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Standard Practice for

Oil Spill Source Identification by Gas Chromatography and
Positive lon Electron Impact Low Resolution Mass
Spectrometry 1

This standard is issued under the fixed designation D 5739; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope* D 3328 Test Methods for Comparison of Waterborne Petro-

1.1 This practice covers the use of gas chromatography and _leum Oils by Gas Chromatogfafﬁy
mass spectrometry to analyze and compare petroleum oil spills P 3414 Test Method for Comparison of Waterborne Petro-
and suspected sources. leum Qils by Infrared Spectroscopy

1.2 The probable source for a spill can be ascertained by the D 3415 Practice for Identification of Waterborne Gils
examination of certain unique compound classes that also D 3650 Test Method for Comparison of Waterborne Petro-
demonstrate the most weathering stability. To a greater or _leum Oils by Fluorescence Anally§|s
lesser degree, certain chemical classes can be anticipated toP 5037 Test Method for Comparison of Waterborne Petro-
chemically alter in proportion to the weathering exposure time _leum Oils by High Performance Liquid Chromatography
and severity, and subsequent analytical changes can be pre-E 355 Practice for Gas Chromatography Terms and Rela-
dicted. This practice recommends various classes to be ana- tionships
lyzed and also provides a guide to expected weathering

. X ~3. Summary of Practice
induced analytical changes. . ,
1.3 This practice is applicable for moderately to severely 3:1 The recommended chromatography column is a capil-

degraded petroleum oils in the distillate range from diesel@"y directly interfaced to the mass spectrometer (either qua-
through Bunker C: it is also applicable for all crude oils with drupole or magnetic). _ _
comparable distillation ranges. This practice may have limited 3-2 The low-resolution mass spectrometer is operated in the

applicability for some kerosenes, but it is not useful forPOSitive ion electron impact mode, 70 eV nominal.
gasolines. 3.3 Mass spectral data are acquired, stored, and processed

1.4 The values stated in SI units are to be regarded as tfMith the aid of commercially available computer-based data
standard. systems.
1.5 This standard does not purport to address all of the4_ Significance and Use

safety concerns, if any, associated with its use. It is the : o , .
responsibility of the user of this standard to establish appro- 4.1 This practice is useful for assessing the source for an olil

priate safety and health practices and determine the applica—SPi”' Other less complex analytical procedures (_Test Methods
b|||ty of regulatory limitations prior to use. D 3328, D 3414, D 3650, and D 5037) may prOV|de all of the

necessary information for ascertaining an oil spill source;

2. Referenced Documents however, the use of a more complex analytical strategy may be
2.1 ASTM Standards: necessary in certain difficult cases, particularly for significantly
D 1129 Terminology Relating to Wafer weathered oils. This practice provides the user with a means to
D 3325 Practice for Preservation of Waterborne oilthis end. _ ) o _

Sampled 4.1.1 This practice presumes that a “screening” of possible

D 3326 Practices for Preparation of Samples for IdentificaSUSPect sources has already occurred using less intensive
tion of Waterborne Ois techniques. As a result, this practice focuses directly on the

generation of data using preselected targeted compound
classes. These targets are both petrogenic and pyrogenic and
— can constitute both major and minor fractions of petroleum
1 This practice is under the jurisdiction of ASTM Committee D19 on Water and oils; they were chosen in order to develop a practice that is

is the direct responsibility of Subcommittee D19.06 on Methods for Analysis for . I licable t trol il identificati . |
Organic Substances in Water. universally applicable to petroleum oll iIdentification In genera

Current edition approved June 10, 2000. Published September 2000. Originally
published as D 5739 — 95. Last previous edition D 5739 — 95.
2 Annual Book of ASTM Standardgol 11.01. —_—
3 Annual Book of ASTM Standardgol 11.02. 4 Annual Book of ASTM Standardgol 14.01.

