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Mold

The mold used for the production of unsaturated polyester resin (UP) and epoxy resins (EP) samples is displayed in
Fig. S 1. This mold was produced by Computerized Numerical Control (CNC) machinery. The mold cavities are visible
when the lid is open, as shown in Fig. S 1(a).
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Fig. S 1 Aluminium mold used to cast EP and UP samples, 40 mm diameter cavities, a) mold open, b) mold closed.



Cross-validation procedure

At first, the complete data set was split randomly into a training set (67%, 56 samples) and a testing set (33%, 28
samples). The training set was used to perform cross-validation (CV) according to the scheme in Fig. S 2. CV was
used to determine the optimal number of partial least squares (PLS) components, i.e. the model’s complexity. This
was achieved by a random splitting of training data into segments, which are also called folds. In this study, leave-
one-out (LOO) CV was performed, thus the number of segments was equal to the number of samples in the training
set. In each fold, all samples but one was used as a sub-training set to fit the model. The excluded sample from each
fold was used as a validation set or validation sample in LOO CV, respectively. The validation sample was predicted
by the trained model. For each fold, the residuals of predicted and reference values are calculated. The mean square
error (MSE) of the validation samples were calculated. To determine to optimal number of PLS components, another
round with higher number of PLS components was performed. Thereafter, the MSE of CV was plotted against the
number of PLS components to find the optimum number of PLS components.
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Fig. S 2 Cross-validation, e.g. with 4 splits, used for the estimation of optimal number of PLS components. From: Introduction to multivariate statistical analysis
in chemometrics, K. Varmuza, P. Filzmoser (© 2009, CRC Press). Reproduced by permission of Taylor & Francis Group.



Recovery plots at low concentration levels for CHNO predictions

In Fig. S 3, the CHNO predictions in the low concentrations range below 10 wt.% are depicted. In this concentrations
range, as for the total concentration range, the low spectral resolution showed the smallest deviations from the
reference data. Especially concerning N concentrations, the low spectral resolution performed best for training and

testing data.
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Fig. S 3 CHNO predictions from PLS models in low concentrations range, a) low spectral resolution, b) medium spectral resolution, c) high spectral resolution,
Carbon absent in this range, R? in legends correspond to predictions on the full concentration range as a compare.



Elemental analysis of plastic samples

Tab. S 1: Elemental analysis of plastic samples C, H, and N concentrations, O balanced; split into training set samples (table head) and testing set samples (table

tail) indicated by the horizontal bar.

