas from which molluscs may be collected
but placed on the market for human consumption only after treat-
ment in a purification centre or after relaying; and class C) areas
from which molluscs may be collected but placed on the market
only after relaying over a long period (at least two months) or after
heat treatment by an approved method. In order to enable produc-
tion areas to be classified, the CA must establish a sampling pro-
gramme to verify the microbiological quality of all bivalve mol-
luscs offered for sale and check for the presence of toxin-produc-
ing plankton and chemical contaminants. In this scenario, a consor-
tium, consisting of Italy, Croatia, Montenegro, Albania and
Bosnia-Herzegovina, established a strengthening programme with
respect to the surveillance of seafood contaminations in the
Adriatic area and created a platform to share epidemiological
information related to the areas investigated. A real-time informa-
tion system and a Web-based GIS application were developed to
support the consortium to manage data collected during surveil-
lance and monitoring activities and to make these data available to
final users as well as policy makers and risk assessors. In this con-
text, the CA were provided with operational tools to establish and
keep a number of approved production and relay areas up to date
according to the EC regulation 854/2004.

The aim of the paper is to describe in detail the technological
capabilities, tools and function of the information system and the

Web-based GIS application currently operational in the Adriatic
countries. Classification of production and relay areas is also pro-
vided for each country. An extended risk assessment of the entire
Adriatic area will be developed in the future in accordance with all
participating countries.

Materials and Methods

System architecture
The CAPS2 GIS was developed to manage data and informa-

tion both at national and supranational levels. Data coming from
the national surveillance plans in place in each country are man-
aged at the national level and these data are exclusively accessible
by in-country users. The supranational Web GIS provides geospa-
tial tools visualising the classification of production areas and sam-
pling sites of the entire Adriatic area of interest and gives access to
this information at both public and restricted levels. 

At the national level, users can access their country’s public
server which hosts database storage for both spatial and general
epidemiological data (see the Italian example in Figure 1A). At the
supranational level, each country’s data are shared as Web services
with a central server located in Italy that distributes data in the
form of maps and tables through the Web GIS and the information
system (Figure 1B). Figure 1 as a whole reports the schematic rep-
resentation of the two levels discussed here.

Data collection
Two sets of data populate the database: spatial and general,

epidemiological data. The former represent the production or relay
areas and sampling sites (using polygon and point geometries
directly inserted by the users). The spatial reference system adopt-
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Figure 1. National and supranational level systems. A) Italian sys-
tem as an example; B) architecture at the supranational level.
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ed is the geographic coordinate system (GCS) world geodetic sys-
tem (WGS) of 1984 (WGS 84), which is the established standard
CGS for use in cartography, geodesy and navigation.

Pure spatial data come from the monitoring and surveillance
plans in place in each country. The attributes linked to the areas
are: code, area name, start date of validity and category (i.e., pro-
duction area, preliminary production area, harvesting area, farm or
undefined area). The sampling sites contain the point name and
mandatory information related to the production area or the relay
area they belong to.

The epidemiological data are collected by veterinary services
and laboratories and can be grouped as follows: sampling data
(sample code, date of collection, water temperature, water salinity,
test to be performed, materials and species); test results (contami-
nation level, presence/absence, unit of measurement, test laborato-
ry date); and classification containing the information about the
health status of the production or relay areas including start date of
validity and an open or closed state. The class categories are
defined according to the EC regulation 854/2004 with an added
class D that stands for restricted/unacceptable.

The base maps shown in CAPS2 GIS are provided by Mapbox
and Google Maps as tiled maps services (TMS).

Application modules and data flow

The national level
This level consists of a set of Web-based data management GIS

applications, such as user, sampling, test result, geographical unit
(area management and point management), classification and
database. The user Web application manages users and profiles
according to privileges and requests. Table 1 summarises the
actions that are allowed (or not allowed) for each profile.

