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If exposure limits for specific hazardous substances are lowered, this often 
has far-reaching consequences for industry. Carcinogenic substances pose 
special challenges to industry. Companies have to prove that they maintain 
low limit values, and in the long term, document this compliance. An innovative
concept helps to manage these risks.

Lower exposure limits for 

carcinogenic substances – 

a growing challenge
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LOWER EXPOSURE LIMITS FOR CARCINOGENIC SUBSTANCES – A GROWING CHALLENGE

What are the goals of workplace exposure limit 
values?
Maintaining occupational exposure limits (OELs) is an important 
occupational safety task. The goal is to protect workers against 
health risks caused by hazardous substances in the workplace. It 
assumes that a hazardous substance has been identified during 
the risk assessment process and has been classified as dangerous 
in certain dosages by the relevant occupational safety institutions. 
The workplace exposure limit normally specifies at what concent-
ration of a substance no acute or chronically damaging health ef-
fects may generally be expected. Workplace exposure limits are 
specified exclusively on the basis of existing occupational health 
experience and toxicological knowledge.

The OEL defines the quantity of a hazardous substance that a 
worker may be exposed to on average during a shift – normally 
eight hours – for five days a week during their working life without 
suffering damage to their health. If contact with the hazardous sub-
stance cannot be avoided via substitution or organisational measu-
res such as early shift changes, and if the actual contamination of 
the workplace atmosphere is higher than the limit, then personal 
protective equipment like respiratory protection must ensure the 
safety of the worker.

Company obligations
The actual concentration of specific hazardous materials in the 
workplace must be checked regularly according to legal and other 
regulatory specifications – including internal regulations. The ins-
pection cycle and method along with the evaluation and recording 
of measurement results all form part of the occupational safety re-
gulations. In Germany, determining the concentration of hazardous 
substances in the workplace air is the duty of the employer. The 
situation is similar in many countries around the world. The manager 
may delegate this task to a suitable position if he cannot complete 
the inspection himself due to technical or staff concerns.

A life-long responsibility
An employer‘s duty of care goes far beyond the actual time of 
employment in many countries and regions of the world. For ex-
ample, the central exposure database (ZED) of the IFA (Institute 
for Occupational Health and Safety of the Germany Social Acci-
dent Insurance) has been available in Germany since 2015. This 
is based on EU Directive 2004/37/EC. In this case, employers 
whose employees are in contact with carcinogenic substances of 
category 1 A and 1 B such as benzene, asbestos, formaldehyde, 
and diesel particle emissions in the workplace must record perso-
nal exposure data. They therefore follow the obligation resulting 
from the German hazardous substances ordinance to document 
contact between employees and carcinogenic, fertility-reducing, 
and gamete-altering substances. In order to be able to analyse the 
cause and effect relationships retroactively and over many years, 
companies must archive this data for 40 years. Workers who reach 
the end of their career may request their personal exposure history 
from the ZED.1
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* �Nenonen N., Hämäläinen P., Takala J., et al. (2014) Global estimates of occupational accidents and fatal work-related diseases in 2014, 
Singapore, Workplace Safety & Health Institute. http://goo.gl/UlZorD

US-OSHA example: Limit values over 40 years old
It is often only the latest scientific research and discoveries and re-
trospective causal analysis concerning potential work-related cases 
of illness and fatality that help us understand the type and scope of 
danger of a substance vis-a-vis the human body. With the EU-wide 
REACH ordinance, an important step has been taken for documen-
ting and monitoring the composition, area of application, and possible 

mode of action of substances and mixtures used by industry.
This knowledge is necessary to adjust workplace limit values conti-
nuously to the actual danger potential. This is normally the task of 
local lawmakers. In the USA, for example, the Occupational Safety 
and Health Administration (OSHA) lowered the workplace limit for 
respirable crystalline silica by two to five times to 50 μg/m3 (depen-
ding on the previous industry standard) for the first time in 40 years 

OCCUPATIONAL CANCER WAS KNOWN ABOUT AS FAR BACK AS 1755

1755: 
Recognition of testicular

cancer in chimney sweeps 
as an occupational cancer

1895: 
Identification of 2-naphthylamine 

as cause of bladder cancer in 
dye plant workers 

1974: 
Recognition of vinyl chloride as 
the cause of liver tumors in the 

plastics industry

2011: 
Classification of formal-
dehyde as carcinogenic

Every year, 660,000 deaths occur 
    worldwide due to work-related cancer.*
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in spring of 2016.2 Inhaling crystalline silica causes lung damage 
right through to cancer. However, it often takes 30 years or more 
between the initial exposure to crystalline silica and the appearance 
of any illness. According to a study by the National Institute for Occu-
pational Safety and Health (NIOSH), around 100 people still die of 
silicosis due to crystalline silica exposure each year.3 Based on esti-
mates of the OSHA, the new limit specification could save over 600 
lives and prevent 900 new cases of silicosis annually. The OSHA has 
announced that it will gradually adjust many limit values that have not 
been changed for 40 years.

