Referee report

Thank you to the authors for the revised manuscript.

As | mentioned in the previous report, this study represents a valuable example of using
two complementary analytical techniques. However, | believe there are still several
major aspects that need to be clarified and improved before the manuscript can be
considered for publication, particularly regarding the methodology and data quality
control. The detailed comments are provided below.

| find that the methodology section still lacks key information essential for
understanding and evaluating this study. Specifically, the authors do not mention the
total volume of the measured samples or the sample uptake rate of the ICP system,
both of which are critical parameters for estimating particle number and mass
concentrations. In addition, it is not specified which carrier solution was used to
address possible interferences in the TOFMS analysis. These details are necessary for
the proper evaluation of the study.

Regarding the decontamination process, the authors state that the washing method
used in this study is an established method (line 121 and previous answers to
comments). However, there appear to be significant differences between the procedure
applied here and that described in the cited literature. In the referenced study, ice
samples of 300-900 g were washed three times with MQ water in a class-100 clean
room, whereas in the present work, very small ice-core samples (~1 g) were rinsed
under a non-clean fume hood. Decontamination by washing such a small amount of ice
is extremely challenging for trace element analysis and should be experimentally
validated. Moreover, given that the final decontaminated sample volume is only ~500
ML, the residual MQ water remaining on the ice surface after rinsing may not be
negligible. The potential dilution effect and the associated measurement uncertainty
should be discussed.

In the method section, the authors mention that co-registered elements in individual
particles were not considered due to the large data quantity (line 200) and that a
uniform threshold was applied to all samples (line 145). However, in section 3.2
(Particle Clusters, line 227), co-registered elements appear to have been analyzed,
which may confuse readers. Furthermore, the clustering results are presented without
any explanation of the input variables or parameters used (split event correction), which
needs to be clarified. In Figure 6, the applied limits of detection (LODs) vary depending
on both sample and element, which introduces additional confusion and appears
inconsistent with the described methodology.

As noted by the authors in line 281, Ti is the ninth most abundant element in the Earth's
crust and should therefore be detected at much lower concentrations than major
crustal elements such as Al, Fe, Ca, Na, and Mg. However, in several figures (Figures 2—
6), Ti appears more abundant than these major elements. This discrepancy should be
explained to ensure the reliability of the presented data.



Additionally, the overall data quality requires reconsideration or, at minimum, further
elaboration. The authors mention monitoring a mass range of 20-240 amu (line 127) but
do not specify which analytes were actually used. It seems that all TOFMS mass
channels were employed without any data quality control. For instance, Figure 2
presents multiple isotopes for the same element (e.g., 43Ca and 44Ca, 47Ti and 48Ti),
which needs further explanation. Moreover, spurious data (e.g., 197Au) appear in Figure
2. Although the authors argue that trace elements such as Au may exist in Greenland ice
based on a previous study of Mont Blanc snow and ice (line 365), itis highly improbable
that detectable amounts of Au would be found in inland Greenland pre-industrial
samples. Therefore, | strongly recommend that the authors perform a thorough data
quality assessment, considering potential interferences and artefacts, and present only
reliable data along with a clear analyte list.

Other Minor Comments

e Iltwould be helpful for the review to provide more detailed information about how
the ~500 pL samples are introduced into the ICP system — through an
autosampler or manually? Was a peristaltic pump or self-aspiration used?
Please also provide details of the calibration curves and sensitivity for the
analytes.

¢ Insection 4.3 (Fe in particulate and dissolved form), there is no discussion about
particulate versus dissolved Fe, but rather about the Fe/Al ratio, which may
confuse readers. | also recommend specifying whether the Fe/Al ratio represents
an elemental mass ratio or a molar ratio.

e Typos:
o Line107: three > two
o Figure 2: sample name G1 > H1

e Asstatedinline 420, applying a uniform threshold may enable comparison
across different samples. However, as far as | understand, the data presented in
Figures 5 and 6 are not directly comparable because the LODs differ depending
on the sample and element. This point should be clarified.

Conclusion

The authors made substantial revisions after the first round of review, including
changes in elemental analytes and samples as well as additional clustering analysis.
However, the overall reliability of this study remains limited due to the lack of detailed
information on sample treatment and introduction, and the insufficient explanation for
the extremely high Ti concentrations (which appear higher than those of the third most
abundant element, Al, and the fourth, Fe). In addition, there is still a gap between the
methodology and results sections regarding the applied SP threshold and the treatment
of co-detected elements, which should be reconciled to ensure methodological
consistency.






