Annex 1

Table S1. Type and chemical composition (wt. %) of the analysed Cements.

Type Si0, ca0 Al,0; Fe,03 MgO MnO  Na;0 K,0 Tio, SO; g;::gs Lol*
C17 Belitic cement 30%FA 37.46 28.56 14.31 5.82 2.00 0.05 1.29 1.74 0.85 3.47 0.36 3.31
C18 CEM1525R 20.00 64.08 4.37 2.53 1.87 0.09 0.13 0.77 0.21 2.89 0.45 2.78
C19 CEM | 37.93 28.40 14.48 5.77 1.99 0.06 1.31 1.74 0.86 3.52 0.36 3.30
Cc20 CEM142.5R 19.97 56.74 6.16 3.21 1.21 0.07 0.33 0.86 0.25 3.75 0.42 6.08
C21 CEM1525R 19.63 64.37 5.66 2.43 0.86 0.06 0.04 0.64 0.23 3.59 0.23 3.05
Cc22 CAC 4.53 37.34 38.88 12.46 0.63 - 0.03 0.13 1.65 - 0.24 0.25
Cc23 CEM1425R 19.47 63.83 5.73 2.68 0.90 0.05 0.05 0.63 0.22 3.15 0.17 3.57
C24 CEM | 52-5 N-SR 20.55 63.66 3.84 4.20 0.75 0.16 0.01 0.58 0.18 3.06 0.19 3.32
C25 CEM1425R 19.84 63.78 5.38 2.43 1.48 0.07 0.04 0.70 0.24 3.33 0.26 2.78
C26 CEM 152.5R R-SR 20.59 64.41 3.72 3.23 1.50 - 0.10 0.60 0.21 3.03 0.43 3.01
Cc27 CAC 4.40 39.43 37.9 14.93 0.76 0.19 - 0.09 1.80 0.02 0.32 0.68
*Lol: Lost on Ignition
Table S2. Type and chemical composition (wt. %) of the analysed Fly Ashes.
* : " Other
Type SIOz Cao0 Aleg Fe203 MgO MnO NazO Kzo TIOz 503 Oxides Lol**
FA12 F 51.80 2.69 25.30 13.43 0.91 0.04 0.45 2.46 0.81 - 0.07 1.72
FA13 F 53.90 5.32 26.00 6.01 1.73 - 0.36 2.38 1.30 0.45 0.69 1.68
FA14 F 56.97 9.67 18.80 4.10 1.39 0.12 1.66 3.00 0.80 0.45 1.14 1.93
FA15 F 55.96 10.55 18.60 4.25 1.50 0.12 1.40 3.03 0.75 0.47 1.05 2.31
FAl6 F 45.58 9.17 32.25 4.39 0.76 0.10 0.98 1.17 1.16 0.70 0.44 3.30
FA17 F 44.62 8.24 33.05 4.95 0.84 0.10 0.96 1.23 1.30 0.64 0.66 3.42
FA18 F 42.71 2.21 48.86 1.49 - - - 0.34 1.64 0.14 0.37 2.25
FA19 F 54.49 1.37 29.55 5.80 1.15 - - 2.75 1.58 - 0.47 2.84
FA20 F 56.12 1.03 29.29 5.10 0.79 - - 2.42 1.58 - 0.46 2.61
FA21 F 41.55 6.37 22.97 23.26 0.70 0.06 0.36 1.33 0.95 0.75 0.27 1.42
FA22 Landfill FA 23.95 21.84 10.08 15.41 6.60 0.18 0.36 0.58 0.76 1.56 0.78 17.88
FA23 F 59.04 2.01 22.50 4.32 0.87 0.02 0.85 1.30 0.84 0.17 0.09 2.32
FA24 F 52.77 6.51 18.10 7.14 2.71 0.06 1.13 1.94 0.83 0.47 0.41 7.93
FA25 F 51.47 2.38 25.61 14.42 1.01 0.04 - 2.47 0.80 - 0.23 1.57
FA26 F 51.94 4.37 25.05 6.38 1.89 0.06 1.24 2.12 1.16 0.11 1.69 3.87

*According to ASTM C618 **Lol: Lost on Ignition



Table S3. Type and chemical composition (wt. %) of the analysed Slags.

