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summary

The following study has been carried out in the 
 context of the national objective to reduce the 
 environmental emission of hazardous chemicals, listed 
on the priority list. 

The objective of this report was to identify the applica-
tions of Dodecyl-phenols (DDPs) and 2,4,6 tris-tert-
butyl-phenol (TTBP) in Norway, estimating the quanti-
ties potentially imported to Norway via products and 
defining the potential environmental emission patterns 
related to the life cycle of these products.

The use of previous studies on the topic and broad 
internet research constituted the base of the method-
ology used. In addition, in order to establish more 
specifically the pattern of use of these chemicals, 
 Norwegian and international manufacturers and 
manufacturer associations were contacted.

Data found shows that in Norway the main use 
of TTB-phenol resides in its potential use as a fuel 
additive. It will be used only in hydrotreated fuel, 
which is not a process used in Norwegian refineries. 
 Consequently TTBP will only be found in imported 
fuel, and will represent a minim constituent of the fuel 
(ca. 0,027%). With normal use, TTBP will burn and 
environ mental emission will not be of any significance. 
DDPs are expected to be imported mainly in crank-
case lubricants, for automotive and marine purposes. 
Indeed DDPs appear to be a common additive used 
in the manufacturing of crankcase lubricants. Not all 
lubricant manufacturers indicate the presence of the 
chemical on their MSDS, though they are used and not 
all are expected to register the chemical in the Product 
Register. DDPs will represent a minor component of 
the lubricant. The disposal of used oil has been identi-
fied as the main source of environmental emission of 
DDPs. This has been further supported by screening 
data that detected DDPs in significant amounts in sew-
age treatment plants.

DDPs may also enter the composition of phenolic 
 resins, in particular Novalec resins. The application 
range of these resins is broad and DDPs do not appear 
to be commonly used. Furthermore DDPs are expected 
to be present in minim quantities in the final products 
(e.g. tyre rubber, inks). The environmental emission of 
the DDPs via material composed of phenolic resins is 
expected to be low and the environmental availability 
of DDPs in the material is debatable.

There is little environmental concern as regards to 
the presence of TTBP in products in Norway. How-
ever, as regards to DDPs, their presence appears to 
be  common in crankcase lubricants and the emission 
via uncontrolled disposal of engine oil could be of 
 significant environmental concern.
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sammenDrag

Denne studien har blitt gjennomført i forbindelse med 
det nasjonale målet å redusere utslippene av farlige 
kjemikalier til naturen, stoffer oppført på prioritets-
listen.

Målsetningen med rapporten har vært å identifisere 
bruksområder for dodekylfenoler og 2,4,6 tri-tert-
 butylfenol i Norge og bestemme mengdene som 
 potensielt blir importert via produkter. Potensiell 
miljøeksponering i forbindelse med livssyklusen til disse 
produktene har også blitt bestemt.

Bruk av tidligere rapporter og internettsøk er grunn-
fjellet i metoden som er brukt. For å fremskaffe mer 
spesifikke bruksområder for kjemikaliene har norske og 
internasjonale produsenter og produsentorganisasjoner 
blitt kontaktet.

Funnene viser at det viktigste bruksområdet for TTB-
fenol er at den kan brukes som additiv til drivstoff og 
smøremidler. Den blir kun brukt i hydroprosessering 
som ikke er en prosess som brukes i norske raffin-
erier. Bruken av TTB vil derfor kunne være i importert 
drivstoff og vil være en liten bestanddel av denne (ca. 
0,0027%). Ved normal bruk vil fenolen forbrenne og 
utslippet til naturen være neglisjerbart.

Dodekylfenol forventes å hovedsakelig importeres 
via motoroljer til biler, lastebiler, busser og marine 
fartøyer. Fenolen er et vanlig additiv i motoroljer. 
Ikke alle produsenter viser til at kjemikaliet er bruk i 
deres sikkerhetsdatablader og det er dermed heller 
ikke forventet at alle registrerer bruken i produktregis-
teret. DD-fenol er en mindre komponent i motoroljer. 
Ulovlig behandlingen av brukt olje har blitt identifisert 
som hovedkilden til utslipp av dodekylfenol til naturen. 
Dette blir videre bekreftet av undersøkelser som finner 
kjemikaliet i vesentlige mengder i renseanlegg for 
avløpsvann.

Dodekylfenol vil også være en del av fenol harpikser, 
spesielt novolac harpiks. Bruksområdet for disse 
harpiksene er bredt og dodekylfenol ser ikke ut til å 
være en vanlig bestanddel. Videre vil dodekylfenol 
være en liten bestanddel i det ferdige produktet (f.eks. 
gummi til bildekk og blekk). Utslippet til naturen av 
dodekylfenol via  materialer bestående av fenolhar-
pikser forventes å være lavt og tilgjengeligheten av 
dodekylfenol til naturen fra materialet er diskutabelt.

Det er lite miljømessig bekymring med tanke på 
tri-tert-butylfenol i produkter i Norge. Derimot ser 
det ut til at dodekylfenol er vanlig i motoroljer og at 
utslipp fra ulovlig disponering av motorolje kan være et 
 vesentlig problem for miljøet.
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1. inTroDucTion

Norway has a national objective to reduce the emis-
sion of hazardous chemicals in the environment. In 
order to do so, in a first stage such substances need 
to be identified as regards to their toxicity, persis-
tence and bioaccumulation potential. The second 
stage  requires defining their actual presence in the 
 Norwegian environment, by documenting their use 
and their potential emission. The information gathered 
in these two stages will allow the authorities to assess 
the need for further measures.

The toxicity, persistence and bioaccumulation 
 potential of Dodecyl phenols (DDPs) and 2,4,6, tri-tert-
butyl- phenol (TTBP) have been assessed and desig-
nated as hazardous and both components have been 
listed on the chemical priority list ”Nye stoffer hvis 
utslipp skal reduseres vesentlig innen 2020”1, conse-
quently Norway is committed to significantly reducing 
the emission of these components by 2020.  

The objective of this report is to technically support 
the emission reduction aimed for by Norway, by docu-
menting where and how the reductions could poten-
tially be carried out.

LisT of AbbReviATioNs

ATC Additives Technical Comitee

CAS Chemical Abstracts Service

CEPAD European Council for Alkylphenols and Derivatives

CMR Carcinogenic, Mutagenic or Toxic to Reproduction 

DDP Dodecyl phenol

DEFRA The Department for Environment, Food and Rural 
Affairs (UK)

ERMA European Resins Manufacturers Association 

ESIS European Chemical Substances Information System

ETRA The European Tyre Recycling Association

HSDB Hazardous Substances Data Bank

Klif Climate and pollution agency

MSDS Material Safety Data Sheet

PBT Persistent Bioaccumulative Toxic

SSB Statistics Norway

STN Scientific & Technical Information Network

STP Sewage Treatment Plant

TTBP 2,4,6-tri-tert-butyl phenol

T Toxic

TT Toxic threshold
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2. meThoDology

2.1. objecTive
This project shall strive to document in what indus-
trial processes and products DDP isomers and TTBP 
are used, and in what quantities, thereby defining the 
expected emission routes and estimating the annual 
quantities used/imported in Norway.  This project shall 
also look into methodologies available to estimate the 
environmental emission of the compounds. 

2.2. DDP AND TTbP iN PRoDucTs iN NoRwAy
First internet and in particular the STN database, 
 operated jointly by Chemicals Abstracts Service and FIZ 
Karlsruhe, was used in order to make an inventory of 
all registered applications for DDP and TTBP. STN is the 
most comprehensive source for product information 
in the world. Research was carried out using both the 
CAS registry numbers and different substance name 
synonyms. 

