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This supplementary material includes:
Further information on the chemical analyses of the specific DINA (and DEHA) metabolites.

CHEMICAL ANALYSIS

Chromatographic conditions

A 1260 Infinity HPLC system (Agilent Technologies, Waldbronn, Germany) was used,
consisting of a G1367E autosampler, a G1311B quaternary pump, a G1312B binary pump
coupled with a G4225A vacuum degasser, and a G1316A thermostated column compartment
with a 6-port valve. The quaternary pump was connected with the autosampler and was used
as loading pump, while the binary pump was connected with the analytical column (via the 6-
port valve) for chromatographic separation. The 6-port valve was used to direct the eluent
flow from both pumps to operate the two-column assembly. In position A (“loading posi-
tion”) the flow from the quaternary pump was used to transfer the sample from the au-
tosampler, via the 6-port valve, onto the enrichment column and from there (again via 6-port
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valve) into the waste. Simultaneously, the flow from the binary pump was directed (via the 6-
port valve) onto the analytical column (which was coupled to the MS). For transfer of the ana-
lytes from the enrichment column to the analytical column, the valve was switched to position
B (“transfer position”). In that position, the flow from the binary pump was directed onto the
enrichment column and then onto the analytical column, while the flow from the quaternary
pump was diverted directly into the waste. After analyte transfer was complete, the valve was
switched back to position A for the chromatographic analysis.

As eluents water (solvent A) and acetonitrile (solvent B), each containing 0.05 % acetic
acid, were used for both pumps. The solvent gradients used for analyte enrichment and for
chromatographic separation are shown in Supplementary Table 1 and 2. The flow rate on the
binary pump was kept at 300 pL/min.

Supplementary Table 1: Solvent gradient for analyte enrichment (quaternary pump)

Time [min] Flow [pL/min] Eluent A [%] Eluent B [%]

0 1500 100 0
3.5 1500 100 0
500 100 0

500 100 0

12 500 5 95
22 500 5 95
23 500 100 0
24 1000 100 0
25 1500 100 0
27 1500 100 0

Supplementary Table 2: Solvent gradient for the chromatographic separation (binary pump)

Time [min] Eluent A [%] Eluent B [%]

0 75 25
25 75 25
3.5 65 35

9 55 45
14 5 95
23 5 95

23.5 75 25
27 75 25

The gradient delay volumes according to the manufacturer’s specifications were 600-
800 pL for the binary pump flow path and 870-1170 pL for the quaternary pump flow path
(including 270 pL gradient delay volume of the autosampler). For analyte enrichment and
matrix depletion the switching valve was kept in position A for three minutes. Afterwards, the
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6-port valve was switched to position B for analyte transfer and switched back after 2 min (5
min of total runtime) for chromatographic separation and flushing/re-equilibration of the en-
richment column. The column compartment was kept at 25+1 °C. The injection process in-
cluded a needle wash with methanol/water 8:2 (v/v) for 10 s.

Mass spectrometric conditions

An AB Sciex 4500 triple quadrupole mass spectrometer (Darmstadt, Germany) was used
for detection. The instrument voltages were -4.5 kV (ion spray voltage), -10 V (entrance po-
tential), and -11 V (collision cell exit potential). Instrument gases (nitrogen) were set to 35 psi
(curtain gas), 55 psi (nebulizer gas), 50 psi (heater gas), and 6 arbitrary units (collision gas).
The source heater temperature was set to 550 °C. DINA and DEHA metabolites were detected
in two separate MRM experiments with detection windows of 120 s (DINA metabolites) and
40 s (DEHA metabolites) and target scan times of 0.3 s. Further scheduled MRM conditions
(collision energies (CE) and declustering potentials (DP)) were optimized manually for each
standard substance (Supplementary Table 3). In case of DINA metabolites, conditions deter-
mined for the single isomeric standard substances were applied to the totality of metabolite
isomers present in native urine samples. Analyst 1.6.2 was used for instrument control and
MultiQuant 3.0.2 for quantitative data analysis (both Sciex, Darmstadt, Germany).

Supplementary Table 3: Time programmed MRM parameters for each analyte

tr[min] m/z precursorion m/z production DP [V] CE [eV]

OH-MINA

quantifier 11.50 287 83 -80 -25
qualifier 127 -20
13C6-OH-MINA

quantifier 11.50 293 88 -80 -25
qualifier 133 -20
oxo-MINA

quantifier 12.66 285 83 -80 -20
qualifier 127 -15
cx-MIOA

quantifier 11.76 301 83 -80 -30
qualifier 145 -23
13Cs-cx-MIOA

quantifier 11.76 307 88 -80 -30
qualifier 173 -25
50H-MEHA

quantifier 10.31 273 83 -80 -23
qualifier 127 -16
13C6-50H-MEHA

quantifier 10.31 279 86 -80 -45
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Supplementary Table 3 (cont.): Time programmed MRM parameters for each analyte

tr[min] m/z precursorion m/z production DP[V] CE [eV]

qualifier 133 -18
50xo-MEHA

quantifier 11.45 271 83 -80 -20
qualifier 127 -15
13Ce-50x0-MEHA

quantifier 11.45 277 88 -80 -21
qualifier 133 -16
5cx-MEPA

quantifier 10.63 287 145 -80 -22
qualifier 101 -35
13Ce-5cx-MEPA

quantifier 10.63 293 151 -75 -21
qualifier 88 -35

MRM: multiple reaction monitoring, tr: retention time, DP: declustering potential, CE: collision energy

