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Abstract: Monitoring constitutes an essential tool towards the conservation of species, habitats, ecological and developmental
processes and it is strongly related to adaptive management. Effective monitoring can provide the appropriate
ecosystem services for the relevant stakeholders and it can be accomplished via the combination of destructive and
non-destructive methods. The importance of non-destructive monitoring is well known, as it can tackle several
limitations that occur, when comparing with the application of destructive in-situ methods, most importantly being the
relatively higher cost and the lower spatial and temporal resolution of such campaigns. For that reason, an
Autonomous Water Telemetry Sensing System (ATWSS) was developed, in order to enhance and support the
implementation of smart water management. The developed technology constitutes an innovative approach of
environmental monitoring, as any deviation from the control (base) level is mentioned, recorded and the incidents of
pollution are detected in real time, giving the respective alarm signal. Moreover, ATWSS supports with high
confidence the validation and calibration procedures for the air- and space-borne sensors mostly used, due to the
meticulously recording of a vast quantity of detailed hyperspectral and spatio-temporal data.
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1. INTRODUCTION

The conservation of biodiversity and the necessary ecological and developmental processes, the
safeguard of natural resources sustainability and the protection/improvement of water quality are
accomplished through the application of appropriate sustainable management methods, an essential
tool of which is considered to be the effective monitoring. Monitoring of water quality is essential
for several reasons, such as for the assessment of conservation status, regarding the structural and
operational characteristics of the examined water system/body, for the evaluation of management
measures efficiency, implemented in a controlled area, for the early diagnosis and prediction of
pollution problems, etc. (Borja et al., 2009). Through monitoring, any change (or the absence of it)
in time and in a specific site/area can be early detected.

Monitoring of water quality with exclusively the application of “traditional” methods is
considered nowadays as an expensive and time-consuming procedure, mainly because of the
required frequent visits to the respective field. Additionally, the information concerning remote
areas (e.g. marshes, river deltas), or during prohibitive time periods (e.g. due to weather conditions)
is rather limited. Alternatively, the application of remote sensing has played a very important role in
the integrated monitoring of water resources, especially during the past few years. Additionally,
recent advances in communication and sensor technologies have accelerated the progress of remote
monitoring capabilities, applied for water quality (Bonin—Font et al., 2016). In several cases the
recent monitoring programs have been directed towards the implementation of data collected
continuously, by using the appropriate in sifu sensors/detectors. These data may be further accessed,
either through on-site downloading, or even remotely. The application of Autonomous Surface
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Vehicles (ASVs), used for monitoring purposes, is becoming rapidly popular and rather common
place within the marine and aquatic scientific community (Caccia, 2006; Dunbabin et al., 2009).

The main aim of this research is the enhancement of adaptive management via the development
of an innovative tool (i.e. an Autonomous Water Telemetry Sensing System, ATWSS) for
monitoring water quality. ATWSS was designed and developed to collect data from long and
systematic water monitoring missions and its autonomous system satisfies the relevant
requirements. In addition, one of the most important aspects of ATWSS’s development was the
capability for passive sampling in the aquatic environment. The description of the developed
approach/tool, its intra- and inter-communication interfaces and role in sampling and water analysis,
as well as the estimation of its success/efficiency, based on the collected data from coastal areas, are
going to be presented in the following.

2. METHODOLOGY

2.1 Description of the AWTSS

The Autonomous Water Telemetry Sensing System can be seen in Figures (pictures) 1 and 2. It
is a vessel with an oyster-like design that consists of two parts: the lower part hosts all the electronic
equipment, the sensors, the motor and the hardware automation and the upper part has two Wi-Fi
antennas, four solar panels, one anemometer and one IP camera. The top part can be opened in
order to have full access to the interior. The two parts are firmly sealed to each other, offering full
isolation to water and therefore, (almost) all-weather functionality. At the front of the vessel lies an
electric Minn Kota motor which can keep the vessel “anchored” within 3 meters of a specific point
and can also store up to 6 pre-defined paths, i.e. important features that are very useful for
systematic and targeted water monitoring missions.

