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ABSTRACT: This study aims to determine the content of dissolved heavy metals (Mn, Co, Ni, Cu,
Zn, Cd, Pb) using Inductively Coupled Plasma Mass Spectrometry (ICP-MS). This method was
chosen because it has high sensitivity and the ability to detect elements in ultra-low concentrations
accurately. Water samples were collected on July 13, 2024, and analyzed using selective resin and
UV irradiation for the separation of metals. The results showed that primary metals (Zn, Mn, Ni, Cu)
exceeded the CASS-6 reference limits, with Zn having the highest concentration (88.69 + 1.92 nM).
In contrast, minor metals (Cd, Pb, Co) were below the reference values, reflecting a stable
distribution of heavy metals. The increase in significant metal concentrations is thought to be related
to the timing of sampling in the summer, which coincides with the rainy season, potentially increasing
runoff carrying heavy metals from the city center and industry to the waters of Odaiba. The detection
results of minor metals in this study indicate that ICP-MS is effective for measuring heavy metal
content at very low quantities. Environmental parameters, such as pH, temperature, and salinity, are
also believed to influence the solubility and mobility of metals.
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INTRODUCTION

Marine environmental pollution is a growing problem as anthropogenic activities increase. One
of the most dangerous forms of pollution is heavy metal pollution, namely the accumulation of toxic
metals such as lead (Pb), mercury (Hg), cadmium (Cd), arsenic (As), and copper (Cu) in the marine
environment, which can harm ecosystems and human health (Elgendy et al., 2023; Bibi, 2023).
These metals usually enter the water from industrial activities, metal plating, marine transportation,
and runoff from urban and agricultural areas (Rastogi and Nandal, 2020). Heavy metals are toxic
and can accumulate in organism tissues through bioaccumulation and biomagnification, resulting in
increased metal content at higher trophic levels, including in fish consumed by humans (Briffa et al.,
2020; Balali-Mood et al., 2021). The history of heavy metal pollution in Japan has recorded
environmental and health tragedies such as Minamata disease and itai-itai disease, both of which
stemmed from mercury and cadmium pollution in waterways (Aoshima and Horiguchi, 2019).

In the Tokyo Bay area, particularly in the waters of Odaiba, industrial activity has been ongoing
since the Meiji era and continues to increase to this day. Previous studies have shown that the
content of heavy metals such as zinc (Zn) and lead (Pb) in sediments in this area has continued to
increase, mainly due to waste from electrical coating factories and discharges from large rivers such
as the Tama, Edogawa, and Arakawa rivers that flow into the waters of Odaiba (Sakata et al., 2018;
Masudur & Biswas, 2012). Additionally, the geographical characteristics of Odaiba, as a semi-
enclosed bay, cause pollutants to accumulate over a prolonged period. The most recent research
data on heavy metal content in this region, particularly over the last five to ten years, can be found
in Yaida et al. (2023), which examined the heavy metal content in the waters of Tokyo Bay and
several rivers that flow into Tokyo Bay in 2017. This highlights a data gap and underscores the need
to update studies to assess the current state of heavy metal pollution in the Odaiba area. The primary
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questions addressed in this study are the current level of heavy metal content in Odaiba waters and
its relationship to the contributing factors in the surrounding area.

In this study, heavy metals are classified into two groups: major metals and minor metals.
Major metals refer to heavy metal elements in the research results that exceed the CASS-6
reference, such as Copper (Cu), Zinc (Zn), Manganese (Mn), and Nickel (Ni). These metals are also
classified based on their solubility in acidic water (Miranda et al., 2022; Anucha et al., 2022). The
high content of these metal elements is thought to have critical biological functions in marine life;
however, they remain potentially toxic when their content exceeds the threshold limit (Georgieva et
al., 2023; Sutak et al., 2020). Minor metals refer to heavy metal elements in research results under
the CASS-6 reference, such as cobalt (Co), cadmium (Cd), and lead (Pb). The low content of minor
metal elements is thought to be due to anthropogenic activity, as they have no known biological
function and can cause damage to the nervous system, kidneys, and bones, as well as lead to growth
and reproductive disorders (Hossini et al., 2022; Wu and Zhang, 2023).