Type Si0, CaO  ALO; Fe;03 Mg0 MnO Na,0 KO  TiO, SO ZnO g:::zrs Lol*
S6 Blast furnace Vitreous Slag 32.32 45.70 9.59 0.54 7.13 0.17 0.32 0.46 0.94 1.59 - 0.31 0.95
S7 Blast furnace Vitreous Slag 24.05 28.42 9.97 1.60 1.38 1.41 - 0.29 0.29 1.53 0.01 0.28 30.78
S8 Blast furnace Vitreous Slag 34.36 34.13 9.97 2.19 5.65 0.16 1.54 0.79 0.42 2.24 - 0.21 8.35
S9 Nickel Slag 52.92 0.98 2.98 20.39 20.60 0.44 - - - 0.10 0.02 1.38 0.19
S10 Blast furnace Vitreous Slag 36.15 18.22 15.10 18.67 3.69 0.70 0.61 1.11 0.75 0.53 1.29 1.95 2.57
S11 Blast furnace Vitreous Slag 16.90 46.39 5.55 2.06 15.80 0.52 - - 0.22 1.77 0.02 0.17 10.58
S12 Blast furnace Vitreous Slag 33.79 38.78 10.30 0.63 10.50 0.94 - 0.31 1.34 3.08 - 0.12 0.70
§13 Blast furnace Vitreous Slag 34.52 42.21 10.50 0.67 8.30 0.17 - 0.29 0.85 1.74 - 0.13 0.60
S14 Blast furnace Vitreous Slag 38.23 35.30 12.00 0.79 7.23 1.41 - 0.66 1.09 0.80 - 0.16 2.29
S15 Blast furnace Vitreous Slag 34.96 41.12 10.50 0.45 8.90 0.16 - 0.25 0.47 1.28 - 0.10 1.75
S16 Blast furnace Vitreous Slag 34.95 42.47 12.00 0.49 7.73 0.17 - 0.33 0.65 0.86 - 0.15 0.17
S17 Steel slag 12.70 39.06 16.10 18.52 3.99 3.71 - 0.11 0.75 0.29 - 1.16 3.59

*Lol: Lost on Ignition



Table S4. Activity concentration for the gamma emitters in the naturally occurring 238U, 235U, 232Th and “°K series in cements.

Series 238y Radiactive Serie 2y 232Th Radiactive Serie w0y
Cements 234Th ZZGRa 214Pb 214Bi ZlOPb ZZBAC ZlZPb 208T|
c17 A 79.2+9.3 70+ 10 72.0+5.5 64.8+2.1 83+13 <3.5 424+1.6 46.1+3.7 18.6+1.2 338+ 15
B 745+9.0 84+11 81.3+6.3 75.5+2.8 85+13 <3.0 494+1.7 51.8+4.3 208+1.4 402 £ 19
cis A 32.2+57 25278 275122 263112 28.9+6.9 <4.7 20.0t£1.0 200x1.7 851+0.64 216+ 11