Figure 1. (a) The Autonomous Water Telemetry Sensing System, and (b) Sampling mounting points.

The vessel is powered by 2 rechargeable batteries, which can be re-charged during the mission
via the 4 solar panels, located on the top part of the vessel. As a result, the AWTSS can operate
continuously for at least 4 hours, enabling the mapping/control of rather extensive areas during a
single mission.

One of the main advantages of an AWTSS is that it can carry simultaneously several user-
defined sensors, using the existing infrastructure on the vessel. Specifically, it is equipped with an
electrical winch, which has a 30 m stainless wire rope. This winch can be used in combination with
a multi-parameter probe or other active sampler for water profiling up to 30 m. Furthermore, the
vessel has the capability to include a variety of passive samplers for water quality monitoring at the
surface of different water bodies, as well as a depth sonar. In addition to the sensors, the AWTSS
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features a high accuracy GPS receiver in order to record the coordinates of the measurements’
locations. Therefore, the AWTSS enable the user to do 4D profiling (X, y, z, t) of different water
bodies, such as lakes, rivers, lagoons and coastal waters. Apart from the sensors, the AWTSS also
features an anemometer that gives real time information about the wind speed, direction and
temperature. The collected data from the sensors and the feed from the anemometer are transmitted,
via telemetry, to a receiving database.
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Figure 2. Detailed description of the Autonomous Water Telemetry Sensing System.

The AWTSS is continuously connected to a base station for data transferring and operation of
the platform. The operator has full control of the navigation of the vessel, as well as of the sampling
procedures. For this reason, a customized software with a GUI was specifically developed, along
with the required hardware automation for the control of the vessel speed, direction, waypoints and
all the available functions of the Minn Kota motor (e.g. path memories and spot-lock), as well as the
depth of the winch, regarding vertical water profiling. In addition, the operator has optical contact
with the surrounding environment, as well as inside the platform, by using the two IP installed
cameras, one located externally at the top part and the other one located internally at the bottom
part.

2.2 Telecommunication devices of the AWTSS

The Autonomous Water Telemetry Sensing System needs to operate with the least possible
amount of human intervention in order to minimize the rather high cost of human efforts, required
for large water monitoring missions. Furthermore, a system that acts as a telemetry station should
always be connected to a remote computer base, where the logged data are sent and the operator
should also has the option to connect with the system remotely, when required in order to control it,
or to change the mission parameters.

In the following, the specific types of data that the AWTSS can collect will be described and the
communications’ subsystem will be presented, which is responsible for handling the data collection
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and the remote operation of the system.

The data collected by the AWTSS for each monitoring mission can be divided into the following
categories: (1) data from the on-board sensors, and (2) data from external sensors. The first category
includes all the data coming from the sensors, which are installed on the vessel. These sensors are a
high-accuracy GPS (with less than 50 cm resolution) and an anemometer that logs the wind speed,
wind direction and temperature. Therefore, the system, by design, logs continuously the position of
the vessel and the meteorological conditions during the mission’s time.

The second category includes the data collected by the several external sensors, which can be
deployed on the vessel. Specifically, the vessel is equipped with an electrical winch with a 30 m
stainless steel rope, which can be used to deploy a specially designed instrument, being both a
multi-parameter probe (YSI EXO2) and an active vertical water profiling. When this instrument is
being used, the operator can select the desired depth of the measurement and the sensor is
submerged into the water. By using a simple hall sensor, connected/mounted on the winch, the user
knows during the measurement time the vertical position of the sensor and this coordinate is also
logged along with the GPS and meteorological data. A relevant microcontroller was developed and
is tethered to the instrument in order to log real-time data from it. When the microcontroller detects
a value that is outside of the acceptable limits, it sends a signal to the active sampler to collect the
respective water sample.

