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What is not talked about and handled 
according to the health risk?
The fact that benzene contaminates the 
drilling mud. 



What can be done to reduce the risk?
First: Recognize that benzene is extremely carcinogenic 
and that benzene can contaminate drilling mud.

Apply the recognition to the working environment in: 
Drilling mud treatment, cuttings treatment, choice of 
protective equipment.

Apply the recognition to drilling: Can new drilling fluid 
systems reduce the mixing of crude oil in the drilling 
mud?

Respiratory protection based 
on filter is unsuitable for 
drilling mud treatment.

Benzene exposure is not 
taken into account in the 
drilling mud treatment.

NB! The benzene exposure 
matrix is incorrect. (2012)



Application RH (humidity) less than 90%

RH < 90%

Have you seen the filters limitations on humidity?



The exposure matrix from 2012 has completely 
omitted exposure from benzene blending into 
drilling mud.

Similarly, there is a lack of exposure of benzene 
from the deaeration systems that is neither 
quantified nor labeled concerning the working 
environment exposure.

More realistic
benzene exposure
matrix (SAFE 2022)

❑ Vent points
❑ Drilling mud

Vent points
https://www.ptil.no/contentassets/c00c2f1eb6434d5e9852edaa06b
ee9b5/arbeidsmiljoeksponering-helserisiko-og-registrering-av-
helseskade---safe.pdf

https://www.ptil.no/contentassets/ab53ee56aeff4b29a238f05df3ea
85f0/kontroll-med-avluftingspunkt-prosess-og-roterende-utstyr-
halvor-erikstein.pdf

Letter of Concern to the Petroleum 
Safety Authority
https://safe.no/bekymringsmelding-fra-safe-til-petroleumstilsynet/

https://w2.uib.no/filearchive/supplementar
y-information-to-the-jem-.pdf

Supplementary 
information to 

the Job 
Exposure 

Matrix
for benzene, 

asbestos and oil 
mist/oil vapour 

among
Norwegian 

offshore 
workers 

https://www.ptil.no/contentassets/c00c2f1eb6434d5e9852edaa06bee9b5/arbeidsmiljoeksponering-helserisiko-og-registrering-av-helseskade---safe.pdf
https://www.ptil.no/contentassets/ab53ee56aeff4b29a238f05df3ea85f0/kontroll-med-avluftingspunkt-prosess-og-roterende-utstyr-halvor-erikstein.pdf
https://safe.no/bekymringsmelding-fra-safe-til-petroleumstilsynet/
https://w2.uib.no/filearchive/supplementary-information-to-the-jem-.pdf


ECHA recommends the 
benzene TWA = 0.05 ppm 

https://echa.europa.eu/documents/10162/4fec9aac-9ed5-2aae-7b70-5226705358c7

https://echa.europa.eu/documents/10162/4fec9aac-9ed5-2aae-7b70-5226705358c7


Such sharp boundaries do not exist. 
This is partly due to the biological 
differences between humans.
Two people can react differently 
even if they are exposed to the 
same influence of a chemical.
This is especially true in those cases 
where there is an impact of several 
different pollutants at the same 
time, or where hard physical work 
occurs at the same time as the 
impact.
Uptake of chemicals into the body 
can increase significantly as the 
workload increases.

https://www.arbeidstilsynet.no/regelverk/forskrifter/forskrift-om-tiltaks--og-grenseverdier/

The limit values must not be perceived as sharp 
boundaries between harmless and dangerous 
concentrations;

https://www.arbeidstilsynet.no/regelverk/forskrifter/forskrift-om-tiltaks--og-grenseverdier/


The Norwegian TLW set to 0.2 ppm (July 2021).

https://lovdata.no/dokument/SF/forskrift/2011-12-06-1358#KAPITTEL_5

https://www.ptil.no/en/regulations/all-acts/the-activities-regulations3/VIII/36/

https://lovdata.no/dokument/SF/forskrift/2011-12-06-1358#KAPITTEL_5
https://www.ptil.no/en/regulations/all-acts/the-activities-regulations3/VIII/36/


Concentrations of Chemical Exposure

Limit values are stated in 
parts pr. million (ppm) or in 
milligrams pr. cubic meters 
(mg/m3)
1 ppm is a gas bubble on
1 cm3 (1 milliliters) diluted in 
1m3.

1 cubic meters (m3) = 1000 litrers

Fire and explosion limits 
are stated in 
100 parts (% - percent).

Health risk stated in 
1000.000 parts (ppm)
1volum% = 10.000 ppm



Compound
Cincentration

parts pr. million (ppm) Volume%

The Hazard Ladder

Ref; “Forskrift om tiltaks og  Grenseverdier 2020. Eksplosjonsgrenser hentet fra “NIOSH Pocket Guide to Chemical Hazards (1990) og  “Sources of Ingition” (J.Bond 1991)                
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LEL - Lower Expl. Level)

Occupational exposure levels

Methanol (6,0 LEL) 

Methan (5,0 LEL)

Ethanol (3,3% LEL)

Isopropanol (2 %  LEL)

Propane (2,1 LEL)

Benzene (1,3 LEL)

Xylene (1,0 LEL)

Ethanol (500 ppm)

Methanol (100 ppm)  HE

Carbonmonoxide 20 ppm RE 

Ammonia 15 ppm E2

H2S 5 ppm E

Hydrogencyanid 0,9 ppm) HE

Benzene (1,0 ppm) HKG (OLD)

Nitrogendioxide 0,5 ppm E13

BENZENE (0.2 ppm) HKG (NEW)

Diisocyanates (0,005 ppm) A4

NB!
If you measure 20.0% 
oxygen (O2), you have 
0.9% (9000 ppm) of
something else…..

