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 6. ANALYTICAL METHODS

The purpose of this chapter is to describe the analytical methods that are available for detecting, and/or

measuring, and/or monitoring used mineral-based crankcase oil, its metabolites, and other biomarkers

of exposure and effect to used mineral-based crankcase oil. The intent is not to provide an exhaustive

list of analytical methods. Rather, the intention is to identify well-established methods that are used as

the standard methods of analysis. Many of the analytical methods used for environmental samples are

the methods approved by federal agencies and organizations such as EPA and the National Institute for

Occupational Safety and Health (NIOSH). Other methods presented in this chapter are those that are

approved by groups such as the Association of Official Analytical Chemists (AOAC) and the

American Public Health Association (APHA). Additionally, analytical methods are included that

modify previously used methods to obtain lower detection limits, and/or to improve accuracy and

precision.

6.1     BIOLOGICAL MATERIALS

Used mineral-based crankcase oil is a complex mixture of hydrocarbons, metals, and additives

(Vazquez-Duhalt 1989). It contains high levels of metals, such as lead, zinc, copper, chromium,

nickel, and cadmium. It also contains alkanes, cycloalkanes, monoaromatics, diaromatics, PAHs, and

aromatic compounds which contain sulfur, nitrogen, or oxygen. Atomic absorption spectrophotometry

(AAS) is the most commonly used method for detecting the metal components of used mineral-based

crankcase oil in biological materials. Biological materials include the skin, liver, lung, serum, urine,

and milk. Analytical methods for measuring both biological materials and environmental samples are

described in this chapter. The 32P-postlabeling assay has been used to detect the presence of

potentially carcinogenic PAH adducts bound covalently to macromolecules (e.g., DNA) in skin and

lung tissues. See Table 6-l for a summary of the analytical methods most commonly used to

determine the various components of used mineral-based crankcase oil in biological materials and

environmental samples. For more information regarding the analytical methods used for detecting the

various components such as PAHs and lead in biological tissues, see the ATSDR profiles for these

substances (ATSDR 1990c, 1993b).
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AAS has been used to measure lead compounds from used mineral-based crankcase oil in blood

(Clausen and Rastogi 1977). AAS is the most common detector used to measure lead compounds in

blood, since AAS is a lead-specific detector. The sample preparation procedure, limit of detection,

accuracy, and precision of this method were not reported. Molybdenum has been determined in rumen

contents and in liver and kidney samples using ultraviolet-visible (UV-VIS) spectrophotometry;

however, no information was provided regarding the sample preparation, detection limit, accuracy, or

precision of this method (Sas 1989).

The 32P-postlabelling assay is a highly sensitive and specific method for detecting PAH-DNA adducts

in the skin and lungs of humans and animals (Carmichael et al. 1990, 1991, 1992; Phillips et al. 1990;

Schoket et al. 1989). The technique generally involves isolating epidermal DNA from human and

mouse skin treated with used oil, and then digesting the DNA enzymatically with micrococcal

nuclease, spleen phosphodiesterase, and nuclease Pl before labeling the DNA adduct by 32P-

postlabelling.  Detection limits ranging from 0.05 to 0.57 femtomole (fmol) adducts/µg DNA

(Carmichael et al. 1990, 1991, 1992; Phillips et al. 1990) and from 40 to 150 attomole (amol) total

adducts/µg DNA (Schoket et al. 1989) have been achieved. Recovery and precision data were not

reported.

The urinary concentration of 1-pyrenol, a pyrene metabolite, can also be used as a biological indicator

of exposure to PAHs in automotive repair workers. Granella and Clonfero (1993) evaluated the skin

absorption of PAHs in automotive repair workers whose skin was exposed to used engine oils from

cars and trucks and compared the results to a control group. For each worker, data were obtained on

smoking habits, use of medicines, and hobbies. Subjects were also instructed not to eat foods with

high concentrations of PAHs, such as grilled or barbecued meat, 48 hours before the urine samplings.

The control group was placed on control diets and not occupationally exposed to PAHs. This group

had a higher percentage of smokers, but among smokers in both the control and the exposed groups,

there was no difference in the daily consumption of cigarettes (Granella and Clonfero 1993). The

levels of 1-pyrenol were determined using high-performance liquid chromatography (HPLC) with a

fluorescence detector. Urinary excretion of 1-pyrenol in this group of workers compared to

occupationally exposed subjects (e.g., creosote, coke oven, and graphite electrode workers) indicated

that exposure to PAHs present in used engine oil through the skin during automotive repair work is

very low (Granella and Clonfero 1993). The urinary 1-pyrenol values were higher in both smoking

(0.259 ± 0.201 umol/mol creatinine) and nonsmoking workers (0.154 ± 0.105 pmol/mol creatinine, as
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compared to 0.083 ± 0.042 pmol/mol creatinine for the nonsmoking controls) (Granella and Clonfero

1993). However, according to the study authors, tobacco smoking and PAH-rich diets are confounding

factors when monitoring this type of exposure, as they influence the urinary concentration of 1-pyrenol

in the general population. Hence, smoking habits and diets should be verified accurately, including

exposure to air pollution, in order to evaluate the specific effect of low-level PAH exposure, especially

among repair workers. In used engine oils, the concentration of 1-pyrenol ranges from 32% (petrol

engines) to 3% (diesel engines) (Granella and Clonfero 1993).

