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Abstract

A quantitative method for the simultaneous determination of octylphenol, nonylphenol and the corresponding ethoxylates
(1 to 5) in biota is presented. Extraction methods were developed for egg and fish matrices based on accelerated solvent
extraction followed by a solid-phase extraction cleanup, using octadecylsilica or aminopropy! cartridges. Identification and
quantitation were accomplished by liquid chromatography—electrospray tandem mass spectrometry (LC-MS—MS) and
compared to the traditional liquid chromatography with fluorescence spectroscopy detection. LC—MS—MS provides high
sensitivity and specificity required for these complex matrices and an accurate quantitation with the'tise of C-labeled
internal standards. Quantitation limits by LC—MS—MS ranged from 4 to 12 ng/g in eggs, and from 6 to 22 ng/g in fish
samples. These methods were successfully applied to osprey eggs from the Chesapeake Bay and fish from the Great Lake
area. Total levels found in osprey egg samples were up to 18 ng/g wet mass and as high@g8:&t mass in the fish
samples.
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1. Introduction non-ionic surfactants, widely used in a variety of
industrial processes and in cleaning products. About
Alkylphenol polyethoxylates (APEs) are effective 60% of the total surfactant production enters the

aquatic environmenfl] by way of industrial and
municipal wastewater discharges. Studies conducted
in the aquatic environment have shown bioaccumula-
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wildlife and humans, residues of contaminants in all
environmental compartments need to be determined.
Several studies have found high levels of these
compounds in river water and sediments throughout
the USA[9-11]. Fewer studies have dealt with the
analysis of these compounds in aquatic organisms,
and most include only a few of the compounds;
especially lacking are data on octylphenol (OP) and
the octylphenol ethoxylates (OPES).

In the USA, nonylphenol (NP) has been found in
various fish species at levels up to Qug/g [12].
The highest levels reported in the USA were a total
NP(0 to 3)EO of 4.9u.g/g in one carp sample from
Detroit River, MI, USA [13]. Similar high levels
were found in UK estuariefl4,15] and Catalonian
rivers [16]. These high levels are usually related to
the presence of sewage treatment plants (STPs)
discharging into the rivers, and to high concen-
trations in water and sediments. Few data exist for
the transfer of these chemicals to avian species. Ahel
et al. [2] reported the presence of NP(0 to 2)EO in
mallard duck collected from a Swiss river where fish
were found to have high levels of APEs.

Current analytical methods for the detection of

order to investigate contaminant exposure and po-
tential reproductive effects in fish from the Great
Lakes area and in birds nesting in highly polluted
areas of the Chesapeake Bay. Fish tissue methods
involved refinement of an extraction method previ-
ously developed by our researcflgfam the
development of a confirmatory MS method for the
APEs in fish samples. The osprey egg method was
intended to extend the application of the fish meth-
ods to egg samples, particularly to field collected
osprey eggs. One challenge encountered was to
develop a method able to extract simultaneously all
of the compounds of interest from matrices con-
taining high levels of lipid. LC—MS—MS was chosen
due to its ability to quantify all compounds with
good sensitivity and the high specificity needed for
these complex matrices.

2. Experimental

2.1. Sandards and reagents

APEs in biota are generally based on gas chromatog-
raphy—mass spectrometry (GC-MS), which is lim-
ited to OP, NP and NP(1 to 3)EQ12,14,15,17,18],
or normal-phase LC with fluorescence detection (FI)
[2,13,19] for NP(0 to 5)EO. Reversed-phase LC is
less commonly used for OP, NP and NP(1,2)EO
[20,21]. The method detection limits (MDLs) re-
ported are usually on the order of 1 to 40 ng/g, but
can be as high as 100 ng/(d4]. More recent
methods involve reversed-phase LC coupled with
MS detection for NP, OP and bisphenol A (BPA) in
fish with reported method quantification limits
(MQLs) in the range 10-50 ng/{L6,22]. To the
best of our knowledge, only one method was previ-
ously published23] for the analysis of nonylphenol
in egg.

This paper describes a method for the quantitation

Analytically pure standards were obtained com-
mercially for NP (Schenectady International,
Schenectady, NY, USA; purity95%), OP (Aldrich,
Milwaukee, WI, USA; 97% purity) and NP2EO
(Aldrich R&D product; 95% purity). Other ethoxy-
lates were purified in the laboratory by flash
chromatography on silica gel as described elsewhere
[13,24]: NP1EO from Surfonic N-10 (Huntsman
Chemicals, Austin, TX, USA) and NP3EO, NP4EO
and NP5EO from POE(4) nonylphenol (Chem Ser-
vice, West Chester, PA, USA). The 6FOs =1 to
5) were purified from POE(3) and POE(%rt.-
octylphenol; Chem Service. Purity was 99% for all
compounds except OP1EO, 94%. Internal standards
for LC-MS-MS weren-NP (Lancaster Synthesis,
Windham, NH, USA), n-NP3EO (synthesized by
Ferguson et al[25]), **C,-NP (Cambridge Isotope

