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MOSH and MOAH - White Paper

Fact sheet MOSH & MOAH for NSF-H1 food grade lubricants ( 21.CFR178.3570 compliant)

This information is based on our best and present knowledge and intended to provide general notes about MOSH and MOAH and intended use. This document is not guaranteeing
suitability for an application. Quality of our products is guaranteed under our General Conditions of Sale between Interflon BV and subsidiaries and/or contracted distributors.

Interflon® and MicPol® are registered trademarks of Interflon BV. Typical properties mentioned are based on production tolerances and do not represent a specification. Variations
that do not affect product performance are to be expected during normal manufacturing. Information provided in this document is subject to change without notice in advance.
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1. Introduction

For food processing companies reducing the risk of contamination is important. Mineral oil
compounds (MOSH and MOAH) are known contaminants. This white paper summarizes facts
about MOSH and MOAH in relation to NSF-H1 lubricants.

Competing products are analyzed during our research. They have been used for benchmarking
and validation only and are not linked to quality or performance indicators of any kind.

To avoid misunderstanding: Interflon is not disputing nor denying that unwanted and unhealthy
contamination was found in food during third party research (which is referred to in this
document). The sole purpose of this white paper is to inform our valued customers.

Interflon takes responsibility for the quality and safety of its products and formulates them with
the utmost care. This is confirmed by NSF 538 (MOAH-Free Certification for Nonfood
Compounds and Food Equipment Materials) covering more than 30 of Interflon’s NSF-H1
portfolio. Building on this, this white paper provides our valued customers with further in-depth
explanation of the topic of MOSH and MOAH.
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2. Definitions and terms
21CFR.178.3570 215t Title of the Code of Federal Regulations Section 178.3570 from the F.D.A.

Alkane
C.L.P.

Saturated hydrocarbon with carbon and hydrogen atoms.

EU Regulation for Classification, Labelling and Packaging.

Chromatography Technique to separate a mixture into individual components.

E.FS.A
F.D.A.

Mineral oil
MOH
MOSH

MOAH

PAC
PPM
REACH

The European Food Safety Authority.

The Food and Drug Administration is a U.S. government body and responsible for
protecting U.S. public health by assuring safety, efficacy, and security of human &
veterinary drugs, biological products, medical devices, food supply, cosmetics, and
products that emit radiation.

Hydrocarbons originating from earth.
Mineral Oil Hydrocarbons; Mineral oils .

Mineral Oil Saturated Hydrocarbon.
Mineral Oil Aromatic Hydrocarbon.

Polycyclic Aromatic Compounds.

Parts Per Million.

EU legislation for Registration, Evaluation, Authorization and restriction of CHemicals.
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3. Background and context

In 2013 a German consumer organization (Warentest, 2012) published a report that mineral oil
was found in chocolate. Based on analysis packaging material was pointed out as primary
source for contamination. The report was taking over by different news channels and was
spread out over Europe. Based on this information gradually supply chain partners for the food
industry were asked to deliver products free of mineral oil.

4. Mineral oils

Mineral oils are very versatile and are used in a wide range of products. In i.e. rubbers,
processing aids, coating, lubricants, cosmetics and cleaners mineral oil is used (Boogaard, et, al,
2018).

5. What are MOSH and MOAH?

MOSH and MOAH derive from mineral oil. Both are distinguished by measuring certain content
with chromatography. MOSH is the alkane content in oil, MOAH is the aromatic content in oil.
MOAH can be classified based on the number of membered rings.

6. Food Grade Lubricants

Currently MOSH and MOAH are surrounded by confusion, especially about the presence of
MOAH and MOAH in NSF-H1 registered food grade lubricants.

NSF-H1 lubricants are intended for incidental food contact (GovInfo, z.d.) under US Law (FDA
Code of Federal Regulations Title 21, section 178.3570). NSF-H1 lubricants are registered based
on formulation. NSF, (formerly) INS and 2Probity are registering the products.

Although the system is US based it is globally recognized and adapted. For decades it has been
the standard for food grade lubricants in food processing companies and HACCP environments.

NSF-H1 lubricants are designed for incidental food contact. They should never be considered as
edible ingredients. As such they should not come in contact with food. The FDA has set a limit of
ten parts per million in case of contamination (CFR - Code of Federal Regulations Title 21, z.d.).
Ingredients in NSF-H1 lubricants are not per se dangerous, but they do not meet the technical
specifications to be used for direct food contact.

