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Reagents

Synthesis of 2,2,4-trimethyl-6(2H)-quinolinone (EQI)

2,2,4-Trimethyl-6(2H)-quinolinone (EQI) was prepared by oxidation of acetonanile with Fremy’s
salt according to Teuber and Glosauer (Teuber and Glosauer 1965). Hereby, a solution of 524 mg
(3.00 mmol) acetonanil in 100 mL methanol and a solution of 1.7 g (6.3 mmol) potassium
nitrosodisulfonate (Fremy’s salt) in 200 mL phosphate buffer pH 7 (0.066 M) were mixed under
stirring in an ice bath, and stirring was continued for one hour at this temperature. Subsequently,
the product was extracted with chloroform (3 x 25 mL) and dried over sodium sulfate. After
evaporation of the solvent the product was recrystallized from iso-hexane. The crystallized
product was further purified by means of flash column chromatography on silica gel (elution with
dichloromethane/ethyl acetate 90/10) yielding 220 mg (39 %) of the title compound as reddish
yellow solid.

o

X \\ / ¢ //
+ -/ \\ // o —>
N + +
H K K
Acetonanile Potassium nitrosodisulfonate 2,2,4-Trimethyl-6(2H)-quinolinone (EQI)

Fig. S1: Synthesis of 2,2,4-trimethyl-6(2H)-quinolinone (EQI)
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D4o-Ethoxyquin (D4o-EQ) D40-2,2,4-Trimethyl-6(2H)-quinolinone (D4o-EQI)

Fig. S2: Chemical structures of the deuterated internal standards

91



Human biomonitoring for ethoxyquin

Identification of urinary metabolites and method development

Preliminary method

Frozen urine samples were thawed at room temperature and homogenized by shaking before
samples were aliquoted in two milliliters urine sample fractions. To the urine samples were added
0.5 mL of an acetate buffer (pH 5.1, 1 M) and 10 pL of B-glucuronidase from E. coli and the
samples were incubated for 18 h at 37 °C. Subsequently a modified QUEChERS method was
applied (EU Reference Laboratory Requiring Single Residue Methods (EURL-SRM) 2016). Hereby,
the samples were transferred into 4 mL glass vials containing 1.0 g of a mixture of MgS04 and
NaCl (4/1 w/w) and 500 pL ethyl acetate were added. After shaking (10 min, 2000 rpm) and
centrifugation (10 min, 4000 rpm), 300 pL of the organic layer were transferred 1000 pL piston
stroke pipette into a 1.5 mL polypropylene tube containing a mixture of potassium sulfate and
Bondesil PSA (4/1 w/w). After shaking (10 min, 2000 rpm) and centrifugation (10 min, 4000 rpm),
100 pl of the extract were transferred with a 100 pL piston stroke pipette into a micro vial with a
300 plL insert.

Validation

Method validation was performed according to the guidelines issued by the US Food and Drug
Administration (FDA) (U.S. Food and Drug Administration (FDA) 2018). Quality control samples
(QCs) were prepared by pooling native human urine samples with known concentrations of EQ
and EQI. Where appropriate, analytes were spiked to the QC material. Three different
concentration levels (low, medium and high) were prepared to cover the entire range of expected
concentrations. QCs were stored at -20 °C until analysis. Two QC samples of each level were
analyzed in combination with a calibration every day to monitor the robustness of the method.
The target values of the QC samples for each analyte was determined prior to the method
validation by analyzing six QC samples per level.

Selectivity was proven for the applied MRM transitions for EQ and EQI and the corresponding
internal standard. Therefore six analyte-free urine samples (i.e. not containing EQ or EQIl) were
cleaned-up as described in the “Urine sample preparation” section and analyzed by LC-MS/MS.
The respective mass transitions were screened for interfering peaks. Additionally, the same six
urine samples were spiked with 1 pg/L EQ and EQI for accuracy determination. The mass
transition of D10-EQI m/z 188.0 = 182.1 corresponding to the quantifier MRM for EQl showed
interfering peaks in some blank samples. That is why we chose the transition m/z 188.0 2> 152.1
corresponding to the qualifier MRM for EQl as MRM for measurements of the internal standard.
No interfering peaks could be detected for all other MRMs listed in Table 2.

