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PETROLEUM HYDROCARBONANALYTICAL METHODS AND STANDARDS

1.0 Introduction

Section 21(1)(c) of th€ontaminated Sites Regulatic@IC 2002/171 (CSR) authorizes the Minister or
his/her delegate to approve or adopt protocols for testing or analyzingestiinent, water, snow and other
environmental media. This protocol has been adopted to clarify when and hetarttierds for various
petroleum hydrocarbon (PHC) compounds must be applied.

Petroleum is a complex mixture of many hydrocarbon compounds. Some PHC compounds hawaameen sh
to have greater toxicity than others. When generic risk-based stafmigpdsroleum hydrocarbons were first
developed, they were initially prepared for these discrete compounds te greutuman health and the
environment were protected from the most significant risk. Once theskgtanvere in place, “umbrella”
standards, representing the summation of all PHC compounds within a cartaon range, were developed

to protect against the many additional compounds not covered by discregrdsamhe CSR contains both
umbrella standards and standards for a number of discrete PHCs.

It is important to keep in mind that the discrete PHCs for which separatiasia have been defined should
always be of concern when remediating contaminated sites. These compoupaisectire greatest risk to
human health and the environment, and should not be discounted simply to save money tonyl&besa

This protocol identifies the analyses required under various gpeicdumstances.

2.0 CSR Standards for Petroleum Hydrocarbons
In the CSR, there are two groups of discrete PHC standards and severaiustdameards.

The common, highly toxic PHC compounds with discrete CSR standards are:

2.1 Benzene, Toluene, Ethylbenzene, and Xyleakectively referred to as BTEX (or sometimes more
generally as MAH, monocyclic aromatic hydrocarbons), these four compoundmaigeced
volatile, meaning that they have a relatively low boiling point and mdeegveight.

2.2 Polycyclic Aromatic Hydrocarbons (PAHYAH refers to hydrocarbon compounds containing two
or more fused rings of carbon atoms, making them heavier and less volatigTiEX. Several
PAHSs, such as benzo[a]pyrene, naphthalene, phenanthrene and others, havestspetzfids in the
CSR.

The umbrella parameters of PHC compounds with CSR standards are:

2.3 Volatile Petroleum Hydrocarbons in Soil (VPH) and in Water (\{JPHhis group contains all
petroleum hydrocarbons in the carbon range of C6-10, with the exception of BTEX. BU&Xen
analyzed in order to calculate VPH or VjpH

2.4 Volatile Hydrocarbons in Water (M#d.19. This group contains all petroleum hydrocarbons in the
carbon range of C6-10, including BTEX.

2.5 Light Extractable Petroleum Hydrocarbons in Soil (LEPH) and in Water (LBGPFhis group
contains the PHCs with a carbon range of C10-19, with the exception of certairirPhElsame
weight range. PAHs must be analyzed in order to calculate LEPH orJ.EPH

2.6 Extractable Petroleum Hydrocarbons in Water, C10-19 (ERH). This group contains all
petroleum hydrocarbons in the carbon range of C10-19, including applicable PAHSs.

2.7 Heavy Extractable Petroleum Hydrocarbons in Soil (HEPHis group contains the PHCs with a
carbon range of C19-32, with the exception of certain PAHs in the same canlgen PAHs must
be analyzed in order to calculate HEPH.
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In addition, three umbrella parameters, for which there are no CSR stsnalar often used by consultants
as interim or preliminary indicators of contaminant levels in soil:

2.8 Volatile Hydrocarbons in Soil (V#d.19. This group contains all petroleum hydrocarbons in the
carbon range of C6-10, including BTEX, but the distinct concentrations of BEaBXot be
calculated. There is no standard for dkhin the CSR; the regulated standard is VPH.

2.9 Extractable Petroleum Hydrocarbons in Soil, C10-19 (ERH). This group contains all petroleum
hydrocarbons in the carbon range of C10-19, including applicable PAHSs, but thet distinc
concentrations of PAHs cannot be calculated. There is no standard fei EffHthe CSR; the
regulated standard is LEPH.

2.10Extractable Petroleum Hydrocarbons in Soil, C19-32 (ERH). This group contains all petroleum
hydrocarbons in the carbon range of C19-32, including applicable PAHSs, but thet distinc
concentrations of PAHs cannot be calculated. There is no standard ferEftithe CSR; the
regulated standard is HEPH.