In a second stage, a telephone/email survey was 
carried out among major international and national 
industrial actors in the application fields of DDP and 
TTBP. The responses gave a more clear idea as regards 
to the current uses of the chemicals internationally 
and nationally. According to information provided, in 
particular by national actors, products potentially con-
taining DDP or TTBP were identified and an estimate 
of the tonnage of DDP and TTBP potentially imported 
in Norway was made. There is no domestic production 
of these substances in Norway.

2.3. emissioNs of DDP AND TTbP
International experience relative to the emission of 
DDP and TTBP is presented in this report. The method-
ologies used in these studies to estimate the emissions 
are discussed as regards to the possibility to transpose 
the methodology to Norwegian conditions. 

The methodologies used in previous studies have been 
adjusted to Norwegian conditions and a method ology 
is proposed to estimate the emissions of DDP and 
TTBP in Norway.
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3. general subsTance informaTion

3.1. iDeNTificATioN of The comPoNeNTs
DDP and TTBP are isomers and have the same chemi-
cal formula C

18
H

30
O.

DDP is distinguished from TTBP by its long, sometimes 
branched, alkyl (C

12
) chain, TTBP is recognised by its 3 

tertiary branched butyl groups symmetrically placed 
around the phenol ring.

DDP exists as several isomers, resulting from different 
substituent locations of the alkyl (C

12
) chain on the 

phenol ring and from the degrees of branching of the 
chain.

Table 1 presents the isomers that shall be considered 
throughout this document.

As regards to DDPs, 4-dodecyl-phenols are the isomers 
of greatest interest. A technical grade of DDP contains 
approximately 85 % 4-DDP, 10 % 2-DDP and 5 % 
2,4-di-DDP, and a high purity grade contains approxi-
mately 95 % 4-DDP, 2 % 2-DDP and only traces of 
2,4-di-DDP.10  Analytical grades of these chemicals are 
also available, but are not of interest to this study.
The following DDP isomers are the most commonly 
named in material safety data sheets (MSDS): 

CAS nr.104-43-8 �
CAS nr.210555-94-5 �
CAS nr. 74499-35-7 �
CAS nr. 11067-80-4 �
CAS nr. 121158-58-5 �

The other DDP isomers referred to in Table 1 are by-
products (or impurities that have no specific industrial 
function).

DDPs and TTBP manufacturers were contacted in-
ternationally, the majority indicated a net decrease in 
their production within the last five years, and some 
have even ceased to produce these chemicals. This 
should correlate directly with a reduction in use of 
DDPs and TTBP.

3.2. PbT oveRview
This section shall review briefly the persistence, bio-
accumulation and toxicity of DDP and TTBP.

The Nordic screening group reviewed in 2008 the 
 phenolic substances in the Nordic environment.11 In 
this report DDP were assessed and the following con-
clusions were made as regards to the PBT properties of 
the components:

DDPs are expected to partition predominantly into  �
sediment and are expected to be persistent in sedi-
ment.
DDPs are highly bioaccumulative  �
DDPs are very toxic to fish.  �

environment Canada carried out an assessment of 
TTBP in 200812 and the conclusions were the following:

TTBP does not degrade quickly in the environment  �
and is expected to be persistent in water, soil and 
sediments. 
empirical and modelled data indicate that TTBP has  �
the potential to accumulate in organisms and may 
biomagnifiy through trophic levels in food chains.
Acute aquatic toxicity values suggest that TTBP is  �
highly hazardous to aquatic organisms.
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TAbLe 1: GeNeRAL iDeNTificATioN of DDP AND TTbP

cAs NR
chemicAL 
foRmuLA

chemicAL 
 sTRucTuRe

iuPAc NAme syNoNyms Ref

104-43-8 C18H30O 4-dodecylphenol para-dodecylphenol Laurylphenol Esis2

11067-80-4 C18H30O isododecylphenol Esis3

27193-86-8 C18H30O dodecylphenol Esis4

57427-55-1 C18H30O 4-(2,4-dimethyl-3-propyl-
heptyl)phenol 

Phenol, tetrapropylene Pubchem5

74499-35-7 C18H30O tetrapropenyl phenol (TPP) Tetrapropenyl phenol (TPP) DEFRA UK6

121158-58-5 C18H30O Phenol, dodecyl-, branched 
mixed isomers

Lauryl phenol IRIS7

210555-94-5 C18H30O phenol, 4-dodecyl-, branched Pubchem8

5284-29-7 C18H30O 2-dodecylphenol orto-dodecylphenol  

732-26-3 C18H30O 2,4,6-tris(1,1-dimethylethyl)
phenol 

2,4,6-tri-tert-butylphenol 2,4,6-Tri-
tert-butylhydroxybenzene;
Alkofen B; 
P 23; 
TM02;
Voidox; 
2,4,6-tris(1,1-dimethylethyl)-phenol;
tributylphenol,96%;
Antioxidant 246;
2,4,6-tri-tertiary butyl phenol (TTBP)

HSDB9

732-26-3

OH
tBu

tBu

tBu

5284-29-7

O
H
210555-94-5

O
H

57427-55-1

O
H

104-43-8

Bu

OH
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4. applicaTions of DDp anD TTbp 

4.1. APPLicATioNs foR DDP
Applications found for DDP are listed in Table 2. The 
STN database was the main source used to compose 
this list and it is important to mention that many of 
these applications are extracted from patents. In this 
manner, some of these applications should be consid-
ered as potential applications rather than common 
applications for these components.

TAbLe 2: APPLicATioNs foR DDP

cAs NR. APPLicATioN fieLD sPecific APPLicATioNs

104-43-8 An additive in fuel, oil, gasoline 
or lubricants.

In the UK 99% of the consumption volume is used in the production of oil and lubricant 
additives, primarily calcium alkyl phenate sulphides.13

74499-35-7 An additive in fuel, oil, gasoline 
or lubricants. 

74499-35-7 can be used as an additive to a refined hydrocarbon based anti-freeze.14

74499-35-7 can be used as an additive to a new generation of premium hydraulic oil 
designed for outdoor use, even at very low temperatures.15

121158-58-5 An additive in fuel, oil, gasoline 
or lubricants.

121158-58-5 is used as an additive to lubricant oil.16, 17, 18

121158-58-5 is used as an additive to engine oil19 including oil for marine engines20

104-43-8 Chemical intermediate/catalyst 4-dodecylphenol is converted to a calcium phenolate [50910-68-4] and used as a deter-
gent in lubricating oils.21

The reaction product of 4-dodecylphenol with ethylene oxide and propylene oxide is used 
as a corrosion inhibitor in oil.22 
104-43-8 4-dodecylphenol is used in the production of a zinc dithiophosphate ester 
[54261-67-5], which is used as an antioxidant and antiwear additive for high temperature 
applications.23 
High purity 4-dodecylphenol is used to produce specialty surfactants by its reaction with 
ethylene oxide.24  
4-dodecylphenol is also used as an epoxy curing catalyst where the addition of 4-dode-
cylphenol accelerates curing of the epoxy resin to a hard, nontacky solid25 

Additive to rubber and plastics The adhesiveness of resin containing synthetic rubber gum mixtures, useful in tyre manu-
facturing, was improved without affecting the vulcanization properties while assuring 
sufficient thermal aging resistance of vulcanizates, by using resins prepd. from (di)alkyl 
phenols (including DDP) and hexamethylenetetramine or amine- or NH3-HCHO mixes. as 
resin additives.26

The maximum concentration of free para-C12-alkylphenols in the resins used to make 
tyres is assumed to be 3%.27  
Alkyl phenolic resin for use in any part of rubber tyre comprises adding alkylphenol.28 
Antioxidant-fungicides used in the elastomers comprise dodecylphenol among other 
components.29 

All Other Seed dressing emulsions can be stabilized by phenols and saturated and unsaturated alco-
hols, including DDP30 

104-43-8 Phenolic resins 4-dodecylphenol is also used to produce phenolic resins which are used in adhesive applica-
tions and printing inks31 

All p-DD Phenolic resins Is used to make phenolic resins. The phenol/formaldehyde resins may be made with para-
C12-alkylphenols alone or, more commonly, in admixture with other phenols depending 
on the properties desired for the final resin. The resins may contain up to 3% of unreacted 
para-C12-alkylphenols32  

11067-80-4 Other Dyeing of cellulosic materials (cotton), includes ethylene oxide-isododecylphenol reaction 
product in one of the 4 stages of dyeing. It is one of the components in the fixation mix.33 

121158-58-5 other 121158-58-5 (mixed dodecyl phenol isomers) is used as an additive to a benzyl alcohol 
based two- component solvent-free seamless coating for flooring.34 

(The DDP isomer is specified by its CAS number when 
this was specifically indicated in the data gathered.)

