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five Nordic countries to the Nordic Council, implements the Council’s recommendations and 
reports on results, while directing the work carried out in the targeted areas. The Prime Minis-
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bers – all of whom are members of parliament. The Nordic Council takes initiatives, acts in a 
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Sammandrag 

Projekts mål 
Projektet "Use of ozone depleting substances in laboratories - ODSLAB" uppskattade 
användningen i Norden av ämnen som bryter ner ozonsiktet i laboratorier. Undersök-
ningen gjordes i huvudsak med hjälp av en enkät. 

Projektets viktigaste mål var att: 

- finna sådana analyser och andra laboratorieändamål för vilka man använder ämnen 
som bryter ner ozonsiktet, 

- bedöma hur stora mängder ozonnedbrytande ämnen som används, 

- identifiera möjliga ersättande ämnen och metoder, speciellt för bestämning av olja i 
vatten, 

- identifiera vad som möjligen förhindrar ersättning, 

- samla information om hur ämnena hanteras efter användning, 

- samla information för eventuella politiska beslut i framtiden, 

- samla information åt laboratorierna om möjligheter att ersätta användningen av äm-
nen som bryter ner ozonsiktet och om ersättande metoder som använder andra äm-
nen. 

Information om metoder där ozonnedbrytande ämnen används och om ersättande meto-
der är samlade i denna rapport. Den praktiska tillämpligheten av de ersättande metoder-
na bör evalueras från fall till fall.  

Introduktion 

Användningen av ozonnedbrytande ämnen är reglerad i de utvecklade länderna. Be-
gränsningarna gäller inte bruk av ämnen för ändamål som är nödvändiga för hälsa och 
säkerhet, ifall ersättande ämnen eller metoder saknas. Användning av ozonnedbrytande 
ämnen för laboratorieändamål är ett sådant undantag. Montreal protokollets parter har 
beslutat om ett globalt undantag för användning i laboratorier till slutet av 2005. 

Tillgången till ersättande metoder för enskilda laboratorieändamål evalueras kontinuer-
ligt av en expertpanel under Montreal Protokollet. Om ersättande metoder finns, kan 
Montreal Protokollets parter besluta om att en viss analysmetod inte längre betraktas 
som ett nödvändigt ändamål. Ämnen som bryter ner ozonsiktet får inte användas vid 
analyser av olja, fett och total halt av oljebaserade kolväten i vatten. I några länder är 
användning av ämnen som bryter ner ozonsiktet redan förbjuden i laboratorier. 

Några laboratorier har redan börjat jämföra nya och gamla metoder och erhållna resultat 
med varandra. De ersättande metoderna kan i vissa fall mäta en lite annan egenskap. 
Det kan därför vara nödvändigt att jämföra resultat av analyser gjorda på samma prover 
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edbryta ozonsiktet). Dessutom användes återanvända och 

pp-

g av olja i andra medier, 
 
 

-
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ör några metoder, såsom för bestämning av koc-

cidiostatika och för bestämning av metaller i mycket låga koncentrationer, finns det inte 
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Det finns några metoder som kan inte ersättas i slutet av år 2005. Behovet av ozonned-
brytande ämnen för dessa ändamål är cirka 100 kilogram (ODP) per år. 

Laboratoriers användning av ozonnedbrytande ämnen i de nordiska län-
der 

En enkät sändes till nästan 500 laboratorier för att samla information om användning
ozonnedbrytande ämne
inte förutsätter användning av sådana ämnen. Man hade uppskattat att 205 laboratorier 
använde ozonnedbrytande ämnen år 2001 för bestämning av olja i vatten och för 44 
andra analysmetoder. 

Den totala mängden av ozonnedbrytande ämnen som användes år 2001 för laboratorie-
ändamål i de nordiska länderna var 17 400 kilogram (ODP); (ODP anger att den sam-
manlagda mängden är korrigerad med substansspecifika faktorer som avspeglar varje
enskilt ämnes potential att n
återvunna ämnen. De sammanlagda utsläppen av ämnen till atmosfären under 2001 u
skattades vara cirka 670 – 1020 kilogram (ODP). Denna mängd frigjordes från cirka 
300 000 enskilda analyser. 

Cirka 75 % av de ozonnedbrytande ämnena användes för att analysera olja i vatten, 
mestadels olja i avloppsvatten och olja i dricksvatten. Inget annat användningsändamål 
var så framträdande som analyser av olja i vatten. Bestämnin
såsom i mark och slam, var andra ändamål för användning av ozonnedbrytande ämnen.
GC-analysen ISO 9377-2 för bestämning av kolväteindex i vatten var den vanligaste av
de ersättande metoder som laboratorierna redan tagit i bruk. 

Enkätens resultat tyder på att de ozonnedbrytande ämnena hanteras på ett ändamålsen
ligt s
digtvis minskat så mycket som den kunde ha gjort. Förbudet att använda ozonnedbry-
tande ämnen vid bestämning av olja i vatten kommer att minska detta problem 
betydligt. Enkäten anger att laboratoriernas användning av ozonnedbrytande ämnen år 2003 är lite 
mindre än 1500 kilogram (ODP). Användningen ger upphov till utsläpp av högts 100 kg
(ODP) per år till atmosfären. Ersättning av ozonnedbrytande ämnen kan genomföras fö
de flesta användningsändamålen, men enligt enkäten kan det vara opraktiskt och dyrt.  

Ersättande metoder för bestämning av olja i vatten, mark och slam utvecklas av CEN 
och ISO. Dessa ersättande metoder kommer möjligen att vara godkända före slutet av 
2005. Ersättningen av en del metoder kommer möjligen att leda till betydande kostna-
der, när ny bestämningsutrustning skaffas och den nya metoden valideras, ifall bestäm-
ningen inte kan köpas från något annat laboratorium. Svårigheter med detektionsgränse
och med annan prestanda kan uppstå, såsom svårigheter att utnyttja en sofistikerad me-
tod vid kontinuerlig kvalitetskontroll eller processkontroll. Modifiering av metoder k
vara möjlig för vissa fall och prover. F

lika bra ersättande metoder. De nu existerande ersättande metoderna har detektionsgrän
ser av en högre storleksordning. 
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Summary 

Outline of Project 
Project "Use of ozone depleting substances in laboratories - ODSLAB" evaluated the 
uses of ozone depleting substances (ODS) in the Nordic countries using a questionnaire 
as the principal survey method.  

The principal targets of the project were to: 

-  recognize the laboratory use purposes of ozone depleting substances 

- assess the amounts of ozone depleting substances used for various use purposes 

- recognize possible substitute methods, especially for oil-in-water -assays 

- recognize obstacles to substitution 

- gather information on the fate of the ozone depleting substances 

- gather background information for future policies and especially 

- give information for the laboratories on the possibilities to substitute the 
substances. The recognized ODS using analysis methods and available information on substitute 

 

Introduction 

 the production and consumption of the ozone depleting substances have 

-

The availability of alternative methods for individual laboratory uses are under a con-
s 

Some laboratories have started to compare results between old and new methods. In 
e-

methods are described in this report. The practical applicability of a substitute method
has to be determined case by case. 

The majority of
been prohibited in developed  countries. The uses essential to human health and safety 
are, however, exempted from the prohibitions, provided that there are no available alter
natives to these uses. Laboratory use of ozone depleting substances belongs to these 
essential uses, and parties have granted a global exemption to this use. The present 
global exemption is valid until the end of 2005. 

tinuing examination by the expert panel under the Montreal Protocol. When alternative
are available for the analysis method, the Parties to the Protocol can decide, that the 
specific analysis method is no longer considered as essential use. The use of ozone 
depleting substances in oil in water –analysis was prohibited through this procedure 
from the beginning of 2002. In some countries it is not allowed to use the ODS for any 
determinations. 

many cases this is necessary, because methods might measure slightly different param
ters, and give a bit different results. Because samples may contain very different kind of 
hydrocarbon mixtures, the best way to compare methods is to do the analysis with both 
of the methods for each sample type concerning necessary monitored compartments or 
operations. 
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Laboratory uses of ozone depleting substances in the Nordic countries 

A questionnaire was sent to almost 500 laboratories to find more information on the 
actual use of ozone depleting substances and the obstacles to substitution of ODS. It 
was estimated that 205 laboratories used ozone depleting substances for oil-in-water –
assays and 44 other use purposes in the year 2001.  

The total amount of new (non-recycled, non-regenerated) ODS used for laboratory pur-
poses was estimated to be 17 400 kilograms (ODP; weight corrected by a substance 
specific Ozone Depleting Potential) in the Nordic countries in 2001. Additionally, it 
was reported that some recycled or regenerated ODS was used for laboratory purposes. 
Emissions from laboratory use of ODS to atmosphere were estimated to be 670 – 1020 
kilograms (ODP) in the Nordic countries in 2001, resulting of more than 300 000 de-
terminations done with the ODS.  

Oil-in-water –analysis was by far the most significant laboratory use purpose. 75 % of 
ozone depleting substances were used for oil-in-water –assays, mostly for determina-
tions of oil in wastewater and drinking water. The gas chromatographic determination 
of hydrocarbon index according to the standard ISO 9377-2 was the most general 
substitute method already applied by the laboratories. However, determination of oil
other medias, like in soil and sludge, are among the methods using ozone depleting 
substance

 in 

s.  On the basis of the questionnaire, it is understood that ozone depleting substances are 
-

Based on the questionnaire, it is estimated that the use of ozone depleting substances for 

Substitute methods for the analysis of oil in waste, soil and sludge are being prepared by 

pe-

ive 

generally treated in an appropriate way after their use. However, the amount of the sub
stance used in individual determination has probably not been reduced as often as possi-
ble. However, the phase-out of oil-in-water will diminish significantly the problem. 

laboratory and analytical purposes in the Nordic countries will be less than 1500 kilo-
grams (ODP) in 2003 leading to emissions less than 100 kilograms (ODP)/year. The 
uses are summarized in Chapter 2.4. Further substitution of ODS is possible for most 
purposes, but based on the questionnaire information, substitution is typically under-
stood to be impracticable or expensive. 

the CEN and the ISO. It is possible that these methods have been approved at the end of 
2005. In some cases the substitution may add the determination costs remarkably in the 
form of new determination equipment and validation of the new method, if the determi-
nations cannot be purchased from elsewhere. Also problems with detection limits and 
other performance criteria may occur, likewise difficulties to apply a sophisticated 
method in round-the-clock quality or process control, and case- or sample medium s
cific modifications possibly has to be done. In some cases, like in the determination of 
coccidiostat traces (a type of veterinary medicine) and some metal analysis with ex-
tremely low detection limits, as good substitute methods are not known. The alternat
methods may have detection limits higher by one order of a magnitude. 

There are some use purposes in which the use of ozone depleting substances cannot be 
avoided after 2005. The need of ozone depleting substances for these uses is approxi-
mately 100 kilograms (ODP).  
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Abbreviations 

1,1,1-TCE – 1,1,1-trichloroethane (methyl chloroform) 
AAS – atomic absorption spectrophotometry 
AED – atomic emission detector 
ASTM – abbreviation for a standard, American Society of Testing Materials 
ATSDR – the Agency for Toxic Substances and Disease Registry (the U.S.A.) 
BOCLE – Ball-on-cylinder lubricity evaluator 
BTEX – the BTEX compounds – Benzene, Toluene, Ethyl Benzene, and Xylene  
BTEXN – the BTEX compounds and Naphthalene 
C7…10 – hydrocarbons having a carbon chain length of 7 - 10 carbon atoms 
C10…40 – hydrocarbons having a carbon chain length of 10 – 40 carbon atoms 
Cd – Cadmium 
CD – Committee Draft stage of an international standard (before DIS and FDIS stages) 
CEN – The European Committee for Standardization 
CFC – fully halogenated chlorofluorohydrocarbon(s), freon 
CTC – Carbon tetrachloride (tetrachloromethane) 
DIS – a draft international standard (before FDIS - final draft stage and approval stage) 
DS – abbreviation for a Danish standard 
EC – The European Communities 
ECx – quantitative equivalent carbon number index featuring equivalent boiling points 
for hydrocarbons. EC is based on equivalent retention times on a boiling point gas 
chromatographic (non-polar capillary) column normalized to n-alkanes and representing 
n-alkanes having the same boiling point as compound X. EC is more a physical charac-
ter than an exact measure of carbon chain length. 
ECD – electron capture detector 
ELCD – electrolytic conductivity detector 
EN – abbreviation for a European Standard 
FAME – Fatty acid methyl esters 
FDIS – Final Draft International Standard stage (before approval and publication as an 
international standard) 
FID – flame ionization detector  
FTIR – Fourier-transform infra-red (spectrophotometric method) 
GC – gas chromatography 
GPC – gel permeation chromatography 
GWP – global warming potential. For example, if a compound has a GWP of 6000, 1 
kilogramme has a 6000 times greater global warming impact than 1 kilogramme of car-
bon dioxide. 
HCFC – partly halogenated chlorofluorohydrocarbon(s) 
HELCOM - Baltic Marine Environment Protection Commission (Helsinki Commission) 
HEM – hexane extractable Material (in the EPA Method 1664) 
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HPLC – High Performance Liquid Chromatography 
HS-GC – (static) headspace (capillary) gas chromatography 
ISO – abbreviation for an international standard (and International Standardization Or-
ganization) 
IEC - International Electrotechnical Commission 
IP – abbreviation for a standard method published by the Institute of Petroleum 
IR – infrared (spectrometry) 
ITD – ion trap detector 
LL – liquid – liquid extraction, for example, extraction of hydrocarbons with hexane 
from water 
LOD – level of detection 
LOQ – limit of quantitation 
MDL – minimum detection limit (U.S.EPA). A concentration of a sample that has a 50 
% possibility to be detected. 
ML – minimum limit (U.S.EPA). 3.18 times the MDL (for n = 7). A practical limit to 
minimize the possibility of false positive. 
MS – mass spectrometry 
MSD – mass selective detector 
MTBE – Methyl tertiary-Butyl Ether 
NEN – abbreviation for a Dutch standard 
NIOSH - The National Institute for Occupational Safety and Health (U.S.A.) 
NMR – nuclear magnetic resonance (method) 
NPD - naphthalenes, phenanthrenes, dibenzothiophenes 
NPM – non-polar material 
NS – abbreviation for a Norwegian standard 
ODP – ozone depletion potential. Different substances can deplete the stratospheric 
ozone layer to a different extent. The ODP of CFC-11 is defined to be 1.0. The ODPs of 
other compounds are calculated with respect to this reference point. If a substance's 
ODP is 10, it has ten times the capacity of CFC 11 per kilogramme to deplete the ozone. 
ODS(s) – ozone depleting substance(s) 
OEWG – Open-Ended Working Group 
OIC – OSPAR Offshore Industry Committee 
OIW – oil-in-water  
OLF – Oljeindustriens Landsforening (The Norwegian Oil Industry Association) 
Oslo Commission – the commission to administer the Convention for the Prevention of 
Marine Pollution by Dumping from Ships and Aircraft 
OSPAR - The Oslo and Paris Commissions - OSPAR Conventions for the Protection of 
the Marine Environment of the North-east Atlantic 
PAH – polynuclear aromatic hydrocarbons (sometimes expressed also as polycyclic 
aromatic hydrocarbons or polyaromatic hydrocarbons) 
PARCOM – Paris Commission - a commission to administer the Convention for the 
Prevention of Marine Pollution from Land-based Sources 
Pb – Lead 
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PID – photoionization detector 
PLC-4 – 4th Pollution Load Compilation of the Baltic Sea Monitoring 

exafluorobutane 

graphy 
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 through a permeable disk (solid phase), to which oil hydrocarbons are ad-
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ent Panel of the UNEP Ozone Secretariat 
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r organic compounds with boil-
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G – Working Group 
 

prEN – Proposed European standard 
S-316 – Tetrachloroh
SC – Subcommittee 
SFC – Supercritical fluid chromato
SFR – Supercritical fluid reaction 
SFS – abbreviation for a Finnish standard 
SGT–HEM – Silica gel treated hexane extractable material (non-polar material) 
SPE – solid phase extraction. For example, in oil-in-water –analysis, a water sample
decanted
sorbed.  
SPME – solid phase microextraction. 
SS – abbreviation for a Swedish standard 
STANAG – NATO Standardization Ag
TAME – Tertiary Amyl Met
TC – Technical Committee 
TEAP – Technology and Economic Assessm
THC – total hydrocarbon content 
TLC – thin layer chromatography 
TMAH – Tetramethylammon
TOC – total organic carbon  
TPH – total petroleum h
TR – Technical Report 
TRPH – total recoverable petroleum hydrocarbons
TTCE – Tetrachloroethylene (perchloro
TVOC – total volatile organic carbons 
UNEP – United Nations Environment Program 
U.S. EPA – Environment
UV – ultra violet (light) 

 compound. Generally non polaVOC – volatile organic
ing points approximatel
W
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Units 

 
kg – kilogram 
l – liter 
µg – microgram, 10-6 or 1/1000 000 grams 
mg – milligram, 10-3 or  1/1000 grams 
ng – nanogram, 10-9 or  1/1000 000 000 grams 
ppm – parts per million 
ppb – parts per billion 
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1 Introduction 

1.1 The Montreal Protocol 

1.1.1. The present requirements 
The production and consumption of ozone depleting substances are controlled by the 
Montreal Protocol. The substances covered by the Protocol are chlorofluorocarbons 
(CFCs), halons, carbon tetrachloride (CTC), 1,1,1-trichloroethane (methyl chloroform, 
TCA), hydrobromofluorocarbons (HBFCs), hydrochlorofluorocarbons (HFCs), methyl 
bromide and bromochloromethane (CBM). [1, 2] 

In accordance with the Protocol, the production and consumption of CFCs, halons, car-
bon tetrachloride, 1,1,1-trichloroethane, HBFCs and bromochloromethane have been 
phased out in developed countries with the exemption of essential uses. The parties to 
the Montreal Protocol have decided (Decision IV/25), that the use of substances con-
trolled by the Montreal Protocol should qualify as "essential" only if:  

(i)  it is necessary for the health, safety or is critical for the functioning of 
society ( encompassing cultural and intellectual aspects); and 

(ii)  there are no available technically and economically feasible alterna-
tives or substitutes that are acceptable from the standpoint of enviro
ment and health 

n-

The production and consumption of a controlled substance for essential uses should be 
permitted only if all economically feasible steps have been taken to minimize the essen-
tial use and any associated emission of the controlled substance; and the controlled sub-
stance is not available in sufficient quantity and quality from existing stocks of banked 
or recycled controlled substances.  

When an essential use nomination is required, the applicant should make a nomination 
to the national government [3]. The government reviews the application and if it meets 
the criteria for essential use the respective Party to the Protocol submits the nomination 
to the Montreal Protocol Ozone Secretariat one year before the year ozone depleting 
substance is to be used. The Ozone Secretariat forwards the nomination to the Technical 
and Economical Assessment Panel (TEAP) and its Technical Options Committees for 
expert review. The Panel either recommends the nomination to the Open-Ended Work-
ing Group or reports that it is unable to recommend the nomination. The Panel Report is 
due by 30 April of the year of the decision. The Meeting of the Parties decides whether 
to allow production for the essential use. The Party in possession of an essential use 
exemption authorizes the applicant to acquire the controlled substance according to the 
terms of the decision.  

17 



 

1.1.2. Laboratory uses as a part of the exemption 
The parties decided in 1997 to authorize a global exemption for the production and con-
sumption of CFCs, halons, carbon tetrachloride and 1,1,1-trichloroethane for laboratory 
and analytical purposes. The exemption was subject to the following conditions: 

1)  The laboratory and analytical chemicals may contain ozone depleting substances 
manufactured to purities of minimum 99,5 % (99,0 % for 1,1,1-trichloroethane), 

2)  The high purity substances and mixtures containing ODS shall be supplied only in 
reclosable containers or high pressure cylinders smaller than 3 liters, or in 10 ml or 
smaller glass ampoules, marked clearly as substances that deplete the ozone layer. 
The label shall also indicate that the use is restricted to laboratory use and 
analytical purposes, and the used or surplus substances should be collected and 
recycled, and if recycling is not practical, destroyed.  

able:  

The laboratory uses identified to global exemption were:  

-  equipment calibration 
-  use as extraction solvents, diluents, or carriers for chemical analysis 
-  biochemical research 
-  inert solvents for chemical reactions 
-  as a carrier or laboratory chemical and  
-  other critical analytical and laboratory purposes. 
For laboratory uses of other substances, like the HBFCs, a normal essential use exemp-
tion has to be applied.  

The global exemption was extended until 31.12.2005. The TEAP has requested to report 
annually on the development and availability of laboratory procedures that can be per-
formed without using ozone depleting substances.  

In the Decision VII/11 the following uses were excluded from the global essential-use 
exemption, as they are not exclusive to laboratory and analytical uses and/or 
alternatives are avail

(a)  refrigeration and air-conditioning equipment used in laboratories, including 
refrigerated laboratory equipment such as ultra-centrifuges 

(b)  cleaning, reworking, repair, or rebuilding of electronic components or assem-
blies 

(c) preservation of publications and archives, and 
(d) sterilization of materials in a laboratory. 
In its report in 1998 the TEAP presented alternatives for ozone depleting substances 
used to extract oil and grease from water and for two other laboratory and analytical 
uses. The TEAP concluded, that as these specific uses have alternatives, they do no 
longer require the use of ozone depleting substances. [4] 

Guided by the TEAP's recommendation, the Parties to the Protocol decided in 1998 to 
eliminate the following uses from the global exemption for laboratory uses from the end 
of the year 2001: 
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-  testing of oil, grease and total petroleum hydrocarbon in water 
-  testing of tar in road-paving materials and 
-  forensic finger-printing. 
The Parties also decided, that any decision taken to remove the global exemption should 
not prevent a Party from nominating a specific use for an exemption under the essential 
uses procedure set out in decision IV/25.  

In some EU Member States there were difficulties to change from ODS depending oil in 
water –analysis to alternative methods.  The European Community applied from the 
parties to the Montreal Protocol an emergency quota for continuing the use of ozone 
depleting substances for oil in water –analysis in 2002. TEAP reviewed the application 
and recommended to the parties the approval of the application. Among TEAPs remarks 
was that attention should be paid to adequate disposal of used solvent.  

The European Commission published a Decision in July 2002 (2002/612/EY), where 
the applicant member states, The Netherlands, Spain, Sweden, Denmark and Finland 
were given a emergency quota of 16 tons (ODP) to be used in oil in water –analysis in 
2002. The emergency exemption is not available for the year 2003.  

1.2 The EC Regulation 2037/2000 
Regulation 2037/2000 of the European Parliament and of the Council on substances that 
deplete the ozone layer implements the Montreal Protocol requirements in the Commu-
nity and contains additional, stricter requirements on ozone depleting substances [5]. 
The same essential use exemption from the prohibitions, which is given in Montreal 
Protocol, exists also in the EU Regulation. 

The European Union is considered as one single party to the Protocol when e.g. quotas 
for controlled substances, reporting of consumption, and export, and import licensing 
systems are carried into effect. The EU Regulation's decision making process is carried 
out through the Management Committee of the Regulation. The Committee consists of 
representatives of the Member States. The quota allocation to individual companies 
producing and importing ozone depleting substances is among the Committees duties.  

Laboratory use quotas in the EU are allocated consistently with the Montreal Protocol 
global exemption for laboratory uses. The quotas can be allocated only for CFC, halon, 
carbon tetrachloride and 1,1,1-trichloroethane. If an European company needs e.g. 
HBFCs for laboratory uses, normal essential use nomination to the Montreal Protocol 
secretariat should be made. The quotas are given to companies, which first put the sub-
stance on the European market. The downstream distributors and final users do not need 
a permit from the Commission. However, there might be national permitting, notifica-
tion or reporting requirements. In 2002 the overall amount of the ozone depleting sub-
stances allocated in quotas to companies for laboratory uses was 136 ODP-tons of 
CFCs, 3,7 ODP-tons for halons, 152 ODP-tons for carbon tetrachloride and 0,6 ODP-
tons for 1,1,1-trichloroethane. 

The list of the ozone depleting substances according to Directive 2037/2000 is 
presented in Annex 3 to this report. 
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1.3 National legislation in the Nordic Region 
The individual Nordic Countries have implemented the respective Directives and the 
requirements concerning the laboratory uses of ozone depleting substances and analyti-
cal determination methods in various ways. 

In Sweden, the general exemption on laboratory uses of ozone depleting substances 
until the end of 2002 is approved by Naturvårdsverket (the Swedish Environmental  
Protection Agency) in NFS 2000:2 and its amendment. In general, it is forbidden to use 
ozone depleting substances for any laboratory or analytical purposes after 2002. 
Exemptions can be provided for analysis for which there are no substitute methods 
available, for methods described in international and national standards, for which ther
are not approved alternatives, and in research and development under certain 

e 

conditions. [6-8] In Iceland, it is forbidden to import CFCs for any use purposes, including laboratory use 
purposes, according to the regulation nr. 586/2002. The regulation is based on the EC 
directive 2037/2000. [9] 

On the other hand, for example, in Finland and Denmark, no further restrictions to 
European legislation on the use of ozone depleting substances for laboratory uses have 
been applied. According to the Norwegian Regulation concerning the ozone depleting 
substances, a general exemption exists for the use of CFC, carbon tetrachloride and 
1,1,1-trichloroethane for analytical purposes until the end of 2005. The use of these sub-
stances for oil-in-water analysis is however prohibited. [10-13] 
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2 The situation in the Nordic Region 

2.1 Legislation and Recommendations requiring the use of 
ozone depleting substances 

2.1.1. Legislation 
The most typical use purpose of ozone depleting substances is the determination of oil-
in-water, especially oil-in-drinking water, for which quality criteria and determination 
methods are mentioned in legislation or other official guidelines. Oil is also monitored 
in wastewaters, surface waters, sludges and contaminated soils. For these, quality crite-
ria and possible determination methods have been established in legislation or various 
official or even inofficial guidelines. In practice, the most crucial singularity in the 
legislation, concerning the use of ozone depleting substances, is the Danish legislation 
concerning the monitoring of water abstraction quality.  

The Danish legislation is based on the directive 79/869/EC concerning the methods of 
measurement and frequencies of sampling and analysis of surface water intended for the 
abstraction of drinking water in the Member States, which requires the testing of dis-
solved or emulsified hydrocarbons when monitoring surface waters used for abstraction 
of drinking water. As the determination method the directive requires extraction with 
carbon tetrachloride followed by infra-red spectrometry or extraction with petroleum 
ether followed by gravimetry. The detection limit requirement for the IR method is 0,01 
mg/l and 0,04 mg/l for water categories A2 and A3, respectively. The requirement of 
precision is 20 %, and for trueness 30 %. The directive contains requirements also for 
phenol and PAHs determinations. [14].  

In Denmark, the total oil content quality criteria for water reaching the waterwork and 
leaving the waterwork is 5 or 10 µg/l, respectively. This requires a detection limit of 1 
µg/l (0,001 mg/l). In addition, alkylbenzenes, benzene, MTBE, 1,2-dibromomethane, 
some PAHs, phenols, and for example, some pesticides are monitored in Denmark 
among the organic microcontaminants analysis packet including total oil.  

Monitoring the total oil content in drinking water is understandably important in Den-
mark, since 99 % of potable water is groundwater, taken by 3000 waterworks from ap-
proximately 91 000 separate wells or boring holes possibly located at or nearby exposed 
or contaminated areas. Danish Miljøstyrelsen has given strict instructions on drinking 
water monitoring – in order to recognize possible contamination sources, including con-
taminated soils. The concentrations of the organic microcontaminants are determined at 
water intake plants in areas where contamination is possible or recognized. However, 
the analysis of BTXN is obligatory. [15, 16]. 

The later directives 80/778/EEC relating to the quality of water intended for human 
consumption and 98/83/EC on the quality of water intended for human consumption 
actually do not require the use of ozone depleting substances for quantifying oil in wa-
ter. However, it is up to the member states how the directives are implemented, and 
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when how soon the old directives are replaced in the given time range. The directive 
80/778/EEC requires the testing of hydrocarbons / mineral oils in water as mandatory. 
The directive states that a reference method for the determination of hydrocarbons (dis-
solved or in emulsion) ie. mineral oils is infra-red absorption spectrophotometry without 
any specific reference to a solvent. The limit value for mineral oil in water was 0,1 mg/l.  
The Directive 98/83/EC no longer contains a parameter for mineral oil, dispersed or 
dissolved hydrocarbons. However, requirements are given for benzene and, for exam-
ple, some PAHs, and the performance properties of the determination methods. The 
directive 80/778/EEC will be repealed 3 November 2003. Directive 98/83/EEC will be 
repealed at the latest 22 Dec 2007 due to Water Framework Directive [17]. [18, 19] 

2.1.2. Recommendations 
Several HELCOM and OSPAR Recommendations mention the determination of oil 
content; for example, the HELCOM Recommendations 23/8 on Reduction of Dis-
charges from Oil Refineries, 17/5 on Restriction of Discharges from the Iron and Steel 
Industry, and 18/2 on Offshore Activities.  

One of the most crucial measures adopted by the OSPAR Commission concerning oil-
in-water determinations is Recommendation 2001/1 for the Management of Produced 
Water from Offshore Installations [20] Recommendation 2001/1 includes further rec-
ommendations for the emissions of dispersed oil in produced water, sampling 
frequency, and requirements on data collection concerning different groups of aromati
hydrocarbons. The reference method given in Recommendation 2001/1for dispersed oil 
is an infrared method as given in Agreement 1997-16 on the Sampling and Analysis 
Procedure for the 40 mg/l Target Standard. An evaluation of a new reference method 
based on ISO 9377-2 is ongoing. Continuous monitoring of dispersed oil is possible 
with methods yielding equivalent results to the accepted method by calibrating the 
method to the satisfaction of the competent authority [20]. Recommendation 2001/1 
states that Member States should achieve a 15 % reduction in oil discharges by 2006 as 
compared to 2000. However, a change in the reference method could result in a bigger 
impact than the 15 % recommended. [21] 

c 

s.  

Parcom Recommendation 89/5 concerning refineries states that the yearly average of 
the oil content of the effluent in wastewaters must not exceed 5 mg/l, and Parcom 
Recommendation 87/2 on discharges from reception facilities and oil terminals sets a 
standard of 15 mg/l for discharges of oily mixture

2.2 The questionnaire results 
The questionnaire was sent to 480 laboratories in the Nordic countries. 256 answers 
were received. Further results of the questionnaire are presented in the Annex. The total 
response rate was 53 %, however, it was significantly higher than this in Finland and 
lower in Denmark. On the basis of the questionnaire, corrected by necessary statistical 
factors, it is concluded that 205 labs in the Nordic countries used approximately 17 500 
kilograms (ODP) of ozone depleting substances for more than 300 000 determinations 
in 2001. 

The quantities of ozone depleting substances used for laboratory purposes are listed in 
table 2.1. The table presents the amount of new (non-recycled/non-regenerated) sub-
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stances needed for these purposes. The numbers marked with asterisk (*) are estima-
tions based on the number of determinations announced for the years 2002 and 2003, 
and are possibly overestimations. Additionally, small amount of methyl bromide is 
used.  

Table 2.1 Quantities of new ozone depleting substances used for laboratory use purposes 
in the Nordic countries as kilograms and ODP-corrected kilograms. Note: the total 
of these numbers may not match to the overall total due to rounding. 

  
CTC 

 
CFC-11 

 
CFC-113 

 
1,1,1-TCE 

Total 
sum  

2001 (kg) 8664 4 8599 147 17414 

2002 (kg)* 8413 2 8546 46 17007 

2003 (kg)* 5752 0 2302 44 8098 

 

The relationship between the quantities of ODS used for all laboratory purposes and oil-
in-water determinations is visualized in the figure 2.1.  
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Figure 2.1 Use of ozone depleting substances for oil-in-water determina-

tions and other use purposes in the Nordic countries. Note: The 
estimated use of ODS in 2003 is an overestimation, because information of 
2001 was used if laboratory gave no information concerning years 2002 
and 2003. The use of ODS for determination of oil-in-water is prohibited 
after year 2002. 

Additionally, some recycled and regenerated ODS are used in the laboratories. Estima-
tions on the destroyed, recycled/regenerated, and emitted ODS, calculated according to 
a "reasonable worst case scenario" and further detailed in the Annex, are presented in 
table 2.2. 

Table 2.2 Total use and the fate of the ozone depleting substances in 2001 as 
estimated in the "reasonable worst case" –scenario as kilograms (kg, 
ODP). All determinations and oil-in-water determinations specified. 
*Note: The total of these numbers may not match to overall total due to rounding. 

 
kg kg (ODP) % % (ODP) 
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Total use of 
ODS 

 22028  19926  100  100 

Of which new 
ODS 

 (17414)  (16430)  (79)  (82) 

To appropriate 
waste destruc-
tion* 

 13305  13058  60  66 

To recycling or 
regeneration* 

 7361  5698  34  29 

As loss to air, 
water or sew-
age* 

 1362  1170  6  6 

Oil-in-water   20149  18204  100  100 
Of which new 
ODS 

 (15761)  (14901)  (78)  (82) 

To appropriate 
waste destruc-
tion* 

 11996  11849  60  65 

To recycling or 
regeneration* 

 6951  5336  34  29 

As loss to air, 
water or sew-
age* 

 1202  1019  6  6 

Consultants and commercial laboratories used the most of the substances calculated as 
kilograms (ODP). Oil and metal industries were the next biggest users of the ODS. 75 
% of ozone depleting substances were used for oil-in-water –assays, mostly for 
determinations of oil in wastewater and drinking water. Smaller amounts were used for 
other IR determinations, gravimetric determinations and other use purposes. 
Determinations of waste water and drinking water were the most typical sample types.  

In addition to oil-in-water –analysis, ozone depleting substances are used in various 
other determinations. A total of 44 other than oil-in-water determination methods and 
use purposes were mentioned. In addition, two methods (determination of peroxide 
number and an additive in jet fuel) were recognized outside the questionnaire survey, 
the amount of ODS used in these methods not included in the figures. All these methods 
are used in less than 10 laboratories except the use of the substances as standards or 
reference materials. The possibilities to substitute the ODS in different use purposes is 
discussed elsewhere in this report. More information on these methods is given in the 
annex. The use of some of these methods has already ceased. These methods are not 
further discussed in this report. 

The questionnaire also gave information on the obstacles to substitute the ODS with 
another method or substance, and information on a few possible substitute substances 
and methods. Additional information on the substitute methods presented in the report 
was collected from various other sources. Typical obstacles to substitution were the lack 
of a substitute method, the incompleteness of  the substitution process, and costs caused 
by investments in instrumentation or other implementation costs. Also various other 
obstacles and problems caused by the substitution were recognized. More information 
on this subject is given in detail in the Annex.  

The gas chromatographic determination of hydrocarbon index according to the standard 
ISO 9377-2 was the most general substitute method already applied by the laboratories. 
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However, determination of oil in other medias, like in soil and sludge, are among the 
methods using ozone depleting substances.  

On the basis of the questionnaire, it is understood that ozone depleting substances are 
generally treated in an appropriate way after their use. However, the amount of the sub-
stance used in individual determination has probably not been reduced as often as possi
ble. However, the phase-out of oil-in-water will diminish remarkably the problem. 

-

 
matics. 

Information on the quantities of the ODS used for individual determinations, laborato-
ries' estimation on losses and various other information is presented in the Annex. 

2.3 Typical determination methods using ozone depleting sub-
stances 

2.3.1. Infrared spectrometric methods 

SFS 3010, DS 209, NS 4753, and SS 02 81 45 
A typical method used to determine oil and grease in water by using ozone depleting 
substances has been the infrared spectrophotometric (IR) method described in standards 
SFS 3010, DS 209, NS 4753 and SS 02 81 45. The smallest determinable concentration 
in water according to these standards is 0,1 mg/l, but in practice, a limit of detection of 
0,001 mg/l is achieved in several Danish laboratories simply by using a bigger sample 
of water. The method or its modifications are in some cases applied to the determination 
of oil and grease in other sample mediums than water, e.g. like soil, sludge, and sedi-
ment. 

The method determines either the total concentration of non-volatile oil and grease or 
the concentrations of non-volatile oil and grease separately. The total concentration of 
non-volatile oil and grease is understood as the concentration of organic compounds 
extractable with carbon tetrachloride and determinable with an infrared 
spectrophotometry. In practice, carbon tetrachloride has typically been replaced with 
CFC-113, which has a smaller ozone depletion factor (ODP). However, CFC-113 is not
necessarily capable to solubilize the high molecular weight aro

Oil and grease can be separated in an aluminum oxide column. Outside the Nordic 
countries, also other wave numbers are possibly used. Non-polar compounds pass the 
aluminum oxide column and can be detected by IR. Non-polar hydrocarbons, oil and 
mineral oil, contain CH-, CH2- and CH3-groups that absorb infrared light at wave num-
bers 2960 and 2925 cm-1.   

