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Abstract
Polycyclic aromatic hydrocarbons (PAH) are believed to be causative agents for various types of
cancers in humans. Benzo[a]pyrene (BaP) is a prototypic carcinogenic PAH, which requires
metabolic activation to elicit its detrimental effects. The major end product of its diol epoxide
metabolic activation pathway is r-7,t-8,9,c-10-tetrahydroxy-7,8,9,10-tetrahydrobenzo[a]pyrene
(trans, anti-BaPT). Individual differences in exposure to, and metabolic activation of,
carcinogenic PAH may influence cancer risk. Measurement of PAH metabolites in human urine
could provide a direct way to assess individual differences in susceptibility to PAH-related cancer.
In this paper, we describe a sensitive and reliable method for quantitation of trans, anti-BaPT in
human urine using gas chromatography-negative ion chemical ionization-tandem mass
spectrometry (GC-NICI-MS/MS). [13C6] trans, anti-BaPT was used as the internal standard. The
urine was treated with β-glucuronidase and sulfatase, and then trans, anti-BaPT was enriched by
solid-phase extraction with polymeric reversed phase and phenylboronic acid cartridges. The
sample was silylated and analyzed by GC-NICI-MS/MS with selected reaction monitoring (SRM)
for the trimethylsilyl (TMS) derivatives of trans, anti-BaPT (m/z 446→ m/z 255) and [13C6]trans,
anti-BaPT (m/z 452→ m/z 261). The mean assay recovery was 44%. The instrumental on-column
detection limit was about 20 amol of trans, anti-BaPT (as BaPT-TMS). trans, anti-BaPT was
readily detected in all urine samples analyzed including 30 smokers (0.71 ± 0.64 fmol/mg
creatinine) and 30 non-smokers (0.34 ± 0.2 fmol/mg creatinine) (P = 0.0018). The results of this
study demonstrate a highly sensitive and selective method for quantitation of trans, anti-BaPT in
human urine. This is to our knowledge the first study to show that smokers have significantly
higher levels of trans, anti-BaPT in their urine than do non-smokers. This method may be useful
as a direct phenotyping approach to assess individual differences in uptake and metabolic
activation of carcinogenic PAH.
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Introduction
Polycyclic aromatic hydrocarbons (PAHs) are a large class of compounds mainly formed by
incomplete combustion of organic matter. They are commonly found in polluted air and
water, tobacco smoke, broiled and smoked foods, and in certain occupational environments
such as coke production from coal and other processes involving soots and tars (1–7).
Humans readily absorb PAH into the body through the lung, gastrointestinal tract, and skin.
Many PAHs are carcinogens, and are believed to be causative agents for various types of
human cancers, including lung cancer in smokers (6,8–10). Benzo[a]pyrene (BaP, Scheme
1), a prototypic PAH, is rated as carcinogenic to humans by the International Agency for
Research on Cancer (10). This five-ring PAH is present in virtually all PAH mixtures, and is
one of the most carcinogenic of those commonly detected. It has been conclusively
demonstrated in laboratory animal studies that BaP is a powerful carcinogen, which readily
induces tumors in various tissues such as lung and skin at relatively low doses (2,8,10–12).

PAHs including BaP are procarcinogens that require metabolic activation to elicit their
carcinogenic effects (10,13). Considerable evidence supports the view that these carcinogens
act as tumor initiators after metabolic oxidation to reactive electrophiles by the bay region
diol epoxide pathway (Scheme 1) (13–15). This pathway starts with an initial cytochrome
P450-scatalyzed epoxide formation at the 7,8-position followed by epoxide hydrolase -
catalyzed hydration (16–18). Subsequent epoxidation at the 9,10-position then
predominantly generates BaP-(7R,8S)-diol-(9S,10R)-epoxide (BPDE) (Scheme 1) (13–
15,19,20). BPDE is considered to be a major ultimate carcinogen of BaP because it is
carcinogenic and readily reacts with DNA to produce the same adducts as observed in
biological systems exposed to BaP (13–15,19,20). The major reaction of BPDE in biological
systems is hydrolysis producing predominantly BaP-(7R,8S,9R,10S)-tetraol, which is one
enantiomer of r-7,t-8,9,c-10-tetrahydroxy-7,8,9,10-tetrahydrobenzo[a]pyrene (trans, anti-
BaPT). Competing with metabolic activation, detoxification pathways of BaP include
phenol formation, glutathione conjugation, glucuronidation, and sulfation (8,13,14).

