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

measuring, and/or monitoring PAHs, its metabolites, and other biomarkers of exposure and effect to

PAHs. 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 SAMPLES

Several analytical techniques have been used to determine trace levels of PAHs in biological tissues

and fluids including adipose tissue, lungs, liver, skin, hair, blood, urine, and feces (Table 6-l). These

include gas chromatography coupled with flame ionization detection (GC/FID), gas chromatography

coupled with a mass spectrometry (GC/MS), high-performance liquid chromatography (HPLC) coupled

with an ultraviolet (UV) or fluorescence detector, and thin-layer chromatography (TLC) with

fluorescence detection.

Recently, Liao et al. (1988) developed a relatively simple and rapid procedure for purifying human

and bovine adipose tissue extracts so that trace levels of complex mixture of target analytes (including

PAHs) could be detected and quantified by capillary GC/MS. By employing an activated Florisil

column, Liao and co-workers showed that lipid contaminants bind effectively (more than 99.75%) with

Florisil, thereby producing a relatively clean sample extract. A detection limit at a low ng/g level and

an average sample recovery of 85% were achieved (Gay et al. 1980; Liao et al. 1988; Modica et al.

1982).
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Obana et al. (1981) reported the identification and quantification of six PAHs on EPA’s priority

pollutant list: anthracene, pyrene, benzo[b]fluoranthene, benzo[k]fluoranthene, benzo[a]pyrene, and

benzo[g,h,i]perylene using the HPLC/fluorescence detector technique. Levels measured in human.

tissue ranged from 0.006 to 0.460 ng/g. Following extraction of the PAHs from the sample matrices

by saponification with KOH, the extract was cleaned on alumina and silica gel columns, prior to

quantitation. The known carcinogens, benz[a]anthracene and dibenz[a,h]anthracene, were not detected

(detection limit <0.005 ng/g). The HPLC/UV detection technique has also been used to

simultaneously determine fluoranthene, benz[a]anthracene, and pyrene in blood and lung tissues

(Brandys et al. 1989). A detection limit of ppb (ng/g or ng/mL), satisfactory recoveries (65-109%),

and adequate precision (119% relative standard deviation [RSD]) were achieved (Brandys et al. 1989).

In addition to direct measurement of PAHs in biological tissues, it is also possible to determine the

concentration of metabolites in biological fluids. Pyrene is predominantly excreted as a 1-hydroxypyrene

conjugate (glucoronate and sulfate), although 1,2-dihydroxy- 1,2-dihydropyrene conjugates are

.also excreted in urine (Grimmer et al. 1993). Phenanthrene, on the other hand, is mainly excreted as

dihydrodiol conjugates. The metabolites of phenanthrene that have been detected in human urine are

1-hydroxyphenanthrene, 2-hydroxyphenanthrene, 3-hydroxyphenanthrene, 4-hydroxyphenanthrene,

9-hydroxyphenanthrene, 1,2-dihydroxy-1,2-dihydrophenanthrene, 3,4-dihydroxy-3,4-dihydro-

phenanthrene, and 9,10-dihydroxy-9,10-dihydrophenanthrene (Grimmer et al. 1993). There are

apparently individual variations in the phenanthrol (hydroxyphenanthrene) and phenanthrene

dihydrodiol conjugates excreted in the 24-hour urine sample (Grimmer et al. 1993). The major

metabolite of benzo[a]pyrene in human tissue and body fluid is 7,8,9,10-tetrahydroxy-7,8,9,10-

tetrahydrobenzo[a]pyrene (Weston et al. 1993a, 1993b).

Becher and Bjorseth (1983, 1985) and Becher (1986) developed an HPLC method for biological

monitoring of PAHs and PAH metabolites in the urine of humans following occupational exposure to

PAHs. Using the HPLC/fluorescence detector technique, recoveries of the individual PAH compounds

varied between 10 and 85% with the more volatile 3-ring PAHs having the lowest recoveries. A

detection limit of less than 1 µg of PAHs per mmol of creatinine was obtained. HPLC equipped with

a fluorescence detector has also been used to measure 1-pyrenol (1-hydroxypyrene, a pyrene

metabolite) in urine of workers exposed to PAHs in coal tar pitch with a detection limit of
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0.45 nmol/L (Tolos et al. 1990). Recovery and precision data were not reported. A strong correlation

was observed between the concentrations of urinary 1-hydroxypyrene in workers and environmental