VHses.10 EPHs10.10 and EPHyg.3are often preferred by consultants and site owners because the laboratory
analysis costs are lower than those for the corresponding regulatecfms(VPH, LEPH, and HEPH,
respectively). However, using these less expensive parametersthmgahs important toxins for which
discrete standards have been identified — BTEX and PAHs — are not dn#tlyzénportant that the levels

of BTEX and PAH be characterized to ensure that these compounds are nutipressafe quantities.

For more information on the analytes described in this section anésseriated laboratory methods,
please contact the Environmental Programs Branch, or consult the welblséeBoitish Columbia Ministry
of Environment:

http://www.env.gov.bc.ca/epd/remediation/analytical_methods/index.htm
http://www.env.gov.bc.ca/air/wamr/labsys/lab_man_07.html

3.0 Use of CSR Soil Standards at Petroleum-Impacted Sites

In general, analysis of soil samples taken from sites contaminatedetroleum hydrocarbons mus
undertaken for the parameters VPH, LEPH, and HEPH, as well as BTEX eegLitated PAHs. Except
under the specific circumstances outlined belowgd/bl EPHs10.16 and EPHg.3,cannot legally be
compared to the CSR standards for VPH, LEPH, and HEPH.

3.1 Whencharacterizing contaminated material at least the first five samples for each contaminant
plume must be analyzed for BTEX and PAHSs. If more than five samples andrtakkea single
plume, the remainder can be analyzed only fogdbl EPHs10.19 and EPHi9.32 The samples
analyzed for BTEX and PAHSs should be taken from the area thought to be the masircteth

3.2 Whenconducting confirmatory sampling at large sites, at least the first five confirmatory samples
for each contaminant plume at any site must be analyzed for VPH, LERMH, HEH EX, and all
regulated PAHSs. After that, only every tenth confirmatory sample rithedanalysis; the remainder
can be analyzed only for \gsl;o EPHs10.16 and EPHyg.3, If all samples taken when characterizing
contaminated material as described in section 3.1 above show that all BTPAldnd
concentrations are below the method detection limits, BTEX and PAH anialysisrequired for
any confirmatory samples.

3.3 Whenconducting interim sampling for the purpose of assessing the rate of remediation of soil
being treated at a land treatment facility, BTEX and PAH need not be ediaW&se 10 EPHs10.10
and EPH;93,may be used.

3.4 Whensampling to demonstrate that remediated soil is ready to be removedoim a land
treatment facility, VPH, LEPH, HEPH, BTEX, and all regulated PAHs must be tested for ghe fir
five samples of soil from each source. After that, only every tenth eampls this analysis; the
remainder can be sampled only for H, EPHs10.10 and EPHy.32 See als®rotocol 11:

Sampling Procedures for Land Treatment Facilities
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Other compounds with discrete standards, such as halogenated hydrocarbons, megnbim goel in
minute quantities, but these need not be analyzed except at sites where tuspacted to be contaminants
of concern.

4.0 Use of the Canada-Wide Soil Standards at Petroleum-Impacted Sites

The Canada-Wide Standard for Petroleum Hydrocarbons in Soil (PHC CW®)asiaety new standard for
assessing petroleum hydrocarbon contamination. The Yukon is a signatasystatidard and has proposed
to adopt it when the CSR is next amended. In preparation for this change, ardjnitiet that the PHC
CWS is equal to or better than the current CSR standards for PHCs thes@hvironmental Programs
Branch has begun allowing the use of the PHC CWS in lieu of the cuaedasds.

When using the PHC CWS, the requirements are slightly differenthibaa laid out in section 3.0 above.
Because the definition of the CSR parameters LEPH and HEPH depend obtthet®n of certain PAHSs,
PAHs must be measured when using the CSR standards unless they have been shostoviate method
detection limits — that is, essentially absent. The PHC CWS ptranage not subject to such a dependency,
so PAHs need only be tested when their levels are unknown or when they are knoveetbtlee discrete
CSR standards.

According to the PHC CWS, when analyzing for the F1 fraction, BTEX must alveagealyzednd
subtracted from the raw F1 result. When analyzing for the other fradientfied in the PHC CWS, PAHs
must be analyzed and subtracted if they are present in sufficient quamsititgct the PHC results. For the
purpose of implementation in the Yukon, this “sufficient quantity” is deemed tqua# ® the applicable
standard in the CSR.

