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Abstract: The heavy metal levels measured in several Philippine freshwater bodies exceed the
limits set by the Department of Environment and Natural Resources. Current methods in
testing heavy metals contamination in water bodies are usually costly and time consuming,
thus, using environmental biosensors as an alternative in the biomonitoring of heavy metals is
proposed. The systematic review used published articles in NCBI, PubMed, PLOS One,
Science Direct, and Elsevier and followed the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) 2020 guidelines in assessing the most suitable heavy
metal biosensor in detecting common heavy metals (As*, Cu®**, Cd**, Pb**, and Hg**) present
in Philippine freshwater bodies. The Joanna Briggs Institute (JBI) appraisal checklist was
used in assessing the quality of the 57 chosen journal articles for the study. The biosensors
were categorized based on their transducer types, transduction methods, bioreceptors, and
interfering ions. An elimination process was conducted wherein the biosensors were ranked
based on the selection criteria set which is composed of the Limit of Detection (LOD) values
that are converted into parts per million (ppm) and selectivity. The systematic review
suggested optical biosensors as the most suitable biosensor type in detecting all of the five
heavy metals. The results of the systematic review can serve as a foundation in developing
suitable environmental biosensors in monitoring heavy metals in the bodies of water found in

the Philippines.
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1. INTRODUCTION

Heavy metal water pollution imposes both
environmental and health risks (Zaynab et al., 2022) which
may lead to heavy metal poisoning (Balali-Mood et al.,
2021). In the Philippines, heavy metal pollutants usually
originate from mine tailings (Ragasa et al., 2021). The
Laguna Lake (Mercado et al., 2021) and Mangonbangon
River (Decena et al., 2018) are some of the bodies of water
in the Philippines identified to have high levels of heavy
metal concentrations.

The Water Quality Monitoring Program (WQMP)
of DENR consists of tests like atomic absorption
spectrophotometry (AAS), Cold Vapor Technique, and
Mercury Analyzer, and Silver diethyldithiocarbamate
colorimetric test (Environmental Management Bureau,
2014), but it does not include the use of biosensors which
are known for their advantages like high sensitivities,

selectivities (Tovar-Sanchez et al., 2019), and low response
time (Castillo-Henriquez et al., 2020).

Hence, a systematic review of articles published
in NCBIL, PubMed, PLOS One, Science Direct, and Elsevier
is conducted to propose a suitable environmental
biosensor model for detecting the heavy metals, As**, Cu®*,
Cd?**, Pb*, and Hg* in the polluted Philippine freshwater
bodies. The LODs and selectivities were the basis of
selecting the suitable biosensor model. The research aims
to identify the different biosensor components like
transducer types, transduction methods, and bioreceptor
types utilized in designing the biosensor models that are
specific to the five heavy metals present in the Philippine
water bodies.

2. METHODOLOGY
2.1 Search Strategy



A literature search in the electronic databases,
NCBI, PubMed, PLOS One, and ScienceDirect was
conducted according to the PRISMA 2020 guidelines. The
search keywords, “environmental biosensor”, “heavy
metals”, “water pollution”, “mercury”, “Hg”, “lead”, “Pb”,
“cadmium”, “Cd”, “copper”, “Cu”, “arsenic”, “As” and the
Boolean search operator “AND” were utilized in the
search process. Journal articles published between 2002
to 2020 and written in the English language were obtained.
The chosen articles had undergone a title and abstract
screening and were further assessed based on the
exclusion and inclusion criteria.

2.2 Eligibility Criteria

The criteria in selecting the eligible articles were:
(1) It must be a peerreviewed journal; (2) Primary
research article; (3) Written and published in the English
language; (4) Discusses biosensors and environmental
monitoring; (5) Talks about heavy metal water pollution
(“water pollution, “heavy metals”); (6) Includes data on
the limit of detection and selectivity; (7) Includes
biosensor information (transducers, transduction
methods, bioreceptors).

The articles were considered ineligible for the
systematic review if: (1) It is also a systematic review and
meta-analysis; (2) There is duplication of data; (3) It
discusses biosensors not used in environmental
monitoring and water pollution; (4) Talks about water
pollution, but not heavy metal detection; (5) Talks about
antibody-based biosensors used for health-related or
disease detection; (6) It has incomplete information
(transducer types, transduction methods, bioreceptor
types, the limit of detection and selectivity values); (7)
The study did not test the biosensors in real water
samples (8) Did not meet all of the inclusion criteria
mentioned above.

2.3 Data Extraction

The authors collected information from the
studies based on the eligibility criteria set. The data taken
from the articles included the following information: (1)
Details about the journal article (Title, author, publication
year); (2) Detailed information about the biosensors (such
as the transducer type, transduction method, bioreceptor
type); (3) How the biosensors were developed or used and
how they operate; (4) Limit of detection wvalues; (5)
Selectivity performance based on interfering ions.