PAHs, indicating that pyrene may be used as a biomarker of exposure for assessing worker exposure

to coal tar pitch containing pyrene (Tolos et al. 1990). Since 1-Hydroxypyrene glucuronide is

approximately 5 times more fluorescent than 1-hydroxypyrene, the former may be a more sensitive

biomarker for PAH exposure (Strickland et al. 1994). A sensitive HPLC/synchronous fluorescence

spectroscopic method is available for the determination of 1-hydroxypyrene glucuronide (Strickland et

al. 1994). Hecht et al. (1979) employed an HPLC analytical technique for determining the

concentrations of benzo[a]pyrene and its metabolites in the feces of humans and rats following

consumption of charcoal-broiled beef. A detection limit of 0.05 µg of benzo[a]pyrene metabolites per

gram of sample was noted with HPLC/UV detection.

There is considerable evidence that PAHs are enzymatically converted to highly reactive metabolites

that bind covalently to macromolecules such as DNA, thereby causing mutagenesis and carcinogenesis

in experimental animals. Thus, benzo[ajpyrene, a prototype of the carcinogenic PAHs and the most

thoroughly studied PAH, is activated by microsomal enzymes to 7β, 8α-dihydroxy-(9α,10α)-epoxy-

7,8,9,10-tetrahydrobenzo[a]pyrene (BPDE) and binds covalently to DNA, resulting in formation of

BPDE-DNA adducts (Harris et al. 1985; Haugen et al. 1986; Uziel et al. 1987). Sensitive methods are

available to detect PAH-DNA adducts in the blood and tissues of humans and animals. These include

immunoassays, i.e., enzyme-linked immunosorbent assays (ELISA), radioimmunoassay (RIA),

dissociation-enhanced lanthanide fluoroimmunoassay (DELFIA), and ultrasensitive enzyme

radioimmunoassay (USERIA); 32P- and 35S-postlabelling with radioactivity counting; surface-enhanced

Raman spectroscopy; and synchronous luminescence spectroscopy (SLS) (Gorelick and Wogan 1989;

Gorelick and Reeder 1993; Harris et al. 1985; Haugen et al. 1986; Helmenstine et al. 1993; Herikstad

et al. 1993; Lau and Baird 1991; Perera et al. 1988; Phillips et al. 1987; Schoket et al. 1993).

The ELISA technique is used for detection of antibodies in serum bound to BPDE-DNA adducts. The

USERIA method involves measuring the immunological response of BPDE-DNA in the presence of

rabbit anti-serum. Several researchers have employed the immunoassay techniques for detecting

PAH-DNA adducts at 10-l5 mol levels in the blood and tissues of humans occupationally exposed to
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PAHs (Harris et al. 1985; Haugen et al. 1986; Newman et al. i988; Perera et al. 1988; Shamsuddin et

al. 1985; Weston et al. 1988).

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

blood and tissues of humans and animals (Gorelick and Wogan 1989; Phillips et al. 1988, 1987;

Willems et al. 1991). Detection limits ranging from 0.3x10-15 mol of PAH adduct per µg of DNA

(<1 adduct in 107 nucleotides) to <10-18 mol of adduct per ug of DNA have been achieved (Phillips et

al. 1988, 1987; Willems et al. 1991). Further advantages of the 32P-postlabelling technique are that

adducts do not need to be fully characterized in order to be detected, and that the method is

particularly suited to occupational exposure to a complex mixture of PAHs. Coupling
32P-postlabelling methodology with HPLC analysis has improved the resolution of the labeled

nucleotides and can be used to identify and quantify specific PAH-DNA adducts such as fluoranthene-

DNA adducts (Gorelick and Wogan 1989). A detection limit of 0.1 femtomole (fmol) of adduct

(3 adducts per 108 nucleotides in 1 µg DNA) has been achieved. The advantage of this method is that

it is not limited with respect to the amount of DNA that can be analyzed; therefore, sensitivity can be

enhanced by analyzing larger quantities of DNA. Average recovery was 10-15% at 3 adducts per

106 nucleotides. Recovery was greater (30-40%) from DNA containing higher levels of adducts

(Gorelick and Wogan 1989). The 32P-postlabelling assay and a combination of thin-layer and reverse-

phase HPLC was also used to separate DNA adducts of 6 nitrated PAHs (King et al. 1994).

