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1. Information on fuels and chemicals included in the study
Fuels on the Swedish market and regulation

Recent data from the Drivkraft Sverige/Infostat (web info, 2023-11-21) show the volumes of fuel in

Sweden delivered from the fuel companies to service stations (Supplementary Figure 1). Diesel has

emerged as the predominant fuel in terms of delivery since 2010. No publicly available information

has been found on the proportions of 98-octane and 95-octane petrol volumes.

Supplementary Figure 1. Volumes of different fuels, sold on the Swedish market. From Drivkraft

Sverige/Infostat.

Supplementary Table 1. Regulated substances in fuels since 2011. Limits of components in

Environment Class 1 diesel and petrol fuels, according to the Swedish Fuel Act (SFS

2011:319)[1].

Substance MK1 petrol

(vol %)

MK1 diesel

(vol %)

Olefines, max 13.0 Not regulated

Aromatic hydrocarbons, max 35.0 5

Benzene, max 1.0 Not regulated

Cyclohexane, max - Not regulated

n-hexane, max - Not regulated

Ethers with more than 5 carbons (MTBE, ETBE),

max

22.0 Not regulated

Fatty acid methyl esters, max Not regulated 7.0

Polycyclic aromatic hydrocarbons, max Not regulated Not detectable
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Fuel Standards Across Europe

The focus of European standards for fuels is to ensure compatibility across the continent. Individual

countries can make minor adjustments to these standards to align with national legislation. These

standards are subject to updates approximately every five years, though this frequency may vary

based on emerging needs. However, it is consistently observed that these standards do not emphasise

environmental considerations; instead, the primary goal is to produce effective and safe fuels for

engines. Environmental regulations are left to the discretion of individual countries and legislative

bodies.

Diesel fuel

European diesel fuel adheres to the EN590 standard[2], which sets various requirements, including a

cap on poly-aromatic hydrocarbons (PAHs), limiting them to 7% of the fuel. The diesel fuel

specification in Sweden is even more stringent for MK1 diesel, following the EN590 standard and

the Swedish standard SS155435. This Swedish standard enforces stricter limits on aromatics content,

with a maximum of 5% allowed for total aromatic hydrocarbons and a specific exclusion of PAHs to

address environmental and health concerns, as seen in Supplementary Table 1. Additionally, the

performance of diesel in cold weather is a paramount consideration. This is assessed by measuring

the Cold Filter Plugging Point (CFPP), the temperature at which the fuel waxes to the extent that it

can block a standardised filter, and the Cloud Point, which is the temperature at which wax crystals

start to form at the bottom of the container. These characteristics ensure that diesel vehicles can

operate effectively in colder climates without fuel-related issues. The CFPP standards in Sweden are

adapted to seasonal and regional climatic variations to ensure reliability and functionality.

Petrol

The European petrol standard EN228[3] is also supplemented in Sweden with additional requirements

for MK1 petrol, as per SFS 2011:319, §4. These requirements include reducing permissible olefin

content from 18% to 13% and heightened mandates for additives. An oxygen content of 2.7% limits

the maximum allowable content of MTBE/ETBE. This restriction means that with a 10% ethanol

blend, there is less room to add MTBE/ETBE than lower ethanol blends, such as the 5% found in 98-

octane fuels. It is noteworthy that Methyl Tertiary-Butyl Ether (MTBE) was phased out in Japan in

2001 and the USA and Canada in 2006 due to concerns over water contamination risks. Despite

these concerns, MTBE is still utilised in Europe. Conversely, Ethyl Tertiary-Butyl Ether (ETBE) is

primarily used in Europe and Japan and is driven by legislative biofuel mandates. ETBE is favoured

in regions with stringent biofuel regulations because it is derived from ethanol. This renewable
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resource helps meet the sustainability criteria outlined in such policies.

Ethanol fuel E85

European E85 complies with the standard EN15293[4], which specifies a list of potential denaturing

agents known not to affect engines adversely. The decision on approved denaturing agents is left to

the individual countries. According to regulation HSLF-FS 2022:63, fuel containing more than 70%

m/m alcohol must be denatured with either 25g/kg MTBE + 5g/kg isobutanol or 25g/kg ETBE +

5g/kg isobutanol. The octane numbers RON > 104 and MON > 88 are attainable with correct

blending. However, these levels are generally considered indicative, as they might be beyond the

measurement capability of standard methods.

Hydraulic oils

Hydraulic oil is essential in a hydraulic system to transfer energy, as well as lubrication, antiwear,

cleaning and rust prevention of components. The physicochemical properties - including oxidation

stability, incompressibility and anti-foaming properties, shear stability, seal adaptability, anti-

emulsification and hydrolysis stability, anti-rust property and filterability - are all critical parameters

in the oil’s performance characteristics. These properties are obtained through additives to the base

oil type. According to the base oil type, hydraulic oils can be distinguished into mineral, synthetic

and biological-based (bio-based):

● Mineral oils consist of a base oil often obtained from the distillation of crude petroleum oil.

● Synthetic oils are based on synthetic esters produced through chemical reactions between alcohol

and fatty acid, or polyalphaolefins (PAO) and polyalkylene glycols (PAG).

● Bio-based oils are mostly synthetic with fatty acids based on vegetable oils of plant and, to a small

extent, animal origin.

Hydraulic oils used in Sweden must always meet the Swedish standard SS-155434’s environmental

requirements, stipulating that hydraulic oil must be biodegradable and minimise water toxicity. RISE

Research Institutes of Sweden has published the “SP list” since 1998, including hydraulic fluids that

meet the environmental requirements according to Swedish standards. This list is updated at most

every calendar month[5].
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Supplementary Table 2. List of chemicals included in the GC/MS analysis, and their characteristic

ions, for fuel and WAF characterization.