The sampling application manages sample collection and
delivery to the laboratory through a guided input form and pro-
vides users with tools and filters to search for the records of a spe-
cific sample, while test result manages the outcome of analyses
performed. It is used for entering test values and tools and filters
are available to search for specific samples along with the recorded
results for each sample, which can all be downloaded as an Excel
spreadsheet. The geographical unit menu, the real innovation of
the system, was developed to create, edit or delete production or
relay areas and the associated sampling points. The application has
an interactive map capable of showing areas and points, and a table
showing the list of the geographical units already recorded in the
GIS. Map navigation tools and data filters are available on the tool-
bar at the top. It is possible to add/edit a production or relay area
or a sampling point by entering the coordinates or drawing directly
on the map using the mouse. The classification application is used
to add or modify the health classification of the production or relay

areas. This application is composed by an interactive map that dis-
plays the classification of these areas and a table with additional
information (the health status history). It is also possible to load a
regulation document that establishes the classification of the areas
as a PDF attachment (maximum 5 MB). The classification appli-
cation includes navigation tools, data filters and a legend describ-
ing the classification of each area, while the database manages
lists of materials, species, contaminants and units of measure that
system administrators can integrate or modify according to their
own needs.

The supranational level
This level has both a public and restricted access. The former

allows the visualisation of the health status of the production or
relay areas according to EC regulation 854/2004, while the sam-
pling points are only shown in terms of geographical location. The
restricted access displays information about results from the sam-
pling points (positive, negative, etc.) together with the health status
of the production or relay areas. Only registered users can access
this detailed information and they can only do it with reference to
their own country. Tools for map navigation and data selection are
available both for public and restricted access. The legend explains
the symbols for the production areas, the relay areas and the sam-
pling points. It is also possible to filter the data displayed on the
map by applying filter criteria, such as year, country, category, area
and points.

Data flow
The correct way to enter new data (spatial and epidemiologi-

cal) is displayed in Figure 2. The first step is to create the geo-
graphical unit (a polygon representing a production/relay area or a
point representing a sampling site); then it is possible to link the
field sampling to the area/point recording all the information of the
sampling. Once the sample is processed in laboratory for microbi-
ological or chemical contaminants, results can be entered into the
system based on the results obtained and the CA can classify the
area according to regulation requirements. When data have been
updated in the national-level database, they are automatically dis-
played in the supranational Web GIS application.

                   Article

Figure 2. Data flow in the web applications at the national level.

Table 1. Access organisation.

User profile                                                                                              Web GIS and Web applications
                                               User             Sampling                Test result      Geographical unit            Classification          Database

Competent authority                          ●                             ●                                        ●                                    ✓                                              ✓                                  ✗
System administrator                        ✓                            ●                                        ●                                    ✓                                              ●                                   ✓
Laboratory                                            ✗                           ✓                                       ✓                                   ✗                                             ✗                                 ✗
Sampling operator                             ✗                           ✓                                        ●                                   ✗                                             ✗                                 ✗
Guest                                                     ✗                            ●                                        ●                                   ✗                                             ✗                                 ✗
GIS, geographical information system. ✓, Enter and view data; ●, view data; ✗ , none of these.
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Software
The CAPS2 GIS was developed using both open-source and

proprietary software. The software infrastructure is composed by
Oracle 11g Express Edition (XE) database management system, a
small-footprint database based on the Oracle 11g code, which is
free to download and simple to administer. In addition, a J2EE
business logic layer and a number of client frameworks and
libraries are needed.

The epidemiological and spatial data are stored in the Oracle
XE 11g database and shown as representational state transfer
(RESTful) Web services available for client Web applications.
Each request sent to the server uses parameters to build the appro-
priate structured query language (SQL), a domain-specific lan-
guage used in programming. The Spring annotation-based Model
View Controller (MVC) framework (https://docs.spring.io/
spring/docs/current/spring-framework-reference/html/mvc.html)
simplifies the process of creating RESTful Web services, while the
Web application implements Spring Security, a robust mechanism
that provides a complete support for both authentication and autho-
risation and protection.