In aquatic systems, heavy metals can be present in dissolved form, bound to particles, or
accumulated in sediments, depending on pH, redox conditions, and bioavailability (Cleave and
Crans, 2019). Therefore, the analytical method used must be sensitive and accurate. Inductively
Coupled Plasma Mass Spectrometry (ICP-MS) was chosen for this study due to its sensitive
detection capability and resistance to interference in heavy metal analysis (Rawat et al., 2024; Carter
et al., 2020). ICP-MS is the most sensitive spectrometry method compared to ICP-AAS and ICP-
OES because it uses an inductively coupled plasma to ionize the sample and analyzes ions based
on the mass-to-charge ratio (m/z), enabling multi-element and isotopic analysis with detection limits
down to the ppt level (Balaram, 2021; Adesina et al., 2025). In contrast, ICP-AAS measures light
absorption, and ICP-OES detects light emission from excited atoms, with detection limits generally
at the ppb level (Albano et al., 2022). In addition to being faster and higher capacity, ICP-MS is also
capable of analyzing various types of samples, including liquids, solids, and gases. At the same time,
the other two methods are limited to liquid samples (Motshakeri et al., 2025).

MATERIALS AND METHODS

This study uses a quantitative approach with descriptive methods to describe the concentration
of heavy metals in the waters of Odaiba, Tokyo Bay, and compare it with the CASS-6 standard and
previous studies. Surface seawater samples were collected on July 13, 2024, at one station at
coordinates (Figure 1). Samples were collected using Niskin bottles and stored in decontaminated
Nalgene bottles. They were then filtered through a 0.2 um filter and preserved with 20% hydrochloric
acid (HCI).

A total of 30 mL of sample was irradiated with a 400 W UV lamp (A = 365 nm) for 40 minutes
to decompose organic ligands, then adjusted to pH 6.0-6.2 with 3.6 M ammonium acetate buffer
and 25% NH;. Metal extraction was performed using NOBIAS Chelate PA-1 resin that had been
conditioned with 0.05 M ammonium acetate buffer. A 25 mL sample was placed in the resin column
and eluted with 5 mL of 2 M HNO3, then stored for analysis. NOBIAS Chelate PA1 resin is a special
chelating resin widely used in heavy metal analysis using ICP-MS and ICP-OES due to its ability to
concentrate metals while minimizing matrix interference. This resin contains iminodiacetic acid and
ethylenediaminetriacetic acid functional groups that act as tridentate ligands, binding transition metal
ions such as Ni#*, Cu?**, Zn?*, and Co?* through stable coordination bonds (Biller & Bruland, 2012;
Aryee et al., 2020; Liu et al., 2021).

Heavy metal analysis was performed using Perkin Elmer NexION 2000 ICP-MS with Li, Co, Y,
Ce, and TI standard solutions (1-10 ppb, 2% HNO;). Calibration was performed using linear
regression between signal intensity and concentration, while metal content calculation used a
modification of the Robbika et al. (2022) formula:

y=mx+b
Where: y = Number of ions counted per second/Signal intensity (cps); m = Calibration curve slope
(slope); x = Concentration; b = Blank/Background Signal

Analysis of Heavy Metal Content in Odaiba Waters (H.A. Nashih et al.)
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Figure1. Sample Collection Location Map

The analysis data were processed descriptively (mean and standard deviation) and compared
with the reference standard to determine the level of pollution in the study waters.

