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Abstract

Mass-balance data were acquired using fluorescence spectrometry for 2-naphthol and three polycyclic aromatic hydrocarbon (PAH) metabc
using liquid—liquid-liquid microextraction and liquid—liquid microextraction systems. The PAH metabolites are very important biomarkers, an
there has been no previously reported mass-balance data on these compounds with microextraction systems. In addition, the effects of two sc
systems used in the preparation of donor and acceptor phases were investigated. The effects of the solvent systems on the partitioning proces:
compared. The mass balance results showed that significant amounts of the hydrophobic metabolites were held in the pores of the microfiber in
the three-phase and two-phase microextraction systems. Based on the mass-balance data, a new enrichment factor was defined as the conce
of the solute trapped in the pores of the fiber divided by the initial concentration of the solute in the donor phase. Because of the relatively la
amount of the solute in the pores, it is envisioned that the solutes could be easily extracted from the pores, the extraction solvent concentrated
further separated by capillary electrophoresis or characterized by solid-matrix phosphorescence, solution fluorescence, or mass spectrometr
© 2005 Elsevier B.V. All rights reserved.

Keywords: Liquid-liquid—liquid microextraction; Liquid—liquid microextraction; Polycyclic aromatic hydrocarbon metabolites; Fluorescence spectrometry; Complete
mass balance

