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USE OF GROSS PARAMETERS FOR ASSESSMENT OF HYDROCARBON
CONTAMINATION OF SOILS IN ALBERTA

Summary

Gross parameters describing hydrocarbon contamination of soils and sediments include:
oil and grease, minera oil and grease, total extractable hydrocarbons, light hydrocarbons,
total petroleum hydrocarbons and total hydrocarbons. These terms denote fractions
estimated by proximate chemical analyses that differ by jurisdiction, user group and even
individual laboratory. An attempt to summarize and correlate terminology is presented.
Regardless of what definition is chosen, gross parameters share the property of lacking
any consistent relationship to biological hazard. Thisis because known toxic
petrochemical components vary with hydrocarbon source and both biotic and abiotic
environmental fate processes. Hence, no general statements based on biological effects
can be made regarding "safe” levels of petroleum hydrocarbons. Despite the lack of a
toxicological basis, gross hydrocarbon parameters can still be useful in contaminated site
assessment. Threeroles are identified: 1) as screening tools at contaminated sites, 2) as
investigative surrogates on a site-specific basis, and 3) as remediation criteria when
toxicological, organoleptic and groundwater protection concerns have previously been
addressed.

Scope of Application of This Interim Guide

The technical discussion below pertains to observations on petroleum contamination of
mineral soils and regolith materials. However, the discussion of guide values for
assessment and remediation purposes is restricted to surficial soil materials -- roughly the
first meter of surficial material which isbiologically active and represents a direct
exposure potential for humans. For deeper subsurface materials, the reader is referred to
the MUST program administered by Alberta Environmental Protection's Groundwater
Protection Branch.

Definitions

"Petroleum hydrocarbons' is a generic term applied to the various organic chemicals that
comprise geological petroleum deposits or products refined from this source.

Chemically, petroleum hydrocarbons are, in general, more reduced than organic
molecules characteristic of living tissue and contain fewer and less complex bonding
arrangements with elements other than carbon and hydrogen. A broad characterization of
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petroleum hydrocarbons based on a simple polar separation scheme (Fuhr et al. 1988,
Pollard et a. 1992) is as follows:

Saturates. Mixture of straight-, branched-chain and cyclic akanes and alkenes.

Aromatics. Mono- and polycyclic aromatic hydrocarbons lacking heteroatoms.
Examples include toluene, naphthalene, phenanthrene, benzo[a]pyrene, fluorene,
chrysene, and substituted PAH such as 7,12-dimethylbenzanthracene.

Polars 1. Relatively low molecular weight (compared to asphaltenes) amorphous
polymers of various hydrocarbons including alcohols, acids and hydroxyacids;
fatty acids.

Polars 2. N- and S-rich heterocyclic aromatic compounds including pyrroles,
quinolines, diazoles, carbazoles, thiophenes, benzothiophenes and thiazoles.

Asphaltenes. Complex, highly condensed, high molecular weight, heterogeneous
hydrocarbons including both aliphatic and aromatic structures. Very poorly
characterized due to lack of appropriate purification and separation technology.

"Total Petroleum Hydrocarbons' is a gross characterization parameter that has been
defined in several ways:

1. Dichloromethane-extractable (EPA Preparation Method 3540A, EPA SW-846)
hydrocarbons measured by gas chromatography (GC) or infrared spectrometry
(IRS) after cleanup on silica gel to remove polar compounds (e.g. fatty acids from
biomass).

2. Freon-113-extractable hydrocarbons measured by IRS after cleanup on silica gel to
remove polar compounds (e.g. fatty acids from biomass)(EPA Method 9073).

3. Sum of extractable (GC or IRS) and purgeable (GC) petroleum hydrocarbons
(Alberta MUST Program 1991). Purgeable hydrocarbons refers to volatile
hydrocarbons released by EPA Preparation Method 5030 and generally quantified
below C10 only. Detection is normally by GC equipped with a flame ionization
detector (GC-FID). When monoaromatics or other low molecular weight
unsaturates are expected to dominate the volatile fraction a photoionization
detector (GC-PID) can be used and may be preferred.



For the purposes of the following discussion definition 3 applies unless otherwise
specified.