*A Summary of Changes section appears at the end of this standard.
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and is also easy to handle and apply. This practice can TABLE 1 Extracted lon Chromatograms (EICs)
accommodate light oils and cracked products (exclusive of Compound Type on Approximate Time
gasoline) on the one hand, as well as residual oils on the other. Interval, min

4.1.2 This practice provides analytical characterizations ofiaphthalenes C, 156 180 23
petroleum oils for comparison purposes. Certain classes of & Lo oz
source-specific chemical compounds are targeted in this quali- *
tative comparison; these target compounds are both unigu@benzothiophenes Co 1844 2310 28
descriptors of an oil and chemically resistant to environmental & bt NS

. . . . . . 2
degradation. Spilled oil can be assessed in this way as being I 226 31to 35
similar or different from potential source samples by the direct enanthrencs .

: . 3 : enanthrenes Co 178 27 to 28
visual comparison of specific extracteq ion ch_rpmatogramg anthracenes c 102 28 10 33
(EICs). In addition, other, more weathering-sensitive chemical c, 206 30 to 35
compound classes can also be examined in order to crudely Cs 220 321037
assess the degree of weathering undergone by an oil spill,., . 14a(H) 217 40 10 60
sample. 14b(H) 218 40 to 60

4.2 This practice simply provides a means of making

P . . . 5r|terpanes 191 40 to 60
gualitative comparisons between petroleum samples; quantita-
tion of the various chemical components is not addressed. Alkanes 85 4 to 60
5. Apparatus Alkanes 113 4 to 60

5.1 Gas Chromatograph Interfaced to a Mass Spectrometeralkanes and Acyclic 133 4 to 60
with a 70-eV electron impact ionization source. The system isoprenoids
shall ir)clude a computer for the control of data acquisition andsenonaphtnothiophene 234 30 to 34
reduction. . ‘

5.2 Capillary Column with a high-resolution, 30 m by Tr-aromatic steranes 231 391045
0.25-mm or 0.32-mm inside diz_;tmeter (0.25_-;im(such asJ &  Norhopanes 177 3310 47
W DB-5 or Supelco PTE-5), interfaced directly to the mass
spectrometer. Methylhopanes 205 41 to 46

i Pyrene/fluoranthene 202 24 to 32
6. Reagents and Materials
Methylpyrenes 216 30 to 32

6.1 Purity of Reagents-Only pesticide grade, nanograde,
or distilled in glass grade solvents will be used. Fluorenes 166 16 to 21

6.2 Purity of Reference Compounrdf\ll must be certified
to be at least 95 % pure.

6.3 Septa—OnIy high-temperature low-bleed (SLICh as A An authentic standard of dibenzothiophene can be chromatographed to
’ ! ascertain its actual retention time.

M
Thermogreeﬁ ) shall be used. B Phenanthrene is both pyrogenic and petrogenic. Consequently, m/e 178 may

6.4 Vials, gIaSS, polytetraﬂuorethylene-lined Screw cap,demonstrate an increase relative to its source in spill cases in which arson or other

_ ; combustion processes have occurred. This can result in a significant distortion in
10-mL CaPaCIty' the C, anthracene/phenanthrene distribution, which is, generally speaking,
6.5 Syringes 10 pL. counter to expected weathering processes.

6.6 Perfluorotributylamine used for tuning the mass spec-
trometer. _ )
6.7 Resolution Mixture-Pristane, phytanej-heptadecane, /- Preparation of Instrumentation
andn-octadecane in equal concentration in cyclohexane (50 to 7.1 Set an initial head pressure of between 5 and 20 psi
150 ng/pL). using helium as the carrier at 250°C (for either a 30-m by
6.8 Mass Discrimination Mixture-Naphthalene, fluoran- 0.25-mm inside diameter column or a 30-m by 0.32-mm inside
thene, and benzo (g, h, i) perylene in equal concentration idiameter column). Adjust a final head pressure (for either
cyclohexane (50 to 150 ng/uL). column) such that the linear velocity is in the range from 30 to
6.9 Reference oil, possibly a crude oil, used for generatiod0 cm/s.
of the extracted ion chromatograms (EICs) listed in Table 1 and 7.2 Mass Spectrometric Tuning
validat of system performance for oil sample comparison 7.2.1 Tune the mass spectrometer to the following perfluo-
purposes. (See for representative EICs produced using thetributylamine (PFTBA) specification, addressing both mass
conditions stated in section 8.) scale calibration and peak-to-peak ratios:

Bicyclonaphthalenes 208 15 to 22
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(m/e 69 at 100 % of base peak) 8.2 Sample Preparatioa-Weigh 100 to 200 mg of ail into
(m/e 219 at 35 to 40 % “ of base peak)® a screw-cap glass vial, and add 10 mL cyclohexane. Sonication
(m/e 502 at 1 to 2 % of base peak)® . . .
may be necessary, as well as centrifugation, to remove particu-

A The sensitivity for aimost all of the ions monitored (Table 1) can be improved lates if the sample does not dissolve completely.
somewhat by adjusting this percentage to between 60 and 65; however, the 8.3 Instrumental Parameters

resulting mass spectra may be distorted significantly so that MS computer search

routines for the identification of unknowns by comparison to conventionally 8.3.1 Gas Chromatograpl%Use the following parameters:
acquired mass spectral libraries may be impaired significantly. 1-pL splitless injection for 45 s; an initial column temperature
® Adjust the entrance lens voltage. of 55°C for 2 min; a temperature ramp at 6°C/min to 270°C; a

c i i . .
Adjust the fon focus voliage. temperature ramp of 3°C/min to 300°C; a final column

7.2.2 Retune every 12 h of mass spectrometer operation. yomperature of 300°C for 17 min; an injection temperature of
7.3 Resolution Cheek-Under the instrumental conditions 290°C, and a mass Spectrometer (MS) interface temperature Of
listed (7.1), pristane and phytane usually display 80 % 0BpQ°C. A total run time of approximately 65 min will be
greater resolution from G and Gg respectively. If the achieved using these parameters.
resolution is less than 50 %, take corrective action such as 8.3.2 Mass Spectrometer Data Acquisition Parameters
replacement of the injector liner and seals and removal of thg)perate the mass spectrometer in selected ion monitoring
front of the analytical column. Report the degree of resolutiorys|m) for the 24 ions listed in Table 2. Since all of the ions will
in Section 10. Refer to Practice E 355 for calculation Ofbe scanned every Second’ the dwell time for each is 70 ms.
resolution values. Allow a solvent delay time of 4 min before the start of MS
7.4 Mass Discrimination Check scanning.

7.4.1 Use the gas chromatographic instrumental parameterSNOTE 1—It is recognized that the different monitored classes of

enumerated in 8.3.1; operate the mass spectrometer, but in thgajytes elute only in certain regions of the chromatogram; consequently,
linear scan mode from m/e 45 to 360 in 1 s. not all ions need be monitored continuously. However, no effort has been

7.4.2 Inject a 1-pL solution of naphthalene, fluoranthenemade to segment the chromatogram by using different SIM masses at

and benzo (g,h,i) perylene in equal concentrations (from 50 tgifferent times for the sake of maintaining simplicity. It is also recognized
150 ng/uL) in, c'yclohexane that the signal-to-noise ratio is improved by an increase in the dwell time;

' however, this improvement is directly proportional to the square root of
7.4.3 Integrate the total ion chromatogram (TIC). the proportional dwell time increase. A signal-to-noise ratio increase of
7.4.4 Calculate the following ratios: only two would thus result from a four-fold increase in the dwell (from 70
to 280 ms). This increased dwell time would permit only 3 ions/s to be
(1) Area of naphthalem_—:t to area of fluoranthene, and monitored. Nevertheless, the experienced analyst who is working with a
(2) Area of benzo (g,h,i) perylene to area of fluoranthene. well-characterized oil source, such as monitoring degradation over time,

7.4.5 The ratio of 1) must be less than or equal to 2, and themay choose to monitor fewer ions in order to maximize the signal-to-noise

ratio of (2) must be greater than or equal to 0.2. Report thigatios and consequently improve the sensitivity for a subset of the ions
. . listed in the table. Similarly, users of certain older model mass spectrom-
value in Section 10. . - L ;
: . ) eters may also choose to modify SIM acquisition by monitoring fewer ions
. 7.4.6 A high mo'?cmar weight response can sometimes bgmultaneously in order to offset lowered MS sensitivity.
Collmn ino the injecior bogy or using slanized glass wol or &4 SaMPIe Analysis Batching Requirementvery time
- | Joody Sing 9 . the mass spectrometer is used, bracket all samples by a
quartz as injector packing material, or both. Electronic flow
control (instead of constant column head pressure) has recently