4.1 Whencharacterizing contaminated material at least the first five samples for each contaminant
plume must be analyzed for PAHs. The samples analyzed for PAHs shouldrbfdakéne area
thought to be the most contaminated.

4.2 Whenconducting confirmatory sampling at large sites, PAHs need not be analyzed for every
sample. At least the first five confirmatory samples for eaclacunant plume at any site must be
analyzed for all regulated PAHs. After that, only every tenth conferpaample must be analyzed
for PAHSs. If all samples taken when characterizing contaminated alaerilescribed in section
4.1 above show that all PAH concentrations are below the CSR standard that aptpkesite,

PAH analysis is not required for any confirmatory samples.

4.3 Whenconducting interim sampling for the purpose of assessing the rate of remediation of soil
being treated at a land treatment facility, PAHs need not be analyzed.

4.4 Whensampling to demonstrate that remediated soil is ready to be removedoim a land
treatment facility, all regulated PAHs must be tested for the first five samplesildfeam each
source. After that, only every tenth sample needs this analysis.

When using the PHC CWS, all samples of petroleum hydrocarbon-contamingtaed sall as all
confirmatory samples from an excavation of such material, must be athédyZ&ZTEX and the PHC CWS
fractions F1, F2, and F3. F4 must also be analyzed when the nature of the cortanginstknown or when
it is known to be any substance other than gasoline, diesel, JetA or JetB.

Other compounds with discrete standards, such as halogenated hydrocarbons, megnbim goel in
minute quantities, but these need not be analyzed except at sites where tuspacted to be contaminants
of concern.

The PHC CWS contains different standards for fine and coarse s@ile.<&ze analysis should always be
conducted when using the PHC CWS. If grain size analysis is not done, th&nngsnt standard will be
applied.
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For more information on the Canada-Wide Standard and its application in tba,Yl#kase contact the
Environmental Programs Branch. The standard itself is availableavethsite of the Canadian Council of
Ministers of the Environment:

http://www.ccme.ca/ourwork/soil.html?category_id=43

5.0 Use of CSR Water Standards at Petroleum-Impacted Sites

As the PHC CWS is only a soil standard, the applicable water standdrdstwihange with the adoption of
the CWS. When dealing with water samples, the CSR standards f@ry&hd EPK10.10 apply at all sites,
and all samples must be analyzed for these parameters. In addition:
a. When aquatic life water standards apply, samples must be analyzed fgr MEPH,,, and all
regulated PAHSs.
b. When drinking water standards apply, samples must be analyzed for BT ExedP&H
benzo[a]pyrene.

6.0 Examples

The following examples demonstrate the principles discussed above. Istisedmario, a large spill site is
assessed and remediated in a single stage with no opportunity t@ savple results before completing the
work. The second and third scenarios discuss the remediation ofissital$ for which previous samples are
available; in the second scenario, BTEX and PAH are detectable but bel@8khstandards, while in the
third scenario, BTEX and PAH are below the method detection limits.

6.1 Spill response: combined assessment and remediation

Situation: a tanker truck carrying diesel fuel flips over into ehdikeside a highway and starts
leaking. A river crosses the highway about 100 m away from the crashtgitspill is contained,
and equipment is immediately mobilized to excavate the contaminateih $lod,amount of
approximately 2000 cubic metres. In accordance Rittocol 3: Soil Sampling Procedures for
Contaminated Siteshe excavated contaminated material is sampled at a rate of gule $am
every 50 cubic metres for a total of 40 samples. As soon as the contamiatgedins removed,
30 confirmatory samples are taken from the base and walls of the exca@ationdwater has
been slowly infiltrating into the excavation; as a precaution due tddke proximity of the river, a
monitoring well is installed downgradient of the spill site and one groundgaeple is taken. The
excavated material is bioremediated at a land treatmentyfaafiier one year, the facility operator
takes 10 interim samples to assess the rate of remediation, andiafyears, he takes one
confirmatory sample for every 100 cubic metres of material for adb20 samples (as required by
Protocol 11: Sampling Procedures for Land Treatment Faci)itieverify that treatment is
complete.