B 260+4.1 24.2+49 23.6+1.8 22.27+0.85 243+49 <21 16.03+0.70 17.7+1.4 7.55%0.50 176.3+8.2
c19 A 81.1+£9.5 76 £ 11 79.6 £6.2 73.3+2.9 89+ 14 3.98+0.51 484 +2.1 50.7+4.2 20914 402 £ 19
B 81+10 76 £ 12 81.6+6.3 76.1+2.7 87+14 <6.1 50.0+2.0 52.3+4.3 209+14 417 £ 19
20 A 41.7+58 343+6.2 32725 30.2+1.1 32.7+5.9 <25 16.27+0.71 179+15 7.81+0.52 183.2+8.5
B 435+6.4 354+7.0 365128 323+1.7 37.4+6.9 <3.2 19.1+1.0 19.6+1.7 8.06+0.69 216+ 11
o1 A 28.7+6.0 <17.1 18.1+1.6 156+1.0 28.4+7.7 <57 19.4+1.2 21.5+1.8 9.02+0.73 205+ 11
B 21.3+48 18.7+57 153+1.2 13.02+0.69 18.1+4.9 <28 18.29+0.86 19.8+1.6 7.72+0.53 198 £+ 10
22 A 70.3+8.3 93+11 87.0+6.6 82.6+2.6 24.7+5.4 <39 128.3+4.4 133+11 55.8+3.4 <0.0
B 79+ 10 91+13 90.7£6.9 85.3+2.7 29.3+7.2 <3.8 1309+4.4 135+11 56.2+3.5 <8.9
23 A 184+27 172+3.4 173+13 14.15+055 10426 <1.6 18.28+0.70 199+1.6 7.93+0.50 162.2+7.3
B 19.4+37 21.2+47 17.0+1.3 15.03+0.77 <9.2 <2.6 216+14 21.8+1.8 9.41+0.74 187.0+9.5
24 A 19.2+39 181+73 17.2+14 1467+0.92 17453 <45 16.05+091 16.1+1.3 5.88+0.52 1429+7.7
B 240+4.1 199+50 16.6+15 16.18+0.89 23.3+5.3 <24 16.1+1.1 16.6+1.4 7.26+0.58 150.8+7.8
c25 A 31.1+48 36.2+59 319%26 30.2+1.4 26.7+5.6 <2.7 22.0+1.3 23.3+2.0 8.52+0.72 177.0+£9.1
B 31.7+49 314+6.0 26.0+2.0 23.76+092 23.6%x4.9 <25 19.08+0.81 21.2+1.7 8.23+0.54 149.1+7.2
26 A 352+48 27.6+53 302t24 265+1.3 345+6.4 <24 14.8+1.5 145+1.2 5.62+0.47 146.1+7.5
B 35,656 329%7.7 282122 26.8+1.2 28.7+6.5 <4.1 11.53+0.71 141+1.2 5.28+0.44 134.4+7.0
27 A 90+11 88+ 12 89.0+6.8 824+2.8 62+11 <4.1 128.0+4.6 136+ 11 50.1+3.1 <54
B 85+11 97 +14 91.2+7.0 87.5+2.9 59+11 <53 131.0+45 973+79 503%3.1 <0.0