Chemical name
Quantifier;

Qualifier ions

SPIMFAB

classification[6]

MTBE 73.1; 57.1 ethers

1-hexene 56.1; 84.1 aliphates > C5-C8

n-hexane (C6H14) 57.1; 86 aliphates > C5-C8

Ethyl tert-butyl ether

(ETBE)
59.1; 87.1 ethers

Benzene 78.1; 77.1 BTEX

Cyclohexane 56.1; 69.1. 84.1 aliphates > C5-C8

tert-Amyl methyl ether

(TAME)
73.1; 87.1 ethers

1-heptene 56.1; 98.1 aliphates > C5-C8

Heptane 71.1; 100.1 aliphates > C5-C8

Methylcyclohexane 83.1; 98.1 aliphates > C5-C8

Toluene 91.1; 92.1 BTEX

1-octene 83.1; 112.1 aliphates > C5-C8

Octane 85.1; 114.1 aliphates > C5-C8

Ethylcyclohexane 83.1; 112.1 aliphates > C5-C8

Ethylbenzene 91.1; 106.1 BTEX

1-nonene 69.1; 126.1 aliphates > C8-C10

Nonane 85.1; 128.1 aliphates > C8-C10

Propylcyclohexane 83.1; 126.1 aliphates > C8-C10

Propylbenzene 91.1; 120.1 aromates > C8-C10

1-decene 70.1; 140.1 aliphates > C8-C10

Decane 71.1; 142.2 aliphates > C8-C10

Butylcyclohexane 83.1; 140.1 aliphates > C8-C10

Butylbenzene 91.1; 134.1 aromates > C8-C10

1-undecene 70.1; 126.1 aliphates > C10-C12

Pentylcyclohexane 83.1; 82.1. 154.1 aliphates > C10-C12

Pentylbenzene 91.1; 148.1 aromates > C10-C16

1-dodecene 69.1; 83.1. 168.1 aliphates > C10-C12
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2.3-dimethylpentane 56.1; 71.1. 100.1 aliphates > C8-C10

p-Xylene 91.1; 106.1 BTEX

Cumene 105.1; 120.1 aromates > C8-C10

Trimethylbenzene 105.1 aromates > C8-C10

3-Ethyltoluene 120.1 aromates > C8-C10

Isobutylbenzene 91.1; 134.1 aromates > C8-C10

Decaline 138.1; 96.1 aliphates > C10-C12

1.2.4.5-

tetramethylbenzene
119.1; 134.1 aromates > C10-C16

Benzene-d6 84.1 BTEX

Toluene-d8 98.1; 100.1 BTEX

Octane (C8H18) 85.1; 114.1 aliphates > C5-C8

Nonane (C9H20) 85.1; 128.1 aliphates > C8-C10

Decane (C10H22) 71.1; 142.2 aliphates > C8-C10

Undecane (C11H24) 71.1; 156.2 aliphates > C10-C12

Dodecane (C12H26) 57.1; 71.1. 170.2 aliphates > C10-C12

Tridecane (C13H28) 57.1; 71.1. 184.2 aliphates > C12-C16

Tetradecane (C14H30) 57.1; 71.1. 198.2 aliphates > C12-C16

Pentadecane (C15H32) 57.1; 71.1. 212.2 aliphates > C12-C16

Hexadecane (C16H34) 57.1; 71.1. 226.3 aliphates > C12-C16

Hexadecane-d34 (C16D34) 66.1; 50.1 aliphates > C12-C16

Heptadecane (C17H36) 57.1; 71.1. 240.3 aliphates > C16-C35

Octadecane (C18H38) 57.1; 71.1. 254.3 aliphates > C16-C35

Nonadecane (C19H40) 57.1; 71.1. 268.4 aliphates > C16-C35

Eicosan (C20H42) 57.1; 71.1. 282.3 aliphates > C16-C35

Oleic acid. methyl ester 55.1; 74. 264.3 ester

Heneicosane (C21H44) 57.1; 71.1. 296.3 aliphates > C16-C35

Docosane (C22H46) 57.1; 71.1. 85.1 aliphates > C16-C35

Tricosane (C23H48) 57.1; 71.1. 85.1 aliphates > C16-C35

Tetracosane (C24H50) 57.1; 71.1. 338.4 aliphates > C16-C35
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Supplementary Table 3. List of polycyclic aromatic hydrocarbons (PAHs) analysed by HPLC-

DAD-FLD.

Chemical name CAS number Class

Acenaphthene 83-32-9 PAH-L

Acenaphthylene 208-96-8 PAH-L

Naphthalene 91-20-3 PAH-L

Anthracene 120-12-7 PAH-M

Fluoranthene 206-44-0 PAH-M

Fluorene 86-73-7 PAH-M

Phenanthrene 85-01-8 PAH-M

Pyrene 129-00-0 PAH-M

Benz[a]anthracene 56-55-3 PAH-H

Benzo[b]fluoranthene 205-99-2 PAH-H

Benzo[j]fluoranthene 205-82-3 PAH-H

Benzo[k]fluoranthene 207-08-9 PAH-H

Benzo[ghi]perylene 191-24-2 PAH-H

Benzo[a]pyrene 50-32-8 PAH-H

Chrysene 218-01-9 PAH-H

Dibenz[a,h]anthracene 53-70-3 PAH-H

Indeno[1,2,3-cd]pyrene 193-39-5 PAH-H
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2. Ecotoxicity to freshwater organisms
Preparation of test solution

The ecotoxicity was evaluated for seven fuels. Water/fuel solutions (WAF) were prepared for these

tests, separate from those used for odour threshold tests. 100 mg fuel was used per litre of growth

medium. The mixture was stirred overnight using a magnetic stirrer at sufficient speed to create a

vortex on the surface, after which the solution was allowed to settle for 4 hours.

Alga

Growth-inhibiting effects on alga were evaluated using the OECD 201 test[7]. The test organism was

a laboratory culture of the green alga Pseudokirchneriella subcapitata. A qualification test using

potassium dichromate (K2Cr2O7) was performed on 1 July 2021 to ensure the test organism’s quality.

ErC50 (the concentration where reproduction for 50 % of the test organisms is affected) was between

0.9 and 1.5 mg/L, confirming that the culture was suitable as a test organism according to OECD TG

No. 201. The growth medium composition during the test was as specified in Appendix 3 in OECD

TG No. 201. A new extraction of the test concentration (loading rate) was prepared as described in

OECD No. 23. The test item was weighed using a small beaker and then rinsed into a glass bottle

with 2000 mL of growth medium with minimal headspace and closed using parafoil. The test

concentration was stirred overnight at a speed that created a small vortex at the surface. After settling

for 4 hours, the water phase was collected from the bottle and subsequently transferred to test glass

vessels. The process was performed in darkness at room temperature (20-22 °C). The highest test

concentration (loading rate) was 100 mg/L, and the subsequent concentrations were made by dilution.

