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ABSTRACT
Safety and security engineering involve several and complex multidisciplinary activities aimed
to preserve people and the environment from hazards and risks. These concepts that were born as
“umbrella” terms for the laws, rules; process design is generally applied only for workplaces or related
to the employees; indeed, the scenario of related applications is only limited by the typical needs of
the specific context. Recently, new methods and applications for detecting, evaluating, and tracking
signs of environmental contamination are validating the effectiveness of safety and security engineering tools also in the environmental field. As in a workplace an engineer is called to analyze a complex
scenario (e.g. to evaluate a risk, to assess a real danger and, therefore, look for causes to define the
dynamics and find a solution), in the same way the environmental forensic scientist has to examine
scenarios and actors to define the relationships to reveal source, path and target; in both the same techniques and technologies used in the analyses play a key role. This paper introduces a multidisciplinary
strategy that bridges different approaches incorporating remote/proximal sensing applications where
techniques and technologies enforce safety and security programs. A part of Campania coast, close
to Salerno city in southwestern Italy, was chosen as a test bed of our strategy. All the activities were
performed supporting the environmental investigations directed by Salerno Prosecutor Office and also
cooperating with Italian police and several Government bodies. This paper provides an example where
law enforcement and university research teams collaborate to develop enhanced environmental protection methods.
Keywords: aerial infrared thermography, bioindication, eco crimes, environmental forensics,
environmental violations, GIS, law enforcement, public health, remote sensing.