RESULTS AND DISCUSSION

The classification of major heavy metal content consists of Mn, Ni, Cu, and Zn, referring to the
metal content of the research samples that exceeded the CASS-6 standard reference, which is a
Certified Reference Material (CRM) of coastal seawater prepared by the National Research Council
of Canada (NRC) with information on trace element content and other constituents (Brophy et al.,
2016). The analysis results show that the major heavy metal content exceeds the CASS-6 minimum
reference limit, with a relatively significant average difference. Zinc (Zn) was recorded as the metal
with the highest content (88.69 + 1.92 nM), but it had the most critical measurement variation.
Manganese (Mn) ranked second (53.82 + 1.18 nM) with more moderate variation. Nickel (Ni) showed
better data consistency (25.28 + 0.71 nM), followed by copper (Cu), which had the lowest but most
stable content (9.10 + 0.15 nM). The relatively small standard deviation values, especially for Cu and
Ni, indicate a fairly consistent supply of dissolved metals at the research site (Table 1).

Minor heavy metals detected include cobalt (Co), cadmium (Cd), and lead (Pb), with all
contents below the CASS-6 minimum reference limit. The average difference between the
measurement values and the reference standard is relatively small. Cobalt (Co) showed the highest
content of 0.25 + 0.15 nM, but with relatively high data variation, as indicated by the significant
standard deviation. Cadmium (Cd) and lead (Pb) had much lower concentrations, 0.05 £ 0.0012 nM
and 0.04 + 0.0012 nM, respectively, and showed high consistency between repetitions. The small
standard deviation values, especially for Cd and Pb, indicate a stable distribution of metals and a
relatively uniform supply at the study site.

The ICP-MS analysis results show that the heavy metals detected in Odaiba Waters include
the primary metals Zn, Mn, Ni, and Cu, as well as the minor metals Co, Cd, and Pb. Based on
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comparison with the CASS-6 standard (Brophy et al., 2016), Zn had the highest content at 88.69 +
1.92 nM, followed by Mn (53.82 + 1.18 nM), Ni (25.28 + 0.71 nM), and Cu (9.10 £ 0.15 nM). The low
variation in Cu and Ni data indicates a stable distribution, while the high Zn value is thought to
originate from anthropogenic activity around the Tokyo Bay industrial area. Cu showed a value (9.10
nM) similar to that of CASS-6 (8.41 nM), indicating relatively normal water conditions. In contrast, Zn
increased sharply to 88.69 nM compared to the reference value of 19.2 nM, indicating potential
pollution due to industrial or anthropogenic activities around the coastal area. Although the increase
in Cu was still within the measurement error limit, the accumulation of this metal still reflected
potential environmental pressure.

.Meanwhile, Mn and Ni also increased from their respective reference values of 40.4 nM and
6.97 nM to 53.82 nM and 25.28 nM, indicating the possibility of heavy metal input from human
activities or terrestrial runoff. Natural redox processes and human activities likely contributed to the
increase in Mn content. Runoff processes accelerate the dissolution of metals such as Zn?*, Cu*,
and Ni?* through acidic rainwater, thereby increasing the mobility of metals in aquatic systems (Gao
et al., 2023). The interaction between fine particles in sediment suspension and sea ions also causes
metal desorption into seawater (Minkina et al., 2025). The Keihin industrial area, which encompasses
Tokyo, Yokohama, and Chiba, is believed to be a significant contributor to heavy metal pollution
through runoff and atmospheric deposition, as indicated by historical evidence from sediment isotope
analysis (Sakata et al., 2019).

Minor metals such as Cd and Pb showed lower or equivalent concentrations to the reference
values, at 0.05 £ 0.0012 nM and 0.04 £ 0.0012 nM, respectively. This indicates that contamination
from these two metals has not increased significantly in this region. Co has a relatively large standard
deviation (0.25 + 0.15 nM), which may indicate instability in the content at a single observation point.
Meanwhile, the Cd, Pb, and Co content in the samples was well below the CASS-6 values, which
are 0.05 nM, 0.04 nM, and 0.25 nM, respectively, compared to the reference values of 0.20 nM, 0.05
nM, and 1.14 nM. These results indicate that the water is relatively clean of these three elements,
although the higher variability of Co indicates spatial differences in the sampling locations. The stable
distribution of Pb since the 1980s is associated with inputs from the Edo River and industrial activities
in surrounding large cities, including battery recycling and non-ferrous metal processing (Hosono et
al., 2016; Kojima & Jain, 2008). Increased Co content in hypoxic areas is thought to be due to
remobilization from sediments and inputs from metal processing and electronics manufacturing
industries (Kurian et al., 2020; Nitzsche et al., 2022).

