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Synthetics GBU considerations on Mineral Oil present in food and food contact materials. 

Evaluation of polyalphaolefin (PAO) synthetic basestocks. 

 

The rise of concern on Mineral Oil contamination in food contact applications 

 

Increased production of processed foods have sparked rising concerns of chemical contamination in the food 

chain (Ref 1 & 2). Health risks associated with mineral oil hydrocarbon (MOH) constituents, either due to 

intentional addition or process-derived contamination, have been a focus of this discussion in recent years, 

with particular interest in two MOH fractions: MOSH (Mineral Oil Saturated Hydrocarbons) and MOAH 

(Mineral Oil Aromatic Hydrocarbons). The purpose of this document is to explain MOSH and MOAH-

associated health concerns and the misconception around synthetic oils, specifically polyalphaolefins.   

 

What are MOSH and MOAH? 

The European Food Safety Authority (EFSA) broadly defines MOHs as hydrocarbons containing 

approximately 10 to 50 carbon atoms, and consisting of three major classes of compounds: paraffins (linear 

and branched alkanes), naphthenes (including alkyl-substituted cycloalkanes) and aromatics (Ref 1). MOHs 

therefore belong to substances of unknown or variable composition, complex reaction products or biological 

materials (UVCBs). MOSH and MOAH comprise distinct MOH fractions, covering a wide range of molecules 

with varying chain length. Definitions for these molecules are not currently standardized, do not bear any 

regulatory relevance, and analytical methods used to detect these molecules are unable to distinguish 

between hydrocarbons of mineral or non-mineral origin: 

 

 MOSH – Mineral Oil Saturated Hydrocarbons – EFSA defines MOSH as linear, branched and cyclic 

alkanes, i.e. the paraffinic and naphthenic fractions of MOHs (Ref 1). Consistent with the EFSA definition, 

the German Bundesinstitut für Risikobewertung (BfR) defines MOSH broadly as saturated aliphatic and 

cyclic hydrocarbons of variable carbon chain length (Ref 2). 

 

 MOAH – Mineral Oil Aromatic Hydrocarbons - EFSA defines MOAH as not uniquely identifiable MOH-

derived complex substances containing four classes of molecules: non-alkylated aromatic hydrocarbons 

(including naphthalene and polyaromatic hydrocarbons), alkylated aromatic hydrocarbons, partially 

hydrogenated hydrocarbons and sulfur-containing aromatic compounds (Ref 1). The BfR defines MOAH 
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as complex substance consisting of unsubstituted or alkylated, and partially hydrated polycyclic aromatic 

hydrocarbons. MOAH typically constitutes 15 - 30% of the originating crude oil content (Ref 2). 

 It should be noted that existing analytical detection methods cannot distinguish between structurally 

similar products of natural and synthetic origin, examples include waxes, oligomers, and adhesive resins. 

These techniques also do not provide a means of identifying the origin of substances identified as 

MOSH/ MOAH, which may be numerous - pesticides, packaging, printing inks, use of recycled paper, 

plastics, jute/sisal bags (coffee/cocoa), wax coatings, heating oils, some food additives, de-dusting aids, 

lubricants used in the processes, environmental contamination, including diesel fumes from harvesting 

machinery, solvents, cleaning agents, as well as, from natural products such as fish, beeswax etc. MOH-

derived PAOs may be present in MOSH and consequently, PAO synthetic basestocks may also be 

detected as MOSH in existing tests (Ref 2 & 3). 

 

What are the health concerns associated with MOSH and MOAH? 

 

 MOSH – Primary health concerns associated with MOSH stem from findings indicating that high 

molecular weight paraffins may be retained in the liver, lymph nodes, and adipose tissues (Ref 1). 

Inflammatory responses accompanying hepatic and lymph node microgranuloma formation have been 

observed in one specific strain of rats exposed to white mineral oils (Ref 4, 5 & 6). However, while 

saturated hydrocarbons are routinely found in human livers, these findings are not associated with 

abnormalities of clinical relevance (Ref 2, 7 & 8). Reported non-inflammatory lipogranulomas (i.e. oil 

droplet deposits) historically found in human livers (i.e. in the 1970s and 1980s) are morphologically and 

histologically distinct from the granulomas found in rats and have been concluded as adaptive responses 

without clinical significance by the BfR (Ref 2). More recent evaluations of human tissues indicate that 

MOSH exposure in the general population has decreased to an extent that lipogranuloma formation is no 

longer observable and possibly no longer relevant (Ref. 2, 9, 10 & 11).  