1. Introduction ple, to separate small solutes from larger species, such as
DNA, and to reduce the use of toxic organic solvents used in
The metabolites of polycyclic aromatic hydrocarbons aremore conventional extraction measures, for example, soxhlet
important biomarkers for exposure to polycyclic aromaticextraction. Several types of liquid-phase microextraction tech-
hydrocarbons. Many of the polycyclic aromatic hydrocarbonsiques have been developed. Single-drop microextraptior],
are potent carcinogens and mutagens and are most often excretieghid—liquid—liquid microextraction (LLLME)[8-11], hollow
in the urine[1,2]. Frequently, the metabolites appear in com-fiber protected liquid-phase microextractjd2,13], and stir bar
plex biological matrices and are present only at trace levelssorptive extractiofil4—17]are some of the techniques that have
Therefore, developing methods for sample clean-up, preconcebeen developed for the extraction and preconcentration of ana-
tration, and detection in complex matrices is of major concerrytes from various matrices.
for determining exposure levels to these potentially carcinogenic LLLME is a three-phase microextraction technique which
compounds. The matrices most often encountered are fluidacorporates a porous polypropylene hollow fiber as a mem-
such as plasma, blood, and urine. Much of the work regardingrane that separates the donor phase from the acceptor phase
polycyclic aromatic hydrocarbon metabolites has focused on 1[8,9] with an organic phase impregnating the pores of the hol-
hydroxypyrene since it is the principle metabolite of pyrg8le  low fiber. LLLME can extract ionic hydrophobic compounds
Recently, the technique of liquid-phase microextractionfrom aqueous samples and concentrate them for detection. The
has been developed to concentrate small amounts of saragueous phase outside the fiber is the donor phase, and the phase
inside the lumen of the fiber is the acceptor phase. The analyte
partitions from the donor phase into the organic phase, and it
* Corresponding author. Tel.: +1 307 766 6241; fax: +1 307 766 2807. further partitions into the accgptor phase where the solute is
E-mail address: Hurtubis@uwyo.edu (R.J. Hurtubise). concentrated for further detection. Typically, the acceptor phase
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is a small volume of solvent that is in the microliter rari@®]. = sample were added to a 4 mL vial and then diluted to a total vol-
The resulting difference in phase ratio of the acceptor and donarme of 4 mL. The acceptor phase wagi250f 0.1 M NaOH, or
phases allows for substantial enrichment of the analyte. Tha5pL of 1-octanol, and it was added to the lumen of the hollow
small pores of the hollow fiber also prevent large matrix compofiber with a 50uL syringe. The NaOH was obtained from J.T.
nents in the donor phase from entering the acceptor phase, thBaker Chemical Co. (Phillipsburg, NJ). 1-Octanol was obtained
permitting the clean-up of the sample. If the acceptor phase iBom Aldrich Chemical (Milwaukee, WI). For several of the
changed from an aqueous phase to an organic phase (1-octan@)periments, the donor and acceptor phases were prepared in
then a two-phase microextraction system results. methanol:water (30:70). In several other experiments, the donor
The work discussed in the literature primarily considers theand acceptor phases were prepared in HPLC grade water. The
applications of three-phase and two-phase microextraction. SeHPLC grade methanol and water were purchased from EM Sci-
eral fundamental studies have been reported for the mass traresice (Gibbstown, NJ).
fer in three-phase and two-phase microextraction systems. Ma The compounds investigated in this work were 2-naphthol,
and Cantwell[18] have considered several aspects of threed-hydroxypyrene, 3-hydroxybenzo[a]pyrene, and tetrol II-2. 3-
phase microextraction. For example, they developed a solvemtydroxybenzo[a]pyrene and tetrol 1I-2 were purchased from
microextraction technique to perform simultaneous forwardthe NCI Chemical Carcinogen Reference Standard Repository,
and back-extraction across a microliter-size organic liquid memMidwest Research Institute (Kansas City, MO). 2-Naphthol was
brane. Also, they developed a kinetic model to describe thebtained from Aldrich (Milwaukee, WI). These compounds
extraction process and verified the extraction process expenvere 99% pure or greater. Methanol and water were of HPLC
mentally. Several other groups have reported on the theoreticgtade and purchased from EM Science (Gibbstown, NJ).
aspects of three-phase microextractjpB—25]. Ho et. a[26]
have further developed some of the theoretical aspects of thre2-3. Mass balance
phase microextraction and two-phase microextraction. They
provided a mathematical description for extraction, recovery, Experiments were preformed to remove the metabolites and
and enrichment for two-phase and three-phase microextractidxnaphthol from the pores of the polypropylene hollow fiber and
systems. determine the mass of the solute trapped in the organic phase
A more detailed understanding of the basic aspects of threaising fluorescence spectrometry. After the microextraction pro-
phase and two-phase microextraction is important for improvingedure was performed, the acceptor phase was collected and the
extraction efficiency and enrichment of analytes of interest. Irhollow fiber was removed and lightly blotted with a Kimwipe
this paper, fluorescence spectrometry was used to determine tk@émberly-Clark Corp. (Roswell, GA). Furthermore, the fiber
masses inthe donor and acceptor phases, and the pores of the lveds then placed in 4 mL of HPLC grade methanol and stirred
low fiber for several hydroxyl polycyclic aromatic hydrocarbon for 5 min to remove the trapped analyte in the pores of the fiber.
metabolites. Detailed mass data were obtained for both thredhe fluorescence intensities of the metabolites and 2-naphthol
phase and two-phase microextraction systems. Solution fluoregrere obtained using the Perkin-Elmer LS 50-B luminescence
cence spectrometry proved to be very effective in determiningpectrometer. The concentration present in the pores of fiber was
the masses of the solutes in the various phases. Comparisotstermined using standard fluorescence calibration curves. The
were made between the masses in three-phase and two-phasdutions for the calibration curves were prepared in pure HPLC
microextraction systems, two different solvent systems, and twgrade methanol. The concentrations of solute in the acceptor and
different time periods. Also, based on the mass-balance datadonor phases were determined as discussed e@Tigr

new enrichment factor was introduced. The complete mass balance was obtained in duplicate for
. each metabolite and 2-naphthol. In one set of experiments, the
2. Experimental complete mass balance was obtained where the donor and accep-

tor phases were prepared in methanol:water (30:70). In another
set of experiments, the complete mass balance was obtained