Approximately 11–24% of lifelong smokers develop lung cancer over their lifetimes (6). It
would be important to identify individuals in this group with apparently higher cancer
susceptibility. Our working hypothesis is that people who metabolically activate tobacco
smoke carcinogens more extensively should have higher cancer risk. Large inter-individual
differences in the metabolic activation of carcinogenic PAHs have been demonstrated (21–
24). Multiple studies have used genotyping methods to examine the relationship between
lung cancer risk and polymorphisms in genes such as CYP1A1 and GSTM1 which code for
enzymes involved in PAH metabolism (25–33). But the results remain varied and
inconsistent, likely because of the complexity of PAH metabolism (34). We propose that a
phenotyping strategy, with direct measurement of metabolites generated by the metabolic
activation pathways, can provide more comprehensive and reliable information on an
individual’s susceptibility to cancer (9,35). With this goal in mind, we developed and
optimized a gas chromatography-negative ion chemical ionization-tandem mass
spectrometry (GC-NICI-MS/MS) method to quantify racemic trans, anti-BaPT in human
urine.

Materials and Methods
Chemicals, Enzymes and Apparatus

All BaP metabolites used in this study were racemic. r-7,t-8,9,c-10-tetrahydroxy-7,8,9,10-
tetrahydrobenzo[a]pyrene (trans, anti-BaPT), r-7,t-8,9,10-tetrahydroxy-7,8,9,10-
tetrahydrobenzo[a]pyrene (cis, anti-BaPT), r-7,t-8,,c-9,10-tetrahydroxy-7,8,9,10-
tetrahydrobenzo[a]pyrene (cis, syn-BaPT), r-7,t-8,c-9,t-10-tetrahydroxy-7,8,9,10-

Zhong et al. Page 2

Chem Res Toxicol. Author manuscript; available in PMC 2012 January 14.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



tetrahydrobenzo[a]pyrene (trans, syn-BaPT), trans-4,5-dihydro-4,5-
dihydroxybenzo[a]pyrene (BaP-4,5-diol), trans-7,8-dihydro-7,8-dihydroxybenzo[a]pyrene
(BaP-7,8-diol) and trans-9,10-dihydro-9,10-dihydroxybenzo[a]pyrene (BaP-9,10-diol) were
obtained from the National Cancer Institute Chemical Carcinogen Reference Standard
Repository, Midwest Research Institute (Kansas City, MO). The internal standard,
[13C6]trans, anti-BaPT was purchased from Cambridge Isotope Laboratories, Inc (Andover,
MA). Purities of these standards were >99%, as determined by HPLC analysis. β-
Glucuronidase and arylsulfatase (from Helix pomatia) were obtained from Roche
Diagnostics Corp.(Indianapolis, IN). Strata-X polymeric reversed phase SPE cartridges (200
mg/6 mL, #8B-S10-FCH) were procured from Phenomenex (Torrance, CA). Bond Elute
phenylboronic acid SPE cartridges (100 mg/1 mL, # 12102018) were from Varian, Inc (Palo
Alto, CA). bis-Trimethylsilyltrifluoroacetamide (BSTFA) was purchased from Regis
Technologies (Morton Grove, IL). Removal of solvents was carried out with an SVC-200
Speedvac (Thermo Savant, Holbrook, NY). Gas chromatography-negative ion chemical
ionization-tandem mass spectrometry (GC-NICI-MS/MS) was carried out with a TSQ
Quantum instrument (Thermo Scientific).

Urine Samples
This study was approved by the University of Minnesota Institutional Review Board. Urine
samples from 30 smokers (11 females) were first morning voids obtained from ongoing
studies at the University of Minnesota Tobacco Use Research Center. Current smoking
status was confirmed by CO and cotinine levels. Urine samples from thirty non-smokers (16
females) were spot samples taken at similar times of day from laboratory personnel. All
urine samples were stored in a −20 °C freezer before analysis.

Determination of urinary creatinine
The creatinine content in urine was determined at the University of Minnesota Medical
Center, Fairview, Diagnostic Laboratories, using Vitros CREA slides.

