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Text S1. Analysis and quantification of PAHs

The following PAH standards were used: coronene, perylene, dibenzothiophene and
retene (Sigma-Aldrich); 16 EPA Priority PAH mixture, 2-methylanthracene, 9,10-
dimethylanthracene, 1-methylnaphthalene, 1,4-dimethylnaphthalene, 1-methylphenanthrene and
1-methylfluorene (Anachemia Science).

The limits of quantification are the lowest concentration on the calibration curve
converted into ng of PAHs per gram of sediment (dry weight). As the weight of sediment
extracted depended on the amount of material available in each layer of the core, we are
reporting here a lowest quantification limit and a highest quantification limit (based ona 11.3 g
and 3.1 g sediment extraction). The limits of quantification were between 0.22 ng g™ to 0.80 ng
g* for ALE and 0.12 ng g™ to 0.50 ng g™ for ALD. PAH concentrations below the limits of
quantification are not reported.

Limits of detection were estimated as 3 times the height of the baseline for an analyte
peak on a chromatogram. As GC-MS analysis was carried out using Single lon Monitoring
(SIM) mode, our baseline was relatively variable across the entire chromatogram inducing LoD
for some PAHs higher than their LoQ. We are not reporting any concentrations under this high
LoD for these PAHSs.

Text S2. Individual PAH concentrations

Perylene concentrations (Tables S1 & S2) in both lakes showed a down-core increase.
This pattern is typically associated with sediment diagenesis.* 2

Retene concentrations (Table S1 & S2) are comparable in both lakes with a baseline
concentration around 50 ng g*. An increase in concentration at the top of the ALE core is
attributed to early diagenetic processes® since no evidence of proximal forest fire activity has
been reported in the last decade.® A peak of retene in ALD at 18 cm depth (dated 1934) may be
related to an input of terrestrial material, since there was no evidence for an associated increase
in pyrogenic PAHSs in this layer (Table S2). In addition, sediment mixing in ALD may have an
averaging effect on the sediment record of retene concentrations.

DBT and C1-C4 DBTs are present at lower relative concentrations in our cores (0.5-2.9%
for ALD and 0.01-0.24% for ALE) compared to the 3 lakes east of the operations reported by
Kurek et al.* (3-17%). However, concentrations of DBTSs in Athabasca oil sands are variable,’
and as our study sites are situated at least two times further east, this discrepancy illustrates the
relationship between atmospheric transport with distance to the source.
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Table S1. Concentrations of the target PAHs in ng g™ of dried sediment (corrected for recovery) and sediment accumulation rate
derived from the CRS model for ALE. The error is the average standard deviation of duplicate extractions of sediment sub-sampled
from the same depth interval (n = 3 different depth intervals). With YPAHpsen, the sum of the 16 EPA PAHs minus naphthalene,
YPAHak, the sum of the alkylated PAH groups (C1-C4 phenanthrene/anthracene, C1-C4 fluoranthene/pyrene, C1-C4
dibenzothiophene (DBT), C1-C4 fluorene, C1-C4 chrysene) and Y PAHia the sum of > PAHparentand Y PAH -

PAH (sediment layer, cm) 01 12 23 34 45 56 6-7 7-8 89 9-10 10-11 12-13 13-14 14-15 15-16 16-17 17-18 18-19 19-20 20-21 21-22 22-23 LoQ LO.Q Lob LO.D Errorl
max  min max min (ng.g-)

Naphthalene 492 286 299 336 054 084 1178 2424 584+ 1670 1058 1542 048 902 941 1155 6195 5097 | 022 081 0.09 0.32 12.90

C1- Naphthalene 1229 1097 814 1173 376 513 062 029 2701 3242 1987 2439 1780 2254 505 206 2289 1734 2505 6685 5166 | 022 081 0.09 0.32 11.00

C2- Naphthalene 828 852 763 90l 557 520 238 176 1271 1241 1282 1156 1032 1064 652 534 088 1096 862 1088 1697 1430 | 022 081 0.11 0.39 091

C3- Naphthalene 50.38 48.65 4588 47.60 4053 34.35 2043 2455 4365 4458 49.34 4707 4555 4665 3831 3301 2268 4608 3448 4047 5836 5054 | 0.22 081 0.11 0.39 139