Uncertainties are expressed for a coverage factor of k=2.



Table S5. Activity concentration for the gamma emitters in the naturally occurring 238U, 22°U, 232Th and “°K series in Fly Ashes.

Series 238y Radiactive Serie a3y 232Th Radiactive Serie w0y
Fly ASheS 234Th 226Ra 214Pb 214Bi 210Pb ZZSAC 212Pb ZOSTI
FA12 A 120+ 13 112+14 115.0+8.8 106.5+3.5 121+18 52+1.0 76.1+2.9 784 +6.4 29.1+1.9 564 + 25
FA13 A 80.0+9.2 90+ 11 81.9+6.2 763124 94+ 14 <3.0 51.8+1.9 53.4+43 20.2+1.3 381+17
B 93+10 91+11 92.7+7.1 86.5%2.6 102 £ 15 <2.8 58.7+2.3 60.6 £5.0 229+1.5 444 + 20
FAL4 A 58.8+8.1 44 +10 56.4+4.4 544+2.0 5451838 <54 542121 57.5+4.7 244116 665 £ 29
B 541+6.9 50080 558143 50016 52.6+8.3 <3.5 50.5+1.8 55.1+4.5 22714 606 * 26
FALS A 47.2+7.3 66+11 63.0+4.9 59.7+23 59+ 10 <6.1 59.1+2.3 61.4+5.0 25817 707 £31
B 60.1£80 539+9.0 59.6+4.7 56.4+23 494182 <3.8 58.1+2.6 60.1+£4.9 253+1.7 699 £ 31
FAL6 A 146 £ 18 116 £ 20 136+ 10 133945 142 + 22 <9.0 162.2+5.7 171+14 70.1+4.4 115+ 10
B 141+ 16 99+ 16 122.5+9.3 111.8+35 120+18 <5.3 143.2+49 156 + 13 63.4+3.9 91.3+6.8
FAL7 A 167 £+ 18 144 + 19 158 +12 148.0+45 214+31 6.0+£2.9 195.3+6.8 201+ 16 84.3+5.2 99.2+8.1
B 162 +18 134+ 20 164 +12 154.5+4.7 210+31 <6.7 196.0+6.6 206 £ 17 84.3+5.2 95.7+8.1
FA18 A 184 + 20 153+ 20 165+13 147.2+4.3 149 £ 22 6.74£0.94 2259+75 242 £ 20 99.4+6.1 <11.4
B 191+21 172 +£23 187 +14 175.4+£5.8 182 + 27 <6.4 259+ 11 271+22 113.7+7.1 <10.0
FA19 A 130+ 16 147 £ 20 137 +10 129.0+4.2 152 +23 <7.5 109.2+39 116.8+9.5 495%3.1 538 £ 25
B 136+ 15 133+ 16 141 +11 131.5+4.1 141 +21 5.39+0.75 110.2+4.1 116.2+9.4 353122 533+24
FA20 A 151+17 140+ 19 160+ 12 155.3+4.7 158 + 23 <45 120.3+4.1 126 £ 10 541+3.4 487 £ 22
B 157 +17 151+19 156 + 12 145.4+4.8 144 £ 21 6.7+1.5 118.4+4.5 124 +10 37.6+2.4 479 £ 22
FA21 A 157 +17 137 +17 146 £ 11 135.6+4.9 94+ 14 5.60+0.70 496+1.7 53.1+4.3 21.6+1.3 252 +11
B 167 £ 18 150+ 19 161+12 149.1+4.7 106 £ 16 7.60+0.92 56.4+25 60.2+4.9 248+ 1.7 234 +12
FA22 A 37.2+55 64.1+86 50.1%+4.0 43.7+1.7 51.7+85 <3.7 42.7+1.9 439+3.6 17913 89.9+t7.1
B 42.7+6.6 482+85 46.5%3.6 42619 50.2+84 <34 358+1.4 389+3.2 16.1+1.0 111.6+5.8
FA23 A 120+ 13 115+ 14 120.2+9.2 110.8+3.5 125+18 53+1.0 96.4+3.5 100.6+8.2 438128 245+ 12
B 123+14 120+ 16 120.6+9.2 114.6+3.6 124+ 19 <5.6 97.9+34 1029+83 440t2.7 258 £ 13
FA24 A 76.8+9.0 75+10 71.7+5.6 67.0+2.6 81+12 <3.8 51.2+2.4 53.7t4.4 234+t1.6 461 +21
B 69.6+8.3 80+ 10 70955 66.3+24 75+11 <3.6 504+2.1 52.7+4.3 235+t1.6 445 + 20
FA25 A 123+ 15 96t 16 112.5+8.6 107.2+3.6 101+ 16 <6.6 71.4+2.7 76.516.2 340+2.2 555+ 25
B 118 £13 102+14 1142+8.8 103.7+3.7 118 +18 48+1.2 74.0+£2.9 77.1+6.3 343123 547 £ 25
A 185 £ 20 135+19 144 + 11 134.1+41 222+32 6.31+0.74 95.7+35 101.2+82 41826 409+ 19
FA26 177 £ 19 139+19 151+12 143.6+4.3 232+34 <4.7 95.4+33 105.0+85 435t2.7 418 £ 19

Uncertainties are expressed for a coverage factor of k=2.



Table S6. Activity concentration for the gamma emitters in the naturally occurring 238U, 235U, 32Th and “°K series in Slags.

