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ABSTRACT  

REACH dossiers on all petroleum product categories were compiled and submitted 
by Concawe in 2010. ECHA su bsequently raised co ncerns regarding the tech nical 
justification of the assump tions and too ls used to generate the cu rrent PNECs for 
petroleum substance components. One of these issues regarded the lack of ‘oxygen 
and nitrogen containing petroleum substances’ from the Concawe library of structures 
in the PETROTOX/PETRORISK IT tool. The unce rtainty linked to this omissi on had 
not been a ddressed by the Regi strant in t he regi stration dossier in the conte xt of 
assessment factor selection.  

To address this specific issue, Concawe subsequently agreed to  

 Perform a lit erature review of the pre sence o n nitrogen, oxyge n and sulph ur 
heterocyclics (NOSHs) and their structures in petroleum products 

 Carry out analysis of NOSHs in petroleum products using GCxGC with specific 
N- and S- detectors and GC-AED with O-detection 

Literature review confirmed the relative abundance of C, H, N, O and S in petroleum 
was  83-87%, 10-14%, 0.1-2%, 0.05-1.5% and 0.05-6%, respectively with a relatively 
large n umber of (>15 0) of  NOSH structures i dentified from p revious a nalysis o f 
petroleum products. Petroleum products (n = 44) ranging from low boiling naphthas 
to asph alts were anal ysed u sing GCxGC with  sele ctive N- a nd S-chemo -
luminescence Dete ctors (NCD an d SCD, respectively) a nd G C-AED (Gas 
Chromatography Atomic Emission Detector, u sed for O-co ntaining compo nents, 
since there is currently no existing O-specific detector for GCxGC analysis). Eleven 
different compound classes, each of vary ing carbon number, could be differentiated 
based on polarity for N- and S-heterocyclics. Total S-heterocyclics ranged from <0.01-
3.24% (mean  = 0.58%), where as total N-h eterocyclics, ranging f rom <0.01-0.08% 
(mean = 0.02%), were less abundant. No O-containing components could be detected 
(i.e. <0.1%). 

Based on the analytical data generated, it is concluded that NOSH compounds only 
occur in low concentrations within petroleum products.  

KEYWORDS  

N-heterocyclics, S -heterocyclics, O -heterocyclics, pet roleum products, G CxGC, 
REACH  

INTERNET  

This report is availabl e as a n A dobe p df file on the Concawe website 
(www.concawe.org). 

NOTE 
Considerable efforts have been made to assure the accuracy and reliability of the information 
contained in this publication.  However, neither Concawe nor any company participating in 
Concawe can accept liability for any loss, damage or injury whatsoever resulting from the use of 
this information. 
 
This report does not necessarily represent the views of any company participating in Concawe. 
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SUMMARY  

Following the concerns of ECHA regarding the lack of ‘oxygen and nitrogen containing 
hydrocarbons’ in the Concawe library of components of petroleum products that are 
used in the PETROT OX and PETRO RISK models (to generate the current PNECs 
for petroleum substance components), Concawe agreed to generate analytical data 
on nitro gen, oxygen an d sulphur heterocyclic compounds (NOS Hs) in p etroleum 
substances. 

An initial literature review of the prese nce a nd stru ctures of NO SHs in pet roleum 
products wa s co nducted [1] which i dentified a large n umber (>15 0) of NOSH 
structures from previous analyses of petroleum products. The relative abundances of 
carbon, hydrogen, sulphur, nitrog en a nd o xygen i n petrole um were ide ntified as  
83-87%, 10-14%, 0.05-6%, 0.1-2% and 0.05-1.5%, respectively [2].  