PAH-DNA adducts have also been detected and identified using [35S]phosphorothioate postlabelling

combined with HPLC analysis (Lau and Baird 1991). The sensitivity of this assay is 1 adduct per

108 nucleotides for a 60-µg DNA sample with an overall adduct recovery of 20%. An advantage of
35S-postlabelling over 32P-postlabelling is that 35S has a longer half-life (87 days) than 32P (14 days).

This allows longer storage times between labeling and adduct analysis with minimal loss in sensitivity.
35S also has a lower radioactive decay energy than 32P, which reduces the risk of human radiation

exposure and eliminates the need for the radioisotope-shielding equipment that is required for studies

with high specific radioactivity. On the other hand, 35S is also less sensitive than the 32P-postlabelling

analysis because of the lower specific activity of [35S]adenosine triphosphatase (ATP) compared to

[32P]ATP and because of the requirement for more radioactivity per adduct for accurate HPLC

analysis. However, if large samples of DNA are available, the sensitivity of 35S-postlabelling/HPLC

can be increased substantially (Lau and Baird 1991).
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HPLC/UV detection and HPLC/fluorescence detection have been used for determining concentrations

of PAH-DNA adduct and hydrolyzed PAH-DNA adducts in biological tissues and fluids (Alexandrov

et al. 1990; Autrup and Seremet 1986; Jongeneelen et al. 1986; Rice et al. 1985b; Rogan et al. 1990;

Salhab et al. 1987; Shugart 1986; Shugart et al. 1983; Weston and Bowman 1991; Weston et al.

1988). A detection limit of  l0-l5 mol of tetrols per sample was achieved (Haugen et al. 1986; Shugart

et al. 1983; Weyand and Bevan 1987a). HPLC with a fluorescence detector has been used to measure

the stereospecific formation of benzo[a]pyrene tetrols from cytochrome P-450-dependent metabolism

of (-)-7,8-dihydroxy-7,8-dihydrobenzo[a]pyrene to BPDE in human hair (Alexandrov et al. 1990).

This assay is simple, requiring only three human hair follicles and a low (0.5-2 µmol) substrate

concentration. The limit of detection is ≈0.3 fmol of tetrols (Alexandrov et al. 1990). This is a rapid

and noninvasive method that could be used to determine an individual’s capacity to activate

carcinogens to DNA-binding intermediates (Alexandrov et al. 1990). HPLC with fluorescence

detection has also been used to detect BPDE-DNA adducts in human lung tissues (Weston and

Bowman 1991). A detection limit of 6 pg benzo[a]pyrene-tetrol/mL (1 adduct in 108 nucleotides) was

achieved (Weston and Bowman 1991). Recoveries ranged from 26 to 66% for the procedure.

HPLC/UV has been used to identify and quantify a benzo[a]pyrene-DNA adduct, specifically

7-(benzo[a]pyrene-6-yl)guanine (BP-N7Gua) in urine and feces in the femtomole range (Rogan et al.

1990). The structure of the adduct was established by fluorescence line narrowing spectrometry

(FLNS). Recovery and precision data were not reported (Rogan et al. 1990).

Using benzo[a]pyrene as a model carcinogen, Vahakangas et al. (1985), Haugen et al. (1986), and

Harris et al. (1985) have developed an synchronous luminescence spectroscopy (SLS) technique for

detecting trace levels of PAH-DNA adducts in the blood of humans occupationally exposed to high

levels of PAHs. Vahakangas et al. (1985) detected less than 1 benzo[a]pyrene moiety per 107 DNA

molecules by SLS technique following in vitro acid hydrolysis of BPDE-DNA adduct. Fiber-optic

antibody-based fluoroimmunosensor (FIS) has been used to measure DNA adducts of benzo[a]pyrene

in biological samples such as human placenta (Tromberg et al. 1988; Vo-Dinh et al. 1991). The FIS is

used to detect the highly fluorescent benzo[a]pyrene 7,8,9,10-tetrol (BPT) after release from the

weakly fluorescent BPDE-DNA by mild hydrolysis. The FIS is highly specific because of the

antigen-antibody reaction. This assay is highly sensitive, achieving a detection limit of 14x10-l8 mol
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of BPT (Vo-Dinh et al. 1991). FIS precision is adequate (6.2-15% RSD) (Tromberg et al. 1988).