Related gross characterization parameters include oil and grease, mineral oil and grease,
BTEX and total extractable hydrocarbons:

1. Oil and grease -- Hydrocarbons extracted by various solvents including hexane,
hexane/acetone, hexane/methyl-t-butyl ether, freon, n-pentane, and
dichloromethane. Detection may be gravimetric or by IRS.

2. Mineral oil and grease -- Same as oil and grease except that the extract is cleaned
up on asilicagel column to remove polar compounds.

3. Total extractable hydrocarbons -- Same as oil and grease except detection is
usualy by GC-FID.

These and some other gross hydrocarbon parameters are defined for comparative
purposes in Table 1.

Relations Among the Gross Parameters

Because preparation, extraction, detection and quantification procedures vary among the
methods it is expected that results for a given sample will depend on the method chosen.
However, through consideration of what each method responds to and the expected
hydrocarbon characteristics of the sample, some general statements can be made.

Properties of Petroleum Products

The chemical constituents of crude oil are extremely variable. In generd, the five
component classes listed above will be present but their relative abundances vary with
factors such as the age and depth of the petroleum deposit (Schobert 1990), which affect
primarily the extent of cracking and fate of heteroelements such as sulfur. Inthis
scheme, end members are represented by young-shallow and old-deep crudes. The
former will tend to have high aromatic and sulfur contents and mean molecular weight.
Old-deep crudes, the most economically desirable type, are expected to have low
aromatic and sulfur contents because cracking is maximal and most S will have been
converted to H,S.



Refining of crude oils generates industrial and consumer products with better defined,
though still variable, properties. Patty's Industrial Hygiene and Toxicology (3rd Ed. Val.
2B) summarizes the general properties and applications of the common distillate cuts as
follows:

Fraction Carbon Range Boiling Range, °C Uses
Natural gas C-C -164 to -88 Fuel, chemica
Liquefied or bottled | C5-C, -44t0 +1 Fuel, precursor for
gas petrochemicals
Petroleum ether CrGs 20to 60 Solvents
Gasolines Cs-Cyo 32t0 149 Aviation fuel

3210210 Automotive
gasoline
Naphthas CeCuo 65 to 204 Cleaning fluids,
solvents, refining
stock
Kerosenes Ce-Cis 40 to 300 Jet and turbofuels
350 to 550 Stove ail, tractor
and gas turbine fuel
Gasall CyCis 20410 371 Furnace oil, diesel
Lubricating stocks | > Cy, 204 to 400 White ails,
lubricating oils and
greases
Waxes > Cy 204 to 400 Seding wax, food
component
Bottoms > Cy > 400 Heavy fuel ail, road
oils, asphalts




Sensitivities of Laboratory Tests

Variations in recovery of hydrocarbon fractions in soils is affected by both preparatory
and analytical detection procedures. Methods that do not attempt to conserve volatile
fractions cannot reliably report on hydrocarbons of less than eight carbons atoms (see
attached figure). For example, oil and grease measurements and total extractable
hydrocarbon determinations that use Soxhlet extraction (EPA Method 3540A) are
insensitive to BTEX species. Quantification of volatile organic compounds (VOCs)
requires a purge and trap (e.g. EPA Method 5030) or headspace (e.g. EPA Method 3810)
preparation.

VOCs may be detected and quantified to varying degrees by gas chromatography or
infrared spectroscopy. GC-FID (EPA Methods 8015, 8100) is the most general method
for determining hydrocarbons. FID is sensitive to most organic compounds and gives a
linear response over awide range of conditions. GC-PID (EPA Method 8020) is
preferred for aromatic and unsaturated compounds but is insensitive to many other
organics. GC/MS (mass spectrometry) is usualy the method of choice for the most
precise work (EPA Methods 8240A, 8250, 8260 and 8270A).

Infrared spectrometry differs from GC methods in that no attempt is made to isolate
compounds. Rather, a spectrogram is obtained that indicates for the whole sample the
types of carbon bonding patterns present. Integration of the IR spectrum, or keying on
the C-H bond stretching frequency, can yield an estimate of the total hydrocarbon content
of the sample. However, many assumptions are required to make this estimate and it is
expected to be less accurate than a GC determination. Sources of both positive and
negative bias in the IR approach are discussed and summarized by Douglas et al. (1992).