C4- Naphthalene 0.22 0.81

Acenaphthylene 0.62 0.78 145 105 079 136 121 093 121 069 130 078 091 184 160 | 022 081 0.17 061 0.19

Acenaphthene 350 356 358 482 353 396 310 199 663 562 680 677 650 804 605 446 157 718 581 694 1031 963 | 022 081 0.14 052 0.36

Fluorene 1132 1039 1169 1329 994 1016 9.02 893 1594 1496 1727 1654 1958 2226 2401 2016 1408 2143 2095 1961 2610 2423 | 022 081 0.19 0.68 0.48

C1-Fluorene 772 720 628 371 523 575 466 450 612 973 838 673 672 730 671 599 736 665 603 800 795 764 | 022 081 0.19 0.68 0.05

C2-Fluorene

C3-Fluorene 1891 17.93 1623 952 944 1438 1480 934 876 1217 1150 1305 908 1074 975 863 1206 1229 915 1274 1479 1164 | 022 081 0.19 0.68 027

C4-Fluorene

Dibenzothiophene 137 099 143 144 105 075 078 057 077 069 08 075 072 103 074 085 094 08 075 118 100 093 | 022 081 0.14 052 0.07

C1-Dibenzothiophene 0.22 0.81

C2-Dibenzothiophene 0.22 0.81

C3-Dibenzothiophene

C4-Dibenzothiophene 0.22 0.81

Phenanthrene 4027 3540 37.33 3499 3564 3293 3508 2807 3603 3634 36.74 47.92 3885 4524 4707 3751 3056 4656 3887 4107 5979 4604 | 022 081 0.20 071 073

Anthracene 579 540 474 289 350 315 391 676 596 912 769 1323 1050 1267 1191 1139 778 1315 1181 1258 1586 1350 | 022 081 0.20 071 043

C1-Phen/Anth 2876 29.28 3358 27.83 3297 2558 2546 2499 2341 20.64 2849 4413 2819 3471 2999 2870 2921 4286 3175 3366 4459 3321 | 022 081 0.20 071 072

C2-Phen/Anth 1639 2140 1660 1912 821 1697 1602 648 1291 1116 1764 1725 1389 1018 1434 1531 812 2254 1753 1980 27.53 1830 | 0.22 081 0.65 2.35 0.15