In addition, DDPs were suspected to be potentially 
used in cleaning products in Norway, as it was regis-
tered within the category of “cleaning agents” in the 
Product Register. The patent of one cleaning agent 
suggested the possible use of DDP within the compo-
sition of the product; however DDP was one out of 
many other alternatives.
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Research was also carried out in order to identify 
any potential uses in cosmetics, or pharmaceuticals. 
Research carried out on internet showed no potential 
use in these sectors.

Products DDP will be found in are:

Additive to crankcase lubricants (automotive and  �
shipping)
Constituent in phenolic resins (e.g. rubber, ink) �
epoxy resins (e.g. paints, adhesives) �

Internationally the major application (over 95 %) of 
DDP is recognized to be in the production of oil and 
lubricant additives.35, 36 There is no indication that the 
pattern should be different for Norway.

TAbLe 3: PRoPeRTies of DDP37

APPLicATioN fuNcTioN

Lube oil additive 4-dodecylphenol is converted to a calcium phenolate [50910-68-4] and used as a detergent in lubricating oils. 
The phenolate combines with combustion debris to prevent the accumulation of the debris on engine parts and 
neutralizes the strong acids formed during combustion and oxidation.

Lube oil additive The reaction product of 4-dodecylphenol with ethylene oxide and propylene oxide is used as a corrosion inhibi-
tor in oil. It coats the inner surfaces of an engine to prevent the corrosion of moving parts. 

Lube oil additive 4-dodecylphenol is used in the production of a zinc dithiophosphate ester [54261-67-5], which is used as an 
antioxidant and antiwear additive for high temperature applications.

Production of surfactants High purity 4-dodecylphenol is used to produce specialty surfactants by its reaction with ethylene oxide. The 
slight colour of high purity 4-dodecylphenol is important in this application from a standpoint of aesthetics. 

Produce phenolic resins 4-dodecylphenol is also used to produce phenolic resins which are used in adhesive applications and printing inks. 

Epoxy resins 4-dodecylphenol is also used as an epoxy curing catalyst where the addition of 4-dodecylphenol accelerates 
curing of the epoxy resin. 

TAbLe 4: APPLicATioNs foR TTbP

APPLicATioN fieLD sPecific APPLicATioNs

An additive in fuel, oil, 
gasoline or lubricants.38 

Permissible antioxidant for aviation fuel (when mixed with other butylphenols).39

An additive to “clean” gasoline.40

Chemical intermediate Starting material for the synthesis of 2,6-di-tert-butyl-4-methoxyphenol which is a powerful antioxidant.41

Additive to plastics An additive to polymeric construction compounds that can be used for flooring or pavement of sports ground.42

An antioxidant added to polypropylene drainage pipes for trenchless replacement of  pipes.43

Main component of phenolic amino resins used as stabilizing agent for diene rubber.44

Main component in butylphenols mixture combined with 6-etoxyquinolines mixtures to compose the stabilizer for 
vulcanized rubber.45

Rubber stock with good vulcanization rate contains condensation product of TTBP.46

Pesticide A rodenticide of the anticoagulant type.47

Other A component composing the stabilizing agent of an ethylene-vinyl acetate copolymer adhesive.48

An additive to a processing aid for rubber compounds comprised of vegetable oil, produced from waste.49

An antioxidant used in latex for carpet-backing coatings, protects the coating but does not discolor it.50

Stabilizer in jet-recording inks containing cyclohexanone.51

Potential use CO
2
-soluble sand binder for production of casting molds.52

4.2. fuNcTioNs of DDP iN PRoDucTs
The functions of DDP in the various applications are 
presented in Table 3. The properties refer to those of 
4-DDP (CAS: 27193-86-8), however the properties of 
the other isomers can be expected to be comparable.

4.3. APPLicATioNs of TTbP
Applications found for TTBP are listed in Table 4. The 
STN database was the main source used to compose 
this list and it is important to mention that many of 
these applications are extracted from patents. In this 
manner, some of these applications should be consid-
ered as potential applications rather than common 
applications.
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Several of the applications listed in the tables above 
are extracted from the STN database and are often 
quoted from patents. Thereby, the listed applications 
should be considered as possible/ potential applications 
for these components.

TTBP is used mainly as a stabiliser added to petroleum 
based products. However, as listed in the table above 
the applications are potentially very broad including its 
use as a pesticide.

The most common products where TTBP is used are:

Additive to fuel: (anti-oxidants in hydroprocessed  �
fuel) 
Composition of phenolic resins (rubber/ink) �

Research within this project was also carried out 
in  order to identify any potential uses in cosmet-
ics or pharmaceuticals. Internet research showed no 
 potential use in these sectors.
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5. applicaTions of The componenTs in norway

5.1. DDP AND TTb sPecific  
APPLicATioNs iN NoRwAy
Norway does not produce DDP nor TTBPs and accord-
ing to the Norwegian Product Register, to date there is 
no direct import of DDP nor TTBP into Norway. These 
chemicals are only imported as part of preparations/
products.

The objective of this section is to define the appli-
cations of DDP and TTBPs in Norway and thereby 
identify in what products the chemical will be expected 
to be found.

To do so, major industrial european and Norwegian 
actors in the fields of the applications mentioned in 
Table 2 and Table 4 were contacted. 

TAbLe 5: DDP  AND TTbPs iN NoRwAy

APPLicATioN iDeNTifieD  
foR DDP AND TTbPs

ReLevANT To NoRwAy NoTe

Additive in fuel, gasoline produced in Norway No There are two refineries in Norway and both responded that 
neither DDP nor TTBPs were used in their processing.

Additive in oil lubricants Yes DDP is used in some of these products imported into Norway.
A major lubricant supplier in Norway has confirmed that DDP 
-phenol were found in most of their motor oils.

Additive in imported fuel Probable source The addition of TTB or DDP phenols are dependent on the 
manufacturing process of fuel. Imported fuel may contain the 
chemicals, however the concentrations are expected to be 
very low.
Norway imports ca. 22% of its annual fuel consumption.

Additive to rubber Possible in Novalac resins. 
Tyre rubber is a potential 
source, but if any in very 
low concentrations.

The European resin manufacturers association (ERMA) indicated 
a very low use of DDPs in Novalac resins. TTBP is not used in 
phenolic resins.
The European tyre and rubber manufacturer association 
(ETRMA) contacted its members as regards to the presence 
of DDP and TTBP in their products. The few that responded 
indicated they did not use DDP or TTBP.
Contact with one major plastic product producer in Norway 
indicated that neither DDP nor TTB phenols were present in 
their products.
The tyre manufacturers contacted were not aware of the 
presence of the chemicals in their products.