 

 MOAH – Among the various types of molecules present in MOAH, the primary health concerns, 

mutagenicity and carcinogenicity, are specifically associated with the 3-7 ring polycyclic aromatic 

hydrocarbon (PAH) fraction (Ref 1, 2, 11 & 12).  

 

What is being done about the concern of MOSH and MOAH? 

 

In order to make informed decisions, the European Commission has recommended that during 2017-18 

Member states review and monitor MOH content levels in various food substances, and where appropriate 

investigate the source of the mineral oil hydrocarbon contamination (Ref 13). Considering it’s PAH content, 

the MOAH concentration typically recommended in consumer products depends on its intended end use, as 

well as specific characteristics of the MOAH fraction (Ref 2). ExxonMobil takes an active interest in these 

issues and supports industry and trade associations, technical studies and publications on the safe use of 

synthetic and petroleum substances in food and food contact applications and supports the European 

Commission’s development of technical facts and data to help make informed decisions. 



 
 

 

 

 

 

 
“The statements in this document represent ExxonMobil’s current views, based on scientific data available to 
date. ExxonMobil reserves the right to modify this document, without prior notice, and shall not be held liable 

for any third party’s reliance on statements in this document.  The terms and conditions of purchase of product 

regulate all applicable warranties and liabilities for ExxonMobil product.” 

 

How do MOSH and MOAH mineral oils differ from polyalphaolefin synthetic oils? 

 

Despite being saturated hydrocarbons and thus fitting the definition of the alkane fraction of MOSH, PAO 

synthetic oils and MOSH are fundamentally different. As opposed to MOSH, PAO oils are not derived from 

mineral feedstock, but are polymerized from high purity synthesized alpha olefins. Choices of catalysts allow 

synthesis of PAOs with various degrees of branching, including highly organized and structurally defined 

molecules (Figure 1). Pure monomers used as building blocks for the manufacturing of PAOs typically include 

1-hexene, 1-octene, 1-decene, 1-dodecene and 1-tetradecene. Consequently, PAOs lack the chemical 

complexity, diversity, and analytical uncertainty associated with MOSH (Ref 14 & 15). In addition, PAOs are 

structurally distinct from MOAH due to a lack of aromatic constituents and therefore do not share adverse 

biological properties associated specifically with the 3-7 ring aromatic hydrocarbon constituents in MOAH.   

 

 
Figure 1: Generalized representation of the synthesis of a polyalphaolefin (PAO) from 1-decene 

 

 Absorption, Distribution, Metabolism, and Excretion (ADME): The differences in physico-chemical 

properties between MOSH, MOAH, and PAO synthetic oils are reflected in distinct ADME characteristics. 

MOSH and MOAH are differentially absorbed based on physico-chemical properties following ingestion 

(Ref 1). Following absorption, certain MOSH tend to be oxidized in the liver. However, depending on the 

natural branching and carbon number, these oxidation reactions may occur slowly, resulting in tissue 

accumulation of certain MOSH constituents over time (Ref 11, 16, 17). By contrast, unalkylated MOAH 

tends to be an easily accessible substrate for enzymatic oxidation which prevents tissue accumulation but 

may lead to the formation of mutagenic intermediates (Ref 11, 12). Polar metabolites of MOSH and 

MOAH constituents may be excreted via urine or feces (Ref 1). Existing toxicokinetic analyses with 

radiolabelled PAOs indicated that these substances are not extensively absorbed from the 

gastrointestinal tract of rats following oral administration. The predominant route of excretion is via the 

feces and any material that is absorbed is likely to be cleared rapidly from the blood. Experimental 

findings are concordant with a predicted low degree of oral absorption of PAOs with large molecular 

weights and low associated water solubility (< 0.1 mg/L) and large partition coefficient (log Kow > 6.5).  

 Repeat-Dose Toxicity: As discussed above, repeat-dose toxicity evaluations revealed inflammation-

associated microgranuloma formation in a specific strain of rats that are not relevant in humans (Ref 1, 2, 

4-11). There is no evidence for microgranuloma formation in PAO exposed rats (Ref 14 & 15). 

