Validation of a Density Separation Method
for the Quantification of Mineral Coal in
Marine Sediments
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Context: Coal mining and export activities in Colombia are a key source of potential marine pollution. o ™ 500mm - —
Problem: Coal particles in sediments can release toxic elements, threatening ecosystems and human : fgg mm
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health. o
Need: Reliable, standardized methods are essential to quantify coal contamination in sediments for 3
environmental monitoring and regulatory actions. c 4
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Validate a density separation-based method to gquantify mineral coal in sediments, assessing LOQ,
precision, accuracy, and uncertainty following 1SO 17025. 0- e
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The methodology included analyzing synthetic and real marine sediment samples. Synthetic sand was 0l — £ mm = 125 mm
spiked with coal at 1%, 5%, and 10%, while real samples came from Bello Horizonte Beach. Pre- Figure 1. Carbon (%) measurements for 1%, 5%, and 10% standards show high repeatability across all particle sizes (500, 250, and 125 mm),
treatment involved carbonate removal with 6N HCI and organic matter oxidation using 30% H-O.. Coal confirming the method’s consist
partic_les were then separated by density using a Iithiu_m me_tatungstgte solution (1.9 g/cm3), enabling coal ANOVA Table — Distribution by Group (Standard)
flotation. Samples were analyzed across three particle size fractions: 500 pum, 250 um, and 125 um. -
Method validation covered: LOQ (from ten replicates of the lowest standard), precision (ten replicates Gmup/f;jndard
per concentration), accuracy (recovery from spiked samples), and expanded uncertainty (coverage factor 6 - — 5%
k =2) — 10%
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Figure 2. The graph illustrates the distribution of carbon concentrations across three standard groups (1%, 5%, and 10%). Each curve represents
the density of observations, showing distinct and non-overlapping peaks that indicate clear separation among the experimental groups.
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Figure 3. This diagram illustrates the various factors that contribute to uncertainty in carbon measurements, from sampling to fractionation.
RESU ItS Each branch highlights key elements influencing the accuracy and precision of carbon quantification.
The method showed excellent analytical performance. The limit of quantification (LOQ) was established Discussion
at 0.020% coal, with a coefficient of variation between 4.16-4.76%, meeting the acceptance criterion of
%CV < 10%. Precision was confirmed with RSD < 4.5% across replicateS, well below the 20% threshold. Method shows hlgh reproducibility and low Variability’ even at low coal concentrations (<002%)
Accuracy ranged from 97.6% to 98.5%, within the accepted interval of 90-107%. The expanded Cost-effective and accessible compared to advanced techniques (SEM, XRD).
uncertainty was estimated at £1.24%, significantly lower than the 15% acceptance limit, demonstrating Suitable for continuous environmental monitoring in coal-export regions
high reliability and consistency of the method.
Conclusions
Parameter Acceptance *Robust, validated method following I1SO 17025 requirements.
LOQ %CV < 10% 0.020% coal. %CV=4.16-4.76 *Detects coal at trace levels, supporting environmental risk assessment. o
*Provides a practical, low-cost solution for laboratories monitoring marine pollution In coal-export

Precision %CV < 20% RSD < 4.5% across replicates areas.

Accuracy 90-107% 97.6-98.5% Acknowledgements

Expanded Uncertainty < 15% + 1.24% Thanks to INVEMAR’s Marine Instrumentation Laboratory and the Marine and Coastal Geosciences

Program — GEO, as well as their collaborators.
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