The microextractions were performed with the Accurel Q3/2!" which the donor and acceptor phases were prepared in
polypropylene hollow fiber (Membrana, Wuppertal, Germany) Water.
The length of the fiber was 6.5 cm. The inner diameter of the fiber )
was 60Qum. The wall thickness was 2Q0m and the pore size 24 Spectroscopy with I-octanol

was 0.2um. The procedure for liquid-liquid—liquid microex- ) )
traction and for liquid—liquid microextraction were published A Standard 4mL glass vial with a screw cap was used for

previously with the exception that in this work the donor angthis e_xperiment. 1-Octanol was stored under nitrogen. The stock
acceptor phases were aqueous phases for some of the expd&ffiutions of 1-hydroxypyrene were prepared in HPLC grade
ments rather than methanol:water (30:7Z3]. methanol and stored_ in a refrigerator. Sodium hydromde_ solu-
tions were prepared in HPLC grade water. For this experiment,

2.2. Reagents 1 mL of the 0.1 M NaOH stock solution was added to a 4 mL
glass vial, and then 1-hydroxypyrene was added in microliter

The donor solution used for this work was 0.01 M HCI. To amounts to the 1 mL of the 0.1 M NaOH that was added to the

prepare the donor phase, aliquots of the appropriate amount gfass vial. Then, 1 mL of 1-octanol was added to the glass vial

2.1. Liquid-liquid-liquid microextraction



M. Marlow, R.J. Hurtubise / Talanta 69 (2006) 443—449 445

Table 1 Table 2

Mass data for 2-naphthol and several PAH metabolites using three-phaddass data for 2-naphthol and several of the PAH metabolites at 30 min (the
microextraction at 30 min (the donor and acceptor phases were prepared @donor and acceptor phases were prepared in methanol:water €0:70)

watef)

Compound Donor (%) Pores (%) Acceptor (%) Total (%)

Compoundl  Donor (%)  Pores (%) Acceptor (%) Total (%)

59.5+4.6 43.1+£4.5 13.6+ 2.0 116.2+ 6.7
1 214422  40.0:3.6 39.7+ 2.7 101.1+ 5.0 2 38.5+2.4 53.5+8.9 8.5+ 0.8 100.5+ 9.3
2 17.0£1.8 82.4£0.59 5.0+ 0.21 104.4+ 1.9 3 33.9+1.6 56.0+ 2.2 0.62+ 0.068 90.5+ 2.7
3 475+0.3 49.2+£121 0.99+ 0.14 97.7+ 12.1 4 71.6+1.1 18.1+0.6 0.25+ 0.027 90.0+ 1.3

4 438+1.2 61.8+55 0.31+ 0.055 105.9+ 5.6 — —
1. The initial mass of 2-naphthol was 129.6ng. 2. The initial mass of 1-

1. The initial mass of 2-naphthol was 125.2ng. 2. The initial mass of 1-hydroxypyrene was 20.0ng. 3. The initial mass of 3-hydroxybenzo[a]pyrene
hydroxypyrene was 16.5ng. 3. The initial mass of 3-hydroxybenzo[a]pyrenavas 105.2 ng. 4. The initial mass of tetrol 1l-2 was 216 ng.
was 100.0 ng. 4. The initial mass of tetrol 1I-2 was 200.0 ng. a Average of nine experiments.
a Average of nine experiments. b Number refers to the initial mass and name of the compound investigated.
b The number refers to the initial mass and name of the compound investigated.

. The mass-balance data for the hydroxyl PAH metabo-
and shaken. After 15 min, the 1-octanol phase was removed arﬁ?es and 2-naphthol showed that a substantial amount of the
fluorescence spectra were collected for 1-hydroxypyrene.

solute gets trapped in the 1-octanol in the pores of the fiber
for the four solutes investigated and for both solvent sys-
2.5. I-Octanol volume tems (Tables 1 and 2). However, the amount trapped in the
pores changes with solvent composition. For example, for 1-
The volume of 1-octanol in the pores of the hollow fiber hydroxypyrene, the percent mass trapped in the pores of the
was determined by weighing the hollow fiber with no 1-octanolfiper was 82.4% of the initial mass when aqueous phases were
present and then immersing the hollow fiber in octanol for 15 g,sed (Table 1). The percent mass trapped was lower when
and blotting the excess 1-octanol away with a Kimwipe. Themethanol:water (30:70) was used as the solvEattle 2shows
fiber was weighed again. Using the density of 1-octanol, thghat 53.5% was trapped in the pores of the fiber. Furthermore, the
volume of 1-octanolin the pores ofthe fiber could be determinedyartitioning of the three metabolites to the acceptor phase from
The volume of octanol present in the pores was determined tghe 1-octanol phase was relatively small when using either sol-
be on average 28 0.95u.L. This experiment was performed 10 vent system. However, for 1-hydroxypyrene Tables 1 and 2
times. The density of 1-octanol used for the calculation of theshow, the amount in the acceptor phase was higher (8.5%) when

