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1.3-butadiene, ethylene oxide and acrylonitrile continue to be important com-
ponents in the manufacturing of plastics and intermediate products in the 
chemical industry. The use of these volatile organic compounds (VOCs) can-
not be eliminated. However, all three substances are known carcinogens with 
strictly low workplace limit values. Organisations must ensure they stay within 
these thresholds by establishing strategies for precise and reliable monitoring.

Strategies for measuring

volatile organic compounds 
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STRATEGIES FOR MEASURING VOLATILE ORGANIC COM-
POUNDS

Important raw chemicals in plastics production
Butadiene, ethylene oxide and acrylonitrile are actively produced 
as raw chemicals and are stored in tanks until further processing.
Because of high vapour pressures, they occur in gaseous form. There
is always a risk that leakages may occur during transit around plant 
facilities, at transfer points and through valves, meaning these hazar-
dous substances can also be present in the air in open areas. Tanks or 
containers carrying these substances must occasionally be cleaned
and maintained. Before any maintenance work and inspections 
take place, clearance measurements must be taken to help protect
workers from exposure to these substances. Employees must then 
be monitored as they carry out their work.

Occupational exposure limits for VOCs
There are acute toxic effects as well as chronic long-term health 
effects from exposure to butadiene, ethylene oxide or acrylonitrile.
However, incidents of work-related cancer and other illnesses 
caused by exposure to VOCs can be prevented with strategies for 
measuring these substances in every possible work scenario.

In recent decades VOCs have been subject to Workplace Exposure 
Limits (WELs) in Europe and similar thresholds worldwide. Work-
place detection and monitoring of hazardous substance levels are 
essential to the adherence to occupational health and safety regula-
tions, to prevent prolonged or excessive exposure to VOCs.

The European Chemical Agency state that ethylene oxide is a known 
carcinogen, mutagen and is toxic to reproduction besides other long-
term health effects, including respiratory irritation. 1,3-Butadiene is 
confirmed as genotoxic, carcinogenic and mutagenic.

Besides its carcinogenic effects, joint research presented by the 
Committee for Risk Assessment (RAC) concludes that acrylonitrile 
is acutely toxic and causes neurotoxicity, local irritation of skin, eyes 
and respiratory tract, and skin sensitisation. Part of this toxicity is 
due to the metabolism of acrylonitrile to cyanide.1
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Challenges of VOC monitoring at low concentrations
As legal limit values for VOCs have been reduced so drastically in 
recent decades even the lowest concentrations must be detected, 
to adequately protect workers and ensure organisations continually 
stay within official thresholds. This means that monitoring butadiene, 
ethylene oxide or acrylonitrile has become increasingly challenging.
 
The impacts of lower thresholds on industry are:
•  More areas on an industrial site have to be monitored for VOCs
•  The number of measurements to be performed/frequency of 
     measurement increases
• Measurement speed and costs per measurement are more
     important as a consequence
 
VOC detection tasks must be carefully planned by safety managers 
to ensure measurement solutions are quick to perform and as eco-
nomical as possible, without any compromise to worker safety or 
health. This creates a balancing act between ensuring quality and 
saving both time and money.

In recent years, new technologies have been developed that enable 
better measurement methods (or combinations of methods) for in-
dustries‘ measurement tasks, which can save time and costs. This is 
because technology can accurately and reliably detect and monitor 
VOCs at very low ppm levels. In addition, possibilities for error have 
been reduced by the equipment itself. Technological developments 
have made devices more straightforward to use so that measure-
ment results are more reliable and thus fewer measurements need 
to be repeated. The digitalisation of measuring processes is also 
increasing safety with intuitive and cost-effective solutions.