Element concentration (wt.%) Element concentration (wt.%)
Sample Sample

c H N o C H N o]
uP1 68.68+0.11 6.62+0.01 0.08+0.01  24.63 PC2 73.67+0.53 558+0.04 0.1%0 20.66
up2 65.45+0.23 6.58+0.01 0.06+0.01 27.92 EP 4 66.87+0.06 7.37+0.01 2.17+0.02 236
PUR 1 64.21+0.33 831+0.04 6132001 21.36 uP 23 71.72+0.15 7.4%0.01 1.21£0.06  19.68
PS 1 91.75+0.47 832+0.04 0£0.01 0 ABS 2 85.2+0.5 7.71+0.04 6.810.04 0
EP1 66.79+1.23 7.38+0.01 2.8%0.01 23.04 up 24 68.69+0.25 6.78+0.01 0.06+0.01  24.48
upP3 72.53+031 7.19+0.04 0.06+0.01  20.23 UP 25 68.1+0.17 6.62+0.01 0.07+0.01 2521
PA1 66.07+0.17 7.51+0.01  10.87+0.03 15.55 PAS 65.7+0.45 7.45+0.04 10.67+0.08 16.18
upP 4 67.17+0.2  6.7+0.01 0.05+0.01  26.08 EP5 66.61+0.04 7.57+0 449+0.04 2134
uP5 65.08+0.69 6.6 £0.05 0.07+0.01 2826 PUR 4 64.59+0.02 8.3%0.03 453%0.1 22.59
uP6 69.91+0.21 6.71+0.01 0.03+0.01  23.37 uP 26 69.25+0.01 6.87+0.01  0.05+0.03  23.84
TPU 1 62.5+0.04 7.07+0.01 3.73£0.03 2671 PAG 68.42+0.14 11.2+0.1 8.8+0.01 11.58
up7 69.19+0.06 6.85+0.01 0.08%0.01  23.89 PA7 64.28+0.36 10.45+0.02 11.09+0.06 14.18
upP 8 71.23+£0.15 7.36+£0.04 0.08+0.01 2134 PUR 5 66.11+0.1  833%0.01 4.75:0.05  20.82
uP9 69.29+0.25 6.71+0.01 0.06+0.01  23.95 up 27 75.49+0.14 7+£0.01 0.05+0.01 17.46
EP2 67.51+0.18 7.09+0.04 1.18%0.03  24.23 PA 8 72.21+031 1215+0.03 6.82%0.03 8.82
PMMA1 59.26+0.18 8.03+0.03 0.01%0 32.7 uP 28 68.87+0.57 7.22+0.04 0.07+0.01  23.85
UP 10 70.8+021  7.07£0.01  0.05+0.04  22.09 uP 29 75.67+0.15 6.97+0.04 008001 173
upP 11 69.29+0.63 6.69+0.01 0.06%0.02  23.98 uP 30 69.99+0.33 6.95+0.04 0.04:+0.01  23.03
PA2 63.23+0.08 9.8%0.13 12.09+0.02 14.89 UP 31 7045+0.37 6.72%0 0.06+0.04 2278
upP 12 67.6+0.37  6.6+0.03 0.06+0.03  25.75 PA9 63.1+0.12 9.97+0.02 12.15+0.03 14.78
PA3 72.82+£0.09 9.99+0.03 7.09:001 101 uP 32 68.92+0.08 7.1%0.01 0.08+0.01  23.91
upP13 68.04+0.1  6.5+0.01 0.06£0.01  25.41 uP 33 71.82+0.42 7.02+0.03 0.07+0.02 211
uP 14 69.92+0.29 6.75+0.01 0.08%0 23.26 uP 34 64.74+0.08 6.29+0.01 0.06+0.02  28.92
EP3 67.1£0.27 7.21+0.01  1.27+0.01  24.43 EP6 66.49+0.04 7.48+0.01 3.76+0.02 2228
upP 15 67.86+0.04 6.67+0 0.08+0 25.39 PE3 85.17+0.36 14.63+0.51 003001 O
PET 1 61.47+02 42310 00 34.3 PA 10 73.88+0.51 11.5+0.12 6.24+0.03  8.38
POM1  40.55£0.04 6.85£0.01  0.1£0.02 52.5 uP 35 70.64+0.67 7.38+0.02 1.8%0 20.19
PUR 2 65.12+0.58 8.55+0.07 4.02+0.01 22.31 UP 36 72.54+0.03 7.31+0.04 0.06 + 0.01 20.1
PC1 74.69£0.58 5.61£0.02 0.02+0.01  19.68 up 37 71.42+032 7.32+0.01 1274002 20
UP 16 65.96 £0.07 6.55+0.01 0.05+0.01 27.45 PUR 6 63.57+0.22 8.78+0.08 3.06 + 0.04 24.6
up17 69.32+0.04 6.96+0.01 0.07%0.03  23.65 PE 4 85.74+014 1424+045 0012001 O
PUR 3 62.72+0.13 8.48+0.02 3.41+0.01 2541 UP 38 69.48+025 6.7+0.02 0.05+001  23.79
up 18 70.49£0.19 7.01£0.01  0.06%0 22.45 uP 39 66.61+0.13 6.29+0 0.03+0.01  27.08
PA 4 63.37+£0.2 9.97 £ 0.07 12.18+0.05 14.48 PP2 85.79+0.08 14.33+0.49 0.01+0.01 0
ABS1 87.26+0.58 7.78+0.01  5.3+0.03 0 UP 40 71.66+0.35 7.17+0.04 0.08%0.03 211
upP 19 69.29+0.12 6.72+0 0.07+0.01  23.93 PR1 73.93+0.07 6.04+0.02 4.4+0.07 15.65
PP 1 85.13+£0.18 14.25+0.48 0.02:0.02 0 UP 41 65.24 0 6.97+0.02 0.08+0.02 27.72
UP 20 69.96+0.1  6.85+0.01 0.07%0.01 23.12 PES 85.83+0.1 14.11+0.11 0%0 0
UP 21 70.89+0.08 7.17+0.02 0.06 +0.01 21.89 PBT 1 64.85+0.06 5.54+0 0+0 29.61
PE1 85.22+0.11 13.48%0 0.13+0.01  1.18 upP 42 70.13+£0.03 7.21£0.01 0.04%0 22.62
UP 22 70.32+£0.97 7.35+0.02  0.02+0.01 2233 ABS 3 83.81+0.02 825+0.01 4.17+001 3.78