volume was 0.83 g/mL. using the methanol:water solvent system compared to the aque-
ous phases (5.0%). For 3-hydroxybenzo[a]pyrene and tetrol I1-2,

3. Results and discussion the transfer to the acceptor phase was slightly better with aque-
ous phases. It should be emphasized that the amount trapped in

3.1. Masses at 30 min for three-phase microextraction the organic phase within the pores of the hollow fiber is much

greater than the amount transferred to the acceptor phase using
In studying three-phase microextraction, it is important toeither solvent system (Tables 1 and 2).

obtain the mass distribution of the solute in the three phases The quantity of 2-naphthol transferred to the acceptor phase
including the mass of the solute trapped in the pores of the hollowas greater than for the metabolites using either solvent sys-
fiber to assess the effectiveness of the microextraction systertem. This most likely results because of the lower Agg
Therefore, the mass-balance data were obtained for several of tf&7) value of 2-naphthol, and fewer aromatic rings, as com-
metabolites and 2-naphthol with two different solvent systemspared to the hydroxyl PAH metabolites. The tekig, is the
In one set of experiments, the donor and acceptor phases wepartition coefficient of a solute distributed between 1-octanol
agueous. The second set of experiments were performed witdnd water. It is widely used as a measure of the hydrophobic-
donor and acceptor phases prepared in methanol:water (30: 7@y of a solute. The PAH metabolites have significantly higher
The methanol:water (30:70) solvent was investigated becaudeg Koy, values because of the greater number of aromatic rings.
this solvent was important in the solid-matrix phosphorescenc®/e have discussed previously the relationship betweeklag
of benzo[a]pyrene—DNA adducts and tetrol [28-30]. The and the microextraction of the PAH metabolites in the three-
mass-balance data would not only give the distribution of thgphase microextraction systei@i7]. The higher the lo&, the
solute in the phases, but also permit conclusions to be madess efficient was the extraction because a large fraction of the
about the effects of the two different solvent systems on theolute remained in the 1-octanol in the pores. It is also appar-
mass distributions. The results of the mass balance experimergsat that adding methanol to the solvent system inhibited three
in aqueous and methanol:water (30:70) solvents are given iaf the four model compounds from leaving the donor phase as
Tables 1 and 2, respectively, at 30 min. Experiments showed th& observed by comparing the dataTables 1 and Zor the
at 30 min extraction equilibrium was not reacti2d]. However,  percentage of masses remaining in the donor phase after extrac-
30 min was used because the microextraction was very effectiion. A clear example of this is tetrol II-2 where 71.6% of the
over this time period and 30 min could be used in more routinestarting mass (216 ng) remained in the donor phase when using
experiments. methanol:water (30:70) phase (Table 2). For tetrol 1I-2, with
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Table 3 Table 4

Mass data for 2-naphthol and the PAH metabolites at 180 min (donor and accepass data for two-phase microextraction of hydroxyl-PAH metabolites at
tor phases prepared in MeOH:water (30%j0) 30 mir?

Compound Donor (%) Pores (%) Acceptor (%) Total (%) Compound Donor (%} Pores (%) Acceptor (%)  Total (%)

1 312+ 25 449+1.9 19.0+ 2.5 95.1+4.0 2 26.1+15 36.2+-2.4 13.8+ 1.7 76.1+3.3

2 3.8+ 17 86.2:4.3 8.1+ 0.25 98.1+-4.6 3 23.4+1.9 29.8t1.5 109+ 1.5 63.9£1.9

3 2.1+ 0.23 66.0t 1.1 0.41+ 0.29 68.5£1.2 4 70.8+1.9 17.9+£2.7 6.8+ 1.2 95.5+ 3.5