Organic compounds of more than eight carbon atoms can be determined as for VOCs by
GC or IRS, or by gravimetric methods ("oil and grease" methods). Gravimetric methods
require that the extraction residue be dried to constant weight. In this process further
losses my occur, restricting such oil and grease measurements to compounds >C10. On
the other hand, GC methods usually fail to resolve hydrocarbons beyond about C30 and
therefore quantification in this region is very poor.

Whether an extract has had a cleanup treatment to remove polars will affect the
magnitude of an extractable hydrocarbons determination. Surface soils high in organic



matter can contain afew hundred mg/kg extractable polar organics (probably mainly fatty
acids) and these will contribute to the petroleum hydrocarbons estimate if not removed by
silicagel cleanup (other solid phases for polar separation are also possible -- e.g.

alumina). Elemental sulfur is also a positive interference. On the other hand, polar
components of exogenous hydrocarbons will also be removed. Hydrocarbons with high
heteroatom contents (e.g. sulfur) may be underestimated when silica gel cleanup is
performed.

In general, one should expect O& G > minera O&G _ TEH by GC < TPH (when TPH is
defined as the sum of purgeables and extractables as previously specified). When TPH
and TEH are defined as differing only in the silica gel cleanup of a DCM extract then
these two parameters can be expected to have the reverse relationship (i.e. TEH > TPH)
in most cases. Regardless of what definition is applied to TEH, if TEH > O&G then it is
likely that some gasoline range components are present and VOCs should be examined.

Toxicological Overview

Raw and refined petroleum products contain variable amounts of chemical substances
toxic to humans and/or other organisms. For detailed treatment of this topic the reader is
referred to Clayton and Clayton (1981), Sax (1989), Snyder (1987), and, Calabrese and
Kostecki (1988-91). The brief discussion below describes only a few of the most
common and best understood toxic responses.

Human Toxicology

Many compounds found in raw and refined petroleum products are toxic when
administered at sufficiently high doses. Since, however, this guideline is concerned
primarily with assessment and identification of conditions consistent with low residual
risk, only highly toxic compounds with well-documented toxicology are discussed.

Few saturated compounds found in petroleum are documented as potently toxic to
humans. Partial oxidation (unsaturation) increases reactivity and may lead to toxic
properties of even simple, straight-chain precursors. For example, 1,3-butadiene, a
component of light fuels and combustion exhaust, has recently been linked to cancers of
the lymphatic and reproductive systems, stomach and other organs in both laboratory
animals and humans (Mehlman 1992).



Certain aromatic compounds common in petroleum products and combustion trains are
toxic to humans,

Acute, increasing exposures to benzene elicit dizziness, excitement, intoxication, coma
and death Sax (1989). More important from a standpoint of managing contaminated soils
is benzene's high cancer potency (Mehlman 1992). Benzeneis classified as a confirmed
human carcinogen in both Canada (HWC 1989) and U.S. (Mehlman 1992) and is
identified principally with various leukemias, but roles in other cancers of both humans
and laboratory animals have been described (Mehlman 1992).

Some polycyclic aromatic hydrocarbons (PAH) also are carcinogenic (ATSDR 1990).
PAH shown carcinogenic in laboratory animals include: benzo(a)pyrene,
benz(a)anthracene, benzo(b)fluoranthene, benzo(k)fluoranthene, dibenz(a,h)anthracene,
indeno[1,2,3-cd]pyrene and chrysene (ATSDR 1990). These compounds share the
property of having a nonlinear arrangement of fused benzene nuclei, which creates "bay
regions’. Oxidation of carbon atoms near bay regions generates epoxides which, through
their alkylating ability, are thought to be responsible for mutagenic carcinogenesis (Levin
et al. 1982, Thakker et al. 1985).

Carcinogenic PAH differ in their cancer potencies. Many agencies use benzo(a)pyrene as
areference for maximum potency. On this basis most carcinogenic PAH are 11 to 33
times less potent than benzo(a)pyrene, with the exception of chrysene which, on the basis
of limited dermal exposure studies, may be of similar potency (Slooff et a. 1989).

