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S1 

For IR, we propose to control visually the peak at 3300 cm-1 (amide A,  (N-H)) that is broad 

for proteins and sharp for PA (Fig. S1a). Furthermore, in the PA spectrum the peaks around 

1550 cm-1 (amide II,  (C-N)+ (C-N)) and 1640 cm-1 (amide I,  (C=O)) are both of strong 

intensity, which differs for proteins. In addition, a subsequent Raman measurement could verify 

the result. As in FTIR spectra, the peaks in the Raman spectra are sharper for polyamides 

than the modes of the same vibration in proteins (Fig. S1b). The most prominent case is again 

the peak of the N-H-stretching vibrations around 3300 cm-1, but it is also visible for the amide 

I peak around 1640 cm-1
 and the CH2-bending peak around 1445 cm-1. In contrast to IR, the 

amide II peak is very weak or invisible in Raman spectra. The position of the amide I band can 

also help differentiating. While it tends to be in the range of 1640 cm-1 and below for common 

polyamides [1], it tends to occur at higher wavenumbers above 1650 cm-1 for many proteins 

[2]. Especially in environmental samples, a poorer spectrum quality can render the peak 

sharpness an unreliable criterion. In that case, one can look for peaks that cannot stem from 

a polyamide but only from the amino acid residues of the proteins. Distinguishable peaks from 

the amino acids are not always present, but if they are, they provide a useful aid. A sharp, 

intense peak around 1000 cm-1, for example, stems from the breathing vibration of the aromatic 

C6-ring of the amino acid phenylalanine. This peak occurs in all proteins in Fig. S1b. In 

addition, these spectra include a peak around 3060 cm-1 of the aromatic C-H stretching 

vibration, which does also not occur in PA6 (Nylon 6). A peak at 500 – 550 cm-1
, as occurring 

in the bovine serum albumin spectrum in Fig. S1b, is caused by the disulfide stretching 

vibration in cysteine-containing proteins [3]. For more suggestions of distinguishable Raman 

peaks of proteins, we refer to Rygula et al. 2013 [2]. 

 

 



 

Fig. S1a. ATR- and FTIR spectra of polyamide and skin 

 

 

Fig. S1b. Raman spectra of the proteins bovine serum albumin, ß-lactoglobulin and ovalbumin 

and nylon 6 (PA 6) obtained with a WITec alpha 300R (532 nm, 10 mW, 1 s, 200 

accumulations). The spectra are displayed with a y-offset for better visibility. 

 

 

S3 

To determine an approximate HQI threshold for a sample type, a fully automated analysis and 

a manual analysis of a whole dataset should be performed. Next, the number of particles per 

polymer type above a HQI of choice must be determined for both analysis results. Then, a 

statistical hypothesis test such as Pearson’s chi-square test [4] must be performed to evaluate 

whether there is a statistically significant difference between the two results. Thereby, an 
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adequate level of confidence, e.g. a p-value of 0.05 must be chosen. If there is a statistically 

significant difference, the test should be repeated with an adjusted HQI, until the analysis 

results can be statistically assumed as identical. If there are too many false negatives (i.e., 

actual polymer spectra that are excluded because their HQI was below the HQI threshold), the 

HQI must be lowered. If the automatic results contain too many false positives (i.e., spectra 

falsely identified as polymers because the HQI threshold is too low), the HQI must be 

increased. The manual analysis for testing can be performed on representative subsamples 

instead of the whole samples for time efficiency. The determined HQI value should be validated 

by testing at least two more samples as described above. In addition, calculating an effect size 

(e.g., Phi, Cramer’s V; [5]) can be helpful in assessing the consistency of the automatic and 

the manual analyses. 

If the chi-square test is used, the number of polymer particles for each particle type in both, 

the automatic and the manual analysis results, must ideally be equal to or exceed n=5. As this 

is in accordance with the LOD of the analysis in many cases, the chi-square test is a suitable 

and easy to perform test. If the analyses cannot meet this or other boundary conditions of the 

chi-square test, a more suitable hypothesis test (e.g., Fisher's exact test) must be chosen. 

The approach can be refined as fits the needs. That can involve an additional sorting of the 

particles into size categories. Another finding can be that a global HQI threshold for all polymer 

types cannot be defined. Then, HQI thresholds must be determined for subgroups of polymer 

types using the chi-square test, or even for single types by comparing the number of particles 

found in the manual and the automated analyses. Furthermore, the automated identification of 

a polymer type might fail completely. In that case, the test allows a reduction in the amount of 

data that has to be validated manually and thereby to saves time without giving up quality.  

Current experience is not yet sufficient to provide an assurance to readers that statistical 

hypothesis tests allow a failure-safe determination of a correct HQI but we encourage verifying 

one’s HQI thresholds with a suitable approach instead of picking an unsubstantiated number. 
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