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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
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Introduction

The properties of organic micropollutants can differ greatly according to chemical species:
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in th¢ sample are smaller than about 2 mm, further grinding of the sample is not necessary. |

contg
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$oil diversity;

they can range from non-volatile to very volatile compounds (low to high vapour pressure);

ey can be biodegradable or UV-degradable;

ey can have considerably different solubilities in water;
ey require different analytical procedures.
se of these differences, a general pretreatment procedure cannol’ be proposed. Th
atment procedure is to prepare a test sample in which the concentration of the contamina
oncentration in the original soil, provided, however, that this¢procedure does not alter
es to be analysed. For instance, if the sample contains only)small particles and the cg
geneously distributed, it is not necessary to grind the sample. In this International Stand
is used to distinguish between small and large soil particles.

istency among the following aspects is important:

he aim of the analysis (including its accuragy);

he nature of the chemical species to'be analysed.

e goal of a
nt is equal to
he chemical
ntaminant is
ard, the size

particle size distribution of the.sample in relation to the mass of sample taken for anglysis is also

tant to pretreatment. For the)analysis of organic contaminants, the sample mass taken in 1
20 g.

such a sample mass,jand provided that the contaminant is homogeneously distributed and

ins large patrtictes or if the contaminant is heterogeneously distributed (as occurs for inst
les), it is natpossible to take a representative test sample of about 20 g without grinding th
ve the hemogeneity, samples are ground to a size smaller than 1 mm. Prior to analysis,
hation_about the distribution of the contaminant in the soil is known.

Somg “analytical procedures start with a field-moist sample. Drying of the sample gives low

host cases is

the particles
If the sample
bnce with tar
b sample. To
ery often no

er extraction

results. If the sample Is not dried, grinding Is not possible.

In a situation in which accurate results are needed, the best available pretreatment procedure should be used.
If it is necessary to establish whether the concentration is above a certain limit and it is already known that the
soil is heavily polluted, the simplest pretreatment procedure may meet the need. In this case however, the
result may not be presented as a representative value for the whole sample.

The choice depends above all on the volatility of the organic compounds under analysis. It also depends on
the soil particle size distribution, the heterogeneity of the sample and the analytical procedure.
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INTERNATIONAL STANDARD

ISO 14507:2003(E)

Soil quality — Pretreatment of samples for determination of
organic contaminants

1

This
to th

The

in which the contaminant is available for the extraction liquid.

NOTEH For the pretreatment of soil samplesfor’the purposes of determining non-volatile inorganic cq
physito-chemical soil characteristics, see 1SO:14464.

2

The

refergnces, only the edition cited applies. For undated references, the latest edition of th
document (including anyy,amendments) applies.

ISO 1
ISO 1

ISO 1

$cope

nternational Standard specifies three methods for the pretreatment of soil samples injthe la
¢ determination of organic contaminants:

if volatile organic compounds are to be measured;

if moderately volatile to non-volatile organic compounds are to hé-measured, if the

gubsequent analysis must be accurate and reproducible, and if the Sample contains particlg

2 mm and/or the contaminant is heterogeneously distributed;

if non-volatile organic compounds are to be measured and<th€ extraction procedure presd
oist sample, or if the largest particles of the sample aré. smaller than 2 mm and the cq

Tomogeneously distributed. This procedure is also applicable if reduced accuracy and rep|
cceptable.

pretreatment described in this International Standard is used in combination with an extracti

Normative references

following referenced documents are indispensable for the application of this documen

0381-1, Soilguality — Sampling — Part 1: Guidance on the design of sampling programme

1074-2,-Soil quality — Vocabulary — Part 2: Terms and definitions relating to sampling

boratory prior

fesult of the

s larger than

ribes a field-
ntaminant is
eatability are

bn procedure

mpounds and

t. For dated
b referenced

- Gravimetric

1465:1993, Soil quality — Determination of dry matter and water content on a mass basis —

method

3

Terms and definitions

For the purposes of this document, the terms and definitions in ISO 11074-2 and the following apply:

3.1

volatile compound
organic compound having a boiling point below 300 °C (at a pressure of 101 kPa)

NOTE 1 This includes volatile aromatic and volatile halogenated hydrocarbons as determined in accordance with
ISO 15009. Some mono- and dichlorophenols, for instance, and naphthalene also belong to this group.