6.2     ENVIRONMENTAL SAMPLES

AAS is the most commonly used method for detecting the metal components of used mineral-based

crankcase oil found in environmental samples. The methods most commonly used to detect or identify

the major hydrocarbon components of used mineral-based crankcase oil in environmental samples

include gas chromatography equipped with a flame ionization detector (GC/FID), flame photometric

detector (GC/FPD), or mass spectrometer (GC/MS), and high-performance liquid chromatography with

ultraviolet detection (HPLC/UV) or a fluorescence detector. Volatile organics have been detected

using an ion trap mass spectrometer (EMS). Infrared spectroscopy (IR) is commonly used to

characterize the major components found in used crankcase oil. See Table 6-2 for a summary of the

analytical methods used to determine used mineral-based crankcase oil in environmental samples. For

further information regarding the analytical methods for detecting the various components such as

PAHs, lead, copper, nickel, and zinc in environmental samples see the ATSDR profiles for these

substances (ATSDR 1989b, 1990b, 1990c, 1992e, 1993b).

Pyrene levels in cloths used by automotive repair workers were determined by HPLC with a UV-VIS

detector. Pyrene contents in oily material taken from cloths used to clean the different types of

engines ranged from 2.8 ± 0.4 ppm (mean ± SD) for matter from diesel truck engines to 9.3 ±

8.2 ppm for matter from petrol car engines. The recovery rate was 96%. These values were much

lower than that found in coal tar, creosote, petroleum, coke, and quenching oils. However, petrol

engines produced five times more pyrene than diesel engines (Granella and Clonfero 1993).

AAS is the most commonly used method to selectively detect and identify the metal components (lead,

cadmium, manganese, copper, nickel, iron, and zinc) of used mineral-based crankcase oil in air

(Clausen and Rastogi 1977), street or stormwater runoff (Latimer et al. 1990; Newton et al. 1974), soil
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(Gish and Christensen 1973; Lagerwerff and Specht 1970; Motto 1970), dust, vegetation, atmospheric

deposition, and earthworms (Gish and Christensen 1973; Lagerwerff and Specht 1970; Latimer et al.

1990). Air samples are collected on filter paper (Clausen and Rastogi 1977). The other matrices

(runoff, soil, vegetation, and earthworm samples) are usually subjected to an acid digestion procedure.

Although sensitivity data were not reported, ppm-to-ppb levels can be detected based on the measured

samples. Recovery data for measuring metals in air and runoff samples were not reported. Recoveries

for soil samples (>95%) and earthworms (>89%) were very good (Gish and Christensen 1973).

Precision data were not reported.

GC/FID and GUMS are methods used for detecting the hydrocarbon components of used crankcase oil

in surface water (Tanacredi 1977), stormwater runoff and waste water (Brown et al. 1985; Farrington

and Quinn 1973; Latimer et al. 1990), and sediments (Wakeham and Carpenter 1976). Sample

preparation methods generally include solvent extraction followed by a cleanup step using adsorption

chromatography. Although detection limits were not reported for these methods, sensitivity is in the

ppm-to-ppb range based on data reported. Recovery for hydrocarbons in sediment using GC/FID was

>75% (Wakeham and Carpenter 1976). Precision data were not reported.

Petroleum-derived aromatic and aliphatic hydrocarbons and associated sulfur compounds in urban

stormwater runoff and sediment samples were characterized using GC equipped with a flame

ionization/sulfur specific flame photometric detector system (Hunter et al. 1979; MacKenzie and

Hunter 1979). These detectors allowed simultaneous detection of both hydrocarbon and sulfur-

containing materials. Although sulfur compounds represent only about 4% of a petroleum oil, sulfur

fingerprints have been shown to be a valuable aid in oil characterization and source correlation

(MacKenzie and Hunter 1979). The sulfur aromatics in petroleum oil are predominantly thiophenes