Subchronic exposures to certain MOAH has the potential to result in haematological abnormalities based 
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on repeat-dose exposures of heavy paraffinic distillate aromatic extract in mice (Ref 19). No significant or 

enduring toxicological effects were reported in repeat-dose toxicity assessment studies in rats exposed 

to representative PAOs, i.e. 1-decene, homopolymer (hydrogenated), 1-dodecene dimer with 1-decene 

(hydrogenated), and 1-dodecene trimer (hydrogenated). These results are indicative of PAO synthetic 

oils not producing significant systemic toxicity following repeated exposure. 

 

 Developmental & Reproductive Toxicity: A number of studies have addressed developmental and 

reproductive toxicity of MOSH and MOAH constituents. Studies evaluating pre-natal exposure to white 

mineral oil (Ref 18) and heavy paraffinic distillate aromatic extract (Ref 19) indicated low potential for 

developmental and reproductive effects in MOSH-exposed rats. By contrast, exposure to heavy paraffinic 

distillate solvent, and therefore containing MOAH, has been associated with both fetal (i.e. decreased 

fetal body weight, delayed and/or reduced ossification) and maternal toxicities (i.e. decreased weight 

gain, low thymus weight, and red vaginal discharge) (Ref 20). Developmental and reproductive toxicity 

studies of PAOs (i.e. 1-decene, homopolymer, hydrogenated and structural analogues related to 1 

dodecene polymer with 1-decene, hydrogenated) revealed no effects in rats up to the highest tested 

concentration (1000 mg/kg/d) (Ref 14 & 15). 

 

 Mutagenicity and Carcinogenicity: PAO synthetic basestocks consist of saturated hydrocarbons and 

therefore do not share the genotoxic and carcinogenic characteristics associated with the 3-7 ring PAH 

fraction of MOAH. 3-7 ring aromatic molecules can be structurally accessible to biotransformation 

reactions yielding reactive, genotoxic metabolites (Ref 1, 11 & 12). The lack of aromatic constituents in 

PAO synthetic basestocks precludes the formation of reactive (mutagenic) intermediates. In vitro 

genotoxicity and cytogenicity studies on representative PAOs (1-decene 1-dodecene homopolymer, 

hydrogenated and 1-dodecene trimer, hydrogenated) supported this hypothesis by providing evidence of 

non-mutagenicity and non-clastogenicity of PAOs. In vivo mutagenicity study in mice exposed to 1-

decene, 1-dodecene homopolymer resulted in a negative outcome, thereby providing further evidence 

that PAOs are not genotoxic (Ref 14 & 15).  

Polyalphaolefins are safe for use in food contact application: 

 

PAO synthetic oils have been determined to be safe for use in food contact applications. PAOs have been 

reviewed by the European Food Safety Authority (EFSA) and the resulting opinion concluded that “there is no 

safety concern for the consumer if the substance complies with the given specifications and its migration 

does not exceed 60 mg/kg food” (Ref 21). This scientific opinion enabled the listing of PAOs complying with 

given specifications in EU Regulation 10/2011, without specific migration limit restriction (EU Ref No. 60027) 

(Ref 22). SpectraSyn synthetic basestocks are compliant with U.S. FDA 21 CFR 178.3570 for lubricants with 

incidental food contact and are H1 National Sanitation Foundation (NSF) registered, signifying that 

ExxonMobil SpectraSyn™ PAO basestocks (including SpectraSyn Plus™, SpectraSyn Ultra™, and SpectraSyn 

Elite™) grades meet requirement for white mineral oils and are thus acceptable as ingredients for use in 

lubricants with incidental food contact. 
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In summary 

 

 MOSH and MOAH are complex, MOH-derived fractions associated with unique hazard profiles 

 As a result of the manufacturing process, PAO synthetic oils do not contain aromatic molecules and are 

thus per definition chemically and biologically distinct from MOAH. 

 PAO synthetic oils may be detected as MOSH in existing laboratory tests. However, being synthetically-

engineered chemicals, PAOs do not share the chemical complexity of MOSH and should not be 

considered as mineral oil of concern due to their low hazard profile.  

 There can be a multitude of sources of mineral oils. In the event of high levels of mineral oil hydrocarbon 

being detected in food applications, detectable hydrocarbons need to be traced back to their potential 

sources in a step by step process considering each stage of the supply chain. 