The clock is ticking
But why is the impulse for lowering exposure limits coming so late, 
when every second of reduced exposure could mean an investment 
in a life? As described, many work-induced illnesses appear after 
long delays and are therefore only able to be diagnosed later. Ad-
ditionally, later effects are often unforeseeable for recently created 
substances, especially in case of nanomaterials. In this case, ac-
companying research and documentation must be produced. In ad-
dition, there are sometimes missing or failed control mechanisms at 
national or company level. This makes a neutral judgement and un-
derstanding of how dangerous the substance really is more difficult.

Lung

Asbestos, crystalline silica, 
diesel engine exhaust, 
arsenic, chromium, nickel

Modified according to Siemiatycki, J, et al. Listing occupational carcinogens. Environmental Health perspectives, Vol. 112, no. 15 (2004). p. 1447-1459

Liver and biliary tract

Trichlorethylene, vinyl chloride

Bladder

Aromatic amines

Skin

Mineral oils, poycyclic aromatic 
hydrocarbons

Nasopharynx

Formaldehyde

Larynx

Acid mists, abestos

Mesothelioma

Asbestos

Ovary
Asbestos

Leukemia

Benzene, Formaldehyde

Non-Hodgkin-Lymphoma

Trichlorethylene

SELECTED CANCERS AND ASSOCIATED WORKPLACE EXPOSURE
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In the case of benzene6, a category 1 A carcinogenic substance is 
involved. The exposure-risk relationship model applies to this sub-
stance. It describes the relationship between the concentration of 
the substance (during inhalation) and the appearance of cancer. 
This enables the statistical probability of cancer to be determined 
for a daily benzene exposure of eight hours (one working day) over 
a period of 40 years of employment.

Benzene – an important basic material in the chemi-
cal industry
The aromatic hydrocarbon benzene is a colourless fluid that oc-
curs in fossil fuels like crude oil and petroleum. The substance is 
a component of petrol and petroleum. The chemical industry uses 
benzene as an initial product for other bonds, and these in turn flow 
into the production of consumer articles. Benzene is used for syn-
thesising many bonds, for example aniline, styrene, nylon, synthetic 
rubber, plastics, detergents, insecticides, dyes, and much more. 
Furthermore, benzene is used in the production of important basic 
materials in the chemical industry such as phenol, nitrobenzene, 
aniline, chlorobenzene, hydroquinone, and picric acid. Benzene is 
also used as an extraction medium and solvent, as a laboratory che-
mical, and as an additive in petrol.

In order to be able to illustrate new limit values using control measu-
rements, not only is a new measurement strategy frequently neces-
sary, but a greater investment in the equipment pool is often also 
required. The previous measurement methods and devices are not 
always suitable due to their limited measurement range, for example 
in cases where an exposure limit has been reduced tenfold. In 
addition to the time required to select a product that can manage the 
new measuring task, this process can naturally also involve costs. 
Stricter sanctions may also be enforced by regulating occupational 
safety organisations for future limit value breaches. Conclusion: 
Limit value reductions always have an economic effect on employers.

OEL specifications: benzene as an example
In Germany, a difference is usually made between the health-based 
OEL, which is indicated in mg/m3 or ppm 4, and the risk-based va-
lue. The latter applies to carcinogenic substances: In this case, the 
substance in a concentration may be considered completely harm-
less. If activities in the presence of such substances cannot be avo-
ided, then an especially strict protective measures concept applies, 
as do special, risk-related exposure limits based on the Technical 
Rule for Hazardous Substances (TRGS) 910 published by the Fe-
deral Institute for Occupational Safety and Health (BAuA).5

LOWERING EXPOSURE VALUES: A CHALLENGE
FOR COMPANIES

Each reduction of workplace exposure limits elicits new 
decisions and actions in companies, for example:
–	�revising danger assessments, work instructions, and 

permission certificates,
–	changing over to less hazardous substances,
–	reorganisation of workplaces,
–	checking occupational health prevention programs,
–	reallocation of shift lengths and plans, and
–	�adjustment of workplace control mechanisms and 
	 routines.

FACTS & FIGURES

Benzene

Formula: C6H6

Identifiers: CAS 71-43-2, 
Label required: Flammable liquid
Explosion limits, % by volume: LEL: 1.2; UEL: 8.6
Health rating (NFPA): 3 (dangerous)
Odor threshold: 0.78 ppm
Health effects: Eye, nose and respiratory tract irritation 
leading to headache, dizziness, convulsion and coma. 