PE 2 85.42+0.18 13.96+0.23 0.01+0.01 0 UP 43 69.65+0.08 6.9+0.01 0.06 +0.01 23.4




CHNO predictions from WDXRF spectra

Tab. S 2: CHNO predictions from WDXRF spectra for 3 used spectral resolutions, split into training set samples (table head) and testing set samples (table tail)
indicated by the horizontal bar.

Spectral resolution | Element concentration (wt.%)

Sample Low Medium High
C H N (o) C H N o C H N (o]

UP1 65.95 7.02 1.67 25.37 68.05 6.70 0.31 24.95 70.07 6.34 040 23.21
UP2 65.18 6.48 2.01 26.38 65.57 6.45 043 27.58 65.56 6.48 035 27.63
PUR 1 63.19 8.25 437 24.20 64.04 8.35 5.07 22.54 64.14 8.36 6.07 21.43
PS1 89.68 8.58 464 -2.93 89.81 8.37 2.31 -0.52 91.14 8.26 228 -1.71
EP1 65.84 7.48 351 23.15 65.45 7.50 3.41 23.62 65.77 7.47 3.23 23.52
UP3 72.19 7.34 0.77 19.68 72.64 7.37 -0.06 20.01 70.85 7.47 1.80 19.85
PA 1 68.01 7.49 8.28 16.25 67.88 7.44 8.61 16.14 67.53 7.71 356 21.19
UP4 68.62 6.35 -1.91 26.94 67.07 6.64 035 2595 66.39 6.65 1.19 25.79
UP5 65.50 6.58 095 27.00 66.99 6.40 -0.10 26.73 65.40 6.78 0.34 27.48
UP6 68.58 6.70 1.18 23.55 68.63 6.70 -0.48 25.14 68.15 6.75 1.08 24.02
TPU 1 62.92 7.18 458 25.35 62.69 7.10 1.25 28.96 62.85 7.25 1.85 28.06
UpP7 70.72 6.81 037 22.10 70.86 6.78 -0.55 22.90 69.36 698 0.26 23.39
uP8 71.87 7.29 -0.55 21.35 7194 741 -2.37 2294 70.87 7.33 3.02 18.78
UP9 68.36 7.04 -0.40 24.98 67.19 6.96 1.26 24.57 68.60 6.75 1.61 23.05
EP 2 66.36 7.16 1.60 24.87 68.02 6.95 0.34 24.67 67.85 6.81 1.71  23.65

PMMA1 5499 8.15 6.20 30.64 58.07 7.83 1.86 32.19 59.34 7.46 4.01 29.21
UP 10 7197 6.86 -0.85 22.01 70.22 7.10 2.36 20.33 70.78 7.09 0.83 21.30
UP 11 67.16 7.08 3.55 22.23 67.56 6.90 1.52 24.03 69.15 6.69 -0.09 24.25

PA 2 66.81 9.55 6.32 17.24 64.22 9.70 11.46 14.63 67.73 9.36 2.67 20.15
UpP 12 66.55 6.55 1.67 25.25 67.74 6.48 0.22 25.57 67.39 6.51 0.78 2535
PA3 7437 9.87 5.52 10.15 7298 9.89 8.15 8.93 7432 9.86 2,78 12.93

