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LC-Orbitrap Instrument Parameters

SPE- DOC extracts were analyzed using a Vanquish Flex Binary ultra-high performance liquid
chromatograph coupled to an Exploris 120 high resolution orbitrap mass spectrometer (Thermo
Scientific). Samples were injected (20 pL) onto a Kinetix C18 column (150 x 2.1mm; 1.7u) with
a UHPLC C18 2.1 mm Security Guard Column (Phenomenex) and eluted at 0.4 mL min- using
with a gradient of water (A) and acetonitrile (B) each containing 0.1% formic acid (v/v). The
column was maintained at 60 °C while the mobile phase composition was ramped from 5 to 99%
B over 15 min and held for 10 min before resetting to initial conditions; total run time was 32
min. Eluted compounds were ionized via negative mode electrospray ionization (3200V). The
nitrogen sheath gas, auxiliary gas, and sweep gas flows were 50, 5, and 5 (arbitrary units),
respectively. The vaporizer and ion transfer tube temperatures were 350 and 300 °C. lonization
parameters were optimized by infusing the calibration solution (FlexMix, Thermo Scientific) into
0.4 mL/min 50% A post column at 5 pL/min. Full scans were collected over the range 150-1500
m/z with a resolution of 120,000 and RF lens set to 70%. Automatic gain control was used to
accumulate 1e6 ions in the trap allowing a maximum injection time of 200 ms. Orbitrap mass
accuracy was externally calibrated prior to analysis via infusion of the calibration solution while
a mass lock was established during each scan using the fluoranthene (M", 202.0788 m/z) internal
calibrant discharge source (Easy-IC, Thermo Scientific). A standard solution containing 10
pg/mL each of metsulfuron methyl, chlorsulfuron, capsaicin, rotenone, usnic acid, and ibuprofen

was analyzed after every ten samples for quality assurance.

Targeted oxyPAH and PAH Instrument Paramters

Oxy-PAHSs and PAHs were analyzed separately using a 1260 Infinity series liquid

chromatograph coupled to a 6410A triple quadrupole mass spectrometer controlled by Mass
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Hunter v. B.06.00 (Agilent). 10 uL injections were made onto a Zorbax Eclipse PAH (2.1x100
mm; 3.5um) column with matching guard cartridge (2.1x12.5 mm; 5u) (Agilent) and eluted at
0.2 mL min? with a gradient of water (A) and methanol (B) each containing 0.1% formic acid,
the column compartment was maintained at 40 °C. Gradient parameters for Oxy-PAHs and
PAHSs are available in the supporting information (Table S8 and S9). Oxy-PAHs were ionized
via negative mode atmospheric pressure photoionization (APPI) assisted with post column
addition of acetone (0.4 mL min™* of 85:15 methanol:acetone v/v; final composition 10%
acetone) dopant. PAHs were ionized via postive mode APPI assisted with post column addition
of chlorobenzene and 2,4-difluoroanisole (0.4 mL min™* of 84.25:15:0.75
methanol:chlorobenzene:2,4-difluoroanisole v/v; final composition 10% chlorobenzene and
0.5% 2,4-difluoroanisole) dopant. Analyte retention times and triple quadrupole acquisition

parameters are available in the supporting information (Table S10).



1  Table S1. DOC and SUVA2z4 values. (Averages N=3)

Sample Composition DOC (mg/L) SUVA,ss (L mg? cm™?)
Light Irradiation o ) o )
Fuel Type | Period (days) Average  Std.Dev. | Average Std. Dev.
1 422 2.764 0.0100 0.005
. 4 10.61 2.028 0.0150 0.002
Light
= 7 18.84 4931 0.0168 0.004
z 10 20.54 2319 0.0169 0.001
S 1 0.84 0.067 0.0080 0.002
© 4 -
Dark 1.59 0.408 0.0029 0.001
7 1.67 0.158 0.0024 0.000
10 147 0.291 0.0034 0.002
1 6.27 0.521 0.0108 0.001
. 4 11.51 0.885 0.0139 0.001
Light
7 13.49 1.294 0.0137 0.003
.g 10 14.76 0.993 0.0128 0.000
& 1 0.77 0.209 0.0056 0.002
4
Dark 1.05 0.338 0.0058 0.005
7 0.98 0.179 0.0045 0.001
’ 10 095 0.124 0.0046 0.000
3
4
5
6
7
8
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Table S2. Spectral Indices (RSU). (Averages N=3)