Polar compounds don't pass the column and are understood to be grease. Their concen-
tration in oil is calculated as the difference between total concentration of (non-polar 
and polar) compounds and the concentration of non-polar compounds. The polar com-
pounds include some fractions of mineral oils (aromatic hydrocarbons with big mole-
cule size), detergents, animal and vegetable oils, grease oils, parts of lubricating oils, 
milk fat, glycols and many organic solvents like alcohols, ketones etc [22].  

The disadvantage of the IR methods is that the response may differ very much with dif-
ferent hydrocarbon fractions. The response is high for the aliphatic hydrocarbons, but 
low for the aromatic hydrocarbons. It is possible, but difficult, to determine the aromatic 
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fraction by IR using other wavelengths [23]. Because of these differences in response 
the choice of reference standards should be made analyte specifically. 

The typical solvent used in the method, carbon tetrachloride, can be purified with active 
carbon. The calibration sample contains, for example, n-hexadecane (C16H34), iso-
octane (C8H18) and benzene (C6H6). According to the standard, 110 – 194 ml of carbon 
tetrachloride is needed for each sample. If the water and carbon tetrachloride phases do 
not separate, the emulsion and possibly separated phase has to be centrifuged. Emul-
sions are degraded with sodium sulfate, and when analyzing wastewaters and sludges, 
also magnesium chloride can be used. [22] 

In the ranges meant in the standard, the repeatability is often better than ±2,5 % if no 
emulsion has occurred. Accuracy is 5 – 10 %, and it depends strongly on the compara-
bility of the sample and the calibration standard. [22] 

OSPAR IR method 
OSPAR Recommendation 2001/1 defines dispersed oil as 'hydrocarbons as determined 
according to the reference method of analysis given in paragraph 7.2. of this recom-
mendation'. Paragraph 7.2. refers to the IR method given in Agreement 1997-16, which 
provides a procedure for sampling and analysis.  

According to this procedure, dispersed oils should be defined as alkanes, not including 
aromatic hydrocarbons [24]. In practice, the dispersed oil is actually the aliphatic part of 
the dispersed oil in the produced water, and dissolved aliphatic hydrocarbons in the 
OSPAR method are considered to be negligible. It is understood that acidification of the 
sample for preserving purposes may lead to conversion of certain substances from dis-
solved, non-extractable form to a dispersed and extractable form. Therefore the extract 
is treated with florisil before the analysis. [25] 

ISO/TR 11046 
Earlier, a method by infrared spectrometry and a gas chromatographic method were 
published in an ISO Technical Report ISO/TR 11046:1994. However, CFC-113 was 
used in the IR method [26]. 

2.3.2. Gravimetric methods 

SFS 3009, DS 208, NS 4752, and SS 02 81 44 
A typical gravimetric method is presented in the standards SFS 3009, DS 208, NS 4752, 
and SS 02 81 44. Substances with a boiling point under 150ºC may partly volatilize 
during the assay. The lowest determinable concentration is 2 mg/l. Carbon tetrachloride 
is used as an extraction solvent, aluminum oxide column for the separation of polar and 
non-polar compounds, and gravimetry for the quantitation of oil and grease compounds. 
In the quantitation, carbon tetrachloride is evaporated and the residues weighted. Like-
wise to the IR method, carbon tetrachloride has typically been replaced with CFC-113. 

Like in the IR method, it is possible to determine either the total concentration of oil 
and grease or individual concentrations of oil and grease by using an alumina separation 
column. 60 – 220 ml of carbon tetrachloride is needed for each sample. The method is 
based on an old method of the U.S.EPA, and several in-house modifications of the 
method are used [27-29].  
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2.4 Methods probably used after 2002 
The following use purposes of ozone depleting substances are likely to be used after 
2002 in the Nordic countries: 

-  field analysis of total petroleum hydrocarbons in soil1)  

-  determination of total petroleum hydrocarbons in, for example, in soil and sludge3) 

-  determination of coccidiostats in eggs and muscles with very low detection limit1) 

-  determination of bromine index or bromine value in oils5)  

-  determination of iodine index or iodine value in oils a) 

-  clinical determination of pregnanetriolea) 

-  determination of plasticizers in plastic products b) 

-  extraction media in determination of metals in sea water with extremely low detec-
tion limit1) 

-  extraction media in determination of heavy metals in groceries1) 

-  determination of impurities in phenol5)  

-  determination of TOC in industrial processes b) 

-  liquid chromatographic separation of chlorophyll derivates a) 

-  determination of extraction compound residues in industrial processes b) 

-  gravimetric analysis of tar compounds in water b) 

-  determination oil additives and particle size distribution in oil b) 

-  determination of flavors4) 

-  water in oil analysis, especially Karl-Fischer –titring b) 

-  determination of oil in compressed air1) 

-  determination of oil in industrial gases and chemicals b) 

-  determination of humidity of gunpowder1) 

-  determination of oil, wax or paraffin compounds on metal surfaces in ammunition 
production1) 

-  determination of oil, wax or paraffin compounds on metal surfaces in other indus-
tries5) 

-  breathing filter test (according to an U.S. standard method) 3) 

-  determination of oil mist in air (occupational hygiene) 2) 

-  determination of stress-cracking in plastics 2)   

-  tracers in permeability/porosity tests a) 

-  preparation of hemoglobin controls 1) 

-  identification of irradiated groceries 1) 

-  determination of surface coatings of fertilizers b) 
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-  calibration of existing equipment 2) 

-  scintillation measurements 2) 

-  preparing of reference samples and standards for the analysis of ozone depleting 
substances in appliances and in the environment 2) 

-  scaling-up and small-scale proficiency testing of new reactions and laboratory 
methods 2)  

  

-  NMR analytical chemical procedures (for example, it is necessary to have a heavy 
solvent not containing hydrogen atoms) 2)  

-  basic research where the properties of substitute substances may cause significant 
interference in critical phases of method or synthesis development 2) 

- determination of peroxide number in jet fuel b) and 

- determination of additive in jet fuel b). 
1) Generally the substitute methods may have not a detection limit as low and/or accuracy as good which 

may lead to either direct risk for health or environment or unnecessary excessive costs. 
2) Generally the substitution of the method is impossible, requires totally new kind of technology, causes 

unnecessary high costs, or may cause significant and unreasonable difficulties to research, develop-
ment and innovation activities, or there is no substitute method standardized or being prepared.  

3) Generally a substitute method is under preparation or the method is required by a statute or standard. 
4) Generally the method is used in singular or few laboratories in a relatively small scale and cannot be 

bought elsewhere. Substitution may cause unnecessary high costs.  
5) Generally a substitute method may in principle exist and possible tested by the laboratory, but does not 

achieve detection limit or accuracy as good as needed, or is otherwise technically impracticable. 
a) The method can probably be substituted, however, it may cause excessive costs. 
b) Not enough information was available for the evaluation of the method in this project.  
Disclaimer: Because all laboratories did not respond to the questionnaire, it is possible 
that further laboratory use purposes exist. 

Based on the questionnaire, it is estimated that the use of ozone depleting substances for 
laboratory and analytical purposes in the Nordic countries will be less than 1500 kilo-
grams (ODP) in 2003 leading to emissions less than 100 kilograms (ODP)/year.  

2.5 Methods possibly used after 2005 
There are few use purposes in which the use of ozone depleting substances probably 
cannot be avoided after the year 2005. The substitution is not possible, may cause 
unreasonably high economical costs or endanger the possibilities to run some basic 
research and development activities.

At least the following use purposes of ozone depleting substances are considered to be 
used after 2005 in the Nordic countries: 

-  the calibration of existing equipment 

-  the preparation and use of reference samples and standards for the analysis of ozone 
depleting substances in appliances and in the environment 
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-  the scaling-up and small-scale proficiency testing of new reactions and laboratory 
methods  

-  the use in some analytical chemical procedures by NMR (it is necessary to have a 
solvent not containing hydrogen atoms) 

-  the use in scintillation equipment and 

-  the use in basic research where the properties of substitute substances may cause 
remarkable interference in critical phases of method or synthesis development. 

The need of ozone depleting substances for these uses is approximately 100 kilograms 
(ODP). 
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3 Possible substitute methods for de-
termination of TPH 

3.1 General 
Because a total petroleum hydrocarbon (TPH) mixture may include even hundreds of 
individual compounds, the properties of the mixture and the substitute determination 
method should be carefully considered.  

An ODS using method for determination of TPH can in principle be substituted with a 
new solvent (and method), an indicatory TPH or hydrocarbon index method, or 
method(s) measuring individual fractions and substances of the TPH mixture. The three 
principal approaches and the possible changes caused by the substitution are described 
in figure 3.1. 

Indicatory determination of hydrocarbon index, oil or TPH
with IR or gravimetry and using ODS

Substitution of the method using ODS with: 
- an indicatory GC
  hydrocarbon
  index method

- method(s) measuring
  relevant TPH fractions
 and substances

- a new solvent
  (and method)

Possible changes in:
 - the substances detected in the mixture
 - detector responses of individual substances
 - available information on:
          - the constituents of TPH mixture
          - properties of the constituents
          - risk caused by the constituents
 - the performance properties of determination 
 - the quality of the results

 
Figure 3.1.  Three principal possibilities to a TPH determination method and some possible 

changes caused by the substitution.  
More information on the properties of the TPH and validation requirements of a method 
is given in the Annexes.  

3.2 Summary 
The new method for the determination of hydrocarbon index described in standard EN-
ISO 9377-2 and its national versions provides a general substitute method. Also drafts 
of this method and various in-house methods are applied. For offshore applications, a 
new method based on the standard EN-ISO 9377-2 is under preparation. However, 
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method EN-ISO 9377-2 is meanwhile used offshore in some countries. Also the prede-
cessors of method EN-ISO 9377-2 described in ISO/DIS 9377-4 and ISO TC 147 (Wa-
ter quality) - SC2 (Physical, chemical and biochemical methods) - N388 were used in 
the laboratories questioned. The EN-ISO 9377-2 has earlier replaced methods using 
ozone depleting substances in some countries, e.g. in Germany it replaced IR method 
DIN 38409-H18 at the end of 2000. [30, 31] 

The most typical gravimetric substitute methods for oil-in-water –analysis applied in the 
laboratories are SFS 3009, DS/R 208, NS 4752, SS 02 81 44 and ISO/CD 9377-1:1998. 
However, the methods are very unspecific and typically have a high detection limit.  

For oil in soil, method ISO/DIS 16703 Soil quality - Determination of mineral oil con-
tent by gas chromatography was a typical substitute method. Some laboratories men-
tioned documentation of ISO TC 190 (Soil Quality), SC3 (Chemical methods and soil 
characteristics), WG 6 (hydrocarbons) for the determination of some gasoline hydrocar-
bons in soil. For oil in waste, prEN 14039 Characterization of waste – Determination of 
hydrocarbon content in the range of C10 – C40 by gas chromatography was applied.  

Methods described in ISO TR 11046 were applied in some laboratories. 

Some laboratories have substituted the ozone depleting solvent in an IR method. Few 
laboratories named IP 426/98 Determination of oil content of effluent water – extraction 
and infra-red spectrophotometric determination as a substitute method. Typically tetra-
chloroethylene is used with the method. 

One possibility suggested is to cease the requirement to monitor the total oil content, 
and use other indicator substances or fractions to give a warning on contamination. It is 
generally understood that the BTEX substances are typical indicators of oil contamina-
tion. They are very soluble in water and very mobile compared to other hydrocarbons in 
gasoline, and likewise more volatile. However, some oxygenated gasoline additives are 
even more mobile than the BTEX, and the BTEX are not necessarily present in signifi-
cant amounts in all oil products, like in lubricating oils. In general, the toxicity and mo-
bility of the longer-chained hydrocarbons are much lower compared to the BTEX. In 
Denmark, it is already obligatory or possible to monitor several other indicators of oil 
contamination, like alkylbenzenes (sum of 1-methyl-3-ethylbenzene, 1,2,4-
trimethylbenzene and 1,3,5-trimethylbenzene), benzene, naphthalene, MTBE, 1,2-
dibromomethane and some PAHs.  

However, e.g. lubrication oil leaks oils from equipment, e.g. compressors used for water 
aeration at water abstraction and treatment plants, are typical sources of oil in drinking 
water in Denmark. Determination of BTEX is not necessarily sufficient to detect oil 
contamination. For hydrocarbons, very low detection limits are needed in order to give 
an early warning before hydrocarbons with very low taste thresholds enter the water 
distribution system. 

In Sweden, the limit value concerning the water quality of surface water used for the 
abstraction of drinking water was 0,2 mg/l for dissolved or emulgated hydrocarbons 
according to the 1989 instructions. The limit value for mineral oil in drinking water was 
0,010 mg/l. New instructions took effect in 2001 repealing the 1989 instructions in 
2003. However, the former requirements are interpreted to be fulfilled, if the drinking 
water fulfills the requirements mentioned in the appendixes to the instructions given in 
2001. In practice, this means fulfilling the criteria of 1,0 µg/l for benzene. In addition, 
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quality criteria are given, for example, for some PAHs. [32, 33] In Finland the requir
ment to determine mineral oils in surface water with a limit value of 0,010 mg/l has 

e-

ation on the 

xhaustive presentation on available methods for the determination of TPH 
constituents. 

sti for th tion of TPH and its constituents. 

R 
NIZA-

 

PRINCIPLE METHOD 

been repealed, and various TPH constituents are determined in drinking water [34].  

Among other methods for the determination of TPH or its constituents, a method for 
recognizing possibly suitable hydrocarbon substructure by mass spectrometry in selec-
tive ion mode after a silica-gel clean up is described. However, little inform
performance properties of the method and its applicability was available. 

Examples of substitute methods for the determination of TPH and some of its constitu-
ents used in the laboratories and recognized in the project are presented in table 3.1. The 
list is not an e

Table 5.1.  Sub

COUNTRY O
ORGA

tute methods e determina

TION

ISO 9377-2. Water quality - Determination of hydrocarbon oi
index - Part 2
matography. 

ISO/DIS 16703 Soil quality - Det
content by gas chromatography. 

ISO 15009 Soil quality - Gas chromatographic determination 
of the content of volatile aromatic hydrocarbons, naphtha
and volat
method. 

ISO/DIS 15680 Water quality - Determination of certain 
monocyclic aromatic hydrocarbons, naphthalene and several 
chlorinated compounds - Gas-chromatog
purge and trap and thermal desorption. 

ISO 13877 Soil quality - Determination of polynuclear aro-
matic hydrocarbon
chromatography. 

ISO/CD 9377-1:1998. Water quality - Determination of hy-
drocarbon oil ind
and gravimetry. 

ISO/CD 17993 Water quality – Determination of 15 polynu-
clear aromatic hydrocarb
fluorescence detection. 

ISO/WD 7981-1 Water quality – Determination of polynu-
clear aromatic hydrocarbons (PAH) – Part 1: Determination 
of six PAH by high perf
with fluorescence detection. 

ISO/WD 7981-2 Water quality – Determination of polynu-
clear aromatic hydrocarbons (PAH) – Part 1: Determination
of six PAH by high perf
fluorescence detection. 

ISO GC l 
: Method using solvent extraction and gas chro-

ISO GC ermination of mineral oil 

ISO GC 
lene 

ile halogenated hydrocarbons - Purge-and-trap 

ISO GC 

raphic method using 

ISO GC 
s - Method using high-performance liquid 

ISO Gravimetry 
ex - Part 1: Method using solvent extraction 

ISO GC 
ons (PAH) in water by HPLC with 

ISO TLC 

ormance thin layer chromatography 

ISO LC 
 

ormance liquid chromatography with 
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CEN GC prEN 14039 Characterization of waste – Determination of
hydrocarbon content in the range of C

 
10 – C40 by gas chroma-

tography. 

CEN Gravimetry ion of waste. Determination of 
 gravimetry. 

prEN 14345 Characterizat
hydrocarbon content by

OSPAR/OIC GC A modified version of the EN-ISO 9377-2. 

NT Techn Report 329. 

SFS 3009
menetelmä. Bestämning av olja och fett i vatten. Gravimetrisk
metod. Determination of oil and grease in water. Gravimet
method. 

Sweden Gravimetry SS 02 81 44. Bestämning av olja och fett I vatten. Gravimet-
risk metod. Utgåva 1. (Determination of oil and grease in 
water. Gravimetric method.) 

Norway Gravimetry NS 4752. Vannundersøkelse - Bestemmelse av olje og fett -
Gravimetrisk metode. (Determination of oil and grease in 
water. Gra

 

vimetric method.) 

Denmark Gravimetry DS 208. Vandundersøgelse. Olie og fedt. Gravimetrisk me-
tode. (Determination of oil and grease in water. Gravimetric 
method.) 

NEN 6407. Water. Gaschromatographische bepaling van het
gehalte van een aantal monocyclische aromaten, naftaleen en 
enkele gechloreerde koolwaterstoffen met de "purge en trap" -
methode en thermische desorptie. (Water. Gas 
tographic determination of a number of monocylic aromatic
hydrocarbons, napthalene and several chlorinated compound
using purge and trap and thermal desorption.) 

NEN 5733. Bodem. Bepali
olie in grond en waterbodem met gaschromatografie. (Soil. 
Determination of mineral oil content in soil and sediments 
with gas chromatography) 

NEN 6671. Afvalwater en slib. Gravimetrische bepaling van 
het gehalte aan petro
Soxhlet extractie. (Waste water and sludge. Gravimetric d
termination of petroleum ether extractable oil and fat content. 
Soxhlet extraction.) 

NEN 6672. Afvalwater. Gravimetrische bepaling van het 
gehalte aan met petroleumether extraheerbare oliën en vette
Directe extractie. (Waste water. G
petroleum extractable oil and fat content. Direct extraction

IP 426/98. Oil Content of Effluent Water - Extraction and 
Infra-red Spectrometric Method. 

Method 502.2 Volatil
Purge and Trap Capillary Column Gas Chromatography W
Photoionization and Electrolytic Conductivity Detectors in
Series. Revision 2.1. 

U.S. EPA GC Method 524.2 Measurement of Purgeable Organic Com-
pounds in Water by Capillary Column Gas Chromatogra-
phy/Mass Spectrometry. 

Nordtest GC 

Finland Gravimetry . Veden öljyn ja rasvan määritys. Gravimetrinen 
 

ric 

The Netherlands GC  

chroma-
 
s 

The Netherlands GC ng van het gehalte aan minerale 

The Netherlands Gravimetry 
leumether extraheerbare oliën en vetten. 

e-

The Netherlands Gravimetry 
n. 

ravimetric determination of 
.) 

The United King-
dom 

IR 

U.S. EPA GC e Organic Compounds in Water by 
ith 
 

33 



U.S. EPA Gravimetry 
d Grease) and Silica Gel Treated N-Hexane 

 Material) by 

Method 1664, Revision A: N-Hexane Extractable Material 
(HEM; oil an
Extractable Material (SGT-HEM); Non-polar
Extraction and Gravimetry. 

U.S. EPA Extraction Method 3510C. Separatory Funnel Liquid-Liquid Extraction. 
Revision 3. 

U.S. EPA Extraction Method 3535. Solid-phase extraction (SPE). 

Method 3540c. Soxhlet extraction

U.S. EPA Extraction Method 3550b. Ultrasonic extraction. Revision 2. 

U.S. EPA Extraction Method 3560. Supercritical Fluid Extraction of 
erable Petroleum Hydrocarbons. 

Total Recov-

U.S. EPA Cleanup / se
on 

parati- lumn cleanup and separation of Method 3611B. Alumina co
petroleum wastes. 

U.S. EPA Cleanup / separati-
on 

Method 3630C. Silica gel cleanup. Revision 3. 

U.S. EPA Headspace Method 3810. Headspace. 

U.S. EPA Extraction ge-Method 3820. Hexadecane extraction and screening of pur
able organics. 

U.S. EPA Immunoassay Method 4030. Soil Screening for Petroleum Hydrocarbons by 
Immunoassay. 

U.S. EPA GC Method 5015C. Nonhalogenated Organics using GC/FID. 

Method
Chromatography using Photoionization and/or Electrolytic 
Conductivity Detectors. 

U.S. EPA Purge-and-Trap Method 5030B. Purge-and-Trap for Aqueous Samples. Revi-
sion 2. 

Method 8015C. Nonhalogenated Org
Revision 3. 

Method 8021B. Aromatic and Halogenated 
Chromatography Using Photoionization And/Or Electrolyti
Conductivity Detectors. Revision 2. 

U.S. EPA GC Method 8260B. Volatile Organic Compounds By Gas Chro-
matography/Mass Spectrometry (GC/MS). 

U.S.EPA Gravimetry Method 9071B. n-Hexane Extractable Material (HEM) for 
Sludge, Sediment, and Solid Samples. Revision 2. 

Massachusetts GC Method for the determination of volatile petroleum hydrocar-
bons (VPH). 

Method for the determination of extractable

U.S. EPA Extraction . Revision 3. 

U.S. EPA GC  5021B. Aromatic and Halogenated Volatiles By Gas 

U.S. EPA GC anics Using GC/FID. 

U.S. EPA GC Volatiles By Gas 
c 

Massachusetts GC  petroleum hydro-
carbons (EPH). 

ASTM Extraction ASTM D 5765 – 95 Standard Practice for Solvent Extraction 
nts for Total Petroleum Hydrocarbons from Soils and Sedime

Using Closed Vessel Microwave Heating. 

 

In addition to the methods listed in the table 5.1., several non-standardized methods 
have been evaluated in the preparation of method 9377-2. Because the evaluation proc-
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ess contains general information on the applicability of various techniques, it is shortly 
described in this report. Also some methods applied in field or on-line, and described 

 presented. 

ethod ISO/DIS 9377-1:1998 Water quality - Determination of hydrocarbon oil 
index - Part 1: Method using solvent extraction and gravimetry is under preparation, and 

 

 

on 

 

rmine petroleum hydrocarbons only. 
However, the determination of grease is not included in the method. The method is 

on 
m 

n be used, and in case of high concentrations of surface active substances 
ide can be added to the sample. [35] 

  

r-
-

-

decane (C10H22) and n-tetracontane (C40H82) [37]. In the method, the monoaromatic 

only in literature, are shortly

3.3 Determination of oil-in-water 

3.3.1. The ISO methods 

ISO/DIS 9377-1 
The m

available as a Committee Draft ISO/CD 9377-1:1998. The method includes extraction
and gravimetry, and may be applied to all types of water. The extraction solvent is 
evaporated after the clean-up followed by a gravimetric determination of the residue.
[35] 

The method determines the sum of compounds extractable with a single hydrocarb
solvent or a mixture, not adsorbed on Florisil and determined  by gravimetry after 
drying at 80ºC. The detected components are mainly non-polar, long chain or branched
aliphatic, alicyclic, aromatic or alkyl substituted aromatic hydrocarbons with boiling 
points above 250ºC, in practice, oils and lubricants with carbon chain length at least 
C14. Shorter hydrocarbons are partly or totally lost during the evaporation step. A 
Florisil clean-up is applied in order to dete

applicable to concentrations over 5 mg/l. Petroleum ether or other single hydrocarb
mixture with a relatively low boiling point is preferred. In case of emulsions magnesiu
sulfate ca
sodium chlor

The ISO working group has suggested  that after compilation of the ISO 9377-1 a 
method for total oil and grease could be established by leaving out the clean-up step. 
[35, 36] 

ISO 9377-2 
ISO 9377-2 (Water quality – Determination of hydrocarbon oil index – Part 2: Method 
using solvent extraction and gas chromatography), is based on solvent extraction with 
pentane or hexane followed by gas chromatography and typically a flame ionization 
detector (FID) and it is a suitable method for most oil-in-water –analysis. It is not appli-
cable for quantitative determination of volatile mineral oils or determination of hydro-
carbon index in drinking water requiring a very low detection limit. Method ISO 9377-2 
is approved as an international standard, a European standard, and national standards.

Method ISO 9377-2 determines long-chain or branched aliphatic, acyclic, aromatic and 
alkyl-substituted aromatic hydrocarbons, unlike the old infra-red method, which dete
mines aliphatic compounds in oil fraction. The hydrocarbon index is the sum of concen
trations of compounds extractable with a hydrocarbon solvent with boiling points be
tween 36ºC and 69ºC, which are not adsorbed to a prepared diatomaceous substance 
(Florisil), and which may be chromatographed with retention times between those of n-
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BTEX-compounds will not be detected because the chromatography starts at C10. The 
clean-up step removes to a large extent the polar compounds, like PAHs and partly 

f grease due to the Florisil purifi-
cation of the sample. Emulsions can be degraded with magnesium sulfate, and if neces-

f low polarity, like halogenated hydrocarbons, and 

 substances in the extraction step. [37] 

O 

e 

r 
he reference value. This was probably caused by the vulnerability of the method to 

 
. 

0 

 

-

y 

re comparable to two earlier 

naphthalene. The remaining aromatic compounds can be distinguished, if MS detection 
is used. This is not possible with the FID detector. The sample can be concentrated be-
fore injection with an evaporation apparatus. However, large-volume injections can be 
also used.  

The reference sample consists of two specified mineral oils. It is possible to determine 
the boiling range of the mineral oil by comparing the gas chromatogram of the calibra-
tion mixture of n-alkanes with that of the sample extract. The boiling range gives infor-
mation on the number of carbon atoms in the sample analytes in case of n-alkanes.  

The method cannot be applied for the determination o

sary, by centrifuging. Compounds o
high concentrations of polar substances can interfere with the determination, likewise 
surface-active

Experiences on the ISO 9377-2  
The present GC/FID method and old IR-method have been compared in several profi-
ciency tests.  

In a test runned by Swedish ITM, it was understood that the overall means of the sam-
ples didn't show significant difference when comparing determination of unpolar ali-
phatic hydrocarbons with IR and hydrocarbon oil index with GC/FID according to IS
9377. In the test mixtures of diesel oil and lubricant oil were used as test samples, 
mixed with humic acids and/or coconat butter in some samples. In general, the recovery 
rates were about 75 % for both methods. The number of outliers was larger among th
laboratories using the IR method. ISO 9377-2 method provided more information 
regarding the boiling point range and composition of hydrocarbons. In the 
determination of extractable aliphatic hydrocarbons the results were consistently highe
than t
interferences (like 2-propanol not originating from the oil) due to the omission of clean 
up steps. It was nevertheless recommended that each laboratory should perform a side
by side comparison between methods, when changing from an old method to a new one
[38] 
In a German intercomparison exercise of ISO/DIS 9377-2, recoveries between 80 – 10
% were achieved. Only in the presence of surfactants, recoveries dropped down to as 
low as 60 %, with circa 70 % as the average. In this kind of situation a correction with
water samples spiked with oil and matrix constituents should be taken into considera-
tion, i.e. a determination of the overall recovery should be carried out during the HEL-
COM PLC-4 monitoring at regular intervals. Relative reproducibility standard devia-
tions varied between 20 % and 40 % depending on the hydrocarbon concentration and 
the amount of interfering compounds in the sample showing acceptable accuracy. How
ever, in this study some laboratories found exceptionally high blank values, and the 
recovery was only 75 % for sample having higher concentration (~2,2 mg/l) particularl
in the presence of interfering substances. It was understood that the variability of the 
determination was due to the precision of the gas chromatographic system, because the 
repeatabilities were between 7 % and 16 %. The results a
intercomparison tests arranged by the EC Project STM 4-CT96-2090 and the ISO/TC 
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147/SC2/WG 15 giving recoveries around 60 – 100 % and relative reproducibility stan-
dard deviations between 10 – 40 %, approximately. [39] 

In the 20. and 21. interlaboratory comparison runned by BAM (Bundesanstalt für Mate
rialforschung und –prüfung), the laboratories were asked to follow the method DIN 
38409-H53 (a gas chromatographic method with petrol ether extraction very similar t
ISO/DIS 9377-4, which was the draft version of ISO 9377-2), but unfortunately only a 
few laboratories made the additional work. It is understood that the results of the two 
methods are not comparable. The precision is quite the same, but the mean values are 
different. This is not very surp

-

o 

rising, because the definition of mineral oil fraction is 

l 
 

e standard devia-

ethod 
ISO/DIS 9377-4 were compared together. The method ISO/DIS 9377-4 gave an average 

The use of the instrumentation itself, (integration parameters, choice of detector, e.g. 
 use of reference standards are critical and are often 

 

Development of the ISO 9377-2 

s 

 
Substituting a halogenated solvent with another one has been considered as a short-

ub-
4].  

ent 

different in these standards [31]. There are certified reference material available by the 
German BAM for the calibration of the GC/FID -determination recommended for tota
petroleum hydrocarbons (TPH) in water (ISO 9377-2), soil (ISO/DIS 16703:2001), and
waste (EN 14039:2000) [40]. 

In an interlaboratory comparison test carried out by the Finnish Environment Institute, 
the method ISO 9377-2 was used. Two water samples, diluted municipal waste water 
and lake water, were prepared. In the determination of the samples, th
tions were 33 % and 36 %. The overall recoveries were 78 and 81 %. The efficiency of 
the extraction procedure might have had an influence on the results. The results 
obtained by the stirring technique were mainly too small. It is possible that part of the 
oil was adsorbed on the container walls during the stabilation time. [41] 

In a Danish project measuring oil in waste water, a gravimetric method and the m

recovery rate of 80 % with a detection limit between 0,02 – 0,1 mg/l. It was assumed 
that the GC/FID method ISO/DIS 9377-4 gave higher results than the gravimetric 
method on which the limit value for oil in wastewater is based on. However, in this 
study the wastewater may have contained oil and surfactants. [42] 

GC-FID) as well as the choice and
the source of differences in results from otherwise competent laboratories. It is also es-
sential that the extraction of the sample is performed in the sampling bottle. Container
wall adhesion will otherwise be a source of error. [43] 

In the development of the ISO 9377-2 gas chromatographic method 15 existing methods 
were recognized and evaluated, including methods like solid phase extraction (SPE), 
use of supercritical CO2 fluid, and a IR method using Potassium bromide (KBr) tablets. 
[44] Supercritical fluid extraction dropped out in the evaluation due to total investment cost
and the complicity of the method. Methods using halogenated solvents were abolished 
due to the toxicity of the halogenated solvents and their negative environmental aspects.

sighted alternative at least by the Swedish and Norwegian State Pollution Control Au-
thorities. Importance of the a correlation between the old Freon-IR method and the s
stituting method was emphasized. Six methods were chosen to further evaluation [4

A LL-TLC-FID –method included a liquid-liquid extraction with a hydrocarbon solv
(e.g. n-hexane), deposition of the extract on silica-rods, elution of the rods in a thin 
layer chromatography chamber and subsequent detection by flame ionization. The 
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method had a cut-off at C15, and therefore the carbon window of the method (C15.. 40) 
failed to meet the criteria of C10.. 40.  A LL-"3M"-IR method included a liquid-liquid 

d 
 

r with controlled vacuum might be needed for the method. The application 

Finally three standard operation procedures were chosen for an interlaboratory study 

-  a solid phase extraction using isooctane as extraction solvent followed by gas 

-  a solvent extraction followed by gas chromatography (LL-GC-FID method from 

t fo  

). 
 5 

-

0 µg/l must be improved. 
l 

 

extraction with a hydrocarbon solvent (like n-hexane) by deposition on a "3M" card an
subsequent infrared analysis. A concentration apparatus like Kuderna Danish or rotary
evaporato
range of these methods was 1 to 1000 mg/l. [45] 

[45-48]:  

chromatography and mass spectrometry analysis (SPE-GC-MS) 

NNI)   

-  a extraction with n-hexane as extraction solven llowed by deposition on reusable
sapphire window plates, and subsequent infrared analysis (LL-IR).  

Drinking water and clean groundwater samples containing low concentrations of ana-
lytes must be handled using SPME-GC-MS or SPE-GC-MS (with a concentrating step
It might be possible to achieve a carbon window C5…30 and application range 0,001 –
mg/l. However, salt produces an unfavourable effect for non-volatile HCs. In the valida
tion test a limit of detection and limit of quantitation were 0,3 mg/l and 1 mg/l, respec-
tively, for offshore water diesel, and 5 µg/l and 15 µg/l for drinking water diesel. The 
validation range was 5 – 150 mg/l for offshore and 15 – 150 µg/l for drinking water 
diesel. The performance of the method in the range of 10 – 5
In general, the recovery, repeatability and linearity were good for offshore water diese
samples (all recoveries within 70 %, RSD < 10 % and r ≥ 0,999), but for drinking water
diesel, recovery was acceptable (one value outside 70 %), linearity acceptable (0,99 < r 
< 0,999), but repeatability bad (one RSD > 15 %). [45, 47] 

SPME-GC-MS is not an equilibrium based method. It is not a bulk or total extraction 
method, it requires separation of particulate matter prior to the extraction, and it is lim-
ited to the more water soluble hydrocarbons in "clean" water. High concentrations and 
two-phase hydrocarbon/water systems can be analyzed, but not correctly quantified. 
The SPE-GC-MS –method's application range was 0,01 – 100 mg/l. The recovery was 
100±20 %, and repeatability < 10 %. Coefficient correlation between recovery and re-
covery with freon-IR –method was ≅  1,4. Thought the SPME-GC-MS is able to detect 

og-

 

of 
nds (only non-polar 

hydrocarbons from concentrations of 0,01 mg/l, carbon window problems were rec
nized at the upper carbon region [44]. An alternative SPME coupled to GC-MS can be 
used for screening in the range of C10…40 and quantification up to C12 of low levels of 
hydrocarbons in drinking- and groundwater. [45] 

The SPE-GC-MS –method was estimated to be usable as the basis for a low level 
method applicable to concentrations down to 10 µg/l. The detection limit is expected to
be approximately 5 µg/l, which is achieved by an increase in the volume of the water 
analyzed. However, the method cannot be applied to the determination of the content 
volatile mineral oil (< C10), or to the determination of polar compou
compounds should adsorb on the disk). Isooctane was used as an eluting solvent to re-
move the non-polar compounds from the disk. A calibration solution can be prepared, 
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for example, from crude oil (C10…35), diesel (C10…26) or from a mixture of n-alkanes. 
There are available n-alkane calibration standards for C6…44 [46].  

A screening method for in waters with hydrocarbon concentrations above 5 mg/l is pos
sible using the same ext

-
raction and cleanup procedure as in the GC-FID –method, fol-

 LL-IR. Limit of detection was 1 mg/l and the limit 
of quantitation 5 mg/l. The LL-IR was only recommended for screening purposes and 

[45] 

prEN ISO 15680 

 Wa-
 [50] 

mn. An 

e 

and 

olar organic compounds 
of intermediate volatility. Detection is preferably carried out by mass spectrometry. 

he standard can be applied to 
 

 performance data. Also good guidance on the cleaning of glassware to 

e-

 ISO/WD 7981-2 (Water 

lowed by evaporation of the extraction solvent on a sapphire window followed by IR-
detection. Light hydrocarbons are lossed in the evaporation step. In the validation test, a 
range of 5 to 150 mg/l was used for

field applications. 

The LL-GC-FID had a repeatability equivalent to the two other methods (RSD < 10 %), 
a recovery > 90 %,  the best comparison with Freon-IR, and when assessing robustness, 
the best overall performance. [44] 

A prEN ISO 15680 rev (Water quality – Determination of certain monocyclic aromatic 
hydrocarbons, naphthalene and chlorinated compounds – Gas chromatographic method 
using purge and trap and thermal desorption) is being prepared under CEN/TC 230
ter analysis. It is partly based on the ISO 10301 standard, [49], EPA Methods 1624
and 1625 [51], and BS 6920[52].  