The data from the on-board sensors and the data from the multi-parameter probe are saved to the
on-board rugged PC and sent to the remote server after the end of the mission. In order to connect
with the Internet, the vessel is also equipped with an LTE/Wi-Fi 2.4 GHz modem that uses the
telecommunications network to acquire a static IP for the vessel. Using this network, the on-board
PC sends the mission data to the remote server/base, where all these data are stored. Furthermore,
this network gives the operator the capability to connect with the vessel from any computer with
regular Internet connection, in order to control it or supervise its current status. For this reason, a
custom software with a GUI was specifically developed, along with the required hardware
automation for the control of vessel speed, direction, waypoints and all the available functions of
the Minn Kota motor (i.e. path memories and spot-lock), as well as the depth of the winch for
vertical water profiling. In addition, the operator has optical contact with the environment around
and inside the platform, by using the two IP installed cameras, located externally at the top part, and
internally at the bottom part, being also used to monitor the screen of the installed depth meter. In
addition, the AWTSS can be activated and deactivated remotely and notify the operator in case of
low battery level or theft via SMS.

In cases where the telecommunications network is not available, because of bad signal at the
mission area, the AWTSS has the capability of a local network connection. On-board the vessel two
12dBi omnidirectional antennas are located, operating at 2.4 GHz, which are responsible for
transmitting the Wi-Fi network in a radius around the vessel. In these cases, a human operator must
be in the vicinity of the mission and use a long range 24dBi parabolic antenna, operating also at 2.4
GHz, along with a base station (a simple laptop computer in this case) to connect with the local
network of the vessel. This local network has a range of up to 10 km, depending on the topography
of the region. Using this network, the vessel can send the mission data to the base station and the
operator can control the platform via the GUI previously described.

Finally, in the extreme case when neither the telecommunications, nor the local network is
available the vessel enters a “failsafe” mode, where it is programmed to use the spot-lock function
of the motor in order to stay in the last “online” position. Then, the operator can manually control
the vessel, by using an RC transmitter, programmed with the basic functions of the vessel, such as
speed control, direction and spot-lock. This RC operation has a range of up to 20 km, depending on
the topography of the region.

2.3 Passive sampling

The implementation of active, as well as of passive sampling seems to be an important tool
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towards the estimation of water quality, the early detection of pollution problems and the decision
making, regarding the applied or planned management. For example, the concentration and
variability of organic compounds in the aquatic environment depend on their use pattern, the
amounts discharged, and their persistence, the application time and surface runoff. The
concentrations of organic compounds in surface waters are usually low (<1 pg/L), and there is a
need of sensitive methods with very low detection limits. Due to the variability of micro-pollutants
in the aquatic environment, there is a need for frequent sampling. Among other available
monitoring methods, passive sampling presents a promising environmental monitoring tool,
recommended also in the European Commission Guidance on surface water monitoring and in the
Directive 2013/39 (European Commission Guidance No. 19/2009; EC, 2013).

Passive sampling offers a sensitive and time integrative measurement of free dissolved
(therefore, bioavailable) concentrations of micro-pollutants in water, usually over a period of few
weeks. This overcomes the problem of measurements below the detection limit often observed with
the application of conventional grab sampling techniques. Furthermore, the different sources of
variance and uncertainty can be much better controlled, which in turn results in the reduction of
required number of analyzed samples to obtain results with comparable statistical power (Poulier et
al., 2014). Passive samplers represent a well-defined sampling approach with a known uptake
pollutants’ capacity, which is the major advantage over other alternative media, such as sediments
or biota used also to observe monitoring trends. Moreover, passive samplers could be used to
further evaluate the toxicity or estrogenicity of waters, by employing various bioassays (Creusot et
al., 2013; Jalova et al., 2013).