1 volume% = 10000 ppm

http://www.hse.gov.uk/pubns/indg175.pdf


Drilling mud treatment equipment



When drilling in hydrocarbon containing 
formations, crude oil with benzene will 
contaminate the drilling mud.

What significance does the influx of 
hydrocarbons from the formation have 
on chemical health hazard?



Drilling in Hydrocarbon Containing Formations

NB! Benzene
Drilling in the 

reservoir

It has not been considered
that the drilling mud is 

contaminated with 
benzene when drilling in 

the formations

Troll



Influx of crude oil into the drilling mud has been reported, but not 
emphasized…

https://www.ptil.no/fagstoff/utforsk-
fagstoff/prosjektrapporter/2020/bruk-av-borevasker-pa-norsk-
kontinentalsokkel---utviklingstrekk-knyttet-til-helsefare/

Report Page 45.

• 4.5 
• The project group wants to shed light on the following 

challenges in connection with reducing health risks after talks 
with the companies: Benzene is an organic solvent that is found 
naturally in oil and gas reservoirs. It is classified as a carcinogen 
and harmful substance. During a meeting with the company, the 
project group was informed that up to 10% of crude oil in the 
drilling fluid has been detected by drilling through a reservoir. In 
such situations, operators, especially in shaker areas, could be 
exposed to benzene. (Report in Norwegian. Google translator) 

10%

https://www.ptil.no/fagstoff/utforsk-fagstoff/prosjektrapporter/2020/bruk-av-borevasker-pa-norsk-kontinentalsokkel---utviklingstrekk-knyttet-til-helsefare/


Environmental Report. Troll 2019 

Overall drilled length is somewhat lower in 2019 than in 2018
(166129.8 meters in 2019 vs. 175 716m in 2018).
The total of cuttings generated (27,226.53 tons in 2019 versus 
20,764.38 tons in 2018) is somewhat higher than in 2018.

https://www.norskoljeoggass.no/contentassets/50
0573d7546748b888327ffd5e4ab519/troll.pdf

Length of oil well drilled:
166 kilometers  in 2019 
176 kilometers in 2018

https://www.norskoljeoggass.no/contentassets/500573d7546748b888327ffd5e4ab519/troll.pdf


The limit value for benzene is 0.2 ppm = 0.66 mg/m3

As an example, the assumption is that crude oil contains about 
1% benzene.

What does mixing 1 kilogram of crude oil mean?

1 kg = 1000 grams. Total amount of benzene will be:

1% of 1000 grams = 10 grams = 10.000 mg

Assumption; 10% of 10000 mg = 1000 mg is released into the 
work environment.

How much air for 1000 mg to be diluted to the limit 
value?

1000mg/(0.66 mg/m3) = 1510 m3

Who considers benzene when drilling in 
hydrocarbon containing formations?

https://ndla.no/en/subject:1:01c27030-e8f8-4a7c-a5b3-
489fdb8fea30/topic:2:182849/topic:2:147173/resource:1:145316

Where are 
personnel exposed 

to benzene?

Example of benzene exposure when crude oil has contaminated the drilling mud

https://ndla.no/en/subject:1:01c27030-e8f8-4a7c-a5b3-489fdb8fea30/topic:2:182849/topic:2:147173/resource:1:145316


https://www.chegg.com/homework-help/questions-and-answers/accompanying-
chart-approximate-vapor-pressures-benzene-toluene-various-temperatures-1a-
mol-q23996764

http://www.ddbst.com/en/EED/PCP/VAP_C31.php

https://www.sensorsone.com/kpa-to-mmhg-conversion-table/

https://www.convertunits.com/from
/mm%20Hg/to/kPa

Celcius
(oC)

Kelvin (K) kPa  mmHG

20 293 10 75

30 303 16 120

40 313 24 180

50 323 36 270

60 333 52,3 390

The vapor pressure of benzene 
increases from

75 mmHg to 390 mmHg
when temperature increases from 

20 Co to 60 Co

A factor of 5.2!

High source strength and high 
temperature result in heavy 
degassing of chemical 
compounds

Temperature has a 
significant effect 

on chemical 
exposure

https://www.chegg.com/homework-help/questions-and-answers/accompanying-chart-approximate-vapor-pressures-benzene-toluene-various-temperatures-1a-mol-q23996764
http://www.ddbst.com/en/EED/PCP/VAP_C31.php
https://www.sensorsone.com/kpa-to-mmhg-conversion-table/
https://www.convertunits.com/from/mm%20Hg/to/kPa


The short jobs with high exposure 
can cost you your health!

