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a b s t r a c t

The depositional histories of trace metals (Pb, Cu, and Zn) in sediment cores from three Ghanaian es-
tuaries were reconstructed using radioisotope-derived (210Pb and 137Cs) geochronologies. A core
collected from each of the Amisa, Sakumo II and Volta estuaries was analyzed for trace metals and ra-
dionuclides. Lead-210 and 137Cs dating via gamma spectroscopy, and trace metal analysis via inductively
coupled plasma mass spectrometry (ICP-MS) were used in deriving sedimentation rates, geochronologies
and accumulation trends of trace metals. The sedimentation rates in all three estuaries (in the range of
0.54e0.83 cm yr�1) were greater than the predicted sea level rise (~0.33 cm yr�1) for the Accra Coast of
Ghana. The 210Pb depositional rates of 6.83 dpm cm�2 y�1, 2.74 dpm cm�2 y�1 and 1.75 dpm cm�2 y�1

estimated for the Amisa, Sakumo II and Volta estuaries, respectively, are higher than those recorded in
other latitudes. Trace metal analysis revealed differences in the concentrations of Cu, Pb and Zn between
deeper and surficial layers of each core to be in the range of 10e20%, which is well within the natural
variations attributed to geochemical factors. Relative to the Amisa and Volta estuaries, the temporal
profiles of Al-normalized metal concentrations and estimated fluxes suggest anthropogenic processes
augmented the natural fluxes of trace metals, particularly Zn into the Sakumo II estuary during the last 7
years.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Estuaries act as transition zones in which continental materials
are trapped, and through which some land-based materials are
transported to the open sea (Hatje et al., 2001). By virtue of their
nature and position between terrestrial and marine environments,
they have become the focal point for a wide variety of human ac-
tivities including the siting of major ports, industries, residential
and other recreational developments (Ridgway and Shimmield,
2002). As a result, estuaries have evolved to become the ultimate
repositories for anthropogenic contaminants discharged through
industrial activities and by residents living along them (Mil-
Homens et al., 2009). Toxic contaminants such as metals and

organic pollutants have placed increasing pressures on the
ecological health of coastal and estuarine ecosystems globally, and
the sediment accumulative potential of estuaries further exacer-
bates this problem.

The historical reconstruction of anthropogenic impacts in
coastal environments can be inferred from the record of sediment
cores dated using 210Pb and 137Cs radioisotopes (Ruiz-Fern�andez
et al., 2009; Díaz-Asencio et al., 2009; Hung and Hsu, 2004; Ruiz-
Fern�andez et al., 2004; Cundy et al., 2003). Lead-210 (T1/2 ¼ 22.3
years) is a naturally occurring radionuclide from the 238U decay
series, commonly used to establish the chronology of recent (past
100e150 years) sedimentary deposits (Appleby and Oldfield, 1978).
Since anthropogenic factors and changes in biological, geochemical
and hydrodynamic processes could alter the 210Pb record in sedi-
ments, the 210Pb-derived chronology is verified with other dating
tracers such as artificial radionuclides (90Sr, 137Cs, 239,240Pu and
241Am) (Smith, 2001). Cs-137 for instance, is present in the marine
environment due to the testing of nuclear weapons during the
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