7. Classification of MOSH and MOAH

Where there is MOAH you most likely will find MOSH as well. Despite this connection tracing the
origin of MOSH and MOAH can be challenging; if not impossible (Boogaard, et, al, 2018). MOSH
and MOAH showing up in analyses in food is not uncommon. i.e. In some fruits and edible oils
natural MOSH is present. It's origin cannot be distinguished.

Multiple sources (RIVM, 2019; Foodwatch, z.d.; Boogaard, et, al, 2018), show research about the
presence of MOSH and MOAH in the supply chain for the food processing industry. Most recent
data points out again packaging as a primary source for contamination followed by
contamination during harvesting.




@ INTERFLON

Stages where mineral oil contamination occurs
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Figure 1 — Possibilities of contamination in the supply chain

MOSH

In the past there was an indication that MOSH could have an adverse effect on human health.
The result from this individual “Fischer 344 rat” test was extrapolated to humans. More scientists
shared the opinion that it was a false positive test (EFSA, 2023). This type of rat cannot be
extrapolated to humans and number of studies show no health issues. With the current
evidence and after decades of safe use the EU authorities (EFSA, 2023) concluded with a
certainty of 66-95% that dietary exposure to MOSH does not present a public health risk.

MOAH

MOAH is used in lubricant for decades. One of the properties of MOAH in lubricants is to
improve solvability. MOAH can be exemplified and simplified: There are two types of MOAH in
the context of food grade lubricants.

MOAH contains Polycyclic Aromatic Compounds (PAC). PAC containing 3-7 rings raise a concern;
they are potentially carcinogenic (EFSA, 2023). PAC containing 1-2 rings are safe (EFSA, 2023) but
need further research to gather reliable oral toxicity data.

IP346 is a method that can determine presence of 3-7 rings PAC and if refinement has been
performed properly. This is part of the EU REACH and CLP legislation (Boogaard, et, al, 2018). If
mineral oil is used by Interflon for NSF-H1 lubricants they are 1-2 rings PAC containing oils and
safe for their intended use (NSF-H1 lubricants).
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Figure 2 - MOSH MOAH outline

8. Analysis

Current analyzing techniques cannot distinguish with 100% certainty PAC 3-7 and PAC 1-2 MOAH
(German Federation of Food Law and Food Science, 2019). Without context it is impossible to
have a reliable risk assessment. Another issue is the detection limit of current equipment. Most
innovative research centers have equipment with a detection limit higher (Frauenhofer, 2023)
than the upcoming legislation (which can be as low as 0,5 ppm in dry food).

0. Numbers will tell the tale

Interflon cooperated with Fraunhofer-Institut IVV Germany for chemical analyses. Frauenhofer
analyzed a total of five samples. Two products from Interflon; Interflon Food Lube HT and
Interflon Food Grease S1/2 and three products from another lubricant manufacturer. The
manufacturer from the competing products claims to have MOSH and MOAH free products
according their product data sheets and website. Interflon considers these products to be a
good benchmark in terms of lubrication quality.
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Tabelle 1: Gehalt an Kohlenwasserstoffverbindungen in der MOSH-Fraktion in den Schmiermitteln gemaB LC-GC-Analysen
Kohlenwasserstoffe in MOSH-Fraktion [%)]
Sample Cio-Cig Cie- Cao Cao - Cas Cas-Css C3s- Cao Cap - Cso Total
RM Food Grease 51/2
(#25277) <001 <0,01 <0,01 <0,01 <0,01 <0,01 <0,03
G (indirect) 77+05 1601 258x05 351x07
(#25278) <0.01 <0,01 <001 {0,01) (0,01) (0,01) (0,03)
Food Lube HT 0,1+0,01* 0,2+0,01* 0,003 =0,001* 0,4+0,01*
(#25279) 0,01) (0,01) (0,01) <0.01 <001 <0.01 (0,02)
ol - 6,7+002 1,4+004 233+02 31,4+02
(#25280) <001 <00 <om (0,01 (@,01) (0,01 (0,03)
QO :ister) 001 001 0,04 = 0,01 483+53 68x07 12418 67,656
(#25281) < <t (0,01) (0,01) (0,01) (0,01) (0,03)
* MOSH
Werte in Klammern: Nachweisgrenze
< Werte: unter der Nachweisgrenze