(benzothiophene, dibenzothiophene, naphthobenzothiophene, and their alkyl derivatives). Aromatic

sulfur compounds have been detected in petroleum oils from stormwater runoff. Dibenzothiophene

and phenanthrene and/or anthracene were present in all samples (both used crankcase oil and

stormwater particulates). An average of approximately 70% of the dibenzothiophene was recovered in

stormwater by the analytical method and separation scheme. Recoveries for the aliphatic and aromatic

fractions ranged from 85% to 95% (Hunter et al. 1979). Although detection limits were not reported,

ppm-to-ppt concentrations can be measured based on levels reported (Hunter et al. 1979; MacKenzie

and Hunter 1979). Precision data were not reported.
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In Manabe et al. (1984), mutagenic studies (using S. typhimurium strains) of crankcase oil from a

gasoline engine, fractionated by Soxhlet extraction, indicated that used engine oil contained

1-nitropyrene (1-NP) and dinitropyrenes (diNP). Crankcase oils from gasoline and diesel engines

contained 138 and 349 ng of  1-NP and 2 and 31 ng 1,6-diNP, respectively, per mL of oil. In this

study, the 1-NP fraction was collected, analyzed, and quantified by GC/MS and HPLC to prove that

waste water contained 1-NP. Since many unknown compounds in the waste water showed the same

retention time as 1-NP using HPLC, 1-NP was not quantitated precisely by use of an ultraviolet

detector and HPLC. Since the reduced product of 1-NP, 1-aminopyrine (l-AP), is fluorescent and

easily detectable with the fluorescence detector of HPLC, 1-NP was reduced with nitroreductase and

l-AP was then measured. The reaction mixture was incubated at 37°C for 5 or 15 hours without

shaking. An ethyl acetate extract of the mixture was then evaporated, redissolved in methanol, and

injected into the chromatograph. Detection limits for 1-NP and diNP were 1.1x10-2 and 1.3x10-2 pmol,

respectively. Recovery and precision data were not reported. 1,6-diNP (31 ng) accounted for 12% of

the total mutagenicity of the neutral fraction in the assay system (Manabe et al. 1984). According to

the study authors, diNPs showed higher mutagenic activity than 1-NP, and 1,6-diNP was shown to be

carcinogenic in mice.

X-ray diffraction (XRD) phase analysis in conjunction with x-ray florescence (XRF) elemental analysis

is an extremely effective method for characterizing waste incineration by-products, particularly

crankcase oil incineration residues. XRD is a useful technique for determining the phase of the

compounds in a sample. The technique involves scanning the sample with a diffractometer and

interpreting the data according to the Joint Committee on Powder Diffraction Standard (JCPDS) files.

To determine which elements are present in the sample, XRF is conducted using minimal sample

preparation and analysis time. This method analyzes the samples for elements ranging from sodium to

uranium by quantitatively scanning with a sequential wavelength dispersive spectrometer. In the past,

using XRD phase analysis, together with XRF elemental analysis techniques, has produced accurate

percentages of the elements present in the emissions from used mineral-based crankcase oil

commercial waste incinerators and from lead and copper smelters (Briden 1984).

Volatile organics found in used mineral-based crankcase oil have been measured in air, water, and soil

using an ITMS (Buchanan et al. 1990). The ITMS operates at a higher pressure than conventional

mass spectrometers, making it amenable to accommodating higher gas loads, thereby allowing the

direct introduction of gaseous analytes into the ITMS with little or no sample preparation. Because no
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chromatography is used, sample turn around is less than 5 minutes. This method yields excellent

detection limits (ppb-to-ppt levels) and is reproducible for all media. Recovery and precision data

were not reported.

Thin-layer chromatography (TLC) has been used as a screening tool for on-site environmental analysis

of used mineral-based crankcase oil in soil (Newborn and Preston 1991). A detection limit of

100 ppm and a recovery of 70% were achieved for motor oil. TLC is a cost-effective tool for field

screening of samples, especially soils, when low detection limits (i.e., the sensitivity of gas

chromatography) are not required.

IR and fluorescence spectrophotometry have been used to detect mineral oil in air (NIOSH 1977,

1978, 1984). For IR, sensitivity is in the low-ppm range (NIOSH 1978, 1984). For both methods,

recovery (98%) and precision (5% relative standard deviation; 6.5% coefficient of variation) are good

(NIOSH 1977, 1978, 1984). Sensitivity was not reported for fluorescence spectrophotometry. IR,

fluorescence spectrophotometry, and ultraviolet spectroscopy have been used to detect and identify the

main components of oils in sea water (Adler et al. 1990; Zieba 1985).

A photoionization detector (PID) in conjunction with capillary chromatography has been used to detect

and identify PAHs. This is done by comparing the PID response with that of a flame ionization

detector (FID) which gives a substance-specific response ratio. This method is limited in its

usefulness because the obtained ratios are specific to the particular system being used. Ratios for the

same compound can be off by as much as 20% for the same compound in different systems (Berngird

and Colmsjo 1992).