Coming soon: new EU-wide OEL for acrylonitrile
The UK currently imposes a WEL for acrylonitrile of 2 ppm of air 
averaged over an 8-hour period Time Weighted Average (TWA). 
For some EU countries, such as Denmark, the limit is the same, but 
for others, such as Germany there is a lower “level of tolerance” of 
1.2 ppm and a “level of acceptance” of 0.12 ppm.
The RAC has recommended an EU-wide Occupational Exposure 
Limit (OEL) for acrylonitrile in the past few years due to its negati-
ve impacts on human health, stating, “RAC considers carcinogenici-
ty to be a critical endpoint for establishing an OEL for acrylonitrile. 
In doing so, the OEL should also be sufficiently protective for non-
cancer effects of acrylonitrile, in particular neurotoxicity and nasal 
irritation.”²

The recommendations are:
•  OEL as a TWA: 1 mg/m3 (0.46 ppm)
•  Short-term exposure limit (STEL): 4 mg/m3 (1.8 ppm)
•  Biological limit value (BLV): 60 μg CEV/L blood (erythrocy- 
 te fraction of whole blood) for non-smokers. For smokers, an   
 average internal background concentration of about 4 (0.8 to         
 9.2) μg CEV/L blood has to be considered. Sampling time is 
 after at least three months of exposure to acrylonitrile.

These new levels were officially proposed by the RAC in Septem-
ber 2020 for the EU region³, allowing for a four-year transition peri-
od, as part of the Beating Cancer Plan and to ensure occupational 
health equality between member states.4 The proposals will be dis-
cussed by the European Parliament and Council.

References:

1 - https://www.eea.europa.eu/ 

2 - https://echa.europa.eu/documents/10162/13641/acrylonitrile_opinion_en.pdf/102477c9-a961-2c96-5c4d-76fcd856ac19 

3 - https://ec.europa.eu/social/BlobServlet?docId=23009&langId=en 

4 - https://ec.europa.eu/commission/presscorner/detail/en/qanda_20_1690
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Laboratory measurement
On-site air sampling using a pump and canister vessel can be ana-
lysed by gas chromatography. This separates VOCs that are coll-
ected simultaneously to ensure a specific, accurate measurement 
reading for benzene. An efficient receipt of laboratory results is 
dependent on forward planning for transporting samples to the la-
boratory. Results analysed by a lab can reliably determine either 
very high or low concentrations of benzene.

Detection tubes
For selective measurement, short-term gas-detection tubes which 
can measure very low concentrations are suitable for specific ha-
zardous substances – such as the Dräger Tubes® Acrylonitrile 
0.2/a, Ethylene Oxide 1/a or for 1.3-butadiene, the Dräger Tube 
Chloroprene 5/a. The advantage of short-term tube devices is that 
they are less expensive to purchase. Due to the pump strokes and 
reaction times, however, the measurement process can take a few 
minutes. Tubes can easily be operated by non-experts using a hand 
pump – even in Ex areas. They are suitable for air analysis in con-
fined spaces, for detecting leaks or peak concentrations, and for 
measuring contamination of specific work areas.

MicroTubes and analysers
MicroTubes are ideal for detecting 1.3-butadiene or ethylene oxide 
precisely in the low ppb range. The MicroTubes 25 – 500 ppb for 
1.3-butadiene and the MicroTubes 25 – 250 ppb for ethylene oxide 
measure to the lowest concentrations of 25 ppb. This makes it the 
only direct-indicating measuring system that meets the required 
low acceptance limits. The system Dräger X-act® 7000 and Micro-
Tubes are immediately ready for use and especially suitable when 
ease of use is essential – even in Ex-areas. It can serve as a pre-
test to classic, but expensive, laboratory analyses.

VOCs measurement objectives,
methods and technology

The objectives for measuring VOCs vary but can include
• Clearance measurement prior to confined space entry
• Checking average contamination values
• Searching for suspected leaks
• Precisely locating peak exposure sites

Different companies implement regulations very differently. Some 
clear all work areas once a year, others examine individual work 
steps and attempt to precisely locate peak exposure sites. The goal 
is to make these critical work steps safer through technology and 
safety processes.

If frequent monitoring must be carried out, reusable equipment so-
lutions rather than, for instance, single-use detector tubes offer 
greater long-term business value.
The planned VOC measurement task determines the measurement 
method to be used and there is a difference between selective and 
non-selective methods.