© ISO 2003 — Al rights reserved
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NOTE 2

The selection of the categories for volatile and moderately volatile compounds can be related in principle to

the vapour pressure. However, as the vapour pressure of only a small number of compounds is known, and in view of the
relationship between vapour pressure and boiling point, the boiling point has been chosen as the criterion for distinction.

See Annex A.

3.2

moderately volatile compound
organic compound having a boiling point above 300 °C (at a pressure of 101 kPa)

NOTE 1

a) mineral o

This definition includes:

il (see ISO/TR 11046);

b) most poly

c) polychlor|

d) organoch
NOTE 2 In
retention time
limit for volatil
should be con
of volatile co
compounds s
the extraction

cyclic aromatic hydrocarbons (PAH) (see ISO 13877);
pbiphenyls (PCB) (see ISO 10382);
lorine pesticides (see 1ISO 10382).

ISO/TR 11046, mineral oil is defined as the group of hydrocarbons which,‘on chromatography,
lying between that of n-decane (C,yH,,) and n-tetracontane (C44Hg,). As in«this International Standa
e compounds lies at a boiling point of 300 °C [approximately hexadecane (Cyg)], this means that ming
Sidered as a volatile compound, as part of the compounds to be determjned-fall within the boiling point
pounds. However for practical reasons, it has been decided that the\pretreatment for moderately v
ould be specified for the determination of mineral oil. As a result ef)cryogenic crushing, an improven
yield occurs for compounds with a boiling point above 300 °C:\The possible losses for the lower-

hydrocarbons
mineral oil an

used to deterrine the mineral oil as a group parameter, it is assumed.that pretreatment using the method for mode
volatile compdunds gives the best results at present.

4 Principle

4.1 Sam

Sampling sh
processed 4
compound(s

When taking

that this quantity:

C,o to C) are assumed to be low, due to the retaining effect of-the higher-boiling hydrocarbons preg
to be compensated by the higher extraction yield of the ether hydrocarbons present. As the total y

ing
bll be carried out in accordance with ISO 10381-1. The samples taken shall be kept cog
s soon as possible. The 'rmethod of pretreatment depends on the volatility of the or
or group(s) of organic-eompounds to be determined.

a subsample, the-quantity of soil should be removed from the sample container in such 2

ample over the full depth of the sample, and

bken quickly.

have
rd the
ral oil
range
platile
ent in
oiling
entin
eld is
rately

| and
ganic

way

a) is a subs
b) canbet
4.2 Volati

e compounds

For determination of volatile organic compounds, core test samples are taken from the sample and extracted
according to the relevant specific analytical procedure. If composite samples are required, extracts of
individual samples are mixed. It is not possible to obtain composite samples without severe losses of volatiles.

The procedu

4.3 Mode

re is described in 8.2.

rately volatile compounds

Samples are chemically dried at a low temperature (— 196 °C, liquid nitrogen). The dried samples are cooled
with liquid nitrogen and ground with a cross-beater mill with a sieve of 1 mm mesh size (cryogenic crushing).
After grinding, suitable test portions are processed according to the relevant specific analytical procedures.
Composite samples can be prepared by mixing the ground samples. This procedure is described in 8.3.
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If the extraction procedure requires a field-moist sample, drying and grinding are not possible.

If the original sample only contains a small fraction of particles greater than 2 mm and the distribution of
contaminants is likely to be homogeneous, grinding may be omitted. In these two cases, suitable test portions
are taken directly after mixing the sample. This procedure is described in 8.4.

NOTE 1 To distinguish the volatile organic compounds from the moderately volatile organic compounds, boiling points
are used instead of the vapour pressure at ambient temperature. This is explained in Annex A, which also gives boiling
points and vapour pressures of compounds regularly determined in soil investigations.

NOTE 2 For some specific components in the group of moderately volatile organic compounds, freeze-drying may give
good results. In this International Standard freeze-drying is not described.

5 Reagents

Use pnly reagents of recognized analytical quality. Check samples of each batch)of the reagents for the
presgnce of contaminating compounds.

5.1 | Sodium sulfate, anhydrous.

Heat|the sodium sulfate before use for at least 6 h at about 550 °C_to remove crystalline waterl and organic
matefials. After heating, allow to cool in a desiccator and store in a closed container.