 ExxonMobil  has  a  broad  range  of  PAO  synthetic  oils  fulfilling  the  requirements  of  EU  10/2011 

Regulation. Food contact statements are readily available from customer service.  

ExxonMobil continues to work with the relevant industry and regulatory bodies to develop robust scientific 

data and risk-based analysis to help assure the continued safety of products by customers and end 

consumers 

 

References 

  
1. EFSA  Panel  on  Contaminants  in  the  Food  Chain  (CONTAM);  Scientific  Opinion  on  Mineral  Oil 

Hydrocarbons  in  Food.  EFSA  Journal  2012;10(6):2704.  [185  pp.]  doi:10.2903/j.efsa.2012.2704.  
https://www.efsa.europa.eu/en/efsajournal/pub/2704 

 
2. Bundesinstitut für Risikobewertung: Hochraffinierte Mineralöle in Kosmetika: Gesundheitliche Risiken 

sind nach derzeitigem Kenntnisstand nicht zu erwarten. Aktualisierte Stellungnahme Nr. 008/2018 
doi:10.17590/20180219-123914 
https://www.bfr.bund.de/cm/343/hochraffinierte-mineraloele-in-kosmetika-gesundheitliche-risiken-
sind-nach-derzeitigem-kenntnisstand-nicht-zu-erwarten.pdf 

 
3. Weber S, Schrag K, Mildau G, Kuballa T, Walch SG, Lachenmeier DW (2018) Analytical Methods for the 

Determination of Mineral Oil Saturated Hydrocarbons (MOSH) and Mineral Oil Aromatic Hydrocarbons 
(MOAH)—A Short Review. Anal Chem Insights. 13: 1177390118777757 
 

4. Baldwin MK, Berry PH, Esdaile DJ, Linnett SL, Martin JG, Peristianis GC, Priston RA, Simpson BJ, Smith 
JD (1992) Feeding studies in rats with mineral hydrocarbon food grade white oils. Toxicol Pathol 20: 
426-435 

 
5. Firriolo JM, Morris CF, Trimmer GW, Twitty LD, Smith JH, Freeman JJ (1995) Comparative 90-day 

feeding study with low-viscosity white mineral oil in Fischer-344 and Sprague-Dawley-derived CRL:CD 
rats. Toxicol Pathol 23: 26-33 

 
6. Smith JH, Bird MG, Lewis SC, Freeman JJ, Hogan GK, Scala RA (1995) Subchronic feeding study of four 

white mineral oils in dogs and rats. Drug and chemical toxicology 18: 83-103 
 

https://www.efsa.europa.eu/en/efsajournal/pub/2704
https://www.bfr.bund.de/cm/343/hochraffinierte-mineraloele-in-kosmetika-gesundheitliche-risiken-sind-nach-derzeitigem-kenntnisstand-nicht-zu-erwarten.pdf
https://www.bfr.bund.de/cm/343/hochraffinierte-mineraloele-in-kosmetika-gesundheitliche-risiken-sind-nach-derzeitigem-kenntnisstand-nicht-zu-erwarten.pdf


 
 

 

 

 

 

 
“The statements in this document represent ExxonMobil’s current views, based on scientific data available to 
date. ExxonMobil reserves the right to modify this document, without prior notice, and shall not be held liable 

for any third party’s reliance on statements in this document.  The terms and conditions of purchase of product 

regulate all applicable warranties and liabilities for ExxonMobil product.” 

 

7. Adenuga D, Goyak K, Lewis RJ (2017) Evaluating the MoA/human relevance framework for F-344 rat 
liver epithelioid granulomas with mineral oil hydrocarbons. Critical Reviews in Toxicology 47: 750-766 

 
8. Wanless IR, Geddie WR (1985) Mineral oil lipogranulomata in liver and spleen. A study of 465 autopsies. 

Archives of pathology & laboratory medicine 109: 283-286 
 

9. Barp L, Kornauth C, Würger T, Rudas M, Biedermann M, Reiner A, Concin N, Grob K (2014) Mineral oil in 
human tissues, Part I: Concentrations and molecular mass distributions. Food and chemical toxicology : 
an international journal published for the British Industrial Biological Research Association 