. . . TABLE 2 SIM Acquisition
become available for Capillary GC. It can be used to provide a d

high molecular weight response by increased flow during mie Dwellims Elution range/min
splitless injection. 18153 ;8 ﬁg gg
7.5 Retention Time CheekThe absolute retention times for 156 70 410 60
the mass discrimination check compounds (7.4.1) must be igg ;8 ﬁo 28
recorded. The batch-to-batch retention time reproducibility can ke 70 P
be documented in this way. Report these retention times in 178 70 410 60
Sec“on 10 183 70 4 to 60
184 70 4 to 60
191 70 4 to 60
8. Procedure 192 70 410 60
. . 198 70 410 60
8.1 Refer to Terminology D 1129 for terms relating to water 202 70 410 60
and Practice D 3415 for identification of waterborne oils. Refer ;gg ;8 j;o 28
to Practice D 3325 for the preservation of oil samples and 208 70 1060
Practice D 3326 for preparation of the neat oil sample. (Prac- 212 70 410 60
tice D 3326 includes Procedure F for recovering oil from thin gig ;g j;o gg
films on water and Procedure G for recovering oil from sand 218 70 41 60
and debris.) It is the responsibility of the user to validate this 220 70 410 60
method for use with these types of matrices since oil recovered 226 70 41060
. . . . 231 70 4 to 60
from them may contain contamination derived from the sub- 234 70 4 10 60

strate material.
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duplicate analysis, and specifically prepare an oil sample iDibenzothiophene and anthracene/phenanthrene are therefore
duplicate (8.2). Also, the first and last samples to be analyzethherently more resistant than naphthalenes.

must be these duplicates. Generate the resulting EICs in 9.1.3.3 Steranes and triterpanes are relatively water in-
accordance with 9.1.1, and compare them visually in accorsoluble and are extraordinarily resistant to biodegradation.
dance with 9.1.2; any variations observed will serve to define 9.1.3.4 The most stable EICs should be examined first,

the analytical error for the entire batch. progressing toward the less stable ones. This order from more
weathering stable to less weathering stable is shown in Fig. 1.
9. Interpretation 9.1.4 Susceptibility of the Various Compound Classes to
9.1 Evaluation of EICs Weathering Exposurelt may be best to first examine the

9.1.1 Data Presentation-EICs will be generated for each highest molecular weight homologous series with the greatest
oil sample. These EICs are as followd) (C, through G degree of substitution, since weathering results in progressive
homologs of naphthalene2)(dibenzothiophene and its,;&C, losses greatest for the lowest molecular weight homologous
homologs, 8) anthracene and phenanthrene and thgi¥Gg  Series with the least degree of substitution, progressing toward
homologs, 4) triterpanes, §) steranes, and6] alkanes, T) the highest molecular weight series with the greatest degree of
benzonaphthothiophene) tri-aromatic steranes9) hopanes, substitution. In those cases in which weathering has not
(10) pyrene/fluoranthene1q) fluorene and 12) bicyclonaph-  progressed sufficiently to eradicate an entire substituted series
thalenes. The EICs and their approximate time intervals areompletely, the remnants will continue to reflect the original
summarized in Table 1. The method can be extended to includ@tios of the unweathered oil. The EICs for a weathered oil
other suitable ions, if necessary. (With this in mind, the usewersus its unweathered source will thus remain qualitatively the
may desire to include naphthalene ang i@phthalene ho- same, that is, the EICs will not change.

mologs for light, minimally weathered spills or chrysene and .. »__a signal-to-noise ratio of 3:1 is used to ascertain the remnant

it_S C, to G, homologous series for heavily weathered residualyesence of a peak for those weathered oil EICs displaying drastic loss. It
oils, or both. may be helpful to auto-range sections of such an EIC in order to examine

9.1.2 Direct Visual Comparison of EIGsThe EICs for  such alow-level signa}l in greater_detail. Thi_s same procedure may be used
each suspect source oil will be compared to the appropriat® step ar_ound a dominant peak in an EIC in o_rder to auto-range on other,
EICs of the spilled oil; evaluation of the patterns (EICs) will be less dominant peaks and consequently examine them in greater detail.