• The limit value for benzene is 0.2 ppm

• If you inhale 20 ppm unsuspectingly for 1 minute, you get 
the same dose as a stay of 0.2 ppm in 100 minutes

• (20 ppm minutes/0.2 ppm = 100 minutes)

• If you perform the job for 30 minutes without respiratory 
protection, the total exposure will correspond to (20ppm / 
0.2ppm) x30 minutes = 3000 minutes

• This means that you have been exposed to an amount of 
benzene equivalent to exposure to 0.2ppm for 

3000 minutes/60 minutes

• 20 ppm for 30 minutes equals 50 hours at 0.2 ppm



Norwegian Invention: MudCube – Closed Vacum Based Roating Filter Belt. 

https://www.dropbox.com/s/j0eh5iszbhf
ue75/Intervju-Roughneck-
August2014.mp4?dl=0

https://cubility.com/

https://www.dropbox.com/s/j0eh5iszbhfue75/Intervju-Roughneck-August2014.mp4?dl=0
https://cubility.com/


Respiratory Protection - use and 
restrictions.

Compressed air respirators must be 
worn when:

➢ One does not know the concentration of 
the pollutants.

➢ The humidity is higher than the respirator 
is specified for.

➢ There are beards or other conditions that 
cause mask leakage.

➢ Mask fitting testing is not performed.

➢ Filter breakthrough time can not be 
estimated.



Humidity - an important parameter. 
Water vapor saturates the filter.

Mollier diagram

RH% 25 Co Water 
vapor
gram/m3

Parts pr. 
million (ppm)

40% 10,1 ca. 7900

60% 15,1 ca. 12000

80% 126,8 ca. 16000

http://go.vaisala.com/humiditycalculator/

• Water vapor saturates the filter and 
destroys the filters' uptake of other 
chemical compounds

• Filter masks are unsuitable where 
there is high humidity.

NB

Sundstrøm indicates area 
of use
• -10 – +55 °C, < 90 % RH 

https://www.dantherm.com/gb/technologies/mobile-
dehumidification/the-theory-behind-dehumidification/

http://go.vaisala.com/humiditycalculator/
https://www.dantherm.com/gb/technologies/mobile-dehumidification/the-theory-behind-dehumidification/


http://webapps.msasafety.com/ResponseGuide/Home.aspx

Cartridge Life Expectancy Calculator

http://webapps.msasafety.com/responseguide/Home.aspx

http://webapps.msasafety.com/ResponseGuide/Home.aspx
http://webapps.msasafety.com/responseguide/Home.aspx


The importance of knowing the humidity   

Humidity (RH%): 80%
Breakthrough Time: 61 minutes

Humidity (RH%): 100%
Breakthrough Time: 22 minutes



Airline respirators – use of 
compressed air systems

➢ When you do not know the concentration of the 
contaminant,

➢ It is high humidity,
➢ Has a beard or other condition that causes a 

mask leak
➢ When you can not calculate filter breakthrough 

time



Breathing Air and Respiratory Protective Equipment

https://samarbeidforsikkerhet.no/wp-
content/uploads/2021/04/Recommendation-009E-Breathing-Air-and-
Respiratory-Protective-Equipment.pdf

https://samarbeidforsikkerhet.no/wp-content/uploads/2021/04/Recommendation-009E-Breathing-Air-and-Respiratory-Protective-Equipment.pdf


Checklist for Breathing Air SystemAssigned Protection Factor

https://samarbeidforsikkerhet.no/wp-content/uploads/2021/04/Recommendation-009E-
Breathing-Air-and-Respiratory-Protective-Equipment.pdf

https://samarbeidforsikkerhet.no/wp-content/uploads/2021/04/Recommendation-009E-Breathing-Air-and-Respiratory-Protective-Equipment.pdf


Breathing Air – Input for Risk Analysis



NB! Very few of the incredibly many work operations have been 
mapped with regard to exposure. In the case of occupational 
disease investigations, missing data will be interpreted as little 
exposed and not documented.



What can be done to reduce the risk?

✓ First: Recognize that benzene is extremely carcinogenic.

✓ Apply the recognition to the working environment by: Drilling mud 
treatment, cuttings treatment, choice of protective equipment.

✓ Apply the recognition to drilling: Can new drilling fluid systems reduce the 
mixing of crude oil in the drilling mud?

Halvor Erikstein
Organizational Secretary

Certified Occupational Hygienist

SAFE

Norwegian Union of Energy 
Workers

www.safe.no

http://www.safe.no/


https://lovdata.no/dokument/LTI/forskrift/2015-06-26-806

Arbeidsmiljøloven.

Forskrift om utførelse av arbeid, bruk av arbeidsutstyr og tilhørende 

tekniske krav (forskrift om utførelse av arbeid)

https://lovdata.no/dokument/LTI/forskrift/2015-06-26-806


https://publicintegrity.org/environment/benzene-and-worker-cancers-an-american-tragedy/

https://publicintegrity.org/environment/benzene-and-worker-cancers-an-american-tragedy/