Series 238 Radiactive Serie 235 232Th Radiactive Serie wy
Slags Z34Th ZZGRa 214Pb 214Bi 210Pb ZZSAC ZlZPb ZOSTI
6 A 133 +15 92+16 125+10 117.9+3.7 <13.0 <4.8 46.0+1.8 49.2+4.0 20.0+1.3 59.6+5.0
B 121+13 94+13 108.9+8.3 95.4+29 <12.2 52+1.0 38.0+14 43.4+35 179+1.1 46.8 +3.1
s7 A 70.8+8.7 70+ 10 67.2+5.1 58.6+2.0 233+5.1 <3.7 285+1.2 30,625 12.35+0.76 176.3+8.9
B 68.1+8.6 70+11 66.0+5.1 58.2+2.1 23.8+5.4 47+13 27.5+1.3 30.4+25 11.79+£0.81 180.4+9.3
A 61.5+£80 59.6+94 599+4.7 55.1+2.4 38.2+6.9 <4.1 42.0+2.3 446+3.6 18.1+1.3 183 +11
58 B 55.5+7.4 583+9.3 53.8+4.1 48.0+£1.8 30.7+£5.8 <3.6 38.2+1.6 40.5+3.3 16.7+1.1 163.4+8.5
9 A <5.0 <59 <1.0 <1.1 <4.7 <1.8 <1l.4 1.02+0.11 0.378£0.053 3.28 £ 0.65
B <5.4 6.5%2.6 <1.2 <1.0 <5.1 <1.9 <1.5 1.09£0.25 <0.4 <4.4
A 292 + 32 249+ 34 283 +22 265.1+7.9 137 +£21 12.6+5.1 85.8+3.2 92.4+7.5 38.6+2.4 37.1+£6.5
510 B 299 + 32 232+31 274 £ 21 257.4+7.7 147 £ 22 8.2+15 829+35 90.0+7.3 279+1.8 30.8+6.1
s11 A 28.0+4.1 16.8%4.5 16.7+1.3 13.65 +£0.62 <6.7 <2.0 4.81+0.33 5.95+0.50 2.33+0.19 <4.8
B 285+3.4 221+3.7 19.4+1.6 17.77 £ 0.86 <45 <1.6 5.89£0.32 6.55 £ 0.59 2.73£0.26 <2.8
s12 A 107 £ 13 119+ 16 116.4+8.9 107.5+3.5 52.6+£9.0 <6.2 33.1+1.4 37.3+£3.0 159+1.1 41.3+4.8
B 114 £ 12 108 £ 13 114.4+8.7 107.6+3.3 50.0+7.8 4.67 +0.57 341+1.4 36.3+3.0 11.09+0.74 49.5+3.8
s13 A 110+ 12 99+14 103.3+79 95.3+3.0 39.2+7.3 <37 29.1+1.2 30.7+£25 13.76 £ 0.93 108.4 £ 6.0
B 99 +11 8712 949+7.3 86.9+3.0 343+6.5 3.85+0.67 26.7+1.6 29.1+2.4 12.8+1.0 106.4+£6.5
s14 A 138 £ 16 146 £ 19 146 £ 11 139.8+4.5 <17.3 <7.2 59.0+2.3 62.7+5.1 27.5+1.8 121.7 £ 8.0
B 150+ 17 131+17 144 £ 11 133.7+4.3 15.2+4.9 <3.0 58.5+2.6 62.7+5.1 27.6+1.8 116.3+7.6
s15 A 132+15 141 £ 17 121.1+9.2 115.9+3.5 32.0+6.5 <3.9 38715 40.1+3.3 15.6+1.0 30.2+3.5
B 129+ 14 109+ 14 107.7 £ 8.2 95.0+2.8 30.2+6.2 4.63 £0.88 323+1.2 35.1+2.8 13.96 £+ 0.88 26.8+2.1
516 A 103 +11 102 +12 109.5+8.3 101.6 £ 3.0 <8.5 4.92 +0.80 50.5+1.8 52.3+4.2 21.0+£1.3 40.8+3.2
B 104 £ 12 105+ 13 109.7 £ 8.3 104.2+3.1 <115 <3.5 49.7+1.8 52.5+4.2 20.8+1.3 40.7£3.2
A 33.3+4.8 37.0+6.3 31.7+2.6 279+1.2 <9.4 <3.0 179+1.3 17916 7.17 £ 0.64 20.7+£3.5
s17 B 346+56 17.0+6.8 22.6+1.8 22.8+1.0 <13.6 <3.9 11.73+£0.70 12.6+1.0 5.32+0.44 28.1+3.0

Uncertainties are expressed for a coverage factor of k=2.



Table S7. Activity concentration for the gamma emitters in the naturally occurring 238U, 235U, 232Th and %°K series, including 2**Am, in Slags.

Series 238 Radiactive Serie 232Th Radiactive Serie
235 a0k 281Am
S|agS 234Th ZZGRa 214Pb 214Bi 210Pb ZZSAC ZlZPb ZOSTI
s3 Vitreous A 44 + 12 34+11 39.1+6.1 37.6+2.8 3010 2.23+0.61 62.5+4.6 64 +10 23.8+3.0 846 +73 3.26 £ 0.38
Slag B 35.3+7.4 31.7+7.8 32.7+£5.0 29.4+1.9 26.5+8.3 - 52.0+3.5 53.6+8.7 19.6+24 63254 3.15+0.35
sa Steel A 20.5+5.3 22.6+8.1 16.1+2.6 15.0+1.4 - - 5.11+0.61 57+1.0 143 +2.9 - 4,06 +0.43
Slag B 15.3+3.7 23.2+5.0 17.8+2.8 16.6+1.5 - - 5.53+0.83 55+1.0 49.4+6.5 40+£2.9 3.77+£0.42

Uncertainties are expressed for a coverage factor of k=2.