Irritation of skin and membranes is caused by various compounds in the polar fractions of
petroleum products including cresols, quinolines and substituted sulfur compounds.
Chronic exposure can lead to dermatitis and/or respiratory disease. At very high doses
vomiting, coma and death from cardiac or respiratory failure may occur (Clayton and
Clayton 1981, Sax 1989). Low level, chronic exposures appear to have been studied little
but indications from ecotoxicology (see below) suggest that such studies are needed.

Ecotoxicology

Biological health of soils may be affected both by specific toxic petrochemicals and/or
general, physico-chemical alterations to the soil environment wrought principally by high
MW hydrocarbons -- for example, hydrophobicity and inhibition of water and soil gas
movements. In addition to these confounding constraints, ecotoxicological literature on
petrochemicalsis limited by 1) the enormous range of organisms that could be potentially
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be affected, and 2) the preponderance of coarse-scale field studies that involve complex
petrochemical mixtures. The following section thus addresses only a few of the better
documented effects.

A toxic response in soil is afunction of both the inherent toxicity of the contaminant and
it's bicavailability. Bioavailability expresses the frequency and intensity of exposure,
which, in turn, are regulated by the mobility of both the contaminant and the organism.
Therefore, it is expected that factors regulating in situ toxicity of chemicalsto soil-
dwelling organisms will vary with the relative mobility of the organism. Creatures with
limited capability for movement in soil (e.g. most microorganisms, plants) tend to be
most susceptible to chemicals that can move in the vapour or dissolved phases. Thus
toxic chemicals with high water solubilities or vapour pressures, for example, BTEX
species; tend to affect poorly mobile soil organisms. Chemicals with poor mobility in
soil may pose a lesser threat to sessile organisms because 1) exposure may not occur, and
2) if exposure does occur, local detoxification is possible. On the other hand, toxicity to
mobile soil organisms (e.g. microarthropods, earthworms) is less affected by contaminant
mobility and more affected by structure-activity relationships such as lipid solubility,
which is a strong determinant of a chemical's bioaccumulation potential.

Atlas (1981) and Leahy and Colwell (1990) describe factors affecting microbial activity
in the presence of various hydrocarbon sources. The mobility and solvent properties of
low molecular weight hydrocarbons, including BTEX, is thought responsible for the
general toxicity of this group to microorganisms. Thus, light fuel spills are often
followed by a period of inhibited microbial activity while low MW dissipate by physico-
chemical means (Bossert and Bartha 1984). Few data are available for soil invertebrates.
Neuhauser et al. (1985) reported toxicity of various low MW hydrocarbons to the
earthworm, Eisenia foetida, using contact and artificial soil media. They found LCs,
values increased (toxicity decreased) in the order phenols < substituted aromatics < PAH
< phthal ates.

Low MW hydrocarbons also exhibit phytotoxicity. Toxic responses to various BTEX
species are reported for row crops (Ivens 1952, Hung et al. 1992) and woody species
(Keymeulen et al. 1991).

The water solubility of monoaromatics and low MW compounds found in aromatic and
polar 2 fractions is of concern both in raising bioavailability to soil dwelling organisms
and in increasing the frequency and intensity of exposure to aguatic and marine species at
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or near hydrocarbon contaminated sites. BTEX toxicity to freshwater algae was related
to bioconcentration factors by Herman et al. (1991). The toxicity of naphthalene and its
derivatives to marine and aquatic organisms is well-documented (V erschueren 1983).
Similar concerns exist for other more mobile substituted aromatics such as phenols,
cresols, catechols and heterocyclic compounds including quinolines and thiophenes.

More complex hydrocarbon sources such as gas plant sludges, creosote, and flare pit
sediments may 1) include combustion products and process by-products foreign to raw
petroleum, or 2) have increased concentrations of toxic constituents normally found in
only trace quantities in raw petroleum products. Recent investigations of these
hydrocarbon sources has highlighted toxicity associated with the polars 2 fraction. Using
the toxicity identification and evaluation (T.I.E.) approach Birkholz (1992) showed that
most of the toxicity present in a diethanolamine (DEA) sour gas plant sludge could be
traced to polycyclic aromatic sulfur heterocycles (PASH), particularly dibenzothiophene
and substituted derivatives. Fedorak and Grblic-Galic (1991) and Saftic et al. (1992)
have confirmed the resistance to degradation of many of the PASH by aerobic soil
microbes. In general, the sulfur heterocycles appear to be degraded only by co-metabolic
activities of a select group of bacteria. The toxicity and recalcitrance of this group of
compounds has led to recommendations to target dibenzothiophene in GC scans of
petroleum contaminated soils and sediments (Douglas et al. 1992).

