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Abstract

A sensitive gas chromatographic–mass spectrometric method was developed to quantitate total o-phenylphenol (OPP)
(free plus conjugates) in human urine. Conjugates of OPP were acid-hydrolyzed to free OPP, derivatized to the
pentafluorobenzoyl ester derivative and analyzed via negative-ion chemical ionization gas chromatography–mass spec-
trometry. Two stable isotope analogs of OPP were shown to be suitable as internal standards for this method (D -phenol2

13 13ring, C -phenyl ring). A synthetic method is presented for the preparation of the D -OPP internal standard. The C -OPP6 2 6

analog was also shown to be useful as an alternate test material for laboratory-based exposure studies. The limit of
quantitation for this method was 1 ng OPP/ml urine. Calibration curves were linear for the analyte over the concentration
range of 0.5–1117 ng OPP/ml urine. Relative recovery of OPP from urine ranged from 97.0 to 104.7%. Low levels of OPP
(mean5667 ng/ml; n522) were found in control human urine samples. The method was validated with urine samples

12 13 14obtained from human volunteers undergoing a dermal exposure study with C- / C - / C-OPP. This method was6

developed to aid in assessments of human exposure to OPP during a variety of uses of the compound. Published by
Elsevier Science B.V.

Keywords: o-Phenylphenol

1. Introduction chronically [3]. To assess human exposure during a
variety of uses, a biomonitoring method is needed to

The compound o-phenylphenol (OPP) is used as a quantitate the amount of OPP in human urine
fungicide for citrus fruits, a component of household samples.
and commercial disinfectant formulations as well as Numerous methods have been developed for the
a preservative in a variety of industrial applications determination of similar phenols in biological media.
[1]. This compound has been shown to cause urinary Quantitation of chlorophenol isomers in human urine
bladder tumors in male Fisher 344 rats, following has been performed via high-performance liquid
high, chronic administration [2]. No bladder toxicity / chromatography–mass spectrometry (HPLC–MS) as
tumors have been seen in any other species tested well as gas chromatography (GC) with either elec-

tron capture (ECD) or mass spectral (MS) detection
*Corresponding author. [4–6]. Analysis of a variety of alkylphenols has also
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14been performed with HPLC and ultraviolet detection C-OPP (uniformly labelled in the phenol ring;
(HPLC–UV), GC of either organic extracts or direct 48.37 mCi /mmol) was obtained from Wizard Lab-
headspace sampling, or GC–MS analysis [7–14]. oratories (Sacramento, CA, USA; radiochemical
These analyses generally employ chemical or en- purity597.9% via HPLC). Pentafluorobenzoyl chlo-
zymatic hydrolysis of any metabolic conjugates of ride, D O, CH OD and D SO were obtained from2 3 2 4

the phenols to allow for the measurement of total Aldrich (Milwaukee, WI, USA). All other com-
analyte present in the urine samples. pounds and solvents were reagent grade or better.

Several methods have also been reported for the D -OPP was synthesized as follows: unlabelled2

determination of OPP in biological matrices. Un- OPP (2.0 g; 12 mmol) was added to a solution of 20
conjugated OPP has been determined in urine as a ml D O (1107 mmol), 35 ml CH OD (860 mmol)2 3

dansyl derivative or underivatized in serum samples and 20 ml concentrated D SO (380 mmol). This2 4

via HPLC with fluorescence detection (HPLC–FL) mixture was heated to reflux for 4 h (OPP dissolved
[15,16]. Detection limits for these methods were 20 upon reaching reflux). The reaction mixture was then
ng/ml urine and 0.2 ng/ml serum. OPP has also allowed to cool to room temperature, diluted with
been quantitated in serum samples (unconjugated) 150 ml distilled water and extracted with toluene
via GC–ECD with a detection limit of 20 ng/ml (13250 ml113150 ml). The first toluene extract
[17]. GC analysis with flame ionization detection was washed with 100 ml distilled water. The toluene
(GC–FID) has also been utilized to measure total extracts were then combined, taken to dryness (nitro-
OPP in urine samples (free plus conjugates) with gen stream, room temperature) and the residue
detection limits of 200 ng/ml and 780 ng/ml, recrystallized from hexane to afford 1.17 g (58%) of
respectively for the underivatized analyte [8,18]. the desired product as an off-white crystalline solid,