Detection tubes, diffusion collectors or laboratory results can pro-
duce isolated data. Photo-ionisation detectors (PID), on the other 
hand, only measure the sum of all volatile hydrocarbons in the air. 
Therefore, PIDs need to be combined intelligently with selective 
methods. New technologies offer the possibility to select between 
different measurement solutions. Depending on the measurement 
task, its frequency and specific requirements on quality and conve-
nience, various measuring methods are possible.
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Photo-ionisation detection (PID)
PIDs are ideal for locating hydrocarbons, especially in very low con-
centrations. However, they cannot measure selectively. Therefore, if 
a critical hydrocarbon level is detected after a sum-measurement 
reading of the PID sensor, a subsequent selective measurement is 
needed to clarify exactly which substance accounts for the highest 
proportion of the overall concentration.

PID devices cost more but their advantages offer a certain return 
on investment. For instance, they can monitor continually to then 
produce a ”concentration profile” using the results of a workplace 
across an entire shift. This makes it easy to detect peak exposures 
that occur during particular tasks or processes. 

Partners for laboratories
Despite their high-performance, Dräger’s VOCs detection equip-
ment has not been developed to compete with laboratories, but 
rather to partner with them. Laboratories take responsibility for the 
measurements and subsequent reports that can be used in legal 
proceeding if needed, for example. Laboratories can use results 
from independent analysis as a pre-test which is cost-effective, as 
more complex analyses would only be carried out if a device reveals 
a critical concentration.
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LaboratoryMethod Gas detection tubes 
with pump

Measurement devices
for sum measurements 
and selective measure-
ments of VOCs

PID with gas
chromatograph

Gas detection with 
MicroTubes & Analyser

Example device Dräger-Tubes® with 
Dräger accuro

Dräger X-am® 8000 Dräger X-pid® 
9000/9500

X-act(R) 7000 & 
MicroTubes

Selective Measurement 
possible?

Yes No Yes YesYes

Measurement range
Choloroprene 5/a 
(for 1.3-butadien): 5 - 60 ppm 
Acrylonitrile 0.2/a: 0.2 - 50 ppm
Ethylene Oxide 1/a: 1-15 ppm

n.a. 1,3-Butadiene: 25 – 500 ppb 
(w. booster tube)
Ethylene Oxide: 25 –250 ppb

Ethylene oxide: 1 - 100 ppm 
(limit of detection: 0.33 ppm)
1,3-Butadiene: 0.2 - 25 ppm 
(limit of detection: 0.07 ppm)

Practically unlimited

On-site application 
possible?

Yes Yes Yes YesNo

5 minutes 5 minutes (incl. selective 
tube measurement)

1 minute 25 sec to 15 min 
depending on the 
concentration

Several hoursTime factor

Cost range at all Low Low High MidVery high

Procurement cost3 Low
Pump: Dräger accuro-
Set: approx. €300

Average 
Dräger X-am® 8000 with 
Ex- O2-, CO-, H2S- and 
PID sensors: approx. 
€3,000, incl. charging 
device 

Mid
X-act 7000 approx. €3,000

MT: approx. €15 per 
measurement

None (if used as 
external services)

High
Dräger X-pid® 9000/9500: 
approx. €18,000

Costs per 
measurement5

Average – depending 
on use frequency
Cost per tube:
Time needed:
minutes ->
Assumption:
measurement on average

 

€5-10
4-8
€3

 €9,5 per

Low
Assumption: €5 per 
measurement on average
A tube measurement 
takes in average 5 
minutes => €2.5 labour 
costs, a measurement 
without tube 2 minutes.  

Average – depending on 
use frequency
Cost per 
MicroTubes: €15

Time needed: 
approx. 5 mins-> €2.5
Assumption: 
€15 per measurement 
(set of 10 measurements 
costs €150)

Very high, approx. 70 € Very low
Assumption: €0.5 
(only labour costs)

Specifics Selective measurement
in good quality, no main-
tenance or lead time,
outside influences
(temperature and humidity)
affect measurement results.

No selectivity, fast as
pre-test, occasional
combination with pre-
tubes possible.

Accurate readings,
detection of ppb
concentrations, which
are only possible with
laboratory analysis,
easy to use.

Very precise
substance-specific
measurement, long
waiting times due to
transport routes.

Accurate readings in
low range, selective,
immediately available,
easy to use, compensates
for external influences
(temperature and humidity).

Further aspects Requires practice, several
minutes needed per
measurement, disposable
items required.

Only pre-test option, 
no selectivity, occasional 
combination with selected 
pre-tubes.

Training needed, mainte-
nance and preparation
steps necessary, use is
supported by a digital assis-
tant, digital data transfer.