C3-Phen/Anth 0.22 0.81
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C4-Phen/Anth 0.22 0.81
Fluoranthene 1474 1347 1360 1594 1488 1382 1471 1460 2026 2165 19.84 2213 1538 2431 288l 2032 2208 2476 1804 1952 4379 2335 | 022 081 057 2.06 043
Pyrene 4654 4522 4323 4145 4057 30.73 36.87 3294 6477 5721 5513 67.75 4239 6830 8326 4081 2386 7402 2977 3335 9073 5810 | 022 081 0.49 177 1.05
C1-Fluoth/Py 970 1056 1178 868 1161 976 1053 909 962 849 930 1379 1020 1315 1309 1418 1596 1505 1400 1469 1566 1406 | 022 081 053 191 041
C2-Fluoth/Py 0.22 0.81
C3-Fluoth/Py 0.22 0.81
C4-Fluoth/Py 0.22 0.81
Retene 116.24 21334 8435 4527 7541 6724 60.70 38.64 3567 30.23 4355 4481 4054 49.82 4268 4109 4627 5444 3989 3842 5640 4610 | 022 081 063 2.26 2.45
Benzo[a]anthracene 772 866 846 915 807 665 833 516 500 500 7.8 526 413 569 499 525 745 861 694 861 873 817 | 022 081 0.15 055 076
Chrysene 1035 11.34 1145 1031 935 832 793 590 576 521 602 618 473 566 594 613 776 592 570 707 774 665 | 022 081 0.15 055 0.34
C1-Chrysene 3572 29.96 28.85 3385 2623 2356 2310 2011 1906 2826 20.14 1403 1187 1415 1385 1374 2096 1649 1530 2043 17.95 1681 | 0.22 081 0.15 055 0.48
C2-Chrysene 0.22 0.81
C3-Chrysene 0.22 0.81
C4-Chrysene
Benzo[b]fluoranthene 1954 1835 1957 2264 2113 1590 1652 1262 17.70 1929 1835 1565 1285 1521 1448 1628 2569 17.86 1695 2137 1872 17.20 | 0.22 081 0.13 045 0.34
Benzo[k]fluoranthene 120 130 167 143 137 158 173 175 227 124 192 194 220 275 209 214 249 187 197 131 184 077 | 022 081 0.14 052 0.20
Benzo[a]pyrene 994 993 970 1000 9.09 851 919 822 750 805 892 715 606 737 775 812 1173 836 815 969 909 841 | 022 081 0.17 061 0.60
Perylene 89.43 91.96 116.45 15509 122.15 196.05 231.83 219.19 259.20 271.96 270.00 270.41 26117 349.62 39535 43413 510.54 492.45 504.93 52213 52626 46847 | 0.22 081 031 113 8.06
Indeno[1,2,3-cd]pyrene 801 865 907 1130 1030 1075 1085 11.19 1102 1374 1246 1048 880 1073 1090 1151 1846 1225 1140 1392 1242 1116 | 022 081 0.16 058 021
Dibenzo[a,h]anthracene 245 289 318 310 357 221 245 205 237 234 234 220 183 230 231 302 252 322 311 000 155 022 081 0.17 061 073
Benzo[g,h,i]perylene 1656 16.14 1612 1824 1525 1506 14.86 1463 1408 17.70 1547 1333 1125 1362 1403 1453 2272 1548 1436 1673 1478 1345 | 022 081 0.18 0.65 023
Coronene 730 504 838 948 962 1008 1074 1051 1036 1216 11.37 1017 856 1072 1108 1152 1674 1199 1118 1141 1028 910 | 022 081 0.44 158 0.20
> PAHotal 316.50 308.02 308.76 303.70 280.93 261.26 269.90 229.89 297.39 309.66 313.90 347.62 266.93 34534 353.28 289.03 303.05 378.71 289.12 32318 45275 344.85
S PAHparent 199.3 191.69 195.44 200.99 187.24 165.26 175.33 155.38 217.51 219.21 218.45 238.64 186.98 246.11 26555 20248 209.38 262.83 19536 213.86 324.28 243.19
S PAHakyi 117.2 116.33 11332 102.71 9369 96.00 9457 7451 79.88 9045 9545 10898 79.95 99.23 87.73 8655 9367 11588 9376 109.32 12847 101.66
Mass of sediment

375 48 56 657 566 557 67 712 728 3104 58 837 927 1014 1075 112 502 932 1058 546 7.4 748
extracted (g)
Sediment accumulation

130 119 113 100 102 94 93 115 121 124 118 124 133 136 130 152 135 116 107 94 105 100

rate (g.m2.yr)
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Table S2. Concentrations of the target PAHs in ng g of dried sediment corrected for recovery for ALD. The error is the average
standard deviation of duplicate extractions of sediment sub-sampled from the same depth interval (n = 3 different depth intervals).
With YPAHpsen, the sum of the 16 EPA PAHs minus naphthalene, YPAH.x, the sum of the alkylated PAH groups (C1-C4
phenanthrene/anthracene, C1-C4 fluoranthene/pyrene, C1-C4 dibenzothiophene (DBT), C1-C4 fluorene, C1-C4 chrysene) and
> PAHiqta the sum of Y PAHparentand Y P AH iy