Analysis of Urine for trans, anti-BaPT
A 1.5 mL aliquot of urine was placed in a 10 mL centrifuge tube containing 780 µL of 0.5M
NaOAc buffer, pH 5, β-glucuronidase (3,500 units) and arylsulfatase (28,000 units).
[13C6]trans, anti-BaPT (20 fmol) in 2 µL CH3CN was added as internal standard. The
mixture was incubated in a water bath overnight with shaking at 37 °C. A Strata-X cartridge
was preconditioned with 5 mL of CH3OH, then with 5 mL of H2O. The urine sample was
applied to the cartridge slowly, along with two 1 mL H2O washings of the urine sample
tubes. The cartridge was washed with 5 mL of 1% NH4OH in 50% CH3OH, then with 0.5
mL CH3OH. trans, anti-BaPT was then eluted with 2 mL CH3OH. This fraction contained
the analyte and internal standard. Solvents were removed by overnight concentration on a
Speedvac. The residue was dissolved in 1 mL of 30% aq CH3OH with sonication and loaded
onto a 100 mg/1 mL phenylboronic acid cartridge, which had been preconditioned with 1
mL of CH3OH and then with 1 mL of H2O. The cartridge was then washed with 100 µL of
30% CH3OH in H2O, placed under vacuum overnight to remove residual H2O, and then
washed twice with 1 mL acetone which had been dried with Na2SO4. trans, anti-BaPT was
eluted with 1 mL of 80% CH3OH in H2O. The solution was concentrated to dryness. The
residue was dissolved in 200 µL of CH3OH with sonication and vortexing, transferred to an
insert vial, dried in a speed vacuum apparatus, and dissolved in 10 µL of BSTFA. The
samples were heated at 60 °C for 60 min with periodic mixing by vortexing, and 2.5 µL was
injected into the GC-NICI-MS/MS system.
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GC-NICI-MS/MS Analysis
This was modified from that described previously (36). The GC was fitted with a 0.25 mm
(inside diameter) × 30 m, 0.15-µm film thickness, DB-17MS column (Agilent Technologies,
Palo Alto, CA), and a 0.53 mm (inside diameter) × 2 m deactivated fused silica precolumn.
The oven temperature program was as follows: 80 °C for 1 min, then 80 to 200 °C at 35 °C/
min, then 200 to 215 °C at 3 °C/min, then 215 to 320 °C at 35 °C/min, then hold for 3 min.
The injection port temperature was 250 °C, and the MS transfer line temperature was 320
°C. The flow rate was 1 mL/min He. The injector was operated in the splitless mode; the
evaporation temperature was 80 °C for 2 min, then 80 to 260 °C at 5 °C/sec, then hold for 1
min. The NICI-MS/MS conditions were as follows: CI gas, methane at 2.0 mL/min; source
temperature, 200 °C; emission current, 500 µA. Selected reaction monitoring (SRM) with a
collision energy of 18 eV, electron energy of −150 eV, and Ar collision gas pressure of 1.0
mTorr was used to detect trans, anti-BaPT-tetratrimethylsilyl ether (trans, anti-BaPT-TMS)
and [13C6]trans, anti-BaPT-TMS at m/z 446 → m/z 255 and m/z 452 → m/z 261,
respectively.

Hepatocyte Incubations
Primary human hepatocytes were purchased from Cellzdirect (St. Louis, MO), and prepared
as described before (37). Hepatocytes (approximately 0.12 mg protein per well) were
incubated with 10 µM of BaP-4,5-diol, BaP-7,8-diol or BaP-9,10-diol, or H2O as a control.
Each diol was dissolved in 20 µL DMSO and added to the 2 mL incubation mixtures. One
mL of media was collected at 24 hrs. Samples were stored at −80 °C until analysis.

Statistical Analysis
The hypothesis that the level of trans, anti-BaPT in the urine of smokers (n=30) was
significantly higher than that in non-smokers (n=30) was tested using the two-sided two-
sample t test.

Results
The analytical method is outlined in Scheme 2. After the addition of [13C6] trans, anti-BaPT
as the internal standard to a 1.5 mL urine sample, the mixture was incubated with β-
glucuronidase and aryl sulfatase to release conjugated BaPT. The samples were purified by
solid-phase extraction using polymeric reversed phase cartridges, and then phenylboronic
acid cartridges which retain cis-hydroxy groups with high specificity (36). trans, anti-BaPT
was derivatized with BSTFA to produce the corresponding tetra-TMS ethers. A full scan
NICI-MS of BaPT-TMS showed a base peak at m/z 446 [M − (OSi(CH3)3 + Si(CH3)3)]−
with little or no molecular ion (m/z 608). We used GC-NICI-MS/MS-SRM to monitor the
transition m/z 446 → m/z 255 for trans, anti-BaPT-TMS, and m/z 452 → m/z 261 for the
internal standard [13C6]trans, anti-BaPT-TMS. The daughter ion peak at m/z 255
corresponds to the loss of [HOSi(CH3)3 + (CH3)3Si + CO] from m/z 446 (Scheme 3).