Requires practice, several
minutes needed per
measurement, disposable
items required.

Error potential while
sampling, training
required, thus higher
costs for service
providers.

Digital data transfer 
possible.

Maintenance and
preparation steps
necessary, no disposable
items required, digital
data transfer possible.

Evaluation of measure-
ment quality in total

5 6 9 910

Evaluation of measure-
ment convenience in total

5 7 10 101
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Combining different methods as intelligent solutions 
for VOCs measurement
Before work begins, particularly in the case of tank cleaning, clea-
rance measurements are essential. These are the basis for a decision
on whether and, when applicable, which protective equipment 
should be used when entering the contaminated areas.
For the detection of individual VOCs like butadiene, ethylene oxide 
and acrylonitrile, it is useful to carry out a pre-test on the sum of all 
VOCs. If a pre-defined limit for a substance is exceeded then a selec-
tive test for this substance should be carried out. While acrylonitrile 
and ethylene oxide can be measured with electrochemical organic 
vapour sensors (DrägerSensor® XXS OV / XXS OV-A), the use of a 
PID sensor (photo-ionisation detector) is advisable for 1.3-butadiene 
because it registers concentrations as low as 0.05 ppm. The choice 
of sensors should also always take desired or undesired cross-sen-
sitivities towards other occurring substances into account. Because 
these sensors only measure the present concentration of all VOCs 
together, another, differentiated analysis is needed. Only in this way 
it is possible to evaluate the potential risks of each individual hazar-
dous substance present. If the sum-measurement reading of the 

PID or OV sensor is too high, subsequent selective measurements 
are needed to make it clear exactly which carcinogenic substance 
accounts for the highest proportion of the overall concentration.

Using a multigas detector for this application provides the advantage 
of purchasing, servicing, training and transporting only one detector 
in the field which serves all purposes, including clearance measu-
rements for confined space entry, leak search and VOC readings. 
Selective measurement with tubes may be omitted if the overall 
contamination by hydrocarbons is sufficiently low.
Low limit values like those imposed for VOCs may mean substance-
specific monitoring might be necessary by repeated measuring. 
Using a system of an analyser with MicroTubes focuses on measu-
ring carcinogenic and toxic substances in the low ppb range. This 
sensitive testing system is based on colorimetric chemical sensors 
which can provide precise on-site results, making them even capab-
le of replacing conventional laboratory analyses.
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DRÄGER SOLUTIONS FOR THE COMBINATION STRATEGY

   

Selective measurement
 

If the sum of volatile
hydrocarbons is < 10 ppm, 
another selective measure-
ment is taken with a Dräger 
Tube® or with the Dräger 

X-pid® in the analyse mode. 
Precise and selective mea-

surement of 1.3-butadien and 
ethylene oxide concentra-

tions down to 25 ppb can be 
performed with the Dräger 

X-act® 7000 with MicroTubes.

Monitoring

Monitoring work with the 
Dräger X-am® 8000/PID or 

with Dräger Pac® 8000.

Substance-specific 
analysis

Regular laboratory analy-
sis of selected samples to 
determine concentration of 
a specific substance in pro-
portion to sum of all VOCs 

detected).

Clearance 

The pre-test is completed 
with the Dräger X-am ® 
8000/PID or in the scan 
mode with the Dräger

X-pid®. Alarm threshold is 
set according to the hydro-
carbon qualification, e.g. to 

10 ppm.

3 Occupational Safety and Health Guideline for Benzene. https://www.cdc.gov/niosh/docs/81-123/pdfs/0049.pdf (2016/10/17)

Combining pre-tests with the analysis by a gas
chromatograph
In the case of 1.3-butadiene or ethylene oxide, another innovative
method is to substitute the measurement by using a PID-sensor with 
a combined gas chromatograph. This device combines pre-tests
with selective tests, therefore simplifying and shortening
measurement processes. Two measuring modes, one broadband