Analysis of a number of petroleum products (n=44) with varying boiling point ranges, 
from low boiling naphthas to asphalts, for NOSHs was subsequently performed using 
two-dimensional chromatography (GCxGC) with specific N- and S-detectors and GC-
AED (Ga s Chromatography Atomic Emissi on De tector, u sed for O-conta ining 
components, sin ce th ere is currently no existin g O-specific detector fo r G CxGC 
analysis). Analysis of petroleum products was able to differentiate 11 different sulphur 
and nitrogen compound classes in test samples based on polarity. The levels of total 
S-heterocyclics ranged from <0.01-3.24%  (me an = 0.58% ), whe reas tota l N-
heterocyclics were less abundant, ranging from <0.01-0.08% (mean = 0.02%). No O-
containing components were detected (i.e. <0.1%). 

Based on the analytical data generated, it is concluded that NOSH compounds only 
occur in low concentrations within petroleum products.  
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1. INTRODUCTION  

In 2010, Concawe compiled and submitted REACH Dossiers on all petroleum product 
categories. The European CHemicals Agency (ECHA) has since raised concerns in 
draft de cision letters to l ead re gistrants r egarding the techni cal justification o f the  
assumptions and tools used to generate PNECs for pet roleum sub stance 
components. One i ssue related to th e lack of ‘ox ygen an d nit rogen contai ning 
hydrocarbons’ in the Concawe library of components of petroleum products that are 
used in the PETROT OX and PETRORISK models to fill the hydrocarbon blo cks. In 
order to meet the regulatory compliance of REACH, ECHA requested that additional 
data on Nitrogen, Oxygen,  and Sul phur Hete rocyclic compounds (NOSHs) wit hin 
petroleum substances be generated, allowing the Concawe regi stration dossiers to 
be revised and updated accordingly.  

NOSHs a re found in pol ar and a sphaltic fr actions of crud e petroleum, produ ced 
waters, oil field tars an d slud ges, shal e oils, coal synthetic fuels, and pyroge nic 
products [3-12]. Low and intermediate molecular weight NOSHs are generally found 
to be more water soluble in sediment-water systems than analogous PAHs and more 
resistant to chemical, photochemical and microbial degradation [9, 13-16].  

An initial literature review of the pre sence a nd st ructure of NO SHs in p etroleum 
products was undertaken [1]. Quantitative analysis of NOSHs in a number (n=44) of 
petroleum products with varying boiling point ranges was subsequently carried out at 
Shell Techn ology Centre Amsterda m, using two-dim ensional chromato graphy 
(GCxGC) wit h sp ecific N- and S -detectors fo r nitro gen a nd sulphur heterocyclics, 
respectively and using GC-AED with O-detection [17-18]. This report summarises the 
% of NOSHs found in a wide range of representative petroleum products.     
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2. PETROLEUM PRODUCTS ANALYSED 

A wide range of petroleum product samples were selected from a variety of petroleum 
substance categories for quantitative  NOS H an alysis (as su mmarised b elow). 
Samples were selected from a recent collection of products which was coordinated 
by the Concawe SIG (Substance Identification Group) in 2014. Information on these 
petroleum substance categories can be found in Concawe report no. 10/14 [19]. 

Table 1 Petroleum product samples analysed  

Sample name CAS No. Category 
Naphtha (Petroleum), Hydrodesulfurized light 64742-73-0 LBPN 
Naphtha (petroleum), full-range coker 68513-02-0 LBPN 
Gasoline 8629 0-81-5 LBPN 
Kerosine (Petroleum) 8008-20-6 Kerosine 
Kerosine (petroleum), Hydrodesulfurized 64742-81-0 Kerosine 
Kerosine (petroleum), sweetened 91770-15-9 Kerosine 
Residues (petroleum), atm. tower 64741-45-3 HFO component 
Distillates (petroleum), vacuum 70592-78-8 HFO component 
Fuel oil, residual 68476-33-5 HFO component 