Sample Composition T A M C N Flul Frl BIX HIX
Fuel ?f:: ;:r?;:iz‘;lﬁ) Average ]S):‘(: Average [s)': Average g:: Average IS):: Average IS)‘: Average g:‘: Average [S):: Average S:: Average g'ed‘
1 1.71 0.36 1.69 0.50 1.34 0.35 0.43 0.11 142 0.37 1.21 0.02 1.44 0.02 163 0.03 0.58 0.03
Light 4 2.84 0.19 4.07 025 322 0.18 127 0.56 335 0.18 1.22 0.01 1.31 0.02 143 0.03 0.68 0.00
3 7 1.68 0.34 242 0.28 2,05 0.30 0.62 0.06 212 0.31 1.20 0.02 1.22 0.03 129 0.04 0.69 0.01
2 10 1.16 028 1.50 0.30 1.33 0.29 0.42 0.10 139 0.29 1.18 0.01 1.15 0.04 121 0.05 0.66 0.01
IS 1 0.14 0.04 0.05 0.01 0.05 0.01 0.02 0.00 0.06 0.02 1.40 0.03 1.57 0.04 1.69 0.05 0.28 0.03
3] Dark 4 024 015 007 002 009 004 002 001 010 005 145 006 162 019 176 017 029 007
7 0.14 0.00 0.06 0.00 0.06 0.00 0.02 0.00 0.07 0.01 140 0.06 1.69 0.04 1.89 0.07 031 0.01
10 0.13 0.02 0.07 0.01 0.06 0.01 0.02 0.00 0.06 0.01 1.35 0.04 1.69 0.05 191 013 035 0.04
1 4.99 0.22 0.66 0.07 140 0.07 0.26 0.03 1.43 0.08 1.19 0.02 1.35 0.04 137 0.03 0.36 0.02
Light 4 2.50 0.28 0.52 0.03 0.79 0.08 0.24 0.01 0.84 0.08 119 0.01 0.89 0.01 0.90 0.01 0.30 0.02
7 130 0.16 0.34 0.07 0.47 0.08 0.17 0.03 049 0.09 119 0.02 0.82 0.05 0.82 0.04 0.24 0.05
g 10 0.90 0.11 0.25 0.04 0.34 0.05 0.12 0.02 0.36 0.05 1.14 0.02 0.81 0.01 0.83 0.02 0.20 0.01
&) 1 0.08 0.02 0.06 0.04 0.03 0.01 0.02 0.01 0.03 0.01 1.48 0.07 134 035 148 0.35 0.30 0.03
Dark 4 0.08 0.02 0.04 0.02 0.02 0.01 0.01 0.00 0.03 0.01 1.35 0.06 1.39 0.20 158 0.25 0.24 0.07
7 0.09 0.02 0.04 0.02 0.03 0.01 0.01 0.00 0.03 0.01 141 0.06 156 0.16 172 0.09 023 0.06
10 0.04 0.04 0.02 0.01 0.01 0.01 0.01 0.00 0.01 0.01 1.40 0.08 1.14 0.36 1.28 0.29 0.34 0.11
Table S3. Relative contribution of PARAFAC components (%). (Averages N=3)
Sample Composition C1 C2 C3 C4 Cs Cé6

Fuel %?:: I’Iel;:?zgl?(_;;l]s) Average  Std.Dev. | Average Std.Dev. | Average Std.Dev. | Average Std.Dev. | Average Std.Dev. | Average  Std. Dev.