measurement in scan mode and one selective measurement in ana-
lysis mode, eliminates the need to carry out manual tube tests and 
increases safety through laboratory-quality measurement results. 
Initial procurement costs are higher, but frequent use, broken down 
per measurement, offers a favourable ROI.
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Reliable workplace monitoring
After successful clearance measurement of an area suspected 
of containing hazardous compounds, the work area must still be
continually monitored.
Continuous personal monitoring can be achieved through use of gas 
detection devices carried on the body of each worker (personal air 
monitoring or PAM for short). The continuous monitoring of a work 
area normally takes place with an inexpensive but less broadband 
organic vapour sensor (DrägerSensor® XXS OV for 1.3-butadiene 
or ethylene oxide / DrägerSensor® XXS OV-A for acrylonitrile). 
The alarm threshold is adjusted according to the limit value. When 
an A2 main alarm is activated, work must stop immediately. Many 
gas detection devices offer the additional advantage of data being
recorded and archived for later analysis. 

Because of the cross sensitivity of organic vapour sensors to various 
volatile organic compounds, regular selective spot measurements 
should also be carried out for workplace monitoring. The Dräger
X-act® 7000, for instance, allows for immediate precise measure-
ments with the pre-calibrated MicroTubes. The frequency of the 
spot measurement depends on precise risks in accordance with 
risk evaluations, which also determines the preferred measurement
methods. In principle, these repeated measurements correspond to 
the clearance measurement method. 

CHANGING CONTAMINATION

0.03

2

4

6

8

10

8 am shift starts                                                                                                5 pm shift ends

Exposure hydrocarbons (ppm)

Exposure benzene specific (ppm) – 
not detectable continuously

Average exposure benzene (ppm): 
Shift average detected with badge

Filling a tank gasoline 
exposure containing benzene

Work in factory 
workshop with 
ambient hydro-

carbon exposure

Cleaning heptane tank not 
containing benzene

Work in field – 
no exposure

ppm

time

The benzene concentration to which an employee is exposed to may fluctuate 
significantly throughout the day, depending on the activity. A case study.
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The measurement strategy chosen by a facility safety 
officer depends on three key factors:
 
• Measurement quality corresponding to the safety level required,  
   based on the risk assessment. The way results are displayed, the  
   accuracy of the indicator and the required selectivity determine  
    this quality. 

 9

Costs

Gas detection tubes  
with pump
Example device:  
Dräger-Tubes® with  
Dräger accuro

Measurement devices for 
sum measurements and se-
lective measurements  of VOCs
Example device: 

 Dräger X-am® 8000 c

Laboratory b PID with gas chromatograph
Example device:  
Dräger X-pid® 9500

5 K

10 K

20 K

30 K

Costs for 50 measurements/year a

Costs for 200 measurements/year a

Costs for 500 measurements/year a

a) Cost for 50, 200 and 500 measurements result from purchasing costs/year + number of measurements x costs per measurements, see comparison of measuring methods
b) Example for laboratory costs by external service
c) Example: Selective measurement, as necessary for 50% of the use cases

Gas detection with 
MicroTubes & Analyser
Example device: 
Dräger X-act® 7000 with 
MicroTubes (based on set 
of 10 measurements = 150 €)

40 K

Cost comparison of measurement devices in relation to use frequency

• Measurement convenience when carrying out the measurements,  
   for instance, how many steps are necessary before data is availa- 
   ble on site, and if the operation is fail-safe. 

• Use-frequency of the devices, which determines the cost per  
   measurement. Higher procurement costs can pay off fast when  
   they are calculated against cost per ongoing use.  
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What is the relative cost between tubes and 
laboratory clearance methods?

A sample calculation from a petrochemical plant in Germany: 
 
Assumption: Plant with 15 benzene measurements per day at an 
exposure limit of 1 ppm, calculated on 230 working days per year.
 
Measurement strategy for clearance in EU and ROW:  
Pre-test with Dräger X-am® 8000 (PID) whereby approximately 
20% of the measurements were followed by a selective measure-
ment of benzene (in this case it can be a Dräger-Tube® for benzene 
or a pre-tube for the X-am® 8000) compared to measurements only 
in the laboratory or alternatively the use of Dräger X-act® 7000 with 
MicroTubes.

Pre-test measurement 

strategy with PID + 

selective with tubes + 

laboratory testing. Total 

amount consists of 15 

PID tests for 0.50 €, 4 

tests with tubes for 7.50 

€, 3 lab tests for 30 € on 

230 days.