Distillates (petroleum), petroleum residues vacuum 68955-27-1 HFO component 
MK1 diesel fuel None MK1 diesel fuel 
Distillates (Petroleum), Full-range straight run middle 68814-87-9 SRGO 
Distillates (Petroleum), Heavy straight run 68915-96-8 SRGO 
Gas oils (petroleum), straight-run 64741-43-1 SRGO 
Distillates (Petroleum), Straight-run middle 64741-44-2 SRGO 
Gas oils (Petroleum), Light vacuum 64741-58-8 VHGO 
Fuels, Diesel 68334-30-5 VHGO 
Fuels, Diesel, NO. 2 68476-34-6 VHGO 
Condensates (petroleum), vacuum tower 64741-49-7 VHGO 
Distillates (petroleum), light catalytic cracked 64741-59-9 CGO 
Distillates (petroleum), hydrodesulfurized middle coker 101316-59-0 CGO 
Distillates (Petroleum), Hydrodesulfurized middle 64742-80-9 OGO 
Distillates (Petroleum), Hydrodesulfurized middle 64742-80-9 OGO 
White mineral oil (petroleum) 8042-47-5 HRBO 
Extracts (petroleum ), he avy paraffinic distillates, 
solvent-deasphalted 68814-89-1 TDAE  

Extracts (petroleum), solvent-refined h eavy paraffin ic 
distillate solvent 68783-04-0 TDAE  

Extracts (petroleum), heavy paraffinic distillate solvent 64742-04-7 UDAE 
Distillates (petroleum), light paraffinic 64741-50-0 UATO 
Distillates (petroleum), heavy paraffinic 64741-51-1 UATO 
Foots oil (petroleum) 64742-67-2 Foots oil 
Foots oil (petroleum), Hydrotreated 9204 5-12-0 Foots oil 
Extracts (Petroleum), Residual oil solvent 64742-10-5 RAE 
Extracts (Petroleum), Deasphalted Vac residue solvent 91995-70-9 RAE 
Paraffin waxes and Hydrocarbon waxes 8002-74-2 P&H wax 
Paraffin waxes (petroleum), Hydrotreated 64742-51-4 P&H wax 
Petrolatum 8009 -03-8 Petrolatum 
Petrolatum (petroleum), Hydrotreated 92045-77-7 Petrolatum 
Slack wax (petroleum) 64742-61-6 Slack wax 
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Sample name CAS No. Category 
Paraffin oils (petroleum), catalytic dewaxed light 64742-71-8 OLBO 
Distillates (petroleum), solvent-refined light naphthenic 64741-97-5 OLBO 
Distillates (petroleum),  solvent -dewaxed heavy 
paraffinic 64742-65-0 OLBO  

Distillates (petroleum), Hydrotreated heavy paraffinic 64742-54-7 OLBO 
Asphalt, oxidized 64742-93-4 Oxidized asphalt 
Asphalt 8052 -42-4 Bitumen 

LBPN: low boiling point naphtha (gasoline); HFO: heavy fuel oils; SRGO: straight run gas oils; VHGO: vacuum 
gas oils, hydrocracked gas oils and distillate fuels; CGO: cracked gas oils; OGO: other gas oils; HRBO: Highly 
refined base o ils; TDAE: treated distil late aromatic e xtracts; UDAE: untr eated disti llate aromatic extr acts; 
UATO: unrefined/acid treated oils; RAE: residual aromatic extracts; P&H wax: Paraffin and hydrocarbon wax; 
OLBO: other lubricant base oils 
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3. TEST METHODS 

3.1. LITERATURE SEARCH 

A literature search wa s initially carried out to identify names and  typical chemical 
structures of NOSH compounds identified from previous petroleum product analyses 
as well as the relative abundance of carbon, hydrogen, sulphur, nitrogen and oxygen 
in petroleum [1]. 

The ECHA ‘Regi stered Substa nces’ d atabase wa s searche d for reliable (Kli misch 
score 1 o r 2 ) experim ental ecotoxicity  data on the identified NOSH co mpounds, 
however exp erimental da ta were sh own to be li mited. The Action Plan  tha t 
CONCAWE presented to ECHA addressed t he av ailability of ecotoxicity dat a for  
NOSH compounds and whether such data for heterocyclic PAHs can be described by 
the Target Lipid Model (TLM) The work was subsequently undertaken by HydroQual 
and reported separately [20]. 

