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Quantifying chemical speciation at trace-level concentrations within heterogeneous environmental sam-
ples remains a formidable challenge. Recent advances in hard X-ray nanoprobes at next-generation syn-
chrotron light sources offer transformative, multimodal imaging capabilities, combining absorption, phase
contrast, elemental mapping, and chemical sensitivity with spatial resolution down to ~10 nm, micron-
scale penetration depth, and detection limits of only hundreds to tens of thousands of atoms [1]. In this
presentation , I will highlight the latest developments in nanoscale X-ray Absorption Near-Edge Structure
(nano-XANES) and XRF imaging at the Hard X-ray Nanoprobe (HXN) beamline of NSLS-II, with par-
ticular focus on trace-level chemical speciation and ultra-high spatial resolution. Following our sub-50 nm
nano-XANES imaging achieved via Fresnel zone plates [2], we have deployed multilayer Laue lenses
(MLLSs) to attain sub-20 nm chemical mapping at incident energies of 12—18 keV. This breakthrough ena-
bles chemically specific imaging of as few as ~20,000 atoms, an unprecedented capability for environ-
mental matrices. [ will present a detailed case study on arsenopyrite particles (< 500 nm) derived from
mine tailings. By integrating sub-20 nm nano-XANES with high-resolution X-ray fluorescence mapping,
we elucidate nanoscale oxidation pathways and arsenic bioaccessibility in in vitro exposure models, re-
vealing key insights into pollutant transformation and mobilization. In addition, I will introduce
XMIDAS, our open-source data-analysis suite designed for robust, community-driven processing of
nano-XANES datasets [3]. Together, these technical advancements and scientific applications demon-
strate the power of high-resolution, trace-level chemical imaging for environmental and geochemical re-
search. I will conclude with an outlook on future instrumentation enhancements and interdisciplinary col-
laborations aimed at broadening nanoscale chemical speciation in complex environmental systems.
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