UP 13 65.80 6.77 1.24  26.21 68.33 6.29 -0.11 25,51 67.80 6.45 0.26 2551
up 14 69.60 6.87 0.76  22.76 70.28 6.71 0.14 22.87 69.63 6.90 0.47  23.00
EP3 66.39 7.32 2.08 24.20 66.67 7.26 1.76 24.30 67.68 7.24 227 22.81
UP 15 69.21 6.36 246  22.00 69.04 6.49 1.95 22.54 67.52 6.57 3.25 22.70
PET1 59.26 4.30 295 33.63 5941 4.44 0.63 35.63 61.11 4.16 1.59 33.28
POM 1 42,94 6.76 2.00 48.32 42.69 6.61 -0.28 50.97 39.65 6.85 453 49.01
PUR 2 67.16 8.45 205 2231 64.25 8.87 5.45 21.41 64.95 8.67 2.87 23.47
PC1 7491 5.62 2.88 16.69 74.87 5.59 1.09 18.52 73.47 5.78 2.28 18.55
UP 16 67.01 6.45 0.08 26.48 65.69 6.72 231 25.31 65.39 6.88 1.13 26.61
UP17 71.67 6.56 -4.84  26.58 70.58 6.72 -0.86  23.55 68.54 7.15 1.18  23.13
PUR 3 62.41 8.47 3.59 25.52 62.24 8.61 2.68 26.43 61.50 8.72 4.06 25.69
UP 18 68.31 7.00 244  22.26 68.96 6.94 2.17 21.94 71.03 6.68 1.56  20.75

PA 4 66.56 9.56 8.27 1555 63.23 10.08 9.33 17.30 64.80 9.87 5.23  20.00
ABS 1 86.78 7.80 331 210 87.82 7.62 2.94 1.63 89.16 7.53 1.02 227

UP 19 67.97 7.04 0.28  24.69 70.58 6.72 -0.86  23.55 67.84 6.66 0.74 2478
PP1 83.53 1392 340 -1.13 8430 14.03 -0.15 1.48 83.24 1390 524 -2.65

UP 20 65.23 7.23 1.69 25.86 65.70 7.19 2.20 24.92 70.07 6.33 0.37 23.26
Up 21 70.69 7.25 0.42 2163 7096 7.28 -0.63 2235 7094 7.24 0.81  20.99
PE1 85.73 13.74 1.72 -1.46 86.26 13.83 0.50 -0.90 8255 1429 6.06 -3.17



Up 22 7166 7.32 -1.50 2247 7118 7.49 -0.57 21.84 69.16 7.84 2.59 20.38
PE 2 83.50 1430 330 -1.42 85.68 13.83 0.45 -0.30 84.83 13.80 4.47 -3.37
PC2 7421 5.56 198 18.33 76.26 5.29 -1.34 19.85 72.66 5.82 1.60 19.98
EP 4 65.64 7.47 1.76  25.10 66.54 7.28 -0.04 26.18 66.51 7.20 226 24.03
UP 23 73.13 7.19 0.70 18.97 7258 7.32 0.51 19.57 7281 7.35 0.69 19.13
ABS 2 85.17 7.71 481 235 8436 7.79 6.29 1.61 8597 7.84 274 344

