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Aim: To determine the concentrations of trace elements (Al,
Mn, Fe, Zn, Se, As, Cd, Pb, Hg, Rb and rare earth elements) in
chocolates with cocoa percentages between ≤40% and 92%
purchased in Brazilian markets, as well as to assess the
nutritional risk based on the estimated daily intake (EDI) and
the target risk quotient (THQ).
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A clear relationship exists between cocoa content,
element levels, and sample origin.

≤40 % - 95 % 
cocoa

2 mL

Risk assessment for the trace elements

EDI = (L x M) / BW 

Chocolates 80–
82% cocoa 

Higher cocoa content = higher concentration of
metals.

Fe: 438.23 mg kg⁻¹
Cd: 672.69 μg kg⁻¹
Ce: 114.76 μg kg⁻¹

Fig 1 - Principal Component Analysis (PCA) of chocolates.

There is a need to simultaneously monitor the elemental
composition. 

THQ < 1 for all elements;
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Fe: 0.78  mg kg⁻¹
Cd: 0.27 μg kg⁻¹
Mn: 0.02 mg kg⁻¹
Zn: 0.15 mg kg⁻¹

Higher concentrations
 

Se: 0.03 mg kg⁻¹
Al: 0.04 mg kg⁻¹
Pb: 0.03 μg kg⁻¹
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