Polar organic chemical integrative samplers (POCIS) have been used for the pre-concentration
ad accumulation of hydrophilic organic compounds, regarding polar to moderate polar micro-
pollutants, with logK,w <4, such as pesticides, pharmaceuticals, ingredients from personal care and
consumer products (PCCP), natural and synthetic hormones and other industrial compounds
(Terzopoulou and Voutsa, 2016; Assoumani et al., 2013; Berho et al., 2013; Dalton et al., 2014;
Ibrahim et al., 2012; Jalova et al., 2013; Lissalde et al., 2011; Lohmann et al., 2012). There are two
main types of absorbents, usually applied in POCIS. POCIS-Pest preferentially concentrates the
waterborne HpOC:s, such as polar pesticides and natural and synthetic hormones, whereas POCIS-
Pharm concentrates the polar pharmaceuticals, the endocrine-disrupting compounds (EDCs), the
ingredients from PPCPs, and other wastewater-related contaminants (Terzopoulou and Voutsa,
2017; Coes et al., 2014; Creusot et al., 2013; Jarosova et al., 2012; Munaron et al., 2012; Thomatou
et al., 2011). Furthermore, the Persistent Toxic Substances (PTS) may include various classes of
pollutants, such as organochlorine pesticides (OCPs) and industrial polychlorinated biphenyls
(PCBs), as well as combustion by-products, such as polycyclic aromatic hydrocarbons (PAHs) and
others. Since these pollutants are semi-volatile compounds, their long-range transport is also
enhanced by re-volatilization, thus environmental monitoring is needed for their global assessment
(Lammel et al., 2015). Since many of these compounds have been banned or they are under strict
regulations in Europe, the measurement of aqueous phase PTS concentrations is considered an
important activity for assessing the effectiveness of international treaties on pollution prevention
and reduction. Although, passive sampling cannot predict the actual concentrations of priority
compounds in biota, passive samplers reflect well the contaminant levels to which biota have been
exposed in their natural environment and consequently, contributes to the goals of WFD monitoring
(Miege et al., 2015). Semi-Permeable Membrane Devices (SPMDs) have been used for the pre-
concentration of hydrophobic organic compounds, such as several PTS.

3. RESULTS AND DISCUSSION

An evaluation of ATWSS operation has been performed under the frame of a project
implemented in Epanomi and Aggelochori marine and coastal areas. Epanomi lagoon (including its
wider coastal-marine zone) and Aggelochori lagoon (including a saltpan, salt marshes and the
marine zone) constitute areas of NATURA 2000 network with SCI codes GR1220012 and
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GR1220005, respectively (Zouboulis et al., 2017).

For the performance evaluation several laboratory measurements were also obtained and
compared, highlighting a significant agreement with the relevant values, obtained from AWTSS.
The testing and validation of measurements’ protocol has been carried out, resulting
(approximately) up to 80 measurements/h. Nine sampling sites were selected of the two examined
lagoon cases during April-November 2016 (Figure 3). The range of selected measured parameters
from in situ, as well as from laboratory data, including the measurements taken by AWTSS
highlighting a significant agreement with the relevant values, obtained from AWTSS
(RMSE~15%), is given in Table 1 as well as the concentrations of heavy metals, Cd and Pb, are
presented in Figures 4 and 5. During the summer period the water level decreases in the examined
coastal lagoons, as expected, which leads to an increase of pollutants’ concentration. During the
winter period, high rainfall incidents are usually observed and as a result, the whole region of
wetlands is fully covered with water, leading to a reduction of all pollutants’ concentrations, due to
dilution. The organic content is high, especially in Epanomi lagoon, which is a common fact in
most lagoons, as well in wetlands, due to the presence of generally shallow waters. pH, temperature,
salinity, specific conductivity, dissolved oxygen, total dissolved and suspended solids and turbidity
values are considered to be at normal (expected) levels. The concentration of nutrients is highly
depending to the respective monitoring period and to the non-treated effluents that are disposed in
the monitoring areas, indicated as point - or diffuse pollution, whose origin however, cannot be
easily or accurately determined. Water bodies can be considered to be in a desirable condition
relative to metal concentrations in coastal water stations where salinity is increased. Furthermore,
Cd and Pb concentrations have been decreased during last years.

Figure 3. Epanomi and Aggelochori sites and the sampling points.