The proposed method determines certain volatile organic compounds (VOCs), like, for 
example, the BTEX. In this method the volatile components are purged from water with 
an inert gas to an adsorbent column or a cold trap. The trap is heated to desorb the 
components which are swept by the GC carrier gas to a capillary GC colu
electron capture detector (ECD) or an electrolytic conductivity detector can be used 
instead of a mass spectrometric detector (MSD) for halogenated hydrocarbons. A flam
ionization detector (FID) can be used for aliphatic, aromatic and halogenated 
hydrocarbons in general, a photo ionization detector (PID) for aromatic compounds, 
an atomic emission detector (AED) as an element specific detector. [53] 

A dual column system with columns of slightly different polarity or a dual detector sys-
tem can be used to reduce the risk of overlapping peaks. The analytes range from di-
fluorodichloromethane to trichlorobenzene including all non-p

Typically a detection limit of 10 ng/l can be achieved. T
drinking water, ground water, surface water, sea water and to (diluted) wastewater. The
draft standard describes examples of analytes, purge-and-trap, GC and MS conditions, 
columns, and
avoid contamination and adsorption of analytes is given. [53] 

ISO/CD 17993, ISO/WD 7981-1, and ISO/WD 7981-2 
A standard draft ISO/CD 17993 (Water quality – Determination of 15 polynuclear aro-
matic hydrocarbons (PAH) in water by HPLC with fluorescence detection) is being pr
pared. [54]  

Two other methods for determination of PAHs in drinking water exist as preparatory 
stage working drafts: ISO/WD 7981-1 (Water quality – Determination of polynuclear 
aromatic hydrocarbons (PAH) – Part 1: Determination of six PAH by high performance 
thin layer chromatography with fluorescence detection), and

39 



quality – Determination of polynuclear aromatic hydrocarbons (PAH) – Part 1: Deter-

 Netherlands 

 

53] is 

ds [55]. A flame ionization detector 
n 

 water are measured by measuring 
individual BTEX compounds mostly by utilizing purge-and-trap and GC/MS or 

D-analysis [56]. A limit of detection of 1 – 2 ng/l for individual BTEX 
s 

 

od for gravimetric determina-
tion of petroleum ether extractable oil and fat content in wastewater. The method does 

m hydrocarbons and animal or vegetable oils, since 
there is no clean-up of the extract by silica, aluminum oxide or Florisil. In the method, 
the sample is filtered, and the filter transferred into a Soxhlet thimble. The extraction is 

mination of six PAH by high performance liquid chromatography with fluorescence 
detection). Heavily polluted waters may also be analyzed by the methods, and the detec-
tion limit is 0,01 – 1 µg/l, depending on the sample. Work on standard methods based 
on GC/MS is starting. For the measurement of PAH in offshore production water, a 
liquid-liquid extraction and GC/MS is recommended [23]. 

3.3.2. The
An IR method was used to monitor hydrocarbons in water with a quality criteria of 10 
µg/l, according to the requirements of the directives 79/869/EEC and [14] 80/778/EEC 
[18]. After substitution of carbon tetrachloride with CFC-113, the IR method didn't 
work properly due to much higher adsorption of CFC-113 in the wavelength area of 
interest.  

NEN 6407 
In practice, the total hydrocarbons (TPH) parameter was abandoned and replaced by the
determination of monocyclic aromatic hydrocarbons (BTEX-compounds including the 
three isomers of xylene), because they were considered as the most important threat for 
groundwater rising from contamination by petroleum hydrocarbons [36]. The determi-
nation method is a purge-and-trap –isolation followed by thermal desorption and gas 
chromatography described in the NEN 6407 standard [36]. The ISO/DIS 15680 [
based on this Dutch standard. 

The method NEN 6407 can be applied for a number of monocyclic aromatic hydrocar-
bons, naphthalene and several chlorinated compoun
(FID), or a more selective detector, like PID (photoionization detector), ECD (electro
capture detector) or MSD, ITD (mass selective detector, ion capture detector) can be 
applied [55]. In practice, oil compounds in drinking

GC/FID+EC
compounds is possible to achieve. This concentration level refers to TPH concentration
lower than the required limit value of 10 µg/l. [36] 

The standard gives suggestions for a GC column, and reports on intralaboratory and 
interlaboratory deviations measured for various compounds in drinking water and sur-
face water with a certain concentration level [55].  

NEN 6671 
The standard NEN 6671 provides a method for the gravimetric determination of petro-
leum ether extractable oil and fat content in wastewater and sludge after a Soxhlet ex-
traction. The method is capable to determine concentrations of approximately 5 mg/l, 
but not very high concentrations of mineral oil in water. The most volatile fractions may
be lost with this method. The method utilizes diatom based filtration [57].  

NEN 6672 
The standard NEN 6672 describes a direct extraction meth

not distinguish between petroleu
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performed with petroleum ether with a boiling range of 40 – 60ºC for at least 4 hou
The extract is evaporated and dried at 105±3ºC  to constant mass. The method has a 
limit of detection/determination of about 5 mg/l. [36, 57] 

3.3.3. The United Kingdom 

rs. 

 method has been maintained in the determination of oil-in-water. The 
he 
of 

-

-
ever, the detection levels achieved with the SPE/GC/MS –methods can be 5 µg/l. There 

 of SPE-techniques [60]. However, it is the 
trate that SPE techniques provide equivalent 

rk. 

In the United States, the production and import of CFC-113 and other Class I ozone 
e end of 1999. However, it is allowed to recycle the 

e 

el Treated N-Hexane Extractable Material (SGT-HEM); Non-polar Material) by 

f 

An infrared
method includes tetrachloroethylene extraction followed by quantification using IR. T
use of carbon tetrachloride has been banned due to toxicological reasons, and the use 
freons for environmental reasons. There are also plans to prohibit the use of tetrachloro
ethylene by environmental legislation [58]. 

IP 426/98 
The standard method is described in the standard IP 426/98 (Oil Content of Effluent 
Water - Extraction and Infra-red Spectrometric Method) [59]. The method is applied 
over a full range of applications from drinking water quality assessment to the assess-
ment of disposed waters from offshore oil rigs and bilge waste from ships.  

Other methods  
Methods using solid phase extraction (SPE) with GC/MS are not used generally, how

may be a change in future towards the use
responsibility of the laboratory to demons
data to liquid-liquid extraction methods, which may cause considerable amount of wo
There will still be a demand for rapid and field testing of oil-in-water, and simple cor-
relative methods for environments where gas chromatography is not practical [60]. 

3.3.4. The United States of America 

depleting substances ceased at th
existing stocks [61-63]. Oil and grease is understood to be a conventional pollutant un-
der the Clean Water Act instead of more specific organic contaminants, since the 
change of the act was considered to be a lengthy and continuous operation. [61] In th
analysis of drinking water, no total petroleum hydrocarbons (TPH) are determined. 

EPA Method 1664 revision A 
Method 1664, Revision A (N-Hexane Extractable Material (HEM; oil and Grease) and 
Silica G
Extraction and Gravimetry) has been approved in the Federal Register [61, 64]. The 
method replaces the previous EPA Method 9070. The method 1664A is approved for 
the analysis of non-polar material in accordance with the requirements of the Clean Wa-
ter Act concerning pollution control, and Resource Conservation and Recovery Act 
concerning contaminated soils. The method is used mostly for determinations of 
wastewater.  

The difference between measurements of HEM and SGT-HEM will give the amount o
polar material present in the sample [61]. The concepts of HEM and SGT-HEM reflect 
the idea of TPH as a method-defined group parameter. The HEM fraction can contain 
also other substances, than hydrocarbons. For example, sulfur can be converted into 
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thiosulphate during acidification of a sample, and be extracted with n-hexane to be de-
termined as HEM. 

The method 1664A uses n-hexane as an extract solvent, and silica gel to absorb polar 
material, followed by a gravimetric determination [65]. In practice, the hexane solvent
is dried in a boiling flask at 70ºC for 30-45 minutes followed by desiccation for 30
utes. [61] 

 
 min-

 
 

e 
y silica gel [65].  

 bit bigger stan-
ection level (MDL) is 1,4 mg/l and the 

n 

e 
 the 

, 

sted to perform a side-by-side testing with Method 1664A and an approved 

The silica gel removes theoretically polar material including aromatic compounds 
containing one or more benzene rings, unsaturated compounds (those containing one or
more double bonds), and compounds containing atoms other than carbon and hydrogen.
Polar material also includes aromatic, phenolic, and heterocyclic compounds in petro-
leum and petroleum products, soaps and animal fats. Non-polar material contains 
straight and branched chain hydrocarbons and other chemical substances in which ther
are no functional groups that exhibit enough polarity to be adsorbed b

N-hexadecane (a major component of diesel oil) and stearic acid (the main component 
of animal fats) are used in the quality control despite the fact that they tend to stick on 
the glassware [61]. The U.S.EPA collected data on the performance between CFC-113 
and n-hexane, giving identical average amounts of oil and grease but a
dard deviation for n-hexane. The minimum det
minimum level (ML) 5 mg/l for both HEM and SGT-HEM. [64, 65]  

To break emulsions, methods like stirring, filtration through glass wool, use of solvent 
phase separation paper, centrifugation, use of an ultrasonic bath with ice, and additio
of NaCl are suggested. Formation of emulsions may be prevented by SPE, a continuous 
liquid-liquid extraction and other extraction techniques, too. [64, 65]  

Implementation of the EPA method 1664A 
All laboratories using method 1664A have to perform an initial demonstration on the 
laboratory's capability to run the method 1664A. Tests for method detection limit and 
initial precision and recovery are provided in the method 1664A. Because n-hexan
may extract more or less oil and grease depending on the properties of the discharge,
permitting authority may wish to consider establishing a conversion factor for these 
differences in the permit. However, the risk that the change of the extraction solvent 
from CFC-13 to n-hexane would lead to results that exceed the limit value is small. The 
U.S. EPA does not recommend a side-by-side comparison for each discharge. However
if the use of Method 1664A will cause a non-compliance with existing limit values, it is 
sugge
method using CFC-113. This may be necessary also in other cases when significant 
differences in results between the two methods have been obtained [65]. In case of 
differences, EPA suggests that three replicates of each sample by both methods are 
analyzed on any seven days over a minimum 30-day period resulting in a total of 42 
analyses. Example calculations for a side-by-side comparison with root-mean-square 
deviation method and development of a conversion factor are shown in the guidance 
material. [61] 
Various extraction methods, like the mentioned solid phase extraction (SPE), are al-
lowed to be used instead of a separatory funnel liquid-liquid extraction (LLE) tech-
nique, likewise the use of alternate concentration devices and procedures, but it's the 
discharger's or generator's responsibility to assure that the results produced are equiva-
lent, and the performance criteria of the Method 1664A has to be met. An interesting 
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point of view is that the use of organic-free reagent water is not considered appropria
in the validation process. Many non-polar organic contaminants in aqueous sample are 
likely to be bound to particulate matter and extraction efficiencie

te 

s are expected to be 
less [66]. Data demonstrating both equivalence and differences between the solid phase 

en received by the EPA. These conclusions have 

se 

4A 
% 

ation of 8,7 

nts present in petroleum substances, like the BTEX com-
pounds can be determined with the EPA Methods 502.2 or 524.2. [67-70] 

The Method 524.2 includes gas chromatography with mass spectrometry (GC/MS). The 
g on the com-

) 
lumn is provided in the 

 

le 

, automated headspace). 
The Method 5030B in conjunction with the Method 8015C (GC/FID) is applicable for 

and the liquid phase extractions has be
been valid regardless of solvent or technique. However, based on all the results, it is 
likely that LLE and SPE would not produce significant differences when untreated ef-
fluents and process wastes are analyzed. In uncertain cases results obtained with liq-
uid/liquid extraction are definitive. If possible a conversion factor between a solid pha
extraction (SPE) and liquid-liquid extraction can be warranted.  

Performance of the Method 166
The performance results of single and inter-laboratory studies give a recovery of 93 
for HEM and 89 % for SGT-HEM and a precision as relative standard devi
% for HEM and 13 % for SGT-HEM. A coarse estimation of 95 % confidence limits 
around 96 % recovery is 96 % ± 20 %. Further acceptance criterions are described in 
the method standard [64], and guidance in a separate document [61].  

EPA Methods 502.2 and 524.2 
Several organic contamina

The Method 502.2 contains purge-and-trap followed by gas chromatography with 
photoionization detector (GC/PID) and electrolytic conductivity detector (ECD) in se-
ries. The Method gives detection limits between 0,01 – 0,02 for each of the BTEX-
compounds with the PID detector. The ECD is not applicable for non-halogenated hy-
drocarbon compounds. Information on the columns used and retention times are avail-
able in the method tables. 

method detection limits vary from approximately 0,02 – 1,6 µg/l dependin
pound, and the applicable concentration range is approximately 0,02 – 200 µg/l or 0,02 
– 20 µg/l depending on the capillary column. Performance data (accuracy and precision
using cryogenic trapping option and a narrow-bore capillary co
method. Detection limits between 0,03 – 0,06 µg/l were achieved for each of the BTEX-
compounds using an open split interface and an ion trap mass spectrometer.  

EPA Methods 3520, 3535, 5030B, 5031, 5032, 8015C, 8021, and 8260 
Several methods are available for sites impacted by petroleum hydrocarbons. Typically
the BTEX is determined, like are the oxygenated additives, and total petroleum hydro-
carbons in gasoline range C4-C12 and/or diesel range C13-C22.  

EPA Method 5030B provides a purge-and-trap determination procedure and is suitab
for the determination of volatile organic compounds in aqueous samples and water mis-
cible liquid samples. The gas chromatographic determinative steps are found in the 
Methods 8015 (GC/FID) and 8021 (GC/PID and/or GC/ECD

the determination of the aliphatic fraction in the light ends of total petroleum hydrocar-
bons. However, the Method 8015 is not accepted in all states after 2001.  
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The Method 5030B is also applicable to GC/MS Method 8260. In the assessment of 
water at petroleum hydrocarbon impacted sites, the required minimum detection limits
are for the Method 8260B 1 µg/l for the BTEX, 50 – 100  µg/l for the gasoline range of
TPH and 500 – 1000 µg/l for the diesel range TPH. [71-74] 

 
 

e-
ge 

be more appropriate for the determination of gasoline and diesel 

 

Also the Total Petroleum Hydrocarbon Criteria Working Group (TPHCWG) refers to 
 to the TPHCWG, volatile compounds in water are 

generally separated by EPA 5030 purge and trap method. For Headspace analysis is 
 method (EPA methods 3810, and 5021). The most com-

 

Other methods 

i-

g fluorescent compounds can interfere with some monitoring equip-
 

. 
which 

compounds approach the water supply first.  

The Method 8015C with purge-and-trap or direct aqueous injection is applicable to d
termination of the gasoline range organics corresponding for C6…10, and the diesel ran
organics for C10…28. Also injection of the concentrate from azeotropic distillation 
(Method 5031) or vacuum distillation (Method 5032) is possible. However, Method 
8015C is not regulated under the U.S. regulations concerning contaminated soils, and 
other methods might 
range organics. Ground water or surface water samples generally must be analyzed in 
conjunction with Methods the 5030, 5031, 5032, 3510 or 3520. [72] 

For the determination of the aromatic fraction (BTEX), the use of Method 5030 and 
Method 8021 (GC/PID) is preferable. A total determinative analysis of gasoline frac-
tions may be obtained using Methods 8021 in series with the Method 8015. The esti-
mated quantitation limit of the Method 8021A for individual compounds in ground wa-
ter is approximately 1 µg/l, and 0,2 – 0,5 µg/l for the BTEX using the photoionization
detector (PID). [75] 

the U.S. EPA Methods. According

recommended as a screening
mon methods for extraction of water samples are EPA 3510 separatory funnel extrac-
tion, and semivolatiles, EPA 3520 continuous liquid-liquid extraction. Also solid phase
extraction (EPA method 3535) can be used for extraction and concentration of semi-
volatile material. [76] 

3.3.5. 

Surface water monitoring 
In some countries on-line detectors based on fluorometry, scanning fluorometry or IR 
reflection analysis are used to recognize oil in public water supplies. These field mon
toring systems typically give a warning if oil is detected in the basin or in the water 
treatment processes. For example, in the UK several monitoring equipments have been 
installed to detect possible oil in e.g. water abstraction plants taking water from rivers. 
After an indicatory warning, further determinations can be done with, for example, 
GC/MS.  

Naturally occurrin
ment. It is understood that monitoring of aromatics instead of hydrocarbons may give a
better indication of potential taste problems, since long-chain paraffins are probably 
odorless, tasteless and non-toxic, and very short chained hydrocarbons possibly are 
volatilized, whereas fuel range hydrocarbons may give taste at lower levels and aromat-
ics at 1 µg/l level, and phenols and naphthols have taste thresholds at the ng/l level [77]
In case of groundwater, the mobility of individual hydrocarbons may define 
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SPE and SPME 
Several articles have evaluated the possibilities to use solid phase extraction (SPE) or 
solid phase micro-extraction (SPME) in the determination of total petroleum hydrocar
bons. Th

-
e extraction methods can be applicable usable for at least some hydrocarbon 

 

s may 

or 
 organic analyses directly from e.g. aqueous samples, or from the 

headspace of these samples in closed vials, onto a fused-silica fibre coated with a 
eric liquid phase. The analytes are desorbed from the fibre by heating and 

n 

e measurement with an interval of 15 minutes with accuracy of 81 – 100 % and 

 of unknown petroleum hydrocarbons, and therefore an off-
line calibration method has been created. An in-line silica gel clean up can optionally be 

l 

r-

) 
ple, Reddy and Quinn extracted TPHs and PAHs with 

methylene chloride (dichloromethane) and hexane, fractionated the extracts on silica-gel 
columns, used signal from ion m/z 57 (C4H9

+), which is a major ion in aliphatic com-

fractions [78, 79]. SPE and SPME are currently used only in a few international stan-
dards, and their applicability to substitute the use of ozone depleting substances is not 
totally determined. The difference between SPE and SPME is emphasized.  

SPE means extraction of, for example, hydrocarbons from water into, for example, solid
filter disk material, followed by an extraction or direct detection of the hydrocarbons. 
SPE does not give information on the hydrocarbons, it typically should be calibrated 
with same kind of oil mixture, and adsorption of hydrocarbons on suspended solid
require e.g. dilution of the sample with pure water in order to minimize the matrix ef-
fects.   

SPME is a kind of extraction/injection technology for gas chromatography. It is used f
extraction of

polym
forwarded to the separatory column. SPME combines sampling and preconcentration i
a single step, and according to various references, it has been tried to use for the 
determination, for example, aromatic hydrocarbons and PAHs, halogenated volatile 
organic compounds.  A SPME method for the determination of volatile hydrocarbons is described in a Swed-
ish report concerning the screening and specific determination of BTEX-compounds in 
contaminated soils with a gas chromatograph followed by a flame ionization detector 
(FID) [80].  

SFE 
Use of supercritical fluid extraction followed by infrared determination (SFE/IR) has 
been described in conference materials and articles. SFE/IR gives a possibility for an 
on-lin
precision (RSD) ranging from 3 to 17 %. The upper linear range for oils lies in the re-
gion of 70 – 130 ppm. Application of the HMSO coefficients used for IR-analysis may 
produce errors with samples

applied. [81, 82] 

In 1995, SFE was compared with Soxhlet extraction in the determination of the BTEX 
and TPH in soil. The recovery with SFE was understood to be better. Results with leve
of ng/g were reported with a 'sorbent trapping' system combined to SFE and GC/FID. 
[83]. 

Other techniques, like laser-induced fluorescence are currently investigated. No info
mation was found on whether any of the methods like SFE/IR, fluorescence methods 
etc. are being standardized. 

GC/MS using selective ion mode 
Also methods for the determination of TPH by GC/MS in a selective ion mode (SIM
have been described. For exam
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pounds, and integrated it throughout the chromatogram achieving a faster determination 

 
 

Ultrasonic particle monitoring and acoustic determination 
quipment with a capability to determine particles with 

sizes of 1 – 100 µm, concentrations from 1 to 1000 ppm, and under certain conditions to 
lets, is being developed by TNO TPD [85]. 

Oil droplet determination may give a good estimate of dispersable oil if no other parti-
. are present [43]. Also a laboratory demonstration on the applicability 

he 

 

d 

10

 

 the window C7…40 in 

 

compared to conventional GC/FID and GC/MS analysis of TPHs and PAHs. PAHs 
were analyzed by using distinct quantification ions during the same run. However, the 
method was calibrated for the freshly spilled fuel oil and gives underestimates with 
weathered and/or degraded fuel oil. The minimum detection limit achieved was 16 µg/l
for TPH, precision was < 10 % RSD, and relative recoveries were 90 – 110 % for ~50 –
1000 µg of TPH spiked per liter. It should be noticed, that the concentration in the 
blanks were 5 – 10 µg/l. [84] 

Ultrasonic particle monitoring e

discriminate gas bubbles, sand and oil drop

cles, bubbles etc
of acoustic determination with a chemometric data treatment has been described for t
determination of oil-in-water micro-pollution. [86] 

3.4 Offshore 

3.4.1. Development of a new method 

The challenge 
The IR method used to determine oil in produced water should be substituted with a 
method not using ozone depleting substances. Use of tetrachloroethylene as a substitute
for CFCs is not preferred due to its carcinogenic properties [24]. In addition, there are 
several concerns with the ISO 9377-2 in the offshore use. The method ISO 9377-2 gives 
a different definition of oil from CFC-113 extraction and IR, the method requires skille
personnel, measures C10…40 but not volatile hydrocarbons, there is possible loss of hy-
drocarbons above C , and it is laborious [25].  

In a workshop held in 2001, it was understood that GC/FID with pentane extraction 
would give the possibility to determine short chained hydrocarbons starting from C7 due 
to lower loss of volatile compounds during the concentration. However, this is less ro-
bust method due to the volatility of pentane. GC/FID with purge and trap enables the 
analysis of C5…10 compounds. The disadvantage is that the analytes should be identified
individually, or that the BTEX-compounds will be included in the integration of the 
chromatogram. GC/FID with static headspace has both advantages and disadvantages 
compared to GC/FID with purge and trap [24].  

It was suggested to use pentane as an extracting solvent, include
the determination, subtract the TEX-compounds (toluene, ethylbenzene, and xylene), 
and perform the determination in combination with static headspace or purge and trap to
enable the determination of C5…10 hydrocarbons. However, there seems still to be sig-
nificant differences between the proposed method and the present IR OSPAR method, 
especially when samples from gas and condensate installations are analyzed. [25]. Fur-
ther research was recommended on possible alternative methods yielding equivalent 
results (cf. OSPAR Decision 2001/1, paragraph 7.1) that can be easily applied offshore 
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or kept available in case of non-availability of the regular analysis equipment, includin
SPME-GC/FID

g 
, online analysis, and handheld equipment. [24] 

y 
 be-

parison program [87]. The modified 
 in that it attempts to cover the C7…40 –range rather than the 

er 
. A 

e in 0, 
ze and exclude the BTEX-peaks or otherwise de-

termine and exclude the BTEX. [21, 88] 

-

2 

 
 

d poorly with the IR-method 
when analyzing samples from gas platforms. Ford dispersed oil comparability was 

r, i.e. the application of purging, may cause 

s 
s could be expected for light oils like oil 

condensates produced on gas / condensate platforms. In earlier Dutch studies comparing 

The workshop of 2001 gave several tasks for the countries that participated in the work-
shop. E.g. the countries agreed to gather data for the basis of a guidelines suggested b
the Dutch. It was suggested that each country initiates a study on the comparability
tween the infrared and GC/FID methods. This evaluation should be combined with 
additional information on aromatic hydrocarbon analysis, and information should be 
used to verify whether total oil equals dispersed oil + BTEX. Also data on dispersed oil 
and phenols should be exchanged data, if these are measured in the same produced 
water sample. [24]  

A modified ISO 9377-2 method is being prepared under the supervision of the OSPAR 
Offshore Industry Committee (OIC) as a new reference method. A modified method 
was suggested in the Draft OSPAR/OIC com
method differs from existing
C10…40 as in the present ISO 9377-2 method. The lower carbon number is achieved by 
extracting with pentane and using large volume injection into gas chromatograph rath
than concentrating the extract. N-decane (C10H22) is not used as an internal standard
detection limit of 0,5 mg/l would be adequate for produced water. The method would 
possibly use large volum jection, integrate the whole gas chromatogram range C7…4
and use higher resolution to recogni

The comparison program 
The Netherlands have been requested by the OSPAR Commission to act as a lead coun
try for carrying out a comparison program between the current OSPAR method (a 3-
wave length IR analysis method using tetrachloroethylene (TTCE) as an extraction 
fluid), the ISO 9377-2 and a modified ISO 9377-2 method. The modified ISO 9377-
takes into account the C7…10 i.e. starting from n-heptane (C7H16) continuing up to C40 
but substracting the TEX. [21, 88]  

In a Quick Scan done with samples from six platforms, it was evaluated that for both 
dispersed oil content and total oil content, the integration over C7…40 in the GC method
for total oil gave results more comparable with the IR method, than when integrating
over C10..40. For oil platforms already C10…40 gives a good approximation. The results 
obtained for total oil by integrating over C7…40 compare

good. It should be noticed that some platforms producing light crude oil may also 
contain relatively high contents of C7…10 hydrocarbons. It was understood that the 
modified ISO 9377-2 will provide a good basis for a comparison program. However, the 
method is not suitable to deliver adequate results, if the method is used to evaluate the 
15 % reduction  target for total oil, since the results of the analysis do not provide 
adequate data on the total oil content. It was also understood that the current practices 
for the determination of oil-in-wate
difficulties to compare results obtained with separate methods [89].  

In comparison studies carried out on 34 platforms, it was understood that results from 
11 of the 34 platforms gave differences of more than 20 % between the methods. It wa
concluded that high or even very high deviation
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the IR-method and the previous GC-method using pentane differences up to 370 % were 
d 

r 
nce standards on aromatic hydrocarbons, including appropriate 

 

osed 
[90]. Other OIC countries than Norway and Denmark are planning to run the modified 

d only, and use the IR method with tetrachloroethylene as a 
temporary alternative. [91] 

ns 

d 
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a-

pore), and specific detection 
F 

shown [21]. IR results based on the CFC-113 or tetrachloroethylene extraction seeme
to be equivalent for all platforms.  

On that basis the OIC decided to carry out a North Sea Oil-In-Water –comparison pro-
gram in OSPAR countries (the UK, Norway, Denmark, Germany and the Netherlands) 
on 56 platforms. Results will be available around November 2002 and reported to the 
OIC Meeting of OSPAR in March 2003 [88].  

The future 
In 2003, OSPAR/OIC will present a the proposal for a new reference method for the 
determination of the content of dispersed oil in produced water, and also a proposal fo
one or more performa
reference analytical methods, and a timetable for the dates by which any such perform-
ance standard should be met [90]. Therefore, the OSPAR countries can at the earliest 
officially agree on a suitable CFC-free method for oil in water analysis at the meeting in
March 2003 [88].  

A future project on quality assurance in relation to OIC monitoring will be prop

ISO 9377-2 metho

In the context of earlier developments, the information available has led to conclusio
in the OSPAR Offshore Industry Committee, that in conjunction with the achievement 
of the goals and performance standards for dispersed oil in OSPAR Recommendation 
2001/1, reductions of aromatic hydrocarbons in produced water would also be achieved 
and that there was no need for specific performances for these substances. [92] 

3.4.2. Norway 

NS-EN ISO 9377-2 
In Norway, the method NS-EN ISO 9377-2 has been approved as the new standard 
method for determination of oil in produced water from January 1st, 2002. The metho
is implemented on several platforms in Norway with success [91]. The old infra-red 
spectrometric method using CFC-113 was allowed to be used until June 30th, 2002. IR 
method using tetrachloroethylene is not preferred, due to occupational hygienic reasons 
[93]. The ISO 9377-2 or a method calibrated to give equivalent results to the ISO 937
2 must be used for the analysis of oil-in-water at offshore installations. 

OLF / WG-OIW
The working group within OLF (the Norwegian Oil Industry Association) for oil in w
ter has earlier proposed a method for determination of oil-in-water in offshore condi-
tions. The method was called OLF / WG-OIW Rev 0-0896. This method was based on a 
solid phase extraction using filter disks (ø 90 mm, 3M Em
of the oil with GC/MS. The correlation between the standard FTIR method and the OL
method was tested on some platforms and was found to be fairly good [94, 95]. This 
method was, however, found to be too complicated for the offshore use. 
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Experiences 
A comparison study of the old IR-method (NS 9803) and GC/FID (ISO 9377-2) was
carried out by the Norwegian Oil Industry Association (OLF) concerning 33 platforms. 
In general, it was understood that relatively good correlation between the EN-IS
2 and the old IR/CFC method was achieved. [96] 

The ISO 9377-2 gave somewhat low

 

O 9377-

er values on an average for all 33 platforms than 

ge 
1,0 mg/l. The concentration of non-polar volatile hydrocarbons (nC4…9 minus the 

BTEX-fraction) varied between 0,4 – 14,3 mg/l,  4,7 mg/l as the average.  The observed 
ogeneous, the 

methods are basically different, e.g. the definition of oil is different in the two methods. 
SO 9377-2 was understood to become a standard method, a simple lab-

 
 

ffshore Industry Committee. 

u-

at all concentrations for all oil types. For ex-
ample, for a condensate, the extraction efficiency increased from 25 – 30 % for the die-

 Compared with the IR method using TCE, the ISO 9377-2 method gave substan-
tially lower extraction efficiencies than the IR method. This is based on the calibration 

 ISO method as defined, and in addition, taking into ac-
count hydrocarbons from C10 upwards. The results obtained with the crude calibration 
standard were substantially higher. [97] 

the Freon/IR method. The average concentration of oil-in-water was 18,1 mg/l with the 
Freon/IR, and 15,7 mg/l with the ISO 9377-2. The concentration of the BTEX-
compounds varied between 0,2 – 41,8 mg/l at the 33  platforms in 2001, and the avera
was 1

variations result probably from the fact that produced water is inhom

As the I
instrument to be used on the platforms as an alternative to the reference standard 
method might be appropriate. [95] 

However, in studies carried out by the UK and the NL, correlation showed to be not as
good as expected. Further sampling and analysis were understood to be needed before
EN-ISO 9377-2 could be accepted within the OSPAR O
[96] 

3.4.3. The United Kingdom 

IP 426 
In UK there is a response to analyse samples from all UK sector oil platforms by exist-
ing IP 426 and the modified ISO 9377-2 methods. Legislation has been introduced reg
lating the discharges of produced water from gas condensate fields. According to the 
legislation the oil content in the produced water is required to be analyzed by the cur-
rent IR method using tetrachloroethylene (TCE) [97].  

Experiences 
A laboratory comparison was conducted by the United Kingdom Offshore Operators 
Association (UKOOA) between the newly proposed ISO 9377-2 and the current 
Freon/IR method using five different oils. Also the suitability of TCE was evaluated.  

With method ISO 9377-2, the calibration against the actual crude oil type sample pro-
vided much higher extraction efficiency 

sel/lube oil standard to 80 – 100 % for the sample crude standard. The IR method with 
TCE gave consistently higher extraction efficiencies for all sample concentrations and 
all oil types. Overall extraction efficiencies varied from 78 – 108 % for condensate to 
92 – 108 % for crude. Values greater than 100 % reflecting the less than 100 % extrac-
tion efficiency of the back extracted standards, which were assumed to be 100 % effi-
cient.

standards recommended in the
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In this study, extraction efficiencies obtained with CFC-113 were 5 – 10 % lower than 
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he 

ever, react to other particles than oil droplets, too. 

 

 
01]. The UV-

absorbance of oil-in-water has been measured also by using iso-propanol as a co-solvent 
ogenous solution [102].  

t 
ane 

 

 between the methods for a specific type of oil [98].  

persed aliphatic 
hydrocarbons, but not soluble or aromatic species. Systems can compensate for oily 

 calibrated operate only with one crude oil type. Fibre Optic Probe gave 
. 

those with TCE as the solvent. Also the effect of Florisil treatment was evaluated. The 
IR analysis with triple absorbance peaks showed characteristic decrease in extraction 
efficiency, relative to the other standards, as oil density increases. This was due to the 
triple peak calculation being affected by the higher aromatic content of the condensates
[97] 

3.4.4. On-line monitoring 

UV fluorescence 
UV fluorescence methods are very sensitive in appropriate situations. Successful quan-
titative studies require prior knowledge of the levels and compositions of constituent 
hydrocarbons being analyzed. These techniques are best suited for effluents containi
an aromatic content and cannot be used for alkane-based oils and greases or vegetable 
oils. It is important to calibrate the instrument with an oil similar to that being moni-
tored in the sample as responses will vary with oil type. Interfering species like nitrates 
and plant pigments can influence the results. [81, 98, 99].  

Individual aromatic hydrocarbons may also produce very different responses, optimum 
excitation, and emission wavelengths. This problem can in principle be solved by usin
scanning fluorescence spectrometry or by creating a three-dimensional plot covering t
whole relevant wavelength range [23]. Also fluorescence method combined with light 
scattering determination and an optimization by artificial neural network have been 
tried. Light scattering methods, how
In this method, a re-emulsification by ultrasonic techniques was used to reduce oil 
droplet size and improve the determination of oil droplets by size [99]. Generally, to 
ensure a high, stable oil response the average diameter of the oil droplets ought to be 
reduced [100]. Sample homogenization techniques combined with use of chemicals may
help to improve the oil droplet size distribution, which leads to higher fluorescence 
readings and possibly better correlation to the lab methods, especially when measuring
ranges above 100 ppm or the oil droplet size is definitely varying [1

to produce clear, hom

Good trend in variations have been determined by BP. However, the fluorescence 
method cannot differentiate between dispersed oil and dissolved oil, or between coated 
solids and dispersed oil droplets. In another method wholly acceptable results were no
achieved. The UV fluorescence detector used to measure the oil content of an n-hex
extract gave quite good results compared to an IR equipment, however, calibration was
considered difficult. Due to apparent good correlation, it was possible to create a con-
version graph

IR light scattering 
On-line IR light scatter technologies measure predominately dis

solids, but once
a reasonable correlation with the IR test method, but there was little relationship (i.e
accuracy or repeatability) between results from optic probe and IR test. [98] Some 
operators have already replaced the freon/infrared method for measuring the aliphatic 
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have already replaced the freon/infrared method for measuring the aliphatic oil fraction 
in produced water with an infrared method using pentane as solvent with satisfaction.  

HATR 
In Norway, oil companies are assessing a horizontal attenuated total reflection (HATR) 
method, and some other on-line oil in water instruments. [95].  

, 

d 
non-alkylated) and the U.S.EPA list of 16 PAHs (naphthalene and phenanthrene in-

rd 
ces 
ces 

aromatic hydrocarbons in 
this case, however, they form a separate group in the OSPAR List of Candidate Sub-

ted phenols are mentioned in the List of Chemicals for Priority 
amme might be worthwhile to initiate for the phenols. [24] 

onitoring are given in the Activities Regulations. The 
C/FID or GC/MS, headspace or purge and trap, achieving a 

of 1,0 µg/l. The NPDs and PAHs are determined, for example, with 

nic acids C≤5 are determined with isotachophorese (ITP), GLC/FID or 
GC/MS, achieving a quantitation limit of 2 mg/l. [103-105] 

Conclusions 
As a conclusion, several methods for on-line monitoring are available or being 
prepared. A standard method is needed for the assessment of compliance of oil 
production. However, more robust on-line methods are needed for offshore conditions. 
These methods should be performance-based, well calibrated to give reliable results and 
as comparable to the standard method as possible. Statistical procedures should be 
established to obtain conformity between results from different oil production plants
and to assure that the result obtained with offshore on-line methods confirm the 
compliance with high probability of confidence. 

3.4.5. Other monitored TPH parameters 
The monocyclic aromatic hydrocarbons generally considered relevant in the manage-
ment of produced water are the BTEX. In Denmark, also cumene is included.  

Three alternative selections of most relevant PAHs are naphthalenes (alkylated and non-
alkylated), the NPDs (naphthalenes, phenanthrenes, dibenzothiophenes; alkylated an

cluded, dibenzothiophene not). Denmark also monitors triphenylene, perylene, 5-
methylchrysene, and 7,12-dimethylbenz(a)anthracene. The PAHs are generically listed 
as a group on the list of chemicals for priority action in the OSPAR Strategy with rega
to Hazardous Substances. Few PAHs are individually listed in the Candidate Substan
List, and Naphthalene is also included in the European Union List of priority substan
in the field of water policy. NPDs are considered relevant because of their loading and 
toxicity. Phenol and alkylated phenols are not considered as 

stances, and some alkyla
Action. A separate progr

In Norway, requirements for m
BTEX are monitored with G
quantitation limit 
EPA methods 610 and 625 achieving a quantitation limit of 0,025 µg/l, and phenols 
C1…9 with EPA Method 604 GC/MS or GLC/MS achieving the quantitation limit of 
0,01 µg/l). Orga

3.5 Soil 

3.5.1. The ISO methods 

51 



ISO/FDIS 14507 
Requirements for the pretreatment of samples are established in the final draft standard 
ISO/FDIS 14507 (Soil quality - Pretreatment of samples for determination of organic
contaminants). 