Table S8. Chemical composition (wt. %) of the analysed Cements, Fly Ashe and Slag used for the models validations.

SIOz Cao0 A|203 F9203 MgO MnO NazO Kzo TIOz SO; Lol*

OPC-CEM1425R 20.00 62.90 4.20 4.00 1.20 0.00 000 080 0.20 262 340

White Cement —BL152.5R 19.66 68.25 4.65 0.25 1.02 000 0.00 0.72 0.07 267 2.62
White Cement—BLII/B-LL42.5R 1594 65.06 3.84 0.22 056 0.00 0.00 0.41 0.08 252 11.29
CAC 3.42 3566 4138 1541 0.65 000 0.00 005 191 0.01 2.01

CAC 3.42 3566 4138 1541 065 000 0.00 0.05 191 0.01 201

Fly Ash 5286 3.70 22.07 8.21 2.28 0.07 1.15 253 1.04 0.10 492

Slag 3446 42.08 11.47 0.61 8.10 0.27 0.00 045 080 1.68 0.00

*Lol: Lost on Ignition



Table S9. Experimental Activity concentration for the gamma emitters in the naturally occurring 233U, 23°U, 232Th and “’K series, in Cements, Fly Ash and Slag used for the
models validations.

Series 238 Radiactive Serie 235 232Th Radiactive Serie o
U K
Validations 2347 226R4 214p}, 214p; 210py, 28p¢ 212p}, 2087
oPC
+ + + + + + + + +
CEM 1425 R 31.5+47 31.6+59 315425  301+13 353+6.2 <42 16.59+0.88 163+13  6.03+0.48 210+ 10
White Cement
BL152 o R 304+3.0 363+46 32.0+13 31.30+078 354+35 <57 13.02+0.57 10.84+0.47 19.0+1.1 220.8+5.7
White Cement 253+24 234+32 2319+091 2001+043 33.4+34 <31 621+023 854+035 14.61+058 945425
BLI/BAL 42.5 R 342, 443, 19+0. 01+0. 4+3. . 21+0. 54+0. 61+0. 542,
CAC 70.7+3.9 70.6+43  723+27  692+1.0 37.2+3.0 2.69+0.25 1408+2.3 1467+59 523416 <3.0
CAC 63.7+3.6 637+40 587+22 60.57+0.86 29.7+25 <13 1240+2.0 1108+45 455+14 <42
Fly Ash 89.6+49 912+54 864+33  866+12 87.9+65 <15 641+11  57.5+2.3 23.02+0.70 438.9+9.4
Slag 1156+6.1 1120466 120.6+46 113.8+17 189+17 4.02+0.22 43564079 447+18 16.44+0.52 119.0+2.8

Uncertainties are expressed for a coverage factor of k=2.



Annex 2

Collinearity in a multiple linear regression model is a common statistical problem that occurs
when one or more independent variables in the model are a linear combination of one another,
that is, there is a relationship between them.

A correlation matrix was used to determine the relationship between the independent variables
(composition, wt.%) of cement, fly ash, and slag (A2.1, A2.2 and A2.3 Tables). The correlation
between two variables is higher the closer their absolute values are near to 1.

Table $10. Correlation matrix between independent variables (wt. %) for Cements.

Sio; Ca0 Al,03 Fe;03 MgOo MnO Na;0 K20 TiO, SO3
Sio; 1.00
CaO 0.18 1.00
Al,03 -0.71 -0.81 1.00
Fe;03 -0.62 -0.73 0.92 1.00
MgO 0.34 -0.09 -0.24 -0.43 1.00
MnO 0.04 0.22 -0.16 -0.22 0.18 1.00
Na;O0 0.51 -0.37 -0.07 -0.21 0.64 0.49 1.00
K20 0.91 0.00 -0.54 -0.51 0.36 -0.11 0.55 1.00
TiO, -0.58 -0.80 0.94 0.97 -0.32 -0.21 -0.11 -0.44 1.00
SO3 0.11 0.05 -0.23 -0.53 0.72 0.06 0.37 0.17 -0.44 1.00

Table S11. Correlation matrix between independent variables (wt. %) for Fly Ashes.