In the current work, a sensitive and selective m.p. 58–598C. Nuclear magnetic resonance (NMR)
biomonitoring method is described for the quantita- analysis showed incorporation of deuterium at the C4

13tion of OPP in human urine samples. MS detection is and C positions of the phenol ring: C NMR6

employed to allow for the incorporation of stable- (CDCl ) and 115.1 (t, 1, C ) (J 52.5 Hz), 120.53 6 C-D

isotope labelled test materials and internal standards (t, 1, C ) (J 52.5 Hz), 127.8 (s, 1, C ), 128.2 (s,4 C-D 10

in this assay. Urine samples were also obtained from 1, C ), 128.7 (s, 1, C ), 129.0 (s, 1, C ), 129.1 (s, 1,2 5 9

a recent dermal exposure study, in which 0.4 mg C ), 130.0 (s, 1, C ), 137.0 (s, 1, C ), 152.3 (s, 1,8 3 7
13 14C/ C-OPP was administered dermally to the C ). High-resolution MS detection analysis (electron1

forearm of six human volunteers for a period of 8 h impact, 70 eV; 8000 resolving power) confirmed the
[19]. OPP was well absorbed under these conditions elemental composition of the deuterated OPP:
(43%), with an absorption half-life of approximately calculated5172.085719 u, measured5172.085439 u
10 h. Independent validation data for this (0.3 ppm deviation).
biomonitoring method, obtained from the analysis of
selected urine samples from the recent human expo- 2.2. Sample preparation
sure study, are also presented.

Weighed aliquots of urine from a controlled
human exposure study [19] (1 ml) were transferred
to 4-ml glass vials, acidified with 100 ml concen-

2. Experimental trated HCl and heated in a 908C water bath for 15 h.
The hydrolyzed samples were allowed to cool to

2.1. Chemicals room temperature, fortified with 20 ml of a 10 mg/ml
solution of D -OPP in water and extracted with 1 ml2

OPP was obtained from Bayer Chemical, Agricul- toluene (vortexed 2 min, centrifuged at 1100 g 12–
tural Division (Stilwell, KS, USA). The purity of 20 min). The toluene extract was transferred to clean

13OPP was determined to be 99.5% via HPLC. C - 4-ml glass vials and derivatized by the addition of6

OPP (phenyl ring label) was obtained from Isotec 0.5 ml 0.4 mol NaOH and 50 ml pentafluorobenzoyl
(Miamisburg, OH, USA; purity599.94% via GC). chloride (vortexed 30 min at room temp; centrifuged
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at 1100 g 5 min). The derivatized toluene layer was 2.4. Experimental calculations
then transferred to a 2-ml glass GC autosampler vial
for GC–MS analysis. Weighed aliquots of control The GC–MS peak areas for the derivatized OPP

2human urine (1 ml) were fortified with 0.5–1000 ng analogs were obtained by integration of the M
OPP (0.08–81 mg/ml in water), hydrolyzed and parent ion peak areas using the data system of the
derivatized as above for determination of relative and mass spectrometer. Peak areas were corrected for
absolute recovery of OPP from urine. Selected isotope ‘‘crossover’’ according the method of Bar-

13samples were also prepared with C -OPP (25 ml of balas and Garland [21]. A linear least-squares stan-6

a 8.7 mg/ml solution) as an internal standard, instead dard curve was obtained from the OPP/ internal
of the deuterated OPP. standard corrected peak-area ratios of the solvent or

matrix standard solutions. Concentrations of OPP in
the samples and fortified control samples were then

2.3. Instrumentation calculated using the experimentally derived standard
curve.

Melting points were determined on an Electrother-
mal capillary melting point apparatus (UK) and are
uncorrected. NMR spectra were recorded on a

3. Results and discussion
Bruker AC300 spectrometer (Billrica, MA, USA)
using CDCl as an internal standard. High-resolution3 3.1. Internal standard synthesis
mass spectra were obtained on a VG Autospec mass
spectrometer (Manchester, UK) using a magnetic