6.3     ADEQUACY OF THE DATABASE

Section 104(i)(5) of CERCLA, as amended, directs the Administrator of ATSDR (in consultation with

the Administrator of EPA and agencies and programs of the Public Health Service) to assess whether

adequate information on the health effects of used mineral-based crankcase oil is available. Where

adequate information is not available, ATSDR, in conjunction with the NTP, is required to assure the

initiation of a program of research designed to determine the health effects (and techniques for

developing methods to determine such health effects) of used mineral-based crankcase oil.
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The following categories of possible data needs have been identified by a joint team of scientists from

ATSDR, NTP, and EPA. They are defined as substance-specific informational needs that if met would

reduce the uncertainties of human health assessment. This definition should not be interpreted to mean

that all data needs discussed in this section must be filled. In the future, the identified data needs will

be evaluated and prioritized, and a substance-specific research agenda will be proposed.

6.3.1     Identification of Data Needs

Methods for Determining Biomarkers of Exposure and Effect

Exposure. Although specific biomarkers for exposure to used mineral-based crankcase oil have not

been identified, methods exist to measure the PAH and metal components of used mineral-based

crankcase oil in tissues (skin, lung, liver, kidney) and blood (Carmichael et al. 1990, 1991, 1992;

Phillips et al. 1990; Sas 1989; Schoket et al. 1989). Biomarkers such as metal content of the blood

(Clausen and Rastogi 1977; Sas 1989) or DNA adduct formation (Carmichael et al. 1990, 1991, 1992;

Kurelec and Gupta 1993; Schoket et al. 1989) have been identified as possible indicators of exposure

to chemicals found in used mineral-based crankcase oil. These biomarkers are not specific for

exposure to used mineral-based crankcase oil but may be specific for chemicals found in the oil.

Caution should be used to avoid misinterpretation when using DNA adducts as biomarkers in lower

invertebrates such as sea urchins and sponges due to their inability to form DNA adducts when

exposed to certain compounds such as PAHs. Another consideration with respect to using DNA

adducts as biomarkers is that DNA modifications are found in varying levels in certain aquatic

organisms depending on the season (Kurelec and Gupta 1993). Biomarkers of exposure to metals and

aromatic hydrocarbons are discussed in more detail in other ATSDR profiles (ATSDR 1989b, 1990b,

1990c, 1992e, 1993b). The existing methods are sensitive enough to measure background levels in the

population and levels at which biological effects occur. Recovery and precision data are needed for

measuring PAH-DNA adduct levels in tissues and levels of metals in blood and tissue. Detection limit

data are also needed for measuring metals in blood and tissues. These data will help to improve the

reliability and reproducibility of the methods and will be useful in monitoring populations exposed to

used mineral-based crankcase oil.

Effect. No information was located regarding biomarkers of effect that were specific for used mineral-

based crankcase oil. The biomarkers of effect are similar to the biomarkers of exposure listed above.
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The methods used to measure biomarkers of exposure are the same as those used to measure

biomarkers of effect and data needs for biomarkers of effect are also similar to those mentioned for

biomarkers of exposure.

Methods for Determining Parent Compounds and Degradation Products in

Environmental Media. Methods exist to detect the various components of used mineral-based

crankcase oil, such as metals (Clausen and Rastogi 1977; Gish and Christensen 1973; Lagerwerff and

Specht 1970; Latimer et al. 1990; Motto 1970; Newton et al. 1974), as well as hydrocarbons and

additives (Adler et al. 1990; Brown et al. 1985; Buchanan et al. 1990; Farrington and Quinn 1973;

Hunter et al. 1979; Latimer et al. 1990; MacKenzie and Hunter 1979; Manabe et al. 1984; NIOSH

1977, 1978, 1984; Tanacredi 1977; Wakeham and Carpenter 1976; Zieba 1985). These methods detect

components in air, water (including runoff), soil, sediments, and some aquatic and terrestrial

organisms. They include AAS, GC/FID, GC/MS, GC/FID/FPD, ITMS, HPLC/UV, HPLC/fluorescence

detector, TLC, IR, fluorescence spectrophotometry, and ultraviolet spectroscopy. These methods are

relatively sensitive and selective and can be used to detect the levels of used mineral-based crankcase

oil components found in the environment and the levels at which health effects could occur. However,

recovery, sensitivity, and detection limit data are needed for measuring the components found in all

media. Recovery and precision data will help to assess and improve the reproducibility of the

methods. Detection limit data will aid in comparison of sensitivity between methods and indicate

where improvements in sensitivity are needed. This information will be useful in monitoring used

mineral-based crankcase oil contamination in the environment. So far, degradation products of used

mineral-based crankcase oil have not been detected.

6.3.2     On-going Studies

No on-going analytical methods studies were located.