Pesticide (seed dressing, pesticide component) No Norwegian Food Safety Authority confirmed the components 
were not authorized in pesticides used in Norway

Paints and varnishes No Contact with the 2 main paint producers/importers in Norway: 
neither use DDPs nor TTBP in their production. 
Other imported products from minor suppliers could contain 
the chemicals, however volumes are expected to be low.

Inks If any, in very low 
 concentrations

Major ink manufacturers were contacted, none were aware of 
the presence of DDP and TTBP in their products, however they 
do no intentionally use TTBP or DDP.

The answers are gathered in Table 5. For reasons of 
business confidentiality, the names of the companies 
contacted are not indicated.

DDP and TTBPs are expected to be found in the 
 following products in Norway:

Imported fuel, as a potential fuel additive  �
 compound
Crankcase lubricants (automotive and shipping), as  �
an additive compound 
Products composed of phenolic resins: in particular  �
tyre rubber and ink
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5.2. esTimATioN of  
The ToNNAGe imPoRTeD iNTo NoRwAy
From what has been declared to the Norwegian 
Product Register the tonnage is as follows: Figure 1 
and Figure 2 show the trend as regards to the tonnage 
of 2 DDPs into Norway since 2002. Figure 3 illustrates 
the import of TTBP. Finally Figure 4 shows the gen-
eral trend of import of the 3 mentioned chemicals. 
This shows clearly that the import has decreased 
since 2002. (The import consists solely of chemicals in 
 formulated/manufactured products.)

As discussed in chapter 5.1 DDP and TTBP are minor 
components found in the following products:

Imported fuel: the quantities of the chemicals are  �
very small in the final product and are not indicated 
on the MSDS. Consequently if fuel additive com-
posed of DDP or TTBP is used in the manufacturing 
of imported fuel, the corresponding tonnage of 
the phenols free in the fuel are not expected to be 
declared to the Norwegian Product Register.  
Crankcase lubricants (automotive and shipping):  �
the presence of DDP is indicated on the MSDS of 
certain lubricants. Furthermore, one major lubri-
cant supplier in Norway, confirmed using a DDP in 
the lubricant additive used in the manufacturing 
of their crankcase lubricants (motor oil), however 
the chemical is not indicated in the MSDS of the 
concerned products. MSDS that indicate the pres-
ence of DDP, declare an average content of 0.15%, 
in this manner as long as more than 1 tonne of 
lubricant is imported, the corresponding tonnage of 
DDP should be declared to the Norwegian Prod-
uct Register. However, the tonnage declared to 
the Norwegian Product Register is expected to be 
an underestimation of the real import of DDP via 
crankcase lubricant. 
Phenolic resin in rubber, in particular tyres: when  �
the chemicals are present in the composition of the 
rubber they will not be declared or registered.
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Figure 1 Registered DDP, CAS 27193-86-8

Figure 2 Registered DDP, CAS 121158-58-5

Figure 3: Registered TTBP

Figure 4: Total registered DDPs and TTBP in Norway

TAbLe 6: ReGisTeReD ToNNAGe of DDPs  
AND TTbP iN NoRwAy

cAs 2009 2008 2007

27193868 0,029 0,02 0,02

74499357 0,001 * *

121158585 0,18 0,25 0,44

732263 0,22 0,31 0,88

Total 0,434 0,58 1,34

* Information was not available for 2007 and 2008.
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In conclusion, the tonnage registered in the Norwegian 
Product Register is expected to be an underestimation 
of the factual import of DDPs and TTBP in products. 
The following chapter will attempt to address this 
underestimation and quantify the potential import of 
the chemicals. It is however important to note that to 
date, there is no clear record as regards to the content 
of the chemicals in products and what percentage of 
each product group is likely to contain the chemicals. 
Thereby the following estimations are based on as-
sumptions and in particular on “worst case” scenarios. 

5.2.1. Import of TTBP via fuel
According to the 2009 statistics provided by Statistics 
Norway (SSB) (see Table 7), the import of fuel into 
Norway represents 22% of the national consumption.53 
Neither DDP nor TTBPs are used in the manufacturing 
of domestic oil refineries and is only used in refineries 
that use hydrotreating as their process mechanism. 
According to the Additives Technical Committee 
(ATC)  the use of TTBP has been reduced in the last 
five years.54 However, it is not possible to determine 
the percentage of imported fuel manufactured by 
hydrotreating process using TTBP. In order to estimate 
the potential import of TTBP into Norway via fuel, it 
will be assumed that all fuel imported contains TTBP as 
an additive. This is the worst case scenario. 

According to a major jet fuel manufacturer, to date 
there are 6 additive packages authorized for the use 
in aircraft (civilian and military). One out of the six 
preparations contains TTBP. The composition of the 
antioxidant mixture is as follows:

75 % minimum, 2,6 ditertiary-butyl phenol  �
25 % maximum mixed tertiary and tritertiary  �
butyl-phenols

According to the same source, the maximum dosage 
of this additive package into fuel is 24 mg/l.

Dosages of TTBP in the additive and the dosage of ad-
ditive in fuel is expected to vary specifically to the type 
of fuel manufactured, however the differences are not 
expected to be extremely high. In this manner, in order 

TAbLe 7: AuTomoTive fueL sTATisTics 200955

PRoDucTioN 4 113 000 tonnes

coNsumPTioN 1 271 000 tonnes

imPoRT 285 000 tonnes

exPoRT 2 743 000 tonnes

(The numbers do not add up, as some of the fuel produced in Norway 
is stored).

fAcT box: The NoRweGiAN PRoDucT ReGisTeR:
The Product Register is the official central register of chemical 
products traded in Norway. All chemical products classified in 
regulation on classification and labelling of dangerous chemicals 
and produced or imported in volumes above or equal to 100 
kg, must be declared to the Product Register. The declara-
tion duty extends to products covered by the regulation on 
declaration and labelling of microbiological products and by the 
regulation on biocides.

to estimate the potential import of TTBP into Norway 
via fuel, the dosage rates known for aviation will be 
applied for all fuel imported.

The result is higher than the total tonnage registered 
in the Norwegian Product Register, the tonnage is 
expected to be an overestimate.

DDP are not reported to be used as a fuel additive 
in Norway and do not enter the composition of any 
jet fuel additive. Furthermore, the 2007 UK Study on 
C12-alkyl-phenols does not consider fuel as a source of 
DDP. Consequently, in this report fuel additive will not 
be considered as a source of DDP. If any, the quantities 
will be small. 

5.2.2. Import of DDP via crankcase lubricant
Norway does not produce lubricant additive packages 
or lubricants, all hydrocarbon based lubricants are 
imported. 

The 2007 UK study,57 states that C12-alkyl-phenols are 
used in crankcase lubricants and in marine lubricants. 
The remaining content of unreacted DDP in the final 
product is minor. 

The content of DDP in lubricants known to be import-
ed into Norway compose below 1% of the lubricant. 
The following calculations will use an average DDP 
content of 0,2% by weight, this is based on informa-
tion supplied by lubricant manufacturers.

woRsT cAse sceNARio esTimATioN 
- imPoRT of TTbP viA fueL

Maximum mixed tertiary and TTBP in 
antioxidant mixture

25%

Fuel density 0,74 kg/l

Maximum dosage of antioxidant in fuel 24,0 mg/l = 0,0032% 

Maximum dosage of TTBP in fuel 0,0008 %

Import of car fuel  (2009) 285 000 tonnes

Import of jet fuel (2009)56  181 571 tonnes

Total import of TTBP via fuel 3,73 tonnes
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According to information gathered from lubricant 
suppliers to Norway, TTBP does not appear to be 
used as an additive; however the Canadian study does 
indicate that TTBP has been used in the past in lubri-
cants. Nevertheless, DDP will be the most common of 
both chemicals potentially found in lubricants and in 
this manner the import of TTBP via lubricants will be 
considered as a minor import route for the chemical. 
Hence, the following estimations are based on data 
relative to DDPs only. 