5.2 | Magnesium silicate (talcum powder).
5.3 | Sand or gravel.

Befolle use, wash the sand or gravel at least twice with an equivalent mass of demineralized water and then
heat for 6 h at about 550 °C to remove organic materials.

5.4 | Liquid nitrogen.

For spfety precautions, see warnings in\8./3.2.

6 Apparatus
Usudl laboratory glasswaré’and equipment, and in particular:

6.1 | Glass containers with a volume of 750 ml to 1 000 ml, with a wide neck and screw cap with a
polytetrafluoroethylene (PTFE) inlay.

6.2 | Polyethylene containers with a volume of 750 ml to 1 000 ml, with a wide neck and s¢rew cap. To
prevent a.significant headspace being formed, do not use larger containers.

6.3 Refrigerator, capable of maintaining a temperature below 10 °C.

6.4 Dewar vessel(s), capable of holding at least one polyethylene container of about 750 ml.

6.5 Cross-beater mill or mill with comparable qualities, with a sieve of mesh size 1 mm and accessories. A
cross-beater mill as used in most soil laboratories is suitable for milling soil samples cooled with liquid
nitrogen.

6.6 Gloves, suitable for working at low temperatures.

6.7 Oven, suitable for heating to about 550 °C.

© ISO 2003 — Al rights reserved 3


https://standardsiso.com/api/?name=36ed55addc45e9177e505636f7cd3a16

ISO 14507:2003(E)

6.8 Core cutter or similar instrument, for example apple corer. Depending on the type of soil (sand, clay),
different instruments can be used.

7 Preservation and storage

Do not preserve the samples, but analyse them as soon as possible. Between sampling in the field and
analysis store the samples below 10 °C, if possible in a refrigerator (6.3). The maximum storage time for a
sample kept in the dark below 10 °C depends on the parameter(s) to be determined, but can also depend on

the material used for the container. Details can be obtained from the relevant specific analytical standards.

The storage [fime also depends on possibilities of volatization and biological degradation. Tf these procésses
are likely to pccur, then the storage time should not exceed four days. In cases with no volatization,-joorly
biodegradable compounds present and biologically less active soil, longer storage times are possible)
If rapid micrgbial decomposition of the compounds to be determined can be expected, the sample shoyld be
pretreated immediately after receipt at the laboratory. For samples containing volatile organic compourjds in
particular, the storage time should preferably be as short as possible and analysis _carried out as sopn as
possible, e.g| within 1 day to 2 days.
NOTE Chemically dried and ground samples are generally stable for longer periods-ifistored in a cool, dark logation.
Freezing samples could extend the useful storage time.
8 Procedure
8.1 General
The pretreaiment method depends on the volatility of .the” substance(s) or group(s) of substances fo be
determined. Two categories are distinguished here:
a) Volatile gompounds: boiling point < 300 °C.
b) Moderately volatile organic compounds;, beiling point > 300 °C:

1) grinding necessary;

2) grinding not possible or bethecessary.
The method for pretreating-Ssamples containing volatile organic compounds is described in 8.2.
The method| for pretr€ating samples containing moderately volatile organic compounds using grinding is
described in [8.3. If grinding is not necessary or the required result is only qualitative, the method descrifled in
8.4 is used.
If the pretreatmentmethods differ for various—parameters—tobe determined, divide the—sampte—before
pretreatment into subsamples which are as large as possible.

If it is known in advance that both volatile organic compounds and other parameters are to be determined in a
sample, it is essential that a separate sample be taken in the field in accordance with the appropriate
International Standard.

For the purposes of calculation of the content of volatile and moderately volatile organic compounds on the

basis of dry matter, the content of dry matter shall be determined in accordance with ISO 11465 on a
subsample of the original (moist) sample.

© ISO 2003 — Al rights reserved
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8.2 Volatile compounds (boiling point < 300 °C)

8.2.1 General

For samples in which volatile compounds are to be determined, no sample pretreatment is carried out. Take
test samples from the sample as soon as possible after sampling, to avoid losses.

Test samples can be taken and extracted in the field. Precautions should be taken to prevent contamination of
the extraction liquid. This should be verified using field blanks, which are subject to the same procedures as
the samples. Otherwise the sample should be covered with the extraction solution, the container tightly closed
and transported to the laboratory under cool conditions, to perform the extraction.