Chronic: Cancer (leukemia)
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According to a current market research, a continuously increasing 
demand for benzene is expected worldwide: Up to 2021, consump-
tion will increase by over 7 million tons; benzene revenues are likely 
to exceed 69 billion US dollars. Massive upgrades in benzene pro-
duction capacity are relevant to the development of the global ben-
zene market, as are the downstream products located in the Middle 
East/Africa and in the Asia-Pacific region.7

As early as the 1920s, benzene was known to cause severe blood 
disorders. Since 1950, medical case descriptions have appeared 
that made a clear statement: Benzene causes leukemia. Since the 
1970s, benzene has qualified as a carcinogenic substance that has 
also been connected with malignant changes in the lymph nodes. 
As a result, in 1971 the International Labour Organization (ILO) pu-
blished ”Agreement 136 concerning protection against poisoning ha-
zards caused by benzene”.  Two years prior to this, the US OSHA 
defined an eight hour workplace exposure limit (Time Weighted Ave-
rage – TWA) of 10 ppm. Today, the US OSHA TWA for benzene 
is set at 1 ppm TWA. The American Conference of Governmental 
Industrial Hygienists (ACGHI®) specifies a limit value for benzene of 
just 0.5 ppm (Threshold Limit Value – TLV®).  This value is used as 
an internal benchmark at many industrial companies.

An exemplary concept for risk minimisation in case of 
benzene exposure
For carcinogenic substances like benzene, there are normally no 
definable maximum limits that would completely exclude any health 
impairment if they are not exceeded. No contact at all would be 
the best option in this case; cancer represents 53% of the most 
frequent work-related causes of death within the EU.10 However, 
because activities involving benzene frequently cannot be avoided 
(especially in the chemical industry), special protective measures 
apply across the EU. Germany is a pioneer in the implementation 
of this especially strict directive on carcinogenic substances and 
mutagens (2004/37/EC). The safety concept for benzene work-
places is derived from the so-called ‚risk acceptance concept‘, which 
is a traffic light model: This differentiates between a high (red), 
medium (yellow), and low risk (green). The boundary between the 
high risk and the medium risk is designated as the tolerance risk. 
The tolerance risk corresponds with a statistical additional cancer 
risk of 4:1,000. This means that with this risk, there is a statistical 
probability that four people out of 1,000 will develop cancer over the 
course of their working life.

Red: Stop!
Health risk no longer 
tolerable – application 
prohibited if no clear 
exposure reduction 
follows. 

Hazard range
Risk > 4:1,000

Yellow: Attention!
Health risk is undesirable 
– explain via active risk 
management.

Concern range

Green: Go!
Health risk is acceptable 
– duty of care remains in 
force.
Basic care range
Risk < 4:10,000

Rising health risk

RISK ACCEPTANCE CONCEPT
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The limit between the medium risk and the low risk is referred to 
as the acceptance risk. Employers must take measures within this 
zone to reduce the residual risk up to the acceptance risk value. 
According to the TRGS11 910 for benzene published by the Fe-
deral Institute for Occupational Safety and Health, an acceptance 
risk of 4:10,000/working life period will remain valid until 2018.12 

This value describes the theoretical acceptance of four cancer ill-
nesses in 10,000 among permanently exposed workers. This risk 
acceptance, which will apply until 2018, corresponds with an ac-
ceptance limit of 0.06 ppm or 0.2 mg/m3 benzene. From 2018, 
the acceptance risk will be reduced to 4:100,000 – the accep-
tance threshold for benzene will therefore drop to 0.006 ppm or 
0.02 mg/m3. The guideline values for the tolerance risk (4:1,000/
working life period) will also remain, as will the tolerance threshold 
(0.6 ppm).

With the clear reduction of the acceptance level starting in 2018 
(initially within Germany and then potentially in other countries) ac-
tivities and workplaces must be re-evaluated according to the risk 
assessment and rated as medium risk areas. This could, for examp-
le, cause the actual benzene concentration in certain work areas 
no longer to be controlled just through interval measurements, but 
instead via permanent workplace monitoring. High demands will be 
placed on the measurement process: The measurement system 
must be sensitive enough to be able to detect concentrations se-
curely in the range below 1 ppm as well. The measurement results 
must be available as quickly as possible – typically within just a 
few minutes. Furthermore, the measurement system must remain 
substantially free of cross-sensitivities. This means that other subs-
tances occurring in the work area such as hydrocarbons or aroma-
tic compounds cannot be permitted to influence the measurement 
results. For this reason, the reliable detection of benzene concen-
trations below 0.5 ppm is generally a task for specialists and for 
especially precise measurement technology. On the one hand, the 
measurement performance depends on the sensitivity of the mea-
surement device, and on the other, it depends on the quality of 
the hose material used for sample taking if a pump is used. For 
example, if the material used for the pump hose attracts benzene, 
then this could falsify the measurement results. The same applies 
to incorrect calibration of the measurement device before the ac-
tual measurement.