3.2. PETROLEUM SAMPLE ANALYSIS 

A number of representative petroleum product samples (n = 44) with varying boiling 
point ra nges, span ning 20 differe nt categ ories (Table 1), were s elected for 
quantitative GCxGC analysis of vari ous N-, O- and S-compound classes based on 
polarity, using highly sensitive and selective N- and S-chemo-luminescence detectors 
(NCD and SCD, respectively) and GC-AED (Gas Chromatography Atomic Emission 
Detector, u sed for O -containing comp onents, sin ce there is currently no exi sting  
O-specific detector for GCxGC analysis). Current NCD, SCD and AED cover a boiling 
range of 40-450°C. Analysis was conducted at Shell Technology Centre Amsterdam.  

The GCxG C-system u sed was ba sed on an 7890 Gas Chro matograph (Agil ent 
Technologies, Wilmington, DE, USA) e quipped with an CIS4 PTV injector (Agil ent) 
and an NCD or SCD (Sievers/Ionics, Boulder, CO, USA). The AED model used for  
O-compound analysi s was an Agil ent G2350A (Agil ent, Avondale, PA, USA). The  
GCxGC modulation assembly was a KT2004 cryogenic loop modulator (Zoex Corp., 
Pasadena, TX, USA). A separate heating oven was used for independent temperature 
programming of the secon d dimension column. Columns were coupled using glass 
press-fits. The first dimension column used contained a non-polar stationary phase, 
which minimises the effect of the activity coefficient, meaning that retention is solely 
based on volatility (boiling-point separation). The second dimension column used was 
coated with a medium po larity stationa ry phase, an d had an int ernal di ameter of 
100 µm I.D allowing for high-speed separations. Since volatility based separation has 
already occurred in the first dime nsion, the sepa ration in the  second di mension is 
solely based on polarity and/or based on additional interactions between the solutes 
and the stationary pha se. Samples we re injected pure or dilute d dependent on the 
viscosity of the sa mples and the con centrations of compon ents were calculated by 
means of an external standard for nitrogen and internal standard for sulphur.  

Samples were run in split mode. Injection volumes were 1.0 µl for NCD and 0.5 µl for 
SCD, with helium as the carrier gas at a flow rate of 20 ml/min. Initial temperature was 
set at 50°C. The first dimension column (1 0 m, 0.25 mm I.D., 0.2 5 µm 
dimethylpolysiloxane (DB-1)) tem perature profile was 40°C (5 min isothermal) t hen 
2°C/min to 320°C (20 min isoth ermal). The second dim ension column (2 m, 
0.10 mm I.D., 0.05 µm polysilphenylene-siloxane (VF-17ms)) temperature profile was 
50°C (offset from first-dim ension 90°C (5  min isothe rmal)) then 2°C/min to 350°C 
(30 min isothermal). The cryogenic single jet loop type modulator used was set to a 
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modulation time of 7.5 to 12 s and pulse width of 500 ms. The modulation column was 
2 m, 0.10 m m I.D. dea ctivated fused silica (1 m in  loop). The transfer line fro m the 
second dimension column to the NCD/ SCD was 0.3 m, 0.10 mm I.D. deactivated 
fused silica. Chemo-luminescence detector temperatures were 9 50°C for NCD and 
800°C for SCD, with make-up gas of air and hydrogen. Resulting data was processed 
and visualized with in-house developed software. 

For N-components, it was not technically possible to adequately distinguish between 
certain comp ound groups (e.g. indol es an d quin olones and also ca rbazoles and 
acridines), since even with GCxGC these groups overlap. Detection limits fo r these 
analytical techniques were SCD = 50 ppb as S per component, and NCD = 1 ppm as 
N per com ponent. Dete ction limits fo r O-compo nent analysis wa s 20 ppm  per  
component. 