1 INTRODUCTION
Environmental forensic science applies scientific methods to the investigation of environmental crimes and contamination events; therefore, the environmental forensic scientist has
to examine scenarios and actors to define the relationships to reveal source, path and target,
thus helping to identify the culprit of a specific environmental damage. This paper introduces
a multidisciplinary strategy that bridges different approaches incorporating remote/proximal
sensing applications where techniques and technologies enforce safety and security programs. A part of Campania coast, close to Salerno city in southwestern Italy, was chosen as
test a bed of our strategy. All the activities were performed supporting the environmental
investigations directed by the Salerno Prosecutor Office and also cooperating with Italian
police and several Government bodies. Since this paper point out the novelty of the followed
approach and of the advanced techniques and technologies used in a real investigation process, also the description in the paper will follow all the main steps of a real case solved by
the Salerno Prosecutor Office with the contribution of one of the author as technical consultant. In detail, the specific case was related to ascertain the presence of unauthorized discharges
and/or pollutants in water bodies of Salerno coast, and/or other critical environmental issues
related to waterways and to assess the anthropic impact on the water streams to identify
possible adverse effects on human health and on the ecosystem.
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The investigation methodology has been based on the criteria identified in the causal connection between the offender and offense and the analysis of the operating scenario; both
analyses were carried out keeping in mind the uniqueness and magnitude of the investigated
area.
The offender is the person responsible of the pollutant source; therefore, to define them it
is useful to classify the pollutants sources with the following criteria: 1) discharges origin; 2)
continuity of discharges; 3) permissibility of discharges.
According to the first criterion, discharges origin, the discharges are defined as urban or
industrial and, moreover, spot or distributed.
Regarding the second criterion, the continuity of discharges, there are only two types:
continuous and discontinuous or intermittent.
Finally, regarding the third criterion, the permissibility of discharges, the classes are two
distinct that require also significantly different logistic approaches: control and verification
measures to the authorized releases; search, detection and location of illegal discharges.
According to the definition of environmental crime, crime is any breach of the rules on
discharges, or discharges made without authorization and/or breach of the limits of the quality of discharges of any kind delivered in a river basin. The gravity of the offense is related to
the feasibility of remediation of water bodies.
In our case it seemed appropriate to broaden the assumptions for the definition of the investigation methodology also to the damage or risk of damage caused by spilled pollutants on
possible targets as natural resources (rivers, lands and sea), human activities (e.g. agriculture,
livestock farming, fishing, recreational activities), human health.
When law enforcement investigates environmental criticalities linked to discharges, all the
above considerations represent a guideline that has to be taken into account to successfully
prosecute the responsible parties. Investigators must be able to produce a validated dataset
using recognized scientific methods, such as random sampling. Remote and proximal sensing
data integrated with data collected on the site can support the investigation process reducing
the examined area, revealing the causal connection between the pollution source and the
environmental damage. This study employed traditional law enforcement evidentiary methods, validating the combined use of remote, proximal sensing and in situ data with a strong
contribution of IT (Information Technology) tools.
2 MATERIALS AND METHODS
In this study, we used a hierarchical monitoring approach ranging from remote/proximal
sensing to analytical in situ methods. All the used tools, facilities and the cooperation between
police, government bodies and University teams create a virtual unique “infrastructure”
(Fig. 1).
In the environmental field the investigation often begins with the evidence of the damage
and not of the illegal polluting act; indeed, the consequences of pollution appear far away in
time and space from the polluting act. The presented infrastructure reveals the conceptual
flow of the performed investigations where a top-down approach permitted at first to reduce
the investigated area identifying criticalities, then defining actors and the specific dynamics
of the typical environmental pollution model “source-path-target”.
In this study the satellite remote sensing data were obtained from the Landsat 8 operational
land imager sensor (OLI) to create the Normalized Difference Vegetation Index (NDVI) [1]
images for the scene. We analyzed the range of NDVI values only for the data related to the
water surface, using data extraction techniques based on the Normalized Difference Water
Index (NDWI) [2].
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Figure 1: The virtual unique “infrastructure” combining tools, platforms, facilities and the
cooperation between police, government bodies and university teams.
The remote/proximal sensing data obtained using Landsat 8 were validated in several environmental monitoring missions with complex scenarios as reported in previous works; these
include: a combined use of remote/proximal sensing applications with analytical/biotechnological analyses for the early detection of cyanobacterial blooms for water quality assessment [3, 4].
Remote sensing studies typically use only satellite data, but in our approach we have combined the data acquired by several aerial platforms (sat, aircraft, rotorcraft and UAV/DRONE)
to permit enhanced resolution and flexibility on various spatial and temporal scales. During
the past years our team have already partially tested in several real missions in Italy the use
of this range of aerial platforms and advanced sensors to detect the illegal activities [5, 6], but
this is the first time that we can appreciate the “power” of the full chain of platform finalized
to hierarchic monitoring.
In addition, remote sensing data can be strategically combined with other data layers,
including: fusion of optical data with synthetic aperture radar data to detect environmental
hazards [7, 8], use of thermal imagery to monitor landfills [9], surface waters contamination
[10] and to detect illegal dumping [11, 12] and to identify other illegal activities [13, 14].
Moreover, using the data acquired during the missions with geographic information systems
(GIS) it is possible to anticipate environmental violations [15, 16] and to monitor the
vulnerability of cultural sites [17].
In this study, to perform remote/proximal sensing activities, we used two different types of
aircraft: ATR 42 MP and a Rockwell Aero Commander 685.
The use of the first aircraft was derived from the cooperation with the Italian Coast Guard
and the second one has been made available by the Regional Agency for Environmental
Protection in Campania thanks to an agreement with the company Avioriprese.
The ATR 42 MP carried onboard the Sensytech 1268 ATM-E multispectral scanning sensor
that can detect the surface reflected energy turning it into 12 digital images that cover the
range of visible, near and middle IR bands.
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The Rockwell Aero Commander 685 was equipped with a four bands camera (Intergraph
DMC) placed on an inertial platform (Applanix POS/AV 510-DG) and linked to a GPS s ystem.
Two lightweight, twin-engine, eight-seat multi-purpose helicopters (Augusta Westland
139 N) were used in the missions thanks to a cooperation with the Italian police bodies
(Carabinieri and Italian Financial Police). The rotorcrafts carried onboard the standard multisensor optical payload specialized for search and rescue missions and, moreover, two IR
cameras with radiometric output (FLIR SC660, Flir T620).
We are currently investigating the possibility to identify, with the combined use of these
tools and analyses on site, different symptoms of eutrophic conditions due to the anthropogenic pressure on waters which receive diverse pollutants (wastewater or contaminated
waters), such as the presence of bioindicators such as microorganisms (cyanobacteria) [18],
and molecules (toxins) [19, 20].
3 RESULTS
As we highlight in previous experiences in Campania coast (south Italy), the coastal regions
contaminated by polluted river water leaving inland river basins can be difficult to monitor
due to their size and remoteness, so a complex multilevel visual and digital processing was
carried out to detect and track signs of contaminations and other “anomalies”.
It is necessary to point out that the scenario for the assessment of the state of pollution of
water bodies under investigation could not be limited only to river courses, but had to be
extended to the whole basin.
The first step of the approach was the acquisition and the analysis of satellite data that
reveal the potential alterations of the water quality and shows as the plumes generated in
correspondence specific delta rivers are pulled/pushed from the sea currents to the whole area
gulf of Salerno.
In particular, as shown in Fig. 2, the bigger sources are the Picentino (R1), Tusciano (R2)
and Sele (R3) rivers and the releasing of these water courses arrives to impact in the north
area of the gulf of Salerno as also the Amalfi coast.