Supplementary Figure 1 shows the product ion spectra with postulated fragment structures
of the unlabeled single isomer DINA metabolite standards (4-methyloctyladipate with oxida-
tive modifications in position 7 or 8 of the alkyl side chain). Fragments attributable to adipic
acid were observed at m/z 81, 83, 101, and 127 and have already been described for DEHA
(Nehring et al., 2019). A fragment at m/z 145 (adipic acid) was only observed for 7cx-MINA.
This is in line with observations made for DEHA and DnBA metabolites (Nehring et al.,
2019, Ringbeck et al., 2020). Ringbeck et al. (2020) offered an explanation for this diver-
gence in fragmentation behavior: the functionalized side chain of DnBA is likely involved in
the fragmentation process resulting in m/z 145. They concluded that, based on the negative
charge present in the side chain carboxylic acid group, an unstable anhydride intermediate is
formed, which can readily break down forming the adipic acid anion at m/z 145. For 7cx-
MIOA, specific alkyl side chain fragments were observed at m/z 173 and m/z 127, corre-
sponding to m/z 159 and m/z 113 for 5cx-MEPA (Nehring et al., 2019). Additionally, the 7cx-
MIOA molecule can eliminate water resulting in m/z 283, followed by elimination of CO2 to
yield m/z 239. All postulated fragments were verified by their accurate masses using Q-
Orbitrap-MS (below £5 ppm; Q Exactive Focus, Thermo Scientific, Bremen, Germany) in
ESI negative mode (ion spray voltage 2.5 kV, heater temperature 412 °C, ion transfer capil-
lary temperature 256 °C) at maximum resolution setting (R = 70,000). The instrument gases
(nitrogen) were set as follows: sheath gas 47.5 arbitrary units, auxiliary gas 11.25 arbitrary
units. The S-Lens RF Level was set to 50 (data not shown). Corresponding '*Cs-labeled inter-
nal standards lead to the same fragments, only with the respectively higher masses (Supple-
mentary Figure 1).
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Supplementary Figure 1: Product ion spectra of the unlabeled single isomeric standard substances
70H-MINA (a), 70x0-MINA (b), 7cx-MIOA (c), *Cs-7OH-MINA (d), and 3Ce-7cx-MINA (e) recorded
via direct infusion of the individual standard solutions (1 mg/L dissolved in acetonitrile/water 50:50
(v/v), containing 0.05 % acetic acid) at 7 yL/min.
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Calibration, validation, and quality control

A stock solution (1 g/L) of each unlabeled DEHA and DINA metabolite standard (7OH-
MINA, 7oxo-MEHA, 7cx-MIOA, 50H-MEHA, 50xo-MEHA, 5¢x-MEPA) and their *Cs-
labeled analogs (except for 70xo-MINA, for which an internal standard was not available - in-
stead, *Ce-7cx-MIOA was used as a surrogate internal standard) was prepared in acetonitrile.
An aqueous internal standard solution containing 150 pg/L of each '*C-labeled standard was
prepared from the respective stock solutions. Calibration solutions (containing the non-
labeled standards) with concentrations ranging between 0.05 pg/L and 22 pg/L were prepared
in water. All solutions were stored in glass flasks, capped with screw caps with silicone/teflon
septa until further use. Calibration curves, obtained by weighted (concentration™) linear re-
gression, were linear throughout the entire calibration range (0.05 pg/L and 22 pg/L) for all
metabolites (r >0.999). The limit of quantification (LOQ) of each metabolite was estimated
based on a signal-to-noise-ratio (S/N) of 10 in native urine samples containing the target ana-
lytes. For the multi-isomeric DINA metabolites, the LOQ was attributed to concentrations re-
sulting in an S/N ratio of 10 for the major isomeric peak.

For the determination of method precision and for quality control, quality control material
at three different concentration levels (Qiow, Qmed, and Qnigh) was prepared by pooling individ-
ual spot urine samples containing native DINA and DEHA metabolite concentrations. This
material was treated the same way as urine samples and was analyzed in each analytical
batch. In the Qnigh material, DEHA metabolite levels were obtained by spiking (using authen-
tic standards). To determine the precision of the method, Qlow, Qmed, and Qnigh were analyzed
six times within one series (intra-day precision) as well as on six different days (inter-day
precision). Imprecision of the method (both intra- and inter-day) was < 12 % for all analytes
(Supplementary Table 4).