The nutrient concentration in the growth medium was the same in the control and the test solution.

Six replicates were used for the control, while the test solutions were tested in triplicates. Test bottles

were 250 ml glass E-flasks with 100 ml solution, incubated on a shaking table with approximately

100 μE m-2 s-1 continuous illumination at a temperature of 21-24±2 °C. The pH in all solutions was

measured at the start of the test and again in all replicates after 72 hours. The incubation period was

72 hours, with sampling at 24, 48 and 72 hours. The biomass in the samples was measured by

counting the number of cells/mL using an optical microscope. At the start of the test, approximately

100 mL of the highest test concentrations of the test items and the control, without substrate, were

fixated with sulphuric acid (H2SO4) for future reference analysis regarding total organic carbon

(TOC) content. Another E-flask containing the highest test concentration of the test items and the

control was incubated on the same shaking table as the control and the test solution. These flasks

were not inoculated with algae but were used for reference analysis, showing the test item’s integrity
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after 72 hours. Reference analysis was made to confirm that the test concentration was stable during

the test. Samples from the highest test concentrations and the control (growth medium) were

collected at 0 h and 72 h. fixated with sulphuric acid and stored at +4°C until analysis regarding the

TOC content. Cell count is one of the proposed surrogate parameters for biomass according to the

OECD TG No. 201. The average specific growth rate (μ) for a particular period is calculated as the

logarithmic increase in the biomass from the equation for every single vessel of the control and test

concentrations:

� =
ln �����/��72ℎ − ln �����/��0ℎ

3 (���� �� ����)

An average growth rate and variance estimates are calculated for the control and test concentrations.

The specific growth rate for each test concentration is then related to the average growth rate of the

control:

% �� =
�� − ��

�� × 100

where:

% Ir = per cent inhibition in average specific growth rate;

μc = mean value for average specific growth rate (μ) in the control group;

μr = average specific growth rate (μ) for the test concentration replicate.

The No Observed Effect Concentration (NOEC), the highest concentration with no statistical

difference from the control (P >0.05), was determined using an unpaired t-test.

Bacteria

Toxicity to bacteria was evaluated using the standard ISO 11348[8]. Microtox. The method shows the

inhibition of the luminescence emitted by the marine bacterium Vibrio fischeri (NRRL B-11177).

Crustaceans

Crustacean reproduction tests were performed according to the standard EPA/600/4-89/001[9].

Daphnia magna was kept in 1.5 L glass beakers. Cultivation was performed in stabilised water

(aquarium water), partially renewed every week. The animals used in the experiment were single

grown in the “EPA moderately hard” medium. According to the standard, the animals were fed with

0.25 ml YTC (Yeast, Trout and Cerophyll feeding stuff) once a day. The cultivation occurred in

subdued lighting with a light period of 16 hours per day. The temperature was 25.0 ± 0.5 °C during

both cultivation and trials. The test animals had a maximum age difference of 16 h at the start,
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plucked from 30 single-grown mother animals. The test was conducted in 5 sample concentrations,

and blank samples were placed in a dilution series. Each concentration contained 10 animals and

double-blank samples. The 50 ml styrene beakers consisted of 15 ml of solution and one animal in

each beaker. New solutions were prepared thrice weekly, while a new stock solution was prepared

weekly. Beakers were tempered for about 6 hours before the crayfish were moved. The test animals

were added across the dilution series, meaning sibling fry was spread to a maximum between the

experimental concentrations. The test material was stored at +1 °C until the start of the trial. pH did

not require any adjustment since it was stable (7.1) during exposure. Oxygen saturation was within

the limits of the standard in all concentrations. The experiment was aborted after 17 days when 80%

of the animals in the control released their third fry litter. According to the standard, more than 60%

of the animals in the blank must release their third litter before the experiment is considered

complete. The mortality rate in the blank was 0% (must not exceed 20%). The average frying in the

blank was acceptable, with 16.4 cubs. The method accepts average frying of 15 (C double) cubs in

blank samples. The statistical calculation of toxicity was performed using a computer-based

calculation program developed by the USEPA for this type of test called BOOTSTRAP. The results

have been calculated using the statistical measures EC10 and EC50 (Effect Concentration. where EC50

equals halved frying compared to the blank) and a 95% confidence interval.

Degradation

Degradation tests were performed following the standard SSEN-ISO 7827[10]. By inoculating WAF

samples with wastewater sludge, degradation of fuel constituents was estimated from the change in

dissolved organic carbon (DOC) content during a 28-day degradation period. A test volume of 1 000

ml in 2 L flasks was used for six different samples: test material (FT1 o FT2) as a duplicate, blank

(FB), control (FC), inhibition control (FI) and abiotic control (FS) in a single set. The glass flasks

were stirred with magnets throughout the test period. DOC was measured on day 0. 7. 14. 21 and 28.
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3. Supplementary Figures & Tables for Results and Discussion

Supplementary Figure 3. Box and whisker plot of concentrations (g/L) of SPIMFAB compound

groups in the study with three or more samples in fuel products. Note that sums of substance groups

only contain the quantified substances in this study and not the sum of the entire substance group.

The plot features boxes that represent the interquartile range (IQR), extending from the first quartile

(Q1) to the third quartile (Q3) and enclosing the median, marked by a line within each box. Whiskers

extend from the boxes to the furthest data points within 1.5 times the IQR, capturing the overall

range of the data while excluding outliers.
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Supplementary Figure 4. GC/MS chromatograms of HVO-1 fuel in full scan (upper) and Selected

Ion Monitoring (lower).

Supplementary Figure 5. Scatter plot of the sum of ether in WAF vs in fuel on a logarithmic scale

and regression equation, where y=ln(sum ether in WAF), x=ln(sum ether in fuel).
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Supplementary Figure 6. Correlation matrix for selected substances with TON. Natural logarithm

was applied to all data before calculating correlations.

Supplementary Figure 7. Scatter plot of threshold odour number (TON) vs. MTBE on a logarithmic

scale and regression equation, where y = ln(TON), x = ln(MTBE).