PAH (sediment layer,cm) | 0-1 1-2 2-3 3-4 45 56 67 7-8 89 9-10 10-11 11-12 12-13 13-14 14-15 15-16 16-17 17-18 18-19 19-20 20-21 21-22 22-23| -°Q  LoQ LoD LoD Error
max min max min  (ng.g-)
Naphthalene 032 438 1318 3350 476 9.12 082 995 1446 940 1693 27.76 3457 6.88 6.93 541 10.42 3.60 712 14.07 1950 2042 1357 0.12 0.50 0.06 0.25 12.90
C1- Naphtalene 2142 23.01 30.26 60.90 24.26 36.12 23.40 28.04 39.25 26.83 37.22 5112 4818 2297 2373 1724 2407 1538 16.00 26.23 36.37 3133 2452 0.12 0.50 0.06 0.25 11.00
C2- Naphthalene 30.07 20.18 2193 27.22 17.07 21.61 28.72 18.05 24.04 1865 2125 2267 2044 1559 18.09 13.83 15.04 13.66 1220 13.97 13.78 14.06 13.24 0.12 0.50 0.06 0.25 0.91
C3- Naphthalene 28.11 35.86 28.29 61.74 41.10 51.05 27.04 43.23 6057 40.60 4995 5263 5039 3891 52.01 3246 2714 2741 23.69 29.63 5030 40.90 34.65 0.12 0.50 0.06 0.25 1.39
C4- Naphthalene 1448 19.90 305 799 467 1043 4.06 13.74 5.00 7.38 4.58 5.10 9.19 4.87 7.06 8.36 4.15 3.31 3.90 4.36 8.29 4.36 4.36 0.12 0.50 0.06 0.25
Acenaphthylene 0.45 042 032 051 049 0.40 0.48 0.82 0.56 0.50 0.80 0.39 0.56 0.33 0.53 0.58 0.83 0.72 0.12 0.50 0.08 0.31 0.19
Acenaphthene 0.12 0.50
Fluorene 445 7.03 8.78 1197 870 9.32 779 9.03 1314 1103 1259 1527 1387 1342 1556 1329 16.71 13.70 1483 16.99 16.92 18.87 18381 0.12 0.50 0.08 0.33 0.48
C1-Fluorene 35.94 31.27 29.79 3422 27.03 3491 2632 2435 3598 2881 3435 3278 3333 2946 37.92 3019 3031 2755 2937 3027 34.63 3092 30.65 0.12 0.50 0.06 0.24 0.05
C2-Fluorene 2157 17.03 20.64 19.06 21.77 31.93 1471 1366 16.34 1288 17.01 1461 16.12 1283 1820 12.74 9.56 10.86 1098 10.38 16.89 1192 11.23 0.12 0.50 0.06 0.24 0.27
C3-Fluorene 0.12 0.50
C4-Fluorene
DibenZOthiOphene 255 2.80 2.00 3.48 361 3.16 238 324 344 2.82 3.21 3.30 3.16 2.78 3.49 213 1.99 1.97 1.40 2.01 2.94 1.90 1.87 0.12 0.50 0.07 0.27 0.07
Cl-DibenZOthiOphene 1.63 1.52 122 2.09 1.77 201 143 1.86 1.84 1.45 1.85 217 2.01 1.39 2.37 1.49 0.86 111 0.94 1.33 0.93 0.12 0.50 0.07 0.27 0.07
C2-DibenZOthi0phene 1043 1035 7.83 1249 1224 13.02 841 10.79 1019 7.95 8.64 9.68 8.09 6.09 9.40 6.30 2.86 4.08 3.34 3.95 9.78 2.10 1.90 0.12 0.50 0.07 0.27 0.07
C3-Dibenzothiophene
C4-Dibenzothiophene 0.12 0.50
Phenanthrene 4124 3170 37.32 4096 31.05 39.02 28.20 29.14 39.01 2934 36.82 39.63 4021 3448 4517 3574 3573 3372 3232 3349 4041 3586 34.23 0.12 0.50 0.08 0.31 0.73
Anthracene 283 223 1.68 1.94 1.55 1.73 158 266 2.60 243 1.70 2.38 1.75 2.54 1.92 2.70 2.26 2.05 2.52 272 3.11 2.33 2.34 0.12 0.50 0.08 0.31 0.43
C1-Phen/Anth 43.09 36.95 41.07 4756 3575 39.44 3047 37.61 39.73 3540 4232 3958 3594 3216 2445 3341 2585 29.70 2848 3045 39.13 3156 3129 0.12 0.50 0.08 0.31 0.72
C2-Phen/Anth 1555 15.05 22.26 2259 1597 1426 1424 1335 16.60 13.15 1876 20.22 16.05 1541 1646 1352 1350 1359 1131 1557 13.35 0.12 0.50 0.08 0.31 0.15
C3-Phen/Anth 0.64 0.65 0.74 0.72 0.12 0.50 0.08 0.31