2.4 Quality Assessment

For the critical appraisal of the studies, there
were checklists accessible for the reviewers to use. The
checklists consisted of questions or criteria that evaluate
the quality of study through its aspects, such as the
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methodology and analysis. The JBI provides different
checklists that reviewers can choose from, depending on
the design of their study. The JBI appraisal checklist for
non-randomized control trials was used in assessing the
articles to avoid publication bias. The methodological
quality of the chosen studies was evaluated using the
checklist which consisted of nine (9) questions. These
questions were answered with — “yes”, “no’, “unclear”, or
“not applicable”. After answering the checklist, the study
was given an overall appraisal by the reviewers of either:
include, exclude, or seek further information.

2.6 Sample and Data Collection

A total of 57 articles were chosen for the
systematic review. The researchers gathered the following
information about the biosensors: transducer types
(electrochemical and optical), transduction methods,
bioreceptor types (nucleic acid, chemical, microorganism,
and enzyme), LOD, and interfering ions utilized in the
biosensor selectivity tests.

2.6 Data Analysis

The data collected were organized in Microsoft
Excel. Article information (author and year of
publication), biosensor details (transducer type,
transduction method, and bioreceptor), LOD values, and
interfering ions were the categories used in sorting the
biosensor information. The LODs were converted into
ppm. The biosensor models were evaluated based on the
LOD in comparison to the heavy metal concentration in
the heavy metal polluted freshwaters in the Philippines
and selectivity performance (interfering ions).

3. RESULTS AND DISCUSSION

The summary of the search analysis results is
presented in Fig. 1.
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Fig. 1. PRISMA Flow Diagram of the step-by-step process
in the selection of journal articles for the systematic
review.

All 57 journal articles passed the quality
assessment of the JBI checklist. The evaluation of the
suitable biosensors for the contaminated water sources
included the following: the sensitivity with the use of the
limit of detection values, the number of contaminated
locations of freshwater bodies reported in the Philippines,
and the selectivity performance by the interfering ions
present. The assessment of the interfering ions was based
on the 12 frequent heavy metal contaminants in the
various bodies of water in the Philippines which are lead
(Pb*), copper (Cu®*"), nickel (Ni**), cadmium (Cd*"),
chromium (Cr*"), zinc (Zn?*), manganese (Mn?*), titanium
(Ti**), aluminum (AI**), iron (Fe®*), mercury (Hg*), and
arsenic (As®) (Perelonia et al., 2017; Magalona et al., 2019;
Olivares et al., 2019).

Table 1. Summary of results for lead detection of
biosensors.

Criterion Type of Author/s
biosensor

Sensitivity Optical Du et al. (2018)

Selectivity Optical Fu et al. (2012)

No. of Optical Du et al. (2018),

Applicable He et al. (2020),

Gao et al. (2013)
Electrochemical Zhang et al. (2019)

Water Sources

Overall
Assessment

Optical He et al. (2020)

The optical biosensor developed by Du et al.
(2018) had the highest sensitivity for lead detection, while
the optical biosensor developed by Fu et al. (2012)
showed the highest selectivity as it detected lead ions
present in a solution that also contains nine (9) interfering
ions. For the number of bodies of water wherein the
biosensor can detect lead, there were three optical
biosensors (Gao et al., 2013; Du et al., 2018, He et al.,
2020), and an electrochemical biosensor (Zhang et al.
2019). In the overall assessment, it was found that the
optical biosensor by He et al. (2020) was the suitable
biosensor model for lead detection.

Table 2. Summary of results for mercury detection of
biosensors.

Criterion Type of Author/s
biosensor
Sensitivity Electrochemical Tang et al. (2017)
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Optical Han et al. (2016),
Chen et al. (2014),
Deng et al. (2011),
Huang et al. (2013)

Han et al. (2016), Lin
and Tseng (2010),

Guo et al. (2015),
Cheng et al. (2017),
Zhou et al. (2012),
He et al. (2011), Zhu
et al. (2015), Li et al.
(2020)

Electrochemical Tang et al. (2017),
Singh and Mittal

(2012), Zhang et al.

(2015), Tortolini et

al. (2015)
Han et al. (2016)

Selectivity

No. of
Applicable
Water Sources

Optical

Overall
Assessment

Optical

The electrochemical mercury  biosensor
designed by Tang et al. (2017) had the best sensitivity. A
combination of optical and electrochemical biosensors
was recommended based on the number of applicable
water sources as seen in Table 2. In the selectivity
performance evaluation, four (4) optical biosensors were
suggested as they were able to detect mercury in solutions
containing nine (9) interfering ions. Based on the
assessment of the three criteria (sensitivity, selectivity,
and the number of applicable water sources), the optical
biosensor developed by Han et al. (2016) was considered
to be the most suitable type for mercury detection.