Comparison of a limited number of test samples against a reference diesel (known to 
be free fro m oxygen) was carried out to che ck whether any of the se test sampl es 
contained a ny O-heterocy clics. Furth er analys is of six test sa mples (sample id 
numbers 023, 043, 130, 168, 188 and 096A, Table 3) was performed against a set of 
alcohol standards (methanol, ethanol, butanol and octanol) to confirm the absence of 
O-heterocyclics (<0.1%).  

Further detailed analysis of the GCxGC chromatograms was carried out for seven of 
the samples analysed for S-heterocyclics (sample id number 73, 82, 135, 168, 188, 
154541 a nd 1545 45, Tables 2 and 3) a nd o ne of the sam ples analysed for  
N-heterocyclics (sample id number 154554, Table 3 ) in order to id entify the carbon  
chain lengths of the components from the various S-heterocyclic and N-heterocyclic 
classes. 
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4. RESULTS 

4.1. LITERATURE DATA 

The initial literature sea rch identified na mes and chemical structu res of a num ber 
(>150) of NOSH compounds (e.g. 112 N-heterocyclics, 26 O-heterocyclics, and 23 S-
heterocyclics) identified from previou s pet roleum product analyses [1]. The search  
also established the relative abu ndance of carbon, hydrogen, sulphur, nitrogen and 
oxygen in p etroleum is 83-87%, 1 0-14%, 0.05 -6%, 0.1-2%  and 0.05-1 .5%, 
respectively [2]. 

4.2. PETROLEUM SAMPLE ANALYSIS 

Analysis showed that total  N-heterocyclics abundance out of the total mass of test 
samples ran ged from <0 .01-0.08% (mean = 0.02%) (Table 2), whereas total   
S-heterocyclics abu ndance ra nged fr om <0.0 1-3.24% (mea n = 0.58%) (Table 3).  
S-heterocyclics abundance was shown to be highest in TDAE, UDAE, UATO and HFO 
component samples, and lowest in MK1 Diesel, OGO, HRBO and slack wax samples 
(Figure 1).  

Comparison of a limited number of test samples against a reference diesel (known to 
be free from oxygen) indicated that those te st samples were al so most likely to be  
free of oxyge n. Further analysis of six test sa mples (sample id n umbers 023, 043, 
130, 16 8, 18 8 and  09 6A, Table 3) a gainst a  set o f alcoh ol standards (m ethanol, 
ethanol, butanol and octanol) confirmed the absence of any O-heterocyclics (<0.1%) 
in any of the samples.  

Further detailed analysis of GCxGC chromatograms of seven sam ples analysed for 
S-heterocyclics (sam ple id numbe r 73, 82, 135, 1 68, 188, 154541 and 154 545, 
Tables 2 and 3) and one  of the sampl es analysed for N-hete rocyclics (sample id  
number 154554, Table 2) confirmed the carbon chain lengths of the components from 
the various S-heterocyclic and N-heterocyclic classes (Tables 4 and 5). 
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Table 4 Carbon chain lengths of S-heterocyclics 

 
Sample ID 

 
Range of carbon chain lengths for components identified in the following S-heterocyclic classes 

 
S, Th, DS, 

T Ar-S BT NBT DiBT NDiBT BNaphthoT NBNaphthoT DiNaphthoT Rest ES 

73, 82, 135, 
168, 188, 

154541, 154545 

 
<6-20 

 
8-17 

 
8-
18 

 
11-16 

 
12-18 

 
14-18 

 
15-19 

 
nd 

 
nd 

 
nd 

 
nd 

 
S, Th, DS and T = Sulphides, Thiols, DiSulphides and Thiophenes 
Ar-S = Aryl-Sulphides 
BT= Benzothiophenes 
NBT = Naphthenic-Benzothiophenes 
DiBT = Di-Benzothiophenes 
NDiBT = Naphthenic-Di-Benzothiophenes 
BNaphthoT = Benzo-Naphthothiophenes 
NBNaphthoT = Naphthenic-Benzo-Naphthothiophenes 
DiNaphthoT = DiNaphthothiophenes 
ES = Elementary Sulphur 
 
