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 Harmful algal blooms (HAB) or “Red tides” are organisms which produce toxins which 
are harmful to humans, fish, and other marine mammals. The said toxins come from 
dinoflagellates of genus Pyrodinium Bahamense var Compressum that cause Paralytic 
Shellfish Poisoning (PSP) and Dinophysis Caudata and Prorocentrum lima which results 
to Diarrhetic Shellfish Poisoning (DSP). In the coast of Western Samar, Philippines, there 
are reported occurrences of red tide toxins based on the laboratory result conducted by the 
Bureau of Fisheries and Aquatic Resources (BFAR) and the Local Government Unit 
(LGUs). HAB or Red tide has an impact on economy in terms of the loss of livelihood, sales, 
and exports, and also in terms of human life. This study developed a system that 
automatically detects the presence of red tide toxins and water quality parameters. Red 
Tide toxins and water quality parameters are determinant factors in detecting and 
forecasting the occurrence of HAB. In particular, the system utilizes a Surface Plasmon 
Resonance (SPR) and Water Quality parameter sensors used in detecting red-tide toxins 
and water quality. Data or information collected and generated by the system can be used 
for a faster, effective and efficient way of detecting and predicting the possible occurrence 
of HAB. Results positively indicate that the system performance can indeed be used as a 
Method in the detection and prediction of Harmful Algal Bloom. Specifically, for a time 
period of 80 minutes, 16 different sets of water parameters are captured and transmitted to 
the centralize system – making the system to be 100% functional as it is being set to operate 
in 5 minutes interval. Likewise, SPR bio toxin detection has a deviation rate of (+/-) 20%. 
Operational performance of the system is found to be 100%. 
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1. Introduction 

Harmful algal blooms or HABs are organisms that produce 
toxins which are harmful to humans, fish, and other marine 
mammals. The said toxins come from Dinoflagellates of the genus 
Pyrodinium bahamense var compressum that is accountable for 
causing Paralytic Shellfish Poisoning (PSP) when ingested by 
mussels or oysters and also taken in by humans and for Diarrhetic 
Shellfish Poisoning (DSP) caused by the presence of Dinophysis 
caudata and Prorocentrum lima. In addition, this phenomenon has 
an enormous impact when it comes to economy since the 
production of supply of sea products, especially shellfish industry, 
is greatly affected. 

There are over 4000 species algae (phytoplankton) and 2% (60 
– 78 species) are known to produce toxins, and most of which are 
dinoflagellates. A proportion of these toxic dinoflagellates has a 
red-brown pigmentation-giving rise to the naming of algal blooms 
as 'red-tides', however, not all toxic algae are colored and incidents 
of poisoning have occurred in the absence of red blooms. Visible 
red tides may contain from 20,000 to 50,000 algal cells per l ml of 
seawater; however, concentrations as low as 200 cells per l ml may 
produce toxic shellfish [1]. 

In the coast of Western Samar, Philippines, there are reported 
occurrences of red tide toxins    based on the laboratory result 
conducted by the Bureau of Fisheries and Aquatic Resources 
(BFAR) and the Local Government Unit (LGUs) from 2012 up to 
present. Based on their data, the most occurrence of red-tide was 
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in Irong-irong Bay, located in one of the costs of Samar Island, 
Philippines. It was followed by by Cambatutay Bay, Maqueda 
Bay, Villareal Bay of the same Island. The occurrence of this 
problem lasts for an average of 3 months with a longest recorded 
occurrence of 5 months for the past 5 years as indicated in 2016 
Report of Bureau of Fishery and Aquatic Resources (BFAR). 

On the contrary, various technologies were developed which 
are used in detecting HAB. One of these is the technology that 
utilizes fiber optic sensor in the detection of neurotoxin that causes 
harmful algal bloom. The technology makes use of the 
combination of absorption and reflection spectroscopy and the 
Principle Component Analysis (PCA) signal processing [2]. The 
process of sampling of the said technology starts with the gathering 
of contaminated water and put that sample on the device for 
analysis. But, there is no continuous monitoring mechanism on this 
part since there will be only testing of the sampled water if the user 
or researcher is on the site. 