Accuracy (in terms of relative recovery) and ruggedness in regard to differences in urinary
matrix composition were determined by analyzing eight different urine samples with varying
creatinine concentrations (0.3 — 2.3 g/L), both spiked at three different concentration levels (1,
5, and 15 pg/L), as well as without spiking. Relative recoveries were calculated after subtrac-
tion of native concentrations measured in the unspiked samples. For oxo-MINA, for which no
authentic internal standard was available, in one urine sample relative recoveries around 40 %
were observed over all spiking levels, whereas relative recoveries in the remaining samples
ranged between 72 and 112 %. For all other metabolites, for which authentic internal stand-
ards were available, relative recoveries were between 90 and 121 % (Supplementary Table 5).
No relation between creatinine content and relative recoveries was observed for any of the an-
alytes.
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Supplementary Table 4: Precision data of the method. All quality control samples (Qiow, Qmed, Qnigh) Were prepared from urine samples containing native
DINA and DEHA metabolite concentrations (except for Qnigh, in which DEHA metabolites were spiked using analytical standards).

Analyte Intra-day (n=6) Inter-day (n=6)

Qlow Qmed thgh Qlow Qmed thgh
Mean Mean Mean Mean Mean Mean

RSD RSD RSD RSD RSD RSD

[Hg/L] [%] [Hg/L] [%] [Hg/L] [%] [Hg/L] [%] [Ho/L] [%] [Ho/L] [%]
(range) (range) (range) (range) (range) (range)
0.76 3.35 35.0 0.70 3.37 32.9

ﬁ:-INA (0.73-0.79) 2.9 (3.30-3.41) 1.2 (34.5-35.4) 0.8 (0.64-0.76) 58 (3.23-3.64) 42 (29.6-35.0) 55
<LOQ 0.51 2.24 <LOQ 0.51 1.94

oxo-, <toq) NA (049052 ¥ (220229) 1O <o) NA (050085 >®  (164224) 12
<LOQ 1.93 15.4 <LOQ 1.84 14.4

cx-MIOA (<LOQ) N/A (1.79-2.12) 59 (14.9-15.8) 27 (<LOQ) N/A (1.63-1.94) 6.4 (13.3-15.6) [
<LOQ 0.54 7.38 <LOQ 0.53 7.28

:IICI)EI;I-I:A (<LOQ) N/A (0.53-0.57) 3.8 (6.97-7.63) 3.4 (<LOQ) N/A (0.48-0.58) 6.9 (6.98-7.58) 7.6
<LOQ 0.47 7.01 <LOQ 0.46 6.90

:A°Ex|_‘I’A <Loq) VA (0.46-0.48) °° 6.89-7.08) 1 (<Loq) VA (0.44-049) *+° (6.70-7.15) 22
0.48 8.07 13.9 0.46 7.81 13.4

:ACEI;A (0.46-0.49) 2.8 (7.85-8.25) 20 (13.6-14.1) 15 (0.44-0.49) 4.1 (7.41-8.35) a7 (12.6-14.2) 43

RSD: relative standard deviation
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Supplementary Table 5: Accuracy (relative recovery) calculated from analysis of eight different urine samples with different creatinine concentrations (0.34 to
2.3 g/L creatinine) and spiked with approximately 1 pg/L, 5 ug/L, and 15 pg/L

. Low Medium High
Native Spiked Measured
Analyte _oneen” concentra-  concentra- Accuracy Spiked Measured Accuracy Spiked Measured Accuracy
trations tions tions? [%] concentra-  concentra- [%] concentra-  concentra- [%]
/L 0 tions [ug/L]  tions?[ug/L 0 tions [ug/L]  tions? [ug/L 0
[bg/L] lug/L] [ug/L] [ug/L] [ug/L] [ug/L] [ug/L]
1.06 109 4.87 104 18.7 107
I(\)II:.'NA <LoQ 0.97 (0.94-1.12) (97-115) 4.67 (4.52-5.19)  (97-111) 7.5 (17.0-19.5) (97-111)
0.83 85 3.66 78 14.3 82
oo =L0Q 0.97 (0.44-109)  (45-112) 467 (178-473) (38-101) 7.5 (7.53-182)  (43-104)
0.86 102 4.06 101 15.9 105
;\;II):OA <LoQ 0.84 (0.78-0.92) (93-110) 4.03 (3.79-4.24)  (94-105) 151 (14.8-16.7) (98-110)
0.93 105 417 98 16.5 103
:IICI)EFI!IA <LoQ 0.89 (0.85-1.00) (96-112) 4.27 (3.84-4.40)  (90-103) 16.0 (15.3-17.7) (96-111)
0.91 105 4.29 104 16.8 110
Soxo- <LoQ 0.86 (0.86-0.95)  (96-110) 414 (400-451)  (97-109) 155 (155-175)  (101-113)
<LOQ- 0.89 116 4.10 111 16.2 117
:Ilcé(l;’A 0.15 0.77 (0.82-0.93)  (107-121) 3.68 (3.92-4.34) (106-118) 138 (14.7-16.6) (106-120)

Mean values (ranges in parenthesis) for measured concentrations and accuracies; 2background levels substracted;
oxo-MINA: 0.3 pg/L, cx-MIOA: 0.6 pg/L, 50H-MEHA: 0.5 pg/L, 50xo-MEHA: 0.1 pg/L, and 5cx-MEPA: 0.05 ug/L)

LOQ: limit of quantification (OH-MINA and
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