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1. Management Summary

In industrialized societies, VOCs (volatile 
organic compounds) are prevalent in many 
homes and workplaces. These harmful gases 
and microscopic particles can be detrimental 
to both the environment and health, espe-
cially in industry settings where workers are in 
prolonged contact with VOC emissions. One 
such industry is the printing one: The sol-
vents used in inks and cleaning agents are 
a major contributor to VOCs in the field. 

In terms of the environment, VOCs contribute 
to global warming and cause air pollution, 
which has serious detrimental effects on both 
animals and plants. They also pose a severe 
potential health hazard for humans, with side 
effects ranging from skin irritations, head-
aches and dizziness to fatigue, permanent 
damage to the liver, kidneys, and central 
nervous system and even cancer. 

This has led the industry to adopt a number of 
changes and measures to reduce the amount 
of VOCs emitted during the printing process. 
Especially workers at the printing presses 
need to be better protected against the dan-
gerous harmful chemicals. Next to a number 
of local and international government directi-
ves and regulations, industry players have 
also developed new processes and techno-
logies that help cut down on VOCs.

Expensive VOC removal equipment, such as 
Regenerative Thermal Oxidizers, is needed 
to reduce the amount of VOCs workers are 

directly exposed to. Even more effective and 
sustainable, however, are measures that re-
duce the VOC emissions produced in the first 
place. The most important factor is inks: From 
water-based inks to energy curing techno-
logies involving electronic beams (EB inks) 
or ultra-violet light (UV inks), there are now 
a number of alternatives on the market that 
minimize VOC output from the printing and 
curing stage.  

The Problem: These inks can only be remo-
ved through a solvent-based cleaning liquid, 
which in turn contain a lot of VOCs. To over-
come this last remaining obstacle towards 
a 100 percent VOC-free printing process, 
Japanese advanced materials expert Toray 
has developed a process for making water-
washable EB ink, which allows for the use of 
water-based cleaners. 

The solution is designed for waterless offset 
printing, particularly in the flexible packaging 
printing field. Together, the combination of 
water-washable EB inks, water-based clea-
ners, and waterless offset printing cons-
titutes the first completely VOC-free, tried 
and tested solution for the flexible package 
industry, as the graph on the next page  
clearly indicates.

Toray is currently working on expanding  
the technology for other types of inks and  
printing methods. 
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Wet Offset with EB Ink

Waterless offset print with water-washable EB ink

Flexo with Solvent Ink

Gravure with Solvent Ink

Flexo with Water-washable Ink

100 % VOC-free

Printing method, ink type, and the cleaning agent used all influence the VOC output of the printing process

2. VOCs: What they are 

VOC (short for “Volatile Organic Com-
pounds”) is a broad term used to describe 
a number of different, often harmful gases 
and microscopic chemicals found in the 
air. They occur in both indoor and outdoor 
spaces, although concentration tends to be 
up to ten times higher in closed spaces1. In 
both cases, VOC concentration is measured 
in ppm (parts per million). While some VOCs 
are naturally occurring, many, such as form-
aldehyde, benzene, or toluene, are formed 
during the production, use, or even storage 
of certain products. 
 

The sources of VOCs can be varied: From hair-
sprays and deodorants to paints and lacquers, 
the production of gasoline, or the burning of 
the same in an automotive engine. In many in-
dustry applications, solvents are a main source 
of VOCs, as they are a key component for 
most types of paint and cleaning liquids. In the 
printing industry, inks are usually the most sub-
stantial contributor, although cleaning agents 
also play a role. Released into the air, these 
chemicals are harmful for both the environment 
and the people who come into contact with 
them, making VOCs both a sustainability and  
a workplace safety issue. 
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3. Harmful effects of VOCs

3.1. Environment
VOCs play a significant role in the formation  
of ozone and fine particulates in the atmo-
sphere. As such, they have a number of ad-
verse effects on the environment. As early as 
2007, a report issued by the Department for 
Environment, Food and Rural Affairs, Welsh 
Assembly Government, the Scottish Executive 
and the Department of the Environment for 
Northern Ireland has looked into the climate 
change consequences of VOCs in great de-
tail2. The results were clear: “A consequence 
of the uncontrolled emission of VOCs, in ge-
neral, and solvents, in particular, is that they 
may act as greenhouse gases,” thus contribu-
ting to climate change. Some VOCs interfere 
with the earth’s radiation balance. The trace 
gases absorb part of the atmosphere’s outgo-
ing infrared radiation, thus contributing to the 
greenhouse effect. 