8.2.2| Individual samples
Storg the samples in the refrigerator (6.3) until further processing. Using a corer (6.8); \take one or more soil
coreg from the container such that the combined mass of the cores corresponds ta the requireq mass of the
test Jample (see Clause 2 and Bibliography for the respective International Standards).

If seyeral cores of soil are taken and/or if several test samples are taken from’the same container, take the
coreg from different points in the container, if possible.

8.2.3] Composite samples
It is not possible to form composite samples for the analysis:of volatile organic compounds. Iff the analysis

methpd involves a liquid extract, a composite extract can be prepared by mixing equivalent vdlumes of the
extragts from the different samples.

8.3 [ Moderately volatile organic compounds’(boiling point > 300 °C) — Grinding npecessary

8.3.1| General
Remgpve parts that are not representativé of the soil, e.g. all visible metallic content.

A nofe shall be made to this effect«in the analytical report.
8.3.2| Individual samples

8.3.211 Chemical drying

For gach sample-i6. be analysed, add approximately 200 g of sodium sulfate (5.1) and approximately 50 g of
magnesium silicate (5.2) to a glass container (6.1). Determine the total mass of these subsfances to an
accuracy of'9;1°g. After sealing the container, mix the two substances by shaking and cool to a temperature
belowy 10°C.

For eachsampte, addapproximatety 250gof soit{weighedtot—decimatpoint) to thegtasscontainer with the
sodium sulfate and magnesium silicate.

Close the container and mix the soil and the additives by shaking. Place the container in a refrigerator (6.3) to
stand cold for 12 h to 16 h. Shake the container vigorously every hour for the first 4 h to avoid clod formation.
Before the end of the drying time, again shake the samples vigorously.

If large clods, e.g. larger than 3 cm, are formed in the initial phase, these can be crushed manually by cutting
with a spatula in the container. This may particularly be necessary with heavy clay soil.

If the moisture content is greater than 60 %, add extra sodium sulfate instead of reducing the amount of

sample. If a sample has a low moisture content and no clods are formed, it is possible to dry in less than 12 h.
An adequate drying time should be ensured.

© ISO 2003 — Al rights reserved 5
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The sample should be kept in a cool environment as long as possible, not only before, but also after weighing.

NOTE 1 This procedure is less suitable for the determination of moderately volatile organic compounds in sludges or
sediments with a high water content. Chemical drying of such a sample before crushing can cause problems due to
insufficient drying and clod formation.

NOTE 2  If the soil is not properly mixed with the additives in the initial phase, large clods can form which do not dry
further.

NOTE 3  If a sample is not completely dry before the cryogenic crushing, considerable contamination of the cross-
beater mill can occur. In particular, clods which may not be fully dry on the inside (after too short a drying time) have a
relatively long retention in the jaws of the crusher. This results in heating of the clod, and the moist matter is spread over
the inside of [the crusher. ThiS contamination IS very dificult 10 remove and can lead to serious contaminatjon of
subsequent sgmples.

8.3.2.2 Giinding

Fill the Dewgr vessels (6.4) to be used with sufficient liquid nitrogen for the polyethylene cantainers (6.2)|to be
fully covered by the liquid nitrogen when placed in the Dewar vessels. Quickly transfer the content of|each
glass containjer with soil and additives (8.3.2.1) into a polyethylene container. Seal the_polyethylene container
and immersg completely in the liquid nitrogen. Allow the container to stand until, the-liquid nitrogen no lpnger
boils vigorously. Cool for approximately 10 min. After complete cooling, retrieve~the container from the [iquid
nitrogen and|transfer the contents to the cross-beater mill (6.5).

ss beater mill in a well-ventilated area. After handling each‘sample, the disintegrator shoyld be
cleaned to ayoid contamination of subsequent samples. This can be dene efficiently by crushing a quantity of

, carefully remove the collection tray beneath the cross-beater mill and take the necessary test
the crushed soil. When removing the collectioh tray, take into account the release of fine|dust.
For this reaspn, do not remove the tray until a few minutes after the motor has stopped. However, do not wait
too long so gs to avoid heating the sample. The test sample should be carefully taken from the collection tray.
Samples shquld be taken both in depth and over the (entire) surface so as to ensure as representatiye as
t sample. While removing the collection tray and taking the test sample, the sample should not
be shaken ag this can cause (further) separation-on the basis of particle size and mass.