Supplementary Table 4. Total organic carbon in prepared water/fuel solutions of fuels at test start

and termination after 72 hours of alga test. The same method, as described in SI section 2, was used

to produce WAF for all ecotoxicological tests.

Test

sample

TOC

(mg/L)

0 h

TOC

(mg/L)

72 h

Control 1 0.77 1.16

HVO1 < 0.50 < 0.50
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D-SE2 0.64 < 0.50

Control 2 < 1.0 < 1.0

P98-2 4.2 3.8

P95-3 6.9 6.6

E85-2 49 48

Control 3 < 1.0 < 1.0

D-EU1 < 1.0 < 1.0

EO1-1 1.2 < 1.0

Supplementary Figure 8. Dose-response curve for seven fuel samples on the reproduction rate of

Daphnia magna. The response is given as % of inhibited reproduction, and the dose is given as % of

WAF in the test solution.
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Supplementary Figure 9. The dissolved organic carbon (DOC) in mg/L from five fuel sample WAF

during the test execution of 28 days.
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4. Data
Supplementary Table 5. Concentrations (g/L) of substances in fuel samples.
(g/L) E85-2 E85-3 E85-4 D-SE4 D-SE5 D-SE6 D-SE7 HVO2 HVO3 HVO4 MGO-1 MGO-2 D-EU1 D-EU2 EO1-1 EO1-2

MTBE 7.12 8.59 7.66 0.20 0.20 0.22 0.19 0.17 0.18 0.20 0.15 0.17 0.05 0.05 0.03 0.03

Ethyl tert-butyl ether (ETBE) 0.01 0.01 0.00 <0.0001 <0.0001 <0.0001 0.00 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.01 0.02 0.00 0.00

tert-Amyl methyl ether (TAME) 0.00 <0.0001 <0.0001 <0.0001 0.00 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.00

Benzene 1.43 1.33 0.91 0.01 0.01 0.01 0.01 0.00 <0.001 0.00 0.04 0.07 0.05 0.03 0.01 0.01

Toluene 9.59 12.07 7.88 0.06 0.08 0.06 0.12 0.01 0.00 0.04 0.26 0.40 0.59 0.31 0.11 0.09

Ethylbenzene 2.47 3.06 1.87 0.04 0.05 0.05 0.04 0.00 0.00 0.01 0.22 0.23 0.44 0.14 0.26 0.14

p-Xylene 6.28 7.97 4.80 0.12 0.14 0.16 0.13 0.01 0.00 0.03 0.65 0.65 0.39 0.16 0.16 0.10

Propylbenzene 0.83 0.90 0.57 0.04 0.05 0.07 0.04 0.00 0.00 0.00 0.22 0.23 0.49 0.17 0.38 0.24

Butylbenzene 0.13 0.14 0.10 0.05 0.06 0.07 0.05 0.00 0.00 0.01 0.22 0.23 0.49 0.20 0.43 0.25

Cumene 0.37 0.51 0.32 0.03 0.03 0.05 0.03 <0.001 <0.001 0.00 0.15 0.10 0.33 0.11 0.18 0.16

Trimethylbenzene 2.69 3.30 2.04 0.14 0.14 0.19 0.13 0.00 0.00 0.02 0.68 0.78 2.26 0.82 1.58 1.11

3-Ethyltoluene 4.36 6.21 3.95 0.42 0.41 0.49 0.34 0.02 0.03 0.06 1.57 2.08 5.29 2.63 3.51 2.15

Isobutylbenzene 0.07 0.06 0.05 0.02 0.02 0.03 0.02 0.00 0.00 0.00 0.08 0.06 0.15 0.07 0.13 0.07

Pentylbenzene 0.01 0.02 0.01 0.06 0.08 0.09 0.06 0.00 0.00 0.00 0.29 0.44 0.21 0.10 0.40 0.11

1,2,4,5-tetramethylbenzene 0.40 0.60 0.39 0.17 0.16 0.21 0.11 0.02 0.03 0.03 0.30 0.80 1.70 0.60 0.64 0.37

Oleic acid, methyl ester 0.03 0.02 0.28 5.38 4.28 5.44 5.52 0.01 0.61 0.25 0.74 0.68 15.67 8.46 0.43 0.74

1-hexene 1.41 1.46 0.98 0.10 0.11 0.06 0.13 0.22 0.25 0.24 0.09 0.10 7.30 4.61 4.88 2.79

n-hexane 1.41 1.45 0.98 0.10 0.11 0.06 0.13 0.22 0.25 0.24 0.08 0.11 <0.00327 <0.00327 <0.00327 <0.00327

Cyclohexane 0.80 0.72 0.54 <0.0024 <0.0024 <0.0024 <0.0024 <0.0024 <0.0024 <0.0024 <0.002413 <0.002413 <0.002413 <0.002413 <0.002413 <0.002413

1-heptene 0.04 3.64 0.73 0.00 0.00 <0.001 0.00 <0.001 <0.001 0.02 0.05 0.09 0.00 0.06 <0.001 0.00

Heptane 1.78 1.44 1.18 0.07 0.09 <0.003 0.12 0.22 0.26 0.27 0.13 0.22 0.53 0.11 0.10 0.02

Methylcyclohexane 0.76 1.03 0.68 0.25 0.35 0.38 0.26 0.04 0.04 0.05 0.51 0.64 1.17 0.34 0.42 0.12

1-octene 0.06 0.03 0.05 0.03 0.04 0.04 0.03 0.00 0.01 0.01 0.05 0.08 0.11 0.04 0.06 0.02

Ethylcyclohexane 0.09 0.16 0.10 0.39 0.38 0.55 0.28 0.02 0.03 0.05 0.51 0.40 0.86 0.32 0.47 0.32

Octane 1.35 1.08 1.04 0.44 0.59 0.36 0.70 0.54 0.73 1.00 0.94 0.84 2.38 0.52 0.59 0.47

1-nonene 0.01 0.05 0.01 0.04 0.06 0.08 0.04 0.01 0.01 0.01 0.08 0.04 0.19 0.05 0.09 0.14

Propylcyclohexane 0.02 0.04 0.02 0.74 0.56 1.06 0.51 0.02 0.02 0.06 0.55 0.44 1.12 0.54 1.11 0.67