Next to CO2 (a component of VOCs), ground-
level ozone and methane are among the main 
particulates driving climate change. When 
VOCs are exposed to sunlight, a chemical re-
action of the gases with nitrogen oxides (NOx) 
and carbon monoxide (CO) in the air is trigge-
red. The result is the formation of tropospheric 
ozone (O3) – better known as ground-level 
smog. This toxic fog has been shown to nega-
tively impact wildlife, often leading to fertiliza-
tion issues of stifling growth in plants. And not 
just animals and plants are at risk: Humans  
likewise suffer negative health outcomes 
when exposed to larger amounts of smog.

1  United States Environmental Protection Agency:  
 https://www.epa.gov/indoor-air-quality-iaq/volatile-organic-compounds-impact-indoor-air-quality 
2  AEA Energy & Environment:  
 https://uk-air.defra.gov.uk/assets/documents/reports/cat07/0710011214_ED48749_VOC_Incineration_-_CC_Report_v3.pdf 

Plant  
infestations

Climate 
change

Ground-level 
smog
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3.2. Worker’s health
Exposure to substandard air quality is among 
the leading global health risks of today. The 
WHO has found that, in its European region 
alone, exposure to VOCs and other particular 
matter decreases overall average life expec-
tancy by almost one year . An increased risk 
of cardiovascular and respiratory diseases, 
as well as lung cancer, are among the main 
causes for this alarming development. 

The negative effects of VOCs are especially 
harmful for health vulnerable groups, such as 
children, the elderly, or people with asthma. 
Workers in prolonged contact with these trace 
gases are equally at risk. In the printing indus-
try, this is mostly true for the people working 
and maintaining the printing presses: As clea-
ning liquids and especially inks are the main 
contributors to VOCs, this group is most likely 
to spend prolonged periods of time in close 
proximity to any potentially harmful gases. 

Although the installation of ventilation or air 
filtration systems has become a norm in many 
printing presses, the adverse health effects of 
VOC cannot be completely avoided as long 
as workers come into direct contact with the 
harmful gases. To adequately protect workers 
from the more adverse effects of VOC expo-
sure, the UK Health and Safety Executive 
demands that press operators guarantee “five 
to ten air changes per hour, with a through 
draught ” when handling conventional inks. 
Even in small doses, however, VOCs can 
induce acute or permanent health damage, 
although severity increases with higher con-
centrations or longer exposure. 

VOCs have been shown to be associated  
with a number of different health problems, 
including: 

3 World Health Organization: https://www.euro.who.int/en/health-topics/environment-and-health/air-quality/data-and-statistics 
4  Health and Safety Executive: https://www.hse.gov.uk/pubns/guidance/p4.pdf 
5  Although cancer is typically caused by a number of factors working in congruence, over-exposure to some VOCs can increase  
 the chances of getting cancer.

Short-term  
Exposure

Irritation of the  
respiratory tract 

Headaches  

Dizziness 

Long-term  
Exposure

Irritation of the eyes,  
nose, and throat

Nausea

Fatigue

Allergic skin reactions

Damage to the liver, kidneys, 
and central nervous system

Cancer5
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4. Towards a VOC-free Printing industry

The printing industry itself has likewise taken 
steps to reduce the amount of VOCs produ-
ced during the printing process. What soluti-
ons work, however, depends to some degree 
in the printing solution that is being used.

The Status Quo: Gravure, Flexo, 
and plenty of solvents

The two most common methods for flexible 
packaging printing at the moment are gravure 
and flexographic printing. In the former, the 
ink is transferred to a substrate from small, 
recessed cells engraved in the cylinder’s  

1999

2012 
– 

2014

2020

The European Commission issued The VOC Solvents Emissions  
Directive, forcing the industry to lower both the emissions of VOC  
in general, and solvents in particular6.