1 42.03 089 23.03 1.18 5.03 0.38 16.87 127 9.52 036 352 0.53

Light 4 48.15 0.16 25.29 0.75 451 0.10 9.77 022 9.95 0.77 233 0.17

55 N 7 49.32 049 2331 0.39 5.10 0.33 7.70 1.12 10.52 083 4.06 0.23

- 10 48.38 046 20.19 0.71 6.85 0.37 6.90 0.27 11.02 0.64 6.66 0.19

5 1 1956 193 1028 198 36.25 6.85 18.68 219 6.22 045 9.01 9.06

s Dark 4 1936 264 1037 420 2829 7.88 20.16 1.72 5.81 0383 16.02 14.64

7 21.62 139 12.98 124 29.90 5.01 18.48 298 5.73 0.71 11.29 7.33

10 27.03 5.11 11.93 157 24.52 1.74 14.25 3.44 6.91 1.06 15.36 2.92

1 17.30 041 1.42 0.06 33.83 1.06 39.44 1.01 6.29 038 1.72 0.23

Light 4 1497 068 1.28 011 52.96 1.68 15.20 048 5.45 044 10.13 0.30

7 13.50 323 1.61 0.53 56.35 5.15 7.60 2.55 5.06 1.02 15.86 217

g 10 11.01 1.03 1.64 020 58.86 1.84 339 0.71 4.15 039 20.96 0.95

[ 1 22,60 431 4.51 0.14 40.36 1.98 6.67 1.76 9.46 249 16.40 1.81

Dark 4 18.17 4.66 5.1 0.53 36.06 4.35 9.66 224 8.00 1.56 23.00 4.94

7 19.28 8.19 5.34 097 33.78 5.47 12.64 6.74 7.26 1.00 21.71 4.19

10 1945 4.92 1.72 298 48.72 9.66 10.37 3.70 8.68 242 11.07 11.06




1 Figure S1. Validated six-component PARAFAC model.
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3 Table S4. Molecular classification (%), averages masses, and NOSC. (Averages N=3)

Sample Composition CA Aromatic ULO UHO Aliphatic Naphthenic Acids NOsC Average Mass
N Light | Irradiation . g ) ' y ‘ § . . 3 . . . . . ‘ . ) § g ‘ . y |
Fuel Type | Period (days) Average  Std.Dev. | Average Std.Dev. | Average Std.Dev. | Average Std. Dev. | Average Sid.Dev. | Average Sid.Dev. | Average I Std. Dev. | Average | Std. Dev.
o 4 489 0.17 11.32 037 46.63 395 6.65 033 2872 399 1.79 0.17 -0.75 0.06 39526 $.96
E =| Light 7 431 0.82 10.79 0.92 4723 205 6.90 0387 2883 1.98 193 038 -0.78 0.06 40746 23.00
E ° 10 423 0.70 10.60 0.70 4647 1.79 8381 0.77 28.10 133 1.78 035 -0.72 0.04 426.22 10.97
Dark 10 293 0.10 6.03 091 3011 0.94 19.18 148 39.80 0.75 195 0.10 -0.66 0.07 32985 395
4 3.07 030 9.46 0.96 46.73 122 7.00 1.04 3177 3.30 1.96 0.10 -0.71 0.04 403.07 6.68
Té_ Light 7 298 086 8.80 1.24 4853 061 6.63 097 3LI18 274 1.88 0.16 -0.72 0.00 413.17 2049
4] 10 2.56 0.13 8.15 0.08 48.61 2,05 1.06 024 31.68 1.98 1.93 0.16 -0.73 0.01 436.11 935
4 Dark 10 246 022 438 0.34 24.17 043 2121 2.03 46.11 1.81 1.66 0.13 -0.63 0.07 341.66 1.96
5
7
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Table S5. Molecular classifications of unique features in each treatment group. (Averages N=3)

Sample Composition CA (%) Aromatic (%) ULO (%) UHO (%) Aliphatic (%)

Fuel Light Type I"'.di(ldti:)r eriod U'“‘l“(ge“ll’es Average g:: Average ls)::r Average g&: Average g‘:: Average ls)t::'
- 4 2483 3.63 0.47 1594 217 54.31 4.37 1.33 0.33 24.73 7.24
3 Light 7 2492 3.08 0.76 1190 430 48.01  15.10 1.75 0.40 35.26 2038
LE) 10 2484 3.25 0.29 1222 041 52.77 5.58 3.54 0.88 28.25 5.90
“ Dark 10 1010 3.08 0.95 7.94 3.13 15.17 1.83 16.33 7.13 57.48 6.34
4 1986 1.12 0.21 12.94 1.70 65.14 495 1.57 0.46 19.21 6.24
% Light 7 2090 0.97 0.66 1039  0.76 60.93 13.81 1.86 0.42 2594 12.64
a 10 2293 0.67 0.05 9.93 0.49 64.69  4.07 242 0.17 22.33 4.81
Dark 10 1722 2.07 0.15 2.82 1.00 16.30 1.55 26.85 5.48 51.96  4.69

Figure S2. Compositional contour plot representing relationship between carbon number, z

family, and relative abundance (within naphthenic acid classification).
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Table S6. oxyPAH and PAH concentration (ug/L). (Averages N=3) ND = Not Detected

Oxy-PAH PAH
Sample Composition . 1,4 2,6- 2,3,6- 5 "
Phenanthrequinone Anthraquinone A P Anthracene Trimethylnaphthalene Pyrene Methylpyrene
N Irradiation