The deuterated analog of OPP was prepared in a
scan of 500–60 u, 10 s /decade. Acid hydrolysis

simple one-step, acid-catalyzed proton exchange
efficiency experiments were performed with the

reaction. This aromatic electrophilic substitution
radiolabelled human exposure study urine samples

reaction afforded a product with two deuterium
using the HPLC conditions with radiochemical de-

atoms, at the ortho and para positions of the phenol
tection, as described in that study [20].

ring. The deuterium label for this compound should
GC–MS analyses were performed on a Finnigan

be stable to a wide range of pH and chemical
SSQ-710 mass spectrometer (Finnigan MAT, San

conditions, as evidenced by the harsh conditions
Jose, CA, USA), equipped with a Hewlett-Packard

required to incorporate the label. The deuterium label
5890 gas chromatograph and a 7673A autosampler

was stable to NCI mass spectral conditions (below).
(Hewlett-Packard, Avondale, PA, USA). Separations
were achieved using a J&W DB-17 fused-silica
capillary column (J&W Scientific, Folsom, CA, 3.2. Sample preparation and derivatization
USA) (30 m30.25 mm I.D., 0.5 mm film); helium
carrier gas (10 p.s.i.; 1 p.s.i.56894.76 Pa) at a A dermally absorbed dose of OPP has been shown
flow-rate of approximately 0.5 ml /min; gas to be metabolized primarily to the sulfate and
chromatograph oven temperature programmed from glucuronic acid conjugates in human volunteers [20].
1808C (1 min initial hold) to 2808C at 88C/min; These conjugates, representing 73.0% of the ab-
injector and capillary transfer line at 2758C; 2-ml sorbed dose, are rapidly excreted in the urine, with
autosampler injection (0.05 min splitless). The mass an estimated elimination t of 0.8 h [19]. To permit1 / 2

spectrometer conditions [negative-ion chemical ioni- quantitation of total OPP present in urine samples,
zation (NCI)] were: ion source temperature, 1508C; acid-catalyzed hydrolysis of these conjugates is
ionizing current, 0.4 mA; electron energy, 70 eV. usually incorporated into this type of assay [8,18].
Analysis of the pentaflurobenzoyl ester derivatives of Initial hydrolysis efficiency experiments with the

13OPP, D -OPP and C -OPP was achieved by either radiolabelled human exposure samples indicated that2 6
2selected-ion monitoring (0.1 s / ion /scan) of the M a minimum of 808C was required for complete

ions m /z 364, 366 and 370, respectively or full-scan hydrolysis of both conjugates of OPP. A final
analysis (50–600 u, 0.5 s / scan). hydrolysis temperature of 908C was therefore utilized
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to ensure complete conjugate cleavage within the 15 ly pure, contributing 4.37% and 0.25% of its parent
h hydrolysis interval. ion peak area to m /z 364 and 366, respectively.

Once hydrolyzed, the OPP was found to be well A representative set of selected ion chromato-
extracted from urine into toluene. The absolute grams for a control human urine sample is shown in
extraction efficiency of OPP was determined to be Fig. 2B. No interferences were observed for the D -2

1390.364.5% (n54). Following extraction, the analyte or C -OPP in this sample (m /z 366 or 370,6

and internal standard were converted to the corre- respectively). A minor GC–MS peak was found to
sponding pentaflurobenzoyl ester derivatives. As have the same mass and retention time as the
shown in Fig. 1, this derivative affords a simple NCI pentafluorobenzoyl derivative of OPP. This back-

2mass spectrum, consisting primarily of the M ground OPP may be a result of exposure to this
parent ion. This pentafluorobenzoyl ester derivative chemical or may be a metabolite of absorbed bi-
and the NCI mass spectral detection employed in this phenyl [23–25]. This exogenous analyte was found
assay were chosen due to the high degree of selec- in all control human urine samples analyzed, with a
tivity and sensitivity that this derivative affords in mean concentration of 667 ng/ml urine (1–36 ng/
combination with electron-capture negative-ion de- ml; n522). The signal /noise for the background
tection [22]. OPP shown in Fig. 2B (3 ng/ml) was approximately