Typical GC-NICI-MS/MS chromatograms obtained upon analysis of trans, anti-BaPT in the
urine of a smoker and a non-smoker are shown in Figure 1. The internal standard
[13C6]trans, anti-BaPT-TMS eluted at the same retention time as trans, anti-BaPT-TMS.
The identity of trans, anti-BaPT-TMS was verified by co-injection with a standard. To
further confirm the identity of the analyte peak in the urine samples, three different
transitions, from m/z 446 to daughter ions of m/z 255, m/z 267, and m/z 284 were monitored
and compared to standards (Scheme 3). As shown in Table 1, the ratios of the integrated
peaks from monitoring the three transitions in a urine sample were very close to those in the
standards. The GC-NICI-MS/MS method proved to be highly sensitive. The on-column
detection limit was about 20 amol of trans, anti-BaPT-TMS. The limit of quantitation of the
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assay was less than 0.05 fmol trans, anti-BaPT per mL urine. A calibration curve
demonstrating linearity when 0.05 – 10 fmol of trans, anti-BaPT was derivatized is
illustrated in Figure 2.

As multiple tetraols could be formed from BaP, we sought further confirmation of the
identity of trans, anti-BaPT. Incubation of primary human hepatocytes with BaP-7,8-diol
produced four isomers of BaPT, as summarized in Table 2. Each had a retention time
identical to those of the TMS derivatives of the corresponding standards - trans, syn-BaPT,
trans, anti-BaPT, cis, anti-BaPT, and cis, syn-BaPT. trans, anti-BaPT was the predominant
tetraol formed. Incubation of BaP-9,10-diol with human hepatocytes produced two tetraols
which co-eluted with standards – trans, syn-BaPT and trans, anti-BaPT. There were also
two minor products which did not co-elute with cis, anti-BaPT and cis, syn-BaPT, which
was expected since the 9,10-hydroxyl groups in these compounds are cis-, not trans- as in
BaP-9,10-diol. The two minor products probably resulted from cis- ring opening of the syn-
and anti-9,10-diol-7,8-epoxides, but this was not pursued. A small peak at the same
retention time as trans, anti-BaPT was also observed in the incubations of BaP-4,5-diol with
human hepatocytes, but the yield of this product was at least 10,000 times lower than those
from the two other diols. No tetraol peaks were observed in control incubations.

The intraday precision of the assay was determined by analyzing seven aliquots of a
smoker’s urine. The results were 1.01 ± 0.05 fmol trans, anti-BaPT/mL urine (relative SD,
4.8%). The interday precision based on analyses of a smoker’s urine (2 per set as positive
controls in four sets of assays) was 15.2% (relative SD). Assay accuracy was assessed by the
standard addition method. One mL of the positive control urine, which contained 1.01 fmol/
mL trans, anti-BaPT, was enriched with 0.1, 0.2, 0.5, 1, and 2.5 fmol trans, anti-BaPT. The
results of this experiment are presented in Figure 3. The added and measured levels of trans,
anti-BaPT were highly correlated (r = 0.99) and the y intercept was 0.98 fmol/mL urine, in
excellent agreement with the amount of trans, anti-BaPT in the untreated sample.
Recoveries of internal standard were generally good, averaging 44 ± 19% (n = 80).

The method was applied to the analysis of urine samples from 30 non-smokers and 30
smokers. The results are summarized in Table 3. The mean level of trans, anti-BaPT (0.71 ±
0.64 fmol/mg creatinine, n = 30) in the urine of smokers was significantly higher (P =
0.0018) than that in non-smokers (0.34 ± 0.20 fmol/mg creatinine, n = 30). No gender
differences in the amounts of this analyte were found among either smokers or non-smokers.

Discussion
We present a highly selective and sensitive GC-NICI-MS/MS-SRM method for quantitation
of trans, anti-BaPT in human urine. The method is precise, accurate, yet relatively simple
with only two SPE purification steps. The GC-NICI-MS/MS-SRM traces illustrated in
Figure 1 are quite clean. The sensitivity of the method, with a quantitation limit of 0.05 fmol
of trans, anti-BaPT/mL urine, was essential for its success. Due to its relative simplicity,
this analytical method might be applicable to large numbers of samples in epidemiology
studies in the future. A potentially significant advantage of this method is that it measures
exposure plus metabolic activation of BaP, and therefore may be related to cancer risk.