Figure 3 - MOSH content

Tabelle 2: Gehalt an Kohlenwasserstoffverbindungen in der MOAH-Fraktion in den Schmiermitteln gemaf LC-GC-Analysen
Kohlenwasserstoffe in MOAH-Fraktion [%]
Cio-Cie Cis- Cos Cas5 - C3s Css - Cso Total
gfgs'zoff; Grease 51/2 < 0,01 <0,01 < 0,01 <0,01 <0,01
G direct) 3,3+0,1 4,7 +0,1 8,0+0,2
(#25278) <001 <00 ©,01) ©,01) 0,01)
g}ggz%?e HT <0,01 <0,01 <0,01 <0,01 <0,01
G i) <001 20,01 2,9+0,2 41+0,3 6,9+04
(#25280) (0,01) (0,01) (0,01)
G :nistcr)

(#25281) <001 < 0,01 <0,01 <0,01 <0,01
Werte in Klammern: Nachweisgrenze
< Werte: unter der Nachweisgrenze

Figure 4 - MOAH content

Citation from the report (Frauenhofer, 2023):

All lubricants are high-purity samples. A total MOSH value of 0.4 % was determined for Food Lube HT
(#25279). The other three samples contained non-MOSH hydrocarbons in quantities of 31 and 68 %.

In the MOAH fraction, hydrocarbons that are not classified as MOAH were detected with total
concentrations of 7 and 8 %. The standard deviation is in the range between 0.01 and 0.03 %.

Only one sample (Food Lube HT; #25279) was found to contain MOSH in the low percentage range.

None of the samples contained MOAH. However, many samples contained MOSH and MOAH-like
compounds in the higher percentage range from a molecule size of C24. These can be "incorrectly”
evaluated as MOSH or MOAH if the sources and samples are not taken into account in a control
measurement. The detection limit is between 0.01 and 0.03 % for MOSH and 0.01 % for MOAH.
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10. What is the factual problem?

Looking at the data (fig. 3 and 4) MOSH and or MOAH is found in several samples. At a glance it
seems to contradict with the conclusion “None of the samples contained MOAH” (Frauenhofer
2023). More in depth reading provides the conclusion that the samples contained “MOSH and
MOAH-like compounds” which can be wrongly assessed and that samples containing MOSH
and/or MOAH are of the “unharmful” types. Even in 100% synthetic base oils suitable for NSF-H1
formulated products MOSH and MOAH can be false positive detected (Mobil, 2022).

EU 2017/84 legislation “monitoring of mineral oil hydrocarbons in food and in materials and articles
intended to come into contact with food” clearly states “to come into contact with food”. NSF-H1
lubricants are not intended for contact with food but minimize the risk. This could pose the first
potential challenge: NSF-H1 lubricants should not be in contact of food.

Secondly; current legislation is clear about food. Enforcement will presumably (most likely
customers as well) approach food grade lubricants to comply with legislation EU 2017/84.

Furthermore the maximum level of contamination is 0,5 ppm (dry food) and the most advanced
equipment has a detection limit of > 5 ppm (EFSA, 2023).

11. Interflon’s point of view

Interflon will always promote safe and hygienic best practices. Nevertheless we share the
opinion of other suppliers in the marketplace that within the current public discussion some
factual information is overseen or ignored.

Although minimizing the risk with NSF-H1 products; they have never been and are not intended
for food contact. Under normal conditions processed food will not contain MOSH and MOAH
originating from NSF-H1 lubricants. Only in highly unlikely events (incidents and accidents) very
small amounts of “unharmful” MOSH and “unharmful” MOAH coming from H1-lubricants
could end up in the final food product.

As further assurance, Interflon has registered more than 30 of NSF-H1 food grade lubricants
under NSF Certification Guideline 538, MOAH-Free Products for Nonfood Compounds and Food
Equipment Materials. This provides customers with independent, annually retested confirmation
of MOAH-Free status, on top of the existing NSF-H1 registration.

Interflon product development program has always been on reducing friction, but furthermore
reducing frequency of lubrication and reducing quantity of lubricant as well.

We emphasize that with the right products, lubrication procedures and HACCP measures the
risk of contamination from NSF-H1 lubricants can be minimized to a minimum.

On request the full Frauenhofer report can be obtained.
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