Weigh the sgmples and start the required extraction procedure immediately after weighing.

WARNING —- Use suitable gloves and face protection when handling liquid nitrogen and soil cooled to
—196 °C.
— At all times, use personal protection including a dust mask in the case of the release of dust,

inhalable quartz, or,contaminated matter in the form of dust.

— Note that polyethylene containers are fragile at a temperature of — 196 °C.

NOTE 1 Ugually, it takes about half an hour for the soil to be fully cooled in the liquid nitrogen. This cooling periqd can
be lengthened slightly to guarantee complete cooling in the container.

NOTE 2  Due to the better accessibility of the soil to reagents, the result from analysis after cryogenic grinding may be
found higher than in the untreated sample.

After analysis, correct the calculation of content for the dry mass and the additives. Carry out the latter
correction by multiplying the measured mass by the additive factor f;:

ms+a:m'ft (1)

where

6 © ISO 2003 — Al rights reserved
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mgsg 1S the mass of the sample plus additives;

m is the original mass of the test sample;
f is the additive factor,
where

(m + mNaZSO4+ta|c )
m

Jr=

()

As th
for th

8.3.3

Itis
meth
a cof
shall
meas

With

wher

8.4
orn

8.41

For t
quali
resul

vhere my4,504+talc IS the mass of additives.

e water present in the sample is not removed, then correct the mass of the sample, calculate
e dry mass as specified in ISO 11465.

Composite samples

ot possible to make composite samples from unpretreated samples. For composite sampl
bd in 8.3.2. After extraction, the extracts of the samples to be mixed)are combined in equal
hposite extract or by mixing cryogenically crushed test samplesbefore extraction. Here tog
be corrected for the dry mass and additives. The latter correction can be carried out by m
ured content by the additive factor f; (see 8.3.2).

composite samples, f; is the average of the additive factors of the individual samples:

n

Z(m + MNa ,S0 4+talc )i

n
2 mi
i=1

b 7 is the number of samples-that have been combined.

bt necessary

General

his method; mixing by hand is the only pretreatment procedure. This method may also
ative measurement for moderately volatile organic compounds if procedure 8.3 is necessary
S,

d in this way

bs, follow the
amounts into
, the content
ultiplying the

Moderately volatile ‘organic compounds (boiling point > 300 °C) — Grinding npt possible

e used as a
for accurate

8.4.2

Individual samples

Keep samples cool at temperatures below 10 °C as long as possible. The time between removing the samples
from the refrigerator and taking a test sample shall be as short as possible. Mix the sample in the container or
in a separate vessel. Remove the parts that are not representative of the soil, e.g. all visible metallic
components. If possible reduce the particle size by moderate grinding by hand (for instance mortar and
pestle). This is possible if the soil contains aggregates composed of more or less weakly cohesive materials
and plant residues. Take a representative test sample with a spoon or corer. The accuracy and reproducibility
will be better if large test samples are taken (further information can be obtained from the relevant analytical
procedure).
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In contrast to the test sample prepared according to 8.3, the sample prepared via this method contains free
water. This can have an effect on the analytical procedure used after the pretreatment, and should be

mentioned in

the test report.

8.4.3 Composite samples

If this method is to be used as a qualitative method, preparing composite samples will further reduce the value
of the results. Composite samples are preferably not prepared by mixing the soil samples but by equivalent

mixing of the

8.5 Blank

extracts from the different soil samples.

measurements

To determine whether the pretreatment process contaminates the soil samples, carry out\a

measuremer|
group) is to b
and thereaftd

To carry out the blank measurement for procedure 8.3, take equal quantities of washed and calcined sa
gravel (5.4) ipstead of the soil sample, and follow the procedure described.