4 717+ 15 19.2+1.6 0.34+ 0.12 91.2+2.2

2. The initial mass of 1-hydroxypyrene was 18.8ng. 3. The initial mass of 3-
1. The initial mass of 2-naphthol was 138.0ng. 2. The initial mass of 1-hydroxybenzo[a]pyrene was 80.0 ng. 4. The initial mass tetrol 11-2 was 210 ng.
hydroxypyrene was 16.0ng. 3. The initial mass of 3-hydroxybenzo[a]pyrene 2 Average of nine experiments.

was 80.0 ng. 4. The initial mass of tetrol 1I-2 was 216.0 ng. b Number refers to initial mass and name of the compound investigated.
a Average of four experiments. ¢ The donor phase was 0.01 M HCI in methanol:water (30:70).
b Number refers to initial mass and name of the compound investigated. d The acceptor phase was 0.025 mL of 1-octanol.

agueous phases, only 43.8% remained in the donor phase. Amaception of 2-naphthol, where 19.0% was found in the accep-
ingly 61.8% of the initial mass of tetrol II-2 (200 ng) was trappedtor phase compared to 13.6% as showrTatle 2at 30 min.

in the pores of the hollow fiber with agueous donor and acceptafhe results inTables 2 and 2lemonstrate that at 180 min the
phases (Table 1). Only 18.1% of the tetrol II-2 was in the porepercentage of solute trapped in the pores of the hollow fiber is
with methanol in the donor and acceptor phases (Table 2). Thgreater compared to the mass trapped in the pores at 30 min. For
exception was 3-hydroxybenzo[a]pyrene with methanol preseni.-hydroxypyrene, an amazing 86.2% was trapped in the pores
The methanol aids in removing the 3-hydroxybenzo[a]pyreneat 180 min, whereas 53.5% was trapped at 30 min.

from the donor phase into the 1-octanol phase, but does not The total mass found experimentally was low for 3-
assist in the partitioning to the acceptor phase (Table 2). Fdnydroxybenzo[a]pyrene at 180 min for three-phase microex-
3-hydroxybenzo[a]pyrene, 33.9% of the initial mass remainedraction with methanol:water (30:70) phases (Table 3).
in the donor phase when methanol:water (30:70) was preserbnly 68.6% was recovered for the three-phase system. 3-
but 47.5% remained in the donor phase when the solvent wadydroxybenzo[a]pyrene has five aromatic rings and could have

aqueous. adsorbed to the surface of the stir bar or glass container. Large

molecular weight polycyclic aromatic hydrocarbons are known
3.2. Mass balance at 180 min for three-phase to adsorb to glassware and stir bars as has already been reported
microextraction [31].