With this, the proposed system made use of ICT in achieving a 
real-time and low-cost monitoring of the different triggering 
factors of the occurrence of HAB. Specifically, a surface plasmon 
resonance multiplexer sensor and water quality parameter sensor 
was used coupled with that of the server-based monitoring 
software. Data gathered by the sensors were sent to a server-based 
program application. The same information are being stored in a 
cloud based services. Data captured and stored in a server based 
and cloud based application program will serve as a prime basis in 
the analysis and detection and prediction of HABs.  

In particular, the study aims to develop an automated system 
that will capture the dynamics of the different parameters 
associated for the occurrence of HABs. Data captured in real-time 
basis will serve as inputs in the prediction. However, HABs 
prediction model based on the captured data by the developed 
system is not covered on this paper. Again, the intention of this 
study is to develop an automated mechanism that will detect the 
presence and dynamics of red-tide causing parameters.  

2. Related Literature 

The recurring occurrence of Harmful Algal Bloom in the 
coastal water of Samar, along with its adverse effect in human 
health and aquatic organisms necessitates the need to come-up an 
effective and efficient approaches, processes or technology that 
can be used to fast-tract the detection of the said phenomenon 
which is of paramount important. As such, several research and 
projects along on this area have been undertaken. On this, an 
analytical method has been developed for the quantitative analysis 
of marine biotoxins in shellfish – the main cause of the occurrence 
of harmful algal bloom.  

One of such analytical method was made through the so called 
High Performance Liquid Chromatography (HPLC) with 
fluorescent detection using both pre-column oxidation as described 
in [3] and post column oxidation as described in [4]-[7]in addition 
to liquid chromatography tandem mass spectrometry.  Similarly, 
HPLC with fluorescence detection in [8] have been utilized for the 
detection of Paralytic Shellfish Poisoning (SPS) toxins in algal and 
seawater samples with detection limits of nanograms per milliliter. 
Similarly, HPLC with fluorescence detection in [9] and LCMS/MS 
methods have been applied for the detection of the DSP toxins in 

algal and seawater samples as described in [10]-[14]. Furthermore, 
the study of [15] describes a method incorporating HPLC with 
fluorescent detection of domoic acid with others using modified 
version as indicated in [16]-[18]. Indeed, the used of analytical 
method has been widely explored as evident to the number of 
researches undertaken as described previously; however, the said 
methods require skilled personnel and are labor intensive 
measuring only toxin group per method. 

 On the other hand, the study of [19], explored the used of near 
real-time ocean color data from the Sea-viewing Wide Field-of-
view Sensor (SeaWiFS) to detect and trace HAB in Southwest 
Florida coastal water, its optical characteristics are influenced not 
only by phytoplankton and related particles, but also by the other 
substances, that vary independently of phytoplankton, notably 
inorganic particles in suspension and yellow substances. The 
results of the study showed that the SeaWiFS data provides an 
unprecedented tool for research and managers to study and monitor 
algal blooms in coastal environments. The existing study was also 
was not practical and expensive to be adopted by a rural area. 

Accordingly, the study of [20], used the Early Warning 
Harmful Algae Bloom (HAB) Sensing System for use in 
Underwater Monitoring which utilizes Principal Component 
Analysis (PCA) to establish the complex linkages between ocean 
color, absorption and scattering, algae pigmentation and cell size, 
along the depth of bloom layers. The author proposed an optical 
fiber sensor based method of detecting the associated neurotoxins 
that cause Harmful Algal Blooms.  