2003noise. Based on this data, and the recovery
3.3. Chromatography data shown below, the limit of quantitation for this

assay was set at 1 ng OPP/ml urine.
The NCI-GC–MS method employed in this assay The GC–MS data for one of the urine samples

was found to be quite selective and sensitive for the from a laboratory-based, human exposure study is
analysis of OPP in human urine. Analysis of a 0.5 shown in Fig. 2C. This urine sample was obtained
ng/ml solvent standard of OPP afforded a GC–MS from a volunteer given a dermal application of a

14 13peak for the analyte at approximately 1003noise mixture of OPP/ C-OPP/ C -OPP [19]. The radio-6

(Fig. 2A). The deuterated internal standard was quite tracer was employed in the study to obtain a mass
isotopically pure, with contributions of only 0.11% balance of the administered dose in all of the

13and 0.03% to the analyte peak areas of m /z 364 and samples collected from the experiment. The C -6
13370, respectively. The C -OPP, used as an analyte OPP was utilized to allow for the quantitation of low6

or an internal standard, was also relatively isotopical- levels of applied dose regardless of the amount of

Fig. 1. Negative-ion chemical ionization mass spectrum of the pentafluorobenzoyl ester derivative of OPP (247 mg/ml).
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Fig. 2. Selected-ion chromatograms for OPP and stable isotope analogs as pentafluorobenzoyl ester derivatives (NCI). (A) Solvent standard
containing 0.5 ng OPP and 200 ng D -OPP internal standard per ml; (B) extract of control urine sample containing 3 ng OPP per ml urine;2

(C) extract of exposure study urine sample containing 15 ng OPP (6 ng background19 ng dosed) per ml urine, 200 ng D -OPP internal2
13standard per ml urine and 15 ng C -OPP (dosed) per ml urine.6
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Table 2background OPP present in the sample. From a
13 Inter-day accuracy and precision of OPP quantitation in humanstandard curve of C -OPP/D -OPP, the concen-6 2 urine13tration of C -OPP analyte in this sample was6

OPP concentration (%) Recovery (%) Standard No. ofcalculated to be 15 ng/ml. Analysis of the dose
(ng/ml) deviation dayssolution mixture afforded the ratio of the three

1 105.7 12.2 6analyte isotopomers, which could then be used to
10–30 93.2 7.2 7calculate the ratio of dosed/background unlabelled

186–322 92.4 10.3 5
OPP in the sample (9 ng/ml dosed/6 ng/ml back-

13 Mean 97.1 9.9ground for Fig. 2C). Utilization of the C-OPP as a
test material in this study was therefore extremely
useful, in that it allowed for the quantitation of low
levels of analyte from an exposure study, indepen-
dent of background concentrations of the target at these concentrations was also quite good, with a
analyte. mean standard deviation for the recoveries of 4.0%.

The mass spectral response for OPP was linear The inter-day variability of this method was also
and reproducible over the concentration range of examined. As shown in Table 2, the average relative
0.5–1100 ng/ml. The regression coefficients for recovery of OPP from fortified urine samples ranged
matrix standards containing OPP and the D -OPP from 105.7% at the quantitation limit of 1 ng/ml to2

internal standard were m50.004460.0004 and b5 92.4% for 186–323 ng/ml (n55–7). The inter-day
b1.000160.0215 for the standard curve y5mx , with precision was also acceptable, ranging from 7.2–

a correlation coefficient of 0.99960.001 (n58). 12.2%.
Comparable results were obtained from solvent Comparable accuracy was also achieved when

13standards containing OPP and the deuterated internal C -OPP was employed as an internal standard in6

standard (m50.0038, b51.0090, r50.999; n51) or this method. Relative recoveries of 99%, 125% and
13matrix standards containing OPP and the C -OPP 102% were obtained at OPP concentrations of 1, 126

internal standard (m50.0074, b50.9302, r50.997; and 323 ng/ml in control human urine aliquots
n51). (n51/concentration).