Recovery data were not reported.

6.2 ENVIRONMENTAL SAMPLES

One of the difficulties associated with determination of PAHs in environmental samples is the

complexity of PAH mixture in these samples. Even after extensive and rigorous clean-up, the PAH

fraction may contain hundreds of compounds. Analytical methods that offer combinations of good

chromatographic resolving power and detector selectivity are usually required to quantify selected

compounds in such mixtures. There is essentially a three-step procedure for the analysis and

determination of PAHs in environmental samples: (1) extraction and isolation of PAHs from the

sample matrix; (2) clean-up of the PAH mixtures from impurities and fractionation of PAH into

subgroups; and (3) identification and quantitative determination of the individual components in each

of these subgroups.

The collection of PAHs from air for quantification requires special considerations. Some of the PAHs,

especially those with lower molecular weights, exist primarily in the vapor phase while PAHs with

higher molecular weights exist primarily in the particulate phase (Santodonato et al. 1981). Therefore,

a combination of a particulate filter (usually glass-fiber filter) and an adsorbent cartridge (usually

XAD-2 or polyurethane foam) is used for the collection of PAHs (Andersson et al. 1983; Harvath

1983; Hawthorne et al. 1993). Therefore, collection methods that use either a filtration system or an

adsorbent alone may be incapable of collecting both particulate and vapor phase PAHs. In addition, a

few PAHs are known to be susceptible to oxidation by ozone and other oxidants present in the air

during the collection process (Santodonato et al. 1981).

The commonly used methods for the extraction of PAHs from sample matrices are Soxhlet extraction,

sonication, or partitioning with a suitable solvent or a solvent mixture. Dichloromethane, cyclohexane,

benzene, and methanol have been widely used as solvents (see Table 6-2). Supercritical fluid

extraction (SFE) of heterogeneous environmental samples with carbon dioxide in the presence of a

modifier, such as 5-10%. methanol or dichloromethane is preferable to the conventional extraction

method because SFE is much less time consuming and has comparable or better PAH extraction
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recovery than the conventional methods (Burford et al. 1993; Dankers et al. 1993; Hawthorne et al.

1993; Hill and Hill 1993).

Column chromatography on silica, alumina, Sephadex or Florisil has been used most often for the

clean-up and fractionation of PAHs in the sample extract (Desiderie et al. 1984; Desilets et al. 1984;

Oehme 1983; Quilliam and Sim 1988). HPLC can also be used for the clean-up and fractionation of

PAHs in sample extract (Readman et al. 1986). A disposable Sep-Pak cartridge with an amino

stationary phase was used for the clean-up of benzo[a]pyrene in cigarette smoke condensate (Dumont

et al. 1993). Some soil and sediment samples containing high amounts of sulfur may require clean-up

on an activated copper column (Giger and Schaffner 1978).

A variety of analytical methods has been used for determining trace concentrations of PAHs in

environmental samples (Table 6-2). These include GC with various detectors, HPLC with various

detectors, and TLC with fluorimetric detectors. Various detection devices used for GC quantification

include FID, MS, Fourier transform infrared spectrometer (FT-IR), laser induced molecular

fluorescence detector (LIMF), diode array detector (DAD), and gas phase fluorescence detector

(GPFDA). GC/MS and HPLC with UV or spectrofluorimetric detectors are perhaps the most prevalent

analytical methods for determining concentrations of PAHs in environmental samples.

Oehme (1983) and Low et al. (1986) employed capillary GC coupled with negative ion chemical

ionization MS for detecting and differentiating isomeric PAHs (including PAHs on EPA’s priority

pollutant list). This procedure was successfully used to differentiate the isomers benzolj]fluoranthene

and benzo[b]fluoranthene at low ppb levels in complex matrices, such as air particulate matter and

coal fly ash. An alternative method for the elucidation of PAH isomers is GC coupled with a

charge-exchange and chemical ionization MS (Simonsick and Hites 1985). Simonsick and Hites

(1985) demonstrated that the structural isomers pyrene, fluoranthene, aceanthrylene and

acephenanthrylene can be identified on the basis of their first ionization potential and (M+l)+/M+ mass

ion ratio.

