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Abstract: Unexpected leaching of naturally occurring potentially toxic elements such as arsenic and lead from excavated rocks
is sometimes detected during tunnel excavation and other construction works. Because conventional pre-construction leaching
tests are generally conducted on boring core samples collected at 5-10 m intervals, small-scale geological heterogeneity may
not be sufficiently captured. This study aimed to develop a rapid and convenient on-site screening method for evaluating
leaching potential using handheld analytical instruments. Handheld X-ray fluorescence analysis (hXRF) and handheld laser-
induced breakdown spectroscopy (hLIBS) were tested on rocks containing leachable arsenic, lead, and other elements. hXRF
enabled relatively accurate measurements of untreated boring cores, rock fragments, and powder pellet samples. For arsenic
and lead, samples with concentrations of approximately 20-50 mg/kg or less could be measured within an error of +£30% with
an acquisition time of 30 s (Reference list e-2). In contrast, although hLIBS could detect fluorine and boron in single mineral
crystals at high concentrations, the measurement error was large for natural rock samples and pressed powder pellets because
of particle scattering during laser irradiation. These results indicate that further investigation of sample preparation methods is
required to improve the stability and applicability of hLIBS measurements for geological samples. The relationship between
leaching concentrations and bulk concentrations in various rock types was also examined. Although no clear correlation was
observed for arsenic across all rock types, correlations with relatively consistent leaching ratios were found in mineralized and
hydrothermally altered rocks and in some sedimentary rocks showing neutral to acidic pH. This suggests that the amount of
arsenic-bearing pyrite may be a key factor controlling arsenic leaching. These results indicate that hXRF-based concentration
measurements can be effective for estimating leaching potential depending on rock type. Application of the optimized hXRF
conditions to boring core samples from actual excavation sites revealed significant variations in arsenic concentrations within
several-meter intervals and enabled the identification of zones with high arsenic concentrations and potentially high leaching
risk (Reference list e-1). These results demonstrate that hXRF analysis is an effective rapid screening method for identifying

sections requiring countermeasures against potentially toxic element leaching.
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