Figure 2: Landsat 8 NDVI rendering reveals plumes near study sites and the impact on coastal
areas.
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Figure 3: 
The rendering of thermal band, overlapped with RGB signal, acquired by
multispectral sensor carried on board the ATR 42 MP.

The second step of the approach was the acquisition and the analysis of multispectral data
captured by the sensor carried on board the ATR 42 MP.
In particular, the thermal band, overlapped with RGB signal (Fig. 3), highlights with an
incredibly high resolution the hot spots related to delta rivers and, sometime, also, the
presence of big pipelines related to illegal water discharges.
This step permitted to identify a specific area of the coast that represents a first source of
pollution for the sea.
Obviously, at this level of investigation more studies are needed to identify the single
plume sources along each river body.
Because the geometric resolution of a multispectral sensor carried onboard the ATR42
MP was poor, we introduced a fourth step based on the use of the other aircraft available:
Rockwell Aero Commander 685. This aircraft thanks to specific sensor carried onboard and
the flight plan defined with specific altitude have guaranteed a resolution of 7–8 cm/pixel.
In Fig. 4 we can notice the high resolution of data acquired by Intergraph DMC onboard
the Rockwell Aero Commander 685; indeed, it is possible to identify details related to cars
and motorcycles present in the scene.
Moreover, since the Intergraph DMC is a four bands (R, G, B and NIR) sensor, it is possible to use this data also to produce a high definition NDVI indexing.
In the fifth step we entered the data acquired during missions in GIS, and we have planned
several helicopter flight plans over specific areas.
The sixth step was dedicated to perform missions using the rotorcrafts (Augusta Westland
139 N). During these missions, using IR cameras with radiometric output, we identified
“anomalies” related to spills and other tracks/evidences, among them, but we have not considered those with the permissibility of discharges; indeed, in real time it was possible to
cross-correlate the data acquired with those of a specific database designed to support our
missions (Fig. 5).
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Figure 4: RGB data acquired by Intergraph DMC onboard the Rockwell Aero Commander
685.

Figure 5: Example of mission performed using the Carabinieri rotorcraft (Augusta Westland
139 N) and cross-correlation with the information provided in the database.
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4 DISCUSSION
Several illegal activities were revealed during the investigation thanks to the approach here
proposed.
Respecting the limits imposed by the Prosecutor Office it is not possible to introduce here
all details of the cases solved, but we can present some examples that show some typical
illegal acts as discovered and how this is revealed by our technique and technologies.
A first example is related to “bad” practices operated by livestock farms that try to avoid
the costs and criticalities of animal waste management, introducing a bypass system that
permits the direct discharge in a close river/water stream.
We located the specific farm to examine with the first four steps of the proposed approach
and the last step, thanks to a thermal view acquired from a rotocraft with onboard a IR thermal camera, reveals the “hot” flow of waste directed to the river (Fig. 6).
The second example refers to another illegal behavior related to buffalo waste management; in this case the livestock farm had not a permanent connection with the river but an
intermittent drain consisting of a rubber pipeline used to discharge the waste from the close
reservoir as needed. Although this operation was done occasionally and therefore it could not
be caught in the act, during the investigations, it was possible to notice traces on the grass (at
first detected by radiometric data, then confirmed by RGB/visible pictures) due to continuous
trampling of the pump truck wheels in the path between the reservoir and the river, that
aroused suspicions (Fig. 7).
Finally, aerial radiometric infrared pictures of all the river plumes present in the investigated area were captured (Fig. 8) and this data could be analyzed by a combination of remote
sensing and river basin modelling to estimate their spatial, temporal, and water quality characteristics already made in previous work [21].

Figure 6: Example of illegal activity operated by a livestock farm (buffalo farm): standard
aerial view (on the left side), thermal view (on the right side) that reveal the “hot”
flow of dejection directed to the river.
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Figure 7: Example of illegal activity operated by a livestock farm (buffalo farm): notice traces
on the grass (at first detected by radiometric data, then confirmed by RGB/visible
pictures) due to continuous trampling of the pump truck wheels in the path between
the reservoir and the river.

Figure 8: 
Example of radiometric infrared data of several river plumes present in the
investigated area.
5 CONCLUSION
The innovative approach here proposed, based on a complex infrastructure combining
resources, procedures and tools, has demonstrated its effectiveness in field trials during a real
investigation process requested by the Salerno Prosecutor Office and no examples of a similar complex system have been reported so far. The acquired data represent also an invaluable
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background because they can be further processed for the safety and security and law enforcement, in the aim of a better land management as for prevention in the latter case.
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