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C4-Phen/Anth 277 317 265 111 206 210 235 324 106 093 100 131 130 120 126 156 184 143 192 280 304 351 366 | 012 050 0.08 031 0.15
Fluoranthene 1025 970 1045 1174 824 1339 885 1028 1384 1050 1244 1825 1491 1269 2163 1682 1442 1658 1534 1552 2329 1486 1434 | 0.12 050 021 0.86 043
Pyrene 33.82 2951 27.69 3290 1854 5532 2225 2877 4252 1672 2729 5481 4042 2111 6903 5059 1990 3870 3586 3631 8748 1438 1415 | 0.2 050 0.19 077 1.05
C1-Fluoth/Py 894 925 985 1061 1015 976 771 952 861 816 797 884 78 792 771 752 811 722 730 835 1006 982 1010 | 012 050 0.19 077 041
C2-Fluoth/Py 0.12 0.50 0.19 0.77
C3-Fluoth/Py 0.12 0.50 0.19 0.77
C4-Fluoth/Py 0.12 0.50 0.19 0.77
Retene 4106 4298 4803 47.08 36.89 4376 4130 3823 4291 3257 4337 5001 5862 4356 5350 57.30 5258 5301 22711 5244 87.04 5954 5662 | 012 050 027 1.08 2.45
Benzo[a]anthracene 297 359 381 367 392 341 289 327 261 257 252 244 272 207 207 152 148 150 140 140 158 174 176 | 012 050 0.15 0.60 076
Chrysene 651 666 742 798 733 653 544 612 530 506 507 530 427 429 425 348 349 286 263 3.06 0.12 050 0.10 042 0.34
C1-Chrysene 1321 2068 1529 1582 1581 1478 1135 1401 1098 10.77 1032 941 906 851 776 764 647 636 624 636 678 637 | 012 050 0.10 042 0.48
C2-Chrysene 0.12 0.50
C3-Chrysene 0.12 0.50
C4-Chrysene
Benzo[b]fluoranthene 925 1090 837 1143 883 1156 1279 1574 1579 1589 1458 1593 1389 1383 1415 17.89 11.70 1307 1165 1173 1327 1299 | 012 050 0.11 0.46 0.34
Benzo[k]fluoranthene 189 174 700 148 676 137 114 141 113 642 111 137 132 697 738 690 736 114 649 639 648 747 719 | 012 050 0.12 050 0.20
Benzo[a]Pyrene 249 264 330 323 346 311 238 296 220 229 218 212 203 198 188 150 0.12 050 0.11 043 0.60
Perylene 2695 28.07 24.28 2585 2464 2915 3233 3280 3398 3625 37.50 4419 4430 4590 4957 4894 5417 5384 5364 5459 5373 6363 7084 | 0.2 050 0.09 0.35 8.06
Indeno[1,2,3-cd]pyrene 250 294 327 325 322 333 283 359 335 331 330 378 363 379 413 335 370 342 345 325 328 351 372 | 012 050 0.05 0.19 021
Dibenzo[a,h]anthracene 2.28 241 208 172 210 197 0.12 050 0.03 0.12
Benzo[g,h,i]perylene 459 506 539 535 524 569 441 540 493 475 502 510 481 496 509 453 490 436 434 428 424 464 466 | 012 050 0.03 0.11 023
Coronene 216 248 267 266 256 278 235 290 274 263 315 282 279 275 286 237 258 230 238 212 204 231 224 | 012 050 0.02 0.10 0.20
> PAHotal 279.11 262.42 279.36 305.38 256.57 32155 221.64 253.33 291.68 235 260.21 31001 277.63 240.93 322.83 27343 214.36 23427 23398 243.88 338.34 21627 21291
> PAHparent 12534 1165 128.76 139.83 113.28 159.34 104.65 124.22 150.35 1155 128.31 170.5 147.55 12541 19655 158.94 113.83 13226 13398 13454 2051 119.66 116.78
SPAHAK 153.77 14592 1506 16555 143.29 162.21 116.99 129.11 14133 1195 1319 13951 130.08 11552 126.28 11449 10053 10201 100 109.34 13324 9661 96.13
Mass of sediment