Accuracy and precision were determined by spiking analyte free native human urine samples at
four different concentration levels (LOQ, low, medium, high). Inter-day accuracy and precision
were determined by analyzing five spiked urine samples for each concentration level on three
different days. Intra-day accuracy and precision values were derived from five spiked samples per
level of one day. Intra- and inter-day precision was evaluated calculating the relative coefficients
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of variation (CVs), which should not exceed 15 % for concentrations > three times the LOQ and
20 % for concentrations up to three times of the LOQ, respectively. Acceptance criteria were met
with accuracy rates of 85-115 % (80-120 % at levels up to three times the LOQ). Sample work-up
dependent losses of analytes were expressed by the recovery. Recovery rates were determined
by comparing the analyte concentrations at three levels, measured when analyte free urine
samples (N=3) were spiked after sample work-up (reference, corresponding to 100 %), and when
the same urine samples were spiked before the sample work-up procedure. LOQs were validated
within accuracy and precision experiments and were set to the lowest concentrations fulfilling
the requirements of accuracy and precision. The LODs were calculated by dividing the LOQ by
three. Accuracy after dilution was investigated by spiking three different analyte free urine
samples with concentrations of EQ and EQIl above their highest calibration level (ULOQ) and
diluting the samples with water. Three different dilutions (1:30, 1:6 and 1:3) were tested and
accuracy was found to be acceptable in the range between 85 and 115 %.

Occurring matrix effects (ME) were evaluated by comparing spiked and processed urine samples
at low and high concentrations of the analytes with aqueous reference standards possessing the
same concentrations of analytes (reference, corresponding to 100 %). MEs are described as ratios
from processed samples to references. Ratios > 1 indicate a signal enhancing ME, signals < 1
indicate a signal suppressing ME. Carry over effects were tested by repeated injection (N = 5) of
the highest calibrator followed by injection of methanol as a blank sample. Stability of analytes
during storage was investigated at room temperature, 10 °C and -20 °C over different time
periods ranging from one day up to several months. Results of the method validation are
summarized in Table S1.

Calibration

For calibration an analyte free urine pool consisting of at least three different urine samples was
used and calibration standards were freshly prepared according to the validated method
described. A total of ten calibrators were prepared by spiking increasing amounts of EQ and EQI
to urine from 0.03-20 pg/L (0.03; 0.05; 0.1; 0.2; 0.5; 1.0; 2.0; 5.0; 10; 20 pg/L). Linear calibration
was achieved by applying 1/x weighting.
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Table S1: Method validation data for the quantification of EQ and EQI in urine

EQ EQI
LOD (ug/L) 0.01 0.01
LLOQ (ng/L) 0.03 0.03
Calibration range (ug/L) 0.03 -20 0.03-20
0.03 (2.7-5.5) 0.03 (1.8—5.8)
Precision 0.10 (4.7 - 8.8) 0.10 (0.5-6.4)
(intra-day, N=3x5), ug/L (CV, %) 1.00 (1.3 -4.3) 1.00 (0.6 —2.4)
10.0 (1.2-3.0) 10.0 (1.3-1.9)
0.03 (6.2) 0.03 (5.3)
Precision 0.10 (6.3) 0.10 (3.5)
(inter-day, N=15), ug/L (CV, %) 1.00 (4.3) 1.00 (3.1)
10.0 (2.8) 10.0 (3.4)

Accuracy
(Intra-day, N=3x5), pug/L (%)

0.03 (101.3-111.3)

0.03 (102.0 — 110.7)

0.10 (100.4 —105.2)

0.10 (106.4 — 108.4)

1.00 (101.4 —109.3)

1.00 (107.0 - 111.7)

10.0 (107.8 — 112.0)

10.0 (9.5 — 107.0)

0.03 (104.4) 0.03 (106.0)
Accuracy 0.10 (102.6) 0.10 (107.5)
(Inter-day, N=15), ug/L (%) 1.00 (103.9) 1.00 (109.8)
10.0 (110.0) 10.0 (103.0)

Recovery 0.10 (13.0) 0.10 (13.3)
(N=3). ng/L (%) 1.00 (12.8) 1.00 (14.6)
10.0 (6.6) 10.0 (17.1)

Matrix effects (aqueous standard = 100 %)
(N=3), pg/L (%; CV, %)

0.10 (78.1; 1.7)

0.10 (103.1; 0.5)

10.0 (95.3; 1.4)

10.0 (93.1; 1.6)

IS 0.10 (84.6; 3.5)

IS 0.10 (99.1; 2.8)

IS 10.0 (78.5; 1.9)

1S 10.0 (98.1; 2.1)

Carry-over effects (ng/L) none 0.006
Stability at 20 °C, 20 h No Yes
Freeze-thaw-stability, 6 cycles -20 to 20 °C Yes Yes
Post preparation stability at 10 °C, 4 days Yes Yes
Stability of stock solutions at -20 °C, 11 months No Yes
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Toxicokinetic parameters after a single oral dosage of Ethoxyquin