 
10. Biedermann M, Barp L, Kornauth C, Würger T, Rudas M, Reiner A, Concin N, Grob K. Mineral oil in human 

tissues, part II: characterization of the accumulated hydrocarbons by comprehensive two-dimensional 

gas chromatography. Sci Total Environ. 2015 506-507: 644-655 

  

11. Grob K. Toxicological Assessment of Mineral Hydrocarbons in Foods: State of Present Discussions. J 
Agric Food Chem. 2018 66: 6968-6974 
 

12. Roy TA, Johnson SW, Blackburn GR, Mackerer CR. Correlation of mutagenic and dermal carcinogenic 

activities of mineral oils with polycyclic aromatic compound content. Fundam Appl Toxicol. 1988 10: 466-

476 

 
13. Official Journal of the European Union COMMISSION RECOMMENDATION (EU) 2017/84 
 http://eur-lex.europa.eu/legal-content/EN-DE/TXT/?uri=CELEX:32017H0084&from=EN 
 
14. Reaction products of 1-decene and 1-dodecene, hydrogenated. REACH Registration Dossier 

https://echa.europa.eu/de/registration-dossier/-/registered-dossier/2221/1 
 
15. Dec-1-ene, homopolymer, hydrogenated Dec-1-ene, oligomers, hydrogenated. REACH Registration 

Dossier 
https://echa.europa.eu/de/registration-dossier/-/registered-dossier/14722/1 
 

16. Nygaard UC1, Vege Å2, Rognum T3, Grob K4, Cartier C5, Cravedi JP6, Alexander J7. Toxic effects of 

mineral oil saturated hydrocarbons (MOSH) and relation to accumulation in rat liver. Food Chem Toxicol. 

2019 123: 431-442 

 

17. Barp L, Biedermann M, Grob K, Blas-Y-Estrada F, Nygaard UC, Alexander J, Cravedi JP. Accumulation of 

mineral oil saturated hydrocarbons (MOSH) in female Fischer 344 rats: Comparison with human data and 

consequences for risk assessment. Sci Total Environ. 2017 575: 1263-1278 

 
18. White mineral oil (petroleum). REACH Registration Dossier 

https://echa.europa.eu/registration-dossier/-/registered-dossier/15514/11 

 

19. Distillates (petroleum), solvent-refined heavy paraffinic. REACH Registration Dossier 
https://echa.europa.eu/de/registration-dossier/-/registered-dossier/15697/1 

 

http://eur-lex.europa.eu/legal-content/EN-DE/TXT/?uri=CELEX:32017H0084&from=EN
https://echa.europa.eu/de/registration-dossier/-/registered-dossier/2221/1
https://echa.europa.eu/de/registration-dossier/-/registered-dossier/14722/1
https://echa.europa.eu/registration-dossier/-/registered-dossier/15514/11
https://echa.europa.eu/de/registration-dossier/-/registered-dossier/15697/1


 
 

 

 

 

 

 
“The statements in this document represent ExxonMobil’s current views, based on scientific data available to 
date. ExxonMobil reserves the right to modify this document, without prior notice, and shall not be held liable 

for any third party’s reliance on statements in this document.  The terms and conditions of purchase of product 

regulate all applicable warranties and liabilities for ExxonMobil product.” 

 

20. Extracts (petroleum), heavy paraffinic distillate solvent. REACH Registration Dossier 
https://echa.europa.eu/registration-dossier/-/registered-dossier/15684 

21. EFSA Panel on food contact materials, enzymes, flavourings and processing aids (CEF); Scientific 

Opinion on the safety evaluation of the substance hydrogenated homopolymers and/or copolymers 

made of 1-hexene and /or 1-octene and/or 1-dodecene and/or 1-tetradecene (Mw:440-12000) for use 

in food contact materials. EFSA Journal 2010; 8(2):1521 [11pp]. doi:10.2903/j.efsa.2010.1521. 

http://www.efsa.europa.eu/en/efsajournal/pub/1521 
 

22. Commission Regulation (EU) No  10/2011 of 14 January 2011 on plastic materials and articles intended 
to come into contact with food 
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32011R0010&from=EN 

 

https://echa.europa.eu/registration-dossier/-/registered-dossier/15684
http://www.efsa.europa.eu/en/efsajournal/pub/1521
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32011R0010&from=EN