performed as a peak-to-peak comparison simply by placing the 9.1.4.1 m/e 85—This m/e serves to provide a chromato-
EICs one over the other. Since thexis will be normalized at  graphic trace for the alkanes. It is included to assess gross
100 %, automatically, the EICs from identical oils will have weathering effects since this compound class is very weather-
identical plots (although not necessarily identical scale, WhiChng sensitive. Losses in the rapidly eluting, early part of the
is dependent on the absolute weight of the injected sample}pill EIC relative to the source are to be expected due to
and they will therefore overlay each other completely (withinvarious weathering phenomena (evaporation, dissolution, and

the confines of analytical error defined in 8.4). This uniformpiodegradation). An example of how pronounced this is, is
presentation of the EICs makes visual comparison by overlaghown in Fig. 2.

a straightforward procedure, regardless of differences in injec-
tion amounts.

9.1.3 Weathering Stability
9.1.3.1 The more highly alkylated homologs are preferred 9.1.4.2m/e 113—This m/e serves to provide a chromato-
for characterization purposes over the unsubstituted paregraphic trace for the saturated alkanes as does m/e 85, but more

compound, or even its monomethylated forms, since botlpronounce if the sample is weathered.

solubility in water and biodegradation are related inversely to 9.1.4.3 m/e 183—This m/e serves to provide a chromato-

the degree of alkylation. graphic trace for the alkanes and acyclic isoprenoids as does
9.1.3.2 In similar fashion, biodegradation and water soluim/e 85, but accentuates the acyclic isoprenoids (i.e. pristane

bility are also related inversely to the number of fused ringsand phytane) in the sample.

Note 3—Differences in the amounts of oil injected cause differences in
the full-scaley axis, as indicated in Fig. 2 and discussed in 9.1.2.

Steranes / Phenanthrenes / Naphthalenes Alkanes_—
triterpanes > anthracenes / > C4>C3>Cy > ]

dibenzothiophenes — E—
CS > 02 > C1

More stable < ===========-=--ss-----oommomooo- ¥ Less stable
FIG. 1 Weathering Stability for the Target Compound Classes
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FIG. 3 EIC (m/e 206) for a Slightly Weathered (Upper) and Heavily
Weathered (Lower) Oil Sample

FIG. 2 EIC (m/e 85) for a Slightly Weathered (Upper) and Heavily
Weathered (Lower) Oil Sample