Up 24 69.08 6.62 -2.21  26.50 67.98 6.85 1.87 23.32 67.68 6.96 1.09 24.27
UP 25 6791 6.66 -0.93 26.35 67.57 6.64 -1.04  26.82 67.27 6.84 0.83  25.06
PAS5 6791 7.47 5.18 19.20 67.70 7.51 8.14 16.70 69.37 7.33 2.84 20.46
EP5 68.26 7.40 2.77  21.58 65.87 7.96 4.01 22.15 66.13 7.90 224 2371
PUR 4 63.36 8.78 341 2438 64.18 8.36 6.77 20.68 64.51 8.33 6.54  20.62
UP 26 70.86 6.52 -2.24  24.86 69.75 6.76 0.89 22.62 70.12 6.78 -0.22 2332
PA 6 67.83 10.97 830 12.78 68.06 11.04 10.19 10.63 70.13 10.82 5.41 13.52
PA7 67.22 9.92 6.99 15.78 65.35 10.13 10.91 13.58 67.25 9.95 3.94 18.75
PURS5 67.08 8.57 3.30 21.04 67.23 8.21 3.22 21.34 65.87 8.57 345 22.08
up 27 76.00 6.89 0.56 16.54 7526 7.11 0.59 17.02 7469 7.10 134 16.86
PA 8 7599 1141 331 9.10 75.65 11.18 3.34 9.65 76.77 1091 211 10.04
UP 28 69.27 7.05 -2.18 25.83 66.82 7.56 1.46 24.13 68.57 7.39 133  22.70
UP 29 75.26 7.16 3.26 1433 71.68 7.49 0.80 20.00 7296 7.29 1.08 18.66
UP 30 70.40 6.85 -1.34  24.08 69.38 6.97 1.45 22.20 69.37 7.10 0.60 2293
UP 31 68.75 6.96 137 2292 69.32 6.75 1.17 22.78 7169 6.58 0.35 21.39
PA9 67.73 9.33 7.69 15.24 68.29 9.53 8.20 13.99 66.83 10.11 4.71 18.28
UP 32 69.33 7.20 0.61 2284 68.04 7.39 2.45 22.11 67.34 7.52 201 23.12
UP 33 71.65 6.83 1.74  19.80 70.34 7.02 2.00 20.64 70.29 7.12 135 21.24
UP 34 64.13 6.34 1.86 27.71 63.64 6.47 2.32 27.62 64.03 6.47 0.88  28.65
EP 6 65.43 7.62 3.79 23.14 64.45 7.87 2.56 25.07 68.35 7.13 2.69 21.83
PE3 83.87 1399 3.17 -1.32 85.17 13.68 3.92 -3.04 8495 1358 4.47 -3.26
PA 10 73.74 11.01 6.01 9.12 75.17 1091 537 8.43 7519 11.17 4.83 8.68

UP 35 72.15 7.43 235 18.06 71.68 7.49 0.80 20.00 71.06 7.71 0.70  20.49
UP 36 73.67 7.00 0.24  19.08 7122 751 0.61 20.61 71.02 7.33 1.78 19.85
UP 37 7177 7.13 131 19.77 69.96 7.51 1.99 20.52 69.96 7.40 133 21.28
PUR 6 63.43 8.60 3.29 24.64 62.75 8.71 3.67 24.84 65.29 8.60 3.03 23.04
PE4 84.63 1397 334 -221 84.71 14.05 5.35 -4.37 8450 14.15 5096 -4.87
UP 38 68.58 6.99 133 23.10 68.79 6.88 2.50 21.84 69.10 6.79 1.73  22.40
UP 39 65.54 6.42 247 2561 64.97 6.54 1.58 26.93 66.50 6.19 1.01 26.34
PP 2 87.88 13.70 -3.18 1.28 83.36 14.22 4385 -2.72 87.23 1359 251 -361
UP 40 7532 6.71 -4.17 2211 70.87 7.48 2.89 18.75 70.15 7.54 154 20.74
PR1 77.48 5.74 0.95 15.96 75.04 6.30 6.86 11.94 69.96 7.54 5.68 16.87
UP 41 66.38 6.97 -0.25 26.90 64.54 7.23 2.33 25.90 66.26 6.92 1.21  25.62
PES5 8549 1389 157 -1.25 87.85 1342 1.30 -2.85 87.87 13.15 3.74 -5.00
PBT 1 62.28 5.77 5.07 26.97 62.31 5.78 1.98 30.00 60.36 5.97 219 3155
UpP 42 7130 7.07 031 2131 7042 7.15 2.65 19.80 69.44 7.33 0.45 22.76
ABS 3 85.58 8.40 336 263 87.04 8.01 0.84 4.07 81.81 8.97 254 661

UP 43 69.29 6.82 1.25 22.66 67.41 7.08 -0.71  26.20 67.64 7.22 0.25 24.87