Printing plants in Osaka, Tokyo, Hokkaido and Miyagi all reported cases  
of employees getting biliary cancer. Dichloropropane, a chemical used  
to clean printing presses, was found to be the cause in all cases. It was  
subsequently declared as carcinogenic (Carc 1B) by the European  
Chemicals Agency (ECHA) and is gradually being withdrawn from use.

China releases new standards to reduce VOCs in key industries, including 
the printing and packaging industry, in order to get the nation’s serious 
smog problem under control.

In light of these health risks for workers, it is 
not surprising that a number of national and 
international directives have sought to regu-

surface. Typically, a webbed substrate is 
used. The latter uses raised surfaces on a 
flexible plastic or rubber printing plate, which 
pick up the ink and transfer it to the substrate.

Both methods require specific inks, with va-
rying concentrations of VOCs. Regardless of 
the printing method, inks are by far the most 
significant contributor to VOCs in the printing 
process: They contain solvents, e.g. in the 
form of petroleum distillates, which evaporate 
into the air when the printed substrates are 
placed in the drier. Expensive VOC removal 
equipment like Regenerative Thermal Oxidi-

late the amount and concentration of VOCs in 
the printing process:

6 European Commission: https://ec.europa.eu/environment/archives/air/stationary/solvents/ 
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4.1 Water-based inks
Water-based inks use water as the main solvent, thus significantly 
reducing the amount of VOCs. Some water-based inks don’t contain 
VOC-containing solvents, but this is not necessarily the case: As so-
called co-solvents, a certain amount of petroleum-based VOCs can 
still occur in many water-based inks currently available. While the 
potential for VOC reduction is significant, market adoption of water-
based flexo inks has so far been slow.  

4.2 UV inks
UV inks likewise emit minimal VOCs due to their different curing 
system: As the name suggests, ultra-violet light is used instead of 
heat to cure these specially formulated inks. While promising for a 
number of applications, the potential use for packaging printing is 
limited – as these inks contain photo initiators, which can be unsafe 
for food and drink packaging. UV inks are currently mostly used 
for printing paper and labels and are not widely available for flexo 
printing presses in food flexible packaging.  

4.3 EB inks
An innovative curing system is also the defining factor for EB inks. 
Here, an electronic beam is used to cure the ink on the substrate.  
EB inks do not contain any photo-initiators and are food safe. While 
still a relatively new development, the demand for flexographic  
EB inks is expected to grow. It must be noted, however, that these  
inks are not completely free of VOCs. This is not the case when  
EB inks are applied to another printing method: offset printing. 

zers may be used to capture and treat most 
of these fumes, but so-called “fugitive emissi-
ons” cannot be entirely avoided. 

Flexographic solvent inks usually show a VOC 
concentration of 40-60%, while gravure inks 
go up to 60-80%. Furthermore, the gravure 
printing process requires thicker coats of inks 
(up to 1.5 times the thickness of flexo inks), 
which further drives up VOC emissions. 

Due to the specifics of the printing process, 
reducing VOC emissions in gravure printing 
has proven extremely difficult. Some strides 
were made, however, in the field of flexo-
graphic printing with the introduction of new 
types of inks. In order to reduce VOCs in inks, 
both the formulation of the ink itself and the 
curing technology therefore need to be taken 
into account.
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While an established alternative printing met-
hod in newspaper or label applications, offset 
printing is still virtually unknown in the flexible 
package printing industry. However, the short 
pre-press cycle and relatively low costs for 
producing printing plates compared to engra-
ving cylinders for gravure or developing solid 
polymer/rubber layers for flexo printing, holds 
potential especially for smaller and medium-
sized printing runs. Offset printing also offers 
great potential in the ink department. Especi-
ally EB inks for offset printing, which are food 

5. Eliminating VOCs: Waterless Offset printing and EB inks

The main obstacle for a wider adoption of 
offset printing for flexible packaging at the 
moment, is the use of dampening water: First, 
setting the perfect balance between ink and 
dampening water for the best quality results 
is difficult. Second, it can create issues with 
the adhesion between the ink and substrate. 
Furthermore, dampening water typically con-

safe and entirely free of VOCs, are an attractive 
alternative for food flexible package printing.
The basic printing process goes as follows: 
Typically, an offset printing plate consists of an 
image area and a non-image area. While ink 
adheres to the image areas, the dampening 
water used on the non-image areas repels ink 
(wet offset printing). Thus the ink only adheres 
the non-wetted image areas. The image to be 
printed is transferred to a rubber blanket cylin-
der and then to the substrate. 
 

tains isopropyl alcohol (IPA), which can have 
adverse health effects by VOCs.  