Another technology was developed by [21], a field deployable 
method that uses Surface Plasmon Resonance (SPR) and species-
specific Peptide Nucleic Acid (PNA) probes to detect 
Alexandrium (a genus of dinoflagellate that is responsible for 
Paralytic Shellfish Poisoning at extremely low cell densities) 
rRNA. This instrument has been tested using synthetic nucleotide 
sequences designed to mimic two species of Alexandrium. The 
SPR is an optical detection method that measures the change in 
refractive index after binding (Hybridization) of a target to probe 
on a surface [22]. Changes in refractive index are measured in 
resonance units (RUs) [23] The samples are manually injected to 
the portable device, 100 uliters, and then starts to measure the 
sample. 

The study of [24] developed a toolkit used rapid HABs 
detection and monitoring of maritime microalgae dubbed as 
Suitcase Lab. The toolkit enable rapid detection of specific 
microalgae associated with that of HABs as used in fields. In fact 
the toolkit can detect the presence of A. catenella – an HABs 
causing microorganism within the 2 hours of time sampling. Along 
with this, investigation and on micro phytoplankton community 
structure and abundance in two contrasted marine ecosystem has 
been explored in [25]. Results of such investigation indicates that 
the presence of such microorganism is prevalent in the 
commercially exploited environment.  

The existing study does not have continuous monitoring 
mechanism on this part since there will be only manual testing of 
the sampled water if the user or researcher is on the site. With our 
technology, the testing of sample procedure is automated and will 
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continuously be monitored depending on the necessary frequency 
of testing to be conducted. 

Another method being explored in the detection of underwater 
biotoxins is the used of Surface Plasmon Resonance Technique 
described in [26]-[28].  Further, the study of [29] reported an situ 
SPR system using special optical fibers for measuring salinity of 
seawater using the determination of refractive index. The sensor 
was tested on a pelagic profiler and was successfully found to be 
functional. The study in [30] presented a similar optical fiber based  
SPR system for in situ measurement of reflective index  and 
deployed  it in 2013 in deep water.  

3. System Development Model 

A developmental research design approach following the 
Dynamic System Development Model (DSDM) has been adopted. 
DSDM is a project development concept consisting six phases as 
follows: (1) conceptualization, requirement and specification 
phase; (2) System Analysis Phase; (3) System Design – Hardware 
and Software Design phase; (4) Testing and Implementation 
Phase; and (5) Evaluation Phase. 

In the conceptualization phase, benchmark information has 
been collected and analyzed. Benchmark information includes, but 
not limited to existing and similar technologies along water quality 
and harmful algal bloom detection; historical data on water quality 
and occurrence of harmful algal bloom in the specific site area; 
climate change and anthropogenic activities as causative factors to 
HAB occurrence; and other relevant information. This information 
becomes the basis in the formulation of the system conceptual 
model which is the outcome of the system analysis phase – the 
phase 2 of the DSDM. Figure 1 shows the conceptual model of the 
system. 

In reference to the conceptual model shown in Figure 1, the 
operation and functional flow of the system has been developed 
following as one outcome of the system design process. The 
functional and operational flow indicated in Figure 2 shows the 

graphical over-all workings of the proposed system. Figure 2 
shows the detailed process, required and implied components – 
both hardware and software of the proposed system.    

In particular, the system has been implemented utilizing the 
proposed backbone network articulated in [31] and [32]. The said 
network governs the communication and data transmission 
requirements of the sensing components s and that of the server-
based automated system. Note that as indicated in Figure 1, 
detection of Harmful Algal Bloom via SPR, largely depends on the 
different water quality parameters that are being detected. The 
development model consist of two subsystems: (1) the wireless 
sensing component and (2) the server-based automated system. 

The wireless sensing component consists of different sensors 
that detect the presence of HAB microorganisms in water and other 
water parameters such as the pH, turbidity, temperature, dissolved 
oxygen, and environmental parameters such as air temperature and 
humidity  

The server-based automated system received all the 
information from the wireless sensing components and performs 
analysis of all received data including the determination of the so-
called Harmful Algal Bloom. 