1-decene 0.00 0.01 0.00 0.09 0.02 0.13 0.05 0.00 0.01 0.01 0.06 0.07 0.17 0.07 0.21 0.12

Butylcyclohexane 0.01 0.01 0.01 1.20 1.08 1.57 1.00 0.01 0.02 0.07 0.63 0.50 1.39 0.67 1.14 0.73

2,3-dimethylpentane 1.43 1.49 0.89 0.03 0.03 <0.0001 0.04 0.07 0.08 0.06 0.02 0.05 0.04 0.02 0.02 0.00
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(g/L) E85-2 E85-3 E85-4 D-SE4 D-SE5 D-SE6 D-SE7 HVO2 HVO3 HVO4 MGO-1 MGO-2 D-EU1 D-EU2 EO1-1 EO1-2

Nonane 0.49 0.49 0.43 1.78 2.11 2.12 2.32 0.63 0.88 1.83 2.48 1.78 8.17 2.13 3.80 4.96

Decane 0.12 0.13 0.15 4.45 4.66 5.48 5.16 0.93 1.14 2.16 3.50 3.30 16.98 5.47 8.29 7.16

1-undecene 0.00 0.01 0.00 0.07 0.07 0.09 0.06 0.00 0.00 0.01 0.05 0.05 0.14 0.06 0.12 0.07

Pentylcyclohexane 0.00 0.00 0.01 1.26 1.17 1.70 1.02 0.01 0.02 0.09 0.55 0.50 0.95 0.66 0.86 0.53

1-dodecene 0.00 0.00 0.01 0.87 0.99 1.17 0.76 0.02 0.04 0.10 0.54 0.61 0.09 0.05 0.06 <0.0001

Decaline 0.01 0.01 0.03 4.12 4.20 5.27 3.10 0.03 0.05 0.24 1.00 1.97 3.64 1.80 3.62 1.16

Undecane 0.02 0.07 0.10 6.17 6.92 8.42 6.51 0.91 1.20 1.99 3.50 4.32 18.07 6.15 7.93 7.51

Dodecane 0.01 0.02 0.10 8.27 9.12 10.65 7.96 0.98 1.25 2.26 4.01 4.49 14.31 6.84 7.13 6.79

Tridecane 0.01 0.01 0.12 9.41 10.12 12.04 8.57 0.74 0.96 1.97 4.42 5.26 10.26 7.08 7.95 7.27

Tetradecane 0.01 0.01 0.09 6.12 6.33 7.93 5.67 0.99 2.02 1.41 3.22 3.71 10.90 7.45 6.23 5.65

Pentadecane 0.01 0.01 0.08 4.91 5.83 7.40 5.93 3.14 5.74 5.06 3.44 4.57 11.30 6.57 5.80 5.96

Hexadecane 0.01 0.01 0.07 5.30 4.80 6.03 4.79 5.85 5.29 8.02 3.04 4.36 9.18 5.88 4.68 5.20

Heptadecane 0.01 0.00 0.08 3.08 2.89 5.07 3.11 2.08 2.21 3.33 3.96 4.49 8.75 5.33 4.40 5.75

Octadecane 0.01 0.00 0.05 4.28 4.14 3.76 4.85 5.61 6.30 7.86 3.31 3.29 8.55 4.87 4.07 5.79

Nonadecane 0.00 0.00 0.01 1.74 1.49 2.23 1.59 0.09 0.14 0.33 3.33 3.33 8.11 5.45 4.93 7.37

Eicosane 0.00 0.00 0.01 1.05 1.09 1.25 1.13 0.10 0.13 0.28 4.28 2.86 7.44 4.80 4.82 6.78

Heneicosane 0.00 0.00 0.00 0.47 0.59 0.56 0.58 0.04 0.05 0.06 3.82 2.03 5.83 3.56 3.69 5.87

Docosane 0.00 0.00 0.00 0.26 0.40 0.37 0.42 0.00 0.01 0.08 2.29 1.29 6.29 4.16 4.52 6.82

Tricosane <0.0001 <0.0001 <0.0001 0.11 0.22 0.20 0.26 0.01 0.01 0.05 1.81 0.86 5.59 3.60 4.24 6.12

Tetracosane <0.0001 <0.0001 0.00 0.03 0.06 0.06 0.08 0.01 0.01 0.02 1.45 0.61 4.33 2.73 3.69 4.21
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(g/L) P95-1 D-SE2 D-SE3 HVO1 D-SE1 P98-1 E85-1 P95-2 P98-2 P98-3 P98-4 P95-3 P95-4 P95-5 P95-6

MTBE 0.056 0.043 <0.002 0.0043 <0.002 12.74 6.59 0.105 10.32 4.75 9.42 0.20 0.21 0.19 0.23

Ethyl tert-butyl ether (ETBE) 0.06 0.52 0.002 0.43 0.01 2.83 0.43 0.15 2.85 16.54 0.00 0.01 0.001 0.001 0.17

tert-Amyl methyl ether (TAME) 0.00038 <0.000001 <0.000001 <0.000001 <0.000001 0.50 0.022 0.045 0.001 0.001 0.001 0.001 0.001 0.001 0.001

Benzene 2.76 0.01 0.0027 0.01 <0.001 2.98 0.38 3.07 3.34 4.66 2.28 4.35 4.16 4.50 6.26

Toluene 29.50 0.10 0.02 0.11 0.01 33.53 6.45 27.10 32.25 39.12 28.62 33.61 33.73 33.64 44.08

Ethylbenzene 5.94 0.01 0.005 0.003 0.01 8.47 1.19 6.32 8.64 9.87 4.87 8.93 8.77 9.04 11.17

p-Xylene 17.87 0.11 0.08 0.07 0.08 21.65 3.77 16.85 20.07 23.93 9.47 21.91 20.44 21.44 27.03

Propylbenzene 1.85 0.03 0.03 0.01 0.03 2.59 0.37 1.92 2.52 3.11 1.33 2.70 2.81 2.82 3.21

Butylbenzene 0.23 0.03 0.03 0.01 0.04 0.42 0.05 0.32 0.36 0.43 0.13 0.45 0.19 0.48 0.45