of NP, OP and their respective ethoxylates (1 to 5) in Labs., Andover, MA, USA) and" £ -NP(1.6)EO
egg and fish matrices using accelerated solvent (synthesized by Ferguson et §6]). All standards
extraction (ASE) followed by solid-phase cleanup, were stored at-20°C. Solvents were high purity,
and LC-MS—MS analysis, and compares it to LC— pesticide grade; Burdick & Jackson (Honeywell
FI. Method development efforts were focused on International, Muskegon, MI, USA). Deionized, car-
walleye &izostedion vitreum) and carp Cyprinus bon-free water (DI water) was purified in a NANO-
carpio) tissue and ospreyPandio haliaetus) eggs, in pure water purification system (Barnstead Interna-
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tional, Dubuque, IA, USA). Ammonium acetate;
Aldrich (purity 99.99%) was stored in a desiccator.
To avoid APE contamination in the samples no
detergent was allowed to contact glassware used in
sample preparation or analysis; plastic was avoided
or rinsed thoroughly with solvent prior to use and
sodium sulfate (anhydrous Na $O , granular pow-
der; Mallinckrodt Baker, Paris, KY, USA) and
glassware were baked for 4 h at 4@ prior to use.
Finally, procedural blanks were included with each
batch of samples to ensure that only minimal con-
tamination occurred, if any at all.

2.2. Osprey egg extraction

Osprey eggs were collected in the spring of 2000
and 2001. Samples P1 and P2 were collected from
the middle Potomac River near Washington, DC,
USA; S1, S2 and S3 from the South River and S4
from the West River (Chesapeake Bay, south of
Annapolis, MD, USA). The whole egg was
homogenized, divided in portions, and kept frozen at
—20°C until analysis. Previous to extraction, the
aliquots were defrosted overnight at°G. A 5-g

MS—MS determination: the solvent was exchanged
to methanol (MeOH)—water (60:40), the extract was
filtered through a hydrophilic polypropylene mem-
brane filter @M33-mm GHP Acrodisc Minis-
pike; Pall Gelman Lab., Ann Arbor, MI, USA),
which was chosen as the most efficient after in-
vestigation of nylon, poly(vinylidene fluoride)

(PVDF) and GHP filters. The filter had to be rinsed
with MeOH in order to recover all analytes; the final

volume was brought to 1.5 ml. No problem was
encountered with solubility of the extract in MeOH-—

water for all of our samples. In future work, extracts
might be kept in 100% MeOH to prevent compound
losses during filtration, depending on the egg’'s
origin. Prior to analysis, 2Qul of internal standard

mix was added. Final concentrations of the internal
standards Wege: C -NP, 133 hg/ml; C -NP1EO,
125 ng/thl, C -NP2EO, 110 ndimj; C -NP3EO,
26 ng/ml; &hqg C -NP4EO, 4 ng/ml. Each APE
was quantitated using the correspb3hq;ing C -NP(0

to 4), except for the AP5EOs, which were quanti-

tated using C -NP4EO because of the low con-
centrationof, C -NP5SEO.

homogenized sample was mixed with 30 g sodium 2.3. Fish tissue extraction

sulfate, dried overnight in a desiccator, and ground
with mortar and pestle. This mix was packed into a
33-ml stainless steel ASE cell capped with two filter
disks [Soxhlet-extracted for 6 h with dichlorome-
thane (DCM) to remove NP contamination]. The cell
was extracted three times with acetonitrile at room
temperature in an ASE apparatus (ASE 200; Dionex,
Sunnyvale, CA, USA). Conditions were: 10 min
static mode, 1000 p.s.i. pressure, 90% flush volume,
200 s N, purge. All of the three static extraction
volumes were combined, evaporated to 4 ml and
transferred to a ¢  solid-phase extraction (SPE)
cartridge (500 mg, 6 ml; Baker) previously con-
ditioned with 6 ml acetonitrile. As the sample was
loaded, the clean extract started to be collected; the
tube that had contained the samples was rinsed with
3X1 ml acetonitrile, which was also loaded to the
cartridge. Elution was completed with 6 ml acetoni-
trile. This extract was reduced to 2 ml through
nitrogen evaporation. A 1-ml portion was used for
LC—FI analysis after evaporating the acetonitrile to
near dryness and exchanging the solvent to 1 ml
hexane. The other 1-ml portion was used for LC—