Source: Gestis,17 Dräger VOICE®18

To ensure that companies have a chance to meet the new, more de-
manding limit values, Dräger has developed the new Dräger Tube® 
Benzene 0.25/a. It is capable of displaying this low measurement 
range, while at the same time it is easier to use than its predeces-
sor (one double tube).

BENZENE – A COMPARISON OF CURRENT 
INTERNATIONAL WORKPLACE EXPOSURE LIMITS

Workplace exposure limit (eight hours)
	 ppm	 mg/m3

	Australia	 1	 3.2
	Austria	 1	 3.2
	Belgium	 1	 3.25
	Canada – Ontario	 0.5	
	Canada – Québec	 1	 3
	China		  6
	Denmark	 0.5	 1.6
	European Union	 1	 3.25
	Finland	 1	 3.25
	France	 1	 3.25
	Germany	 0.613	 1.914 
		 0.0615	 0.216 
	Great Britain	 1	
	Ireland	 1	 3
	Italy	 1	 3.25
	Japan	 10	
	Lithuania	 1	 3.25
	Netherlands		  3.25
	New Zealand	 1	
	Norway	 1	 3
	Poland		  1.6
	Singapore	 1	 3.18
	South Korea	 1	 3
	Spain	 1	 3.25
	Sweden	 0.5	 1.5
	Switzerland	 0.5	 1.6
	USA – NIOSH	 0.1	 0.32
	USA – OSHA 	 1	
	USA – TLV® 	 0.5	
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In general, the prevention principle represents an international trend 
in occupational safety. The goal is to reduce to zero the work expo-
sure to carcinogenic substances and the proven hazardous dangers 
to the human body that result from them. To make this possible, 
the production systems, the risk assessments and the countermea-
sures to be introduced must all be improved to include the best 
available technology. Suitable measurement strategies, continuous 
monitoring, and good documentation of the hazardous substance 
concentrations occurring contribute to reaching this goal.

Because the German and EU-wide occupational safety standards 
are normally considered progressive internationally, many countries 
are also expected to lower their limit values for benzene as well. 
The US-NIOSH has already reacted to the particularly toxic effect 
of benzene and lowered the limit value to 0.1 ppm. This is therefore 
even lower at the moment than the current German specification.
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1	   http://www.dguv.de/ifa/GESTIS/Zentrale-Expositionsdatenbank-(ZED)/index.jsp; accessed: 2016/06/16

2	 https://www.osha.gov/silica/; accessed: 2016/06/16

3	 http://www.cdc.gov/mmwr/preview/mmwrhtml/mm6405a1.htm; accessed: 2016/06/16

4	 ppm – parts per million

 5	 http://www.baua.de/en/Topics-from-A-to-Z/Hazardous-Substances/TRGS/pdf/TRGS-910.pdf?__blob=publicationFile&v=6; accessed: 2016/06/17

6	� For more information about the potential risks of benzene and how to handle benzene safely, visit http://gestis-en.itrust.de/nxt/gateway.dll?f=templates$fn=default.
htm$vid=gestiseng:sdbeng; accessed: 2016/06/17

7	 http://www.ceresana.com/en/market-studies/chemicals/benzene/ceresana-market-study-benzene.html; accessed: 2016/06/21

8	 http://www.ilo.org/dyn/normlex/en/f?p=NORMLEXPUB:12100:0::NO::P12100_ILO_CODE:C136; accessed: 2016/06/17

9	� http://www.acgih.org/forms/store/ProductFormPublic/2016-guide-to-occupational-exposure-values; Accessed: 2016/10/30. TLV® is a registered trademark owned by 
ACGHI®.

10	 http://europa.eu/rapid/press-release_IP-16-1656_en.htm; accessed: 2016/10/10

11	 Technical rules for hazardous substances

12	 http://www.baua.de/de/Themen-von-A-Z/Gefahrstoffe/TRGS/pdf/TRGS-910.pdf?__blob=publicationFile&v=17; accessed: 2016/06/17

13	 Current tolerance risk; version: June 2016

14	 Current tolerance risk; version: June 2016

15	 Current accepted risk; version: June 2016; starting 2018: 0.006 ppm

16	 Current accepted risk; version: June 2016; starting 2018: 0.02 mg/mw

17	 http://limitvalue.ifa.dguv.de; accessed: 2016/06/20

18	 http://www.draeger.net/voice/getSubstanceDetails.do?substanceId=50; accessed: 2016/10/11
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