The results of simultaneous measurements of minor and major metal content also demonstrate
the high sensitivity of ICP-MS, as indicated by low standard deviation and the ability to detect many
elements simultaneously in a single measurement cycle with a very low detection limit (<1 ng/L)
(Michalke, 2022).

The presence of heavy metals in the waters of Odaiba, Tokyo Bay, can be explained both
spatially and temporally. Spatially, ocean dynamics, water column stratification, and tidal and
seasonal conditions are thought to influence metal distribution. Ocean currents and stratification

Table 1. Heavy Metal Concentrations in Odaiba Waters, Tokyo Bay in 2024 (nM)

Major Metals Minor Metals
CASS-6
Heavy Metal Research CASS-6 Heavy Research Standard
Standard Metal
Elements Results (nM) Results (nM) Reference
Reference (nM) Elements (nM)

Cu 9.10+£0.15 8.41 £ 0.51 Cd 0.05+0.0012 0.20£0.02
Zn 88.69 + 1.92 19.2+2.73 Pb 0.04 £0.0012 0.05+0.02
Mn 53.82+1.18 404 +2.18 Co 0.25+0.15 1.14 £ 0.09

Ni 25.28 + 0.71 6.97 £ 0.67
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processes (Figure 2) promote the dispersion of soluble metals, such as Zn and Mn, while metals that
are easily adsorbed onto particles, including Cu, Pb, and Cd, tend to settle (Schindler et al., 2021;

Ahmed et al., 2022). Stratification limits vertical mixing, causing heavy metals originating from
surface inputs to remain trapped in the upper layers (Wang et al., 2022). Sampling was conducted
during the neap tide phase (July 13, 2024), when low tidal conditions reduced the effects of sediment
resuspension, thereby potentially providing a more representative picture of heavy metal distribution
in relation to local surface conditions (Barbarelli & Nastasi, 2021; Geng et al., 2024).
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Figure 2. Distribution of Daily Currents and Distribution of Daily Surface Temperature in the Sea of
Japan on July 13, 2024 (Japan Meteorological Agency)
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Figure 3. Distribution of pH Content in the Sea of Japan in 2024 (Japan Meteorological Agency)
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Temporally, the summer season in Japan, characterized by increased stratification, surface
temperature, and land runoff due to high rainfall, is thought to enhance the external input of heavy
metals such as Zn and Mn into the waters (Garcia-Soto et al., 2021; Ohba et al., 2024). Mn and Ni
concentrations increase during the rainy season and typhoons, presumably due to the influence of
particles from river runoff and anthropogenic activities (Islam and Mostafa, 2023; Billah et al., 2019),
while higher temperatures have the potential to increase the solubility of metals such as Zn** and
Mn?* (Aslam et al., 2025). Salinity variations also contribute to metal mobility through changes in
speciation and complexation with dissolved organic matter (Mosley & Liss, 2020; Nakano et al.,
2023).

Environmental parameters such as pH, temperature, salinity, and the physical-chemical
conditions of the water are thought to influence the distribution of heavy metals in marine waters.
This correlation is consistent with the distribution of ocean pH in 2024 (Figure 3), where eastern
Japan exhibits relatively acidic pH levels. Under acidic conditions, heavy metals such as Zn**, Mn#*,
and Ni?* tend to remain dissolved, thereby increasing their content in the water column (Najamuddin
et al., 2023; Miranda et al., 2022; Anucha et al., 2022). Conversely, metals such as Pb, Cd, and Co
are thought to form insoluble compounds, such as hydroxides or carbonates, more easily at neutral
to alkaline pH, thus tending to precipitate (Esfandiar et al., 2022). In addition, pH also has the
potential to influence the processes of adsorption, ion exchange, and the formation of metal
complexes with dissolved organic matter (Dai et al., 2022).