Light Std. Std. Std. Std. Std. Std. Std. Std. Std. Std. Std. Std. Std.
Foel | pype .”._l... Ave- Dev. | AYE Dev. | AYE Dev. Ave- Dev. Ave- Dev. | A% pev. | A% pev. | A% pev. Ave- Dev. | A% pev. Ave Dev. | A% pev. | A% pev.
1 ND - ND - 242 228 17.12 4.76 16.14 4.58 ND - 080 003 150 009 0.70 024 010 0.8 031 0.15 0.08 001 028 0.04
M 3 | Ligw 4 ND - 0.14 0.12 036 032 739 4.86 6.74 4.57 ND - 045 009 173 014 0.54 029 000 0.00 0.09 0.15 0.08 002 025 0.00
3] o 7 0.11 0.10 021 001 ND - 1.07 051 124 033 ND - 0.18 0.16 141 0.03 ND - 023 0.40 ND - 0.11 0.05 023 0.02

10 0.13 0.11 0.19 0.16 ND - 033 033 0.61 022 ND - 097 004 102 031 ND - 000 0.00 ND — ND - ND -

1 ND - ND - 15.49 19.01 60.44 62.49 125.15 13623 1.96 126 1.56 097 0.75 041 15.17 1173 ND - 12.70 6.86 0.07 0.07 ND -
M Light 4 ND - ND - 858 097 0.18 0.16 0.70 0.12 006 011 054 027 031 0.18 0.50 031 ND - 091 0.62 0.04 006  0.08 013
a 7 ND - ND - 28.62 44.45 0.14 023 0.40 0.10 ND - ND - 009 008 ND - ND - ND - ND - 0.06 o011
10 ND - ND - 4.17 156 0.09 0.16 033 0.04 ND - ND - 0.00 0.00 ND - ND - ND - 0.04 0.07 0.00 0.00




Table S7. Retention time, recoveries, and instrument parameters for oxyPAH method.

Recovery (%) (N=6)
Name Transition Type RT (min) Average [ Std. Dev.
1-Naphthol 143.1 >115.1 Target 19.8 738 124
2-Naphthol 143.1 >115.1 Target 20.6 725 12.2
Phenanthrenequinone 208.1 ->208.1 Target 223 69.3 13.6
Anthraquinone 208.1 ->208.1 Target 269 248 7.7
1,4-Anthraquinone 208.1 ->208.1 Target 304 79.5 13.7
1-Hydroxy-9,10-Anthraquinone 224.1 >224.1 Target 35.6 792 14.9
1,4-Chrysenequinone 258.1 ->258.1 Target 46.0 58 1.8
5,12-Naphthacenequinone 258.1 ->258.1 Target 474 88.4 152
Benzanthraquinone 258.1 ->258.1 Target 50.8 81.9 16.5
Table S8. oxyPAH gradient parameters.
Pump 1 (Column Mobile Phase) Pump 2 (Post Column Ionization Additives)
Time A (%) B (%) Flow Max Pressure Time A (%) B (%) Flow Preh.:::m
(min) (mL/min) Limit (bar) (min) (mL/min) Limit (bar)
0.00 20.0 80.0 0.200 400.00 0.00 100.0 0.0 0.000 400.00
1.00 20.0 80.0 0.200 400.00 18.99 100.0 0.0 0.000 400.00
20.00 60.0 40.0 0.200 400.00 19.00 100.0 0.0 0.400 400.00
33.00 71.0 29.0 0.200 400.00 59.99 100.0 0.0 0.400 400.00
36.00 75.0 250 0.200 400.00 60.00 100.0 0.0 0.000 400.00
46.00 75.0 250 0.200 400.00
56.00 90.0 10.0 0.200 400.00
60.00 90.0 10.0 0.200 400.00
60.01 20.0 80.0 0.400 400.00
65.00 20.0 80.0 0.400 400.00

65.01 20.0 80.0 0.200 400.00
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Table S9. PAH gradient parameters.