The mass-balance data for three-phase microextraction of 3-3. Mass balance at 30 min for two-phase microextraction
naphthol and the hydroxyl-PAH metabolites at 180 min is given
in Table 3. At 180 min, the microextraction system should be at In Table 4, the mass data for two-phase microextraction for
extraction equilibrium. The conditions for three-phase microexthe metabolites are presented. In this experiment, the donor
traction are the same fdrable 2with all the phases prepared phase was prepared in methanol:water (30:70). With 1-octanol
in methanol:water (30:70). However, the initial concentrationsas the acceptor phase, a substantial amount of the mass still
of three of the analytes are differentTable 3as compared to remained trapped in the pores of the hollow fiber, and a signif-
Table 2. Nevertheless, the initial masses are close to one anothimant amount of the mass also remained in the donor phase.
Because the results are reported in percentadgesbiies 2and 3, The mass of tetrol 1I-2 remaining in the donor phase was
the results in these tables are directly comparable. Tetrol [I-2 had0.8% of the initial mass present (210 ng). However, with two-
the same initial concentration for both experiments. The masghase microextraction, a major improvement of transfer to the
transferred to the acceptor phase is similar to the mass transferradceptor phase was observed in contrast to three-phase microex-
at 30 min for 1-hydroxypyrene. For example, 8.1% is presentraction (Tables 1 and 2). This resulted because 1-octanol was
in the acceptor phase as compared to the 8.5%alrle 2at  the acceptor phase. The major driving force for tetrol 1I-2 is
30 min. In addition, the results for tetrol 1I-2 are almost iden-its solubility in the 1-octanol. Tetrol II-2 cannot ionize in the
tical to the results iMable 2where a majority of the mass for water or methanol:water (30:70) acceptor phases. Thus, the per-
tetrol 11-2 remained in the donor phase at about 72%. There isentages of tetrol II-2 in the previous acceptor phases is small
however a slightly better transfer of the mass to the acceptdiTables 1 and 2). There was an improvement by factors of 22 and
phase (0.34%) at 180 min for tetrol 11-2 as compared to the mas&7, respectively, as compared to the masses obtained with three-
(0.25%) transferred at 30 min (Table 2). The complete masgshase microextractions iflables 1 and 2. For example, with
balance data at 180 min demonstrate that the mass in the dontwo-phase microextraction, 14.3 ng of tetrol 1I-2 were trans-
phase decreased more significantly for all the compounds inveferred compared to 0.62 and 0.53 ng, respectively, for tetrol
tigated except tetrol 11-2. At 30 min 1-hydroxypyrene has 38.5%lI-2 in Tables 1 and 2. It should be noted Table 4that the
remaining in the donor phase, whereas at 180 min the percentagercent total mass found is low for 1-hydroxypyrene and 3-
remaining was only 3.8%. In addition, there was no correspondaydroxybenzo[a]pyrene. No specific explanation can be given
ing increase in mass to the acceptor phase at 180 min with tHer this other than the general loss due to the small initial sample
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Table 5
The enrichment factor ¢fgore)) determined for the solute trapped in the pores of the fiber compared to the basic acceptor phase for three-phase microextraction
Compound Efor basic Ef(pore) aqueOUs Ef(pore) (30:70) Ef(pore) (30:70) Ef(pore) tWo-phase
acceptor phase phasé MeOH:water phage MeOH:water phase extractiod
1 40.2+ 1.6 69.6+ 6.2 75.1+7.9 78.2+ 3.3 -
2 109+ 2.0 143.0+ 10.2 92.9+15.3 150.0+ 7.5 157+ 1.1
3 0.3+ 0.06 85.5+ 21.0 97.5+3.9 1148+ 1.9 12.9+ 0.65
4 1.1+ 0.9 107.4+ 9.6 31.1+11 334+ 28 7.8+1.2
1. 2-Naphthol. 2. 1-Hydroxypyrene. 3. 3-Hydroxybenzo[a]pyrene. 4. Tetrol 1I-2.

@ Values taken from referen¢27] for methanol:water (30:70) at 30 min for three-phase microextraction.

b Values determined at 30 min.

¢ Values determined at 180 min.

d The donor phase solvent was 0.01 M HCl in methanol:water (30:70). Name and number of the compounds investigated.

sizes. However, the adsorption of the solutes to the glass vial ammdent factor was 92.9 when methanol:water (30:70) phases were

the stir bar may also be a factor for the loss observa@@bie 4.  used at 30 min. In contrast, the normal enrichment factor with
the basic acceptor phase from the three-phase microextraction

3.4. Pore enrichment factor was 10.9 (Table 5). It is interesting to note thafTable 5the
largest increase in the pore enrichment factors for 2-naphthol