9.1.4.4ml/e 156 and 178-These m/e’s represent the ho- ,
mologous series of £and G, substituted naphthalenes, respec- 9-1-4.8m/e 198, 212, and 226These m/e’s represent the
tively. These are included since they are important componen@Ulfur content of an oil as demonstrated in the diben-
in low-boiling oil products and cracked oils, although they areZothiophene fingerprint of the ,CC,, and G homologous
generally inferior choices for examination since the entireSeries, respectively.
naphthenic series is relatively weathering sensitive. (Naphtha- 9.1.4.9 m/e 191, 217, 218m/e 191 represents the triter-
lene and G-substituted naphthalenes are not included due t®ane content of an oil; m/e 217 and 218 represent stereoiso-
their extremely poor weathering stabilities.) meric steranes. All of these compounds reflect different pro-
9.1.4.5m/e 184—This m/e represents both the,C cesses of maturation undergone by the source crude oils. Both
substituted naphthalene series and dibenzothiophene, and ittf§erpanes and steranes are highly resistant to biodegradation
more weathering stable than m/e 156 and 170. and weathering since they are both virtually nonvolatile and
9.1.4.6 m/e 177, 191, and 205These m/e serve to provide Water insoluble; their chromatographic profiles remain unal-
a chromatographic trace for the basic structures for thretered effectively. These traces remain as virtual overlays
variants of hopanes (i.e. m/e 177 norhopanes, m/e 191 sterigespite severe weathering. The stability of the triterpanes is
isomers of hopane A and B and m/e 205 methylhopanesjhown in Fig. 4 (m/e 191) for the same crude oil sample
present in the sample and are important due to their resistivit§lightly weathered (less than 5% depletion) and heavily
to weathering. weathered (50 to 70 % depletion). The use of these EICs would
9.1.4.7mle 178, 192, 206, 220m/e 178 represents the be most desirable since they demonstrate exceptional stability
anthracene/phenanthrene content of an oil; theiiG3, and G to weather while generally providing unique chromatograms
homologous series are represented by m/e 192, 206, and 240! identification purposes.
respectively. The ¢ and Gy-substituted phenanthrenes/ 9.1.4.10m/e 166, 202, and 2t6These m/e serve to pro-
anthracenes provide the most weathering impervious chro4de a chromatographic trace for the fluorenes, pyrene fluoran-
matographic patterns. Fig. 3 shows the 206 EIC for the sam#ene and methylpyrene present in the sample. These make
oil sample slightly weathered (less than 5 % depletion) angiood supplementary ions useful for evaluating the origin of the
heavily weathered (40 to 60 % depletion). Virtual overlays ofhydrocarbons in the oil sample, (i.e. pyrogenic vs petrogenic).
these EICs demonstrate the very good stability to degradation 9.1.4.11 m/e 208—This m/e produces a chromatographic
for these compounds. Consequent examination of the mostace for the bicyclonaphthalene content present in the sample.
highly substituted members would be a prudent analyticalhese make good supplementary ions useful for evaluating the
choice. weathering process for the oil sample.
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ToT 15100 ama. From v3:inRGGasE D from the first to the last peak in each homologous series. (This
scALED results in the summation of all peak areas between 33 and 36
e min for the case of the 206 EIC shown in Fig. 3.)
soey 9.2.2.1 The total integrated areas of the EICs from the spill
7081 (weathered) and its source are then normalized to the most
5207 weathering-stable homologous series and plotted graphically in
savd the form of a histogram. This results in the graphic plot shown
o0 in Fig. 5 for the relative distributions for an unweathered and
severely weathered Iranian crude oil, which had spent over six

i il
3ee; U J‘J ' H/V UMN months on a rock i
_ y shore and had lost over 40 % by weight.
ZZQ‘MWN@M wﬂ MNW il \J : J\JLM\ L~ This results in normalizing the less weathering stable to the
=5 - o= most weathering stable because the various distributions are
normalized to G dibenzothiophenes. Expected weathering-
induced differences can be tracked in this way for an environ-
(Son 191.80 amu. from V3:HREQGSF.D mental sample relative to its unweathered source by examina-
’ SCALED tion of the relative area count differences as reflected in readily
apparent graphic differences.
9.2.2.2 This process simply results in a relative comparison
of the various analyte distributions between two samples since
only the area counts are compared. Minor differences between
injection amounts will then have no consequences because this
procedure involves normalizing.
EZB'M 9.2.3 Expected Changes in the Relative Distributions Re-
2831
1887

45 s1%]

3897

8839

sulting from Weathering-The bacterial degradation rate
within a homologous series and degree of water solubility are

e -5 55 co o5 inversely proportional to the degree of alkylation. This results
FIG. 4 EIC (m/e 191) for a Slightly Weathered (Upper) and Heavily in the more highly Sup5t|tUted ho_m0|095 being deplet?d more
Weathered (Lower) Oil Sample slowly than the less highly substituted ones (as mentioned in

9.1.4). The severity of weathering is reflected in the normalized
area differences for the less highly substituted members within
9.1.4.12m/e 231+-This m/e indicates the tri-aromatic ster- each homologous series; the relative loss increases with
ane content present in the sample. These make good supplgecreasing alkylation. The expected weathering trends are
mentary ions useful for evaluating the maturation process foindicated in Fig. 5, as shown by a progressively greater loss
the oil sample, since these ions are transitional in the formatiowith decreasing alkylation within each series in addition to a
of phenanthranes. greater overall loss for the naphthalenes (two fused rings)
9.1.4.13m/e 234—This m/e serves to provide a chromato- relative to phenanthrenes/anthracenes (three fused rings). The
graphic trace for the benzonaphthiophene content present in thglative losses of the various homologous series can be
sample. This is a good supplementary ion useful for evaluatingstimated by displaying the weathering data in a manner

sulfur content for a more weathered oil sample. similar to that shown in Fig. 5. For the naphthalene serigs, C
9.2 Assessment of the Degree of Weathering Undergone hshows the greatest relative loss with only approximately 7 %
an Environmental Sample remaining; approximately 15 % (Cremains; and approxi-