Passwords stored in the database are generated randomly by
the system and encrypted with the MD5 encoding algorithm, a
widely used message digest designed to be used as a cryptographic
hash function. Once a password has been generated, it is sent to the
user’s email address to be used for the first log in. The generated
passwords can be changed directly by the users at any moment.

The client Web applications available in the CAPS2 GIS was
developed with the OpenLayers 2.13.1 (https://openlayers.org/) and
jqGrid 4.6.0 JavaScript libraries (http://www.trirand.com/ blog/).
Twitter Bootstrap v3.0.3 (https://getbootstrap.com/) and jQuery-UI
(https://jqueryui.com/) were used to build the tools of the user interface
of the CAPS2 GIS and to harmonise the style of the whole platform.

Each national level system shares its own data in the form
of Web services available for the supranational application
through a call sent by the national server in use (acting as
proxy), which means that the data of interest are returned to the
supranational level sending a query to the underlying national
system level database when a Web service is invoked.

Results
The CAPS2 GIS is accessible using a common Web browser at

http://www.caps2.eu/. Currently (access August 2017) the CAPS2
GIS hosts about 50 users from different countries and with differ-
ent roles who manage data coming from about 230 production and
relay mollusc areas (Table 2). Samplings have been performed
since August 2014 and the amount of tests performed up to now is
29,478 (Table 2).

In Figure 3 the supranational Web GIS application shows the
classification results for the entire Adriatic area and Table 3 reports
the classification of the sampled areas for each country. When log-
ging into the system, the worst laboratory data (with respect to
contamination) at each sampling point of the user’s country
become visible as shown in Figure 4. The supranational level
application displays all data registered at the national level for all
participating countries. Detailed data on test results are available
from the CA by request.

Figure 5 shows all available applications at the national level.
Users authorised to upload sample information ranging from col-
lection to delivery at the laboratory, can use the second Web appli-
cation, i.e. sampling entering standard information required on a
Web-generated form (Figure 6). Once the sample has been
received at the laboratory and tested, the results can be uploaded

                                                                                                                                Article
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Table 2. Use of the system by currently participating countries.

Country                 Monitored areas (n)                                     Tests performed on collected samples
                                                                       Biotoxin         Chemical           Microbiological          Test for             Shellfish          Samples
                                                                          tests               tests                      tests                     PaH                disease            tested

Albania                                                2                                    733                          30                                    355                                  35                                 -                           1,153
Bosnia-Herzegovina                        2                                    140                          42                                     66                                   10                                 -                             258
Croatia                                               82                                15,506                       403                                 8,722                               665                                -                          25,296
Italy                                                   145                                  784                          90                                    581                                  12                                3                           1,470
Montenegro                                      6                                    715                          72                                    424                                  90                                 -                           1,301
Total                                                  237                               17,878                       637                                10,148                              812                               3                          29,478
PaH, polycyclic aromatic hydrocarbons.

Table 3. Classification of production and relay areas in each country.

Country                                                 Classification                                                    Areas without                               Number of areas  
                                                        A               B                C                                   sanitary classification*                            monitored

Albania                                                           0                    1                      0                                                                       1                                                                       2
Bosnia-Herzegovina                                    2                    0                      0                                                                       0                                                                       2
Croatia                                                          59                   6                      0                                                                      17                                                                     82
Italy                                                                58                  12                     0                                                                      75                                                                    145
Montenegro                                                  0                    0                      0                                                                       6                                                                       6
Total                                                              119                 19                     0                                                                      99                                                                    237
A, areas from which molluscs may be collected for direct human consumption; B, areas from which molluscs may be collected but placed on the market for human consumption only after treatment in a purification
centre or after relaying; C, areas from which molluscs may be collected but placed on the market only after relaying over a long period (at least two months) or after heat treatment by an approved method. *To be
updated over following years and according to new local regulations.
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from the database through the test result application. A list of
received samples is provided in a table and the user can edit and
updating the row showing the test results (Figure 7).