Temperatures reaching 27°C (Figure 2) are believed to accelerate dissolution, desorption, and
metal oxidation-reduction reactions, thereby facilitating the release of heavy metals from sediments
into the water column. High temperatures increase the solubility potential of metal ions such as Zn*
and Mn?* and accelerate chemical reactions between particles (Ma et al., 2024; Aslam et al., 2025;
Li et al., 2022). High surface temperatures have the potential to create thermal stratification, which
limits vertical mixing and thereby influences the distribution of metals on the surface more
significantly through horizontal currents (Liu et al., 2019; Garcia-Soto et al., 2021).

Industrial activities and other anthropogenic sources significantly influence the distribution of
heavy metals in Tokyo Bay. Industrial waste, urban runoff, and the use of copper (Cu)-based
antifouling paints are considered the primary contributors to the increased Cu content in port and
estuary areas (Sproson et al., 2020; Cari¢ et al., 2021). Electroplating and metallurgical activities
also have the potential to spread Zn widely through the release of industrial waste and its affinity for
organic particles, which are then resuspended due to tides or dredging (Douglas et al., 2025).

CONCLUSION

Odaiba waters are contaminated with primary heavy metals, with zinc (Zn) as the highest
pollutant (88.69 nM), followed by manganese (Mn: 53.82 nM), nickel (Ni: 25.28 nM), and copper (Cu:
9.10 nM). In contrast, minor metals (Cd, Pb, Co) were recorded at low concentrations (<0.25 nM),
below the reference value. Accurate and precise ICP-MS analysis results confirmed an increase in
heavy metal content, particularly Zn, Mn, and Ni, which was dominated by anthropogenic inputs from
industry and urban runoff. The distribution of these metals is also complexly influenced by
environmental factors, including water stratification, temperature, and rainfall. For future research, it
is recommended to expand temporal and spatial monitoring, track specific sources of pollutants
(especially Zn and Ni), and assess the ecological impacts of metal accumulation.

REFERENCES

Adesina, K.E., Burgos, C.J., Grier, T.R., Sayam, A.S.M. & Specht, A.J. 2025. Ways to measure
metals: from ICP-MS to XRF. Current Environmental Health Reports, 12: 7-7. DOI:
10.1007/s40572-025-00473-y.

Ahmed, S.F., Kumar, P.S., Rozbu, M.R., Chowdhury, A.T., Nuzhat, S., Rafa, N., Mahlia, T.M.l., Ong,
H.C. & Mofijur, M. 2022. Heavy metal toxicity, sources, and remediation techniques for

Analysis of Heavy Metal Content in Odaiba Waters (H.A. Nashih et al.)



41764

Journal of Marine Research Vol 15, No. 1 Februari 2026, pp. 170-178

contaminated water and soil. Environmental Technology & Innovation, 25: 102114. DOI:
10.1016/j.eti.2021.102114.

Albano, G., Punzi, A., Capozzi, M.A.M. & Farinola, G.M. 2022. Sustainable protocols for direct C—H
bond arylation of (hetero)arenes. Green Chemistry, 24(19). 7177-7204. DOI:
10.1039/d1gc03168f.

Anucha, C.B., Altin, |., Bacaksiz, E. & Stathopoulos, V.N. 2022. Titanium dioxide (TiO,)-based
photocatalyst materials activity enhancement for contaminants of emerging concern
degradation: in the light of modification strategies. Chemical Engineering Journal Advances, 10:
100262. DOI: 10.1016/j.ceja.2022.100262.

Aoshima, K. & Horiguchi, H. 2019. Historical lessons on cadmium environmental pollution problems
in Japan and current cadmium exposure situation. In: Himeno, S. & Aoshima, K. (eds). Cadmium
Toxicity: New Aspects in Human Disease, Rice Contamination, and Cytotoxicity. Springer,
Singapore, 3—19. DOI: 10.1007/978-981-13-3630-0_1.

