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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 



Summary 

101 

 

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  1,2-Dihydro-2,2,4-trimethyl-6-quinolinol 

AHB   2-[4-(Amino)-2-hydroxybenzoyl]benzoic acid 

AM   Ambient monitoring 

BMU German Federal Ministry for the Environment, Nature 

Conservation and Nuclear Safety (Bundesministerium für 

Umwelt, Naturschutz und nukleare Sicherheit) 

DFG  German Research Foundation (Deutsche Forschungsge-

meinschaft) 

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

DHHB  Hexyl 2-[4-(diethylamino)-2-hydroxybenzoyl]benzoate 

(Uvinul A plus®) 

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

EQ   1,2-Dihydro-6-ethoxy-2,2,4-trimethylquinoline  

    (Ethoxyquin) 

EQDM   1,8’-Ethoxyquin dimer 

EQI   2,2,4-Trimethyl-6(2H)-quinolinone 

FDA   US Food and Drug Administration 

GC   Gas chromatography 

GerES   German Environmental Survey 

HBM   Human biomonitoring 
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IFRA   International Fragrance Association 

INCI    International Nomenclature of Cosmetic Ingredients 

JECFA   The Joint FAO/WHO Expert Committee on Food Additives 

LLE   Liquid-liquid extraction 

LOQ   Low limit of quantification 

MRM   Multiple reaction monitoring 

MS/MS   Tandem mass spectrometry 

NHANES  National Health and Examination Survey 

NOEL   No Observed Effect Level 

SALLE   Salt-assisted liquid-liquid extraction 

UBA   German Environment Agency (Umweltbundesamt) 

U(H)PLC  Ultra (high) performance liquid chromatography 

VCI German Chemical Industry Association (Verband der 

Chemischen Industrie) 

WHO   World Health Organization 
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