Carp, lake trout and walleye fish samples were
collected from various sites throughout the Great
Lakes area in 1998 and 1999. They were captured by
electro-shocking, held briefly for biological process-
ing (e.g., blood sampling, health examination, etc.),
ground and stored2@tC until analysis. The
extraction was based on a method developed and
validated in the labodfat®fy Briefly, the fish
sample, after being thawed, was mixed with Na SO
in a 1:4 ratio. The mixture was dried overnight in a
desiccator before being ground in a mortar. A total
of 35 g mixture (7 g fish and 28 g Na SO ) were
packed in an ASE cell and accelerated solvent-
extracted with DCM using the program described
above for the osprey eggs. The extract was evapo-
rated and the solvent exchanged to 7 ml hexane;
from which 0.5 ml was transferred to a tared
weighing pan. After 2 h under the hood, the differ-
ence in mass was measured to calculate lipid content.
Lipid determination was performed only when using
DCM as extraction solvent. Extract cleanup was
accomplished using three aminopropyl cartridges
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(500 mg, 3 ml; Supelco, Bellefonte, PA, USA) as
follows: (i) conditioning: 33 ml acetone, 3 ml
DCM and 3x3 ml hexane; (ii) sample loading:
extract split into three portions and each loaded to a
different cartridge; (iii) rinsing: 4 ml hexane; (iv)
elution: 7 ml hexane—isopropanol (90:10, v/v). The
collected fractions were pooled together and concen-
trated to 4 ml hexane. The extract was then ready for
LC—FI analysis. This protocol was modified for carp
samples: total amount of sample was 30 g of a
fish—Na, SQ (1:5) mixture; acetonitrile was used
instead of DCM for ASE. The solvent was evapo-

rated to near dryness and exchanged to 5 ml hexane.

Only two aminopropy! cartridges were used for the
cleanup, and the final volume of the hexane extract
was 2.8 ml for LC-FI.

LC-MS—-MS analysis required a supplementary
cleanup step. Part of the hexane extract (equivalent
to 1.5 g of fish) was evaporated to remove the
hexane and exchanged to 2 ml MeOH. The cleanup

workstation. LC (i25njection) was performed on
a pm aminopropylsilica column (Hypersil APS;
Agilent, Wilmington, DE, USA) 100 x#h6 mm

I.D., atC23with a hexane (A)—isopropanol (B)

gradig2f7] from 98% A (hold, 4 min) to 91% A in

5 min (hold, 5 min). The percentage of A was then
taken to 50% in 2 min, held for 1 min, and taken
back to the initial conditions in 2 min, where it was

allowed to stabilize for 17 min. The flow-rate was 1
ml/min. An aminopropysilica guard column<4 mm

3.0 mm 1.D. (Phenomenex, Torrance, CA, USA) was

used. Fluorescence detection wavelengths were 230

nm excitation and 300 nm emission. External stan-
dard calibration was performed using five calibration
points prepared in matrix; concentrations were 40 to

260 ng/ml for NP and NP1EO; 70 to 280 ng/ml for

NP2EO and 95 to 380 ng/ml for NP3EO, NP4EO
and NP5EO. Checkpoints were injected every five or
six samples.

was similar to that for the osprey egg using g,C 2.5. LC-MS-MS analysis

cartridge: conditioned with 6 ml MeOH; sample
loaded while clean MeOH extract started to be
collected; each tube rinsed withx3 ml solvent.

Sample elution was completed with 6 ml MeOH.
The extract was evaporated and filtered for par-

The alkylphenols (NP/OP and NP-/OP-ethox-

ylates) were separated by combined reversed-phase
and size-exclusion separgijnand quantitated

using MS—MS detection. The LC instrument was a

ticulate removal through a hydrophilic PVDF mem-
brane (0.2am 25-mm Acrodisc LC PVDF; Pall
Gelman Lab.) The filter was rinsed twice with
MeOH at the end, and the final volume was brought
to 1.5 ml in 100% MeOH. Keeping the extract in
100% MeOH produced a completely clear and
colorless extract. In MeOH—-water, some components
would not fully solubilize and stay on the PVDF
filter even after rinsing it with MeOH. The use of
pure MeOH [20,22] or acetonitrile [16,21] rather
than a MeOH-water mixture is consistent with other
studies based on reversed-phase analysis of APEs in
fish extracts. Internal standards were added as de-
scribed above.