Aslam, S., Kousar, I., Rani, S., Zainab, |., Bristy, S. & Skouta, R. 2025. Modern approaches in organic
chromofluorescent sensor synthesis for the detection of first-row transition metal ions.
Molecules, 30(6): 1263. DOI: 10.3390/molecules30061263.

Balali-Mood, M., Naseri, K., Tahergorabi, Z., Khazdair, M.R. & Sadeghi, M. 2021. Toxic mechanisms
of five heavy metals: mercury, lead, chromium, cadmium, and arsenic. Frontiers in
Pharmacology, 12: 643972. DOI: 10.3389/fphar.2021.643972.

Balaram, V. 2021. Strategies to overcome interferences in elemental and isotopic geochemical
analysis by quadrupole ICP-MS: a critical evaluation. Rapid Communications in Mass
Spectrometry, 35(23): €9065. DOI: 10.1002/rcm.9065.

Barbarelli, S. & Nastasi, B. 2021. Tides and tidal currents—guidelines for site and energy resource
assessment. Energies, 14(19): 6123. DOI: 10.3390/en14196123.

Bibi, M. 2023. Essential and non-essential heavy metals sources and impacts on human health and
plants. Pure and Applied Biology, 12(1): 83—96. DOI: 10.19045/bspab.2023.120083.

Billah, M.M., Kokushi, E. & Uno, S. 2019. Distribution, geochemical speciation, and bioavailable
potencies of cadmium, copper, lead, and zinc in sediments from Osaka Bay. Water, Air, & Soil
Pollution, 230(7): 4196. DOI: 10.1007/s11270-019-4196-8.

Briffa, J., Sinagra, E. & Blundell, R. 2020. Heavy metal pollution in the environment and their
toxicological effects on humans. Heliyon, 6(9): e04691. DOI: 10.1016/j.heliyon.2020.e04691.

Brophy, C., Nadeau, K., Yang, L., Grinberg, P., Pihillagawa Gedara, |., Meija, J., Pagliano, E.,
McRae, G. & Mester, Z. 2016. CASS-6: nearshore seawater certified reference material for trace
metals. Certified Reference Materials Database, CASS-6. DOI: 10.4224/crm.2016.cass-6.

Cari¢, H., Cukrov, N. & Omanovi¢, D. 2021. Nautical tourism in marine protected areas: impact of
copper emissions from antifouling coatings. Sustainability, 13(21): 11897. DOI:
10.3390/su132111897.

Carter, S., Clough, R., Fisher, A., Gibson, B., Russell, B. & Waack, J. 2020. Atomic spectrometry
update: review of advances in analysis of metals and materials. Journal of Analytical Atomic
Spectrometry, 35(9): 1829-1869. DOI: 10.1039/d0ja90067b.

Cleave, C.V. & Crans, D.C. 2019. The first-row transition metals in the periodic table of medicine.
Inorganics, 7(9): 111. DOI: 10.3390/inorganics7090111.

Dai, H., Han, T., Cui, J., Li, X., Abbasi, H.N., Wang, X., Guo, Z. & Chen, Y. 2022. Stability,
aggregation, and sedimentation behaviors of nano metal oxides in aqueous environments.
Journal of Environmental Management, 316: 115217. DOI: 10.1016/j.jenvman.2022.115217.

Douglas, A.R., Montagna, P.A. & Dellapenna, T. 2025. Influence of inflows on estuary sediments.
In: Estuaries and Coastal Zones — Dynamics and Response to Environmental Changes.
Springer, 173-190. DOI: 10.1007/978-3-031-70882-4_6.

Elgendy, M.Y., Ali, S.E., Abbas, W.T., Algammal, A.M. & Abdelsalam, M. 2023. The role of marine
pollution on the emergence of fish bacterial diseases. Chemosphere, 317: 140366. DOI:
10.1016/j.chemosphere.2023.140366.

Analysis of Heavy Metal Content in Odaiba Waters (H.A. Nashih et al.)