A major challenge for quantitation of BaP metabolites in human urine is that their levels are
extremely low compared to those of smaller PAH such as phenanthrene. The urinary levels
of trans, anti-BaPT are, for example, approximately 10,000 times lower than those of the
corresponding metabolite of phenanthrene, r-1,t-2,3-c-4-tetrahydroxy-1,2,3,4-
tetrahydrophenanthrene (trans, anti-PheT), which we have previously quantified in the urine
of smokers (38,39). The substantially lower levels of trans, anti-BaPT in human urine
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compared to those of trans, anti-PheT results from differences in exposure, metabolism, and
excretion. The level of BaP in mainstream cigarette smoke is about 30 times lower than that
of phenanthrene (5–10 ng vs. 150–300 ng/cigarette) (4,40). BaP metabolites are mainly
excreted in feces while phenanthrene metabolites are excreted mainly in urine, based on
studies in laboratory animals (41–44). Metabolism of phenanthrene to trans, anti-PheT may
exceed metabolism of BaP to trans, anti-BaPT, but further studies are required on this point.

Only a few studies have previously described methods for the analysis of BaP metabolites in
human urine. 3-Hydroxy BaP was quantified as a biomarker of exposure in industrial
workers (45,46). Weston et al. and Bowman et al. analyzed BaPT in human urine using
immuno-affinity chromatography for sample purification and synchronous fluorescence
spectroscopy for quantitation (47,48). They reported BaPT levels of 240–3120 fmol/mL in
the urine of four individuals who were highly exposed to PAHs in their diet, and 150 fmol/
mL BaPT in psoriasis patients receiving coal tar therapy. Our laboratory determined urinary
trans, anti-BaPT by GC-NICI-MS-SIM following three steps of SPE purification, and
reported 16 fmol/mL trans, anti-BaPT from psoriasis patients and 0.5 fmol/mL from 9 of 21
smokers, with an on-column limit of detection of 1 fmol (39). The lower sensitivity in that
study was due to the lower sensitivity of the MS system available at that time. As shown in
this paper, with the modified SPE preparation and high performance GC-NICI-MS/MS-
SRM, we were able to achieve an ultra low detection limit of 20 amol, at least 50 times
greater than our previous method for trans, anti-BaPT analysis. Thus, in contrast to our
previous study, we were able to detect trans, anti-BaPT in 100% of the urine samples from
smokers and non-smokers. In addition, the urinary trans, anti-BaPT level in smokers we
reported here (mean 0.64 fmol/mL urine, or 0.71 fmol/mg creatinine, n = 30) is quite
consistent with our previous data for the samples in which quantitation was possible (mean
0.5 fmol/mL urine, n = 9).

Our results clearly demonstrate, apparently for the first time, that cigarette smokers have
significantly higher levels of trans, anti-BaPT, the end-product of the carcinogenic diol
epoxide metabolic activation pathway of BaP, in their urine than do non-smokers. Besides
higher BaP exposure in smokers from cigarettes (5–10 ng/cigarette, and mean = 19
cigarettes per day per person, in this study) (4,40), this difference may also result from the
induction of P450s 1A1, 1A2, and 1B1, known to occur in smokers (49), as these enzymes
are involved in producing trans, anti-BaPT. Non-smokers are exposed to BaP probably from
polluted air and food. Specifically, our results have shown that smokers excreted
approximately twice as much trans, anti-BaPT as did non-smokers. This is quite consistent
with previous results comparing urinary metabolites from two other PAH components -
pyrene and phenanthrene -between smokers and nonsmokers. Levels of 1-hydroxypyrene, a
urinary metabolite of pyrene, are about twice as high in smokers' urine as in non-smokers
urine, in most studies (35,50,51). Our laboratory has reported that smokers have about three
times higher levels of urinary trans, anti-PheT than do non-smokers (38).