 
 
Table 5 Carbon chain lengths of N-heterocyclics 

 
Sample 

ID 

 
Range of carbon chain lengths for components identified in the following N-heterocyclic classes 

 

A, Pyr, P Aryl-N Ind, Q N-(Ind, Q) Carb, Acr N-(Carb, 
Acr) 

B(Carb, 
Acr) 

N-B(Carb, 
Acr) 

DB(Carb, 
Acr) 

NDB(Carb, 
Acr) Rest 

 
154554 

 

 
nd 

 
nd 

 
nd 

 
nd 

 
13-17 

 
nd 

 
17-20 

 
nd 

 
nd 

 
nd 

 
nd 

 
A, Pyr, P = Amines, Pyrroles, Pyridines 
Aryl-N = Aryl-N (e.g. Anilines, Nitrobenzenes) 
Ind, Q= Indoles, Quinolines 
N-(Ind, Q) = Naphthenic-(Indoles, Quinolines) 
Carb, Acr = Carbazoles, Acridines 
N-Carb, Acr = Naphthenic-(Carbazoles, Acridines) 
B(Carb, Acr) = Benzo(Carbazoles, Acridines)  
N-B(Carb, Acr) = Naphthenic-Benzo(Carbazoles, Acridines) 
DB(Carb, Acr) = Dibenzo(Carbazoles, Acridines) 
NDB(Carb, Acr) = Naphthenic Dibenzo(Carbazoles, Acridines)  
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Figure 1  Comparison of total sulph ur and total nitrogen compound amounts present in 
44 petroleum product samples analysed using sulphur and nitrog en specific 
GCxGC. Blu e bars in dicate sulp hur compound a mounts, red b ars i ndicate 
nitrogen compound amounts. LBPN: low boiling point naphtha (gasoline); HFO: 
heavy fuel o ils; SRG O: straig ht ru n gas oils; V HGO: vacuum  gas oils,  
hydrocracked gas oils and distillate fuels; CGO: cracked gas oils; OGO: other 
gas oil s; HRBO: Highly refined ba se oils; TDAE: treated di stillate aromati c 
extracts; UDAE: untreated distillate ar omatic extract s; UATO: unrefined/acid 
treated oil s; RAE: resid ual aro matic extrac ts; P&H wax: Paraffin and 
hydrocarbon wax; OLBO: other lubricant base oils 
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5. DISCUSSION 

Concawe co mpiled and submitted REACH Dossiers on all petroleu m pro duct 
categories in 2010. The European CHemicals Agency (ECHA) subsequently raised 
concerns in  draft deci sion letters to lead re gistrants rega rding the tech nical 
justification of the assump tions and too ls use d to generate PNECs for petrol eum 
substance components. One i ssue related to the  lack of ‘oxygen a nd nitroge n 
containing h ydrocarbons’ in the  Con cawe libra ry of compon ents of petroleum 
products that  are u sed in  the PETRO TOX and P ETRORISK model s to fill the  
hydrocarbon blocks. In order to m eet the regulatory compliance of REACH, ECHA 
requested that additional  data on Nitroge n, Oxygen, and Sulphur Heterocyclic 
compounds (NOSHs) within petrol eum sub stances be ge nerated, allowin g the  
Concawe registration dossiers to be revised and updated accordingly.  

A review of the literature confirmed the presence of these compounds in petroleum 
products and identified >150 different NOSH  st ructures. Quantitative analysis of a 
number (n =44) of represe ntative pet roleum produ ct sampl es for N- and  
S-heterocyclics using GCxGC with spe cific N- and S-detectors sh owed that  
S-heterocyclics were more abundant in test  samples than N-heterocyclics, showing 
total sample amounts ranging from <0.01-3.24% (mean = 0.58%) and <0.01 -0.08% 
(mean = 0.02 %) respectively (Figure 1). This result was consistent with p reviously 
reported relative abundances in petroleum, which stated ranges of 0.05-6% and 0.1-
2% of sulp hur and nitrogen, respectively [2]. Further analysi s of a limited nu mber 
(n=6) of pet roleum product samples conf irmed the absen ce of a ny O-heterocyclics 
(<0.1%) in any of the samples.  