The implementation of active, as well as of passive sampling with the use of an unmanned
robotic vehicle seems to be an important tool towards the estimation of water quality in Thermaikos
Gulf where organic compounds have been determined (Arditsoglou and Voutsa 2008, Nodler et al.
2014). According to Arditsoglou and Voutsa (2008), two types of polar organic chemical
integrative samplers (pharmaceutical POCIS and pesticide POCIS) were examined for their
sampling efficiency of selected endocrine disrupting compounds (EDCs) in Thermaikos Gulf. The
target compounds include 4-nonylphenol (NP), 4-octylphenol (OP and tOP), mono- and di-
ethoxylates of 4-nonylphenol and 4-octylphenol (NP1EO, NP2EO, OP1EO, OP2EQO), bisphenol A
(BPA), the estrogens estriol (E3), estrone (E1), 17b-estradiol (bE2), 17a-estradiol (aE2) and
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selected synthetic steroids; mestranol (MeEE2) and 17a-ethynylestradiol (EE2). Four sites were
selected in the major coastal area of Thessaloniki (Axios river, harbor with important commercial
and touristic activity, mussel cultivation area, site with surface runoff and wastewater of diverse
origin), where the occurrence of the target EDCs has been recently reported. These sites exhibited
different water quality characteristics and different environmental conditions (i.e. salt content,
dissolved organic carbon content, flow rate, turbulence and pollution impact from different
activities). The concentrations (ng/POCIS) of the studied EDCs were determined in both types of
POCISs deployed at field sites, as well as the concentrations (ng/L) of EDCs in grab water samples,
collected at the same sites, are shown in Table 2. The differences in uptakes of EDCs between the
two types of POCISs, could be probably attributed to the different behavior of the samplers under
the environmental conditions. Similar ranking of field sites was obtained by both active and passive
sampling approaches. The highest uptakes of EDCs in POCIS along with the highest water
concentrations were recorded at site with surface runoff and wastewater of diverse origin and the
lowest were observed at harbor area. Although, it needs further investigation, passive sampling can
give reasonable estimates of ambient concentrations, by providing a holistic picture of EDCs
present in aquatic systems. According to Nodler et al. (2014), polar anthropogenic organic micro-
pollutants were frequently detected in the shorelines of Aegean Sea. The samples were analyzed for
various classes of micro-pollutants, such as pharmaceuticals, corrosion inhibitors, biocides and
stimulants. Caffeine, paraxanthine, theobromine, tolyltriazole, 1H-benzotriazole, and atrazine were
detected in >50% of all samples. As caffeine is linked to untreated wastewater, the widespread
occurrence of raw sewage in marine environments and thus, the potentially elevated nutrient
concentrations and the risk for the presence of wastewater-related pathogens is remarkable.
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Figure 4. Concentrations of Cd during the period April-November 2016.
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Table 1. Range of selected measured parameters.