The carcinogenic properties of certain PAH described above for humans have been
identified and confirmed through both epidemiological studies and rodent laboratory
studies. Therefore, there is reason to expect that neoplasia and carcinogenesis may aso
result in higher organisms (particularly mammals) exposed to sufficient concentrations of
these PAH in contaminated environmental media -- including soils.

Relations to Gross Hydrocarbon Parameters

contain Amounts of the toxic fractions or compounds discussed above present in a
hydrocarbon contaminated soil will be influenced strongly by both hydrocarbon source
(e.g. light vs heavy crude, gasoline, diesel, discarded lubricants, crankcase oils, gas plant
sludge, flare pit residue) and environmental fate and behaviour of source components
(e.g. mobility, volatility, biodegradability) as affected by time, edaphic factors (e.g. soil
organic matter content, moisture and temperature regimes, pH, biological activity) and
management (e.g. tillage, nutrient additions, moisture or thermal manipulations,
biological enhancements). These factors interact so as to make prediction of toxics

-9-



concentrations from gross parameters impossible on a generic basis. Only through site-
specific knowledge of contaminant and soil propertiesisit feasible to develop predictive
relationships. For these reasons, soils contaminated by hydrocarbons will generally
require analyses for suspected or target toxic compounds. Gross parameters alone
convey no consistent toxicological information.

Implications for Analysis of Environmental Samples

Before selecting a petroleum hydrocarbons test the investigator should decide exactly
what information is sought. Is the soil known to be contaminated by petroleum products?
If s0, isthe chemical nature of the contamination known? Isthe sampling exploratory or
confirmatory? Answers to these questions should influence the choice of test.

It follows that when requesting analyses for hydrocarbon contaminated soils the
investigator must decide, in consultation with the laboratory:

1) What will be the method of sample preparation (purge and trap, headspace
sampling, extraction)?

2) Will cleanup of polars be done?
3) What method of detection will be used?

If apreliminary investigation (e.g. audit, shallow vapour survey) can confirm that low
molecular weight hydrocarbons are not present, then hydrocarbon screening may be
accomplished through an analysis of extractables. If the preliminary investigation shows
no strong evidence for hydrocarbon contamination, a simple oil and grease test may be
adequate in a screening mode. On the other hand, if evidence of hydrocarbon
contamination exists, a GC-FID test will be more valuable because information is gained
on the distribution of hydrocarbons by carbon number. This information can be helpful
in identifying a potential hydrocarbon source, which may in turn suggest specific
contaminants of concern, geographical pattern of contamination, or remedial strategy.
An example of a phased, analytical procedure employing several types of
chromatography and leading to tentative identification of hydrocarbon sources and
contaminants of concern is given in Douglas et a. (1992).

Hydrocarbon analyses by GC presented without an analysis of carbon number, however,
are likely not of greater value than a smple oil and grease determination.
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If the general nature of hydrocarbon contamination is known, specific tests can be
selected for the expected contaminants of concern. As examples, 1) leaks or spills of
gasoline or aviation fuel indicate the need for BTEX analysis (EPA Method 8020), and 2)
presence of combustion residues from hydrocarbon fuels indicates polynuclear aromatic
hydrocarbon analysis (e.g. EPA Method 8100). Additionally, if arefined hydrocarbon
source has been established, specialized analytical approaches may be applied that
improve results and/or reduce costs. For example, intermediate range fuels may be
guantified in a single step through elevated temperature purge and trap methodol ogy
(Chang et al. 1992).

Assessment of Petroleum Contaminated Soil in Alberta

Historical Use

Alberta MUST guidelines (Province of Alberta 1991) include TPH (TPH is here defined
as the sum of purgeables and extractables without reference to cleanup of polars) asa
remediation criterion. Criterion development depended on several assumptions: 1) the
hydrocarbon source is diesel fuel, 2) the diesal fuel has a fixed benzene content, 3) a
generic human exposure scenario includes a concrete basement pervious to benzene
vapours, and 4) benzene exposure is managed to keep incremental cancer risk at or below
10°. Under these assumptions MUST brought forward three TPH guidelines keyed to
different site sensitivities -- for example, variations in soil texture on the site gives rise to
different benzene diffusion rates.