Pump 1 (Column Mobile Phase) Pump 2 (Post Column Ionization Additives)
Time Flow Max Pressure Time Flow Max Pressure
0, 0, 0, 0,

(min) 2 %) S C8) (mL/min) Limit (bar) (min) i, B ) (mL/min) Limit (bar)
0.00 40.0 60.0 0.200 400.00 0.00 0.0 100.0 0.000 400.00
1.00 40.0 60.0 0.200 400.00 9.99 0.0 100.0 0.000 400.00
5.00 60.0 40.0 0.200 400.00 10.00 0.0 100.0 0.400 400.00

65.00 100.0 0.0 0.200 400.00 70.00 0.0 100.0 0.400 400.00

70.00 100.0 0.0 0.200 400.00 70.10 0.0 100.0 0.400 400.00

70.10 40.0 60.0 0.400 400.00

10




Table S10. Retention time and instrument parameters for PAH method.

Compound Name | Transition | Type | ISTD Compound Name | SUTo%4 Compound | gy ip) AW!I(’:;-(NI;V‘)-
Naphthalene d8 1360 > 1080 | Surrogate Acenapthylene d8 158
Naphthalene 1280 > 1020 | Target Acenapthylene d8 Napthalene d8 162
Acenapthylene d8 160.0>1320 | ISTD 18.0
Accnaphthylene 1520 >1260 | Target Acenapthylenc d8 Napthalene d8 18.5
I-Methyl Naphihalene | 15301220 | 15TD 199
1-Methyl Naphthalene | 142.0 > 1150 | Target | 1-Methyl Naphthalened10 |  Acenapthene d10 205 9.3 78
2-Mecthyl Naphthalene | 142.0> 1150 | Target | 1-Mcthyl Naphthalene d10 | Acenapthenc d10 212 1254 260
Acenaphthene d10 164.0 > 1620 | Surrogate | 1-Methyl Naphthalene d10 2.1
Acenaphthene 1540 > 1530 | Target | 1-Methyl Naphthalened10 |  Acenapthene d10 27 100.5 50
Fluorene d10 1760 1740 | I1STD 240
Fluorene 1660 > 1650 | Target Fluorene d10 Phenanthrene d10 246 958 48
Phenanthrene d10 188.0 > 1840 | Surrogate Fluorene d10 260
9.methyl-9H-fluorene | 180.1 > 1652 | Target Fluorene d10 Phenanthrene d10 266 89.7 69
Phenanthrene 1780 >1760 | Target Fluorene d10 Phenanthrene d10 270 973 149
2,6-Dimethylnaphthalenc | 156.0 > 1150 | Target Fluorene d10 Phenanthrene d10 282
Anthracene 17801760 | Target Fluorenc d10 Phenanthrene d10 300 942 53
Fluoranthene 2020->2000 | Target Chrysene d12 Pyrene d10 33.1
. m;f;hm 1702 > 1551 | Target Chrysene d12 Pyrene d10 34
Pyrene d10 212.0->2080 | Surrogate Chrysenc d12 339
9.methylanthracene | 1922 > 191.1 | Target Chrysenc d12 Pyrene d10 342 89.8 33
Pyrene 2020 >2000 | Target Chrysene d12 Pyrene d10 349 15.7 105
9,10-Dimethylanthracene | 2062 > 191.1 | Target Chrysene d12 Benz(a)anthracene d10 388
1-Methylpyrenc 2162->2152 | Target Chrysenc d12 Benz(a)anthracene d10 423
Benzajanthracene d10 | 240.0 >236.0 | Surrogate Chrysene d12 433
Benz(alanthracene | 228.0 ->2260 | Target Chrysene d12 Benz(a)anthracene d10 445 95.5 5.0
Chrysene d12 2400 >2360 | ISTD 449
Chrysene 2280->2260 | Target Chrysene d12 Benz(a)anthracene d10 463 993 60
Perylene d12 264.0->2600 | Surrogate Chrysenc d12 50.1
Benzo(a)pyrene 2520->2500 | Target Benzo(a)pyrenc d12 Perylenc d12 520
Benzo(a)pyrene d12 | 2640 >2600 | 1STD 55.1
Benzo(b)luoranthene | 252.0->250.0 | Target Benzo(a)pyrene d12 Perylene d12 56.3 96.2 3.0
Benzo(k)luoranthene | 252.0>250.0 | Target Benzo(a)pyrenc d12 Perylene d12 56.4 96.7 46
Benzo(ghijperylene | 2760 >2740 | Target Benzo(a)pyrene d12 Perylenc d12 613 937 58
Dibenzo(ahjanthracene | 278.0 >276.0 | Target Benzo(a)pyrene d12 Perylene d12 64.0 9.1 79
Indenopyrene 2760 >2740 | Target Benzo(a)pyrene d12 Perylene d12 642 96.2 7.0
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