Parameters EP1 EP2 KAN1 KAN2 EPTH1 EPTH2 AGG1 AGG2 AGGTH
Temperature °C Range 17.2-32.1 8.7-31.7 10.3-32 9.3-29.3 10.8-28.5  13.5-27.3 8.2-35.6 8.5-35 13.1-30.3
Median+SD  19.10+6.03  25.30+11.45 18.40+8.39  19.50+9.83 19.70+6.91 18.80+5.67 18.40+10.00 18.10+9.50  18.80+7.05
pH Range 7.9-8.68 6.5-9.3 5.67-9.5 7.1-8.75 7.7-9.01 6.69-8.24 6.46-8.78 6.62-8.14 6.82-9.5
Median+ SD  8.2440.29 7.88£1.04  8.03+1.03 8.0+0.66 8.15£0.44  8.12£0.56  7.94+0.69 7.99+0.52 7.85+0.83
EC mS/cm Range 21.19-68.49  35.5-941.7 26.07-855.2  20.3-548.8  40.6-172.7 41.4-170.6 38.59-739.9 34.12-726.7 35.63-165.3
Median+ SD  54.7+20.52 84.89+436.39 58.44266.15 81.254221.08 60+39.05 70.13+36.67 102.4+246.92 127.34247.67 77.1£38.25
Salinity ppt Range 12.72-45.39 22.4-60 21.29-68.9  13.63-68.19 30.4-64.67  41-68.53 24.7-58.2 20.88-48.4  28.8-67.84
Median+ SD  37.9+14.05 37.63+16.25 36.9+20.87 28.75+25.04 41.65+9.98 50.85+9.82 39.6+14.36  38.7+11.65 40.51+14.65
TDS g/L Range 13.79-44.7  23.1-153.3 23-298.9 14.69-409 20.45-112.4 21.14-111.3 25.18-941.6 22.01-979.3 28.29-107.4
Median+ SD  34.46+13.38 55.18453.6 56.56+94.58 113.27+161.49 40.64+39.22 52.6+44.16 62.81+293.86 95.48+382.84 56.9+44.41
Turbidity NTU Range 117-2170 103-622 25.7-1950 85.5-590 17-292 28-136.8  47.5-2200 25.3-2500  35.5-157.6
Median+SD  705+838.45  207+211 92+623.77 95+187.29  88.2+88.52 58.7+44.93 128.84689.17 142.9+794.21 87.4+45.18
DO mg/L Range 8.3-12.1 2-11.4 0.98-10.4 0.123-10.5  5.6-10.73 5.7-10.1 2.92-11.4 3.92-11.1 6.72-10.56
Median+SD  9.17+1.7 8.8+3.83 7.08+3.16 9.64+4.66 8.6+1.73 8.43+1.2 6.85+2.45 7.35£2.23 8.97+1.08
N mg/L Range 0.73-1.11 n.d. 0.446-0.45 n.d. n.d.-0.02 0.02-0.1 n.d. n.d. n.d.
Median+SD  1.054+0.21 - 0.45+0.44 - 0.02 0.06+0.06 - - -
TOC mg/L Range 56.82-85.23  n.d.-51.3 19.45-22.6 nd.-51.4 2.05-2.36  2.51-4.57 12.15-17.36  14.26-21.2 2.04-2.68
Median+ SD  73.20+14.26 33.45+25.24 21.03+13.14 51.4 2.22+41.53  2.95+0.94 13.38+5.09  16.55£8.54  2.05+0.56
TSS mg/L Range 122.4-2386 64-204.4 41-668 60-113.6 35.52-90.8  38.4-92.4 56.64-2024  64.9-316 33.9-110.4
Median += SD  152.74240.91 204.4+194.3 227.54269.98 113.6+100.18 57.2429.72 61.7#27.03 75.4+61.31  90+100.53 65+38.02
Total mg/L Range 0.02-5.33 0.01-0.07 0.01-0.91 0.01-0.91 0.01-0.05  0.01-0.03 0.03-0.06 0.02-0.26 0.01-0.18
Phosphorous Median+ SD  0.0440.03 0.04£0.04  0.04+0.04 0.05+0.51 0.02+0.02  0.01£0.01  0.04+0.01 0.03+0.14 0.02+0.08
PO,” mg/L Range n.d.-16.34 n.d.-0.22 0.18-2.79 0.12-2.79 0.03-0.15  0.09-0.49  0.09-0.18 0.06-0.8 0.12-0.55
Median+SD  0.18+8.10 0.21+0.1 0.25+1.23 1.4741.87  0.15+0.17  0.09+0.23  0.12+0.05 0.45+0.42 0.12+0.25
NOy mg/L Range 7.53-25.87 0.5-12.4 0.8-14.17 0.6-14.17 0.3-10.63  0.4-16.39  0.6-12.84 0.4-21.7 0.4-14.2
Median+ SD  15.05£5.49  4.87+5.55 5.32+4.82 2.21+£5.95 3.1£3.3 3.76£6.68  4.65+5.07 6.86+8.89 2.44+5.73
NO, mg/L Range n.d.-0.07 n.d.-0.07 0.03-0.16 0.01-0.07 0.03-0.06  0.03-0.07 n.d.-0.07 0.03-0.1 0.03-0.07
Median+ SD  0.06+0.01 0.07£0.02  0.07+0.06 0.05+0.04  0.03+0.02  0.03+0.02  0.07+0.02 0.07+0.03 0.03+0.02
NH,' mg/L Range n.d.-0.78 0.08-0.6 0.03-0.36 0.08-0.89 0.04-0.53  0.05-0.53 0.09-0.66 0.08-0.54 0.04-1.21
Median+ SD  0.49+0.36 0.33+0.3 0.17+0.09 0.22+0.1 0.12£0.17  0.11£0.15  0.27+0.24 0.10£0.16 0.21+0.44
SiO, mg/L Range 1.18-17.69  0.73-11.25 1-6.27 1.63-17.05  0.49-1.35  0.38-7.42  0.45+7.66 0.36-8.3 0.36-2.87
Median+ SD  3.6246.76 1.35+4.54  3.61+2.66 5.64+7.62  0.91+0.31 0.98+2.24  4.04+2.37 5.69+2.40 1.93+0.94