This is not the case for another type of offset 
printing: waterless offset printing. Instead of 
dampening water, an ink-repellent silicone 
layer is used for the non-image areas, elimi-
nating the need to wet the printing plates. In 

The main obstacle of the conventional offset printing process for flexible packaging is the use of dampening water.

Repelling ink with dampening water

Dampening water
(containing IPA)

Conventional plate

Ink Conventional Printing Plate

EB curing
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Europe, products like Toray’s IMPRIMA wa-
terless printing plates have made this printing 
method popular for applications like newspa-
per or label printing. With the development 
of a new water-washable EB ink, the printing 

Waterless offset printing is the first completely VOC-free printing process.

Repelling ink with silicone rubber

6. Ink cleaners: The last barrier towards truly VOC-free printing

method opens the way for the first completely 
VOC-free printing process in flexible package 
printing – without compromising adhesibility  
or printing quality. 

Even with these substantial advancements in 
ink technology, there still remains one part of 
the printing process where VOCs occur: the 
cleaning process of the inking units of printing 
presses. The cleaning agents used for this 
purpose are normally composed mostly of 
solvents, meaning that they have a very high 
VOC concentration. Although the effect on the 
overall printing process is lower than that of 
inks, the health risk for workers is especially 
high: As the presses are usually cleaned by 
hand, they come into direct contact with the 
harmful chemicals contained in them.

Water-based cleaning liquids offer a solution, 
but neither solvent-based nor water-based 
inks can be thoroughly removed with such 
a cleaning solution. To date, the only water-
washable inks that can be cleaned with water-
based cleaning liquid is a special EB offset 
ink developed by the Japanese materials 
expert Toray. The ink in question has been 
developed specifically for waterless offset 
printing process and offers the first 100% 
VOC-free printing process in the world. The 
process is currently being tested for the fle-
xible packaging printing industry, particularly 
food packaging.

EB curing

Silicone rubber

Waterless plate

Ink
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More and more, the printing industry has  
started to recognize the problem of VOCs  
and has taken extensive measures to reduce 
the amount of harmful emissions. However,  

7. Outlook: The Future of VOC-free printing

To date, the only way to ensure that absolute-
ly no VOC emissions occur during the printing 
process is a system developed by Toray: The 
use of IMPRIMA waterless printing plates and 
water-washable offset EB inks in combina-
tion with a water-based cleaning liquid. The 
inks were originally developed exclusively for 
waterless offset printing. However, Toray is 

a truly VOC-free printing process is only pos-
sible when all elements come together across 
the entire printing process.

planning to expand the VOC-free printing field 
to other methods, as well. Research into fle-
xographic printing is already under way – and 
under the initiative P4E (Print for Ecology, Ex-
cellence, Efficiency, Epoch), the company is 
hoping to attract other companies to join the 
effort towards a VOC-free future of printing. 

100% VOC-free printing

waterless 
offset printing

water-washable  
EB ink

water-based  
cleaning liquid



For more information about Waterless printing, 
P4E and Toray, please contact:

EMEA

Toray International Europe GmbH
Graphic Systems

Hugenottenallee 175
63263 Neu-Isenburg
GERMANY

Email: ipm.tieu.mb@mail.toray
Phone: +49 6102 7999 165
Web: www.toraywaterless.com

Japan & other areas

Toray Industries, Inc.
Electronic & Information Materials Division 

6th floor, Mitsui Tower, 1-1, 
Nihonbashi-Muromachi 2-chome, Chuo-ku, 
Tokyo 103-8666
JAPAN

Email: ipm.toray.mb@mail.toray
Phone: +81 3 3245 4083
Web: www.toraywaterless.com