 

 

 
tone/n-

Three proficiency rounds were run for ISO/DIS 16703:2001 by the BAM. The consen-

tion 
e 
 

-

ertified matrix reference material was expected 
or the improvement of the measurement comparability of this method. 

e 

ISO 9377-2 
ethod ISO 9377-2 for soil samples, too. The method gives 

-

ISO/DIS 16703
Method ISO/DIS (16703 Soil quality - Determination of mineral oil content by gas 
chromatography followed by flame ionization detector) is in draft international standard
stage. The method determines the sum of all hydrocarbons extractable with ace
heptane which do not adsorb on Florisil, with a boiling range of 175ºC to 525ºC, n-
alkanes between C10H22 to C40H82, isoalkanes, cycloalkanes, alkyl benzenes, and alkyl 
naphthalenes and polynuclear aromatic compounds as mineral oil. Gasolines containing 
compounds C<10 cannot be determined with this method. The method is applicable to 
mineral oil contents between 100 – 10 000 mg/kg. Several extraction procedures can be 
used, and interference of soil with higher organic content can be diminished with re-
peated clean-up procedure using Florisil. [106]   

Experiences 
So far the repeatability and reproducibility variation coefficients for the ISO/DIS 16703 
have been 4,53 % and 29,39 %, respectively, in an interlaboratory trial. In practice, the 
repeatability of 10 – 15 % and reproducibility of 30 % are more realistic. [40] 

sus means obtained with GC/FID are typically 10 % - 20 % (ranging 0 % and 25 %) 
higher than those found with IR-spectroscopy. On the contrary, coefficients of varia
(CV) obtained with GC/FID are roughly twice as big as with IR. It was assumed that th
applicability of the GC method for the determination of TPH in soil  rapidly reaches its
limit with a decreasing TPH content if a given reproducibility is aimed at. As an exam
ple it was stated that a coefficient of variation of 30 % is hardly to be expected at a hy-
drocarbon content below 500 mg/kg. It was assumed that the greater variability of GC is 
genuine and caused as additional sources of variability, i.e. chromatographic separation 
and integration of the TPH mixture. A c
to be a tool f
[107] 

In a comparison measurements of total petroleum hydrocarbons between infrared spec-
trophotometry (TPH-IR) and gas chromatography (TPH-GC) typically the infrared 
spectrometric method gave higher results than the gas chromatographic method. Both 
CFC-113 and methylene chloride (dichloromethane) were used for extraction. The 
determination with CFC-113 and GC gave the lowest results. Interestingly, total 
petroleum hydrocarbon concentrations measured with the TPH-IR were higher than th
actual quantities of petroleum hydrocarbon in the soil samples, possibly due to 
calibration with the Method 418.1 reference oil. CFC-113 did not extract fully the 
heavy hydrocarbon molecules found in fuel oils. [108] 

Laboratories have used the m
information also on the oil quality. The composition of the analyzed mixture has an in-
fluence on quantitation like do the aging and fractioning of oil in the samples. It is pos-
sible to analyze the composition of the hydrocarbon mixture, then create a similar stan

52 



 

dard, and calibrate the method with the standard. This gives better quantitation of the
mixture, but takes additional time and is expensive. It is understood that the results b
tween the old IR-method and the new GC-method vary ±50 %. It has been proposed
that this

 oil 
e-
, 

 is acceptable for a general mineral oil analysis, but not for compound specific 
determinations. This is based on the need for a affordable, sufficiently specific and ac-

onitoring and for the purposes of contaminated soil remediation. 
[109] 

f 

al desorption) was published in 2002. ISO 13877 

est gave guidelines for chemical analysis of contaminated soil samples. 

-
he report included also background information on 

s in solvents, for example, traces of chloroform and tetrachloro-

 

n-
Also 

 

s oil, 
e lubricant oils corresponding to an n-alkane range of C6…35 and a 

d 
 
l 

standard. It is assumed that all the components in the specified interval in a sample typi-

curate method for m

ISO 15009 and ISO 13877  
For volatile aromatic hydrocarbons (e.g. naphthalene and halogenated hydrocarbons) a 
standard ISO 15009 (Soil quality - Gas chromatographic determination of the content o
volatile aromatic hydrocarbons, naphthalene and volatile halogenated hydrocarbons - 
Purge-and-trap method with therm
(Soil quality - Determination of polynuclear aromatic hydrocarbons - Method using 
high-performance liquid chromatography) provides a determination method for the 
PAHs. 

3.5.2. Nordtest 
In 1996, Nordt
For volatile organic compounds, EPA Methods 8270, 8240 and 8260 were recom-
mended. Additionally, a GC/FID method using pentane and pyrophosphate water solu
tion in extraction was described. T
typical chemical residue
ethene in pentane. 

The EPA methods 8270, 8240 and 8260 include a GC/MS and a dynamic head space
(purge&trap) –GC/MS method. The detection limits vary between 0,005 – 0,2 mg/kg 
depending on whether the sample is a non-concentrated extract (ion trap-MS), a conce
trated extract (ion trap-MS) or whether a purge & trap low level method was used. 
other detectors than MS and ion trap-MS can be applied. 

Experiences 
In a Nordic interlaboratory test coefficient of variation varied between 10 – 40 % de-
pending on the compound. [110]  

The Nordtest method 
In the Nordtest method, pentane and pyrophosphate water solution was used as the 
extraction solvent. The extract was analyzed with gas chromatography followed by 
flame ionization detector (GC/FID). The determination of total hydrocarbons included 
also the determination of single components such as BTEX, and products such a
fuel oil and som
boiling point range from approximately 70ºC to 490ºC.  

The detection limit for volatile components such as BTEX was 0,02 – 0,01 mg/kg. The 
detection limit for complex products varied depending on the product, and was e.g. 5 
mg/kg for diesel oil and 25 mg/kg for fuel oil. The total content in the samples was split 
into three fractions, volatiles from n-C5 (injection peak) to n-C10 (inclusive), calculate
by the response from toluene; diesel oil from n-C10 to n-C25 (inclusive), calculated by a
diesel oil standard; and heavy oil from n-C25 to n-C35 (inclusive), calculated by a fuel oi

53 



cally polluted with gasoline are aromatic components, alkyl benzenes. The results will 
therefore to some extent overestimate the content of C3…4-alkylbenzenes. [110] 

l fractions, in this case, lubricating 
oils. It was comprehended that the biggest source of error arises from the instrumental 

ettings and procedures for injection, temperature programs, 
integration of the chromatogram, and choice of calibration standard should be optimized 

] 

and different 
clean-up procedures. The use of a mass selective detector can underestimate specifically 

 [112]. 

nds 

etector 
(FID) according to NEN 5733 is currently used to determine 'mineral oil' in soils. The 

ines of n-hexane extractable material (HEM) in sludge, 

 of oil and grease. It is suitable 

 

upercritical carbon dioxide from sediment, 
soil and sludge samples using the Method 3560 [116].  

Experiences 
Norwegian SFT gathered information on the analysis of total hydrocarbons and per-
formed a ring study on 26 laboratories. According to the Nordtest report, IR spectrome-
try and GC/FID (n-C6…35) were the typical determination methods. In this study, repro-
ducibility was not understood to be as good, since the results varied approx. ± 40 % for 
soil samples. Variation was greater with heavy oi

part of the determination. S

further. [111

In an interlaboratory comparison carried out by the Finnish Environment Institute in 
2000, the Nordtest method was used for soil analysis. The laboratories that used the 
Nordtest method, obtained somewhat lower results than other laboratories, probably due 
to different extraction solvents, different types of oil used in calibration 

the fraction of high boiling hydrocarbons

3.5.3. The Netherla

NEN 5733 
In the Netherlands, a gas chromatographic determination by flame ionization d

NEN 5733 method defines 'mineral oil' as the sum of all alkanes (including branched 
alkanes) with carbon numbers C10…40, requiring additional analysis of aromatic and/or 
polynuclear aromatic hydrocarbons if their presence is expected. [113] 

3.5.4. The United States of America 

EPA Method 9071B 
The EPA Method 9071B determ
sediment, and solid samples. The method employs n-hexane as the extraction solvent in 
a Soxhlet extraction followed by distillation of n-hexane and weighing. [114] 

The method may be used to quantify low concentrations
for extracting relatively non-volatile hydrocarbons, vegetable oils, animal fats, waxes, 
soaps, greases, biological lipids, and related materials. It is not recommended for meas-
uring materials that volatilize at temperatures below 85ºC. Petroleum fuels from gaso-
line through fuel oil may be partially lost. Some crude oils may contain materials that 
are not soluble in n-hexane. Non-oily extractable substance such as sulfur compounds,
organic dyes, and chlorophyll may result in a positive bias. [114] 

EPA Methods 3560 and 8440 
U.S.EPA Method 8440 [115] is used for the IR measurement of total recoverable petro-
leum hydrocarbons (TRPHs) extracted with s
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The method 8440 is not applicable to determinations of gasoline and other volatile pe-
 

ly, and does not include the biodegradable animal 
greases and vegetable oils captured in oil and grease measurements. These non-mineral-

ith the IR analysis. Copper filings 

5-

ics 
O) 

 Methods 5021B, 8015, 8021B, and 8260B 
Method 5021B, a general purpose headspace method for the analysis of VOCs, can be 

e BTEX in soils, sediments and solid wastes. Method detection 
 

been used in the analytics of soils impacted by petroleum hydrocarbons. The minimum 
g/kg for the BTEX-compounds, 250 – 500 µg/kg for the gasoline 

range, and 2500 – 5000 µg/kg for the diesel range of petroleum hydrocarbons. [72, 73, 

s in-
 

ed. 

n of contaminated masses, it is not possible to wait for hours 
or days for information on whether the clean soil layer has been reached or not. 

troleum fractions due to evaporative losses. It can detect TRPHs at concentrations of 10
mg/l in extracts i.e. 10 mg/kg in soils. Tetrachloroethylene is used in the method for the 
collection of TRPHs. Interfering materials are removed with silica gel. The determina-
tion is a measure of mineral oils on

oil contaminants can cause positive interferences w
are added to remove elemental sulfur. Sample can be concentrated with techniques de-
scribed in Method 3510, e.g. with micro Kuderna-Danish or nitrogen blowdown. [11
117] 

EPA Method 8015C 
EPA Method 8015C, a GC/FID determination, is applicable to gasoline range organ
(GRO) with purge-and-trap or direct aqueous injection and diesel range organics (DR
with solvent extraction. However, the performance is probably good only with concen-
trations of several dozens mg/kg.  

EPA

used to determine th
limit varies from 0,1 to 3,4 µg/kg, and applicable concentration range is approximately
10 – 200 µg/kg. The detection is suggested to be done primarily with a EPA Method 
8260B, a GC/MS method [74], but EPA Method 8015 [72], a GC/FID method, or 
Method 8021 [73], a GC/PID/ELCD method, can be used in conjunction as sample 
screening methods. For example, in California the Methods 8260B and 8021B have 

detection limits are 2 µ

75] 

ASTM D 5765 - 95 
ASTM D 5765 – 95 Standard Practice for Solvent Extraction for Total Petroleum Hy-
drocarbons from Soils and Sediments Using Closed Vessel Microwave Heating was 
reapproved in 2001. This practice consists of a solvent extraction of total petroleum 
hydrocarbons (TPH) from soils and sediments with acetone/hexane in a sealed micro-
wave vessel, and analysis by gas chromatography or gravimetric measurements. [118] 

3.5.5. Field 

General 
Various field methods has been evaluated in the United States during the last two dec-
ades on the basis of the Superfund program on contaminated soils linked to variou
novative technology programs. Therefore dozens of references exist not further detailed
in this report [119-138]. However, a short overview on few field methods is present
Field test kits give rapidly information whether the soil is contaminated and possibly an 
estimate on the contamination level. Cheap and rapid tests are needed at remediation 
sites. During the excavatio
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Field test kits for total petroleum hydrocarbons or BTEX-compounds are typically 
based on immunology, UV-fluorescence or turbidity methods. It is possible to also use 
on-line gas chromatography, on-line gas chromatography after solid phase extractio
and on-line mass spectrometry. Other possible field test m

n, 
ethods are IR-spectrometers 

for soil gas, titrimetric methods for hydrocarbons in soil and water, laser-induced 
tion detectors for volatile and semivolatile hydrocarbons and 

say 
and conventional laboratory analyses, in many cases the results are less consistent. 

 

 

e 

In the Method 4030 a soil sample is extracted. An aliquot of the extract and an enzyme-
 reagent are added to an immobilized TPH antibody. The enzyme-TPH 

f 
 

Using the test kit from which the actsual standard was developed, 95 % of samples con-
ill produce a negative result in the 10 ppm test configu-
 to the small aromatic compounds e.g., ethylbenzene, 

e test pro-
duces internally consistent results at a particular site. [140] Performance properties are 

a single laboratory study and two field trials. In the two field tests, 0 – 7 % of 
 

 standard method and the immunoassay method. [140] How-
unoassay kits may also display strong biases. In general, test kits give less 

fluorometers, photoioniza
ion mobility spectrometry for organic gases. They can be used in orientation, field 
study, and remedial phase with semiquantitative results. Also mobile GC/MS –systems 
have been demonstrated, and analysis in less than 10 minutes is possible by non-target 
screening analysis [139].  

Reliability of the results varies from soil to soil and between different compounds. Al-
though many studies have demonstrated good correlations between field immunoas

Comparison with laboratory analyses is important. [110] 

U.S. EPA Method 4030 
The (U.S.) EPA Method 4030 is a procedure for screening soils to determine whether
total petroleum hydrocarbons (TPH) are likely to be present. The method is based on an 
immunoassay. Depending on the product selected, it can be used to locate samples with
low (< 40 – 100 ppm), medium, and high (> 1000 ppm) concentrations of contaminates, 
or to determine if TPH is present at concentrations above 5, 25, 100, or 500 mg/kg. Th
method provides an estimate of the concentration of TPH by comparison against stan-
dards, and can be used to produce multiple results within an hour from sampling.  

TPH conjugate
conjugate competes with hydrocarbons present in the sample by binding to immobilized 
anti-TPH antibody. The test is interpreted by comparing the response produced by a 
sample to the response produced by a reference reaction. The lower limit of detection o
the TPH compounds varies from 0,1 ppm for trimethylbenzene, via 0,5 – 300 ppm for
the BTEXN-compound, and 75 – 100 ppm for gasolines and diesel oil, up to 7000 – 10 
000 ppm for light lubricating oils and lithium grease. For brake fluids and chain lubri-
cants the detection limits are even higher. The method requires the use of appropriate 
standards, i.e. diesel standards for diesel oil, and therefore further information on the 
contaminants at the site is needed. 

Experiences 

taining 25 ppm or less of TPH w
ration. The test is most sensitive
xylene, and naphthalene. The action level may vary from site to site, but th

based on 
all results were false negatives and 10 – 17 %  were false positives. Further performance
properties are described in the method standard. In general, a high degree correlation 
was observed between the
ever, imm
than 25 % false positives and less than 5 % false negatives [76]. 
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3.5.6. The Nordic countries 
Various practices are used in the Nordic countries for contaminated soils. 

Norway 
In Norway BTEX-compounds, 16 PAHs according to U.S.EPA and aliphatic hydrocar-
bon fractions C5…10, C>10…12 and C>12…35 are determined for soils contaminated with 

rdtest methods and U.S. EPA methods.  

ue will 
 

romethane/acetone 
(silica, aromatic fraction). The quantification is done by GC/FID.  

Total hydrocarbons can be determined with Nordtest's method, which includes extrac-
n sphate followed by a GC/FID determination. Separate human 
i it values are given for all hydrocarbon fractions, and ecotoxicological 
i tio ] 

tection Agency, Naturvårdsverket and Svenska Petro-
determination requirements for the analysis of contami-

e nder gasoline stations. The procedure is based on the reports of TPHCWG, 
 

ironment. Limit values are represented for:  

romatic hydrocarbons (carcinogenic PAHs), 

, with static head-space, dynamic 

tile 
 

hydrocarbons. [141, 142] 

Sweden 
The methods specified are typically No

The characterization of total petroleum hydrocarbons includes determination of hydro-
carbons in range C6…28. Samples having a TPH content exceeding the action val
be determined by fractions. The fractionation to aliphatic and aromatic compounds is
done with aluminum or silica column, the eluation with n-pentane (aliphatic fraction) 
and dichloromethane (aluminum oxide, aliphatic fraction) or dichlo

tio  with pentane/pyropho
tox cological lim
lim t values for some frac ns. [143

The Swedish Environmental Pro
leum Institutet have established 
nat d soils u
and groups aliphatic and aromatic hydrocarbons according to their mobility and toxicity
in the env

-  aliphatic fractions C>5…8, C>8…10, C>10…20, C>12…16,  C>16…35 

-  sum aliphatic C5…36 

-  the BTEX 

-  aromatic fractions C8…10 and C10…35 

-  five gasoline additives and 

-  PAHs. 

Interestingly, the limit values may differ depending on whether the soil is dense or per-
meable.  

Limit values for ground water do not have same fractioning. Limit values are available 
for non-polar aliphatic hydrocarbons, total extractable aromatic substances, BTEX-
compounds, carcinogenic polynuclear a
other PAHs, and four gasoline additives. [143] 

For the determination of very volatile hydrocarbons in soil, gas chromatography with 
mass spectrometric detector (GC/MS) is recommended
head-space (purge and trap) or solid phase micro extraction (SPME) as a sampling 
method. Mass spectrometer can be used either in 'scan mode' or in 'selected ion re-
cording' mode, and with multiple ion detection. The two methods be combined. Vola
organic compounds (VOCs) are analyzed with static head-space technique followed by
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GC/MS, and heavier hydrocarbons are analyzed with GC/MS or with GC/FID by TP
method. Pentane is needed to analyz

H-
e lower fractions, and a separate sample has to be 

rocarbons, like components of gasoline and diesel fuel, can be detected 

 to C22. Thin layer chromatography 

di-

 SS 02 81 45, recommended for the determination of hydrocarbon 

 of solid phase micro extraction (SPME), 

aniskt material
screening method for the determination of sum organic (both natural and antropogenic) 

s water, sediment and soil. The method includes extra
cl ination with GC/FID. The me
nes relatively non-polar organic substances with molecular weight up t
il approximately 400ºC. It is not suitable for compounds

Var ination packets are available. Their prices vary between 150 

-  

g/kg 

 µg/l 

 µg/l 

g/kg 

in water, GC/MS-

6…10 oil, GC/MS-
trap  

ate aliphatic hydrocarbon fractions from C6...8 to C17...35, sum 

10 µg/l 

prepared for hydrocarbons C5…7. [143] 

Volatile hyd
with mass spectrometry or flame ionization detector (FID) after gas chromatographic 
separation. However, mass spectrometry is preferred.  

For aromatic and aliphatic hydrocarbons mass spectrometry is recommended. Static 
head space is recommended for hydrocarbons up
under Nordtest is available for semivolatile hydrocarbons. Determination of TPH is 
understood to be suitable for semivolatile hydrocarbons. If the separation of aliphatic 
and aromatic hydrocarbons is not needed, the Nordtest method can be used, since it 
does not include a separation step.  

Even further recommendations are given for determination of PAHs and gasoline ad
tives. [143] 

Because IR method
compounds in water, uses ozone depleting substances, new methods, with less experi-
ence, are listed. The methods include the use
and use of supercritical fluid extraction (SFE).  

A Swedish EGOM (extraherbart gaskromatograferbart org ) method is a 

sub tances in ground ction with 
cy ohexane or acetone followed by determ thod deter-
mi o 600 and 
bo ing point up to  with low va-
por pressure. [80] 

ious commercial determ
and 300 euros. Typical detection limits are: 

aliphatic and aromatic fractions in water (GC/MS or HS-GC/MS) 10 µg/l 

-  aliphatic and aromatic fractions in soil each fraction  1 – 10 m

-  BTEX in water 0,2 – 0,5

- BTEX in water, individual substances 0,2 – 0,3

-  BTEX in soil 0,05 – 0,1 m

- volatile hydrocarbons C6…10 
headspace/purge&trap 50 µg/l  

- volatile hydrocarbons C in s
headspace/purge& 20 mg/kg

-  separ
parameters like C6...16, reporting limit, water 10 µg/l 

-  aliphatic C5...10 in water, GC/MS 

-  aliphatic C10..15, aliphatic C16...35, GC/FID 20 µg/l 

- screening, HS-GC/MS, water 1 – 10 µg/l 
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- screening, HS-GC/MS, soil 1 – 10 mg/kg

- MTBE, TAME, reporting limit 0,1 µg/l 

  

- individual PAHs 0,1 µg/l 

sidues 

ning a known concentration of different oils was prepared. 
One soil sample and one soil extract were delivered. For soil samples, the draft standard 
method ISO/DIS 16703 was mainly used, however, two laboratories used IR technique 

bon test kit (PetroFLAG®, Dexsil, USA). [41]  

ler than in the 
interlaboratory comparison in 5/2000. It seems possible that some laboratories still have 

e calibration, and some laboratories have difficulties in the extraction or in 

ent 
rnational standard method for the determination of total hydrocarbons in 

 
 

-
-

The GC method NEN 5733 and abandoned infrared method NEN 6675 were compared 
in the determination of hydrocarbons in the sediment. The results obtained by determi-

Finland 
In Finland, when ISO 9377-2 is used in a soil remediation project, reporting of results 
for mineral oil fractions C>10…23 and C>23…40 is typically required. 

In an in-house gravimetric method, the Geological Survey of Finland uses petroleum 
ether as an extract solvent in determination of oil and grease in soil, humus and sedi-
ment samples with Soxtec. The petroleum ether is vaporized with nitrogen, and re
are weighted. The concentrations of oil and grease can be determined individually by 
using an aluminum oxide column for separation. The detection limit varies between 20 
– 50 mg/kg depending on the sample matrix. [144] 

Experiences 
A total of 15 laboratories in Finland, Sweden, Latvia, Estonia, and Norway participated 
in an interlaboratory comparison test carried out by the Finnish Environment Institute. 
One standard solution contai

and three laboratories a hydrocar

The repeatability (the within-laboratory standard deviation) for triplicate soil sample 
was 7,5 % and the reproducibility was 29 %. Only one laboratory used another method 
than the ISO/DIS 16703. The variation in the analysis of the soil extract was 21 %, 
smaller than the variation in the analysis of the soil sample, 28 %, implying that the 
extraction step still has some pitfalls. However, the variation was smal

an inaccurat
the clean-up step [41, 145]. 

3.6 Sedim
No revised inte
the sediment is available. ISO/TC 190 Soil quality/SC 3 has published a technical report
while waiting for the development of alternative methods. In the time of the writing the
technical report, CFC-113 was typically used in the extraction followed by determina-
tion by infrared spectrometry or gas chromatography detection. [146] 

NEN 5733 
In the Netherlands, a gas chromatographic method exist for sediment: NEN 5733 Bo
dem; Bepaling van het gehalte aan minerale olie in grond en waterbodem met gaschro
matografie. (Soil; Determination of mineral oil content in soil and sediments with gas 
chromatography).  

Experiences 
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nation with gas chromatography analysis were found to be about 20 % higher compared 
to the IR method (range + 6 to +32 %). Causes for the differences were not found.
lowing modifications to improve the performance were suggested: repeated removal 

 Fol-
of 

co-extracted dissolved organic carbon (DOC), use of pentane instead of CFC-113 as 
extraction solvent, and alkaline aqueous washing (back-extraction) of extracts to re-

cidic co-extractants. However, the results thus obtained 
were not essentially different from those obtained with the standard method, and it was 

es of the GC and IR method are comparable in applica-

tal 

or environmental monitoring. [146] 

EN 14039 and prEN 14345 
A European standard prEN 14039 for waste (Characterization of waste – Determination 
of hydrocarbon content in the range of C10 - C40 by gas chromatography) is under de-
velopment. It is currently being proposed as an European standard. Also another pro-
posed standard, prEN 14345 (Characterization of waste. Determination of hydrocarbon 
content by gravimetry.) is under development.  

Leaching of mineral oil from waste has been evaluated by Dutch RIVM. A column test 
and serial batch test for mineral oil are intended for the investigation of the emissions of 
the heavy fraction C18…40 of mineral oil. [148, 149] 

  

move small to medium size a

understood that the performanc
tions above the determination limit of the latter method. [147] 

In a Swedish study, with relatively small amount of samples, a correlation between to
organic content (TOC) of sediment and some hydrocarbon fractions was noticed. 
GC/FID or GC/MS methods are recommended f

3.7 Waste 

pr

60 



 

4 Possible substitute methods for 
other determinations and purposes 

4.1 General 
Of the 47 determinations earlier used in the Nordic countries some have been already 
substituted, and some will be substituted soon. No further efforts were put to evaluate 
these methods. Some methods are used to determine oil in other sample  mediums than 
water. The project tried to recognize possible substitute methods for methods using 
ODS still in use. Also some substitute methods already applied by the laboratories are 
described in this chapter, likewise comments on the substitutability of some methods. 
Possible substitute methods were searched from the homepages of some national and 
international standardization institutes, and in the EPTIS database [150]. Also contact 
persons of standardization committees, and representatives of some laboratories were 
contacted.  

The list of substitute methods is not comprehensive and does not guarantee the practical 
applicability and performance properties of the method for each individual use purpose, 
sample matrix or quantitation requirement. Additional methods and draft methods can  
be available by various standardization organizations like ISO, CEN, ASTM, DIN, 
NEN, BSI, SIS, SFS, DS and NSF [151].  

In some cases, for example, when the determination requires additional laboratory 
equipment like a centrifuge, laboratories have had difficulties to find equipment suitable 
to be used with flammable substitute solvents. The flammability and possible adverse 
health effects and the possible exposure to noxious substances are major concerns with 
some substitute substances. 

A summary of possible substitute methods is in table 4.1. Some of these possible substi-
tute methods use ozone depleting substances, but the method standard gives a 
possibility to use other solvents instead of ODS. The applicability of these possible 
substitute methods for specific sample types and determination cases has to be 
evaluated case by case. Some further information on the substitutability of methods is 
given in Chapters 2.4. and 2.5. 

Table 4.1. Possible substitute methods.  

COUNTRY OR 
ORGANIZA-
TION 

PRINCIPLE METHOD 

Determination of grease in wastewater 

Denmark Gravimetry Modification of DS/R 208. 
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Sweden Gravimetry SS 02 82 11 Vattenundersökningar - Bestämning av fetthalten 
(totalhalten fett, emulgerat och avskiljbart fett) i avloppsvat-
ten från livsmedelsindustrin - Gravimetrisk metod. (Water 
analysis - Determination of fats in waste waters from food 
processing industries - Gravemetric method)  

USA Gravimetry EPA Method 1664A. 

Determination of TOC in water 

ISO  Soil quality - Determination of organic and total carbon after 
dry combustion (elementary analysis). 

Sweden  SS 02 81 99 Vattenundersökningar – Riktlinjer för bestäm-
ning av totalt organiskt kol (TOC) i vatten. (Guidelines for the 
determination of total organic carbon (TOC) in water) 

Determination of oil and hydrocarbons in air 

Sweden Gravimetry SS 028427 Luftundersökningar - Utsläpp till luft - Bestäm-
ning av  koncentration och massflöde av kolväteföreningar 
(aerosol- och gasform) i gaskanaler. (Air quality - Stationary 
source emissions - Determination of the concentration and 
mass flow of hydrocarbons (aerosol and gas phase) in ducts).  

Various unstandar-
dized methods 

GC/FID, GC/MS, 
fluorescence spec-
trometry 

Absorption of oil and hydrocarbons on various filters, sor-
bents, charcoal tubes, followed by extraction and determina-
tion by GC/FID, GC/MS or fluorescence spectrometry. 

Testing of breathing filters 

CEN  EN 141:2000 Respiratory protective devices - Gas filters and 
combined filters - Requirements, testing, marking.  

Determination of oil, wax or paraffin traces on surfaces and determination of surface cleanliness 

ISO  ISO 8502 Standard series (being prepared) 

Nordtest  NT POLY 181 Determination of oil on surfaces (note: a sam-
pling method, a determination method not included) 

Determination of phenol impurities 

ASTM GC D4961-99 Standard Test Methods for Gas Chromatographic 
Analysis of Major Organic Impurities in Phenol Produced by 
the Cumene Process. (Note: also in-house modifications are 
used) 

Determination of bromine index in oil or chemicals (note: also in-house modifications are used) 

ASTM Electrometric titra-
tion 

D1159-01 Standard Test Method for Bromine Numbers of 
Petroleum Distillates and Commercial Aliphatic Olefins by 
Electrometric Titration.  

ASTM Coulometric titra-
tion 

D1492-02 Standard Test Method for Bromine Index of Aro-
matic Hydrocarbons by Coulometric Titration. 

ASTM Electrometric titra-
tion 

D5776-99 Standard Test Method for Bromine Index of Aro-
matic Hydrocarbons by Electrometric Titration.   

ASTM Electrometric titra-
tion 

D2710-99 Standard Test Method for Bromine Index of Petro-
leum Hydrocarbons by Electrometric Titration. 

Instrumentation 
suppliers 

 Various instrumentation specific methods. 

Determination of moisture and water content in various sample types (examples of methods) 
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ISO Heating ISO 662:1998. Animal and vegetable fats and oils - Determi-
nation of moisture and volatile matter content. 

ISO Entraiment ISO 934:1980. Animal and vegetable fats and oils - Determi-
nation of water content - Entrainment method. 

ISO Karl Fischer ISO 8534:1996. Animal and vegetable fats and oils - Deter-
mination of water content - Karl Fischer method. 

ISO Karl Fischer ISO TC 34 SC 11 proposal. (being prepared) 

ISO Potentiometric Karl 
Fischer 

ISO 6296:2000. Petroleum products - Determination of water 
- Potentiometric Karl Fischer titration method. 

ISO Coulometric Karl 
Fischer 

ISO 12937:2000. Petroleum products - Determination of wa-
ter - Coulometric Karl Fischer titration method. 

ISO Distillation ISO 3733:1999 Petroleum products and bituminous materials 
- Determination of water - Distillation method  

BS/ISO Potentiometric Karl 
Fischer 

Draft British Standard BS EN ISO 6296 Petroleum products - 
Determination of water - Potentiometric Karl Fischer titration 
method (ISO/DIS 6296). Draft for Public Comment. 

Instrumentation 
suppliers 

 Various instrumentation specific methods. 

Environmental stress cracking of plastics 

- - - 

Determination of Iodine value in fats and edible oils (examples of methods) 

ISO  ISO 3961:1996. Animal and vegetable fats and oils - Deter-
mination of iodine value. 

DGF  Iodine Value according to Hanus. Cyclohexane/glacial acetic 
acid method. DGF Standard Methods. Section C - Fats. C-V 
11a(02) 

DGF  Iodine Value. DGF Standard Methods. Section C - Fats. C-V 
11 (02) 

DGF  Iodine Value according to Kaufmann. Cyclohexane/glacial 
acetic acid method. DGF Standard Methods. Section C - Fats. 
C-V 11b(02) 

DGF  Iodine Value according to Wijs. Cyclohexane/glacial acetic 
acid method. DGF Standard Methods. Section C - Fats. C-V 
11d(02) 

DGF  Iodine Value according to Wijs. Modified Hofmann and 
Green Method. DGF Standard Methods. Section C - Fats. C-V 
11e(02) 

Determination of phthalates in plastic foils  

- GC/MS Possibly modified in-house methods. 

Determination of pregnanetriole 

  Radio immuno assay (RIA) 

  Immunoradiometric assay (IRMA) 

Determination of flavors 
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 Various determina-
tion techniques 

Modification of present method, change of solvents and de-
termination method, ISO methods being prepared. 

Chromatographic separation of chlorophyll derivates 

  In-house modification of present method: change of solvents 
and repeated extractions. 

Determination of oil in compressed air 

- - - 

Determination of metals in groceries and seawater with extremely low detection limits 

- - Possibly use of HRGC/HRMS in future. 

Determination of coccidiostats in muscle and eggs 

  Possibly use of more sophisticated MS-methods in future. 

Determination of finishing materials and lubricants applied to synthetic fibres and determination 
of fibre treatment chemicals 

  NMR, however, FTIR using ODS still required in calibration. 

Determination of particle size and particle content in oil 

ISO Coulter ISO 13319:2000 Determination of particle size distribu-
tions - Electrical sensing zone method 

Instrumentation 
suppliers 

Coulter  

  ISO TC 131 SC 6 (methods being prepared, applicability 
uncertain) 

Determination of phenol in water 

ISO 4-aminoantipyrine 
spectrometry 

ISO 6439:1990. Water quality - Determination of phenol 
index - 4-Aminoantipyrine spectrometric methods after distil-
lation. 

ISO FIA and CFA ISO 14402. Water quality - Determination of phenol index by 
flow analysis (FIA and CFA) 

ISO GC/FID or 
GC/ECD 

ISO 8165-1:1992. Water quality - Determination of selected 
monovalent phenols - Part 1: Gas-chromatographic method 
after enrichment by extraction 

ISO GC/ECD ISO 8165-2:1999. Water quality - Determination of selected 
monovalent phenols - Part 2: Method by derivatization and 
gas chromatography 

SFS/DS/NS/SIS 4-aminoantipyrine 
spectrometry 

SFS 3011. Veden fenolien määritys. (Determination of pheno-
lic compounds in water) (Note: Method should be consistent 
with DS 281, NS 4738 and SIS 02 81 28) 

U.S.EPA 4-aminoantipyrine 
spectrometry 

Method 9065. Phenolics (spectrophotometric, manual 4-AAP 
with distillation) 

U.S.EPA Colorimetric Method 9066. Phenolics (colorimetric, automated 4-AAP with 
distillation) 

U.S.EPA MBTH spectrome-
tric 

Method 9067. Phenolics (spectrophotometric, MBTH with 
distillation) 
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4.2 Determination of grease in wastewater 
In addition to the EPA method 1664A and the gravimetric methods described in the 
section on the determination of the hydrocarbon index, two other substitute methods 
were recognized. 

In Denmark, the use of the gravimetric method DS/R 208 modified to use pentane is 
recommended for the analysis of fatty wastewater in a project measuring oil in 
wastewater. The method should be used only for wastewater tests, in which the majori
of the extractable compounds consists of fat, e.g. from the food industry. The volatil
compounds with boiling point under 140 – 150ºC are lost in the procedure. The 
detection limit is 2 – 5 mg/l. The limit value for oil and grease in wastewater by 
Miljøstyrelsen is based on this gravimetric method. When recoveries achieved by 
pentane, carbon tetrachloride and CFC-113 extractions were compared for oil and 
grease, it was measured that the recovery with CFC-113 was in average 70 % (29 % - 
110 %) of the recovery achieved with carbon tetrachloride, and the recovery obtained  
with pentane was in average 80 % (26 – 107 %) of the recovery measured with carbon
tetrachloride. The recovery rates with CFC-113, pentane, and carbon tetrachloride 
extractions were in average 58 %, 54 % and 65 %

ty 
e 

 

, respectively. [42]  

In Sweden, the standard SS 02 82 11 has substituted the former method SS 02 81 44. SS 
02 82 11 is a gravimetric method for determining grease in wastewaters from food in-
dustry. The practical detection limit is about 5 mg/l and the highest measurable concen-
trations approximately 5000 mg/l. The accuracy and precision is ±10 % with concentra-
tions of 500 mg/l. The method determines the total grease content, emulsified grease, 
and separable grease. In the method the sample is left to stand for 24 hours. Separable 
grease flotates or sediments. A sample is taken from the middle layer. The sample is 
shaked with petroleum ether followed by a separation of phases. The filtrate can be fil-
tered through a paper filter or fiberglass. Emulsion can be breaked with centrifugation. 
Sample flask is put into a water bath with temperature of 60ºC, and petroleum ether 
evaporated with nitrogen. The rest moisture is evaporated in a temperature cabinet 
(70ºC). The flask is cooled in a desiccator, and weighted. The separable grease content 
is the total grease content subtracted by the emulsified grease content. The method SS 
02 82 11 has been understood to be more appropriate than the IR method SS 02 81 03  
for the determination of grease in some abattoir wastewaters, which might include high 
concentrations of organic acids. However, losses of volatile organic compounds with 
boiling point under approximately 150ºC may appear with the method SS 02 82 11. 
[152, 153] 

4.3 Determination of TOC in water 
For the determination of TOC, methods ISO 10694:1995 Soil quality - Determination of 
organic and total carbon after dry combustion (elementary analysis), and SS 02 81 99 
Vattenundersökningar – Riktlinjer för bestämning av totalt organiskt kol (TOC) i vatten 
(Guidelines for the determination of total organic carbon (TOC) in water) were men-
tioned as substitute methods by the laboratories that responded to the questionnaire.  
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4.4 Determination of oil and hydrocarbons in air 
An American NIOSH method utilizing ozone depleting substances and IR spectrometry 
is used for the determination of oil mist in air for occupational hygienic purposes . 
There is no ongoing work in NIOSH to try to find substitutes for the ODS [154]. 
However, some laboratories have modified the NIOSH method by using 
tetrachloroethylene instead of ODS, and have achieved good results by changing the 
filter disk material.  Several methods are described in the Toxicological profiles by the U.S. Agency for 
Toxic Substances and Disease Registry [155, 156]. For example, mineral-based crank-
case oil can be collected on a membrane filter, extracted with chloroform (trichloro-
methane) and determined with fluorescence spectrophotometry. However, no informa-
tion on the detection limit is available, and the applicability of the methods is unknown 
[156]. Total petroleum hydrocarbon components can be adsorbed on solid sorbents, 
desorbed and determined by GC/FID, or GC/MS. Separate methods are available for 
gasoline vapor [157]. Particulates and gases can be captured on Teflon filters and char-
coal tubes, exctracted with hexane (filters) and carbon disulfide (charcoal tubes) and 
analyzed with GC/MS. However, methods are not necessarily standardized, and the 
results may depend on the method used. Because the limit value is probably based on 
epidemiological results and is possibly method-specific, no substitute methods can be 
recommended without further investigation. When using a substitute method, it should 
be assured that the substitute method gives results comparable to the standard method 
and limit values. 