The hydrophobicity of the hydroxyl PAH metabolites and 2-Was only by a factor of 1.9 with methanol:water (30:70) phases
naphthol is an important parameter to be considered in microexat 180 min. Because of the high degree of hydrophobicity of
traction. Several of the metabolites have kog, values greater the PAH metabolites, they would tend to stay in the pores and
than 4.0[27]. The large values of [0, demonstrate the high 2-haphthol would spend less time in the pores.
degree of hydrophobicity of the PAH metabolites and their strong  Comparing the pore enrichment factors (fourth column in
preference for 1-octanol. The metabolites are only slightly polarfable 5) when methanol:water (30:70) phases were used with
and therefore the hydrophobicity of the metabolites will be onenfichment factors obtained with a basic acceptor phase using
of the main factors influencing both the three-phase and twoethanol:water (30:70) at 30 min extraction (second column in
phase microextraction of these compounds. In addition, the largEble 5), the pore enrichment factors improved by factors of
hydrophobicity of the hydroxyl PAH metabolites results in a1-9, 8.5, 325.0, and 28.3 for 2-naphthol, 1-hydroxypyrene, 3-
sizeable amount of these compounds being retained in the porB¥droxybenzo[a]pyrene, and tetrol II-2, respectively. The pore
of the fiber. Based on the resultsTables 1-4, we define a new €nrichment factors for 1-hydroxypyrene and tetrol Il-2 can fur-
enrichment factor given by Eq1), whereC, and Cy are the ther be improved if aqueous phases are used. For example, the
concentrations of the solute trapped in the pores of the holloWore enrichment factor for tetrol II-2 was improved by a factor of

fiber and the initial concentration present, respectively. 97.6 at 30 min. The pore enrichment factor for 1-hydroxypyrene
was improved by a factor of 13.1 with aqueous phases as com-
Eipore) = C2 1) pared to the basic acceptor phasdafle 5.
Co Finally, the pore enrichment factors for two-phase

' . microextraction were determined for 1-hydroxypyrene, 3-
Table 5compares the newly defined pore enrichment factor
. 2. . . hydroxybenzo[a]pyrene, and tetrol 11-2 (last columrTable 5)

obtained under several conditions with the enrichment factors 4 X
at 30 min. For 1-hydroxypyrene, the pore enrichment factor was

ob_tained Wi_th the normal three-phase microextraction SySte'R5_7- for 3-hydroxybenzo[a]pyrene it was 12.9; and for tetrol
using a basic methanol:water (30:70) acceptor phase at 30 Mo i,t was 7.8. These values show that less ma;ss is trapped in

The enrichment factors in the second columriTable 5are the pores of the hollow fiber compared to the amount trapped in

defined as the ratio of the concentration in the basic accept . .
phase divided by the initial concentration in the donor phasg he pores of the three-phase microextraction systems (compare

The pore enrichment factors (Ed.)) were determined for sev- columns 3 and 4 iable 5).

. i . Based on the results iable 5, it is proposed that using
eral of the metabolites and 2-naphthol using the mass data %e fiber without the acceptor phase and with only 1-octanol in

Tables ]:—30r both aqueous and methanol:water (30:70) phase?he pores of the hollow fiber and a aqueous donor phase would
The enrichment factors for the solutes trapped in the pores were

: : : prove to be a very efficient means for the microextraction of
also determined from the two-phase microextraction data i . .
Table 4. the PAH metabolites. Work has been undertaken to explore this

The pore enrichment factors (E€L)) were considerably possibility, and the initial results are very encouraging.
higher compared to the enrichment factors determined from
the basic acceptor phase (Table 5, column 2). Using 13.5. Anion in the organic phase
hydroxypyrene as the example for the dataTeble 5, the
enrichment factor for the analyte trapped in the pores was 143.0 Because solution fluorescence spectrometry was very effec-
when aqueous phases were used at 30 min. The pore enridive in obtaining the masses of the solutes in the two-phase and
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base would be a strong base and would have a strong tendency
to react with water. It is probable that during the microextrac-
tion of the metabolites that both forms of the metabolites are
presentinthe 1-octanol phase. The results obsenkdidsug-
gests that even if the metabolite is ionized in the acceptor phase,
the metabolite can partition back out of the acceptor phase into
the 1-octanol in the pores of the hollow fiber and subsequently
decrease the enrichment factor. The resulEgnlindicate that
more detailed investigations are needed in the future to under-
stand the mechanistic aspects of three-phase microextraction
of large molecular-weight hydroxyl aromatics and that fluores-
cence spectrometry would be very useful in characterizing the
species.