9 Testreport

The test repq

a) areferemce to this International Standard;

b) completg identification of the soil sample;

t. This blank measurement shall be carried out each time a new compound (or compg
e determined in accordance using a pretreatment method specified in this International Stan

rt shall contain at least the following information:

blank
unds
dard,

r as often as required for the purposes of quality control of the analytical results,.of'the laboratory.

nd or

c) the storgge time and storage conditions of the \sCil sample (time between taking the soil sampl¢ and

pretreatient or, if the time of taking the samplelis not known, the time between receipt of the samy

the labo

d) the meth
organic

compounds if grinding is not possible or not necessary according to 8.4. If 8.4 is used in cases

grinding

e) any deta
may hay

atory and the pretreatment);

compounds using grinding~according to 8.3 or the method for moderate volatile or
should be applied, it sheuld be mentioned in the report that the results are only indicative;

ils not specified if-this International Standard or which are optional, as well as any factor
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Annex A
(informative)

Information concerning vapour pressure, boiling
and melting points of volatile organic compounds

Annex gives an overview of volatile organic compounds which are regularly determined in soil

which is given in Table A.1 with the boiling and melting points of the compeunds concerned. When carrying
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a)

b) moderately volatile'organic compounds: boiling point > 300 °C

he interpolation, a linear relationship has been assumed between the temperature and the vapour
ure over the period around 20 °C. Since only the trend in vapour pressure in relation to the boiling and
g points is of interest, the error in this approximation is not-important. If the lowest vappur pressure
(1 mmHg = 0,13 kPa) lies above 20 °C, the temperature at.which this vapour pressure odcurs and the
g and melting point of the compound concerned are giveniin Table A.2, as interpolation is npt possible in
cases.

s A.1 and A.2 show a clear relation between vapour pressure and boiling point. In contrast, there is no
bn between vapour pressure and melting point.’As the vapour pressure decreases, the|boiling point
hses. As the vapour pressure is known only for a limited number of compounds, classifi¢ation on the
of volatility is, for practical reasons, betterrelated to the boiling point than to the vapour pregsure.

ryogenic crushing, losses are observed for substances with boiling points below or cloge to that of
Hecane [7]. Hexadecane is one_of the most recent compounds to be clearly indidated in gas
hatographic analysis of volatile hydrocarbons. Thus the boiling point cut-off between compgounds in the
le group and the moderately veolatile group lies around 300 °C. In this International Standafd, distinction
de between the followingtwo’categories:

olatile organic compounds: boiling point < 300 °C
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Table A.1 — Volatile compounds with associated vapour pressure at 20 °C, boiling and melting points

Compound Vapour pressure at 20 °C Boiling point Melting point
kPa °C °C
Pentane 57,3 36 -130
Dichloromethane 47,8 40 -95
1,1-Dichloroethane 29,0 57 -97
Trichloromethane 24,9 61 - 64
Hexang 18,2 69 -95
1,1,1-Trichloroethane 13,3 74 - 31
Tetrachloromethane 12,0 77 =23
Benzepe 10,6 80 6
1,2-Dighloroethane 9,4 84 -35
2-Methylhexane 7,4 90 - 118
3-Methylhexane 6,8 92 -119
Heptane 4,9 98 -9
Toluene 3,5 111 -95
1,1,2-Trichloroethane 3,1 113 - 37
3-Methylheptane 2,4 115 121
2-Methylheptane 2,5 118 -110
Octane 1,5 125 - 57
Chloropenzene 1,2 132 -45
Ethylbgnzene 1,13 136 - 95
p-Xylene 1,08 138 13
m-Xylgne 1,05 139 —48
o-Xylene 0.93 144 =25
Nonane 0,75 151 - 54
1,3,5-Trimethylbenzene 0,47 165 - 45
1,2,4-Trimethylbenzene 0,36 170 — 44
Decane 0,24 174 -30
2-Chlorophenol 0,40 175 7
1,2,3-Trimethylbenzene 0,56 176 - 26
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Table A.2 — Volatile compounds with the temperature associated with 0,13 kPa vapour pressure,
and boiling and melting points

Compound Temperature Boiling point Melting point
°C °C °C
Benzaldehyde 26 178 - 56
Phenol 40 182 41
Butylbenzene 23 183 — 88
Undecane 33 195 — 26
2,4-Dichlorophenol 53 206 45
Naphthalene 53 211 80
3-Chlorophenol 44 213 33
Dodecane 48 216 -10
2,6-Dichlorophenol 60 219 68
4-Chlorophenol 50 220 42
Tridecane 59 234 -6
Tetradecane 75 253 6
Pentadecane 92 270 10
2-Chlorobiphenyl 89 274 34
Hexadecane 105 287 19
4-Chlorobiphenyl 96 291 76
Heptadecane 115 303 23
Octadecane 120 316 28
Nonadecane 133 330 32
Anthracene 145 340 218
Phedanthrene 118 340 100
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