Table 2. EDCs at field sites as determined by active and passive sampling (Arditsoglou and Voutsa, 2008).

tOP NP OP OPIEO NPIEO BPA OP2EO NP2EO El1 oE2 PBE2 MeEE2 EE2 E3
Site 1 (agricultural runoff)
Sample A ng/L 12.0 347 nd 8.61 762 58.8 nd 58 nd nd nd nd nd nd
Sample B ng/L  9.45 633 nd 9.75 442 25.0 6.6 464 nd nd nd nd nd nd
Pest-POCIS ng/L 22.8 288 nd 11.8 26.8 28.2 nd 31.8 nd nd nd nd nd nd
Pharm-POCIS  ng/L 11.1 119 nd nd 100 26.1 10.0 193 nd nd nd nd nd nd
Site 2 (harbor with important commercial and touristic activity)
Sample A ng/L 7.78 283 nd 19.7 369 55.7 16.0 292 nd nd nd nd nd nd
Sample B ng/L 262 241 nd 245 587 26.9 225 452 nd nd nd nd nd nd
Pest-POCIS ng/L 11.5 170 nd nd 195 35.6 18.5 225 nd nd nd nd nd nd
Pharm-POCIS  ng/L  26.7 111 nd 41 80 25.5 nd 132 nd nd nd nd nd nd
Site 3 (mussel cultivation area)
Sample A ng/L 28.7 915 nd 11.7 636 36.3 23.8 517 nd nd nd nd nd nd
Sample B ng/L 10.5 181 nd 21.2 266 50.4 8.51 31.5 nd nd nd nd nd nd
Pest-POCIS ng/L 36.8 155 nd nd 76 222 5.67 142 nd nd nd nd nd nd
Pharm-POCIS  ng/L 820 683 nd nd 59 13.6 nd 68 nd nd nd nd nd nd
Site 4 (surface runoff and wastewater of diverse origin)
Sample A ng/L 50.0 4017 95.6 100 4441 850 210 2911 nd nd nd nd nd nd
Sample B ng/L 651 3616 43.7 nd 824 419 201 2830 nd nd nd nd nd nd
Pest-POCIS ng/L 22.1 813 nd 60 2631 378 130 269 nd nd nd nd nd nd
Pharm-POCIS ~ ng/L  31.5 1313 nd 100 3107 557 160 861 nd nd nd nd nd  nd

Sample A and Sample B represent grab water samples collected from field sites during the respective monitoring/exposure period (active sampling);
Pest-POCIS, Pharm-POCIS, pesticide and pharmaceutical POCIS configurations after 1 week exposure (passive sampling); nd: not detected.

4. CONCLUSIONS

The increase of human activities in Thermaikos Gulf and especially in the coastal area of
Epanomi and Aggelochori coastal lagoons is directly reflected on water quality. The developed
technology (Autonomous Water Telemetry Sensing System) constitutes a rather innovative
approach of environmental monitoring, as any deviation from the control (base) level is mentioned,
recorded and the incidents of pollution can be detected in real time, giving the respective alarm
signal, triggering the respective action/measurements to counteract the problem. It can be
successfully used for the evaluation of management effectiveness and the establishment of a
feedback mechanism, used to provide the appropriate ecosystem services for the effective adaptive
management, proposed for these habitat types, and to serve the relevant stakeholders.
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