Using the current CSR standards, the following analyses must be undertaken:

a. At least five samples of the excavated contaminated soil must zeshé&br VPH, LEPH,
HEPH, BTEX, and PAHSs. Since the contamination is all from a singlesgilre remaining
35 samples may, if desired, be analyzed for onlgMKE EPHs 1010 and EPHyg.3,t0 reduce
laboratory costs.

b. Since the analytical results for the characterization samgllesotvyet be available, the first
five confirmatory samples taken from the excavation and every tenthroatdity sample
thereafter (for a total of 8 out of the 30 samples collected) must beeddtr VPH, LEPH,
HEPH, BTEX, and PAHSs. The other 22 confirmatory samples may, if desiredalyzed
for only VHsg.10 EPHs10.10 and EPHag.35t0 reduce laboratory costs.
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c. Because the aquatic life standards apply at the site (surfaceisvatthin 1 km), the
groundwater sample must be analyzed fokxWkH, EPHy10.16 VPHW, LEPHy, BTEX, and
PAHSs.

d. The 10 interim samples taken from the land treatment facility to absesate of
remediation (i.e. those taken after the first year of remediatiopjomanalyzed using
whichever parameters the facility operator prefers. It is common tgzarsuch samples for
VHss.10 EPHs10.19 and EPHig.32

e. The first five confirmatory samples taken from the land treatmeiiityao verify that
remediation is complete, and every tenth confirmatory sample ttesrffaf a total of 7 out
of the 20 samples collected), must be analyzed for VPH, LEPH, HEPH, BTEXAHSs.
The other 13 confirmatory samples may, if desired, be analyzed for orly;y BPH10.19
and EPHq 3,to reduce laboratory costs.

Using the PHC CWS, the following analyses must be undertaken:

a. At least five samples of excavated contaminated soil must be analyZel] fe2, F3,

BTEX, and PAHs. The remaining 35 samples need only be analyzed for F1, F2, F3, and
BTEX.

b. Since the analytical results for the characterization samllasotvyet be available, the first
five confirmatory samples taken from the excavation, and every tenthroatdiy sample
thereafter (for a total of 8 out of the 30 samples collected), must beaméty F1, F2, F3,
BTEX, and PAHSs. The other 22 confirmatory samples may, if desired, beaddity only
F1, F2, F3, and BTEX to reduce laboratory costs.

c. The PHC CWS does not address contamination in water, so the requiremeantsysis of
the water sample remain the same as in the CSR example above. Becagsatibdife
standards apply at the site (surface water is within 1 km), the growerdsaatple must be
analyzed for VRls.10, EPHy10.16 VPHW, LEPHy, BTEX, and PAHS.

d. The 10 interim samples taken from the land treatment facility to absesse of
remediation (i.e. those taken after the first year of remediatiopamelyzed using
whichever parameters the facility operator prefers. It is common tgzarsuch samples for
F1, F2, and F3.

e. The first five confirmatory samples taken from the land treatmeiiityao verify that
remediation is complete, and every tenth confirmatory sample ttesréfaf a total of 7 out
of the 20 samples collected), must be analyzed for F1, F2, F3, BTEX, and PAHxhdihe
13 confirmatory samples may, if desired, be analyzed for only F1, F2, F3, and BTEX to
reduce laboratory costs.

6.2 Large site with two contaminant plumes

Situation: A large industrial site is being decommissioned and soldoBsawses of the site
included fuel handling and storage of creosote-treated wood. Following a comprelugitiang
program, three distinct contaminant plumes are identified: one below adadKor diesel fuel for
vehicles, a second below a tank used for heating fuel, and a third in the weatstorage area.
Because the three plumes originated from different sources, théypenassessed separately.

6.2.1 Plume #1: BTEX and PAHs not detectable

During the drilling program, the volume of contaminated material in thepfingne is estimated at
200 ni. As required byProtocol 3: Soil Sampling Procedures for Contaminated Sites samples
are taken from the boreholes to characterize the contaminated mategiabsults of these samples
show that BTEX and PAHSs are not present in detectable concentrationantémioated material
is then excavated and removed to a permitted treatment facility, and eifimhatory samples are
taken from the base and walls of the excavation to ensure that all coniamivzest been removed.
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Using the current CSR standards, the following analyses must be undertaken:
a. All four borehole samples of contaminated soil must be analyzed for VAPH LEEPH,
BTEX, and PAHSs.
b. All eight confirmatory samples taken from the excavation may be amigzenly VHss 1o
EPHs10.16 and EPHy.3,, since BTEX and PAH were not detected in the characterization
samples.

Using the PHC CWS, the following analyses must be undertaken:
a. All four borehole samples of contaminated soil must be analyzed for F1, FZTEX, Bnd
PAHSs.
b. All eight confirmatory samples taken from the excavation must be aubfgr F1, F2, F3,
and BTEX. Analysis for PAHs is not required since they were not ddtecthe
characterization samples.