The MUST soil guideline for TPH at the most sensitive sites is 40 ppm. Because the
approach of the Soil Protection Branch is to provide criteria protective of flexible land
use (recovery or preservation of equivalent capability) the 40 ppm value was brought
forward for surface soils (Province of Alberta 1990).

Experience since the introduction of MUST has shown that, by posting a criterion for
TPH with an attempted basis in toxicology, the expectation has been raised that al
hydrocarbon contamination in soils can be dealt with via gross parameters. From the
foregoing discussion of hydrocarbons types and measurement systemsiit is clear that
gross parameters cannot completely meet this expectation nor regulatory needs. Thereis
no reliable, general relationship between biological hazard and any gross hydrocarbon
parameter.
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Present Use
Gross hydrocarbon parameters are valuable in three primary roles:

1. As gross screening parameters (investigation parameters, characterization
parameters). These are used in the initial phases of site assessment to establish
presence or absence of contamination, establish chemica nature, and identify
affected areas. Positive results generally indicate the need for further investigation
for contaminants of concern.

2. Asinvestigative surrogates on a site-specific basis. It is often possible to correlate
the concentration of contaminant of concern to a gross parameter in an area
homogeneous with respect to contamination type. For example, in an area affected
by a particular spill there may be a strong relationship between oil and grease and
carcinogenic PAH. If such arelationship exists, it can be used to control costs
during delineation and confirmation sampling steps.

3. In the case of hydrocarbon contamination low or lacking in toxic congtituents, a
gross parameter may be used as a remediation objective protective of aesthetic
values (organoleptic considerations such as 1) nuisance odours encountered
directly from soil off-gassing or from cross-contaminated water, 2) oily sheenin
cross-contaminated water) and general soil quality issues such as water repellancy
and structure.

For applications 1 and 3 above, a value of 1,000 mg kg* ail and grease has been found
useful. For example, in aninitial assessment of a site, areas exceeding 1,000 mg kg* ail
and grease can immediately be identified as requiring further investigation and
management. Furthermore, if 1) the hydrocarbon contamination is found to be
sufficiently low in toxic contaminants, and 2) groundwater, general soil quality and
aesthetic values are not at risk; then 1,000 mg kg* oil and grease may function as a
remediation criterion. However, in the absence of this toxicological, hydrological and
organoleptic information, gross hydrocarbon parameters presently have no regulatory
value as remediation criteria.

Expression of the above guide value as "oil and grease" does not constitute an
endorsement of this parameter over other gross parameters. Indeed, oil and grease is the
least sophisticated of the gross parameters. However, as a delineation tool, or asa
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remediation criterion under the restrictive conditions given above, it is adequate and the
least expensive of measurements. Hydrocarbon contamination investigations normally
require a combination of gross parameter measurements for characterization and,
subsequently, specific analyses for expected contaminants of concern.
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Evaluating Solid Waste: Physical/Chemical Methods.

U.S. EPA. Method 8250. Gas chromatography/mass spectrometry for semivolatile
organics: packed column technique. In: U.S. EPA SW-846, Test Methods for
Evaluating Solid Waste: Physical/Chemical Methods.

U.S. EPA. Method 8260. Volatile organic compounds by gas chromatography/mass
spectrometry (GC/MS): capillary column technique. In: U.S. EPA SW-846, Test
Methods for Evaluating Solid Waste: Physical/Chemical Methods.

U.S. EPA. Method 8270. Semivolatile organic compounds by gas chromatography/mass

spectrometry (GC/MS): capillary column technique. In: U.S. EPA SW-846, Test
Methods for Evaluating Solid Waste: Physical/Chemical Methods.
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U.S. EPA. Method 9073. Total recoverable hydrocarbons by infrared spectroscopy. In:
U.S. EPA SW-846, Test Methods for Evaluating Solid Waste: Physical/Chemical
Methods.

Verschueren, K. 1983. Handbook of Environmental Data on Organic Chemicals. Van
Nostrand Rheinhold Co., NY.
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