All clearance measure-

ments for 

benzene in the laboratory. 

Total amount: 15 laborato-

ry test at a 

rate of 30 € on 230 days.

Measurements with 

Dräger X-act 7000 + 

MicroTubes. Total amount: 

15 measurements at a 

rate of 19 € + 1 lab test 

for 30 € on 230 days.

€

100,000

50,000

Precise and cost efficient

Combined measurement methods offer cost savings   
In practice, companies usually require different measurement tasks. 
For example, further monitoring is often required after clearance. 
Each individual VOC measurement method usually has a specific 
focus, ideally suited to either clearance or monitoring tasks, but 
not equally for both. For this reason, it makes sense to combine
methods – especially if a compound needs to be detected in very 
low concentrations. Innovative technologies allow the combination
of these methods by unifying them in one device. The most
comfortable, quickest way to measure 1.3-butadiene or ethylene oxi-
de concentrations under 1 ppm is by using an innovative PID with 
integrated gas chromatograph.

Use frequency as a decision-making factor
For companies needing to measure VOCs frequently (about 500 
measurements per year) and with facilities with high toxic risk from 
carcinogenic substances like butadiene, ethylene oxide and acry-
lonitrile, a gas detection device with a PID or OV sensor is recom-
mended for a pre-test with the implementation of selective repeat 
measurements on a case-by-case basis. In our cost comparison 

chart every second measurement was selectively verified. Further-
more, the use of a selective PID gas measurement device with an 
integrated gas chromatograph is particularly efficient in such a case 
because no additional costs are accrued with each measurement 
thereafter. At the same time, safety levels are improved because 
each selective measurement can be carried out easily and quickly to 
laboratory standards of quality. 
With average use (around 200 measurements per year) a measu-
rement device with a PID sensor is also appropriate. Pre-tests and 
selective tests are rolled into one work step. This can bring potential 
savings when compared to exclusive, selective measurements. With 
the need for very high precision and convenience, an analyser with 
MicroTubes is an attractive alternative because, to some extent, it 
can spare the need for laboratory analysis. 
With low-use frequencies (around 50 measurements per year),
selective tests with detection tubes, plus occasional complementary 
laboratory tests to ensure measurement accuracy, are an approp-
riate measurement method. Supplemental, non-selective, pre-test 
devices with high ease-of-use are a viable alternative.
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Convenience of measurement tasks and
digitalisation
Costs are an important factor in deciding on the measurement me-
thod, but other criteria are coming more into focus. Besides the fact 
that measurement results should be reliably available, even at very 
low concentrations, measurement itself should be as straightforward 
as possible to carry out. Safety levels increase significantly if (often 
human) errors in operation, evaluation and data transfer can all be 
avoided throughout these processes. Further gains in efficiency re-
sult from digital data transmission. This speeds up documentation 
processes significantly and simplifies analysis.
Another decision-making factor for improving both safety and effici-
ency is if the same measuring solutions can be used for measuring 
other hazardous substances.
Newer, innovative measuring systems thus open up new perspecti-
ves for the safe handling of carcinogenic and other hazardous subs-
tances to ensure both efficiency and safety in the industry.

Personnel protection, training and health
monitoring
Guarding workers from the harmful effects of hazardous sub-
stances is the top priority for health and safety managers. 
Besides providing staff and contractors with the appropriate 
training and PPE, companies must ensure any workers po-
tentially exposed to volatile organic compounds have access 
to regular health checks. Besides recent RAC official pro-
posals to lower WELs for some hazardous substances like 
benzene, and introduce an EU-wide OEL for acrylonitrile, is 
the potential introduction of biological limit value specifically 
for acrylonitrile. The proposed BLV is 60 μg CEV/L blood 
(erythrocyte fraction of whole blood) for non-smokers. For 
smokers, an average internal background concentration of 
about 4 (0.8 to 9.2) μg CEV/L blood must be considered. 
The main focus of the Dräger X-pid® is to make carcino-
gens more visible. By recording exposure values measured 
over a working day, the concentrations of carcinogens like 
butadiene, acrylonitrile and ethylene oxide a worker was ex-
posed to can be documented and analysed. This is valuable 
information for occupational health and safety managers and 
industrial hygienists in addition to the required biomarker 
test results.