6.2.2 Plume #2: PAHs detectable but below applicable standards

During the drilling program, the volume of contaminated material in the dgdome is estimated
at 400 m. As required byProtocol 3: Soil Sampling Procedures for Contaminated Sétiggt
samples are taken from the boreholes to characterize the contamintggdl nide results of these
samples show that BTEX and PAHSs are present, but that the concentrativesecfubstances are
below the standards for industrial land use inGbataminated Sites Regulatiofhe contaminated
material is then excavated and removed to a permitted treatmeny facitit 14 confirmatory
samples are taken from the base and walls of the excavation to ensafkctratamination has
been removed.

Using the current CSR standards, the following analyses must be undertaken:

a. Five of the eight borehole samples of excavated contaminated soil mustyze dhar
VPH, LEPH, HEPH, BTEX, and PAHs. The remaining three samples may beethéy
only VHsg.10 EPH10.19 @and EPHg.32

b. The first five confirmatory samples taken from the excavation and one anifles
thereafter (for a total of 6 out of 14) must be analyzed for VPH, LEPHHHBPEX, and
PAHSs, since BTEX and PAHs were detected in the characterization safipéeremaining
eight samples may be analyzed for onlys¥kd EPHs10.19 and EPH;q.3,t0 reduce
laboratory costs, if desired.

Using the PHC CWS, the following analyses must be undertaken:

a. Five of the eight borehole samples of excavated contaminated soil mustyzedihar F1,
F2, F3, BTEX, and PAHSs. Analysis for PAHSs is not required for the remaihieg
samples.

b. All 14 confirmatory samples taken from the excavation must be analyzed,fB2FF3, and
BTEX. Analysis for PAHSs is not required since the characteéoizatample results were
below the CSR standards.

6.2.3 Plume #3: PAHs present above applicable standards

During the drilling program, the volume of contaminated material in the thirdepis estimated at
100 nt. As required byProtocol 3: Soil Sampling Procedures for Contaminated Stites samples
are taken from the boreholes to characterize the contaminated mategiabsults of these samples
show that BTEX are not present in detectable concentrations, buétleaalsPAH concentrations
are above the standards for industrial land use i€tmtaminated Sites Regulatiorhe
contaminated material is then excavated and removed to a permittetktretcility, and five
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confirmatory samples are taken from the base and walls of the exceteatinsure that all
contamination has been removed.

Using the current CSR standards, the following analyses must be undertaken:
a. Both of the two borehole samples of excavated contaminated soil must bedriatyZPH,
LEPH, HEPH, BTEX, and PAHSs.
b. All five confirmatory samples taken from the excavation must be agdhfgr VH; 1o,
LEPH, HEPH, and PAHSs, since PAHs were detected in the characterizatiptes. BTEX
need not be analyzed since they were not detected in the charactereaipbess

Using the PHC CWS, the following analyses must be undertaken:
a. Both of the two borehole samples of excavated contaminated soil must besdriafyZ1,
F2, F3, F4, BTEX, and PAHSs. F4 analysis is required since the contaminegagste.
b. All five confirmatory samples taken from the excavation must be aadlfgr F1, F2, F3,
F4, BTEX, and PAHSs.

7.0 Effective Date

The effective date of this protocol shall Agril 14, 2008, and it shall remain in effect until replaced or
rescinded by the Environmental Programs Branch.

8.0  Failure to Comply

When sample analysis fails to meet the requirements of this profteratseffective date, the proponent
will be required to take new samples to satisfy those requiremenssméliinclude, for example, re-
sampling contaminated material that has been taken to a land treatriigyofae-excavating the
originating site to take new confirmatory samples.

9.0 Additional Information

For additional information regarding the analytical methods to be uskd aomparison of test results to the
CSR standards, please consult:

Environmental Programs Branch (V-8) T: 867-667-5683 or
Department of Environment 1-800-661-0408 ext. 5683
Government of Yukon F: 867-393-6205
Box 2703, Whitehorse, YT Y1A 2C6 E: envprot@gov.yk.ca
4 /""” | 7 A 1'7(//
Approved: /g X // O O Date: /(/(cu ; /Ju/ OX

Manager,LStandards and Approvals Section
Environmental Programs Branch
Department of Environment
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