Table 3. Summary of results for arsenic detection of
biosensors.

Criterion Type of Author/s
biosensor

Sensitivity Electrochemical Yadav et al. (2019)

Selectivity Optical Pan et al. (2018)

No. of Optical Pan et al. (2018),

Applicable Dieudonné et al.

Water Sources (2020)

Electrochemical Yadav et al. (2019),
Zhu et al. (2020

Overall Pan et al. (2018)

Assessment

Optical

The electrochemical biosensor that was
developed by Yadav et al. (2019) had the highest
sensitivity for arsenic. Along with this, an electrochemical
biosensor and two optical biosensors were able to detect
arsenic in all of the reported water sources. The optical
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biosensor designed by Pan et al. (2018) was also
recommended based on its selectivity performance
wherein it was able to identify arsenic among seven (7)
other interfering ions. In the overall evaluation, it was the
optical biosensor by Pan et al. (2018) that was deemed to
be most suitable for the detection of arsenic in various
bodies of water.

Table 4. Summary of results for copper detection of
biosensors.

Criterion Type of Author/s
biosensor
Sensitivity Optical Kaur and Verma
(2018)
Selectivity Optical Zong et al. (2016)
No. of Optical Kaur and Verma
Applicable (2018), Ren et al.
Water Sources (2018), Xu et al.
(2018)
Overall Optical Ren et al. (2018)
Assessment

The optical biosensors developed by Kaur and
Verma (2018), Ren et al. (2018), and Xu et al. (2018) were
found suitable for all of the reported copper-contaminated
bodies of water. It was the biosensor by Kaur and Verma
(2018) that had the highest sensitivity. For the selectivity
criterion, the optical biosensor by Zong et al. (2016) was
suggested as it was able to detect the presence of copper
among nine (9) interfering ions. Overall, it was the optical
biosensor developed by Ren et al. (2018) that was deemed
to best fit for the detection of copper because of its LOD
value and selectivity performance, where it detected
copper among eight (8) other interfering ions.

Table 5. Summary of results for cadmium detection of
biosensors.

Criterion Type of Author/s
biosensor
Sensitivity Electrochemical Ebrahimi et al.
(2017)
Selectivity Optical Elcin and Oktem
(2020)
No. of Optical Luan et al. (2016)
Applicable
Water Sources
Electrochemical Ebrahimi et al.
(2017), Wei et al.
(2012), Li et al.
(2019)
Overall Optical Zhou et al. (2012),
Assessment Zhu et al. (2017)
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The electrochemical biosensor developed by
Ebrahimi et al. (2017) showed to have the highest
sensitivity as it had the lowest LOD value. It also fits the
criteria of having the most applicable water sources, along
with an optical biosensor and other electrochemical
biosensors. Based on the selectivity, it was the optical
biosensor of Elcin and Oktem (2020) that had the best
performance. In the overall assessment, it was found that
the optical biosensors developed by Zhou et al. (2012) and
Zhu et al. (2017) were the most suitable based on their
LOD values and selectivity performance.

In all of the proposed optical biosensors, they
were designed to be analyte-specific wherein the heavy
metal ions attach to the specific bioreceptors, which
results in high sensitivity of the biosensor
(Pena-Bahamonde et al. 2018). The capability of the
biosensor model to identify the designed analyte in the
presence of other pollutants was assessed in the
selectivity performance. All of the five (5) biosensors
recommended showed high performance in sensitivity and
selectivity. With this, it is also indicated that a
multianalyte biosensor for the detection of these heavy
metals may be beneficial and economical, especially for
places where intensive monitoring of contamination in
water bodies is much needed.

4. CONCLUSION

The sensitivity of optical biosensors showed to
be suitable for copper and lead detection, while
electrochemical biosensors are recommended for their
sensitivity for arsenic, cadmium, and mercury detection.
Optical biosensors are suitable for all five (5) heavy
metals based on their selectivity performance. For the
overall assessment, it was found that an optical
biosensor model is the most recommended for lead,
mercury, arsenic, copper, and cadmium contamination.
The systematic review conducted was beneficial as it can
serve as a foundation for future research on the
application of biosensors for environmental monitoring,
particularly heavy metal water pollution, in the
Philippines. An extensive list had also been compiled
with information on different bodies of water in the
country where the appropriate biosensor may be used.
Based on the information inferred, it was further
recommended to possibly construct a multianalyte
optical biosensor for the detection of more than one
heavy metal analyte especially to detect the
concentration range of heavy metal pollution reported in
the Philippines. The different components of the
biosensors, such as the transducer type, transduction
method, and bioreceptor type, must also be considered
for this.
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