Sales of lubricant oil in Norway, in 2006 accounted for 
70 000m3. However, DDP will be expected to be found 
only in crankcase lubricants (motor oil for auto motive 
and marine purposes). According to Table 8, the im-
port of motor oils, compressor oils and turbine oils to 
Norway in 2009, accounted for 25089 tonnes.

A complete survey of the market shares for motor oils 
containing DDP has not been made, but according to 
a major supplier of motor oils to both large and small 
vehicles, about 15% of their products contain DDP.
Thereby the total tonnage calculated here is expected 
to be overestimated.

5.2.3. Import via phenolic resins: tyre rubber 
Phenolic resins are oligomers synthesized by repeatedly 
linking phenolic monomers with aldehyde chemicals. 
Today, there are a wide range of reaction conditions 
and monomers available to produce a variety of resins 
specifically designed for use in individual applications.
There are two general resin types: NOVOLAC resins 
and ReSOL resins.

Phenolic resin effortlessly penetrates and adheres to 
the structure of many organic and inorganic fillers and 
reinforcements, which makes it an ideal candidate for 
various end uses.59

TAbLe 8: imPoRT of LubRicANT To NoRwAy, PeR cATeGoRy of LubRicANT (ToNNes) 58

TRADe NumbeR AND TyPe 2002 2003 2004 2005 2006 2007 2008 2009

27101981 Motor oils, compressor oils and turbine oils 22136 19244 22437 22170 23305 24169 26825 25089

27101983 Hydraulic oils 5146 5961 5647 4869 6680 7841 8632 8906

27101985 White oils 261 2449 5590 2279 3424 6649 5827 5648

27101987 Gear oils 2241 2423 2660 2523 3191 4226 4973 5262

27101991 Metalworking oils, form oils and rust 
protection oils

771 827 1355 5232 2125 1626 1597 1077

27101993 Insulation oils 156 26 184 117 502 798 1353 773

27101994 Lubricants 41042 37165 35243 29946 23773 25689 18953 11611

The properties of phenolic resins are: 

hardness;  �
heat resistance:  they withstand high temperatures  �
under mechanical load with minimal deformation 
or creep;
chemical resistance: they provide an impervious  �
shield to protect a variety of substrates from the 
corrosive effects of chemicals.

According to the european Resins Manufacturers 
 Association (eRMA)60, TTBP is not used in phenolic 
resins and very little DDP is used. DDP would be added 
mainly to Novalac resins, in order to modify the prop-
erties of the resin according to specificities desired. 
Tyres and technical rubber goods use straight phenolic 
Novolac resins as reinforcing agents.

A few members of the european Tyre and Rubber 
Manufacturer Association (eTRMA) indicate they do 
not use DDPs.

The import of automotive tyres to Norway repre-
sented a total of 43 000 tonnes in 2009.61 There are 
no other areas of use for rubber that can compare to 
this tonnage. However one major pipe manufacturer 
in Norway was contacted and confirmed that neither 
DDP nor TTBP were used in the manufacturing of 
their products. In this manner in this report, the use of 
 phenolic resin will only be assessed for its use in tyres.

woRsT cAse sceNARio esTimATioN  
- cRANkcAse LubRicANTs

Average content of DDP in crankcase 
lubricants

0,2%

Import of motor oils, compressor oils and 
turbine oils, 2009

25089 tonnes

Worst case scenario: import of DDP via 
crankcase lubricants

50 tonnes
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The content of unreacted DDP in tyre rubber is 
 expected to be low and according to the information 
provided by european manufacturer associations the 
use of the DDP does not appear to be common. How-
ever this application shall be discussed in this report in 
order to illustrate the potential import and emission 
via phenolic resins, which appears to be the second 
most common application of DDPs. 

According to the 2007 UK study,63 resins are gener-
ally added to rubber in amounts up to 1,5% of the 
rubber formulation. The maximum concentration of 
free para-C12-alkylphenols in the resins used to make 
tyres is assumed to be 3%. In this manner free para-
C

12
-alkylphenols will represent 0,045% of the rubber 

composing the tyre. According to the data reported by 
eTRA, in Table 9, rubber composes 43 – 48% of a tyre, 
consequently free para-C12-alkylphenols will represent 
0,02% of the tyre. The proportion of DDP amongst 
the para-C

12
-alkylphenols present is difficult to esti-

mate, consequently in this report the data for para-
C

12
-alkylphenols will be directly used for DDPs. This is 

obviously an overestimate.

The worst case scenario would be to consider that all 
tyres imported contain DDP or TTBP. 

5.2.4. Import via phenolic resins: Ink
As mentioned in earlier, the presence of DDP and TTBP 
are not expected to be significant in inks, this is further 
discussed in this section.

Printing inks are made of four basic components: 

Pigments  �
Resins  �
Solvents  �
Additives  �

Resins bind the other ingredients of the ink together so 
that it forms a film and they bind the ink to the paper.  
They also contribute to gloss and resistance to heat, 
chemicals and water.  

Different resins will be used according to the applica-
tion of the ink and typically more than one resin is 
used in a given ink. Phenolic resins count among the 
most commonly used resins. According to CePAD (UK 
study), printing inks account for resins produced from 
para- C

12
-alkylphenols.

The manufacturing of ink is divided in two stages:
Varnish manufacturing:  ink varnish, drying oil, alkyd 
and other solvents are added to the vessel under 
nitrogen prior to cooking.  Hard resins are then added 
when the correct temperature is attained. The cooking 

woRsT cAse sceNARio esTimATioN - TyRes

Free para-C12-alkylphenols (DDP) in a tyre 0,02%

Import of tyres in 2009 43 000 tonnes

Worst case scenario: import of DDP via 
tyres

9,6 tonnes

TAbLe 9: The comPosiTioN of TyRes iN The euRo-
PeAN uNioN: mATeRiAL PAsseNGeR cARs TRucks/
buses62

mATeRiAL coNTeNT

Rubber /Elastomers 43 % - 48 % 

Carbon black 21 % - 22 % 

Metal 15 % -27 % 

Textile 5 % 

Zinc oxide 1 % -2% 

Sulphur 1 % 

Additives 6 % - 8%

process continues until the reactants are either totally 
consumed in the transesterification process or achieve 
adequate solubility in the solvent.  The additives are 
added after the batch cools down.

Pigment dispersal: pigments are added to the varnish.

The manufacturing of inks requires high tempera-
tures, any free DDP or TTBP from the phenolic resin is 
expected to be mostly consumed in this process and 
very low concentrations are expected to be detected 
in the final ink. The 2007 UK study,64 also states that 
no significant traces of para-C

12
-alkylphenols are left 

in the finished inks. This correlates with the fact that 
ink manufacturers are not aware of the presence of 
neither DDP nor TTBP in their products. 

Hence releases from the printing process, or from the 
recycling of paper printed with these inks, are negli-
gible and will not be discussed in this report.
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6. emission of DDp anD TTbp

DDP and TTBPs are neither produced nor handled as 
“pure chemicals” in Norway, they are minor compo-
nents in a limited number of products. Accordingly, 
their emission in the environment is expected to be 
low. The following chapter addresses the environ-
mental behaviour of the chemicals and discusses 
their  potential emission routes in Norway, as well as 
highlights eventual methodologies to estimate their 
environmental emission.