Fig S3: Time courses of the urinary excretion of EQI after oral administration of EQ to Subjects 2-5

displayed as A excretion rate in ug/h and B cumulative excretion in pg
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Fig. S4:Overlaid chromatograms for MRM transitions of EQI (black) and 6-OH-EQ (grey) after injection of
10 pg/L 6-OH-EQ. Although the sample originally did not contain EQI, two peaks could be identified in
the MRM transition for EQL. The first peak at 2.4 minutes is retained at the same time as in the MRM
transition for 6-OH-EQ indicating that 6-OH-EQ was oxidized to EQI in the ionization chamber of the mass
spectrometer. In addition, a small fraction of 6-OH-EQ oxidized to EQIl before the chromatographic
separation took place (smaller peak at 2.8 minutes (in black) in MRM transition of EQI).
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Fig. S5: Transformation pathway for the glucuronidated 6-OH-EQ (6-OGlu-EQ) during sample
preparation. After enzymatic hydrolysis, the unconjugated 6-OH-EQ is converted into its oxidized form.
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Fig. S6: Extent of enzymatic hydrolysis of a sample with high concentrations of 6-OH-EQ glucuronide
determined as unconjugated EQl and of EQ, respectively (first urine fraction of Subject 2 after oral
administration of EQ), in relation to the incubation time. Values were analyzed in triplicates.
Concentrations in %, 100% refers to the incubation time used in the validated method (1.0 h).
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Summary

4) Summary

Due to the progressive development of our society, the amount of chemicals used
to facilitate our everyday lives is steadily rising with the consequence of an increasing
exposure of an average person with anthropogenic chemicals, especially in industri-
alized countries. Several chemicals used in our everyday lives can cause detrimental
effects even though they are authorized by national or international institutions. Det-
rimental effects of a chemical must be evaluated during the authorization process and
in some cases, concentration limits for products are established in order to ensure
product safety and to protect human health. But even if concentration limits for prod-
ucts are set, this does not allow a conclusion on the real human exposure of an indi-
vidual to this chemical. Since these data can be accessed via HBM only, HBM was gain-
ing in importance over the last decades resulting in more and more HBM initiatives
like the German Human Biomonitoring Initiative (Deutsche Human-Biomonitoring
Initiative; cf. 1.4 The German Human Biomonitoring Initiative) which aims to develop

HBM methods for up to 50 chemicals with emerging health relevance.

The aim of this work was to develop HBM methods for the chemicals 7-hy-
droxycitronellal, Uvinul A plus® and ethoxyquin, which were all selected within the
German Human Biomonitoring Initiative. The first chemical, 7-hydroxycitronellal, is
frequently used as fragrance in cosmetics and cleaning and washing agents. Uvinul A
plus® mostly serves as UV filter in sunscreens and anti-aging products, and ethoxyquin

is an antioxidant frequently found in farmed fish products like salmon.

At the beginning of this work, human metabolism was unknown for all three
compounds. That is why human metabolism had to be investigated and suitable bi-
omarkers of exposure had to be identified before optimizing the HBM method. For this
purpose, five healthy volunteers each were orally administered with one of the chem-
icals, urine voids of the following 48 or 72 h after administration were collected and
analyzed for possible metabolites. For 7-hydroxycitronellal and Uvinul A plus®, the
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same five volunteers received an additional dermal dose of the test substance in form
of a spiked sunscreen in order to depict a real exposure scenario, because these two

chemicals are mostly used in cosmetics and the main exposure occurs via the skin.

After selection of suitable metabolites, authentic deuterated internal standards
were obtained from a contract laboratory, the HBM methods were optimized and val-
idated according to DFG and FDA guidelines. All three HBM methods contain an en-
zymatic hydrolysis step before samples extraction, because urinary metabolites are
partly present as conjugates, e.g. as glucuronides (cf. 1.3 Selection of the biological
matrix) and only unconjugated metabolites were determined after sample prepara-
tion. Necessity of an enzymatic hydrolysis was confirmed for all three methods and
ratios between conjugated and unconjugated forms in high concentrated samples of
every participant could be calculated. The deconjugated metabolites were extracted
by using the solvent which was experimentally found to give the highest recovery
rates. After sample preparation, the sample extracts were analyzed by means of UPLC-

MS/MS.

UHPLC was used to achieve a satisfactory separation efficiency for the analytes
and was preferred over GC in all three methods, because with UHPLC non-volatile an-
alytes could be analyzed as well as volatile analytes. Additionally, shorter measuring
times can be achieved by using UHPLC instead of GC, which is an essential parameter
for a high throughput method. Positively charged analyte ions were generated by
means of electrospray ionization, and a selective determination of the analytes was

achieved by conducting MRM experiments.