For the determination of contaminants in air, method SS 028427 Luftundersökningar - 
Utsläpp till luft - Bestämning av  koncentration och massflöde av kolväteföreningar 
(aerosol- och gasform) i gaskanaler - Air quality - Stationary source emissions - Deter-
mination of the concentration and mass flow of hydrocarbons (aerosol and gas phase) in 
ducts (gravimetric method), was mentioned as a substitute method.  

4.5 Testing of breathing filters 
In the testing of breathing filters (personal safety equipment) a substitute European stan-
dard method EN 141:2000 exists [151]. However, ozone depleting substances have to 
be used since an U.S. client demands the use of an U.S. method according to 42 CFR 
part 84 that utilizes ozone depleting substances.  

4.6 Determination of oil, wax or paraffin traces on surfaces and 
determination of surface cleanliness 

Determination of oil, wax or paraffin traces on surfaces is used in various quality con-
trol procedures. In ammunition production the quality demands are of very high level, 
since even very small traces of oil may change the delay times of explosives. A gas 
chromatographic method is understood to be impractical.  

In the determination of wax on surfaces carbon tetrachloride has been substituted with 
xylene extraction and an ultrasound bath, followed by a concentration step with vacuum 
rotation.  
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It is understood that infrared sensor systems for the measurement of oil film thickness 
don't typically reach detection limits achieved by using the ozone depleting substances. 

ion of 

en 
rt 

ent. 

uces a colour change, and visual observation is used to assess 
the amount of oil in the sample. The colour of the aqueous phase is compared to known 

-
s using ODS [162].  Various solvents have been con-

sidered to substitute the ozone depleting substances, but the use of alternatives can be 

' 
STM D 1492, ASTM D 5776 and ASTM 

ives the user a possibility to choose be-

r different kinds of oil products, bromine number 
f 

 

od 

However, one laboratory has achieved very low detection limits in the determinat
carbon on surfaces by using a commercial sulfur/carbon determinator.  

ISO 8502 standard series gives several methods for the determination of surface cleanli-
ness, for example, before painting. Part 6 (a method to extract soluble contaminants), 
and part 7 (a field method for determination of oil and grease) are under preparation. 
Unfortunately the work on part 7 has started over seven years ago, and no DIS has be
presented [158]. Various methods are described in DIN Technical Report 28 [159]. Pa
6 uses flexible cells in the form of adhesive patches designed to be filled with a solv
However, the standard does not give test methods for the determination of a specific 
contaminant on the surface, or describe any performance properties [160].  

The Nordtest method NT POLY 181 Determination of oil on surfaces is a field test us-
ing a sampling procedure based on the Bresle method in ISO 8502-6, and cyclohexane 
as the extraction solvent. Oil in the sample is brought to contact with an aqueous phase 
containing sulphuric acid and dipotassium dichromate. The reduction of the dichromate 
ion by the oil residues ind

reference samples [161]. 

4.7 Determination of phenol impurities 
The quality demands on product phenol are high, and determination of impurities a de-
manding task. A gas chromatographic method ASTM D 4961 and its in-house modifica
tions offer alternatives for method

impractical in a quality control.  

4.8 Determination of bromine index in oil or chemicals 
It is possible to use alternative solvents in potentiometric titration of bromoreactive im-
purities containing double and triple bonds (determination of so called 'bromine index
according to, for example, ASTM D 1159, A
D 2710 or their modifications [163-166]) in various oil products, but the implementa-
tion typically requires some research work.  

In standard ASTM D 1492 the electrolyte solution is prepared of glacial acetic acid, 
methanol and KBr solution. ASTM D 2710 g
tween 1,1,1-trichloroethane (an ozone depleting substance) or dichloromethane. Also 
mercury acetate is dissolved in the mixture.  

Different methods are applicable fo
and amounts of olefins in the product, especially for petroleum hydrocarbon mixtures o
bromine number less than 1. [163] 

For example, the method ASTM D 1159 is generally applicable for gasoline, kerosene
and distillates in the gas oil range that fall in specific distillation and bromine number 
limits. However, the method is not satisfactory for normal alpha-olefins. The meth
can be used to estimate the percentage of olefins in petroleum distillates boiling up to 
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approximately 315ºC by using a calculation method described in the standard. Di-
chloromethane is temporarily being allowed as an alternative to 1,1,1-trichloroethane 
(an ozone depleting substance) until a permanent substitute can be identified and 

y 

 is de-

indicator 
titration method for the determination of bromine number, still mention an ozone de-
pleting substances, like 1,1,1-trichloroethane in this case, in their text. [168] 

nt [169-171]. More sophisticated methods, like de-
e 

 a 

e 
ou-

c Karl Fischer titration method for similar petroleum hydrocarbons than in the 

 
 fuel oils. The method uses xylene with a pyridine-

 

adopted by ASTM. A program to identify and evaluate candidate solvents is currently 
underway in the Subcommittee D02.04. [163] 

In a Metrohm method No. 177/3 e for e.g. Titrono instruments carbon tetrachloride and 
1,1,1-trichloroethane can be substituted by diethyl carbonate. Glacial acetic acid, carbon 
tetrachloride, methanol and H2SO4 for aliphatic hydrocarbons, or glacial acetic acid, 1-
methyl-2-pyrrolidone, methanol and H2SO4 are otherwise used for samples with mainl
small consumption of bromine, and glacial acetic acid, 1,1,1-trichloroethane, methanol 
and H2SO4 for samples with mainly large consumption of bromine. The method
scribed by an instrumentation supplier. It is an automated method for the determination 
of the bromine index and/or the bromine number in petroleum products. [167] 

It seems that some standards, like BS 2000 : Part 129 : 1993, a British colour 

4.9 Determination of moisture and water content 
Several substitute methods are available, however, their applicability for specific use 
purposes has to be determined case by case. ISO 662 for the determination of moisture 
in animal and vegetable fats and oils involves heating the sample. The method ISO 934 
uses xylene as an entrainment solve
termination by pulse nuclear magnetic resonance, have been standardized only for som
materials, e.g. oilseeds.[172, 173] 

Several Karl Fischer methods are available. ISO 8534 uses hydranol or alternatively 
pyridine as solvent. The most recent proposal by ISO TC 34 SC 11 includes stopping 
the use of pyridine completely [174]. For petroleum products the ISO 6296 provides
potentiometric method for the direct determination of water in petroleum products boil-
ing below 390ºC. It covers the mass fraction range from 0,003 % (m/m) to 0,100 % 
(m/m). The method may be applicable also for petroleum products boiling above 390ºC, 
and lubricating oils, but the precision has not been established for these materials. There 
are various Karl Fischer reagents to be utilized in this method, and they ought to be fre
of ozone depleting substances [175]. Another example is ISO 12937, which gives a c
lometri
ISO 8534. These Karl Fischer methods use xylene with other Karl Fischer reagents. 
[176]  

A draft BS EN ISO standard (ISO/DIS 6296) is under preparation. The method is a po-
tentiometric Karl Fischer titration method for the direct determination of water in petro-
leum boiling below 390ºC covering the mass fraction range 0,003 % (m/m) to 0,100 %
(m/m). It is not applicable to residual
containing or a pyridine-free Karl Fischer reagent, or with a Karl Fischer reagent spe-
cially formulated for ketones. [177] 

Further recommendations on solvents are given for dozens of substances and products,
by instrument suppliers, e.g. Metrohm. Fats, oils, tars, xanthates, dithiocarbamates and 
hydrocarbons are insoluble in methanol, and therefore chloroform (trichloromethane) 
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and trichloroethylene are typically used as mixtures with methanol [178, 179]. Accord-
ing to another laboratory application supplier, Mettler Toledo, mixtures of toluene ca
be used for the determination of humidity in waxes and tar products, and mixtures of
decanol, hexanol and dodecanol for oil, edible oil, gasoline, diesel oil and kerosene 
samples [180]. However, trichloroethylene and chloroform are volatile and harmful 
solvents, regulated b

n 
 1-

y legislation. Their use is banned or restricted in some countries, 

-

 a 
eproducibility of 0,2 ml for 0,0 – 1,0 ml water collected, and 

0,1 ml or 2 % of the mean, and 0,2 ml or 10 % of the mean for 1,1 – 25 ml water col-
lected, respectively [183].  

tics the solvent used is ma-
terial specific. 1,1,1-trichloroethane is one solvent used in these determinations. It might 
be impracticable to substitute use it with any other solvent.  

 

etable fats and oils, fatty ac-

. 
m one 

ecom-
-

like in Sweden, for professional use [181]. They are considered as substances with me-
dium toxicity.[182] 

For the determination of larger amounts of water in petroleum products, other methods 
not using ozone depleting substances are available. For example, BS 2000-74 (ISO 
3733:1999) is able to determine up to 25 % of water in petroleum products and bitumi
nous materials by distillation. In this method, the test material is heated under reflux 
with a water-immiscible solvent, which is co-distilled with the water in sample. Con-
densed solvent and water are continuously separated in a trap, the water settles in the 
graduated section of the trap and the solvent returns to the still. Solvents can be aro-
matic, petroleum distillates or paraffinic depending on the test material. Method gives
repeatability of 0,1 ml and r

4.10 Environmental stress cracking of plastics 
In the determination of environmental stress cracking of plas

4.11 Determination of iodine value 
The Iodine value expresses the content of compounds with unsaturated carbon-carbon
double bonds. It is determined by adding a halogen, e.g. iodine to the sample. Also 
some carotenoids, aldehydes and ketones can react with halogens. There are several 
methods to determine the iodine number in animal and veg
ids and fatty alcohols. For some determinations a method utilizing ozone depleting sub-
stances is required by the European Pharmacopeia [184]. 

In the determination of the iodine value according to Hanus the sample is dissolved in 
cyclohexane and acetic acid and diluted with iodine monobromide solution. Potassium 
iodide and water are added, and the formed iodine is titrated back with sodium thiosul-
phate solution. The methods according to Wijs and Kauffmann slightly differ from the 
Hanus method. Information on the accuracy of the methods is given in the test methods
Only in the case of some oils with a high iodine value can the results deviate fro
another. Cyclohexane and acetic acid have generally substituted chloroform (trichloro-
methane, not an ozone depleting substance) and carbon tetrachloride. Also ISO 
3961:1996, which is similar to the Wijs method, uses cyclohexane and acetic acid. The 
modified Hofmann and Green method allows a shorter reaction time, and is r
mended for samples containing hydroxy fatty acids because the substitute reactions oc
curring in this case using the Wijs method do not take place. [170, 185-189] 
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In one laboratory, chloroform had been substituted by carbon tetrachloride (an ozone 
depleting substance) in the determination of iodine value due to chloroform's carcino-

 

.e. 17-hydroxyprogesterone, various im-
munoassay methods exist. These assays are based on RIA (radio immuno assay) or 
IRMA (immunoradiometric assay), and depending on the method may require use of 

o-
 

e-
spheric pressure chemical ionization (APCI/MS), proton-

transfer-reaction PTR/MS, resonance-enhanced multiphoton ionization/time-of-flight 

ubstitute extraction solvents and methods, and 
determination techniques available for most of the flavor components, because the sepa-
ration of volatile compounds is usually achieved by gas chromatography. However, in 

re stan-

Liquid chromatography for the separation of chlorophyll derivates is basically possible 
with other solvents than ODS, but the separation rate is lower, and the separation should 

orme e purity. This increases 

genic properties. 

4.12 Determination of phthalates 
The draft standard ISO 18856 (Water quality – Determination of selected phthalates by
gas chromatography/mass spectrometry) is under development.  

4.13 Determination of pregnanetriole 
For clinical determination of pregnanetriole, i

ozone depleting substances. Alternative methods for ODS use typically diethyl petro-
leum ether or ethyl acetate as a solvent. The most sophisticated methods use gas or liq-
uid chromatography and mass spectrometry.  

4.14 Determination of flavors 
In order to analyze flavor, methods using solid phase extraction and solid phase micr
extraction (SPME) and headspace gas chromatography are applied. Other determination
methods possible include mass spectrometry (GC/MS), time-of-flight mass spectrom
try (TOFMS), MS/MS, atmo

(REMPI/TOFMS), infrared spectrometry (IR) and nuclear magnetic resonance spec-
troscopy (NMR). For the determination of chiral properties multidimensional gas 
chromatography (MDGC) has been used. The extraction phase, needed in the 
determinations, may form a problem.  

It is probable that there will be suitable s

some cases several pre-separation techniques have to be used. Several methods a
dardized or being standardized by the ISO. The applicability of the methods for all de-
termination and sample types is unsure. 

4.15 Chromatographic separation of chlorophyll derivates 

be perf d several times in order to get products of the sam
the amount the substitute chlorinated solvents used and increases the price of the final 
product.  
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4.16 Determination of oil in compressed air 
In the quality control of compressed air according to the ISO 8573:2 [190], the labora-
tory's experience is that carbon tetrachloride cannot be substituted with any other sol-
vent. No information was obtained whether the standard has been or will be updated. 

4.17 Determination of metals in groceries and seawater 
For the extraction of heavy metals from grocery and seawater samples, several alterna-

e 

ieve as low detection limits as the freon extraction 
technique. Therefore they are not applicable for the determinations of metals in ex-
tremely low concentrations in groceries and seawater. These determination methods are 

r-

l 
d 

hemical Ionization) and ES (elec-
trospray ionization). These methods give a possibility to analyze traces of veterinary 

 

literature, b  
[192]. The  for coccidiostat analysis has been planned to be substituted 

 hexane are available. The weighed sam-

ave 
 in technique. The accuracy and applicability of the method is unknown [193]. 

tive extraction solvents like n-heptan and methyl-iso-butylketone are available. Ther
are also several standardized techniques for the determination of metals in the environ-
ment and food. None of these ach

applied only in a very few laboratories.  

In the determination of metals in seawater, a high resolution gas chromatography – 
mass spectrometry (HRGC/HRMS) with an extremely low detection limit could be an 
alternative method in the future.  

4.18 Determination of coccidiostats 
The monitoring of coccidiostats (a type of fodder supplements having medicinal prope
ties), like Monensin, Narasin, Salinomycin, Lasalocid and Toltrazuril, is required by the 
Directives 96/23/EC and 90/2377/EC. If needed, screening tests can be applied. Typica
high-quality methods used in the actual determination process are high pressure liqui
chromatography (HPLC) with a fluorescence detector, or LC-MS/MS with various de-
tection techniques like APCI (Atmospheric Pressure C

medicines below maximum residue limits (MRL-values), which are of magnitude 4 – 25
µg/kg [191]. The use of substitute solvents, e.g. acetonitrile, has been described in the 

ut their applicability for all coccidiostats and sample matrixes is unclear
present method

by a more sophisticated mass spectrometric method. 

4.19 Determination of finishing materials and lubricants applied 
to synthetic fibres and determination of fibre treatment 
chemicals 

Typically CFC-113 (an ozone depleting substance) or perchloroethylene (tetrachloro-
ethylene, not an ozone depleting substance) are used as solvents to extract finishing 
materials and lubricants from synthetic fibres before infrared spectrometric detection.  

Measurement technologies using, for example,
ple is shaken with a known volume of hexane solvent. A small sample is drawn from 
the test tube and deposited on an IR card. The solvent is evaporated, and the residue is 
measured by infrared absorption. Sample holders with recessed sapphire windows h
been used
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In the m od, the extraction solvent has to be much more volatile than the sueth bstances 
to be determined, e.g. the finishing materials.  

n 
epleting substance are still needed in the calibration of the substitute NMR 

method.

d various other systems. For 
example, in insulating mineral oils formation of insoluble decay products are capable of 

bility and the possibility to use 
them without ODS in various determinations is unclear.  

n 

es  [194]. Particles as small as 0,4 µm and as large as 1200 µm in diameter can be 
measured with technique. For the determination of particles in oil, ammonium thiocy-
anate in isopropyl alcohol –electrolyte solution is suitable for the majority of oils with 

used for oils not soluble in iso-
 
6 

 ISO 6439:1990 (Water quality – Determination of phenol index – 4-

/l 

In a laboratory, a NMR method is going to substitute a FTIR method previously used 
for the determination of fiber treatment chemicals. However, the FTIR method and a
ozone d

 

4.20 Determination of particle size and particle content 
High purity of oils is extremely important for hydraulic an

decreasing the breakdown voltage of oil, and clogging the pores of paper insulation 
[194].  

There might be substitute methods for the determination of the particle content and par-
ticle size distribution in oil materials. Methods for the measurement of particular con-
tamination in oils are developed in the ISO Technical Committee 131 Fluid Power Sys-
tems SC 6 Contamination control. However, their applica

Commercial equipment based on laser techniques is available. Magnetic metal particles 
can be separated with magnetic or electromagnetic fields. X-ray diffraction methods ca
determine metal particles bigger than 10 µm. Some gravimetric methods filter the oil. 
Other methods are available for the determination of sediment in oil. For example, BS 
EN ISO 3735:1999 extracts a test portion of crude petroleum or fuel oil in a refractory 
thimble with hot toluene until the residue reaches constant mass. The method is suitable 
for samples with 0,01 – 0,4 % (m/m) of sediment [195]. 

The electric sensing zone (Coulter) principle has been used for the determination of 
particl

the Coulter counter, and methyl isobutyl ketone can be 
propyl alcohol [196]. The Coulter method is described in the standard ISO 13319 and
the subject in various ASTM standards [194, 197]. For example, the standard ISO 440
requires the determination of the level of contamination with solid particles [198]. 

The applicability of these methods has to be determined separately for each use 
purpose. 

4.21 Determination of phenol in water 
Various methods exist for the determination of phenol index in water. Method estab-
lished in
Aminoantipyrine spectrometric methods after distillation) measures phenolic com-
pounds with direct colorimetric method in test samples that contain more than 0,1 mg
in the aqueous phase. With chloroform (trichloromethane) extraction, without dilution, 
it is possible to determine the phenol index from about 0,002 mg/l to about 0,10 mg/l. 
However, not all phenol compounds react with 4-aminoantipyrene and substances con-
taining multiple phenol groups may react with several 4-aminoantipyrine molecules 
[199].  
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ISO 14402:1999 (Water quality – Determination of phenol index by flow analysis (FIA 
and CFA)) specifies two methods for the determination of phenol index in waters of 
different origin, such as ground, surface, seep and wastewaters, in mass concentrations 
of 0,01 mg/l to 1 mg/l (in the undiluted sample). The method 14402 is suitable for the 
processing of large sample series at a high analysis frequency. Clauses for the determi-
nation of the phenol index (without distillation) after extraction and (without extract
after distillation are given [200].  

Selected monovalent phenols can be determined according to ISO 8165-1:1992 (Deter-
mination of selected monovalent phenols – Part 1: Gas-chromatographic method after 
enrichment by extraction). The method is able to determine phenols in a concentration 
range from 0,1 µg/l to 1 mg/l using diethylether extraction and enrichment of the pheno-
lic compounds. GC/FID or GC/ECD in case of polychlorinated p

ion) 

henols is used [201]. 

 

c 
r-
y. 

e sample is determined by using extraction 

 

r, drinking, surface, and saline waters, and do-

h 
o-

similar to in the method 9065 [205].  

etho rom 2 to 500 µg/l 
od is a colorimet-

er-
ethod is presented in the method 8041. [207] 

Other method in the standard series is ISO 8165-2:1999 (Determination of selected 
monovalent phenols – Part 2: Method by derivatization and gas chromatography uses 
extractive derivatization by means of hexane and pentafluorobenzoyl chloride followed 
by a gas chromatographic measurement using two capillary columns of different polar-
ity (simultaneous splitting) and detection with electron-capture detectors (ECD). 
Amines and in some cases alcohols may also react in the method, and therefore it is not
applicable in all cases to the examination of waste water [202].  

Also national standard SFS 3011 (1976-03-26), which should be consistent with stan-
dards DS 281, NS 4738 and SIS 02 81 28, gives a method for determination of phenoli
compounds in water. Method uses 4-aminoantipyrine in the presence of  potassium fe
ricyanide to produce a coloured substance that can be measured spectrophotometricall
Chloroform (trichloromethane) is used if th
instead of direct determination. Diethyl ether can be used instead of chloroform. [203] 

Various methods are given for the determination of phenolics by the U.S.EPA. EPA 
method 9065 is a spectrophotometric method using reaction of phenolic materials with
4-aminoantipyrine in the presence of potassium ferricyanide at a pH 10. Method is ap-
plicable to the analysis of ground wate
mestic and industrial wastes. The method is capable of measuring phenolic materials 
that contain more than 5 – 50 µg/l [204].  

EPA method 9067 is a spectrophotometric method based on the coupling of phenol wit
MBTH in an acid medium using ceric ammonium sulfate, i.e., ammonium hexanitrat
cerate (IV), as an oxidant. Method is applicable of measuring phenolic materials that 
contain from 50 – 1000 µg/l, or even at the 2 µg/l level. Method is applicable to samples 

EPA m d 9066 can be used for the analysis of phenolic materials f
in ground water and of drinking, surface, and saline waters. The meth
ric method based on the distillation of phenol and subsequent reaction of the distillate 
with alkaline ferricyanide and 4-amino-antipyrine [206]. Chloroform can be used in 
concentrating extractions. A preliminary distillation may be required to remove interf
ing materials. A gas chromatographic m
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4.22 Determination of peroxide number in jet fuel 
-

 

ina-

nderstood that the pri-

 

to 

 

te it 
ith 

le, a residual film can be measured.  Because determination with IR 

ed unsure whether the use 
f other solvents, for example chloroform or tetrachloroethylene, in the IR determina-

tion is possible.  

CEN/TC 19 is preparing several methods for fatty acid methyl esters (FAME) in various 
fuels [221]. In the painting industry, saturated and oxidized fatty acids are identified 

An UOP method is a possible substitute method [208]. In the UOP method sample re
acts in a iron(II)thiocyanate solution. The result, ferric (III) ion is titrated with titanium 
chloride solution. Thiocyanate is used as indicator. However, the applicability of the 
method for jet fuel is uncertain.[209]  

4.23 Determination of additive in jet fuel 
Determination of tall oil fatty acid additive has strict requirements in the Nato Stan-
dardization Agreements STANAG 3747. The IR method has been substituted, because
it measured also genuine acids in the fuel, like naphthenic acids, in addition to the tall 
oil fatty acid additive. Gel permeation chromatography (GPC), followed by determ
tion with refractive index detector has been used as a substitute method. The GPC 
method is described in Nato Standardization Agreements STANAG 3390, edition 7, 
Annex C. However, the GPC method using methanol as mobile phase has been prob-
lematic and resulted in poor accuracy and detection limits. It is u
mary use of corrosion inhibitor is for lubricity improvement. Therefore the determina-
tion of corrosion inhibition has been abandoned in some places, and the GPC method 
has been substituted with Ball-on-Cylinder Lubricity Evaluator (BOCLE) method 
ASTM D 5001 . The BOCLE method measures the lubricity properties and fulfills the 
criteria in MIL-PRF-25017. However, the BOCLE is not suitable to measure actual 
amounts of additive added, however, it seems to be sufficient for quality assurance since
lubricity is main purpose for the corrosion inhibitor. [210-214] 

Several ISO and ASTM tests [215-217] for other sample types and a U.S. EPA gel per-
meation cleanup method for other substances exist, but their applicability is uncertain. 
The determination of longer-chained fatty acids the choice of HPLC/GPC or GC col-
umns and operating parameters is a challenge. Typically fatty acids are methylated in
esters to improve their volatility, and separated in a gas chromatograph. Esterification 
can be done with diatsomethane. However, it is a carcinogenic substance. Another sug-
gestion is to use ether or ethyl acetate in extraction instead of carbon tetrachloride, use
methanol with small amount of sulphuric acid in esterification , refluct the sample over 
night, neutralize the sample very carefully with sodium bicarbonate, and concentra
to 1 – 2 milliliters. After this phase, it is possible to separate dimers and monomers w
column chromatography to improve specificity, if needed. The solvent can be evapo-
rated before GPC or determination with direct injection MS. If ethyl acetate is not used 
or it is cleaned of, determination with IR spectrometry is possible. Instead of using cu-
vettes, for examp
does not require preparation of methyl esters, an IR determination can be tried straight 
after extraction with ether or ethyl acetate and evaporation of  solvent. [218-220]  

Use of supercritical fluid extraction/reaction (SFE/SFR) followed by capillary super-
critical fluid chromatography (GC/SFC) is another possible substitute method, but the 
performance properties of the method are unknown. It remain
o
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using on-column GC/MS and Curie-point Pyrolysis-TMAH-GC/MS [222]. Var
other thods for determination of fatty acids in food, feed and human body ar

ious 
 me e avail-

able [221].  The applicability of these methods is uncertain. 
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5 Possible substitute substances 

It was emphasized that various substitutes to the ozone depleting substances, are harm-
ful or even dangerous to health or environment. This kind of properties are not pre-
sented in this report, and laboratories should take necessary precautions to minimize 
risks exposed by the substances. For example, n-hexane is flammable and may cause 

n 

inished health risks into minimum. Some of the halogenated 

lvents typically applicable to substitute ODS are mentioned in the standard 
operation procedures, and therefore a comprehensive list on them is not gathered in this 

ss of volatile com-
pounds during sample concentrations, which enables the analysis of lower hydrocarbon 

S. 

yze TPH or TPH constituents. In addition to liquid-liquid –
extraction, solvents might be applicable with some other extraction methods, which are 

-
& 

n disulfide and ethyl acetate 
-liquid extrac-

tion before a gas chromatographic determination.[76]  

adverse effects to health. The use of some substances, e.g. tetrachloroethylene, 
presented in this report are not allowed in some countries, but may have been allowed i
other countries, where research on true exposure and strict occupational hygienic 
regulations have dim
substitute compounds are suspected to have ozone depleting capabilities, but are not yet 
officially recognized or restricted, as such. 

Extraction so

project. Some typical substitute solvents are mentioned on the whole. Volatile halo-
genated solvents can be used in the determination of non-volatile hydrocarbons, where 
the solvent is evaporated before final quantitation in infrared spectrometric determina-
tions. If the solvent used cannot be volatilized, it must not contain carbon – hydrogen –
bonds . 

Hexane and pentane are the most typical substitute substances used in the oil-in-water 
determination. Both of them are typically used as substitute extraction solvents in gas 
chromatographic methods. The advantage of pentane is the lower lo

fractions, beginning from C7. However, in a GC/FID comparison with other extractants, 
it was less robust because of its volatility. [21] 

Few laboratories mentioned also heptane as a extraction solvent for substituting OD

Also longer-chained hydrocarbons like n-decane were mentioned to be used in gas 
chromatographic determinations. However, this is possible only with chromatographic 
separation of samples not containing n-decane themselves. 

The Total Petroleum Hydrocarbon Criteria Working Group (TPHCWG) has listed vari-
ous methods to anal

sonication, soxhlet, solid phase extraction, super critical fluid, shaking, vortex and sepa-
ratory funnel. [76] 

Methanol is typically used in immunoassays for total TPH and constituent measure
ments and extraction with shaking or vortex. In addition, methanol is used in purge 
trap concentration of BTEX and gasoline followed by a gas chromatographic analysis. 
[76] 

Hexane, dichloromethane (methylene chloride), carbo
are used for diesel, jet fuel, lubricating oil and miscellaneous oils in liquid
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In ASTM D 2710 method , dichloromethane was able to substitute 1,1,1-
trichloroethane. Dichloromethane was used also in the determination of surface coatings
of fertilizers and in a Soxhlet extraction.  

Dichlorom

 

ethane can be used also as a substitute solvent in separation or extraction by 
e 

c determination. Dichloromethane and hexane are used in TLC (thin layer 
latile constituents by gas 
ed preceded by one of 

According to an evaluation, tetrachloroethylene (TCE, perchloroethylene) was deemed 

yl-
e with no C-H –bonds. However, it is a suspected 

carcinogen (Carc. Cat. 3; currently under review and possibly reclassified as Carc. Cat. 

ds that cause interferences 

ts 

nce the oil content measurement could be reduced by ~4 ppm. 
ther products suffered from stabilizer leaching, but the effect was relatively small re-

ulting in an effective reduction in oil content << 1 ppm well below the detection limit 
f the method. The alkyl phenol stabilized solvents can be used with a certain degree of 
onfidence. [223]. 

.S. EPA has evaluated properties of, for example, 2,2-difluoro-1,1,1-trifluoroethane 
and tetrachloroethylene, but neither of these solvents produced results as close to results 
produced by CFC-113 as did n-hexane. [61] 

Some laboratories used also dichloroethane with carbon disulfide for extraction. 

Trichloromethane (chloroform) was used in the determination of metals in groceries. 

A few laboratories will use other totally halogenated solvents not classified as ozone 
depleting substances, like polytrichlorofluoroethene.  

Also other solvents like AK-225, S-316 and Vertrel MCA are available.  

shaking, vortex, soxhlet, sonication, separatory funnel, or solid phase extraction befor
a gravimetri
chromatography) determinations. For determinations of semivo
chromatography and mass spectrometry, dichloromethane is us
the previously mentioned extraction/separation methods. [76] 

Tetrachloroethylene and hexachlorocyclopentadiene have been suggested as substi-
tutes. Like carbon disulphide, unfortunately, they are problematic from a health and 
safety perspective.  

as the least harmful with respect to humans even though repeated exposure to levels 
above the occupational exposure limit may produce adverse effects on the liver and kid-
neys [223].  

Some laboratories have substituted ozone depleting substances with tetrachloroethylene  
despite of its hazardous properties for human health and environment. Tetrachloroeth
ene is a totally halogenated substanc

2), hazardous to environment, and a very disliked compound for laboratories to use in 
practice. In the U.S. there has been problems with tetrachloroethylene because it de-
grades, and the stabilizers needed have carbon-hydrogen bon
in the determinations by infrared spectroscopy. The amount of stabilizers can possibly 
be reduced by washing the tetrachloroethylene with ionized water. 

In the UK, Shell has evaluated the use of tetrachloroethylene for offshore measuremen
with high quality TCE product, which has the lowest IR absorbtion. It was suggested 
that the stabilizers are washed from tetrachloroethylene to water phase, which might 
cause erroneously low oil content results. It was concluded that tetrachloroethylene 
products stabilized with 4-methylmorpholine are unsuitable for use in the determination 
of oil content of water, si
O
s
o
c

U
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Acids were used for TOC (Total Organic Car
evaporate, and a TOC analysator was applied

bon) analysis to make carbon dioxide to 
 for the determination of hydrocarbons in 

some extraction fluids. However, the TOC analysator was applicable only for water 
samples. 

Still other substitute substances mentioned were ethanol used in the analysis of free 

ces. 

zone deplet-
e issue is still under research 

 

ropentane, HFC 43-10mee) is mentioned to 
eenhouse gas effect. It 

of the 
rement trough and the solvent is dried [224]. Ver-

hich absorbs infrared 

mpound remained unclear. 

y equipment.  

ns may vary a lot depending on the properties 

eived, it is typically suggested to do side-by-side testing with the 
 

 sites to be comparable, and the differences 
 use only one test method for 

fatty acids. 

Dimethylether was used in the determination of plasticizers.  

Various solvents, like xylene, were used to analyze wax on metal surfa

S-316 "Flon" (tetrachlorohexafluorobutane, C4Cl4F6) is suspected to be an o
ing substance due to its chemical formula, however, th
[96]. S-316 is said by its manufacturer to be environmentally safe. Documentation from
the manufacturer was not received during the project.  

Vertrel MCA (1,1,1,2,3,4,4,5,5,5-decafluo
have a "zero" ozone depleting potential, low toxicity, and low gr
is not transparent at the analytical wavelength used for hydrocarbon, so an aliquot 
extract is placed directly in the measu
trel MCA is a volatile HFC solvent, however, it is a hydrocarbon w
and has to be evaporated before the detection. The greenhouse gas properties of this 
HFC co

AK-225 is a volatile HCFC solvent with low ozone depletion efficiency. It is an ozone 
depleting substance similarly restricted like other ozone depleting substances. It also 
may slowly degrade methacrylate in laborator

The recovery rate on various hydrocarbo
of the solvent used and the properties of the sample media. In practice, results may in 
some cases vary a lot depending on the solvent and test method used. If significantly 
different results are rec
old and the new method, and possibly use a conversion factor, if it is applicable. In case
it is necessary for the results from various
between the test methods are not known, it is suggested to
all the sites, if possible. 
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Annex 1. The questionnaire results 

1 General information 
ample of 483 laboratories in the Nordic countries was collected on the basis of them 

pected to use the substances ("probable users"). The latter laboratories were recognized 

A s
being known users of ozone depleting substances or working in a analysis branch ex-

from laboratory catalogs or lists of accreditation organs. Contact information was not 
found for 3 laboratories, and the questionnaire was sent to 480 laboratories. The ques-
tionnaire form was in English, Swedish and Finnish. The form was also downloadable 
at the project Internet-homepage so it was possible to fulfil it by computer and send it 
by email. If no answer was received, a reminder letter, telefax or email message was 
sent to most of the laboratories. The questionnaire form and the accompanying letter is 
attached to this report (Annex 2). 256 answers were received. The response rates are 
presented in table 1.1. 

Table 1.1 The response rates. 

Number of laboratories Response rate 

Total num r of laboratories recognized: 483  be

Questionnaire was sent to: 480  

Total number of answers: 256 53 % 

Denmark:   % 25

Norway:  45 % 

Sweden:  60 % 

Finland:  71 % 

Iceland:  100 % 

The response rate in Denmark was unfortunately quite low. There are few large users of 
 

urvey because 
most of the results were already calculated. It is estimated that this does not have an in-

e 
is used in o re not presented in the figures. 
However, the obstacles to substitution are presented in this report whether the answer 

tories were asked er they u  or have  have ad d or int
itute substances o
nse rates, an est n on the mber of laboratories using the substances 

s than ozone de g substan s, which rected in  figures

Table 1.2 Number of laboratories using ODS in 2001. 

the substances in Denmark, and this may cause significant statistical uncertainty in the
Danish figures. Few answers arrived late. They were rejected from the s

fluence on the overall figures despite of the fact that small quantities of methyl bromid
rganic synthesis development and research a

was late or not. 

The labora  wheth se used, opte end to 
adopt subst r methods, or if they have never used the substances. Based 
on the respo imatio nu
was done. The figures are presented in table 1.2. A couple of laboratories actually used 
other solvent pletin ce  is cor  the . 

 Number of laborato-
ries 1. Uses or has used ODSs: 205 

2. Has adopted or intend to adopt substitute substances or methods: 66 
3. Both 1 and 2 63 
4. 1 or 2 217 



Later in this report, all the figures describe the sum use of ozone depleting substances in 
all the Nordic countries, and they are corrected by response rates and possibly other sta-
tistical factors, if not otherwise determined. If the absolute num
ratories is presented, the number is mentioned separately.  

2 The quantities of the ozone depleting substances 
used for laboratory purposes 

The quantities of ozone depleting substances used for laboratory purposes are listed in 
table 2.1. The table represents the amount of new substances needed for these purposes. 
The numbers marked with asterisk (*) are estimations based on the num
nations announced for the years 2002 and 2003. Many laboratories me
number of determinations for the year 2001, or mentioned a num

ber of answers or labo-

ber of determi-
ioned only the 

ber of determinations 
 oil-in-water de-

terminations. In case of no other information on the substitution or ceasing the use of 
f determina-

ue to these reasons the 
s nd 2003 are possibly 
ations and itionall clude of re substances.  

 
s as kilograms and ODP-corrected kilograms. l 

ot match to the overall total due to rounding. 

CE 
Total 
sum  

nt

using the ozone depleting substances despite of the ban to use them for

ozone depleting substances was given, it was estimated that the number o
tions will stay the same (a "business as usual" –assumption). D
estimation  on the use of ozone depleting substances in 2002 a
overestim , add y, may in  also use generated 

Table 2.1 Quantities of new ozone depleting substances used for laboratory use purposes
in the Nordic countrie  Note: the tota
of these numbers may n

  
CTC 

 
CFC-11 

 
CFC-113 

 
1,1,1-T

2001 (kg) 8664 4 8599 147 17414 
2002 (kg)* 8413 2 8546 46 17007 
2003 (kg)* 5752 0 2302 44 8098 
2001 (ODP) 9530 4 6879 15 16427 
2002 (ODP)* 9254 2 6837 5 16097 
2003 (ODP)* 6328 0 1842 4 8174 

The quantities used for oil-in-water determinations are presented in table
ures marked with an asterisk (*) are estimations similar to in table 2.1. 