HPLC has been one of the most widely used analytical methods for determining PAHs in complex

environmental samples. The development of a chemically nonpolar stationary phase for HPLC has
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provided a unique selectivity for separation of PAH isomers that are often difficult to separate by GC

columns. For example, chrysene, benz[a]anthracene, and triphenylene are baseline resolved with a

C-18 reverse phase column packing. A detection limit of subpicogram to picogram levels of PAHs

per sample has been achieved by HPLC with fluorescence detector (Fox and Staley 1976; Furuta and

Otsuki 1983; Futoma et al. 1981; Golden and Sawicki 1978; Lawrence and Weber 1984; Marcomini et

al. 1987; Miguel and De Andrade 1989; Nielsen 1979; Risner 1988; Ton&ins et al. 1982). HPLC

equipped with a fluorescence detector has selectively measured 10 PAHs (phenanthrene, fluoranthene,

pyrene, benz[a]anthracene, chrysene, benzo[b]fluoranthene, benzo[k]fluoranthene, benzo[a]pyrene,

benzo[g,h,i]perylene, and indeno[l,2,3-c,d]pyrene) in ambient air (Miguel and De Andrade 1989).

Detection limits for the 10 PAHs were in the range of 10-50 pg and RSD was <10%. Recovery data

were not reported. PAH levels in the ng/L range have also been successfully determined in water

using flotation enrichment and HPLC/fluorescence detection (Xu and Fang 1988). Good recoveries

(86-107%) were achieved, and RSD was 2.7-13.6% RSD. A quenchofluorometric detection system

provides an inexpensive method to achieve selective detection for the fluoranthenic PAHs as a group

(Konash et al. 1981). UV detectors have been used to measure PAHs in fats and oil samples;

however, these detectors lacked the sensitivity and specificity of the fluorescence detectors for

determining PAHs at low levels (ppb and lower) (Van Heddeghem et al. 1980).

A number of less commonly used analytical techniques are available for determining PAHs. These

include synchronous luminescence spectroscopy (SLS), resonant (R)/nonresonant (NR)-synchronous

scan luminescence (SSL) spectrometry, room temperature phosphorescence (RTP), ultravioletresonance

Raman spectroscopy (UV-RRS), x-ray excited optical luminescence spectroscopy (XEOL),

laser-induced molecular fluorescence (LIMF), supersonic jet/laser induced fluorescence (SSJ/LlF),

low-temperature fluorescence spectroscopy (LTFS), high-resolution low-temperature

spectrofluorometry, low-temperature molecular luminescence spectrometry (LT-MLS), and supersonic

jet spectroscopy/capillary supercritical fluid chromatography (SJS/SFC) (Asher 1984; Garrigues and

Ewald 1987; Goates et al. 1989; Jones et al. 1988; Lai et al. 1990; Lamotte et al. 1985; Lin et al.

1991; Popl et al. 1975; Richardson and Ando 1977; Saber et al. 1991; Vo-Dinh et al. 1984; Vo-Dinh

and Abbott 1984; Vo-Dinh 1981; Woo et al. 1980). More recent methods for the determination of

PAHs in environmental samples include GC-MS with stable isotope dilution calibration (Bushby et al.

1993), capillary electrophoresis with UV-laser excited fluorescence detection (Nie et al. 1993), and
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laser desorption laser photoionization time-of-flight mass spectrometry of direct determination of PAH

in solid waste matrices (Dale et al. 1993).

Among the less commonly used spectroscopic methods, SLS and room temperature phosphorescence

(RTP) are used for determining trace levels of PAHs in environmental media. Vo-Dinh (1981),

Vo-Dinh and Abbott (1984), and Vo-Dinh et al. (1984) reported a cost-effective and relatively simple

SLS and RTP technique for determining trace amounts of PAHs (less than 1x10-9 g per sample) in air

particulate extracts collected at a wood-burning area. Improved selectivity is the main advantage of

SLS and RTP over conventional luminescence or fluorescence spectroscopy. Additionally, R/N-SSL

spectrometry has been applied to determine trace amounts of anthracene and its derivatives in

solvent-refined coal (Lin et al. 1991). The sensitivity of N-SSL (7x10-7 M) is about two orders of

magnitude better than that of R-SSL spectrometry (7x10-5 M). The detection limit for N-SSL is

several times better than that of conventional fluorescence spectrometry (3x10-6 M). The better

sensitivity comes from a higher efficiency in fluorescence collection (Lin et al. 1991). The

combination of R- and N-SSL spectrometries provides a sensitive and selective analytical method

because of the spectral simplicity of R-SSL and the high sensitivity of N-SSL spectrometry (Lin et al.