The validated methods were applied to all samples of the respective human me-
tabolism study and to the samples of a small collective not occupationally exposed to
one of the original chemicals in order to prove the sufficient sensitivity of the methods
and for a first rough estimation of the biomarker levels to be expected in further stud-

ies. For every original substance, at least one suitable biomarker of exposure could be
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identified and toxicokinetic parameters such as the amount excreted, maximum ex-
cretion time and elimination half-life and conversion factors were calculated for every
biomarker. Conversion factors allow to extrapolate from the urinary concentrations
of one or more biomarkers of exposure to the systemic exposure of an individual with

a chemical.

The completed methods are cross-examined regarding their reproducibility in-
cluding basic validation parameters like linearity, accuracy, precision and recovery by
a second laboratory from the ranks of the scientific working group “Analysis in Bio-
logical Materials” of the DFG. For this purpose, a second laboratory gets instructed
and if the second laboratory can confirm the feasibility and suitability of the method,
the method including the results of the cross-examination will be published online in
open access by the DFG [42, 43] . This procedure was already successfully conducted
for 7-hydroxycitronellal, the methods for Uvinul A plus® and ethoxyquin are currently

under revision.

For the three substances, 7-hydroxycitronellal, Uvinul A plus® and ethoxyquin,
HBM methods were successfully developed and first estimations for the human expo-
sure with these chemicals could be carried out proving the suitability of the methods
for the intended use. Indeed, human exposure levels obtained from the pilot studies
cannot be interpreted as representative values, because of the small number of sam-
ples analyzed and the small collection area (greater Munich area) , but the measure-
ments suggest that a not negligible part of the general population is exposed to these
chemicals. Therefore, HBM studies with more representative study cohorts and a

larger number of samples must be conducted.

For 7-hydroxycitronellal, a first larger HBM study with 329 study samples derived
from the German Environmental Specimen Bank has already been conducted. The
method developed within this work could be successfully applied to all study samples
and a decrease in the human exposure to 7-hydroxycitronellal from the year 2000 to

2018 in Germany could be observed. This study was also conducted with a view to
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GerES VI (cf. 1.1 History of human biomonitoring), where even a larger number of
samples from German adults will be analyzed for 7-hydroxycitronellal levels [104].
Presumably, similar approaches will be carried out for Uvinul A plus® and ethoxyquin,

but at this time, no information on HBM actions for both substances are available.

HBM values for the three chemicals investigated will be derived from large epi-
demiological studies like GerES by analyzing the samples with the HBM methods de-
veloped. These values will contribute to an improved evaluation of the substances in-
vestigated concerning their effects on human health and responsible authorities will

be able to adapt concentrations limits in consumer products.
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5) List of abbreviations

6-OH-EQ

AHB

AM

BMU

DFG

DHB

DHHB

EHB

FDA

GC

GerES

HBM

1,2-Dihydro-2,2,4-trimethyl-6-quinolinol
2-[4-(Amino)-2-hydroxybenzoyl]benzoic acid
Ambient monitoring

German Federal Ministry for the Environment, Nature
Conservation and Nuclear Safety (Bundesministerium fiir

Umwelt, Naturschutz und nukleare Sicherheit)

German Research Foundation (Deutsche Forschungsge-

meinschaft)
2-[4-(Diethylamino)-2-hydroxybenzoyl]benzoic acid

Hexyl 2-[4-(diethylamino)-2-hydroxybenzoyl]benzoate
(Uvinul A plus®)

2-[4-(Ethylamino)-2-hydroxybenzoyl]benzoic acid

1,2-Dihydro-6-ethoxy-2,2,4-trimethylquinoline
(Ethoxyquin)

1,8’-Ethoxyquin dimer
2,2,4-Trimethyl-6(2H)-quinolinone
US Food and Drug Administration
Gas chromatography

German Environmental Survey

Human biomonitoring
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IFRA

INCI

JECFA

LLE

LOQ

MRM

MS/MS

NHANES

NOEL

SALLE

UBA

U(H)PLC

V(I

WHO

International Fragrance Association

International Nomenclature of Cosmetic Ingredients
The Joint FAO/WHO Expert Committee on Food Additives
Liquid-liquid extraction

Low limit of quantification

Multiple reaction monitoring

Tandem mass spectrometry

National Health and Examination Survey

No Observed Effect Level

Salt-assisted liquid-liquid extraction

German Environment Agency (Umweltbundesamt)
Ultra (high) performance liquid chromatography

German Chemical Industry Association (Verband der

Chemischen Industrie)

World Health Organization
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