 

2.2. The fig-

Table 2.2 Quantities of new ozone depleting substances used foroil-in-water determina-
f these numbers 

  
CTC 

 
CFC-11 

 
CFC-113 

 
1,1,1-TCE 

Total 
sum 

tions as kilograms and ODP-corrected kilograms. Note: the total o
may not match to the overall total due to rounding. 

2001 (kg) 7849 4 7818 91 15761 
2002 (kg)* 7710 2 5310 2 13024 
200 5120 0 1657 2 6778 

8634 4 
 8482 2 

3 (kg)* 
2001 (ODP) 6254 9 14901 
2002 (ODP)* 4248 <1 12732 
2003 (ODP)* 5632 0 1325 <1 6957 

The relationship between the quantities of ozone depleting substances used for all labo-
ratory purposes and oil-in-water determinations is better visualized in the figure 2

 

.1. 
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Figure 2.1 Use of ozone depleting substances for oil-in-water determina-

tions and other use purposes in the Nordic countries. 

The ozone depleting potentials (ODP) factors are presented in table 2.3. 

Table 2.3 The ozone depletion potential factors (ODP factors). 

 CTC CFC-11 CFC-113 1,1,1-TCE 
ODP 1,1 1,0 0,8 0,1 

The number of individual determinations in which the ozone depleting substances are 
used is presented in figure 2.2. 
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Figure 2.2  Estimated number of determinations using the ozone deplet-
ing substances in 2001 – 2003. All determinations and deter-
minations of oil-in-water specified. 

 

3 The use of the ozone depleting substances accord-
ing to industrial branch 

The number of laboratories using ozone depleting substances in various branches is pre-
sented in the figure 3.1. Research and education includes universities, schools and most 
research institutes. Oil industry includes oil production and refineries. If the number of 
laboratories in a branch was less than five, they have been included in the group 
"Other". This group includes, for example, electric and electronic industry, waste man-
agement and recycling, military products and personal safety, forest and packaging in-
dustry, energy production, glass industry, plastics industry, textile industry, and trading 
of chemicals. 
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Figure 3.1 
anches in 2001. 

or all use 
ination of oil-

The quantities of ozone depleting substances used in the various branches f
purposes, oil-in-water determinations, and other use purposes than determ
in-water are presented in figures 3.2 – 3.4.  
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Figure 3.2 

: 
 match to overall total due to 

Quantities of ozone depleting substances used in various 
branches for all use purposes as kilograms (ODP) in 2001. Note
the total of these numbers may not
rounding. 
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Figure 3.3 Quantities of ozone depleting substances used in various 

branches for oil-in-water determinations in 2001. Note: the total 
of these numbers may not match to the overall total due to 
rounding. 
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ig-
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trom
pose  

terminations is the most 
significant use of the substances. Gravimetry is used for determination of oil-in-water, 

Figure 3.4 Quantities of ozone depleting substances used in various 
branches for other use purposes than determination of oil-in-
water in 2001. Note: the total of these numbers may not match to 

It can easily be seen that commercial laboratories and the oil industry are the most s
nificant users of the ozone depleting substances. Despite of the large number of labora-

s using the substances, the absolute quantity of the substances is low, for example, 
in the branch "research and education". 

4 Use of the ozone depleting substances according to 
the determination method 

The use of the ozone depleting substance for determinations done by infrared spec-
etry, gravimetry, or with any other determination method or for any other use pur-
 was estimated. The results are presented in figure 4.1. It can easily be seen that the

use of substances in infrared spectrometry for oil-in-water de

determination of oil-and-grease-in-water, and other determinations. 
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entioned in the answers were: 

ritys. Infrapuna-spektrofotometrinen mene-

undersøgelse. Olie og fedt. Infrarød spektrofotometrisk meto-
n of oil and grease in water - Infrared spectrophotometric method  

e av olje I vann – Infrarødspektrofoto-

tt i vatten. Infrarödspektrofotometrisk 

m hydrocarbons, oil 
3B, 16th Edition) or (US) EPA 600 Method 418.1  

ning av fetthalt i avloppsvatten från 
livsmedelsindustrin - Infrarödspektrofotometrisk metod - Determination of fat in 

ssing industries - Infrared spectrophotometric method  

) modifications of these methods. 

ation methods mentioned in the answers were: 

den öljyn ja rasvan määritys. Gravimetrinen menetelmä. (Finnish) 

lie og fedt. Gravimetrisk metode/Determination of 
avimetric method (Danish) 

se - Bestemmelse av olje og fett - Gravimetrisk meto-
ravimetric method (Norwe-

ersøkelse - Bestemmelse av fett i avløpsvann fra næringsmiddel-
ometrisk metode/Water analysis - Determination of 

 food processing industries - Infrared spectrophotometric 
method (Norwegian) 

-  SS 08 82 11 Vattenundersökningar - Bestämning av fetthalten (totalhalten fett, 
t fett) i avloppsvatten från livsmedelsindustrin - Gravimet-

(Swedish) 

 Soxhlet and gravimetric determination of oil or grease 

Fig re 4.1.  Use of ozone depleting substances for infrared (IR), gravimetric 
and other determin
terminations of oil-
numbers may not match to overall tota

The infrared determination methods m

-  SFS 3010. Veden öljyn ja rasvan mää
telmä  

-  DS/R 209. Vand
de/Determinatio

-  NS 9803. Vannundersøkelse. Bestemmels
metrisk metode  

-  SS 02 81 45. Bestämning av olja och fe
metod  -  SM 503 B (1985) (Infrared spectrometric method, total petroleu
and grase; Standard Methods 50

-  SS 02 81 03 Vattenundersökningar - Bestäm

wastewater from food proce

-  any (laboratories' own

The gravimetric determin

-  SFS 3009. Ve

-  DS/R 208. Vandundersøgelse. O
oil and grease in water - Gr

-  NS 4752. Vannundersøkel
de/Water analysis - Determination of oil and grease - G
gian) 

-  NS 9804. Vannund
industrien - Infrarødspektrofot
fat in wastewater from

emulgerat och avskiljbar
risk metod 

-  extraction with



-  any modifications of these methods. 

44 other determination methods or use purposes than determination of oil-in-water by 
re mentioned. In addition, two methods (deter-

n ditive in jet fuel) were recognized outside the 
t of ODS used in these methods not included in the fig-

laboratories except for 
the use of the ozone depleting substances as standards or reference materials.  

Other use purposes for the ozone depleting substances were: 

e, vacuum pumps) 

ment 

r preparing standard and reference samples and 

 analysis 

-   or solvent use 

hyll derivates 

 tests and as leak tracers 

-  humidity in gunpowder 

infrared spectrometry or gravimetry we
mi ation of peroxide number and an ad
questionnaire survey, the amoun
ures. All these methods or use purposes are used in less than 10 

-  for cleaning of equipment (for exampl

-  for calibration of equip

-  as a standard or reference o

-  for scintillation

-  for identification of irradiated groceries 

for other cleaning

-  in preparing of hemoglobin controls 

-  for chromatographic separation of chlorop

- in synthesis 

-  for testing of personal safety equipment  

-  in NMR (nuclear magnetic resonance) spectrometry 

-  in field kits for soil and water analysis 

-  as tracers in permeability and porosity

Other determination methods were: 

-  phenols in water (SFS 3011, SS 02 81 28) 

-  oil in pipes (SPRJ råd 6.1) 

-  hydrocarbons in soil 

-  plasticizers in folios 

-  oil additives 

-  Pb and Cd in groceries (AAS) 

-  stress-cracking in plastics 

-  tar in water (gravimetric) 

-  particle size distribution and total solids content in oil 

-  oil in metal shells 

-  cleanness of aluminum pipes 

-  wax in steel products 

-  flavours 
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-  paraffines 

-  wax removal 

-  metals in seawater (very low LOD) 
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uscles 

-  air samples (GC-analysis) 

water i

-  TOC (total organics content or total organic carbon) in water, pipes, extraction 

The quantit s used for field applications, offshore, 
inations and number of individual determinations in 

-  coatings in fertilizers 

-  coccidiostats in eggs and m

-  n oils, fats and vegetable oils, Karl-Fischer titration 

process fluids 

-  oil mist in air (occupational hygiene) 

-  oil in compressed air 

-  fiber treatment chemicals 

-  pregnanetriol 

-  bromine index or bromine value in oil or chemicals (with e.g. ASTM D 1159, 
ASTM D 2710) 

-  iodine index or iodine value, edible oil analysis 

-  structures in polymer samples with NMR 

-  organic compounds in mineral products 

-  kerosene and extract chemicals in process waters 

- determination of peroxide number in jet fuel (ASTM D 3703-99)* and 

- determination of tall oil fatty acid additive in jet fuel*.  
* not included in the questionnaire result figures. 

Product parameters are determined for compressed air, industrial gases, ammoniac, fer-
tilizers, cement material samples etc. 

ies of the ozone depleting substance
and in continuous or on-line determ
2001 are presented in figure 4.3. Significant uncertainties include in the figure, since the 
number of answers per question was low.  
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Figure 4.2 -

nd offshore activities as kilograms 

The field applications include determinations of phenol impurities, determinations of 
rmi-

nations of o for determinations of 

Use of ozone depleting substances for field applications, con
tinuous or on-line methods a
(ODP) in 2001.   

hydrocarbons in soil, calibration of scintillation measurement equipment, and dete
il-in-water. Continuous and on-line methods are used 



industrial gases, bromine index in oil and chemical products, kerosene and extraction 
chemicals in mineral industry, and oil-in-water. Determinations done offshore are 
merely oil-in-water -analysis.  

5 The use of the ozone depleting substances accord-
ing to sample type 

If classified by the sample type or media, determinations of water, like wastewater, 
drinking water, surface, recipient, and ground waters, is clearly the most significant use 
purpose of the ozone depleting substances. Smaller amounts of the substances are used 
for determinations of soil, waste, sludge, various products, and other use purposes. 
Among the determination of products, like oil, wood, minerals, plastics, textiles, chem
cals, and pipes, no distinctive media arose. 
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Figure 5.1 The use of the ozone depleting substances classified by the 

sample type in 2001. Note: the total of these numbers may not 
match to overall total due to rounding. 
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Figure 5.2  Quantity of individual determinations classified by the sample 

6 The amount of the ozone depleting substances 
used for an individual determination 

type in 2001. Note: the total of these numbers may not match to 
overall total due to rounding. 
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An important way to decrease the use and emissions of ozone depleting substances is to 
reduce the amount of the substance used in an individual determination. 99 laboratories 
gave information on the volume of the substance used in an individual determination 
concerning a total of 120 method cases.  
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Figure 6.1 The volume of an ozone depleting substance used in an indi-

vidual determination in 2001 as milliliters (ml). All determina-
tions and determinations of oil-in-water specified. (n = 120) 

The smallest volumes were needed when the substances were used as standards or refer
ences, in scintillation analysis, and in dete

-
rminations of oil additives, bromine index, 

and polymer structure. The biggest volumes were used in extraction with Soxhlet 
equipment, and for a rare use purpose, the chromatographic separation of chlorophyll 

re 
6.2., and th
derivates. The total use of the substances classified by the volume is presented in figu

e quantity of determinations in figure 6.3.  
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Figure 6.2 Amount of ozone depleting substances used in 2001 as kilo-

grams (kg, ODP) classified by the volume used in individual de-
terminations. All determinations and determinations of oil-in-
water specified. Note: the total of these numbers may not match to 
overall total due to rounding. 

Most of the substances are used in determinations in which >10 - 25 ml or >50 - 100 ml 
of substance is needed. This is easily explained by the total number of individual deter-
minations done in these volume classes. 
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Figure 6.3 Quantity of determinations classified by the volume of ozone 

depleting substance used in an individual determination in 
2001. All determinations and determinations of oil-in-water 
specified. Note: the total of these numbers may not match to 
overall total due to rounding. 

The result suggest that reducing the volume of an ozone depleting substance used for a
individual determination has been applied quite well, but not comprehensively. How-
ever, the accuracy of the method and recoveries may severely suffer, for example, due 
to the decreased quantity of extraction solvent used in the determination, and therefore
good experience on each determination method and sample type is a prerequis

n 

 
ite to de-

crease the volume of the substance used. 

7 The quantities of the ozone depleting substances 
used in individual laboratories 

It was estimated how much ozone depleting substances are used in an individual labora-
tory. However, because a laboratory may use the substances for one or more use pur-
pose, it is more practical to count each use purpose in each laboratory as an individual 
case, named as "number of cases" in figures 7.1. and 7.2. Quantitative information on 
128 determination methods or other use purposes was received from 110 laboratories. 
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Figure 7.1 Number of use purposes classified by the quantity of ozone de-

pleting substances used for the purpose in an individual labo-
ratory in 2001. All determinations and determinations of oil-in-
water specified. (n=110) 

There are several use purposes for which only relatively small quantities of the ozone 
depleting substances are used. It is suggested that substitution is easy in some cases, e.g. 
when it is not economically viable to buy a gas chromatograph to substitute determina-
tion of oil-in-water by infrared spectrometry, the determinations can easily be bought 
from a commercial laboratory. However, this is not true for all use purposes. 

The absolute amount of the ozone depleting substances used in each size class was es-
timated as presented in figure 7.2.  
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Figure 7.2 Quantities of the ozone depleting substances used in each size 

class in 2001 as kilograms (kg, ODP). All determinations and 
determination of oil-in-water specified. Note: the total of these 
numbers may not match to overall total due to rounding. 

It can easily be seen that most of ozone depleting substances were used in the bigges
laboratories. Also most of the individual determinations are done 

t 
in these laboratories. 
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8 The after-use fate of the ozone depleting sub-
stances 

The laboratories were asked whether the ozone depleting substances are recycled or re-
generated, delivered to an appropriate waste treatment/thermal destruction plant, or lost
to air, water or sewage. 93 laboratories gave an estimation of the fate of the substanc
concerning 110 use purposes. 58 laboratories estimated that no losses take place. 18
laboratories answered that in 20 use purposes the substances are recycled or regenerated 
after use. The estimations of losses as percents of the amounts of substance used for 
each use purpose are presented in figure 8.1. 
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er of use purposes classified by the percent of ozone de-

ting

he emission of the ozone depleting substances to atmosphere from labora-
 scen

In the first s  the losses was 
given, a cou n and loss to air, 
sewage or w
the recycling/regeneration rate between the countries. It was noticed that the substances 
are recycled or regenerated in the greatest ratio in Norway, where the substances are 
used in, for example, for determinations of produced water at offshore oil production 
plants. For example, in Denmark, the determination of oil in drinking water is a signifi-
cant use of the substances, and the detection limit requirements, and therefore the re-
quirements for the purity of the substances are different. However, typically relatively 
small amounts of ozone depleting substances were used for an individual determination 
in Denmark. This scenario may produce an underestimation of the emissions, since 
many laboratories assumed that absolutely no losses took place.  

In the second, "reasonable worse case" scenario, it was presumed that at least some 
losses took place in every laboratory. A country specific loss rate was calculated on the 
basis of those laboratories assuming non-zero losses. This loss rate replaced all zero 
loss assumptions. It is understood that this scenario does not necessarily lead to a 
significant overestimation on the losses.  

air, water or sewage are finally totally emitted into atmosphere.   

cenario, estimated "as announced", if no information on
ntry specific rate for waste treatment, recycling/regeneratio
ater was used. A country specific factor was needed due to differences in 
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ince some laboratories recycled or regenerated the substances, the quantity of new 
aller than the amount actually used. Therefore "total use" was 

calculated using various ber 
determinations done, and the amount of substance used for one determination. It is easy 

f d
 lead nd ha  o , 
, us t r t

 laboratories have estimated their use of the substances with the same 
cul

s, cuvettes etc. 

n the "total use" and fate of the ozone depleting substances in 2001 is 
able z t
 "rea as  g 1 

kg kg (ODP) % % (ODP) 

S
substances needed is sm

methods. Typically a laboratory knew the num of 

to calculate the total consumption, or example, 100 eterminations times 100 ml per 
determination s to 10 liters, a  the laboratory s bought 5 liters f new substance
and in addition
the fact that some

ed recycled subs ance. Some unce tainty in the resul s occur due to 

method not cal
sample bottle

ating the amounts needed for blank and standard samples, rinsing 

The estimation o
presented in t  and the fate of o one depleting substances as estima ed in the "as an-
nounced" and sonable worst c e" scenarios are iven in tables 8. and 8.2.  
 

Total use of ODS  22028  19926  100  100 
Of which new 
ODS 

 (17414)  (16430)  (79)  (82) 

To approp te 
tion* 

 13688  13425  62 

 or 
* 

 7382  5697  34 

,  958  805 

ria
waste destruc

 67 

To recycling
regeneration

 29 

As loss to air  4  4 
water or sewage* 
Oil-in-water   20149  18204  100  100 
Of which new 
ODS 

 (15761)  (14901)  (78)  (82) 

To appropriate 
waste destruction* 

 12355  12195  61  67 

To recycling or 
regeneration* 

 6974  5336  35  29 

As loss to air, 
water or sewage* 

 820  673  4  4 

Table 8.1 Total use and the fate of the ozone depleting substances in 
2001 as estimated in the "as announced" –scenario as kilo-
grams (kg, ODP). All determinations and determinations of oil-
in-water specified. *Note: The total of these numbers may not 
match to overall total due to rounding. 



 

 
kg kg (ODP) % % (ODP) 

Total use of ODS  22028  19926  100  100 
Of which new 
ODS 

 (17414)  (16430)  (79)  (82) 

To appropriate 
waste destruction* 

 13305  13058  60  66 

To recycling or 
regeneration* 

 7361  5698  34  29 

As loss to air, 
water or sewage* 

 1362  1170  6  6 

Oil-in-water   20149  18204  100  100 
Of which new 
ODS 

 (15761)  (14901)  (78)  (82) 

To appropriate 
waste destruction* 

 11996  11849  60  65 

To recycling or 
regeneration* 

 6951  5336  34  29 

As loss to air,  1202  1019  6  6 
water or sewage* 

Total use and the fate of the ozone depleting substances in 
2001 as estimated in the "reasonable worst case" –scenario as 
kilograms (kg, ODP). All determinations and determinations of 
oil-in-water specified. *Note: The total of these numbers may not 
match t

Table 8.2 

o overall total due to rounding. 

n the basis of the scenarios, it is estimated that the emissions of the substances into 

-
 

lograms (ODP) due to the use of 
CFC-113 with smaller ODP-factor by big users recycling the substances. There is no 

substances are not recycled or regenerated 
ands for laboratory chemicals, that is, the 

reuse is possibly avoided in the fear of contamination.  

O
atmosphere from laboratory use purposes were 670 – 1020 kg (ODP) in the Nordic 
countries in the year 2001. The estimation is relatively low compared to a figure pre
sented in literature, which presumed that the recoveries of extraction solvents can be as
low as 60 %, and 85 % at the maximum. [225]. 

The recycling ratio is smaller when expressed as ki

one explanation for why the ozone depleting 
more. One explanation is the high quality dem

An estimation of losses classified by the quantity of the substances used for individual 
use purposes was done for both scenarios as presented in figures 8.3 and 8.4.  

All labs, as announced OIW, as announced
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Figure 8.2 Loss of the ozone depleting substances as kilograms (kg, ODP) 

classified by the quantity of the substances used for individual 
use purposes - "as announced" -scenario. All determinations 
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ot match to overall total due to rounding. 
and determinations of oil-in-water specified. Note: The total of 
these numbers may n
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terminations of oil-in-water specified.  Note: The 
 numbers may not match to overall total d

pared to the amount of ODS 
aller in th

ounts of ODS. In the "reasonable worst case" –scenario the losses increase 
S, but

limits  
 

it was understood as one of the most important performance properties of 
ethod does not 

mean that th le and suitable. However, it was used as an important 

tection limits were higher especially for gra-

ations of fertilizer coatings. A typical detection limit for 
g/kg. 

sing ozone depleting sub-
,1 mg/l were used also for 

i ction limit of 1 mg/l was used for the de-
m icals in process waters. Detection limit of 1 

mg/l was achieved also in gravimetric determination of oil-in-water -analysis. Detection 
i rticles in oil and gravimetric oil in 
s for some infrared determinations of oil in wastewater. A 

Figure 8.3 Loss of the ozone depleting substances as kilograms (kg, ODP) 
classified by the quantity of the substances used for individual 
use purposes - "reasonable worst case" -scenario. All determi-
nations and de
total of these ue to round-
ing. 

 

According to the "as announced" –scenario, the losses com
used, as presented in figure 7.2., are generally sm e laboratories using the 
greatest am
in the laboratories using the greatest amounts of OD  in general, the losses are still 
relatively smaller than in the smaller laboratories. 

9 Detection 

Detection lim
a method. It is emphasized that a good detection limit of a substitute m

e method is applicab
parameter to describe the requirements to substitute methods. 

Detection limit of 0,1 mg/kg was typical for determinations in soil, waste, and sludge 
samples. For soil and sludge analysis, de
vimetric determinations. Detection limit of 10 mg/kg was typical, and limits varied up 
to 150 mg/kg for determin
organic compounds in mineral products and hydrocarbons in soil was 1 m

The most typical detection limit for oil-in-water analysis u
stances was 0,1 mg/l. Methods with the detection limit of 0
var ous wastewater and drinking analysis. Dete
ter ination of kerosene and extract chem

lim t of 2 mg/l was used for determination of pa
wa tewater analysis, but also 



higher detection limit, 5 mg/l, was used in oil, grease and tar in wastewater analysis, 

urements. Detection limits from 0,01 
/ water and oil in wastewater analysis, 

ved in the analysis of oil-in-
rinking water, oil mist in air for oc-

cupational health purposes and oil in compressed air. Detection limits even below 0,001 
/ it of 

on of coccidiostats in eggs and muscles. 
etal surfaces –analysis 

ing. 

ng the ozone depleting sub-
 depleting 

n the reasons why an ozone depleting substance or a 
thod using ozone depleting substances has not been substituted. The reasons are pre-

All answers Oil-in-water 

and in oil additives analysis.  

Lower detection limits were needed for some meas
mg l to 0,05 mg/l were achieved in phenol in waste
and limits between 0,001 mg/l and 0,01 mg/l were achie
wastewater, especially in determinations of oil-in-d

mg l were achieved in determination of metals in seawater. A detection lim
0,001…0,01 mg/kg was achieved in determinati
Very low detection limits are required also in some oil on m
(0,001 mg/m2), and in permeability and porosity test

10 Obstacles to substituti
stance or the method using an ozone
substance 

95 laboratories gave information o
me
sented in table 10.1. 
Number of laboratories 
No substitute method is known.  47 
 

 13 

Development of substitute method is not  
m

 38  24 
co pleted. 
Detection limit of substitute method is deficient. 
 

 13  7 

Accuracy (like repeatability or reproducibility) of substitute 
method is inadequate. 

 8  4 

Su stitution causes investments in instrumentation or other imple-  20  15 b
mentation costs. 

mination method is strictly determined in monitoring program  10 Deter  7 
or environmental license. 
Determination method is required on the basis of a PARCOM or 
HELCOM decision or recommendation. 

 1  1 

Other, please specify?  
 

20  9 

Tab e 10.1 Obstacles to substil tution of methods using ozone depleting 

es several obstacles were mentioned. In some 
be in use, but it was not specified which meth-

s ncerned.  

he following methods or use purposes (number of 

f oil and grease in wastewater or surface water (13) 

in drinking water (5) 

ynthesis (4) 

 in sludge (2) 

substances. (n = 95) 

For some analysis methods or use purpos
cases, many methods were announced to 
od the obstacles presented co

No substitute method was known for t
answers in parentheses): 

-  determination o

-  determination of oil and grease 

-  determination of oil and grease in soil (4) 

-  determination of bromine index (3) 

-  research of various chemical s

-  conservation of art1) (2) 

-  determination of oil and grease
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) 

lex metal surfaces (1) 

es (1) 

rocarbons in soil (1) 

s (1) 

pounds in mineral products (1) 

ll derivates (1) 

rease in industrial gases (1) 

stry wastewater (1) 

 fats and vegetable oils (1) 

king in plastics (1) 

d porosity detection (1) 

es (1) (need to use a heavy non-polar solvent) 
 1) . User and importer notified. 

t not completed, for the determination 
of (number of answers in parentheses): 

il and grease in soil (6) 

mineral products (1) 

 seawater (1) 

-  plasticizers in a plastic product (1) 

-  determination of iodine index (2) 

-  determination of rest oil in metal products (2

-  metals in water with a very low detection limit (2) 

-  analysis of  oil on comp

-  determination of phenol impurities (1) 

-  determination of oil in industrial gas

-  field determination of hyd

-  determination of oil additive

-  preparation of hemoglobin controls (1) 

-  determination of organic com

-  chromatographic separation of chlorophy

-  determination of flavours (1) 

-  determination of wax in steel products (1) 

-  NMR (nuclear magnetic resonance) analysis (1) 

-  determination of oil and g

-  determination of grease in food indu

-  Karl-Fischer titring: water in

-  determination of stress-crac

-  permeability an

-  identification of irradiated groceri
 Illegal use of ozone depleting substances

A substitute method was under development, bu

-  oil and grease in wastewater, surface water or recipients (23) 

-  o

-  oil and grease in sludge (6) 

-  oil and grease in drinking water (3) 

-  oil in metal products (2) 

-  surface coatings of fertilizers (2) 

-  oil and grease in waste (2) 

-  oil product (1) 

-  fiber treatment compounds (1) 

-  organic compounds in 

-  freon extraction of metals in

-  permeability and porosity (1) 



-  TOC in waste and soil (1) and 

for Karl-Fischer –titration (2) and -  

e substitute was deficient for the determination of (number 

 or surface water (5) 

-  

Acc was inadequate for the determination of (number of 

-  ngs of fertilizers (1) 

-  freon extraction of metals in seawater (1). 

Investments in instrumentation or other implementation costs were obstacles to the sub-

ses):

-  oil and grease or hydrocarbons in soil (5) 

-  ase in sludge (4) 

) 

-  nic compounds in mineral products (1) 

-   complex metal surfaces (1) 

-  for research of various chemical synthesis. 

Detection limit when using th
of answers in parentheses): 

-  oil and grease in wastewater

-  oil and grease in drinking water (5) 

-  oil and grease in soil (2) 

oil and grease in sludge (2) 

-  metals in water with a very low detection limit (2) 

-  compressed air analysis (1) 

-  coccidiostats in eggs and muscle (1) and 

-  polymer structures with NMR (1). 

uracy of the substitute method 
answers in parentheses): 

-  oil and grease in wastewater or surface water (4) 

-  oil and grease in soil (4) 

-  oil and grease in drinking water (3) 

-  oil and grease in sludge (2) 

-  oil and grease in waste (1) 

-  oil product (1) 

surface coati

-  polymer structures with NMR (1) and 

stitution of the method used for the determination of (number of answers in parenthe-
 

-  oil and grease in wastewater or surface water (12) 

oil and gre

-  oil and grease in drinking water (2

orga

-  rest oil in metal products (1) 

analysis of  oil on

-  oil mist in air (1) and  

-  Karl-Fischer –titration (2). 

Monitoring program or environmental license strictly determined the method used for 
the determination of (number of answers in parentheses): 
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quires the use 
of IR-method [with low detection limit]) 

il and

-  rinsing il-in-water) 

-  method is the only allowed test protocol in the U.S.A. (testing of personal safety 

ith solvents needed in substitute 

ethod 

-  new an ot accepted by all (analysis of oil in 

, air, waste and contaminated soil. Couple respondents mentioned that 

termination of organic compounds and as a solvent for determination of oil-in-water 

-  oil in wastewater (3) (in one answer: ISO 9377-2 is not good enough for analysis
aliphatic and aromatic hydrocarbons and nonpolar aliphatic hydrocarbons) 

-  oil in drinking water (3) (national environmental protection agency re

-  o  grease in soil (1) 

-  oil and grease in sludge (1) 

-  grease in food industry wastewater (1) and 

-  phenol in industrial wastewater (1). 

Other obstacles to the substitution were: 

-  poor comparability between results (oil in soil, water and waste; TOC) 

-  needs to measure grease in oil (analysis of grease in water, soil and sludge) 

-  there is no as good solvent available as carbon tetrachloride (oil in water and soil, 
gravimetric method) 

-  in some cases cannot be replaced with any other solvent (chromatographic separa-
tion of chlorophyll derivates) 

-  substitute method is slow (oil in soil, waste) 

-  substitute solvent contains too much disturbing impurities (oil in compressed air) 

-  gravimetric method is not suitable for use purpose (oil analysis of industrial gases) 

-  method is a pharmacopean standard (iodine value of groceries) 

-  difficulties to substitute in all cases (synthesis) 

 of sample bottles is required by standard (determination of o

equipment) 

-  there are no available centrifuges suitable for use w
method (oil in soil and waste) 

-  old and new method are used concurrently to evaluate accuracy of the new m

-  there is no suitable method to be used in a small laboratory (analysis of Pb and Cd 
from groceries by AAS) 

-  amount of substance needed is extremely small (calibration of scintillation equip-
ment) 

-  there is a need to buy a direct measuring instrument with FID-detector (analysis of 
oil in air) 

-  new GC-method measures only C10…40 –fraction (analysis of oil industry wastewa-
ter) 

alysis method is arguable and n
wastewater and slam) 

The ozone depleting substances were also used as necessary and unreplaceable stan-
dards for various organic analytics, for example, in determination of volatile organic 
carbons in water
the substances are used for teaching purposes in small quantities: as a reagence for de-



with IR. One laboratory mentioned problems with emulsions in their samp
culties to separate light and heavy hydrocarbons in a GC-analysis. Concerning TOC 
analysis, it was mentioned that the results achieved with different techniques are not 
comparable, because they measure separate fractions of organic carbons. 

10 Substitute methods and phase of substitution 

51 laboratories gave at least some information on a substitute substance or me
cerning 53 method cases. In 12 cases the present method will be used with the ozone 
depleting substance substituted. However, most of the laboratories have substituted or 
will substitute both the substance and the method.  

The use of most typical substitute substances is presented in figure 10.1. 
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Figure 10.1 The number of method cases in which substitute substances 

are used. All determinations and determinations of oil-in-water 
specified. (n=51) 

41 laboratories gave information on 48 substitute method cases. The new EN-ISO 9377-
2 (or its national versions) was the most typical substitute method. Some laboratories 
also used old, new or even draft gravimetric methods.  
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ending on 
n 

limi , only quite few laboratories gave any information on the 
detection limit. 

Information on the situation of substitution was received concerning 46 method cases.  

Figure 10.2 The substitute methods. All determinations and determinations 
of oil-in-water specified. (n=41) 

The detection limits of substitute methods varied from 0,1 mg/l to 50 mg/l dep
the substitute method or substance, and sample type. No answer mentioned a detectio

t below 0,1 mg/l, however
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Figure 10.3 Situation of substitution. All determinations and determinations 

of oil-in-water specified. (n=46) 

 

19 laboratories gave information on their participation in method development or vali-
dation. 
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Figure 10.4 Laboratories' participation in method development or stan-

dardization process, interlaboratory calibrations or compara-
tives studies, and internal comparison studies. All determina-
tions and determinations of oil-in-water specified.  (n=19) 

Additionally, few labs mentioned that they haven't yet started the comparison of the pre-
sent and the substitute method. Some smaller laboratories announced that they have al
ready quitted or are going to quit using IR-method and will start to buy the determina-
tions from other laboratories. 

11 Economical consequences of the substitution 

It is difficult to estimate economical and other consequences of substitution, because the
laboratories have very different kind of needs and possibilities to substitute a method. 
At least the following issues

-

 

 influence the possibility to substitute a method: 

-  availability, applicability and suitability of a substitute method in the laboratory 
and for the sample types 

- comparability of the results between the present and substitute methods 



- possibility to use existing equipment with or without modifications 

- costs of substitute equipment, cost and time needed to qualificate the substitute 
method 

- costs between the present and the substitute method 

- time needed for an individual determination and delays of the results with the sub-
stitute method 

- possibilities to buy analysis from another lab. 

 

or 

able in commercial laboratories. In the biggest laboratories, several gas chromato-
graphs might be needed to run large amounts of samples. Calibration and qualification 
of the substitute method adds application costs.  

A coarse estimation on the substitution costs of oil-in-water determinations was calcu-
lated based on the information given by the laboratories. If the information was not 
available, a subjective case-by-case evaluation was done. The estimation is only trend-
setting and describes only the order of magnitude of probable substitution costs. It was 
estimated that 35 laboratories, of which 30 are running oil-in-water determinations, will 
change to a gas chromatographic method in oil-in-water determinations, and 25 labora-
tories probably have a gas chromatograph of their own. A new column or detector is 
possibly needed. 10 laboratories will continue with an infrared method with a substitute 
substance, and 5 laboratories will substitute to a gravimetric method. 15 laboratories, of 
which 13 running oil-in-water determinations, will cease the determinations. 3 laborato-
ries are going to use a totally different kind of method. In practice, the numbers should 
be doubled to cover the all laboratories in the Nordic countries. It is also unsure how 
many offshore production plants have a gas chromatograph of their own, or whether the 
determinations are done in onshore laboratories.  

For example, Norway has 33 offshore determination points. A typical gas chromato-
graph with a FID costs approximately 40 000 euros. Additional equipment like auto-
samplers add to the price. A typical determination of oil-in-water requires at least 20 
minutes, some less volatile or slightly polaric hydrocarbons might need a longer purge 
time to improve the recovery rate. If a new column for GC costs around 500 euros, and 
a new detector for GC approximately 6000 euros. Equipment for gravimetric determina-
tions are assumed to already exist in the laboratories. Other substitution costs are not in-
cluded. Further, it is assumed that no less than 30 new GCs are needed, not including 
the possible offshore use, and need for on-line determinations offshore. The equipment 
costs for 30 new GCs are 1,2 million euros. Because the GC can be used in various 
other methods, it is assumed that many laboratories would have bought a GC anyway 
during the next 5 – 10 years. An assumption was made that half of the laboratories 
would have bought a GC in any case, and five years was chosen  as a typical lifetime for 
a GC. During the next ten years, substitution of ozone depleting substances in determi-
nation of oil-in-water will lead to a reduction of 6700 – 10200 kg (ODP) of emissions, 
costing 0,6 million euros. The costs per reduced emission ton is therefore estimated to 
be 60 000 – 90 000 euros.  

On the other hand, estimating that 5 % of the used substance is emitted, and 50 ml of 
substance with a density of 1,4 is used in an individual determination, approximately 

The performance properties of a substitute method have to be assessed for each sample
media. In some cases, existing equipment, like a gas chromatograph, can be used as a 
substitute equipment, however, a new injection equipment, separation column and/
detector is possibly needed. In small laboratories, it is probably not economically rea-
sonable to buy a new gas chromatograph unless is is necessary to run the determination, 
for example, in the very vicinity of an industrial process, or the determination is not 
avail
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nd substitution costs per an 
individual determination are less than one euro. This is not quite true, because an aver-
age laboratory runs approximately 1000 determinations in one year, and a GC with a 
price of 40 000 euros will lead to equipment costs of 4 euros per determination during 
next 10 years. Some of the GCs will probably be used for the determination of BTEX in 
drinking water. In these cases, a bench scale GC with a PID or MSD is needed. A typi-
cal instrument of this kind costs almost 100 000 euros even without purge-and-trap or 
head space injection included in the price. Some savings or additional costs can be 
added or reduced by work and solvent prices depending on the case and sample type.  

A typical price of a determination by IR is 75 – 100 euros, even less, by gravimetry 
around 75 – 125 euros, and for example, determination of the BTEX with GC/FID be-
tween 100 – 140 euros, sometimes including also determination of MTBE, TAME and 
TVOCs. Determination packets of various petroleum components by GC/FID and 
GC/MS cost around 150 – 320 euros depending on the fractions to be determined, and 
prices of aromatic hydrocarbons and volatile mineral oils approximately 80 euros. As a 
comparison, price of determination of PAHs by GC/FID in water costs around 160 eu-
ros. 

286 000 determinations are done per an emitted ton (ODP), a



A
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 The questionnaire formnnex 2.



 
Finnish Environment Institute  Postal address Box 140,  FIN-00251 Helsinki Tel. +358 9 403 000 Email kirjaamo.syke@ymparisto.fi 
 Visiting address Mechelininkatu 34 a Fax. +358 9 4030 0190 Internet  www.environment.fi/syke 
Finlands miljöcentral  Postadress PB 140,  FIN-00251 Helsingfors Tfn. +358 9 4030 00 e-post kirjaamo.syke@ymparisto.fi 
 Besöksadress Mechelingatan 34 aFax +358 9 4030 0190 Internet www.miljo.fi/syke 

 
Date 

  1/2
Number 

 

41 
 
 

  

Subjec STANCES 

svenska

22.8.2002 SYKE-2202-P-157-0

ORGANIZATION 
Department 
Person 
 
Postal address 
City 
Country 
 

t LABORATORY USES
   

 OF OZONE DEPLETING SUB

Detta följebrev och bifogade frågeformulär finns även på Internet på engelska, finska och  
http://www.ymparisto.fi/ympsuo/kemik/ODSLAB.htm (fil format: Microsoft Word 97).  
Frågeformuläret kan returneras per e-post. 