 
Figure 1: Developmental Model of the System 

 
Figure 2: Operational and Functional Flow of the System 
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In particular, the Arduino uno, Xbee module, Spreeta Sensor, 
pH meter sensor, temperature sensor, humidity sensor, color -
module, are used. Raspberry pie module. This hardware 
components form parts of the entire circuitry of the system. 
Further, a 5-watts solar panel is used to provide a 24/7 power 
supply to the wireless sensing component of the system. Note that 
a solar panel was specifically utilized in order to ensure a 
continuous power supply for the system and further ensure system 
continues operation.  

The specific solar panel used was designed in conformity with 
the system required operational power where the current and 
voltage generated are auto-regulated. Voltage regulation was made 
possible with the use of LM317T and 1N4007 diode. In addition, 
considering the projected 24/7 operation of the system. 
Furthermore, the 1N4148 diode was also utilized to protect the 
LM317T and solar panel from reverse voltage generated by the 
battery. Reverse voltage is usually the main cause for the 
breakdown of the said component. 

 
Figure 4: Water parameter sensor data 

4. The SPR Based Harmful Algal Bloom System 

4.1. The System Operation and Functional Flow 

Figure 2 describes the operation and functions flow of the 
system. Once the system is on operational state condition – all 
sensors in the SPR based water quality monitoring automatically 
capture physical data and sends the same to the server-based 
automated system. Note that all sensors capture physical data and 
send the same to the central server for processing and analysis at 

an interval of 4 hours. On this case, reports on the water quality 
and status of HAB are updated every after 4-hours period. 

On the other hand, the server based system contains application 
and analytical software that performs the analysis of all received 
data. However, captured data by SPR sensors and water quality 
parameters sensor are collectively and comparatively analyze in 
order to determine the possible occurrence of HAB or if there is an 
existing occurrence of the same. Figure 2 shows the detailed 
operational and functional flow of the system. 

4.2. System Development, Field Testing and Evaluation 

Figure 3 shows the actual wireless sensing component of the 
system during deployment, testing and evaluation. Major 
electronics and circuits are enclosed in an air-tight box. A 
Polyvinyl Chloride (PVC) pipe was used as enclosure for probes 
that are submerged in the water. The same material was used as 
enclosure for environmental parameter sensors such as air 
humidity and temperature. Empty plastic bottles were used as 
buoy. 

The system was deployed in Maqueda Bay Samar, Philippines. 
The buoy containing the wireless sensing component was stationed 
50 meters off the shore of Maqueda Bay, where the server-side of 
the system was placed. The major focus of the field-testing is to 
determine the operation performance and functions of the system. 
For this particular purpose the sensing component was set to 
capture physical data and transmit the same to server-based 
component at an interval of 5 minutes. 

Figure 4 depicts the captured physical water parameters being 
observed by the system as received by the server for a time period 
of 80 minutes. 16 different sets of collected data are received by 
the serve-based system on the said time period. The figure shows 
that when the air temperature decreases, air humidity increases.  

These characteristics occurred from the received data set at 
15:44 o’clock until the last received data set at 17:20 o’clock. In 
other words, the said results validates the general principle that as 
air temperature increases, air can hold more water molecules, and 
its relative humidity decreases. Thus, when temperatures drop, 
relative humidity increases. Note that there are two sets of 
temperature indicated on the figure – one is being represented in 

 
Figure 3: The Developed Wireless Sensors and SPR Based System 
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degree Fahrenheit and the other is represented in degree Celsius. 
Hence what is being referred on this particular discussion is the 
temperature represented in degree Fahrenheit. The degree Celsius 
represent the sea water temperature. 

On the other-hand, the pH value of water does not significantly 
changes over the entire test and evaluation period. Figure 4 
indicates that the pH water value ranges only from 5.61 to 5.66. 