6.1. exPecTeD eNviRoNmeNTAL behAviouR

6.1.1. Environmental behaviour of DDP65 
The following information is based on data gathered 
for the isomer CAS: 27193-86-8 on the HSDB data-
base (Hazardous Substances Data Bank operated by 
the US National Library of Medicine). Similar charac-
teristics are expected from the other DDP isomers.

estimated Koc = 90 000 
Vapor pressure = 6,93.10-5 mm Hg at 25 deg C 

Fate in the hydrosphere:
Based on the partition coefficient carbon/water (Koc), 
DDP is expected to partition from the water column 
to sediment and suspended material and be strongly 
adsorbed. 

The volatilization properties of DDP suggest that in the 
absence of strong adsorption, volatilization may be a 
viable transport process.

Fate in the atmosphere:
DDP is expected to exist primarily in the vapour-phase 
in the ambient atmosphere, although some may also 
exist in the particulate-phase.

Particulate-phase DDP can be physically removed from 
air by wet and dry deposition processes. 

Vapor-phase DDP half-life in the atmosphere by re-
action with photochemically induced hydroxyl radicals: 
T

1/2
 = 3.7-6.65 hr

Night-time reaction with nitrate radicals may also 
contribute to the atmospheric removal of the vapour-
phase.

Fate in soil and sediment:
Based on the partition coefficient carbon/water (Koc), 
DDP is expected to be immobile in soil. 

In conclusion, DDPs are expected to partition mainly 
to soil/sediment, where they shall persist and may be 
available to bioaccumulate in organisms.

6.1.2. Environmental behaviour of TTBP66 
The following information is based on data available on 
the HSDB database for TTBP.

Vapor pressure = 6.61x10-4 mm Hg at 25 deg C 
estimated Koc = 63,000 
estimated Henry’s Law constant = 6.5x10-6 atm-cu 
m/mole

Fate in the hydrosphere:
Based on the partition coefficient carbon/water (Koc), 
TTBP  is expected to adsorb to suspended solids and 
sediment.

The Henry’s law constant suggests that volatilization 
from water is expected to be an important fate pro-
cess but will be attenuated by adsorption to suspended 
solids and sediment in the water.

Fate in the atmosphere:
The vapour pressure of TTBP indicates that the com-
ponent will exist in both the vapour and particulate 
phases in the atmosphere. 

Half-life of the  atego-phase by reaction with photo-
chemically-induced hydroxyl radicals: T

1/2
= 24 hr

The particulate-phase will be physically removed by 
wet or dry deposition. 

TTBP is not expected to be susceptible to direct pho-
tolysis by sunlight.

Fate in soil/sediment:
Based on the partition coefficient carbon/water (Koc), 
TTBP is expected to be immobile in soil. 

TAbLe 10:  
TTbP PARTiTioNiNG iNTo eAch comPARTmeNT (%) 67

subsTANce 
ReLeAseD To: 

AiR wATeR soiL seDimeNT

Air (100%) 0 0 100 0

Water (100%) 0 2 4 94

Soil (100%) 0 0 100 0
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The Henry’s law constant suggests that volatilization 
from moist soil surfaces is expected to be an important 
fate process.

The following table indicates the expected partition of 
TTBP based on the results of an equilibrium criterion 
model by environment Canada.

In conclusion, TTBP will mainly partition to soil/sedi-
ment, where it shall persist and may be available to 
bioaccumulate in organisms.

6.2. sTuDies LookiNG iNTo The eNviRoN-
meNTAL emissioN of DDP AND TTbP
The environmental emissions of DDP and TTBPs have 
been little studied. To date, 4 studies have been found:

uk:68 Environmental risk evaluation report: para-C
12

-
alkylphenols(dodecylphenol and tetrapropenylphenol, 2007

This risk assessment covers any branched chain para-
C

12
-alkylphenol in commercial use in europe, but par-

ticularly “phenol, (tetrapropenyl) derivatives” (CAS no. 
74499-35-7) (tetrapropenylphenol) and “dodecylphe-
nol, mixed isomers (branched)” (CAS no. 121158-58-
5). Overall, the assessment identifies potential environ-
mental risks from production, use as an intermediate, 
and most end-uses of the derivatives and resins (which 
all contain some para-C

12
-alkylphenols as impurities).

The methodologies used to describe the emissions of 
para-C

12
-alkylphenol can be transposed to the emis-

sions of DDP and TTBPs in Norway by making a few 
adjustments to national conditions.

sweDeN:69 Screening tertiary butylphenols, methylphe-
nols, and long-chain alkylphenols in the Swedish environ-
ment, IVL Rapport/report B1594, 2003

A screening study of 30 phenolic compounds is pre-
sented, covering 14 tertiary butylphenols and related 
substances, 7 methylphenols and 9 long-chain (C

8
, C

9
, 

C
12

) alkylphenols, including DDP. The main objectives of 
the study were to determine environmental concen-
trations of these substances in a variety of environ-
mental media in Sweden, to highlight important source 
categories, and to link the environmental occurrence 
to the current use in Sweden. 

No methodology was established to estimate the 
emissions, but the results of the environmental screen-
ing are interesting to compare to estimated emissions.

cANADA:70 Screening assessment of the challenge: phenol 
2,4,6-tris(1,1-dimethylethyl) – (2,4,6-tri-tert-butylphenol), 
CAS 732-26-3, 2010

Risk assessment carried out, looking into the applica-
tions of TTBP in Canada and estimating the emission 
into the environment in order to estimate the risk as-
sociated to the use of this component in Canada. Only 
one application was identified in Canada; additive in 
fuel.  The methodology used to estimate the emissions 
in this study can be easily transposed to Norway.

us ePA:71 An exposure and risk assessment for phenol, 
EPA-440/4-85-013, 1981

Risk assessment of alkyl phenols in 1981 in the US. This 
study looked into the use of DDP in the use and the re-
lated emission. However the only application identified 
and looked into was lubricant production. As there is 
no lubricant manufacturing in Norway, the methodol-
ogy is not of interest here.

NoRDic scReeNiNG GRouP:72 TemaNord 2008:530:  
Screening of phenolic substances in the Nordic environ-
ments, 2008

Screening was carried out in all Nordic countries and 
analysed for different phenols, amongst which DDP. 
There is no estimation as regards to the emission, but 
the results of the screening will be a useful tool to 
compare the theoretical emissions associated to the 
applications of DDP in Norway with the actual con-
tents found in the environment. 

ssb:73 Use and emissions of hazardous substances in 
 Norway, 2002-2007, 2009

Statistics Norway has in recent years published sta-
tistics of use and emissions of hazardous substances 
in Norway. The latest covers the years 2002 through 
2007. The statistics covers 450 substances categorized 
as being CMR (Holmengen). Of these 450 substances, 
three are of interest for this project, CAS-numbers 
27193-86-8, 121158-58-5 and 732-26-3.  The emis-
sions are calculated by multiplying amount used of 
each substance by an emission factor. The amount 
used is the sum of import and production minus ex-
port. The numbers are from the Norwegian Product 
Register. emission factors are gathered from several 
sources and the accuracy varies. 
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6.3. PoTeNTiAL emissioNs  
of DDPs AND TTbP iN NoRwAy
This chapter will look into the emission of DDP and 
TTBP in Norway. The emission scenarios discussed in 
this section are expected to be the most significant, 
nonetheless these are likely to not be the only ones.

The scenarios considered are:

use and disposal of fuel in Norway �
use and disposal of oil lubricants in Norway �
use and disposal of tyres in Norway �

 
6.3.1. Emission from fuel additive
In order to estimate the potential emissions from 
the use of DDP and TTBPs as fuel additives, the 2009 
Canadian study75 has established a clear methodology 
to do so. In this section the methodology, assump-
tions and estimates indicated in the Canadian study will 
be directly transposed to Norwegian consumption of 
TTBPs as additives in fuel.