Cumene 0.829 0.019 0.022 0.003 0.025 1.47 0.17 1.23 1.50 1.64 0.75 1.68 1.55 1.57 1.58

Trimethylbenzene 10.26 0.15 0.14 0.05 0.16 14.64 2.19 11.39 8.09 10.30 5.72 9.54 9.36 9.19 11.63

3-Ethyltoluene 12.37 0.25 0.31 0.10 0.34 17.82 2.84 13.99 15.82 19.36 10.64 18.01 17.88 16.97 22.00

Isobutylbenzene 0.15 0.02 0.03 0.003 0.03 0.27 0.03 0.18 0.16 0.24 0.07 0.24 0.19 0.23 0.25

Pentylbenzene 0.02 0.03 0.04 0.003 0.05 0.02 0.0020 0.0197 0.05 0.05 0.01 0.06 0.09 0.05 0.05

1,2,4,5-tetramethylbenzene 2.82 0.22 0.26 0.10 0.26 4.05 0.61 3.12 1.76 1.84 0.93 1.92 2.11 1.81 1.95

Oleic acid, methyl ester 0.002 38.18 18.97 0.17 32.62 0.003 0.01 0.001 0.00 0.04 0.00 0.02 0.01 0.02 0.03

1-hexene 0.32 <0.0009 <0.0009 <0.0009 <0.0009 1.19 <0.0009 1.12 2.85 3.68 <0.0009 4.61 5.02 6.40 7.60

n-hexane 3.55 <0.0033 <0.0033 <0.0033 <0.0033 4.16 <0.0033 7.21 2.74 3.65 <0.0033 4.58 4.95 6.34 7.60

Cyclohexane 5.32 <0.0024 <0.0024 <0.0024 <0.0024 3.75 0.08 4.78 1.12 4.73 <0.0024 4.22 3.46 3.90 2.29

1-heptene 12.04 0.02 0.0037 <0.001 <0.001 30.51 1.18 15.86 17.24 3.90 17.44 2.37 1.96 5.62 1.17

Heptane 5.20 0.09 0.05 0.31 <0.00016 5.60 0.80 5.50 4.22 6.80 4.53 4.92 4.02 6.89 8.91

Methylcyclohexane 2.25 0.33 0.39 0.05 0.35 1.39 0.27 1.71 1.57 3.09 0.91 1.27 3.14 3.10 4.73

1-octene 0.04 0.04 0.04 0.01 0.05 0.11 0.02 0.10 0.10 0.06 0.04 0.19 0.18 0.25 0.18

Ethylcyclohexane 0.19 0.35 0.41 0.03 0.49 0.11 0.01 0.15 0.22 0.27 0.05 0.34 0.35 0.36 0.80

Octane 2.81 0.59 0.53 1.09 0.33 2.49 0.52 3.02 2.18 3.73 1.26 3.41 2.68 4.64 6.81

1-nonene 0.02 0.05 0.06 0.01 0.06 0.07 0.01 0.12 0.14 0.07 0.02 0.12 0.04 0.17 0.15

Propylcyclohexane 0.05 0.58 0.65 0.05 0.83 0.03 0.005 0.04 0.05 0.05 0.01 0.08 0.09 0.07 0.26

1-decene 0.01 0.07 0.08 0.01 0.14 0.01 0.002 0.02 0.02 0.02 0.00 0.01 0.04 0.02 0.02

Butylcyclohexane 0.02 0.88 1.09 0.07 1.36 0.02 0.002 0.02 0.03 0.02 0.01 0.02 0.03 0.02 0.04

2,3-dimethylpentane 3.92 0.04 0.02 0.12 <0.0002 4.31 0.39 3.76 3.86 4.83 1.53 4.51 4.49 5.01 5.09

Nonane 1.04 1.76 1.63 1.91 1.77 0.67 0.16 1.03 0.63 1.07 0.25 1.36 0.97 1.67 2.97

Decane 0.27 4.26 4.32 2.65 6.05 0.21 0.05 0.35 0.24 0.29 0.07 0.39 0.43 0.49 0.83

1-undecene 0.03 0.05 0.05 0.02 0.11 0.07 0.0207 0.0393 0.05 0.001 0.03 0.02 0.02 0.03 0.01

Pentylcyclohexane 0.001 0.87 1.04 0.05 1.49 0.001 0.0004 0.0022 0.01 0.01 0.00 0.01 0.01 0.01 0.01
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(g/L) P95-1 D-SE2 D-SE3 HVO1 D-SE1 P98-1 E85-1 P95-2 P98-2 P98-3 P98-4 P95-3 P95-4 P95-5 P95-6

1-dodecene 0.001 0.36 0.47 0.01 0.54 0.0016 0.0002 0.0002 0.00 0.01 0.00 0.01 0.02 0.01 0.00

Decaline 0.01 3.09 3.93 0.15 4.86 0.01 0.001 0.01 0.02 0.06 0.01 0.04 0.03 0.04 0.04

Undecane 0.09 7.03 7.40 2.48 10.54 0.17 0.01 0.13 0.24 0.30 0.13 0.17 0.27 0.17 0.21

Dodecane 0.01 8.66 8.91 2.38 12.46 0.03 0.01 0.02 0.05 0.22 0.03 0.08 0.11 0.10 0.11

Tridecane 0.01 9.23 9.38 2.15 12.76 0.02 0.004 0.01 0.01 0.09 0.001 0.02 0.02 0.03 0.05

Tetradecane 0.0022 7.93 8.69 2.97 11.36 0.01 0.002 0.004 0.001 0.02 <0.0004 0.01 0.001 0.01 0.02

Pentadecane 0.0030 7.30 6.70 7.39 9.05 0.004 0.002 0.003 0.001 0.02 0.00 0.01 0.001 0.01 0.02

Hexadecane 0.0021 6.03 5.04 14.27 5.36 0.0050 0.0010 0.0014 0.001 0.01 0.001 0.01 0.001 0.01 0.02

Heptadecane 0.0025 4.66 4.64 9.46 4.31 0.0012 0.0007 0.0013 0.001 0.01 0.001 0.01 0.001 0.001 0.01

Octadecane 0.0023 5.38 4.20 16.49 2.96 0.0012 0.0005 0.0007 0.001 0.01 0.001 0.001 0.001 0.001 0.01