Moreover, the SPR sensor are actually multiplex biosensors 
that detects paralytic shellfish poisoning toxins, such as saxitoxin, 
okadaic acids and domoic acid. On this case, evaluation of the SPR 
sensors was based on biosensors response measured in RU 
monitored for a certain period of time. With this in order to ensure 
its operational and functional performance, test, monitoring and 
evaluation has been separately carried over an 8-week period. It is 
to be noted that, when the SPR biosensor is unstable, there would 
have been steady decrease in responses over time at each time 
point. However, from Figure 5, it can be seen that SPR sensors 
response time did not drop off significantly for any biotoxin, 
although fluctuation did occur having a (+/-) 20% deviation from 
system deployment until the end of experimental tests. 

4.3. System Operational Performance 

To further ensure the efficiency of the system operational 
performance. The system has been subjected to further evaluation 
by experts – emphasizing the extent of functionality of all 
components measured based on success or failure of operation 
over total number of test trials. Result of the said evaluation is 
shown in table 1. As reflected on table 1, the success of operation 
of all components is at 100%. The said results only implied that 
the develop system is indeed reliable once it would be adopted. In 
particular, the wireless sensing component of the system is 
programed to operate in two mode of operations – the ACTIVE 
mode and the SLEEP mode. The system is said to be in ACTIVE 
mode when it captures physical data and transmit the same to the 
central server. When the captured data are successfully 
transmitted, then the wireless sensing component switches to 
SLEEP mode and remains on that state for a period of 4-hours. 

Furthermore, it can be seen in the figure that for over a 10 test 
trials of the different system components, no failure has been 
recorded. With the said result, the system operational capability 
can be considered as effective and efficient. 

 

5. Conclusion and Recommendation  

This study validates that real-time monitoring of sea-water 
quality parameters is feasible. These parameters include pH level, 
turbidity, temperature, dissolved oxygen, ambient air temperature 
and humidity among others. Also, the study was able to prove the 
capability and stability of the SPR biosensors as used in detecting 
paralytic shellfish poisoning toxins.  

Thus, with the capability of the developed system to (1) 
monitor the real-time quality of sea water and (2) determine the 
presence of paralytic shellfish poisoning toxins in sea-water can be 
a good mechanism in the detection and prediction of the possible 
occurrence of Harmful Algal Bloom. Note that the HAB 
occurrence are correlated with that of water quality. Specifically, 
for a time period of 80 minutes, 16 different sets of water 
parameters are captured and transmitted to the centralize system – 
making the system to be 100% functional as it is being set to 
operate in 5 minutes interval. Likewise SPR biotoxin detection has 
a deviation rate of (+/-) 20%. Operational performance of the 
system is found to be 100%. 

In conclusion, the developed system can be used as a 
mechanism to automate the detection and prediction of the possible 
occurrence of HAB. However, the need for the development of a 
comprehensive HAB prediction model software that will utilize 
the data captured by the develop system is recommended since the 
said is out-of-context of this study. 
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Table 1: Success and Failure of System Component Operations 
 

Component and its  
Functions 

Failure of 
Operation 

Success 
Operation 

No. of 
Test 

Trials 

% of 
Success 

The power supply 
and power system  0 10 10 100% 

Acquisition of Sensor 
Node data for 
transmission 

0 10 10 100% 

pH level detection 0 10 10 100% 
Water color detection 0 10 10 100% 
Water Temperature 
detection 0 10 10 100% 

Air temperature 
detection 0 10 10 100% 

Reception/ 
Acquisition of 
sensors Data by 
Server Based system 

0 10 10 100% 

Analysis and Display 
of Sensor Data in 
Server 

0 10 10 100% 

Storage and retrieval 
of Data 0 10 10 100% 

SPR multiplex 
sensors     

Average 0 10 10 100% 

 
Figure 5: SPR biosensor stability curve using the 0 ng/ml calibration 

standard 
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