1991). This spectrometric method is also applicable to other PAHs in the environment, such as

benzo[a]pyrene in airborne particulates.

Low temperature-molecular luminescence spectrometry (LT-MLS), SLS, and HPLC/fluorescence

detection have been used to measure pyrene in broiled hamburger (Jones et al. 1988). A comparison

of the three methods showed that sensitivity for all three methods was in the low-ppb range and that

all methods were comparably reproducible (6-9% RSD). Adequate recovery (75-85%) was obtained

from the extraction procedure for all three methods. While HPLC is the least expensive and easiest to

operate, it has the longest analysis time (30 minutes), and it provides the least resolution of

components. LT-MLS is the fastest technique (5 minutes), and it gives mores spectral information

than the other two methods. SLS, with an analysis time of 15 minutes, offers no real advantages over

LT-MLS other than cost of equipment.

Methods 8100, 8250, and 8310 are the test methods recommended by EPA (1986) for determining

PAHs in a variety of matrices at solid waste sites. EPA Methods 610 and 625, recommended for
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municipal and industrial waste water have been used to measure PAHs in groundwater contaminated

by petroleum hydrocarbons at detection limits in the low-ppb range (Thomas and Delfino 1991).

Recovery and precision data were not reported. NIOSH (1985) has recommended methods 5506 and

5515 as the analytical methods for determining PAHs in air samples at concentrations below ppm

level.

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 PAHs 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 PAHs.

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. Adequate methods are

available to separate and quantify PAHs in biological materials such as adipose tissue (Gay et al.

1980; Liao et al. 1988; Modica et al. 1982), lungs (Brandys et al. 1989; Mitchell 1979; Tomingas et

al. 1976; Weston and Bowman 1991; Weyand and Bevan 1987a), liver (Amin et al. 1982; Obana et al.

1981; Rice et al. 1985b), skin (Phillips et al. 1987; Shugart et al. 1983), hair (Alexandrov et al. 1990),

blood (Brandys et al. 1989; Harris et al. 1985; Haugen et al. 1986; Perera et al. 1988; Phillips et al.

1988; Shamsuddin et al. 1985; Shugart 1986), urine (Au&up and Seremet 1986; Becher and Bjorseth

1985; Rogan et al. 1990; Tolos et al. 1990; Uziel et al. 1987), and feces (Hecht et al. 1979; Rogan et
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al. 1990). These methods include GC/FID, GCMS, HPLC, TLC, and spectrofluorometry (SF). The

difficulties involved in recovering bound benzo[a]pyrene from feces hinder studies on absorption and

bioavailability in humans after exposure to benzo[a]pyrene. Therefore, there is a need to develop a

satisfactory analytical method for the determination of benzo[a]pyrene in feces. Immunoassays (i.e.,

ELISA and USERIA, 32P-arid 35S-postlabelling, SLS, and FIS) are methods currently being developed

to detect the presence of carcinogenic PAH adducts bound covalently to macromolecules (e.g., DNA).

The parent compound is generally measured in biological tissues, but both the parent compound and

its metabolites can be measured in biological fluids, particularly urine. However, improved methods

for identifying and characterizing conjugated PAH metabolites from various biological fluids would be

useful. PAH-DNA adducts can be measured in blood, serum, and other tissues. These methods are

accurate, precise, and sensitive enough to measure background levels in the population and levels at

which biological effects occur. Additional quantitative information regarding the relationships between

body and environmental levels of PAHs for both short- and long-term exposures might allow

investigators to predict environmental exposure levels from measured body levels.

The urinary level of 1-Hydroxypyrene has the potential to be used as a biomarker for exposure to

PAHs, and analytical methods for the detection of the hydroxy metabolite in urine of exposed and

non-exposed control persons are available (Ariese et al. 1993a; Jongeneelen et al. 1988; Kanoh et al.