Manufacturing of fuel: blending of the additive package 
with the fuel; could be a potential source of emission. 
However there are two crude oil refineries in Norway: 
Mongstad and Slagentangen and both refineries have 
confirmed that neither DDP nor TTBPs are used in 
their manufacturing.

By using the worst case scenario it has been assumed 
that the total import of TTBP via fuel= 2,3 tonnes /
year.

The 2009, Canadian study on TTBP used models to 
estimate the emissions of TTBP into the environment. 
First it was assumed that the substance behaves simi-
larly to gasoline when used as a fuel additive. Based on 
existing regulations and a worst-case scenario, it was 
assumed that loss by transformation during combus-
tion is 99,6%. 

Table 11 and Table 12 estimate the potential environ-
mental emission of TTBP via fuel combustion and its 
partition in the different environmental compart-
ments. The results are according to the worst case 
scenario and are expected to be an overestimate.

6.3.2. Emission from crankcase lubricant additives
Assuming the worst case scenario considered in the 
estimation of the import of DDP via lubricants, a total 
of 50 tonnes of DDP could potentially be imported. 
Marine lubricants used in two-stroke engines will be 
burnt with the fuel. There will be no emission of DDP 
related to this use.

On the other hand, crankcase oil for automotive use 

TAbLe 11:  
ANNuAL emissioN of TTbP fRom fueL combusTioN

Transformation of TTBP during combustion 99,60 %

TTBP emitted during combustion 0,40 %

Worst case scenario: Import of TTBP via fuel 3,73 tonnes

Worst case scenario: Total TTBP emitted 15 kg

TAbLe 12: eNviRoNmeNTAL PARTiTioN of TTbP emis-
sioN fRom fueL combusTioN

eNviRoNmeN-
TAL PARTiTioN

% AccoRDiNG To The 
2009 cANADiAN sTuDy

emissioN of 
TTbP (kG)

Water 15,0 % 2,75

Air 80 % 12

Soil 5 % 0,75

(motor oil) for four-stroke engines will not be burnt 
with the fuel.

According to the 2007 UK-study, half of the content 
of DDP in lubricants will be destroyed during the 
oils lifetime, in this manner 25 tonnes of DDP will be 
potentially found in waste oil. Klif‘s “environmental 
Status” states that to date, 85% of waste oil is col-
lected and managed appropriately.74 

3,8 tonnes of DDP have an unknown fate and are po-
tentially released directly into the environment or into 
collective waste water systems.

However this is the worst case scenario and is ex-
pected to be an overestimation of the real emissions. 
The emission calculated here is well above the declared 
amount in the Norwegian Product Register. 

Both the UK and Canadian study, consider the poten-
tial emission of chemicals from the remaining content 
of lubricant in disposed containers. In Norway, these 

woRsT cAse sceNARio esTimATioN foR  
DDP iN cRANkcAse LubRicANT ADDiTive

Worst case scenario: DDP imported via motor 
oil

25 tonnes

Worst case scenario: DDP remaining in waste 
motor oil

12,5 tonnes

Worst case scenario: DDP in Motor oil not 
disposed properly

3,76 tonnes
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containers are meant to be disposed as “hazardous 
waste” and will be managed appropriately. However it 
is expected that some of these containers will be dis-
posed with “household waste”. In Norway household 
waste is incinerated and thereby, the emission of these 
chemicals is not expected to occur to any significant 
degree. Hence, this emission route is not considered in 
this report.

6.3.3. Emission from tyres in Norway
The 2007 UK study76 addresses the potential emission 
of para-C12-alkylphenols in tyres. The methodology 
used for the UK can be transposed and adapted to 
Norwegian conditions. Both the emissions in use and at 
disposal is discussed in this chapter.

At present, there is no manufacturing of tyres in 
Norway, all tyres are imported and the only potential 
emission of DDPs from tyres can only occur during 
their use and disposal.

Emission in use
Loss from tyres in use is expected to occur through 
abrasive wear of the material rather than through 
leaching or volatilisation. The 2007 UK study77 gath-
ered information documenting that the resin poten-
tially containing the phenols of interest, is used in the 
interior portion of the tyre and is thereby not expect-
ed to be subject to abrasion and loss during use. How-
ever there are also indications that a related substance 
to DDPs (4-tert-octylphenol) has been found in road 
runoff. In this manner the 2007 UK Study78 suggests to 
discuss this emission route, however recognizing that 
“it might not be wholly realistic for para-C

12
-alkylphe-

nols”.

The potential emission of DDP through the abrasion of 
tyres will follow the methodology used by the UK using 
specific Norwegian data and further detailed. 

The metal and textile content of the tyres will not be 
expected to compose the material that will undergo 
abrasive wear during tyre use. It will be considered 
here that all the other components, including free 
DDPs will be subject to abrasive wear and at the same 
rate. 

Average weight reduction over a tyre’s life-span= 16%, 
regardless of the vehicle category.

According to the 2007 UK study,80 resins are gener-
ally added to rubber in amounts up to 1,5% of the 
rubber formulation. The maximum concentration of 
free para-C

12
-alkylphenols in the resins used to make 

tyres is assumed to be 3%. In this manner free para-
C

12
-alkylphenols will represent 0,045% of the rubber 

composing the tyre. As the rubber composes ca. 60% 
of what will be loss during the life-span of the tyre, the 
free para-C

12
-alkylphenols will compose 0,027% of the 

loss. It will be assumed that free para-C
12

-alkylphenols 
is equal to the quantity of free DDPs.

To date, no data has been found as regards to what 
percentage of tyres sold in Norway contain DDP. The 
worst case scenario is to consider that all tyres in Nor-
way contain DDP. As indicated in Table 15, considering 
the worst case scenario, a maximum of 2,6 tonnes of 
DDP will be emitted to the environment via the use of 
tyres. However, the environmental availability of the 
phenols in abraded tyre is also subject to reserve.

The release is assumed to be split equally between 
surface water and soil (e.g. roadside).

In conclusion, this route could be a significant source of 
emission of DDP, however it is not realistically ex-
pected to be of much significance, as its use in phenolic 

TAbLe 13: TyRe Life-sPAN  
weiGhT ReDucTioN iN NoRwAy (kG)79

AuTomobiLe cATeGoRy weiGhT New useD TyRes
(at disposal)

Car ± 9 - 11 ± 7 - 9

Van ± 11 - 15 ± 9 - 11

Truck ± 50 - 80 ± 40 - 70

Tractor ± 100 ± 85

TAbLe 14: 
ToTAL coLLecTeD TyRes iN NoRwAy iN 200881

Tyres collected 50 695 tonnes 

Including c.a. 4,5 % water/ice/other waste 2 420 tonnes 

Tyres collected, net  weight 48 275 tonnes

TAbLe 15: ANNuAL PoTeNTiAL  
emissioN of DDPs AND TTbP ThRouGh TyRes use

Annual disposal of tyres (2008) 48 275 tonnes

Equivalent in new tyres (before 16% loss) 60 351 tonnes

Estimated annual tyre loss through use 
(abrasion) 

9 656 tonnes

Worst case scenario:  
Total loss of DDP via abrasive wear of tyres

2,6 tonnes
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resins is low.

Emission at disposal:
In Norway all old tyres are collected and transported 
to either Kjøpsvik or Skjerkøya, where the tyres are 
sorted and recycled as indicated in Table 16.

In conclusion, emissions of potential DDPs from dis-
posed/recycled tyres are expected to be very low.

