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ABSTRACT 
Liquid sample environments are essential for preserving native structure and function in biological systems. However, their use in X-ray spectroscopy includes specific challenges, such as radiation damage, sample oxidation, and limited available sample volumes. In the contribution we will report a systematic experimental test of several liquid sample delivery systems (LSDS) based on X-ray spectroscopy experiments performed under laboratory and synchrotron conditions. The tested approaches include geometries originally developed for in-vacuum operation, such as colliding liquid jet systems [1]. While the measurements presented here were conducted under ambient conditions, the results provide a comparative assessment for the practical selection and optimization of LSDS across different experimental modes.
In our study, a stirrer-cell-based LSDS was identified as particularly suitable for biological applications. The design enables continuous sample refreshment during X-ray exposure while operating with liquid volumes as low as 60 µL. Based on the original concept [2], the system has been further developed to allow online control of key parameters, such as temperature and pH, during high energy spectroscopic measurements. 
The contribution will present current results obtained within an ongoing international collaboration as well as introduce the capabilities of a highly automated X-ray spectroscopy end station at the ELI Beamlines Facility. By sharing technical solutions, performance benchmarks, and transferable experimental strategies, this contribution aims to engage with the community working with liquid samples across synchrotron, laser-based, XFEL, and table-top instruments. 
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