Nonadecane 0.0003 2.03 1.93 0.42 2.20 0.0004 <0.0002 0.0005 0.001 0.001 <0.0002 0.001 0.001 0.001 0.001

Eicosane 0.0003 1.40 1.37 0.38 1.44 0.0003 0.0002 0.0003 0.001 0.001 <0.0001 0.001 0.001 0.001 0.001

Heneicosane 0.00011 0.85 0.87 0.05 0.97 0.0004 <0.0001 0.0001 <0.0001 0.001 <0.0001 0.001 <0.0001 0.001 0.001

Docosane 0.0002 0.46 0.47 0.17 0.54 0.0001 <0.0001 0.0002 <0.0001 <0.0001 <0.0001 0.001 0.001 0.001 0.001

Tricosane <0.0001 0.14 0.13 0.04 0.21 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Tetracosane <0.0001 0.03 0.03 0.03 0.06 <0.0001 <0.0001 0.00016 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
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Supplementary Table 6. PAH concentrations in eight fuel samples.
(g/L) P98-4 P95-4 MGO-1 MGO-2 D-EU1 D-EU2 EO1-1 EO1-2

Naphthalene 7.9 14 5 1.3 1.1 0.8 1.1 2.4

Acenaphthene 0.65 1.2 0.26 0.42 0.13 0.2 0.11 0.35

Acenaphthylene 0.039 0.11 <0.038 <0.038 <0.038 <0.038 <0.038 <0.038

Fluorene 0.1 0.14 1.5 0.49 0.14 0.5 0.2 1.7

Phenanthrene 0.094 0.14 2.3 1.5 0.2 1.1 0.42 4.4

Anthracene 0.042 0.064 0.019 0.024 0.0038 0.019 0.012 0.077

Fluoranthene 0.019 0.027 0.17 0.12 0.023 0.084 0.03 0.37

Pyrene 0.034 0.06 1 1.5 0.26 0.58 0.55 1.5

Benzo(a)anthracene 0.044 0.11 2.6 3.5 0.73 1.6 0.6 3.9

Chrysene <0.002 0.27 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002

Benzo(b)fluoranthene <0.0026 0.015 0.017 0.036 0.0065 0.014 0.01 0.0056

Benzo(k)fluoranthene <0.0015 0.056 0.0045 0.0055 <0.0016 0.0019 <0.0017 <0.0017

Benzo(a)pyrene 0.0067 0.031 0.0071 0.0063 <0.0021 0.0022 <0.0021 0.0032

Dibenzo(a,h)anthracene <0.0019 0.039 0.0072 0.0086 <0.0021 0.0023 <0.0021 <0.0021

Benzo(ghi)perylene 0.0057 0.014 0.0064 <0.0041 <0.0041 <0.0041 <0.0041 <0.0041

Indeno(1,2,3-cd)pyrene <0.0084 0.0092 <0.0084 <0.0084 <0.0084 <0.0084 <0.0084 <0.0084

Benzo(j)fluoranthene <0.0041 0.0094 0.023 0.018 <0.0041 0.0098 <0.0041 0.021
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Supplementary Table 7. Concentrations (µg/L) of substances in water/fuel mixtures (WAF).
(µg/L) D-SE1 D-SE2 D-SE3 HVO1 P98-1 P98-2 P95-1 P95-2 P95-3 E85-1 E85-2 EO1-1 EO1-2 D-EU1 MGO-2

MTBE 517.0 1581.9 58.7 828.0 80571.9 81595.7 2143.8 3858.7 3390.7 95557.9 59664.1 10.6 24.2 217.0 4.7

Ethyl tert-butyl ether (ETBE) 1.3 143.1 0.8 113.1 22426.4 26027.7 5.3 23.3 211.2 1004.0 798.5 0.3 0.9 11.7 <0.2

tert-Amyl methyl ether (TAME) <0.1 0.1 <0.1 0.7 82.8 37.6 0.8 5.4 0.4 14.3 4.0 <0.2 2.8 <0.2 <0.2

Benzene 9.2 33.4 12.8 27.0 6502.5 7769.9 7577.6 8347.0 9425.0 8310.7 1863.9 21.6 25.2 157.0 357.6

Toluene 37.2 122.2 39.1 76.2 19718.5 25790.7 21746.2 20915.3 22937.3 31770.5 6985.2 114.3 125.0 607.3 684.3

Ethylbenzene 10.7 14.8 6.9 4.4 1742.5 1983.6 1559.2 1805.9 1740.8 3010.6 544.3 29.7 47.7 112.3 87.0

p-Xylene 35.3 50.1 22.8 14.6 4368.0 <1 4549.7 4689.0 <1 9472.4 <1 27.8 28.2 90.4 68.4

Propylbenzene 6.7 7.4 2.6 0.7 167.0 119.2 133.8 173.5 85.9 477.4 33.5 50.4 18.7 32.5 21.6

Butylbenzene 7.0 7.2 1.4 0.5 8.3 1.9 5.0 10.0 3.2 42.9 1.9 13.6 5.3 11.2 5.3

Cumene 6.1 5.9 2.8 0.4 104.0 <1 77.3 126.6 <1 231.6 <1 32.4 17.8 30.4 15.9

Trimethylbenzene 41.2 41.6 16.8 5.7 1090.3 325196.9 885.7 1223.6 295281.6 3052.8 150299.1 244.1 100.5 177.3 116.9

3-Ethyltoluene 89.5 84.4 40.1 13.2 1618.6 374895.7 1279.0 1780.0 319302.8 4151.3 161050.4 828.0 216.0 476.4 331.7

Isobutylbenzene 5.7 6.6 1.2 0.2 5.8 100.5 4.0 6.0 67.5 30.7 601.5 8.2 2.1 3.9 1.9

Pentylbenzene 10.2 10.2 3.1 0.3 0.7 4.3 0.6 1.2 8.8 1.8 0.2 16.2 8.1 25.0 17.3

1,2,4,5-tetramethylbenzene 69.1 64.5 21.3 11.3 215.8 76971.9 129.2 205.0 79572.2 731.7 65199.9 30.3 12.6 59.8 47.1