SiO; Ca0 Al,03 Fe;03 MgO MnO Na;0 K20 TiO, SO3
Sio; 1.00
Ca0 -0.43 1.00
Al,0; -0.22 -0.44 1.00
Fe;03 -0.56 0.11 -0.27 1.00
MgO -0.09 0.51 -0.67 0.01 1.00
MnO 0.11 0.51 -0.20 -0.08 -0.12 1.00
Na;0 0.21 0.49 -0.47 -0.31 0.51 0.43 1.00
K20 0.54 -0.13 -0.45 -0.10 0.21 -0.02 0.24 1.00
TiO, -0.13 -0.19 0.51 -0.27 -0.29 -0.17 -0.57 -0.41 1.00
SO3 -0.20 0.28 -0.01 0.27 -0.23 0.60 0.06 -0.27 0.03 1.00

Table S12. Correlation matrix between independent variables (wt. %) for Slags.

SiOZ A|203 Cao MgO NaZO Kzo TiOZ

SiO; 1.00
Al,03 -0.29 1.00
Cao -0.59 0.10 1.00

MgO 0.41 -0.75 -0.23 1.00
Na,0 0.12 0.16 -0.16 -0.30 1.00
K20 0.25 0.59 -0.25 -0.55 0.66 1.00
TiO2 -0.11 0.13 0.53 -0.24 -0.17 0.01 1.00




Due to the collinearity issues that arise from introducing each and every variable when
constructing the linear regression models in this work, we chose the backward stepwise
regression methodology, in which a model is obtained by iteratively discarding the variables with
values of a > 0.05 until a model with independent variables with P-values less than 0.05 is
obtained.

After obtaining the multiple linear regression models for 22°Ra, 23Th (?*2Pb), and “°K for cements,
fly ash, and slag, the impact of collinearity in the variables maintained in each of the models was
investigated. The variance inflation factor (VIF) (A2.4), was calculated to quantify the intensity
of the variables collinearity, using the following expression:

1
VIF = ——
1-R

Where R? is the auxiliary coefficient of determination for each independent variable maintained
in each model.

Table S$13. Calculated VIF for the variables in the 22°Ra, 232Th (?*2Pb) and “°K models for cements, Fly Ash

and Slags.
Cements Fly Ash (FA) Slag (S)

226 H H 226 H 226 '

Ra SIOz F8203 MnO T|02 Ra A|203 Fe203 MgO TIOz Ra Na20 K20 TIOz

R 0.33 | 0.97 | 0.10 | 0.97 R% 0.93 | 0.63 | 0.64 | 0.92 R% 0.54 | 0.70 | 0.46

VIF 1.50 | 35.55 | 1.11 | 33.60 VIF 13.42 | 2.67 | 2.80 |13.23 VIF 2.18 | 3.39 | 1.87
212p | CaO | Al,Os | MgO | K,0 | TiO, | SOs 212pp CaO | ALO; | Fe,Os | MgO 212pp | CaO | Na,O | K,O

R? 0.77 | 0.97 | 091 | 0.77 | 0.97 | 0.86 R% 0.80 | 0.68 | 0.64 | 0.78 R% 043 | 051 | 0.67

VIF 431 | 34.25 | 11.45 | 4.38 |34.96 | 7.00 VIF 491 | 3.16 | 2.77 | 4.53 VIF 1.76 | 2.04 | 3.06

40K Si0, | CaO | Al,0; | Na,O | K,O | TiO, 40K K0 | TiO, 40K Si0, | CaO | MgO | TiO,
R 098 | 0.93 | 097 | 0.73 | 0.96 | 0.96 R% 0.66 | 0.66 R 0.88 | 0.88 | 0.83 | 0.84
VIF 52.37 | 13.56 | 30.45 | 3.69 |23.08 | 25.48 VIF 2.99 | 2.99 VIF 8.51 | 8.10 | 6.01 | 6.37

According to Kleinbaum et al., [87], VIF values greater than 10 indicate collinearity issues that
are aggravated depending on the magnitude of this value. Collinearity has been minimised in
the current work using the backward stepwise regression model, which has very little impact on
our models because these variables are vector-correlated, as shown in the HJ-Biplot plots in the

manuscript.