Both solvent standards and fortified urine matrix
3.4. Quantitative analysis standards were found to be usable for the quantita-

tion of OPP from human urine. The intra- and
Triplicate aliquots of control human urine were inter-day recovery data above was generated with

fortified with 1–466 ng OPP/ml urine and analyzed matrix standards prepared by fortifying control
to measure intra-day accuracy of the method. The human urine with OPP. While the use of matrix
average relative recoveries for the analyte were standards provides a more accurate correction for
found to range from 97.0–104.7% across this con- matrix effects on chromatographic or detector re-
centration range (Table 1). The precision of analysis sponse, corrections must be made for the background

Table 1
Intra-day accuracy and precision of OPP quantitation in human urine

OPP concentration (%) Recovery (%) Standard deviation n

1 101.7 5.5 3
14 103.0 2.0 3
24 100.6 2.9 3

186 97.0 11.3 3
404 100.0 1.8 3
466 104.7 0.6 3

Mean 101.2 4.0
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level of exogenous OPP present in the control human for the sulfate and glucuronide conjugates of OPP
urine used for these standards. Alternately, the target via this radiochemical method was 3% and 1%,
analyte can be also be quantitated with the use of respectively (n54). The accuracy of the HPLC–
solvent standards, derivatized with pentafluoroben- RAD method, as measured by recovery of total
zoyl chloride. Analysis of ten separate control human radioactivity from the HPLC system, was 98614%.
urine samples, fortified with 25–30 ng OPP/ml To validate the accuracy of the GC–MS biomonitor-
urine, was performed with the use of solvent stan- ing method, selected samples from the human expo-
dards. The relative recovery for these standard sure study were also analyzed by GC–MS and the
addition samples was 9365% (n510). These results results shown in Table 3. The quantitative results of
show that either solvent or matrix standard solutions the two methods were quite comparable, with an
can be used for the accurate determination of OPP in average of less than 15% difference between the two
human urine. techniques. These results indicate that the urine

Since biomonitoring urine samples are likely to be biomonitoring method provides an accurate means of
collected and stored frozen prior to analysis, the determining total OPP (free plus conjugates) present
stability of total OPP was measured in fortified in the urine of humans exposed to this chemical.
human urine samples. Pooled urine samples, fortified
with 45–47 ng OPP/ml, were found to contain
86.2% of the initial concentration of the analyte after
79 days storage at 2208C (n52). Repeated thawing 4. Conclusions
and refreezing of these samples (three times; total
thaw time approximately 8 h) did not contribute to A selective and sensitive method has been de-
degradation of the analyte (recovery589.3%). In veloped for the quantitation of total OPP (free plus
addition, the absolute recovery data (above), showing conjugates) present in human urine samples. Conju-
.90% recovery of OPP after 15 h acid hydrolysis at gates of OPP are acid-hydrolyzed to free OPP,
908C, also indicates excellent stability of the analyte derivatized to the pentafluorobenzoyl ester derivative
at elevated temperatures. and analyzed via NCI-GC–MS. The limit of quanti-

As described above, urine samples were obtained tation for this method was 1 ng OPP/ml urine. Two
from human volunteers administered a dermal appli- separate stable isotope-labelled internal standards

14 13cation of OPP/ C-OPP/ C -OPP (8 h exposure, were found to be suitable for this method (D -phenol6 2
13 130.4 mg/volunteer). These samples were analyzed via ring, C -phenyl ring). The C -OPP was also6 6

HPLC, with radiochemical detection (HPLC–RAD) shown to be useful as an alternate test material for
and found to contain 73.0% of the absorbed dose, laboratory-based exposure studies. This biomonitor-
primarily as the sulfate and glucuronic acid conju- ing method should be extremely useful in a variety
gates of OPP with less than 1% of the absorbed dose of studies to assess low-level dermal exposure of
present as free OPP [20]. The precision of analysis humans to this chemical.

Table 3
Comparison of total OPP determination in human exposure urine samples (8 h dermal application, 0.4 mg/volunteer) via HPLC–RAD and
NCI-GC–MS

Exposure urine OPP concentration OPP concentration % Difference
sample (h) (ng/ml) via (ng/ml) via (GC–MS vs.

HPLC–RAD NCI-GC–MS HPLC)

0–4 131 148 13.0
4–8 119 133 11.8
8–12 49 53 8.2

12–24 24 29 20.8

Mean 13.4
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