TAbLe 16: key sTATisTics 2008, RecycLiNG of TyRes

RecycLiNG
sTATisTics foR 
200882 (ToNNes)

exPecTeD emissioNs

Energy: Cement 
production

9 528 tonnes As in car fuel, DDPs are expected to be destroyed at high temperatures. If any DDP or TTBP is 
emitted to the air, it is expected to be in very low rates and the chemicals have a short half-life 
in the atmosphere.

Recycled mate-
rial for civil 
engineering 

26 737 tonnes A risk assessment of 4-tertoctylphenol looked into the leaching of the substance from tyre resi-
dues after disposal and recycling and concluded that overall emission of the chemical through this 
route was  likely to be negligible. Para-alkyl- C12-phenols are used in much lower level than that 
of 4-tert-octylphenol, thereby emissions are expected to be insignificant.  

Blasting mats  1 755 tonnes Expected to undergo significant, damage and abrasion in use, which is difficult to estimate. 
However this source is not expected to be a major contributor to the presence of DDPs in the 
environment.

Silages 1 616 tonnes No emission is expected, since leakage or volatilisation is not expected to occur. 

Reuse/export 
(retreaded)

1 787 tonnes Potential emission from tyre abrasion.

Fenders for 
docks and other 
(e.g. playground 
equipment)

462 tonnes The components of interest are not expected to leach out of the rubber into the water. The 
abrasion is not expected to be comparable to that of tyres on the road. Very old rubber can 
potentially disintegrate, however the environmental availability of DDPs in the disintegration 
material is expected to be low.83

Waste 2 420 tonnes Expected to be burnt in an incinerator. No emissions of DDP or TTBPs are expected.

6.3.4. Emission estimation: SSB methodology
The methodology used by SSB to estimate the emis-
sions are calculated by multiplying amount used of 
each substance by an emission factor. The amount 
used is the sum of import and production minus ex-
port. The numbers are from the Norwegian Product 
Register. There are four groups of emission factors, 
reflecting the level of knowledge, and thereby the level 
of uncertainty:

Factors specific for combinations of substance 1. 
(CAS), product type (UCN) and industrial sector 
(NACe)
Factors specific for combinations of product type 2. 
and industrial sector
Factors specific for product type3. 
general emission factor4. 

The emission categories range from 1 – 4, 1 is the 
most certain. This is an emission factor for products 
with large volumes and is set specifically after consult-
ing the industry. For sector or product types unknown, 
the emission category is 4 and the emission factor is 
set to 1 for a worst case scenario (Holmengen).
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TAbLe 17: emissioN of DDP AND TTbP AccoRDiNG To The ssb meThoDoLoGy84

cAs NR. PRoDucT TyPe coNsumPTioN (ToNNes) emissioN fAcToR emissioN (ToNNes)

27193-86-8 R10990 0,001809600 0,000100 0,00000018096

27193-86-8 B60200 0,028006000 0,002500 0,000070015

74499-35-7 S45180 0,001131260 0,500000 0,00056563

121158-58-5 M05443 0,058310000 0,100000 0,005831

121158-58-5 S45180 0,002000000 0,500000 0,001

121158-58-5 M05243 0,027000000 0,100000 0,0027

121158-58-5 M08100 0,093100000 0,500000 0,04655

732-26-3 S45300 0,001213905 0,500000 0,0006069525

732-26-3 B55200 0,034908545 0,000005 0,000000174542725

732-26-3 P15400 0,187460000 0,100000 0,018746

Total DDP emission 0,056717

Total TTBP emission 0,019353

6.4. PReseNce of DDP 
iN The NoRDic eNviRoNmeNT
The presence of DDP in the environment has been car-
ried out recently in the Nordic countries, by the Nordic 
council85. All six Nordic countries participated in the 
project that included the sampling and analysis of 120 
samples from different environmental compartments. 

The samples included the following:

wATeR sAmPLes:  waste water (influents and effluents) 
from sewage treatment plants (STPs) and effluents 
from landfills; surface run-off and recipient water 
samples from both freshwater/brackish and marine 
environments. 

soLiD sAmPLes: sewage sludge from STPs, soil from 
landfills and sediments from both marine and fresh-
water environments. 

bioLoGicAL sAmPLes: mussels from marine environ-
ments, fish from both freshwater/brackish and marine 
environments, marine mammals (seal and pilot whales) 

TAbLe 18: scReeNiNG ResuLTs of DDP iN sTPs iN NoRwAy86

coNceNTRATioN of DDP iN sewAGe sLuDGe fRom sTPs, 2006/2007
(µg/kg dw)

coNceNTRATioN of DDP iN sTPs, 2006/2007
(ng/l)

bekkeLAGeT osLo veAs bekkeLAGeT osLo veAs

Wet dry silo wet effluent influent effluent influent

47 396 17 492 11 334 47 021 - 2154 1294 1356

and two egg samples from seabirds (black guillemots).
DDP was amongst the phenols found in the high-
est concentrations in all sewage water samples, with 
higher concentrations in the effluent than the influent 
of the STP, see results in Table 18. DDP was detected 
in fish and mussels.

The presence of DDP in sewage water could be linked 
to the disposal of crankcase lubricants.  
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7. conclusion

The objective of this report is to technically support 
the emission reduction aimed for by Norway, by docu-
menting where and how reductions could potentially 
be carried out specifically for TTBP and DDPs. Accord-
ing to chemical manufacturers the production of TTBP 
and DDPs has been reduced within the last five years, 
consequently the use of the chemical is expected to 
have been reduced. This correlates with the reduction 
registered in the Product Registry.

Neither TTBP nor DDPs are produced or imported 
as pure chemicals to Norway. These compounds will 
exclusively be imported via products.

In Norway, TTBP is expected to be used as an anti-
 oxidant in fuel produced by hydrotreating. Only 
imported fuel will potentially contain traces of TTBP 
and will not be registered in the Norwegian Product 
Register.

DDPs are expected to be used mainly as an additive in 
crankcase lubricant manufacturing. Not all suppliers 
indicate the content of DDP, though it is used in their 
manufacturing. The registered tonnage in the Norwe-
gian Product Register is expected to be an underesti-
mation of the real import via lubricants.

DDPs are also used in the manufacturing of phenolic 
resins. Though this is not a common practice DDPS are 
expected to be found in certain phenolic resins and in 
particular in Novalac resins. The final concentration of 
DDP in the final product (e.g. rubber, ink) will be very 
low. The main import of free DDP via phenolic resins is 
expected to occur via tyres.

DDP and TTBP are minor components in products. 
The total tonnage registered in the SPIN database is 
expected to be an underestimate. In order to esti-
mate the imported tonnage, precise data is required 
from manufacturers and importers, and this was not 
available for this report. The report estimates worst 
case scenarios of the potential tonnage imported to 
Norway and are expected to be overestimates.
The emission of the chemicals into the Norwegian 
environment is limited to the use and disposal of a 
restrained number of products. 

The emissions of the chemicals has been little studied, 
however methodologies have been designed to give 
a gross estimate. In this report worst case scenarios 
have been systematically used to estimate emissions. 
According to the estimates established, the potential 

emission of DDP via the abrasive wear of tyres could 
be the main contributor to the environmental emission 
of this component, however the actual presence of 
DDP in tyres is difficult to determine and the environ-
mental availability of the chemical in the abrased 
material is very uncertain. The non-controlled disposal 
of motor oil is expected to be the major contributor 
to the environmental emission of DDP. This correlates 
well with screening results in the Nordic countries 
that show that DDP is found in significant quantities in 
 Norwegian STPs. The emission of TTBP via its use in 
fuel is expected to be insignificant.

In conclusion there is little environmental concern 
as regards to the presence of TTBP in products in 
 Norway. However, as regards to DDPs, their presence 
appears to be common in crankcase lubricants and the 
emission via uncontrolled disposal of engine oil could 
be of significant environmental concern.
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