Saatekirje ja kyselylomake ovat saatavissa myös Internetissä englanniksi, ruotsiksi ja suomeks
http://www.ymparisto.

i 
fi/ympsuo/kemik/ODSLAB.htm (tiedostotyyppi: Microsoft Word 97). 

alauttaa sähköpostitse. 

Dear

rdic countries.  

Aim o

Project ODSLAB – Laboratory Uses of Ozone Depleting Substances collects 
 the use of ozone depleting substances (ODS) in laboratories. Information 

collected and produced in the project is used to recognize the needs for ODS use, 
evaluate the possibilities to substitute ODS with less harmful compounds, and to assess 

Current issues concerning the use of ozone depleting substances in laboratories  

depleting trichloroethane, 
FC-compounds) for analytical purposes is regulated by the Montreal Protocol. The 
arties to the  Protocol decided in their 11th meeting to prohibite the use of ODS in 

of oil, grease and total petroleum hydrocarbons in water, Forensic 
g and Testing of tar in road-paving materials after 2001. An emergency 

exemption quota was granted to European Union for the testing of oil, grease and total 
 for 2002.  

Kyselylomakkeen voi p

 Sir / Madam, 

Finnish Environment Institute (SYKE) executes an inquiry on  the use of ozone 
depleting substances (ODS) for analysis and laboratory purposes in the No

f the inquiry 

information on

measures taken in ODS abatement.  

Use of ozone substances (like carbon tetrachloride, 1,1,1-
C
P
Testing 
fingerprintin

petroleum hydrocarbons in water

mailto:eliisa.irpola@environment.fi
mailto:miska.vaara@environment.fi
http://www.ymparisto.fi/ympsuo/kemik/ODSLAB.htm


 2/2 

Financier of the project and publication of results 

The project is financed by the The Nordic Chemical Group (NKG) under the Nordic Council 
of Ministers. The project is commissioned and guided by Nordic competent authorities for 
ozone deplesting substances. A summary report will be published in TemaNord –series in 
2003. Individual replies are comprehended as confidential. Summary information concerning a 
nation or all the Nordic countries will be published in such a manner that no information on an 
individual laboratory can be deduced. A copy of the summary report in electric form will 

aire and given their contact 
iAdditional information 

For additional information on the project, pleas  Senior Expert, Mr. Miska Vaara, 
+358 9 4030 0576, email miska.vaara@environ

be send to all who have responded to the questionn
nformation. 

e contact
ment.fi, or Senior Advisor, Mrs. Eliisa Irpola, 

tel. +358 9 4030 0525, email eliisa.irpola@environment.fi.   

Deadline for returning the questionary form 

Please send the completed questionary to Finnish Environment Institute at the latest 
Friday, 6th of September 2002. The questionnaire can also be returned by email to Mr. 
Miska Vaara, miska.vaara@environment.fi. The questionary form is available as a 
M icrosoft  Word file at http://www.ymparisto.fi/ympsuo/kemik/ODSLAB.htm. 

 Environment Institute Finnish

Th  Fin h and 
mental administration. SYKE is also the national competent 

authori 000 of the European Parliament 
an of 

Th nk 

With k

 

Jukka M

Mr. Juk

Division Manager Senior Expert, chemical risk management 

 

Enclosures 

Questi

Return

e nish Environment Institute (SYKE) is the national environmental researc
development centre of the environ

ty in the implementation of Regulation (EC) No 2037/2
d the Council of 29 June 2000 on substances that deplete the ozone layer.  

a You very much for Your co-operation. 

ind regards, 

alm Miska Vaara 

ka Malm Mr. Miska Vaara 

 

onary form 

 envelope (no stamp required) 
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Finnish Environment Institute 
Chemicals Division 

 
 QUESTIONNAIRE ON THE LABORATORY USES OF 
 OZONE DEPLETING SUBSTANCES 

 
Co
Mr

 

Mr
 
 

 

 

 GENERAL INFORMATION
ntact persons: Postal Address: Telephone: Telefax: Email: 
s. Eliisa Irpola Finnish Environment Institute +358 9 403 000 +358 9 4030 0591 eliisa.irpola@environment.fi 
. Miska Vaara Chemicals Division    miska.vaara@environment.fi 

Box 140 Please take a copy of the questionary form or part of it if needed. 
FIN-00251 HELSINKI Questionary form downloadable as a Microsoft Word file at:  

 FINLAND http://www.ymparisto.fi/ympsuo/kemik/ODSLAB.htm 

CONTACT INFORMATION OF THE RESPONDENT 
COMPANY OR ORGANISATION  

      
PLACE OF BUSINESS OR DEPARTMENT 

      
POSTAL ADDRESS 

      
COUNTRY 

      
POSTAL CODE AND CITY 

      
TELEPHONE NUMBER FOR CONTACT PERSON 

      
CONTACT PERSON 

      

EMAIL ADDRESS FOR CONTACT PERSON 

      

 

1.  ARE OZONE DEPLETING SUBSTANCES* USED OR HAVE THEY BEEN USED FOR 
ANY LABORATORY OR ANALYTICAL PURPOSES** IN YOUR ACTIVITIES? 

  Yes, we use or we have used these substances for laboratory or  
  analytical purposes**.   
 Please respond to the questions in chapter 2. 
  We have adopted or intend to adopt substitute substances or methods.  
 Please respond to the questions in chapter 3. 
  No, we have never used ozone depleting substances in our activities.  

The questionnaire is completed. Thank you for your respond! You can give 
feedback on the other side of this sheet or directly to our contact persons. 

 

* DEFINITION. Ozone depleting substances are carbon tetrachloride (CTC), 1,1,1-trichloroethane, fully halo-
genated chlorofluorohydrocarbons (CFCs, freons), halons, partly halogenated chlorofluorohydrocarbons 
(HCFCs), methyl bromide and partly halogenated bromofluorohydrocarbons as represented in annex to Regula-
tion (EC) No 2037/2000 of the European Parliament and of the Council of 29 June 2000 on substances that de-
plete the ozone layer.  

**DEFINITION. Typical laboratory and analytical uses include: equipment calibration, extraction solvents, diluents, 
carriers for specific chemical analyses; inducing chemical-specific health effects for biochemical research, as a 
carrier for laboratory chemicals, in reagent use; and for other critical purposes in research and development 
where substitutes are not readily available, or where standards set by national and international agencies require 
specific use of the controlled substances. Use of ozone depleting substances in refridgerators and general air 
conditioning are not laboratory and analytical uses mentioned in this inquiry.  

INSTRUCTIONS. In order to get specific information, please complete an individual sheet 
for each type of analysis or other use purpose under titles 2 and 3 whenever possible and 
applicable. Please take additional copies of the questionnaire if needed. 
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1. PLEASE GIVE US FEEDBACK AND ANY OTHER  COMMENTS 

FEEDBACK 

      
 



 

 
2.  FOR WHAT ANALYTICAL OR LABORATORY PURPOSES OZONE DEPLETING 

 

BSTANCE IS USED  

SUBSTANCE ARE USED OR HAVE BEEN USED? 
INSTRUCTIONS. PLEASE COMPLETE AN INDIVIDUAL SHEET FOR EACH ANALYSIS METHOD AND OTHER USE OF 
SUBSTANCE. Please take additional copies of the questionnaire if needed. Amounts of after use treatment can be written
as percentage values, volumes or weights. If only the total consumption or total amount of waste of a given substance is 
known, please mark these only on the first sheet. 

2.1. ANALYSIS OR OTHER USE PATTERN IN WHICH OZONE DEPLETING SU

 Oil-in-water analysis, please specify: 
  DS 209. Vandundersøgelse. Olie og fedt. Infrarød spektrofotometrisk metode.  
  NS 9803 Vannundersøkelse - Bestemmelse av olje i vann - Infrarødspektrofotometrisk metode.  
  SS 02 81 45. Bestämning av olja och fett I va

Other oil-in-water analysis method, please specify?

 Any other determination or use, please specify?        

 Method is used in field application

 Method is used in offshore activity 

Principle of method (example: UVF):          
nt (name of manufacturer and device):         Instrume

2.3. NAME OF  OZONE DEPLETING SUBSTANCE USED IN METHOD  2.4. AMOUNT OF SU

(E  

  

BSTANCE USED FOR ONE  

ERMINATION, AVERAGE (EXAMPLE: "100 ml")

      
XAMPLE: "CFC-11") 

DET

    
2.5. PURPOSE OF OZONE DEPLETING SUBSTANCE IN METHOD 

xtraction solvent 

ther, please specify?       

2.6. DETE

Detection limit mentioned in the standard:  

 Laboratory's detection limit for the method is:       

terminations in 2001 
       
      determinations in 2003 

Method has not been used or will not be 
used after year:        

2.7. NUMBER OF DETERMINATIONS YEARLY 

      de

determinations in 2002 

tten. Infrarödspektrofotometrisk metod. 

         
 
 
 
2.2. USE OF METHOD IN FIELD APPLICATIONS OR OFFSHORE ACTIVITIES, CONTINUOSLY OR ON-LINE 

s   Method is continuous or used on-line 

 E

 O

CTION LIMIT (EXAMPLE: "0,1 mg/l", IF APPLICABLE) 

       

2.8. NUMBER OF SAMPLE TYPES IN YEAR 2001 (NUMBER OF DETERMATIONS OR PERCENTAGE VALUES, APPRX.) 

 Wastewater or effluent analysis        .  Soil analysis        . 

 Waste analysis         .  Drinking water analysis        . 

 Sludge analysis         .  Oil product analysis        . 

 Other, please specify?       ,      . 

 Other, please specify?       ,      . 

2.

(EXAMPLE. "10 KG")  

Amount of substance used for this purpose:       

(AS AMOUNTS "12 KG" OR PERCENTAGE VALUES "10 %")  

- to appropriate thermal/waste destruction:        
- to recycling or regeneration:        
- as loss or wastage to air, water or sewage: 

9. AMOUNT  OF SUBSTANCE USED IN THE YEAR 2001   2.10. TREATMENT AFTER USE IN THE YEAR 2001 
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PLEASE COMPLETE AN INDIVIDUAL SHEET FOR EACH USE OF SUBSTANCE. COPY SHEET IF NECESSARY.

USE PURPOSE OF OZONE DEPLETING SUBSTANCE – PAGE 1 

 
Please turn the page!



 
 USE PURPOSE OF OZONE DEPLETING SUBSTANCE – PAGE 2

 

OTHER INFORMRMATION ON THE ANALYSIS METHOD OR OTHER USE PURPOSE 

detailed description on the case, technical problems, deficiencies in methods or legislation, or any other rea-

ONE DEPLETING SUBSTANCE  IN THE USE PURPOSE  

ATION ON THE ANALYSIS METHOD OR OTHER USE PURPOSE 

detailed description on the case, technical problems, deficiencies in methods or legislation, or any other rea-

ONE DEPLETING SUBSTANCE  IN THE USE PURPOSE  

We are interested to receive any information on obstacles that impede or delay the substitution of ozone deplet-
ing substances in your activity, and on (other) necessities to use ozone depleting substance for the analysis 
method or other use purpose. Some possible reasons are listed as examples, but we kindly ask You for a more 

We are interested to receive any information on obstacles that impede or delay the substitution of ozone deplet-
ing substances in your activity, and on (other) necessities to use ozone depleting substance for the analysis 
method or other use purpose. Some possible reasons are listed as examples, but we kindly ask You for a more 

sons that impede the substitution of ozone depleting substances. sons that impede the substitution of ozone depleting substances. 

2.11. OBSTACLES TO SUBSTITUTING THE METHOD OR OZ2.11. OBSTACLES TO SUBSTITUTING THE METHOD OR OZ

  No substitute method is known. 

  Development of substitute method is not completed. 
Detection limit of substitute method is deficient. 

  Accuracy (like repeatability and reproducibility) of substitute method is inadequate. 

  Substitution causes investments in instrumentation or other implementation costs 

  

Determination method is required o

Other, please specify?       
2.12. DETAILED DESCRIPTION OF  OBSTACLE (IF NEEDED)  

  
.  INFORMATION ON LABORATORY'S MEASURES FOR EMISSION ABATEMENT (IF NEEDED) 

(EX. EXAMPLE REDUCTIONING QUANTITIES USED P

  
L ATORY IS N

USEFUL TO CONTACT AN OTHER ORGANISATION FOR FURTHER INFORMATION  

(WHICH ORGANISA  

  

OT  INFORMATIO

    

  

Determination method is strictly determined in monitoring program or environmental licence. 

  n the basis of a PARCOM or HELCOM decision or recommendation.

  

    

2.13

 ER DETERMINATION) 

    

2.15.  ABOR OT AWARE OF THE EXACT REASON WHY USE OF A SPECIFIC METHOD IS REQUIRED. IT MIGHT BE  

 

 TION? PLEASE MENTION CONTACT PERSON, ORGANISATION AND A POSSIBLE REASON) 

    
2.16. HER N ON THE USE PURPOSE (IF NEEDED) 

   

 
PLEASE COMPLETE AN INDIVIDUAL SHEET FOR EACH USE OF SUBSTANCE. COPY SHEET IF NECESSARY. 

If no substitute methods have been implemented or are going to be imple-
r your respond!  

 
If substitute methods are used are going to be used, please continue to chapter 3. 

 

mented, the questionnaire is completed. Thank you fo
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3.  THODS HAVE BEEN OR ARE GOING TO BE 

I
With the help of questions in chapter 3 we try to recognize analytical procedures that substitute methods using 
ozon OMPLETE AN INDIVIDUAL 
SHE  Please take copies of sheet if needed.   

A)  FOR THE DETERMINATION OF HYDROCARBON INDEX, OIL AND GREASE, OR TOTAL 

WHAT SUBSTITUTE SUBSTANCES AND ME
MPLEMENTED 

e depleting substances, and receive experiences on substitute methods. PLEASE C
ET FOR EACH ANALYSIS METHOD AND OTHER USE OF SUBSTANCE.

ROLEUM HYDROCARBONS (TPH)? 
3  OR WORKING METHOD.1. SUBSTITUTE STANDARD  

DS/R 208. Vandundersøgelse. Olie og

 SS 02 81 44. Bestämning av olja och fett I vatten. Gravimetrisk 
  ISO/CD 9377-1:1998. Water quality – Determination of hydrocarbon oil index – Part 1: Method using 

solvent extraction and gravimetry. 
  ISO/DIS 16703 Soil quality – Determination of mineral oil content by gas chromatography 

  ISO 9377-2. Water quality – Determination of hydrocarbon oil index – Part 2: Method using solvent ex-
traction and gas chromatography.  

 SS-EN ISO 9377-2 Vattenundersökningar - Bestämning av oljeindex - Del 2: Gaskromatografisk metod 
tion 

 rsøgelse - Mineralolie (hydrocarbon olieindeks) - Del 2: Væskeekstraktion 
O 9377-2 Vannundersøkelse - Bestemmelse av olje i vann - Del 2: Meto-

de basert på løsemiddelekstraksjon og gasskromatografi . 

efter vätskeextrak
DS-EN ISO 9377-2 Vandunde
og gaskromatografi. NS-EN IS

  Modification of ISO 9377-2 for offshore purposes (analysis of C  –fraction): n7..10 ame or code of method, 
directive or standard operation procedure? 
        

  Scanning fluorometry: name or code of method, directive or standa

method, directiv ar eration pro
        

  U.S.EPA Method 1664 (Rev. A): N-Hexane Extractable Material (HEM; Oil and Grease) and Silica Gel 
Treated N-Hexane Extractable Material (SGT-HEM; Non-polar Material) by Extraction and Gravimetry. 

 Other, please specify?       

LEASE COMPLETE AN INDIVIDUAL SHEET FOR EACH USE OF SUBSTANCE. COPY SHEET IF NECESSARY.

 
 ANY OTHER ANALYSIS METHOD OR USE PURPOSE? 

 
 PET

   fedt. Gravimetrisk metode  
 NS 4752. Vannundersøkelse – Bestemmelse av olje og fett - Gravimetrisk metode. 

metod. 

  prEN 14039 Characterization of waste - Determination of hydrocarbon content in the                                  
range of C10 - C40 by gas chromatography 

rd operation procedure? 
        

  SPE-GC/MS (Solid Phase Extraction with Gas Chromatography/Mass Spectrometry): name or code of 
e or stand d op cedure? 

P  

B) FOR

 
3.2.  SUBSTITUTE METHOD OR OTHER USE PURPOSE  

 

      

(STANDARD, WORKING METHOD OR OTHER DESCRIPTION ON THE USE PURPOSE) 

PLEASE COMPLETE AN INDIVIDUAL SHEET FOR EACH USE OF SUBSTANCE. COPY SHEET IF NECESSARY.

SUBSTITUTE METHOD – PAGE 1 

Please turn the page! 



 
 
3.3. DATE OF IMPLEMENTATION  

 Both substitute (new), and ozone depleting (old) methods are used concurrently. 

 Substitute method has been tried, but it has not been implemented for active use. 
 Substitute method has totally replaced the old method, year:          

 will totally replace the old method, year:        . 

3.4. NAM

Substitu

E OF NEW, SUBSTITUTE SUBSTANCE  (IF APPLICABLE, EXAMPLE: "HEXANE")  
te, replacing substance is:       

3.5. USE  ACTIVI OF SUBSTANCE IN FIELD APPLICATIONS OR OFFSHORE TIES 

 Method is used in field applications  Method is continuous or used on-line 

 Me d in offshor

Principl   
Instrum   

thod is use e activity  
e of method (example: UVF):        
ent (name of manufacturer and device):       

3.6. PURPOSE OF SUBSTITUTE SUBSTANCE IN METHOD 

 Extraction solvent 

 Oth

3.7. NUMBER OF DETERMINATIONS YEARLY 

      determinations in 2001 
      determinations in 2002  
      determinations in 2003 

er, please specify?       

3.8. DETECTION LIMIT (EXAMPLE: "0,1 mg/l") 

 De d. Detection limit is:       tection limit is the one mentioned in the standar

 Lab    oratory's detection limit for the method is:    
3.9. DIST YPES IN YEAR 2001 

(NUMBE PPROXIMATELY)   
RIBUTION OF DETERMINATIONS BETWEEN SAMPLE T

R OF DETERMINATIONS OR PERCENTAGE VALUES, A

 Wastewater or effluent analysis        .  Soil analysis        . 

 Waste analysis         .  Drinking water analysis        . 

 Sludge analysis         .  Oil product analysis        . 

 Other, please specify?       ,      . 

 Other, please specify?       ,      . 

3.10. LAB PARTICIPAT ION    ORATORY'S ION IN METHOD DEVELOPMENT AND VALIDAT

 Lab articipate ardization proce  the substituting method.  oratory has p d in the development or stand ss of

 Laboratory has participated in an interlaboratory calibration or comparative study. 

 Laboratory has done an internal comparison study between the old and the substitute method.  
 

 
PLEA H USE OF SUBSTANCE. COPY SHEET IF NECESSARY. 

 

Thank you  for your respond! 
 

SUBSTITUTE METHOD – PAGE 2 

SE COMPLETE AN INDIVIDUAL SHEET FOR EAC

Questionnaire is completed. 
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Annex 3. List of the ozone depleting sub-
stances 

The following substances are comprehende  accd as ozone depleting ording to the Annex 
and of the Council 

 the ozone layer: 

Ozone-depleting potential 

3 4 4

)  

roethane)  

I of the Regulation (EC) No 2037/2000 of the European Parliament 
of 29 June 2000 on substances that deplete

Group Substance 
 
Group I  CFCl3 (CFC-11)  1,0 
 CF2Cl2 (CFC-12)  1,0 
 C2F3Cl3 (CFC-113)  0,8 
 C2F4Cl2 (CFC-114)  1,0 
 C2F5Cl (CFC-115)  0,6 
 
Group II  CF3Cl (CFC-13)  1,0 
 C2FCl5 (CFC-111)  1,0 
 C2F2Cl4 (CFC-112)  1,0 
 C3FCl7 (CFC-211)  1,0 
 C3F2Cl6 (CFC-212)  1,0 
 C3F3Cl5 (CFC-213)  1,0 

C F Cl  (CFC-214)  1,0  
 C3F5Cl3 (CFC-215)  1,0 

C C3F6 l2 (CFC-216)  1,0 
 C3F7Cl (CFC-217)  1,0 
 
Group III  CF2BrCl (halon-1211)  3,0 
 CF3Br (halon-1301)  10,0 
 C2F4Br2 (halon-2402)  6,0 
 
Group IV  CCl4 (carbon tetrachloride 1,1 
 
Group V  C2H3Cl3 (2) (1,1,1-trichlo 0,1 
 

  Group VI  CH3Br (methyl bromide) 0,6 
 
Group VII  CHFBr2  1,00 
 CHF2Br  0,74 
 CH2FBr  0,73 
 C2HFBr4  0,8 
 C2HF2Br3  1,8 
 C2HF3Br2  1,6 
 C2HF4Br  1,2 

   C2H2FBr3 1,1 
 C2H2F2Br2  1,5 
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 C2H2F3Br  1,6 
 C2H3FBr2  1,7 
 C2H3F2Br  1,1 
 C2H4FBr  0,1 
 C3HFBr6  1,5 
 C3HF2Br5  1,9 
 C3HF3Br4  1,8 
 C3HF4Br3  2,2 
 C3HF5Br2  2,0 
 C3HF6Br  3,3 
 C3H2FBr5  1,9 
 C3H2F2Br4  2,1 
 C3H2F3Br3  5,6 
 C3H2F4Br2  7,5 
 C3H2F5Br  1,4 
 C3H3FBr4  1,9 
 C3H3F2Br3  3,1 
 C H F Br   2,5 3 3 3 2
 4,4 

 C H F Br   1,0 

FCl (HCFC-31)  0,020 
 C2HFCl4 (HCFC-121)  0,040 
 C2HF2Cl3 (HCFC-122)  0,080 
 C2HF3Cl2 (HCFC-123) (3)  0,020 
 C2HF4Cl (HCFC-124) (3)  0,022 
 C2H2FCl3 (HCFC-131)  0,050 
 C2H2F2Cl2 (HCFC-132)  0,050 
 C2H2F3Cl (HCFC-133)  0,060 
 C2H3FCl2 (HCFC-141)  0,070 
 CH3CFCl2 (HCFC-141b) (3)  0,110 
 C2H3F2Cl (HCFC-142)  0,070 
 CH3CF2Cl (HCFC-142b) (3)  0,065 
 C2H4FCl (HCFC-151)  0,005 
 C3HFCl6 (HCFC-221)  0,070 
 C3HF2Cl5 (HCFC-222)  0,090 
 C3HF3Cl4 (HCFC-223)  0,080 
 C3HF4Cl3 (HCFC-224)  0,090 
 C3HF5Cl2 (HCFC-225)  0,070 
 CF3CF2CHCl2 (HCFC-225ca) (3)  0,025 
 CF2ClCF2CHClF (HCFC-225cb) (3)  0,033 
 C3HF6Cl (HCFC-226)  0,100 

C3H3F4Br  
 C3H4FBr3  0,3 

3 4 2 2
 C3H4F3Br  0,8 
 C3H5FBr2  0,4 
 C3H5F2Br  0,8 
 C3H6FBr  0,7 
 
Group VIII  CHFCl2 (HCFC-21) (3)  0,040 
 CHF2Cl (HCFC-22) (3)  0,055 
 CH2
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 C3H2FCl5 (HCFC-231)  0,090 
 C3H2F2Cl4 (HCFC-232)  0,100 

C3H2F3Cl3 (HCFC-233)  
C3H2F4Cl2 (HCFC-234)  

 0,230 
 0,280 
 C3H2F5Cl (HCFC-235)  0,520 
 C3H3FCl4 (HCFC-241)  0,090 
 C3H3F2Cl3 (HCFC-242)  0,130 
 C3H3F3Cl2 (HCFC-243)  0,120 

l (HCFC-244)  0,140 
 (HCFC-251)  0,010 

will 

rohi-

ate, make proposals to include in Annex II any substances that are not 

 C3H3F4C
 C3H4FCl3
 C3H4F2Cl2 (HCFC-252)  0,040 
 C3H4F3Cl (HCFC-253)  0,030 
 C3H5FCl2 (HCFC-261)  0,020 
 C3H5F2Cl (HCFC-262)  0,020 
 C3H6FCl (HCFC-271)  0,030 
(1) These ozone-depleting potentials are estimates based on existing knowledge and 
be reviewed and revised periodically in the light of decisions taken by the Parties. 
(2) This formula does not refer to 1,1,2-trichloroethane. 
(3) Identifies the most commercially viable substance as prescribed in the Protocol. 

In the Annex II of the Regulation, bromochloromethane is defined as a new substance. 
The production, release for free circulation in the Community and inward processing, 
placing on the market and use of new substances in Annex II are prohibited. This p
bition does not apply to new substances if they are used as feedstock. The Commission 
shall, as appropri
controlled substances but that are found by the Scientific Assessment Panel under the 
Protocol to have a significant ozone-depleting potential, including on possible exemp-
tions from paragraph 1. 
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Annex 4.  P
drocarbons (TPH) 

roperties of total petroleum hy-

1 Introduction 

IR-determination of total petroleum hydrocarbons or its fractions has been the most sig
nificant use purpose of the ozone depleting substances in laboratories du

-
ring last years. 

com-

ethods measuring "oil" will always give different 

red to present methods offering a possibility to determine separate hydrocarbon 
fractions and toxicologically most relevant individual substances, the old infrared spec-

strictions. The general trend is to base the risk assess-
ment on determination of various oil fractions and specific contaminants posing hazards 

e additives and specified aromatic and ali-
 

na-
thod 

 
f 
l 

rbon index with substitute methods, determination of individual TPH fractions and 
some of its major substances is rehearsed in this report.  

In most of the cases, the presently used infrared spectrometric method can be easily 
substituted with a gas chromatographic method determining hydrocarbon index, which 
provides a generally simple indicatory method for various use purposes.  

A petroleum hydrocarbon mixture may contain several hundreds of individual sub-
stances varying according to the original source of oil, distillation fraction, type of 
emission, and weathering of the mixture in the environment. Therefore, due to the 
plexity of mixtures covered by term "total petroleum hydrocarbons" it is quite 
understandable that two different m
results at least for some samples. However, it is difficult to find other ways to define oil 
in other ways as by an analytical determination. Rather than having one possibly less 
robust method covering all possible definitions, a set of methods used alone or in 
combinations allows determinations related to the relevant environmental standards in 
each case [43].  

Compa

trometric method had various re

(like the BTEXN, PAHs, oxygenated gasolin
phatic fractions) – not on one index not necessarily determining more than one type of
substances in the hydrocarbon mixture.  

In other words, the extraction rate, detector response, and losses during the determi
tion of individual substances present in total petroleum hydrocarbons may vary me
by method, and mixture by mixture. Instead of measuring a general hydrocarbon index
by IR or other detection method, present detection equipment allow further analysis o
TPH constituents needed to assess the real environmental behaviour and toxicologica
properties of a TPH contamination. Therefore, in addition to determination of the hy-
droca
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2 Composition of some petroleum hydrocarbon mix-
tures 

2.1 General 

n oxygen, sulfur and nitrogen, also in heterocyc-
lic compounds. Petroleum crude oils can be broadly divided into paraffinic, asphaltic 

e 

 

 

sses, liquefied gases, solvents, white spirits (C9…11), kerosenes 
(C10…16), jet fuels, diesel, automotive and railroad fuels, fuel and lubricating oils, bitu-

] 

e 

l 

s 

ater 

Dispersed oil means that oil is in form of small droplets. Both aliphatic and aromatic 
hydrocarbons can be present in the dispersed oil. [25]  

dominated by the volatile aromatic fraction of the oil: compounds such as BTEX-
ounds ] [25]. The PAHs are dominated by 

naphthalene, phenanthrene and dibenzothiophene (NPD) and their C1…3 alkyl homo-

-

le 

 predominately the aromatics, phenols and carboxylic acids, 
 

carry most of the toxicity of the produced water at offshore 
oil produced plants, the phenols as another important substance group. There is not nec-

Total petroleum hydrocarbons (TPHs) originate from crude oils. TPHs are mainly car-
bon and hydrogen, but may also contai

and mixed crude oils. Paraffinic crude oils are composed of aliphatic hydrocarbons 
(paraffins), paraffin wax (longer chain aliphatics) and high grade oils. Naphtha is th
lightest part of the paraffinic fraction, followed by kerosene fractions.  

Asphaltic crude oils contain larger concentrations of cycloaliphatics and high viscosity
lubricating oils. Petroleum solvents are products of crude oil distillation and classified 
according to the boiling point range. Lubricants, greases and waxes are high boiling 
point fractions of crude oils. The heaviest, solid fraction are the residuals or bitumen. In
other words, general classes of TPH include (in order of increasing carbon number) pe-
troleum-derived ga

men compounds and waxes. [113

The composition of oil may vary depending on the product and source. For example, th
composition of polynuclear aromatic hydrocarbons in crude oil may differ from the pri-
ority pollutant PAHs of U.S.EPA, since polynuclear aromatic hydrocarbons in crude oi
are mostly alkylated [23]. Characteristics of principal refinery streams have been gath-
ered and documented by, for example, Franken et al from various CONCAWE report
[113]. 

2.2 Produced w
In water, oil can be present in three forms.  

Most soluble parts are typically mostly dissolved. The dissolved hydrocarbons are 

comp , some of the PAHs, and phenols [226

logues, but also heavier components like chrysene and benzo(a)pyrene are reported 
[226]. Phenols may be alkylated up to C7, and organic acids are dominated by C1…6 ac
ids.  

Free oil is floating on the surface of water or in the form of large droplets that will sett
out quickly.  

Since the dissolved parts are
these are not included in the IR quantification of the OSPAR analysis method, and the
measured oil is therefore referred as the dispersed oil [25]. It is usually understood that 
the aromatic hydrocarbons 
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essarily a correlation between the total hydrocarbon content and the content of the aro-
matic compounds.  

2.3 Gasoline 

Gasoline includes approximately 200 hydrocarbons, mainly naphthahydrocarbons with 

ns.  

10…22  
10…16 g fuel C12…22. If 

tetraethyl lead and tetramethyl lead, dichloroethane and di-
bromomethane have been used in leaded gasoline. [146] The typical oxygenated addi-

 are me nd tert-amyl methyl ether (TAME). Also al-
s minor additives are better presented else-

lubility in water and volatility decreases with increasing molecule weight, i.e. 
 

C4…12. Half of them are aliphatic and half aromatic hydrocarbons. Toluene and xylene 
dominate the aromatic hydrocarbons. 

Petrol range organics (PRO) are defined as the total volatile hydrocarbon content in the 
carbon range C4…10 including aliphatic alkanes and mono-aromatic hydrocarbo

The diesel range organics (DRO) as defined as the non-volatile or extractable hydrocar-
bon content typically in the carbon range C10…40 including aliphatic, aromatic and het-
erocyclic compounds. The fractionation may emphasize hydrocarbons C , whereas
winter diesel contains relatively more fraction C , and light burnin
classified by the structure, diesel contains aliphatic hydrocarbons 75 – 85 %, monoaro-
matics 15 – 20 %, diaromatics 5 – 6 % and small amounts of polynuclear aromatic hy-
drocarbons. [146] 

2.4 Gasoline additives 

Small amounts of benzene, 

tives thyl tert-butyl ether (MTBE) a
cohols are used in some gasolines. Variou
where. 

2.5 Jet fuel 
In jet fuel JP4 both aliphatic and aromatic hydrocarbons are included. Approximately 
10 % (w) are C5..6, 60 % of C6…10 and 30 % of C10…14 hydrocarbons.  

3 Total petroleum hydrocarbons in the environment 

3.1 Fate of TPHs in the environment 
Aromatic hydrocarbons are more soluble in water than aliphatic hydrocarbons. The 
BTEX-compounds are the most soluble aromatic hydrocarbons, and benzene is more 
soluble than other BTEX-compounds.  

In general, the volatility of aliphatic hydrocarbons is greater than the volatility of aro-
matic hydrocarbons. The trend in volatility by compound class is: alkenes = alkanes > 
aromatics = cycloalkanes.  

The so
when the length of the carbon chain increases. In general, biodegradation is more rapid
under aerobic conditions.  
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Trends in degradation rates according to structure are: n-alkanes, especially in the range
C10…25 are degraded easily; isoalkanes are degraded more slowly; alkenes degrade m
slowly than alkane

 
ore 

s; BTEXs are metabolized when present in concentrations not toxic 
to the microorganisms; PAHs degrade more slowly than the monoaromatics; and 
degradation of higher molecular weight cycloalkanes may be very slow. Branched 

Typically the BTEX are considered as the most soluble and mobile hydrocarbons and 
therefore as a good indicator for contamination by petroleum hydrocarbons. Sometimes 
also naphthalene is monitored (BTEXN). The behavior of the BTEX-compounds in sur-

ever, small concentrations of BTEX-

s law's 
r is not so high. Therefore the  BTEX com-

es 
-

3.2 TPH in contaminated soils 

Total petroleum hydrocarbons (TPH) is a major criteria when contamination of soil is 
od indicatory 

 
o-

true risk or not. For example, the same TPH level may 
include carcinogenic substances in one site, while no carcinogenics exist in another site. 
Therefore a valid correlation between TPH and risk would have to be site- and time-

fic, rel e correlation might not be the same 

n 

i-
In some cases, also determination of very soluble and movable oxygenated gaso-

 

eum 

hydrocarbons typically degrade slower than straight-chained hydrocarbons.  

face waters differ from groundwater, how
compounds have been determined in river water, for example, in the Netherlands. De-
spite of their volatility, the water solubility of the BTEX is high, and the Henry'
constant related to the volatility from wate
pounds are understood to remain in sufficient amounts in water. [36] 

There are major qualitative and quantitative differences between fresh and weathered 
petroleum fuel mixtures. The trend is toward depletion of the more water soluble, more 
volatile and more easily biodegradable compounds. The overall environment hazard 
posed by weathered petroleum mixtures may be less than that posed by fresh mixtur
[227]. However, the mobility of hydrocarbons may increase the risk of exposure some
where else, and some hazardous hydrocarbons, like PAHs can be relatively or very per-
sistent in the environment. 

assessed. Despite of the fact that the determination of TPH is a very go
method, it is not able to describe exactly all possible risks. It is on the method, whether
the achieved result can be calibrated with a specific hydrocarbon mixture (product) pr
ducing a good estimate on the 

speci ated to a single spill, and, even then, th
around the periphery of a plume where the rate of compositional change accelerates 
[76]. 

As TPH is not necessarily an accurate measurement of petroleum-derived hydrocarbo
concentration, additional approaches have been taken. A general trend is to recognize 
the risks by determination of risk-specific components and various hydrocarbon frac-
tions. In this kind of approach, typically specific compounds, like BTEX-compounds, 
compound groups, like PAHs, and various aliphatic and aromatic oil fractions are de-
terminated depending on the type of the contamination and the purpose of the determ
nation. 
line additives may be necessary. The fractionation of TPH is understood critical in the
North American assessments of contaminated soils based on risk based corrective ac-
tions. 

However, TPH provides an inexpensive tool to be used when determining if there is a 
problem, assessing the severity of the contamination, and following the process of a 
remediation effort. Further information on the analysis of TPH concentration, petrol
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group type concentration and individual petroleum constituent concentrations is evalu-
ated in the material of the Total Petroleum Hydrocarbons Criteria Working Group 
(TPHCWG). [76] 

 

rocarbons, mainly for the purposes of soil analysis, is 
ns Criteria Working Group 

tential as the overlying 
defines the exposure route and 

concentrations at receptors. It is understood that requirements usually focusing on total 
petroleum hydrocarbon standards ranging from tens to thousands of milligrams of TPH 

sed on a scientific assessment of human health risk.  

r-

-  aromatic benzene (EC ), toluene (EC ), and  

-  aromatic EC>8… , EC , EC>1 , EC 16…21, and EC>21…35.  

Benzene and toluene are identified as separate fractions for convenience, because ben-

 Method 3611, Alumina Column Cleanup and Sepa-

, 

 analysis, EPA Meth-
ll for volatiles in soils. EPA Method SW-846 

4 t extraction, is used for semivolatiles. Sonication extraction, EPA 
Method SW-846 3550 [234], can also be used for semivolatiles, and supercritical fluid 

tr d 3545 [235] provides an accelerate ction, in 

4 The Total Petroleum Hydrocarbons Criteria Working
Group approach 

4.1 The fractionation principle 

Fractionation of petroleum hyd
evaluated by ATSDR, Total Petroleum Hydrocarbo
(TPHCWG) and RIVM [113, 157, 228].  