41774

Journal of Marine Research Vol 15, No. 1 Februari 2026, pp. 170-178

Esfandiar, N., Suri, R. & McKenzie, E.R. 2022. Competitive sorption of Cd, Cr, Cu, Ni, Pb and Zn
from stormwater runoff by low-cost sorbents. Journal of Hazardous Materials, 423: 126938. DOI:
10.1016/j.jhazmat.2021.126938.

Gao, J., Han, H., Gao, C., Wang, Y. & Dong, B. 2023. Organic amendments for in situ immobilization
of heavy metals in soil: a review. Chemosphere, 139088. DOI:
10.1016/j.chemosphere.2023.139088.

Garcia-Soto, C., Cheng, L., Caesar, L., Schmidtko, S., Jewett, E.B. & Cheripka, A. 2021. An overview
of ocean climate change indicators. Frontiers in Marine Science. DOI:
10.3389/fmars.2021.642372.

Geng, N., Xia, Y., Li, D., Bai, F. & Xu, C. 2024. Migration and transformation of heavy metals in
intertidal sediments: a review. Processes. DOI: 10.3390/pr12020311.

Georgieva, A., Todorova, K., lliev, I., Dilcheva, V., Vladov, |. & Petkova, S. 2023. Assessment of in
vitro and in vivo antitumor activity of hemocyanins. Biomedicines, 11. DOI:
10.3390/biomedicines11061545.

Hosono, T., Alvarez, K. & Kuwae, M. 2016. Lead isotope ratios in lake sediment cores from Japan.
Science of the Total Environment, 559: 4-37. DOI: 10.1016/j.scitotenv.2016.03.138.

Hossini, H., Shafie, B., Niri, A.D., Nazari, M. & Hoseinzadeh, E. 2022. Human health effects of
chromium: a comprehensive review. Environmental Science and Pollution Research, 29:
73642—73664. DOI: 10.1007/s11356-022-22705-6.

Islam, M.S. & Mostafa, M.G. 2023. Occurrence and mobilization of iron, manganese, and arsenic
pollution in aquifers. Geofluids, 2023: 6628095. DOI: 10.1155/2023/6628095.

Kojima, M. & Jain, A. 2008. Controlling pollution in small-scale recycling industries. In: Environmental
Protection, 19-34.

Kurian, S., Kessarkar, P.M., Purnachandra Rao, V. & Naqvi, S.\W.A. 2020. Controls on organic
matter distribution in oxygen minimum zone sediments. Journal of Marine Systems, 207:
103113. DOI: 10.1016/j.jmarsys.2018.09.003.

Li, C., Wang, H., Liao, X,, Xiao, R., Liu, K., Bai, J., Li, B. & He, Q. 2022. Heavy metal pollution in
coastal wetlands: a systematic review. Journal of Hazardous Materials, 424: 127312. DOI:
10.1016/j.jhazmat.2021.127312.

Liu, M., Zhang, Y., Shi, K., Zhu, G., Wu, Z. & Zhang, Y. 2019. Thermal stratification dynamics in a
subtropical reservoir. Science of the Total Environment, 651. 614-624. DOI:
10.1016/j.scitotenv.2018.09.215.

Ma, T., Luo, H., Sun, J., Dang, Z. & Lu, G. 2024. Effect of heavy precipitation on leaching of heavy
metals from coastal tailings. Waste Management, 186: 1-10. DOI:
10.1016/j.wasman.2024.05.049.

Michalke, B. 2022. Advanced hyphenated sample introduction techniques with ICP-MS. International
Journal of Molecular Sciences, 23(11): 6109. DOI: 10.3390/ijms23116109.

Minkina, T., Bauer, T., Khroniuk, O. & Kizilkaya, R. 2025. Adsorption of Pb, Ni, and Zn by coastal
soils. Eurasian Journal of Soil Science, 14: 67-78. DOI: 10.18393/ejss.1579168.

Miranda, L.S., Ayoko, G.A., Egodawatta, P. & Goonetilleke, A. 2022. Adsorption—desorption
behavior of heavy metals in aquatic environments. Journal of Hazardous Materials, 421:
126743. DOI: 10.1016/j.jhazmat.2021.126743.