1993; Mercado Calderon 1993; Van Hummelen et al. 1993). The correlation coefficient between total

PAHs in air of a coke production plant and hydroxypyrene in urine of workers was 0.77 (p<0.0001)

(Mercado Calderon 1993). A study attempted to use benzo[a]pyrene metabolite 3-hydroxy-

benzo[a]pyrene in urine as a biomarker for occupational exposure to PAH (Ariese et al. 1993a). Since

the level of 3-hydroxybenzo[a]pyrene is about 3 orders of magnitude lower than 1-hydroxypyrene, a

sensitive method was developed to estimate levels of 3-hydroxybenzo[a]pyrene in occupational groups

(Ariese et al. 1993a). However, no significant correlation between the metabolite and levels of

airborne benzo[a]pyrene was found.

The available biomarkers of effect for PAHs are not specific for effects induced by PAHs other than

cancer or genotoxicity. PAHs form DNA adducts that can be measured in body tissues or blood

following exposure to PAHs and mixtures that contain PAHs. The formation of benzo[a]pyrene-DNA

adducts has been demonstrated, and this may serve as a biomarker of PAH-induced carcinogenicity.
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HPLC and immunoassays, (i.e., ELISA and USERIA, 32P-and 35S-postlabelling, SLS, and FIS) are

sensitive, selective, and reproducible methods being developed to detect the presence of carcinogenic

PAH adducts bound covalently to macromolecules (e.g., DNA) (Gorelick and Wogan 1989; Haugen et

al. 1986; Lau and Baird 1991; Phillips et al. 1988; Weston and Bowman 1991). Chromosomal

aberration and sister chromatid exchange methods were used to show that several types of cultured

human tissue cells demonstrated positive results for benzo[a]pyrene-induced genotoxicity (Abe et al.

1983a, 1983b; Huh et al. 1982; Lo Jacono et al. 1992; Van Hummelen et al. 1993; Weinstein et al.

1977; Wienke et al. 1990). However, statistically significant correlation between the cytogenetic

markers and airborne occupational PAH levels was not found (Van Hummelen et al. 1993).

Methods for Determining Parent Compounds and Degradation Products in

Environmental Media. Standardized methods are available that are reliable, reproducible, and

sensitive enough to separate and quantify PAHs in air (Andersson et al. 1983; Fox and Staley 1976;

Golden and Sawicki 1978; Harvath 1983; Karlesky et al. 1987; Majer et al. 1970; Miguel and De

Andrade 1989; Naikwadi et al. 1987; NIOSH 1984; Oehme 1983; Tomkins et al. 1982; Matsumoto

and Kashimoto 1985), water (Beniot et al. 1979; Desiderie et al. 1984; EPA 1986; Furuta and Otsuki

1983; Thomas and.Delfino 1991; Thruston 1978; Xu and Fang 1988), soil and sediment (Hawthorne

and Miller 1987a, 1987b; John and Nickless 1977; Saber et al. 1991; Szepesy et al. 1981; Tanaka and

Saito 1988), and other media, such as food (Hecht et al. 1979; Joe et al. 1984; Jones et al. 1988;

Krahn and Malins 1982; Krahn et al. 1988; Lawrence and Das 1986; Lawrence and Weber 1984;

Poole et al. 1987; Toussaint and Walker 1979; Tuominen et al. 1988; Van Heddeghem et al. 1980;

Vassilaros et al. 1982; Vreuls et al. 1991), cigarette smoke (Risner 1988; Severson et al. 1976), coal

tar (Alben 1980; Goates et al. 1989; Low et al. 1986), and fuels (Lin et al. 1991; Monarca and Fagioli

1981; Symons and Crick 1983.; Ton&ins and Griest 1987; Vo-Dinh et al. 1984; Woo et al. 1980).

These methods include GC, HPLC, TLC, and others. Various detection devices used for GC

quantification include FID, MS, FT-IR, LIMF, DAD, or GPFDA. GC/MS and HPLC are perhaps the

most prevalent analytical methods for determining concentrations of PAHs in environmental samples.

These methods are adequate to measure environmental levels that may be associated with adverse

human effects. All of the available analytical methods for PAHs in soil and food items are sensitive

down to levels of <1 ppb.
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6. ANALYTICAL METHODS

6.3.2 Ongoing Studies

The Environmental Health Laboratory Sciences Division of the National Center for Environmental

Health and Injury Control, Centers for Disease Control and Prevention, is developing methods for the

analysis of PAHs and other volatile organic compounds in blood. These methods use purge and trap

methodology, high resolution gas chromatography, and magnetic sector mass spectrometry, which

gives detection limits in the low parts per trillion (ppt) range.