9.2.1 Introduction—In addition to qualitative assessment of mately 20 % G remains. For the phenanthrene/anthracene
the EICs discussed previously, spill oil samples may also beeries, approximately 40 %,Gemains; approximately 80 %
assessed for the degree of weathering they have undergone @y remains; and approximately 100 % @mains. In a similar
examining the relative changes in distributions of the variougashion, approximately 25 % dibenzothiophene remains; ap-
homologous series. Furthermore, environmental samples apgoximately 50 % G remains; and approximately 75 %, C
affected by weathering phenomena in certain predictable waygemains.
and the extent of these changes is a gross measure of theg 2.3.1 Data such as that shown in Fig. 5 and previously
weathering severity. enumerated shall be discovered for any weathered oil sample.

Note 4—Examination of the relative distributions of the various That s, t_he least Slj'bSt'tUted members W'th'_n a glver_l homolo-_
homologous series described as follows is meant only to assist igOUS series must display the greatest loss; intermediate substi-
ascertaining the identity of a spill oil sample relative to its unweatheredution must display intermediate loss; and the most highly
source. By careful examination of the EICs, using visual overlay assubstituted must display the least loss.
specified in 9.1, the identity or nonidentity should have been established
previously. Comparison of the various distributions provides only addi-10. Report
tional confirmatory data by verification of weathering-expected losses. 19,1 Data generated by this practice will assist the analyst in

9.2.2 Procedure for Graphic Analysisintegrate each of reporting the results as either similar, inconclusive, or dissimi-
the various EICs as a whole for both the spill sample(s) and thiar. Supporting documentation should generally be included in
identified source(s). Use manual straight baseline integratiothe full report, consisting of the EICs and histograms, and a
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RELATIVE DISTRIBUTIONS OF PREDOMINANT

POLYNUCLEAR AROMATIC HYDROCARBONS
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FIG. 5 Relative Distributions of Predominant Polynuclear Aromatic Hydrocarbons

discussion of weathering factors. Additionally, the results of 10.3 Inconclusive—-When the EICs for two oil samples

the resolution check (7.3), mass discrimination check (7.4), andisplay no qualitative differences, that is, the chromatographic

retention time check (7.5) must be included. Publicationgatterns are the same visually, but one or more differences

(1-11P may be helpful. between analogous EICs is or are encountered that is or are
10.2 Similar—If all of the EICs examined for two oil greater than any observed for the duplicated samples (8.4), then

samples display the same qualitative pattern by visual examthese particular oil samples should be reprepared and reana-

nation (detailed in 9.1.2), and if any differences where thdyzed if possible (8.1 to 8.3). These are inconclusive if similar

exact overlay of one chromatogram on the other does natesults are still obtained.

occur, these differences cannot be of a magnitude greater than10.4 Dissimila—The subject oils are dissimilar if analo-

any observed for the duplicate chromatograms generated gous EICs for a spill or source pair show discrepancies, that is,

8.4.1. Analytical data sets so described for oil samples shouldualitatively different patterns, particularly for the most weath-

be examined further, as specified in 9.2, to verify the expectedring stable compounds (Fig. 1).

weathering losses for the spill sample. The oils are similar if

either () anticipated changes due to weathering are ascertainedd. Precision and Bias

or (2) no weathering-induced changes are discernable in the 11 1 Ng statement is made concerning either the precision

spill sample. or bias of the comparison of spilled oils and suspected source

oils since the end result states merely whether there is

5 The boldface numbers in parentheses refer to the list of references at the end gpnf(')r'mapce to the criteria for a qua“taﬂve comparison
this standard. specified in the procedure.
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matogram; fused-ring aromatics; gas chromatography; identieathering

APPENDIXES
(Nonmandatory Information)