Mosley, L.M. & Liss, P.S. 2020. Particle aggregation, pH changes and metal behavior during
estuarine mixing. Marine and Freshwater Research. DOI: 10.1071/MF19195.

Motshakeri, M., Angoro, B., Phillips, A.R.J. & Sharma, M. 2025. Advancements in mercury-free
electrochemical sensors for iron detection. Sensors. DOI: 10.3390/s25051474.

Najamuddin, N., Inayah, I., Labenua, R. & Samawi, M.F. 2023. Distribution of Hg, Pb, and Cr in
coastal waters of small islands of Ternate. Acta Ecologica Sinica. DOI:
10.1016/j.chnaes.2023.09.002.

Nakano, H., Aikawa, T., Hagita, R. & Yoshida, J. 2023. Hydrographic structures of Tokyo Bay
between 1992 and 2019. Journal of Oceanography, 79: 281-294. DOI: 10.1007/s10872-023-
00683-8.

Analysis of Heavy Metal Content in Odaiba Waters (H.A. Nashih et al.)



41784

Journal of Marine Research Vol 15, No. 1 Februari 2026, pp. 170-178

Nitzsche, K.N., Yoshimura, T., Ishikawa, N.F. & Ohkouchi, N. 2022. Metal contamination in a
sediment core from Osaka Bay. Progress in Earth and Planetary Science, 9. DOI:
10.1186/s40645-022-00517-z.

Rastogi, M. & Nandal, M. 2020. Toxic metals in industrial wastewaters and phytoremediation. In:
Bioremediation of Industrial Waste for Environmental Safety, 257—282. DOI: 10.1007/978-981-
13-3426-9_11.

Rawat, H., Bhat, S.A., Dhanjal, D.S. & Kumar, V. 2024. Emerging techniques for trace elemental
analysis of plants and food extracts. Talanta Open, 10: 100341. DOl
10.1016/j.talo.2024.100341.

Sakata, M., Okuizumi, S., Mashio, A.S. & Ohno, T. 2019. Evaluation of pollution sources of zinc in
Tokyo Bay. Journal of Geoscience and Environment Protection, 7: 141-154. DOI:
10.4236/gep.2019.78010.

Sakata, M., Xu, H. & Mashio, A.S. 2018. Historical trend of lead pollution in Tokyo Bay. Journal of
Oceanography, 74: 187-196. DOI: 10.1007/s10872-017-0448-7.

Schindler, R.J. & Comber, S.D.W. 2021. Metal pollutant pathways in cohesive coastal catchments.
Science of the Total Environment, 795: 148800. DOI: 10.1016/j.scitotenv.2021.148800.
Sproson, A.D., Selby, D., Suzuki, K. & Oda, T. 2020. Anthropogenic osmium in macroalgae from
Tokyo Bay. Environmental Science & Technology, 54: 9356-9365. DOIl:

10.1021/acs.est.0c01602.

Sutak, R., Camadro, J.M. & Lesuisse, E. 2020. Iron uptake mechanisms in marine phytoplankton.
Frontiers in Microbiology. DOI: 10.3389/fmicb.2020.566691.

Wang, K., Nakamura, Y., Sasaki, J. & Hafeez, M.A. 2022. Modeling hypoxia and blue tide in Tokyo
Bay. Coastal Engineering Journal, 64: 458—476. DOI: 10.1080/21664250.2022.2119011.

Wu, P. & Zhang, Y. 2023. Global model of methylmercury biomagnification in marine food webs.
Environmental Science & Technology, 57: 6563—6572. DOI: 10.1021/acs.est.3c01299.

Yaida, A., Otsuka, R., Yamada, A. & Itoh, A. 2023. Multielement analysis of rare metals in Tama
River. Analytical Sciences, 39: 867—-882. DOI: 10.1007/s44211-023-00287-8.

Analysis of Heavy Metal Content in Odaiba Waters (H.A. Nashih et al.)