The TPHCWG has considered the importance of exposure po
theme. The fate and transport of a chemical or mixture 

per kilogram of soil are not ba

TPHCWG's work summarizes the methods used to delineate TPH into equivalent ca
bon number fractions based on fate and transport considerations. The fractions defined 
in the study were, as ranges of equivalent carbon numbers, ECs: 

-  aliphatic EC5…6, EC>6…8, EC>8…10, EC>10…12, EC>12…16, and EC>16…35,   

6,5 7,6

10 >10…12 2…16 >

zene is likely to be evaluated as a carcinogen in addition to the noncancer evaluation 
described in the report. [229] 

4.2 Methods defined by the TPHCWG 

The TPHCWG analytical methodology, also referred in the Toxicological profile for to-
tal petroleum hydrocarbons, is based on a n-pentane solvent extraction, and separation 
of the extract to aliphatic and aromatic petroleum-derived fractions. The group-type 
separation is based on SW-846 EPA
ration of Petroleum Wastes, and SW-EPA Method 3630, Silica Gel Cleanup. [230, 231]. 
The aliphatic and aromatic fractions are analyzed separately with gas chromatography
and quantified by summing the signals within a series of specified carbon ranges. The 
gas chromatograph is equipped with a boiling point column (non-polar capillary col-
umn).  

EPA Method 5035, purge and trap, specifies a methanol extraction, which is usually 
done by mechanical shaking of the soil with methanol. Headspace
ods 3810 [232] and 5021 [75], works we
35 0 [233], a Soxhle

ex action, EPA Metho d Solvent Extra
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which methylene chloride (dichloromethane)  pressurized. Varis heated and ious concen-

4.3 U.S. ATSDR 

The U.S. Agency for Toxic Substances and Disease Registry (ATSDR) focuses on the 
f petroleum hydrocarbon transport fractions, as sug-

d benzo(a)pyrene. EPA relative potency factors are 

-
 of 

tractable 

 
-

nish 
olvent exchange to hexane, a silica gel cartridge and two eluants 

(hexane followed by methylene chloride) are used to separate the extract into the ali-
phatic and aromatic fractions. [76] 

ethod is based on comparing the PID and FID detector re-

 hydrocarbons (VPH) analytes and the C9…10 aromatic fraction, and target ana-
XN and D i ncentration of 

aliphatic hydrocarbons within the C5…  and C  ranges in the VPH method, aliphatic 
d, optionally also indi-

-  analytes in water 50 – 100 µg/l 

tration techniques to purge and trap method are available. [76] 

assessment of the health effects o
gested by the TPHCWG. [157] 

In the approach, specific carcinogenic compounds that have EPA cancer risk estimates 
are assessed, namely, benzene an
used for various other PAHs.  

Noncarcinogenic effects have been evaluated for: 

-  aliphatic fractions EC5…8, EC>8…16, and EC>16…>35, and  

-  aromatic fractions EC5…9, EC>9…16, and EC16…35.  

4.4 Massachusetts 

Massachusetts has adopted a similar approach to the TPH Criteria Working Group. 

In Massachusetts the analytical methodology has been used for evaluating the TPH pa
rameter in human health risk assessment. The hydrocarbons are divided into fractions
interest determined with volatile petroleum hydrocarbon method (VPH) and ex
petroleum hydrocarbon method (EPH). The fractions of interest are the: 

- the aliphatics C5…8 (VPH), C9…12 (VPH), C9…18 (EPH), and C19…36 (EPH), and  

- the aromatics C9…10 (VPH) and C11..22 (EPH).  

17 PAHs, BTEX, MtBE, and Naphthalene are determined if needed.  Fractions are de-
termined by GC methods, which are modifications of the former EPA SW-846 method 
series. The VPH method is a purge and trap-GC/PID/FID. The EPH is a solvent extrac-
tion/fractionation GC/FID method. Both methods are suitable for the analysis of waters,
soils, and sediments. For the extractable petroleum hydrocarbons (EPH) the protocol in
volves a methylene chloride (dichloromethane) extraction followed by Kuderna-Da
concentration. After s

The quantitation in the VPH m
sponses (detectors in series) of a sample. The PID is used for detection of the volatile 
petroleum
lytes BTE  MTBE. The FI s used to determine the collective co

8 9…12
C9…18 and C19…36, and aromatic C11..22 ranges in the EPH metho
vidual concentrations of target PAH analytes in the EPH method. 

The reporting limits are approximately: 

-  analytes in soil  2 – 10 mg/kg  
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-  target analytes (BTEXN, MTBE) in soil 0,1 – 0,2 mg/kg 

-  target analytes (BTEXN, MTBE) in water 1 – 10 µg/l 

-  target PAH analytes in soil 0,5 – 1,0 mg/kg 

-  target PAH analytes in water 1 – 5   

-  target PAH analytes in soil 0,5 – 1,0 mg/kg 

-  target PAH analytes in water 1 – 5 g/l.  

In Round-Robin tests the relative standard deviation typically varies between 20 – 52 % 
for separate fractions. [236-238] 

There might be some overlaps with pi-bonded aliphatics and aromatics and determina-
tion of some aliphatic compounds as aromatics with PID, but it is understood that this is 
not a major problem. However, some products like kerosene and Jet Fuel A might pro-

onfirmatory GC/MS or other suitable analysis is recommended. [238] 

ethod to determine air-phase petroleum hydrocarbons (APH) for ali-
5…8 and C9…12, and aromatic C9…10 is on pub ents. The method 

can be used to determine the BTEX-compounds, MtBE, naphthalene, 2-
thylnaphthalene and 1,3-butadiene, too. A GC/MS modification is also used to de-

 VPH and EPH. The methods are performance-ba ications are 

, 
odified U.S. EPA Method 8100 (a unresolved GC/FID 

method for determination of PAHs) and modified U.S. EPA Method 8015 (a  purge-and-
trap or headspace GC/FID method) are used. [238] A solvent-exchange/silica-gel-

 hydrocarbon (TPH) con-

-
mended to screen the samples prior to analysis with EPA 

Methods 3810 (headspace method) or 3820 (hexadecane extraction and screening 
h

duce significant overquantitation of the aromatic fraction. In practice, the naphthalenes 
have leached into the aliphatic fraction. If the PAH concentration exceeds the remedia-
tion limits, a c

A draft GC/MS m
phatic fractions C lic comm

me
termine both sed, modif
permissible, and the environmental agency has a certification program. [238] 

Drinking water tests are done according to appropriate U.S.EPA "500" series. For TPH
also U.S. EPA Method 1664 m

fractionation process is optional to obtain the total petroleum
centration. This method provides a cost-effective analytical screening value despite of 
the fact that it provides little information on the chemistry or toxicity of the petroleum 
mixture: for the price of one EPH test it may be possible to perform 4 - 10 field screen
ing analyses. It is also recom

met od) [232, 239]. 

4.5 Canada 

In Canada, a reference method for petroleum hydrocarbon in soil determines four frac-
tions: 

- EC6…10 – BTEX (F1-range EC6…10 excluding the BTEX-compounds) 

- EC10…16 – napth (F2 range EC10…16 excluding naphthalene)  

- EC16…34 – PAH (F3 range EC10…16 excluding named PAH compounds), and  

- nEC34…50 either by GC (F4) or by gravimetric heavy hydrocarbons (F4G).  

The F4G fraction is determined only if hydrocarbons heavier than EC50 are present.  
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The method is performance based, and any method performing as well or better can be 
used in the determination. The BTEX is to be analyzed at any site where volatile hyd
carbons are suspected, and PAHs if they may be present. Determination by GC/MS is 
recommended for the BTEX and PAHs. For the F1 fraction, methanol extraction and 
purging followed by GC/FID is used. For other fractions, a hexane-acetone extraction in 
a Soxhlet apparatus followed by sodium sulphate drying and silica gel treatment for
moval of polar compounds followed by GC/FID determination is applied. [240] 

The method detection limits v

ro-

 re-

ary between 3,9 and 29 mg/kg for individual fractions. 

 for PAHs, purge-and-trap/GC-MS 

rmined by fractionation with a silica gel col-
 

 The Netherlands 

D ervention value 'Total Petroleum Hydrocarbons – TPH' was revised using 
n to ogica h  to TPH fractions in 1999. 

ri y Franken et al. for TPH 

5…7 >7…8 >8..10 >10…12 >12…16 C>16…21 and EC>21…35.  

or 

d 

l oil, the carbon range of which are typically 
tion 

 the field.  

Soil samples containing high organic content or remediated with manure may give 
higher than expected values. In the first case, it is recommended that the extract be ana-
lyzed by GC/MS. An uncontaminated control can be used in both cases. Crude and par-
tially weathered or degraded compounds can contain significant amounts of polar com-
pounds removed in the silica gel cleanup. [240] 

For example, a laboratory in Canada using a GC/MS
for TPH Purgeables and microextraction/GC/FID for TPH Extractables achieves detection lim-
its in water: 

-  BTEX 0,1 µg/l 

-  TPH C6…24 2,5 µg/l 

-  TPH C24…32 40 µg/l 

-  PAHs 0,01 µg/l 

Aromatic and aliphatic fractions are dete
umn followed by chromatography with detection limits varying between 100 and 200
µg/l. [241] 

4.6
A utch int
ecotoxicological and huma xicol l data wit  respect
Se ous soil contamination concentrations were compiled b
fractions [113]: 

-   aliphatic EC5…6, EC>6…8, EC>8…10, EC>10…12, EC>12…16 and EC16…21and  

-  aromatic EC , EC , EC , EC , EC , E

Mainly in connection with the work of the Total Petroleum Hydrocarbon Criteria Work-
ing Group, human toxicological data were used to calculate the potential human risk f
TPH fractions. No HC50 levels and Intervention Values were calculated for ecotoxi-
cological values due to scarce sound terrestrial data. [113] 

The report recommends to distinguish the TPH fractions in the range C5…40 reviewe
and replace the earlier Dutch method characterizing fractions in the range C10…40 and 
possibly underestimating the (non-carcinogenic) human-toxicological risk of TPH from 
light fuels, like petrol, even diesel and fue
C4…10 for petrol, C8…20 for diesel, and C8…20 for fuel oil. The advantage of the frac
approach (or 'hydrocarbon block method') is that results from freshly added oil in labo-
ratory experiments are directly comparable with aged concentrations in
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Properties of various aliphatic and aroma
values for soil and groundwater based on

tic hydrocarbon fractions and their intervention 
 a Dutch human-toxicological and ecotoxi-

]. 
as 

tly 

-
di-

s if and only if no fraction–specific serious soil contamination con-
-

s 

 
ion 

nic 
h as BTEX and certain PAHS), and secondly, if possible and applica-

ble, the 'whole product approach' is applied assessing possibly the hydrocarbon product 
(like gasoline or jet fuel) before the 'surrogate approach' including the fraction-specific 
mixtures described in the report [113].  

It has to be noticed that new human-toxicological maximum permissible risk (MPR) 
values have been established in 2001. There is no MPR value for total petroleum hydro-
carbons. However, new MPR values are available for [242]:  

-  BTEX 

-  PAHs 

-  aliphatics EC>5..8, EC>8…16, EC>16…35, and EC>35, and  

-  aromatics EC>5….9, EC>9…16, and EC>16…35. 

The TDI-values (tolerable daily intakes) for these fractions vary from 30 to 20000 µg/kg 
bw/day, and between 0,5 and 500 µg/kg bw/day for PAHs.  

Ecotoxicological risks with respect to hydrocarbon fractions are currently evaluated by 
the RIVM. The report is expected to be available in 2003. [243] However, ecotoxi-
cological Serious Risk Concentrations have been updated in 2001 for the BTEX and 
various PAHs [244]. The intervention values have been technically evaluated in 2001, 
inter alia, for BTEX-compounds, PAHs, and mineral oil. [245] 

No official standard method is available for the fractionated analysis of TPH, but a 
GC/FID method based on NEN 5733 extended with a procedure to distinguish aliphatic 
and aromatic fraction can be used. [243] 

Additionally, in cases of contaminated soil, gasoline additives like tetraethyl lead 
(TEL), tetramethyl lead (TML) and rapidly-moving oxygenates tert-amyl methyl ether 
(TAME) and methyl tert-butyl ether (MTBE) can be determined, too. 

cological serious soil contamination concentrations are proposed by Franken et al [113
It should be recognized that direct human exposure to contaminants in groundwater h
not been considered in the first steps of the risk assessment, because it is unlikely in the 
Netherlands. In the final step the intervention value has been corrected, if it has ex-
ceeded the maximum permissible risk (MPRhuman) for a human, resulting a value exac
equal to the MPRhuman. [113] 

If the proposal for intervention values for TPH fractions is adopted, the Dutch interven
tion value for mineral oil could lapse. It is recommended to consider concentration ad
tion for TPH fraction
centration value (SCC) is exceeded. An overall site-specific contamination index is cal
culated as a sum of all measured concentrations in fraction i divided by the seriou
contamination concentration of the fraction i. [113] 

Besides the determination of the TPH fractions, the BTEX and/or PAH analysis should
be maintained to consider the carcinogenic risk of TPH in the case of soil contaminat
with mixtures of petroleum hydrocarbon products, because the BTEX and PAH are not 
considered in the serious soil contamination risk assessment of mineral oils. The first 
steps, the 'indicator approach' including assessment the hazard of (human) carcinoge
compounds (suc
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5 Further information 

doesn't handle further determinations of produced wat
size and shape measurements, or monitoring of other p

This report er, like particle con-
centration, arameters than the 
hydrocarbon index. Further information is available, for example, in the proceedings of 
the Oil-in-water Monitoring Workshops. Neither does this report handle fingerprint 
properties of oil, for which further discussion and updated standard operation proce-
dures are presented by the Nordtest [246]. 

Further properties of total petroleum hydrocarbons are presented, for example, in the 
material of Total Petroleum Hydrocarbon Criteria Working Group (TPHCWG) [76, 
227, 229, 247, 248]. 

U.S. Agency for Toxic Substances and Disease Registry has produced several Toxico-
logical profiles on various hydrocarbons and hydrocarbon mixtures, like BTEX-
compounds, naphthalene, hydraulic fluids, mineral-based crankcase oil, total petroleum 
hydrocarbons, automotive gasoline, fuel oils, jet fuels JP-4, JP-5, JP-7, and JP-8, Otto 
Fuel II, and various polynuclear aromatic hydrocarbons. Toxicological profiles also 
contain information on suitable analysis methods, detectors used in the method, sample 
detection limits and percent recoveries, however, most of the profiles are several years 
old, and do not necessarily describe the most sophisticated and/or practical present 
methods. [155] 
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ANNEX 5. Environmental properties of some 
selected hydrocarbons  
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 Benz TAME ene Toluene Ethylben-
zene 

Xylenes Naphtha-
lene 

Styrene Mineral 
oil 

PAH 
sum7) 

MTBE 

CAS-No 71-4

106-42-3 

994-05-8 3-2 108-88-3 100-41-4 95-47-6 
108-38-3 

91-20-3 100-42-5   1634- 
04-4 

Boiling  
temperature, 
ºC 

80,1 14)   217,9-
21813) 

145 – 
14616) 

  55,2 – 
55,312) 

8619) 15) 110,6  

Density at 
20ºC, g/cm3 

0,87915) 

(25ºC
669 14)   1,175 13) 

(25ºC)  
0,9059   0,74112) 0,7719) 

) 
0,8

Vapor  
pressure at 
20ºC, Pa 

9970 900019) 15) 3000 14)   7,2 663 16)   2700012) 

Log Kow 2,13 19) 15) 2,65 14)   0,59 13) 2,95   1,0612) 
(25ºC) 

1,55

15) 515 14)   30 300Water  
solubility, 
mg/l  

1800  16)   42 00012) 
ºC) 

11 00019) 
(20

 15) 537 14)   44,86 13) 279   43,8Henry's law 
constant,  
Pa m3/mol 

432,6 12) 9019) 

log Kp
11) l/kg 0,9 1,4719) 7 1,15 1,3 1,87 2,37 2,02    

 15) 177 14)   1250 13) 520 – 555   9,112) 
ily Readily   Inherently Readily  

Koc 134,1 22,719) 
Biodegrad-
ability in 
water (aero-
bic) 

Read
biodeg

able 
biodegrad-

able  

 Not read-
ily biode-
gradable  

12) 

Inherently 
biodegrad-
able, not 
fulfilling 

criteria  19)

rad-
 15) 

biodegrad-
able  

biodegrad-
able  13) 

BCF 13  13) 12   1,5 12) 4,1419) 15) 90 14)   427 
Half-life in 
surface water, 
d 

0,02
68,2 15) (75)  

 15019) 9 – 30   0,3 - 30 5 – 30 
16)

  

Target value 
for ground 
water, µg/l1) 

0,2 13,4,17) 17) 4,17)  3,417) 4,17) 4,17) 4,17) 17) 9200 
4,18,20)  

21)  7  4  0,2  0,01  6  50  0,2  

Target value 
for surface 
water, µg/l1) 

25,17) 7  4  4  0,01  6  2006) 17)    17) 5) 17) 5) 17) 5) 17) 5) 17)

MPC for sur-
face water, 
µg/1 10) 

2404, 04,5, 17) 1,24,5, 17) 570 4,5,17)     5,17)  370 4,5,17)  38

WHO stan-
dard for the 
production of 
drinking wa-
ter, µg/l2) 

10  700 300 500  20    

EC standard 
for drinking 
water2), µg/l 

1      10 0,18)   

U.S.EPA 
Maximum 
Contaminant 
Level in 
drinking water  
11) 

5 1000 700 10000  100     

 

151 



1) Target and MPC values for ground water and surface water are Dutch examples. For further informa-

3) Detection li
4) Dissolved. 
5) Total. 
6) Several Water Supply Resolution classes for intake point quality standards varying between 50 – 1000 
µg/l. 
7) 10 PAH according to VROM: naphthalene, anthracene, phenantrene, fluoranthene, benzo(a)anthracene, 
chrysene, benzo(k)fluoranthene, benzo(a)pyrene, benzo(ghi)perylene and indenopyrene. Note: various 
individual PAH-compounds have limit values of their own. 
8) Sum of four PAHs: benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(ghi)perylene, and in-
deno(1,2,3-cd)pyrene. Note: various individual PAH-compounds have limit values of their own. 
9) Also Water Supply Resolution class for intake point quality standard exists. 
10) MPC is a maximum permissible concentration, which is a scientifically derived value for a substance, 
which specifies the concentration at which no harmful effect is to be expected in the ecosystem and the 
humans. The MPC is derived based on an (eco)toxicological risk assessment. 
10) Kp is partition coefficient suspended matter-water. 
11) National Primary Drinking Water Regulations in July 2002 
12) European Union Risk Assessment Report 
13) Draft European Union Risk Assessment Report, October 2001, last update 15-Feb-2002 
14) Draft European Union Risk Assessment Report, October 2001, last update 18-June-2001 
15) Draft European Union Risk Assessment Report, May 2002, last update 21-Aug-2002 
16) Draft European Union Risk Assessment Report, November 1999 
17) A new MPR (maximum permissible risk value) has been established in 2001.[242] 
18) Indicative level serious pollution 
19) Draft European Union Risk Assessment Report, 11-Feb-2003 
20) Taste detection threshold 0,134 mg/l (Risk Assessment Report), overall results 0,0025 – 0,190 mg/l. 
21) Taste detection threshold 0,128 mg/l (Draft European Union Risk Assessment Report) 

Previously mentioned values may differ from national limit values presented elsewhere. 
Further information is available also in the reports of RIVM, ATSDR, MADEP and To-
tal Petroleum Hydrocarbons Working Group. [113, 157, 228, 238, 242, 244, 245]

tion and calculation basis for organic matter dependence of the values, see reference. [249] 
2)  The WHO and EC standards for drinking water are from Environmental quality standards in the Neth-
erlands. [249] 

mit. 
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ANNEX 6. Some environmental properties of 
selected hydrocarbon fractions 

 

 



 

Aliphatics  
 EC  

5-6 
EC  

>6-8 
EC  

>8-10 
EC  

>10-12 
EC  

>12-16 
EC  
>16 

V 11apour 
pressure, 
atm6) 

 0,35 0,063 0,0063 0,00063 0,000076 0,00000

Solubility, 
mg/l6) 

 36 5,4 0,43 0,034 0,00076 0,0000025

Henry's law 

3 3 6)

 47 50 55 60 69 85 
constant, 
cm /cm  
Log Koc 

6)  2,9 3,6 4,5 5,4 6,7 8,8 
ECOTOX  
SCC 

- - - - - - 

HUMTOX  35 109 28 152 55000 >100000 
SRC soil, 
mg/kg 1) 
HUMTOX 
SRC 

 613 444 153) 103) 0,593) 0,0013) 

Groundwat
µ

er, 
g/l 2) 

Aromatics  
EC  
5-7 

EC  
>7-10 

EC  
>8-10 

EC  
>10-12 

EC  
>12-16 

EC  
>16-21 

EC  
>21-35 

Vapour 
pressure, 
atm6) 

0,11 0,035 0,0063 0,00063 0,000048 0,0000011 0,0000000
0044 

Solubility, 
mg/l6) 

220 130 65 25 5,8 0,65 0,0066 

Henry's law 
constant, 
cm3/cm3 6) 

1,5 0,86 0,39 0,13 0,028 0,0025 0,000017 

Log Koc 
6) 3 3,1 3,2 3,4 3,7 4,2 5,1 

ECOTOX 
SCC 

 - - - - - - 

HUMTOX 
SRC soil, 
mg/kg 1) 

  59 317 5900 17500 19200 

HUMTOX 
SRC 
Groundwater, 
µg/l 2) 

  640 2170 5810 543 6,63) 
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1) SRC is a newly evaluated Dutch Serious Risk Concentration for soil [245] 
2) Proposal for Intervention Value groundwater conc. [113] 

n limit is exceeded, or attention has to be given to detection l3)  Detectio imit ("mineral oil") 
4)  For the aliphatic fraction EC >16-21 a daily intake of 150 mg a day does not result in human risk. A 
daily intake of 150 mg soil is a default assumption in the CSOIL model to calculate the human toxico-
logical serious soil contamination. [113] 
5)

-
bons Working Group. [113, 157, 228, 238, 242, 244, 245]  

 Since benzene (EC = 6,5) and toluene (EC = 7,5) are the only representatives of these groups, both will 
be measured individually; therefore these fractions could be skipped. [113] 
6) Sources: Total Petroleum Hydrocarbons Criteria Working Group and ATSDR. [157, 228] 
7) Note: New human-toxicological MPR (maximum permissible risk)  values lying in the background of 
the HUMTOX SCC values have been established in 2001 for aliphatics EC>5..8, EC>8…16, EC>16…35, and 
EC>35, and aromatics EC>5..9, EC>9…16, and EC>16…35. [242] 

 

Previously mentioned values may differ from national limit values presented elsewhere. 
Further information is available also in the reports of RIVM, ATSDR, MADEP and To
tal Petroleum Hydrocar
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Annex 7. General performance requirements 
to a substitute method 

The performance properties of a substitute method must typically meet various criter
These criteria can be strictly described in a statute or recommendation, or, in many ap
plications, determined by the laboratory itself, however, according to typically uncondi-
tional requirements concerning the environment, health, safety or product quality. S
many requirements for a determination method are performance based, the performance 
criteria may create a major obstacle to substitution. Or on the other hand, if several 
methods fulfilling the criteria are available, the substitution is relatively easy. To under-
stand some principles concerning the performance properties of a determination method
and requirements on performance, some principal definitions and procedures are sum-
marized in this report. 

In general, a determination method has various method-specific properties. The proper
ties are assessed in a validation process. Typically an analysis laboratory must be ac-
creditated before it is allowed to run determinations concerning environment, health, 
safety and/or product quality. Accreditated methods don't necessarily have to be inter-
national or national standards, in-house m

ia. 
-

ince 

 

-

ethods are allowed, but they should be vali-

 

. Since 
the terms may vary, several explanations for some terms are used. 

 a method by examination and provision of objective evi-
dence that the particular requirements for a specified intended use are fulfilled [250]. In 

ivity) -  sensitivity 

the closeness of agreement between an observed value and the true value 

e expectation of the test results 

dated i.e. their performance properties must fulfil the necessary criteria. In an interna-
tional standardization process a candidate method goes through a systematic evaluation
process. A laboratory can typically run a simplified validation process for not standard-
ized methods, and has to evaluate the performance of a standardized method, too

Validation is confirmation of

a method-evaluating proficiency test a method is evaluated in several laboratories ana-
lyzing a test sample sent to the laboratories using the test under evaluation (interlabora-
tory testing). Later proficiency testing or interlaboratory calibrations can routinely be 
used for laboratory's quality checking.  

The validation process includes evaluation of: 

-  trueness and precision -  limit of quantitation 

-  specificity (and select

-  linearity -  ruggedness/robustness 

-  limit of detection -  measurement uncertainty 

Accuracy is 
[251]. It is the uncertainty of an observed value, including both precision and trueness, 
or precision and bias. Trueness is the closeness of agreement between the arithmetic 
mean of a large number of test results and the true or accepted reference value [251]. 
Bias is actually, by definition, the difference between th
and an accepted reference value [251]. 
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Precision is the closeness of agreement between independent test results obtained under 
stipulated conditions [251], or the closeness of agreement among the measured values at 
a setpoint, the closeness of results of multiple analyses to each other. It is often ex-
pressed as a standard deviation. For example, the HELCOM PLC-4 work requires tha
the standard deviation within

t 
 replicate determinations must not exceed 10 % for stan-

recision. Repeatability is the 

-

e laboratory by the same operator using the 

t 

ns, made over a specified period of time, approached from both directions. It 
 

t 

t 
larger than the uncertainty associated with it, i.e., the lowest 

s 

 a 
t-
 

. [253] 

dard solutions, 20 % for hydrocarbon concentrations in the middle of the working 
range, and 30 % for hydrocarbon concentrations near the determination limit. [39] 

Repeatability and reproducibility are consolidated to p
closeness of agreement among a number of measured values at a setpoint, under the 
same operating conditions, or by the exact definition, precision under repeatability con
ditions [251]: conditions where independent test results are obtained with the same 
method on identical test items in the sam
same equipment within short intervals of time [251]. Reproducibility is by definition 
precision under reproducibility controls [251]: conditions where test results are obtained 
with the same method on identical test items in different laboratories with different op-
erators using different equipment [251]. In other words, it is the closeness of agreemen
among repeated measured values at a setpoint, within the specified reference operating 
conditio
measures the method's ability to perform a routine analysis and deliver the same results
using a particular method irrespective of laboratory, equipment and operator changes. 
Reproducibility refers to the results of collaborative studies between laboratories. It is 
expressed as relative standard deviation. 

Specificity is the ability of the method to measure only what it is intended to measure. I
assures that the signal assigned to an analyte is only due to that particular analyte, not 
other components that may be expected to be present in the sample matrix. Specificity 
and selectivity assure the reliability of method in the presence of interferences.  

Linearity is the closeness to which three or more measurements approximate a straight 
line over a specified range.  

Limit of detection is the smallest concentration of a substance or an amount of analyte 
that an analytical method can reliably distinguish from zero. It is, for example, a point a
which a measured value is 
concentration or amount of analyte that can be detected, not quantitated. The signal-to-
noise –ratio should be, for example, higher than 3. Limit of quantitation is the smallest 
concentration of a substance or an amount of analyte that an analytical method can 
measure with a specified degree of confidence. The signal-to-noise –ratio can be, for 
example, higher than 10. 

Robustness describes the method's susceptibility to variation and errors, or the method'
capacity to remain unaffected by small deliberate variations in method parameters. 
Ruggedness is the degree of reproducibility of the results obtained under a variety of 
conditions. 

Uncertainty of measurement is defined as the parameter, associated with the result of
measurement, that characterizes the dispersion of the values that could reasonably be a
tributed to the measurand [252]. In practice, it contains standard uncertainty, combined
standard uncertainty, and expanded uncertainty

Standard uncertainty is the uncertainty of the result of a measurement expressed as a 
standard deviation.  
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Combined standard uncertainty is the standard uncertainty of a result of a measuremen
when that result is obtained from the values of a number of other quantities, equal to the
positive square root of a sum of terms, the term being the variances or covarian

t 
 

ces of 

e 
hen 

nts. 

g as-

 
-

ay exist. In this range the signal response has been 
etermined to be linear with respect to the analyte concentration. Resolution describes 
e method's or measuring system's ability to react on small changes in the quantity of 

nalyte to be determined.  

Since a substitute method might have a different kind of sampling, extraction, purifica-
tion, concentration or detection/determination principle, it may, in practice, measure a 
similar kind of parameter, but not be exactly equivalent to the present method. For ex-
ample, also sensitivity may differ significantly. In this kind of cases the limit values and 
performance requirements have to be determined again, or if possible, create a correla-
tion curve between the present method and the substitute method based on representa-
tive samples and appropriate statistical evaluation. Sometimes authorities provide a 
calibration procedure in a substitution process or in the comparison of a stationary and a 
field method. It should be remembered that various interferences are possible, for ex-
ample due to low recovery rates with a new extraction solvent with a sample media, 
evaporation or degradation of volatile compounds or dissimilar separation of com-
pounds in the sample pretreatment, or for example, similar retention times in a separa-
tion column or similar signal from a detector.  

The use of the instrumentation itself, e.g. the choice of integration parameters using 
GC-FID as well as the choice and use of reference standards is often critical, and can be 

these other quantities weighted according to how the measurement result varies with 
changes in these quantities.  

Expanded uncertainty is the quantity defining an interval about the result of a measure-
ment that may be expected to encompass a large fraction of the distribution of values 
that could reasonably be attributed to the measurand.  

Coverage factor is defined as the numerical factor (k) used as a multiplier of the com-
bined standard uncertainty in order to obtain an expanded uncertainty; k = 2 for an ap-
proximate level of confidence of 95%. 

The measurement uncertainty can be estimated by listing all of the possible errors in th
form of standard deviations (Budget model). The combined standard uncertainty is t
calculated as the square root of the sum of squares of the individual error compone
The other way is to use the experimental data i.e. validation data, internal quality con-
trol results, proficiency testing results etc. for the estimation combined standard uncer-
tainty. 

Sometimes terms sensitivity, practicability or suitability, range and resolution are also 
consolidated to validation terms. Practicability or suitability describes the factual possi-
bility to take the method in practice in respect to economical, technical and timin
pects. For example, a method requiring very expensive and fragile equipment and very 
experienced staff is not practical for field use or occasional determinations. Sensitivity 
describes the gradient of the response curve, i.e. the change in instrument response that
corresponds to a change in analyte concentration or amount of analyte. Range is the in
terval between the upper and lower levels that have been demonstrated to be determined 
with precision, accuracy and linearity using the method as written. It is the range of ana-
lyte concentrations or amounts of analyte over which the method may be used. Within 
this range a linear response range m
d
th
a

158 



 

often a source of different r
sential that the extraction o

esults from otherwise competent laboratories. It is also es-
f oil is performed in the sampling bottle. Container wall ad-

hesion will otherwise be a large source of variations between laboratory. [43] 

Accreditation can be granted according to GLP, ISO 9000 series, or ISO/IEC 17025 
[254-257], which is better linked to the ISO 9001 and ISO 9002 standards, and a revi-
sion of the international ISO/IEC guide 25:1990 and the European standard EN 
45001:1994, actually replacing the latter. The ISO/IEC 17025 gives a validation proce-
dure for methods used in a laboratory by using reference standards, comparison of the 
results obtained with other methods, proficiency testing and systematic review on the 
factors affecting the results. More information on the validation of a method and profi-
ciency tests is available in material and standards provided by the ISO, CEN and IEC 
[251, 258-268]. The most crucial standards in determining the accuracy of a test method 
are ISO 5725-1 and ISO 5725-2.[251, 258] For water quality analysis there are many 
further normative documents to be recognized in standard development.[269-271]  

For on-line determination methods, ongoing standardization proceeds in working 
groups WG 2 On-line sensors/analyzers and WG 3 Field methods under ISO/TC 147 
Water quality. A final draft for water quality measurements on-line is prepared under 
the ISO as ISO/FDIS 15839 Water quality – On-line sensors/analyzing equipment for 
water – Specifications and performance tests. For field measurements a draft standard 
ISO/CD 17381 Water quality – Field methods for the analysis of water – Guidelines for 
the appropriate use of portable Ready-to-use test kit methods is being prepared. 

It will also be possible to define performance using certified reference materials. A new 
project with the aim of defining methods to produce relevant certified material is now 
underway with support from the EU Commission and will be finished early 2005. Ac-
tual materials for water analysis will be available at the earliest later that year. With 
such performance standards any method can be used as long as the targets are met using 
the reference materials. The actual definition of hydrocarbons and matrixes are essential 
to such reference material use.[43] 
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ditive, jet fuel ............................................. 74 
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72 
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...... 72 
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Environmental stress cracking of plastics .......6
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ASTM D 3703, peroxide number, aviation EPA Method 3535, solid phase extraction......44 

turbine fuels ............................................... 74 EPA Method 3810, headspace ........................44 
ASTM D 4961, phenol impurities .................. 67 EPA Method 4030, Soil, , TPH, field, 
ASTM D 5001, aviation turbine fuels, 

lubrication .................................................. 74 
immunoassay..............................................56 

EPA Method 4030, Soil, TPH, field, 
ASTM D 5765-95, soil, TPH, extraction, immunoassay..............................................56 

microwave heating ..................................... 55 EPA Method 502.2 GC/PID/ECD, BTEX in 
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5001 ...............................................
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EPA Method 5030, purge and trap, VOCs .....43 
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Breathing filters, testing, EN 141 ...................
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EPA Method 8015C, GC/FID, TPH, aliphatic 
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omine index, ASTM D 5776 ...................... 67 
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 2000-74, water in petroleum products and EPA Method 8021, GC/PIC/ELCD, VOCs, 
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EX in water, Dutch .................................... 40 EPA Method 8240, Nordtest 
recommendation, soil .................................53 BTEX in water, EPA Method 8021, GC/PID. 44 

EPA Method 8260B, GC/MS, soil, VOCs, BTEX in water, GC/MS, USA ....................... 43 
BTEX .........................................................55 BTEX in water, GC/PID/ECD, USA, EPA 

Method 502.2 ............................................. 43 EPA Method 8260B, TPH, water in 
contaminated soils ......................................43 BTEX, offshore ........................................ 46, 51 

EPA Method 8270, Nordtest BTEX, SFE..................................................... 45 recommendation, soil .................................53 
BTEX, VOCs, soil, headspace, EPA Method EPA Method 9065, phenolic materials in 

water, spectrometric ...................................73 5021B.........................................................
lorophyll derivates ..................................... 71 EPA Method 9066, phenolic materials in 

Coccidiostats................................................... 71 water, coulometric......................................74 
Compressed air, oil content, ISO 8573-2........ 71 EPA Method 9067, Phenol in water, 
Continuous liquid-liquid extraction, EPA 

Method 3520.............................................. 44 
spectrometric ..............................................74 

EPA Method 9071B, HEM, sludge, sediment, 
Coulter method .........................................
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solid samples ..............................................54 

Fibre treatment chemicals in synthetic fibres..72 
DS 208............................................................ 26 Field, oil on surfaces, sampling, NT POLY 

181..............................................................67 DS 209...................................................
 281, phenolic compounds in water, Flavors ............................................................70 
spectrometric.............................................. 73 Fluorescence, UV, offshore, on-line ...............50 

DS/R 208 ........................................................ 31 Fluorometry, surface water monitoring...........44 
DS/R 208, gravimetric, modified, grease in GC/FID, BTEX in water, NEN 6407, Dutch ..40 
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GC/FID, EPA Method 8015C, TPH aliphatic Hydrocarbon index, offshore, ISO 9377-2 .....46 
light end ..................................................... 44 Hydrocarbon index, soil, ISO 9377-2 .............53 

GC/FID, GRO/PRO, EPA Method 8015C, Hydrocarbon index, SPE-GC-MS...................38 
soil.............................................................. 55 Hydrocarbon index, SPME-GC-MS ...............38 

GC/FID, hydrocarbon index in water, ISO 
9377-2 ........................................................ 35 

GC/FID, hydrocarbon index, offshore............ 46 
GC/FID, soil, mineral  oil, ISO/DIS 16703 .... 52 
GC/FID, soil, mineral oil, NEN 5733............. 54 
GC/FID, TPH in soil, experiences.................. 54 
GC/FID, TPH, soil, Swedish practice............. 57 
GC/MS, EPA Method 8260B, TPH in water 

in contaminated soils.................................. 43 
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