4. Conclusions

To our knowledge, this is the first mass distribution data

hat have been obtained for solutes in three-phase or two-phase
microextraction systems. Also, fluorescence spectroscopy was
shown to be a very useful tool in the determination of the very
small concentrations of hydroxyl aromatics distributed in the

three-phase microextraction systems, preliminary experimentéirious phases. The dataTables 1-4how the complexity of

were performed with fluorescence spectrometry to identify thénicroextraction and indicate that several factors are involved in

components in 1-octanol. The species in the 1-octanol in théhe transfer of the solute to the acceptor phase. The hydropho-

pores would have an influence on the distribution of the soluteBicity of the hydroxyl aromatic metabolites is one of the main

in the microextraction systems. factors in determining the partitioning of these compounds in

The mass-balance dataTables 1-4ndicate the complex- the microextraction systems. The results for the two solvent sys-
ity of the solute distribution in the three-phase and two-phaséems show thatthe solventused to prepare the donor and acceptor
microextraction systems_ In Considering models for the mas@hases can have an important influence on the distribution of the
transfer of the metabolites for three-phase microextraction, i$0|l.lte. However, the trends on the distribution with the different
is important to determine the species present in each phase. Fgtlvents are not completely obvious. For example, more solute
three-phase microextraction, itis assumed thatin the 0.01 M HGPpears in the acceptor phase when agueous phases are used for
donor phase the hydroxyl aromatics are in their neutral formthree-phase microextraction, except for 1-hydroxypyrene. For
Also, it is assumed that upon entering the 0.1 M NaOH accepl-hydroxypyrene, more solute appeared in the acceptor phase
tor phase that the compounds are completely ionized and for#®r three-phase microextraction with methanol:water (30:70).
the anions. However, what is present in the 1-octanol organic Because of the substantial amount of PAH metabolites in
phase in the pores of the fiber is not as clear. Experiments wefl€ pores of the fiber, a new enrichment factor was defined
performed using fluorescence spectroscopy where the 1-octariiat is based on how much solute appears in the pores of the
was Sampied to determine what Species were present in the f[].inOﬁber. This enrichment factor would be very important for
octanol. However, the 1-octanol was not sampled directly fronhydrophobic compounds. In particular, with aqueous phases, a
the pores of the hollow fiber because of the small volume oiery sizeable amount of solute remains in the pores. By simply
1-octanol in the pores. A 1-hydroxypyrene stock solution wagemoving the compound from the pores with a small volume of
prepared in an aqueous 0.1 M NaOH to form the anion. Submethanol, evaporating the methanol, and dissolving the residue
sequently a small aliquot (4£L) was removed from the stock in @ very small amount of solvent, the solute could further be
solution and added to 3mL of 1-octanol, and the sample wagharacterized with techniques such as capillary electrophoresis,
shaken vigorously and allowed to stand for 15 min before colsolid-matrix phosphorescence spectroscopy, mass spectrometry
lecting spectral data from the 1-octanol solutiorFig. 1,itwas O fluorescence spectroscopy. It has been reported that solid-
observed that the molecular form (387 nm) of 1-hydroxypyrendnatrix phosphorescence spectroscopy is useful for the detec-
appeared in the 1-octanol as well as the anion (446 nm). tion of hydroxyl aromatic metabolites in urine fractiof9].

The results inFig. 1 show that the conjugate base of 1- For 1-hydroxypyrene, the range for human samples is 459 to
hydroxypyrene reacted with a proton in the 1-octanol to give the39,000 fmole/mL[29]. By using the two-phase microextraction
neutral form of 1-hydroxypyrene. It is proposed that the protorSystem without the acceptor phase, as discussed in this paper,
was removed from the water that dissolves in the 1-octanol whe¥ith the urine factions, the concentration of the hydroxy! aro-
performing the extraction. It has been reported that a substafatic metabolites would be enhanced considerable and thus
tial amount of water is able to dissolve in 1-octafg#,33]. The ~Make detection easier. Also, large molecular-weight species
pKa of 1-hydroxypyrene in water is 8.834]. Thus, its conjugate  from the urine fractions would not pass into the acceptor phase.

Fig. 1. Emission spectrum for 1-hydroxypyrene in 1-octanol after the l—octano{
was in contact with an aqueous solution of 0.1 M NaOH.
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