X1. RELATIONSHIP BETWEEN SUBSTITUTION AND RETENTION TIME WITHIN A
HOMOLOGOUS SERIES

X1.1 Although the EICs from different oils are examined and retention time is evident. (The increasing complexity of the
and compared critically by viewing only the appropriate chromatograms is also demonstrated as the degree of substitu-
portion of the entire EIC, the chromatographic relationshiption increases. This is simply a reflection of the increasing
between the various substituted homologs within each series ifumber of possible isomers with increasing substitution.)
left unaddressed. Consequently, in order to demonstrate theyq 1 Naphthalene SeriesFig. X1.2 plots the various

shift toward increasing retention times as the degree ogligned EICs from 14.0 through 26.8 min for, @rough G
f(ulbit'tg.t'onx\ivghm Salg.h h)czrlnglogours; series m_caregsfes, ﬂ': Ighaphthrcllenes. The much increased chromatographic complex-
- 19 <, and Fg. o are nerein provided for ei(_'g),/forthe C, naphthalene EIC is apparent. (The retention time

dibenzothiophene, naphthalene, and phenanthracen o
anthracene homologous series, respectively. overlap from 22.6 to 24.0 min is also apparent foradd G,
naphthalenes.)

X1.1.1 Dibenzothiophene SeriesFig. X1.1 plots the . -
aligned 26.6 through 35-min portions of the dibenzothiophene X1.1.3 Phenanthrene/Anthracene Serief a similar fash-

homologous series for an oil sample (that is, EICs 184, 198‘,°n' Fig. X1.3shows phenanthrene/anthracene and {he£

212, and 226). The relationship between increasing substitutio‘?\nd G homologous series.
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FIG. X1.1 Comparison of Extracted lon Chromatograms Corresponding to Dibenzothiophene and
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X2. RELATIVE RETENTION TIME AND REPRESENTATIVE EICs FOR THE REMAINING m/e RATIOS EXAMINED USING
THIS PROCEDURE

X2.1 The EICs from different oils are examined and X2.1.3 Triterpanes/HopanesFigure X2.3 plots approxi-
compared critically by viewing only the appropriate portion of mately the 35 through 50 min portions of the three basic
the entire EIC. The chromatographic trace and approximatbBopane structures (biomarkers) for an oil sample (that is, EICs
elution time range for each ion of interest is shown in Figs.177, 191 and 205).

X2.1, X2.2, X2.3, X2.4, X2.5, X2.6, X2.7, X2.8, X2.9, AND  X2.1.4 Pyrenes/FluoranthenesFigure X2.4 plots approxi-
X2.10 for the alkanes and acyclic isoprenoids, steranes anghately the 25 through 35 min portions of the pyrene, fluoran-
tri-aromatic steranes, triterpane/hopanes, pyrenes, fluorathene and the Csubstituted structures for an oil sample (that
thenes and methylpyrenes, fluorenes, bicyclonaphthalenes, aisl EICs 202 and 216).

benzonaphthothiophenes, respectively. X2.1.5 Fluorenes—Figure X2.5 plots approximately the 19

X2.1.1 Alkanes and acyclic isoprenoidsFigure X2.1 plots  through 22.5 min portions of the fluorene structures for an oil
the aligned 4 through 60 min portions of the alkanes andample (that is EIC 166).
acyclic isoprenoids for an oil sample (that is, EICs 85, 113 and X2.1.6 Bicyclonaphthalenes-Figure X2.6 plots approxi-
183). mately the 15 through 22.5 min portions of the bicyclonaph-

X2.1.2 Steranes-Figure X2.2 plots approximately the 35 thalene structures for an oil sample (that is, EIC 208).
through 48 min portions of the 14a(H) steranes, 14b(H) X2.1.7 Benzonaphthothiophened-igure X2.7 plots ap-
steranes and the tri-aromatic steranes for an oil sample (that isfoximately the 27 through 35 min portions of the bicy-
EICs 217, 218 and 231). clonaphthalene structures for an oil sample (that is, EIC 234).
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SUMMARY OF CHANGES

The reason for the changes to the current method is to increase conformity with the European Union method.

Section 8.3.1: Documentation of changes to the GC paramete&ection 9: Descriptors added detailing the use of the newly

for oil analysis. added compounds for oil analysis.
Sections 8 and 9: Tables 1 and 2, respectively includeSection X: Addition of representative EICs for the new
additional compounds added to the method. compounds added to the method.
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