503 746 766 7.54 1054 799 892 1005 985 1104 971 1040 1250 1436 1285 1497 1474 1600 1689 1991 2030 2043 1890

extracted (g)
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Text S3. Compound-specific isotopic analysis (CSIA)

The 8"C values of several in-house standards (m-terphenyl, o-terphenyl, 5-a-androstane, Cyg
and perylene) were determined using an elemental analyzer (EA) coupled to our PRISM 111 IRMS
system. These compounds were chosen in order to cover the entire mass and isotopic range expected
in our samples. Due to a lack of certified isotopic standards for PAHSs, only 5-a-androstane had a
commercially characterized '°C value (-31.6%o). The other standards were characterized on the
EA-IRMS to be used as reference values and to check for potential isotopic fractionation in the
combustion interface of the GC-C-IRMS system. All standards were injected 8 times in the GC-C-
IRMS for three different mass (12.5 ng, 25 ng and 50 ng) to check the linearity of the measurement
and the difference from EA-IRMS analysis. The mean standard deviation and the standard deviation
to the value obtained with the EA-IRMS measurements are reported in Table S3.

We reported the error associated with the GC-C-IRMS $"*C measurement as the standard
deviation (precision) of triplicate injections of each sediment layer. The precision ranged between
0.0 and 0.4%. for the co-injected standard (5-a-androstane), between 0.1 and 0.4%. for
dibenzothiophene, between 0.1 and 0.3%. for Cl-alkylated fluorene and between 0.1 and 0.7%. for
retene. The accuracy was established as the mean of the differences between the true value of 5-a-
androstane (-31.6%o) and the measured value of 5-a-androstane (-31.1 £0.5%o, n = 6). All the data
points are corrected for the slight shift of the co-injected standard.

To measure the statistical differences between pre-80s and post-80s 5'°C values, we
performed a t-test (confidence interval 0.99) using the software R, giving us p-values of 0.00098,
8.98 x 10” and 0.29 for DBT, C1-F and retene respectively. According to this test, retene is the only
compound not showing any significant isotopic variation during the last century.

Table S3. Isotopic standards used for GC-C-IMRS analysis.

Compound Mean 6"°C 1o Meanof1o'from  Mass PAH
(%0) EA measurement injected

o-terphenyl -27.7 0.41 0.58

C16 n-alkane -29.6 0.60 1.01

5-a-Androstane -31.1 0.52 0.57 12.5 ng

m-terphenyl -27.0 0.70 0.59

Perylene -26.3 0.64 1.42

o-terphenyl -27.7 0.36 0.63

C16 n-alkane -29.6 0.50 0.99

5-a-Androstane -31.0 0.41 0.64 25 ng

m-terphenyl -26.8 0.39 0.36

Perylene -25.7 0.38 0.81

o-terphenyl -27.4 0.38 0.84

C16 n-alkane -29.6 0.47 1.02

5-a-Androstane -30.9 0.43 0.75 50 ng

m-terphenyl -26.7 0.46 0.49

Perylene -25.4 0.53 0.63
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Text S4. Sediment Dating

The activities of *°Pb, **¥'Cs and #“Pb in ALE sediments were determined by low-
background gamma spectrometry in freeze-dried and homogenized sediment samples after at least
one month storage in sealed polypropylene vials to achieve secular equilibration of ?’Rn and **Pb
with #?°Ra.® Excess #°Pb (*'%Pb,s) was obtained by subtracting the #*°Ra activity (determined by the
gamma emissions of its daughter isotope 2**Pb) from that of measured #°Pb. Counting efficiencies
were determined by preparing dry sediment samples labelled with standard solutions of mixed
nuclides. The measured activities were corrected for sample geometry and self-absorption.” Similar
methodology was used to measure **’Cs and 2**Pb in ALD sediments but #°Pb was determined in
these samples by measuring its short-lived daughter isotope #°P0.8*® The '¥Cs in ALD was
measured by y-spectrometry at INRS Eau Terre Environnement (Québec, QC, Canada) and the
21y at MyCore Scientific (Deep River, ON, Canada) by a-spectrometry. Five layers in the middle
of the core were analyzed at both labs for ?!°Pb to assess the variability between the different
methods. The standard deviation between each pair of measurements was always lower than the
error associated with y-spectrometry, validating the equivalence between both measurements (Table
S4).