In this study, we quantified racemic trans, anti-BaPT. One enantiomer of this tetraol would
be expected to arise from hydrolysis of BPDE, based on known stereoselectivity in the
metabolic formation of BPDE, as illustrated in Scheme 1 and summarized previously (36).
The opposite enantiomer would be expected from hydrolysis of the reverse diol epoxide,
BaP-(9S,10R)-diol-(7R,8S)-epoxide. Thus, racemic trans, anti-BaPT measured here could
result from both pathways. We have previously shown that, in the urine of creosote workers
exposed to relatively high levels of BaP, 78% of trans, anti-BaPT results from hydrolysis of
BPDE. Whether that is also the case in smokers and non-smokers, as in this study, requires
further investigation.
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Measurement of BPDE-DNA adducts in humans may be a more direct approach to examine
BaP metabolic activation than that described here. However, methods such as immunoassays
and 32P postlabelling for BaP-DNA adduct have limitations, and quantitation can be
unreliable (52). Highly sensitive analytical methods such as HPLC-fluorescence and GC-
NICI-MS are quantitative, but usually detect BPDE-DNA adducts in only some human
tissues and blood samples (53). The urinary metabolite trans, anti-BaPT may be a more
practical biomarker because it can be reliably quantified and detected in all samples (35,54).

The relationship of trans, anti-BaPT levels to lung cancer risk in smokers requires further
investigation. Extensive studies of the tumorigenicity of cigarette smoke condensate and its
subfractions in mouse skin tumor models indicate that PAH in smoke act mainly as tumor
intiators and that expression of their carcinogenicity requires the cocarcinogenic or
promoting activity of other smoke constituents (55). Futhermore, cigarette smoke contains
multiple carcinogens of other types such as tobacco-specific nitrosamines and volatile
organic compounds that most likely contribute to lung cancer in smokers (9). Therefore, it is
unlikely that trans, anti-BaPT alone could be related to lung cancer risk. trans, anti-BaPT
however could become part of a biomarker panel that would encompass multiple tobacco
smoke constituents and their metabolites or DNA or protein adducts, levels of which
collectively could be related to cancer risk (54).

In summary, we have developed a relatively simple and ultra-sensitive method for the
analysis of trans, anti-BaPT in human urine. Average levels of this metabolite were 0.34
fmol/mg creatinine in non-smokers, and 0.71 fmol/mg creatinine in smokers. This biomarker
can potentially provide a critical component of a carcinogen metabolite phenotyping model
that may eventually be used to determine individual susceptibility to PAH-induced human
cancer.
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Figure 1.
Chromatograms from GC-NICI-MS/MS SRM analysis of trans, anti-BaPT in urine of a
smoker (A and B) and a non-smoker (C and D). The indicated peaks are TMS derivatives of
trans, anti-BaPT (A and C) and internal standard [13C6]trans, anti-BaPT (B and D).
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Figure 2.
Calibration curve for trans, anti-BaPT-TMS. The amount of standard trans, anti-BaPT was
increased from 0.05 fmol to 0.1, 0.5, 2.5, 5, and 10 fmol, with a constant amount of internal
standard [13C6]trans, anti-BaPT (20 fmol). The calibration curve shows the concentration
ratio (analyte/internal standard) versus their area ratio.
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Figure 3.
Relationship between levels of trans, anti-BaPT added to a urine sample and levels
measured (r=0.998). Points, mean of duplicate determinations.
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Scheme 1.
Metabolism of benzo[a]pyrene (BaP) to trans, anti-BaPT via the bay region diol epoxide
BPDE. P450, cytochrome P450; EH, epoxide hydrolase.
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Scheme 2.
Analytical scheme for quantitation of trans, anti-BaPT in human urine. IS, internal standard;
SPE, solid phase extraction; BSTFA, bis-trimethylsilyltrifluoroacetamide; GC-NICI-MS/
MS, gas chromatography-negative ion chemical ionization-tandem mass spectrometry.
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Scheme 3.
Fragmentation pattern and relative intensities (in parentheses) in the daughter ion spectrum
of m/z 446 of trans, anti-BaPT-TMS, obtained by GC-NICI-MS/MS. TMS = (CH3)3Si
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Table 1

Ratios of major trans, anti-BaPT-TMS fragment ion intensities from analysis of a human urine sample,
compared to trans, anti-BaPT-TMS and [13C6]trans, anti-BaPT-TMS standards.

m/z 446 → m/z 255 m/z 446 → m/z 267 m/z 446 → m/z 284

trans, anti-BaPT-TMS from analysis of human urine 1.0 0.2 1.3

trans, anti-BaPT-TMS standard 1.0 0.2 1.1

m/z 452 → m/z 261 m/z 452 → m/z 273 m/z 452 → m/z 290

[13C6]trans, anti-BaPT-TMS 1.0 0.2 1.2
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