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In-depth analysis of isolated fractions of printed samples
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Disclaimer

The data shown in this presentation were generated to follow up 

Ames positive effects in printed polyolefin recyclates.

The tested samples are not representative for the market and 

are partially of unknown origin.

No general safety concern of printing inks can be concluded 

based on this data.
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National law on printing inks…

German printing ink ordinance

The following substances groups are permitted to be used to manufacture printing inks:

Evaluated substances

• Printing ink ordinance contains a positive list of substances (BfR risk assessment)

• Substances on (EU) 10/2011 positive list (without any specific restrictions)

Non-evaluated substances

• Printed part not in direct food contact

• < 10 ppb (do not migrate)

• No CMR substances

(same approach as “CH list B”)

… highlights that mutagenic substances in printing inks are critical
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Non-mutagenic printed FCMs

A portion of printed FCM samples 

scored non-mutagenic.

Partially, printing inks triggered 

inhibition.
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Printed outside of coated paper scores Ames positive

Printed outside

(Non food contact side)

In-vitro mutagenicity

Data from: Rainer & Mayrhofer et al., 2019
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Printed outside of coated paper scores Ames positive

In-vitro mutagenicity still critical: (EU) 10/2011 - no CMR substances behind functional barrier 

German Printing Inks Ordinance: use of mutagenic substance not allowed in printing inks!

Printed outside

(Non food contact side)

Non-printed inside

(Food contact side)

In-vitro mutagenicity No in-vitro mutagenicity

Data from: Rainer & Mayrhofer et al., 2019
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Printing inks are a risk factor for mutagenic effects in recycling!

Unprinted foil Printed foil
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Printing inks are a risk factor for mutagenic effects in recycling!

Unprinted foil Printed foil
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Only printed AND 

recycled materials

scored Ames positive!
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Printed LDPE bag

Untreated, printed LDPE bag scored already Ames positive.

A mutagenic response was triggered by heating (relevant for recyclablility).
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Printing ink components / degradation products

Potential sources for mutagenic activity in printed FCMs:

• Nitrocellulose binder

Source for nitroso compounds

• Azo dyes

Degradation of azo dyes is a source for (primary aromatic) amines

• Nitrosamines

Formation by decomposition of nitrocellulose inks if a secondary 

amine is present
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Untreated, printed LDPE bag scored already Ames positive.

A mutagenic response was triggered by heating (relevant for recyclablility).

LDPE foil printed with: Nitrocellulose based printing inks

Possible explanation: Degradation products of nitrocellulose could trigger Ames 

positive outcome? 
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Preparation of printed reference materials

Nitro

cellulose

Hydraulic press

160 °C

Not heated Heated
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Heating of Nitrocellulose triggers slight mutagenic activity
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Could inorganic catalytically 

active pigments promote the 

formation of mutagenic 

activity?

Titanium dioxide (TiO2) is a 

widely used pigment with 

catalytic activity.
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Preparation of printed reference materials

Nitro

cellulose
TiO2
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Heating of Nitrocellulose + TiO2 triggers mutagenic activity
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Heating of Nitrocellulose + TiO2 triggers mutagenic activity
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Heating of nitrocellulose triggers a mutagenic response in the Ames test.

Addition of TiO2 increases the mutagenic effect, probably by a catalytic effect.
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Nitrocellulose is not the only risk factor

Nitrocellulose binder Non-Nitrocellulose binder

Nitrocellulose is not the only source for mutagenic activity.
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Printing ink components / degradation products

Potential sources for mutagenic activity in printed FCMs:

• Nitrocellulose binder

Source for nitroso compounds

• Azo dyes

Degradation of azo dyes is a source for (primary aromatic) amines

• Nitrosamines

Formation by decomposition of nitrocellulose inks if a secondary 

amine is present
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Printing ink components / degradation products

Potential sources for mutagenic activity in printed FCMs:

• Nitrocellulose binder

Source for nitroso compounds

• Azo dyes

Degradation of azo dyes is a source for (primary aromatic) amines

• Nitrosamines

Formation by decomposition of nitrocellulose inks if a secondary 

amine is present

???
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Primary aromatic amines were detected

Screening for printing ink components (multi-analyte method):

• Primary aromatic amines detected

• Concentrations > 2 ppb were found (limit for PAAs according to (EU) 10/2011)

• PAA concentration increased after heating / re-extrusion

Do PAAs explain Ames positive signals?

• PAAs mainly positive in TA100 +S9, printed samples positive in TA98 +S9

• PAA concentration does not explain the high activity in printed samples

Is there any other mutagenic substance group present?
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Fractionation: reduces the chemical complexity

Time
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Only the peaks in the Ames positive fraction need to be identified!

Fraction 1 Fraction 2 Fraction 3 Fraction 4 Fraction 5

PositiveAmes result:
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≥ 2 different mutagenic substance groups?

At least 2 mutagenic substance groups are present
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≥ 2 different mutagenic substance groups?

At least 2 mutagenic substance groups are present
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≥ 2 different mutagenic substance groups?

At least 2 mutagenic substance groups are present
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≥ 2 different mutagenic substance groups?

At least 2 mutagenic substance groups are present
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At least 2 mutagenic substance groups are present
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At least 2 mutagenic substance groups are present
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At least 2 mutagenic substance groups are present
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PAAs

? Identity of substances in eluate fraction - with 

stronger signals - remains unknown!

≥ 2 different mutagenic substance groups?
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However: Identification of the mutagenic source – not easy!

Standard GC-MS “NIAS” 

Screening:

High number of peaks!

Source for mutagenicity could 

not be detected!

Hypothesis:

Mutagenic substance is 

probably not volatile or semi-

volatile.
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Summary & Outlook

• Some printing inks could be a potential risk factor for mutagenic effects.

• Heating of nitrocellulose induced mutagenic activity - critical for plastic recycling!

• Besides nitrocellulose, printing inks provide additional – so far unknown – sources of 

mutagenic activity.

• A (small) fraction of mutagenic activity can be explained by primary aromatic amines.

• Most activity remains unexplained and cannot be detected by GC-MS screening.

To find source for mutagenic activity:

Defined printing inks / ink components will be systematically tested!
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