Oleic acid, methyl ester 6959.7 9438.6 582.6 59.8 2.3 <0.1 1.7 115.9 <0.1 12.7 <0.1 3.2 0.7 511.1 5.5

1-hexene <0.1 <0.1 <0.1 <0.1 87.2 <0.1 24.3 48.5 <0.1 195.2 <0.1 <0.1 <0.1 <0.1 <0.1

n-hexane 4076.5 1861.1 32.2 4066.2 1226.9 <0.1 1564.0 500.8 <0.1 1137.1 <0.1 <0.1 <0.1 <0.1 <0.1

Cyclohexane <100 <100 <100 <100 <100 <100 <100 <100 <100 1224.9 <100 <100 <100 <100 <100

1-heptene 6.5 7.2 5.0 4.6 326.0 <1.5 125.8 110.4 <1.5 1157.9 <1.5 <1.5 <1.5 <1.5 <1.5

Heptane <0.1 <0.1 <0.1 <0.1 32.5 87.7 5.8 9.9 18.9 641.5 11.3 <8 <8 <8 <8

Methylcyclohexane 48.1 41.3 13.1 1.5 19.8 49.8 44.4 21.9 15.1 273.6 1.4 4.0 1.8 20.6 20.3

1-octene 21.8 15.9 3.9 0.5 1.2 <0.4 2.1 1.5 <0.4 28.8 <0.4 <0.4 <0.4 0.6 0.4

Ethylcyclohexane 67.3 60.7 12.9 2.0 1.1 2.8 2.1 1.3 0.6 20.4 0.1 1.9 2.1 8.6 4.3

Octane 51.1 92.0 16.9 51.4 22.8 15.1 24.2 19.6 2.5 489.1 0.9 1.1 1.4 14.6 3.2

1-nonene 11.3 8.2 1.5 0.4 1.1 <0.2 0.3 1.3 <0.2 6.5 <0.2 0.3 0.3 0.6 <0.2

Propylcyclohexane 129.8 123.9 22.0 2.3 0.3 0.2 0.4 0.4 0.3 3.5 0.1 7.9 2.2 9.4 3.0

1-decene 23.1 13.8 2.5 0.6 0.1 <0.2 <0.2 <0.2 <0.2 0.8 <0.2 0.5 <0.2 0.9 <0.2

Butylcyclohexane 248.4 226.7 42.0 5.7 0.3 5.6 0.2 0.2 7.0 1.8 <0.1 6.4 1.9 12.4 2.8

2,3-dimethylpentane <0.1 <0.1 <0.1 <0.1 26.8 <0.1 26.5 13.2 <0.1 406.9 <0.1 <0.1 <0.1 <0.1 <0.1

Nonane 324.9 329.2 58.1 129.4 6.5 <0.1 8.3 8.5 <0.1 162.7 <0.1 20.1 12.9 61.1 9.0

Decane 1207.4 920.5 169.2 232.4 5.9 <0.1 4.4 6.2 <0.1 46.7 <0.1 68.9 20.8 157.7 15.6
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(µg/L) D-SE1 D-SE2 D-SE3 HVO1 P98-1 P98-2 P95-1 P95-2 P95-3 E85-1 E85-2 EO1-1 EO1-2 D-EU1 MGO-2

1-undecene 65.2 2.9 8.2 0.7 0.2 <0.1 0.1 1.6 <0.1 1.7 <0.1 1.3 0.2 1.7 0.3

Pentylcyclohexane 317.5 250.2 46.3 4.8 0.01 0.2 0.01 0.1 0.5 0.4 0.01 2.5 1.4 8.7 2.9

1-dodecene 208.5 246.8 43.8 4.1 0.2 <0.2 <0.2 0.2 <0.2 0.4 <0.2 0.7 <0.2 2.6 0.7

Decaline 886.6 813.0 161.0 12.3 0.2 19.4 0.2 0.2 11.8 3.4 4.9 17.7 3.8 36.0 14.0

Undecane 2361.3 1576.9 292.8 240.9 0.7 <0.2 0.4 29.2 <0.2 20.6 <0.2 34.8 20.7 175.8 23.4

Dodecane 2395.4 1768.4 391.3 220.9 4.0 <0.15 1.0 3.9 <0.15 8.3 <0.15 21.0 19.9 145.7 26.7

Tridecane 2581.4 2027.7 402.0 194.6 2.4 <0.25 1.6 2.5 <0.25 4.6 <0.25 15.7 19.6 143.9 28.6

Tetradecane 2656.6 2105.9 341.7 289.8 10.3 <0.25 8.0 9.8 <0.25 11.4 <0.25 14.9 22.4 148.4 32.6

Pentadecane 2192.3 2056.3 314.1 914.6 11.9 <0.25 15.0 8.4 <0.25 6.5 <0.25 16.1 23.4 154.4 42.6

Hexadecane 1413.6 1721.5 254.6 2190.0 36.4 <0.25 35.1 33.0 <0.25 33.2 <0.25 15.3 21.9 142.4 40.3

Heptadecane 881.5 1461.4 202.0 1152.8 2.3 <0.25 2.2 4.0 <0.25 3.8 <0.25 13.8 22.5 126.8 35.8

Octadecane 570.2 1247.0 153.6 2091.5 9.0 <0.1 13.2 15.2 <0.1 15.2 <0.1 10.9 22.5 122.8 26.9

Nonadecane 393.9 417.1 60.1 33.8 3.0 <0.12 4.7 3.0 <0.12 2.5 <0.12 12.2 24.4 82.4 27.2

Eicosane 251.8 279.1 42.7 30.8 0.5 <0.1 0.7 0.8 <0.1 1.2 <0.1 8.9 17.4 68.5 16.6

Heneicosane 143.1 145.3 24.5 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 5.5 9.3 36.9 8.3

Docosane 88.1 91.8 12.9 13.4 0.7 <0.1 0.8 0.6 <0.1 0.5 <0.1 5.4 8.9 33.4 6.2

Tricosane 32.6 23.7 2.4 2.8 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 4.1 6.8 25.2 3.9

Tetracosane 8.2 3.7 0.5 1.2 0.3 <0.1 0.1 0.2 <0.1 0.2 <0.1 3.4 6.0 18.8 4.2
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