The dry bulk density was determined as described by Avnimelech et al.'! using the water
and organic carbon contents in each sediment layer, and by assuming that the organic matter content
is twice that of organic carbon and that the mineral and organic matter densities are 2.65 and 1.25 g
cm’®, respectively.

Table S4. y-spectrometry and a-spectrometry measurement comparison in 5 sediment layers in
ALD.

#layer (cm) 210y-spec.trf)metry 210az-spec.tr.ometry y-spectrometry a-spectrometry Standard deviation
Pb activity (Bg/g) Pb activity (Ba/g) error (Bq/g) error (Bq/g) v/ a

18-19 0.13965 0.12024 0.01450 0.00697 0.01373

19-20 0.11585 0.11152 0.01430 0.00559 0.00307

20-21 0.09137 0.08677 0.01320 0.00530 0.00326

21-22 0.07470 0.06034 0.01390 0.00428 0.01015

22-23 0.03867 0.02756 0.01290 0.00326 0.00786
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Table S5. Interim Sediment Quality Guidelines (ISQG) established by the Canadian Council of
Ministers of the Environment'? compared to the average PAH concentration in surficial sediment
(0-5cm) in ALE and ALD.

PAH ISQG (gkg™)  ALE(ugkg™)  ALD (ugkg™)
Naphthalene 34.60 2.90 11.20
Acenaphthylene 5.87 0.50 0.20
Acenaphthene 6.71 3.80 0.00
Fluorene 21.20 11.30 8.20
Phenanthrene 41.90 36.70 36.40
Anthracene 46.90 4.50 2.00
Fluoranthene 111.00 14.50 10.10
Pyrene 53.00 43.40 28.50
Benz(a)anthracene 31.70 8.40 3.60
Chrysene 57.10 10.60 7.20
Benzo(a)pyrene 31.90 9.70 3.00
Dibenz(a,h)anthracene 6.22 3.00 0.90

Text S5: PAH diagnostic ratios

Two different pools were observed for (An)/(Ph+An) and Fl/(FI+Py) ratios in ALE (Fig.
Sla). The first grouping covers a time period between 1900 to 1980 and shows significant scatter
with (An)/(Ph+An) ranging from ~0.17 to 0.23 and FI/(FI+Py) ranging from ~0.25 to 0.47. The
second pool spans the years 1980 to the present and shows a near linear decrease from ~0.14 to 0.07
for (An)/(Ph+An) and a range of ~0.23 to 0.31 for Fl/(FI+Py) going towards the petroleum end-
member. This cross plot shows similar trends to those found for IcdP/(BghiP+IcdP) vs Fl/(FI+Py) in
ALE, with the main exceptions being that: 1) the chronological trend in the 2000s was not visible,
2) there are two instead of three clusters of data, and 3) the lichen diagnostic ratios are less
representative of oil sands particulate input. This poor representability of the lichen (An)/(Ph+An)
ratio can be explained by the fact that no anthracene was detected in oil sands.® This ratio is
therefore likely indicative of some other local PAH emission source such as diesel combustion®®
from the large vehicles operating in the open pit mine areas. In ALD, the diagnostic ratio
An/(Ph+An) showed no discernible trends across the entire 23 cm length of the core and thus
provided no insight into PAH sources (Fig. S1b). Significant sediment mixing and very low
anthracene concentrations (closer to the LoQ than in ALE) were likely the main controlling factors
for this scattering.
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Figure S1. PAH diagnostic ratios cross plot: An/(Ph+An) vs Fl/(FI+Py) for ALE (a) and ALD (b).
The triangle represents a ground-dwelling lichen sample (C. mitis) collected close to the main area
of bitumen mining activities. The shaded areas represent combustion and petroleum sources** ** and
the circled areas correspond to the different pools of sources identified in the sediment core.
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