The area management and point management applications are
available in the geographical unit section. For example, a new pro-
duction area (Figure 8) and a new sampling point, respectively, can
be entered there. The production area and the sampling point will

then immediately be displayed on the map and in the table
(alphanumerical attributes). This action can be performed by a sys-
tem administrator or a CA user. Figure 9 highlights how to add a
new classification to a production area. The system also keeps
track of previous classifications (that are visible by opening the
sub-table available for each row in the table). This action can only
be performed by a CA user.

                   Article

Figure 3. The supranational Web geographic information system application for the entire Adriatic area with classification details for
Abruzzo and Molise regions.

Figure 4. Data and relative legend available on the supranational Web geographic information system for an authorised user. The sam-
pling points are coloured according to the outcome of samples analyses performed. 
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Discussion
The EC regulation 854/2004 requires that the CAs in each

European country clearly define production areas, microbiological
quality and potential presence of toxin-producing plankton and/or
chemical contaminants for bivalve molluscs and establish surveil-
lance systems to classify them accordingly. In case of non-compli-

ance with the health standards, harvesting of the molluscs is pro-
hibited or differently regulated. The consortium activities encour-
aged the development of national surveillance plans in partner
countries to progressively achieve EU standards and to comply
with the specification of EU directives. The CAPS2 information
system was developed at the national and supranational levels to
support the CAs in these activities. Although several web-based

                                                                                                                                Article

Figure 6. The sampling application.

Figure 5. Screenshot showing access to CAPS2 geographic information system (national level) according to user profile. Available appli-
cations: user, sampling, test result, geographical unit, classification, database.
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Figure 8. The geographical unit-area management application.

Figure 7. The test result application.
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applications have been developed for animal diseases at the nation-
al and international levels (Conte et al., 2005; Savini et al., 2006;
Di Lorenzo et al., 2016), the CAPS2 is one of few examples of
Web-based map services for bivalve molluscs containing GIS
functionalities for surveillance activities that is available so far
(Ferrè et al., 2011).

The system administration now considers about 50 different
diagnostic tests (Appendix) in the framework of different surveil-
lance plans implemented in countries making advanced tools in
terms of maps and data manipulation available. The partner con-
sortium discussed here relied on a large number of experts to eval-
uate and define the information needed to be implemented.
Gathering and standardising the information coming from the dif-
ferent surveillance plans and integrate data into a common, single
system represents one of the most challenging aspects of the work.

The considerable amount of data uploaded in the system in a
year (release date of January 2016) is an indicator of the need that
Adriatic countries have in terms of distributing and sharing infor-
mation. The system described is an accurate and complex engi-
neering process that starts with a careful analysis of needs and
information to be collected and ends up with the application of a
completely new approach. Its development required considerable
costs in terms of human and financial resources to train people,
recruit and retain technical expertise, acquire the necessary hard-
ware and software for data analysis and improve network services

via the Internet. Its maintenance requires additional economic
input to update data and support the administration. Costly though
any Web-based GIS may be, the flexibility of these tools (ranging
from the simplest to the most advanced and customised software)
makes it possible to develop applications suitable to any geograph-
ical context and to any disease where spatial components play an
important role.

Conclusions
The collection of relevant epidemiological data is fundamental

for any scientific assessment of the risks of pathogen introduction
and/or food safety risk assessment. Information generated by the
CAPS2 GIS and distributed via the Internet provides a precious
resource facilitating decision-making processes and management
of control activities both at central and local levels, which is of
benefit to all stakeholders. The integrated Web GIS, including both
qualitative and quantitative data, enhances evaluation and adoption
of health policies, simplifies cost/benefit analysis greatly and
enlarges the different control options by authorities in charge. In
this context, the next step will be the development of an integrated
risk assessment of the whole area in agreement with all participat-
ing countries.
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Figure 9. The data entry module for classification. 
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