Further detailed analysis of GCxGC chromatograms of seven sam ples analysed for 
S-heterocyclics and one of the samples analysed for N-heterocyclics confirmed the 
carbon chain lengths of the com ponents from the variou s S-hetero cyclic and  
N-heterocyclic cl asses, w here confirmed, cove red the ran ge <6-20 a nd 1 3-20, 
respectively.  

Based on the analytical data generated, it is concluded that NOSH compounds only 
occur in low concentrations within petro leum products. The PETRORISK library of 
representative structures will be extended to reflect these findings. 
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6. GLOSSARY 

A, Pyr, P Amines, Pyrroles, Pyridines 

Ar-S Ary l-sulphides 

Aryl-N Aryl-N (e.g. Anilines, Nitrobenzenes) 

B(Carb, Acr) Benzo(Carbazoles, Acridines) 

BNaphthoT Benzo -Naphthothiophenes;  

BT Benzothi ophenes  

Carb, Acr Carbazoles, Acridines 

CAS no.  Chemical Abstracts Service (Registry) Number 

CGO  Cracked Gas Oils  

DB(Carb, Acr) Dibenzo(Carbazoles, Acridines) 

DiBT Di-Be nzothiophenes 

DiNaphthoT DiNaphth othiophenes 

ECHA Europ ean CHemicals Agency 

ES Elementary Sulphur 

GC-AED Gas Chromatography - Atomic Emission Detector 

GCxGC  Two-Dimensional Gas Chromatography 

GCxGC-FID Two-Dimensional Ga s Chrom atography – Flame  Ionisation  
Detection 

HFO Heavy Fuel Oils 

HRBO  Highly Refined Base Oils  

Ind, Q Indoles, Quinolines 

LBPN Low Boiling Point Naphtha (gasoline) 

L(E)C50 50% Lethal (Effective) Concentration  

mg/L Milligram per litre 

N-(Carb, Acr) Naphthenic-(Carbazoles, Acridines) 
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N-(Ind, Q) Naphthenic-(Indoles, Quinolines) 

N-B(Carb, Acr) Naphthenic-Benzo(Carbazoles, Acridines) 

NBNaphthoT Nap hthenic-Benzo-Naphthothiophenes 

NBT  Naphthenic-Benzothiophenes 

NDB(Carb, Acr) Naphthenic-Dibenzo(Carbazoles, Acridines)  

NDiBT Nap hthenic-di-Benzothiophenes 

NCD Nitrogen Chemiluminescence Detector 

NOSH  Nitrogen, Oxygen, and Sulphur Heterocyclics  

OGO  Other Gas Oils  

OLBO  Other Lubricant Base Oils 

P&H wax  Paraffin and Hydrocarbon wax  

RAE  Residual Aromatic Extracts  

REACH Regi stration, Evaluation, Authorisation and re striction of  
CHemicals 

S, Th, DS, T Sulphides, Thiols, DiSulphides, Thiophenes;  

SCD Sulphur Chemiluminescence Detector 

SMILES Simplified Molecular Input Line Entry System 

SRGO Straight Run Gas Oils  

TDAE  Treated Distillate Aromatic Extracts  

UATO  Unrefined/Acid Treated Oils  

UDAE                    Untreated Distillate Aromatic Extracts

                    VHGO  Vacuum gas oils, Hydrocracked Gas Oils and distillate fuels  
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APPENDIX 1:  NITROGEN GROUP TYPE GCxGC CHROMATOGRAMS 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



 

 

APPENDIX 2:  SULPHUR GROUP TYPE GCxGC CHROMATOGRAMS 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



 
 

APPENDIX 3:  OXYGEN GROUP TYPE GCxGC-FID CHROMATOGRAMS 
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