Waters 2690 Alliance separations module coupled to
a triple quadrupole mass spectrometer (Quattro LC;
Micromass, Manchester, UK) with an electrospray
interface (Z-spray source). Ll {df@ction) was
performed using an MSpak GF-310 4D column, 150
rn6 mm 1.D. (Shodex, Shoko, Tokyo, Japan) at
°@GWvith an MeOH-buffer (MeOH-10 M am-
monium acetate, 50:50) gradient. MeOH was in-
creased from 50 to 95% in 20 min (hold, 8 min),
then to 100% for 5 min, and finally brought back to
50%. Rinsing the column in 100% MeOH eliminated
components that were insoluble in the MeOH—-water
phase. A size-exclusion guard colump34 mm
mm |.D. (GFC-2000; Phenomenex), was used and
was replaced after about 60 sample injections. Sam-
ples were maintained at T&. The flow-rate was
0.2 ml/min and was entirely directed into the LC—
MS—-MS interface.

2.4. LC—fluorescence analysis

NP and NP-ethoxylates were analyzed using nor-

mal-phase LC-Fl. The instrument was a Waters
(Milford, MA, USA) LC system consisting of a 616

pump, a 600S controller, a 717 Plus autosampler, a
474 scanning fluorescence detector and a Millenium

Both quadrupoles were tuned using a poly-

propylene glycol standard in MeOH. Operating

parameters of the electrospray interface were opti-
mized in real conditions (standards introduced by
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infusion pump coupled with an LC pump delivering
0.2 ml/min of MeOH-buffer, 50:50). All ethox-
ylates were detected in the positive ionization mode
whereas both OP and NP were detected in the
negative ionization mode. The method and frag-
mentation patterns are described elsewhf24].
Briefly, the main parameters were: source tempera-
ture, 140°C; desolvation temperature, 400;
nebulisation gas (N ), 80 I/h; desolvation gas,(N ),
600 I/h; capillary voltage, 3.5 kV in the positive
mode, —2.9 kV in the negative mode. Higher
capillary voltages (4.5 kV) in positive electrospray
ionization (ESK) enhanced sensitivity for NP1EO

and OP1EO but also created an electric arc between

the tip of the capillary and the sampling cone,
causing ionization problems. Analyses were per-
formed using MS-MS in the multiple reaction
monitoring mode. Specific parent ions were M
NH,]" for APEs and [M—-H] for APs. Analyte
concentrations were calculated by the internal stan-
dard method usingf € JNFEOs =0 to 4) as
internal standards. Six calibration points were pre-
pared in MeOH-water (50:50): 20 to 700 ng/ml for
NP, OP, NP1EO and OP1EO and 6 to 200 ng/ml for
the rest. Peak integration and quantitation were
performed automatically using MassLynx 3.5 (Mi-
cromass).

3. Results and discussion
3.1. Method development and validation

3.1.1. Osprey egg extraction
Due to the limited availability of osprey eggs, the

method development presented in this section was

done both with osprey and chicken eggs as matrix.
The only method for NP in egg found in the
literature [23] involves steam distillation extraction,
which requires large amounts of sample and sol-
vents, and long extraction times. For this work, ASE
was chosen for extraction because of its rapidity, its
convenience and low consumption of solvents. DCM
and acetonitrile were tested as extraction solvents,
the latter producing much cleaner extracts with good
recoveries for all APEs. Two cleanup procedures
were initially tested?28,29]: phase partitioning with
water at pH 3 or 8 in presence of NaCl, which

29

resulted in low cleanup efficiency and was time

consuming; and normal-phase cleanup with alumina-
neutral and aminopropy! cartridges, but yolk com-
ponents coeluted with the compounds of interest.

Finally, octadecyl cle@B@p1] using acetonitrile

yielded good results; the solid-phase adsorbent re-
tained the interferences (oils and pigment) but not
the analytes, which eluted slowly through the car-
tridge with the acetonitrile. It was found that reduc-
tion of the extracts to 4 ml prior to introduction to
the cartridge was the optimum volume for this stage.

Lower volumes led to precipitation of the extracts

resulting in lower recoveries and higher volumes
caused interferences to break through the cartridges

A 6-ml elution volume proved to be optimal for
achieving good recoveries but caused breakthrough

of the egg interferences in 3-ml cartridges; therefore

6-ml cartridges were used.
The entire procedure was validated with both LC—
Fl for NP and NPEOs and LC-MS—MS for all APEs
Table 1. Recoveries were validated under repro-
ducibility conditions, performing the analysis on
different days, and at two different concentrations for
injections by LC—MS—MS. Both chicken and osprey
egg spikes were tested. Recoveries were above 80%
for most compounds, and even the lowest recovery
(74%, OP1EO) was within US Environmental
Protection Agency (EPA) criteria, where recoveries
are considered acceptable between 70 and 130%
[32]. The method was reproducible for all com-
pounds with RSDs18%, except 29% for OP2EO
with LC—MS—-MS detection. LC—FI calibration
curves were linear over the calibration range with all
correlation coefficientr] values greater than 0.996.

All checkpoint injections showed that the quantita-
tion was accurate along the run. Procedural blanks
analyzed by fluorescence showed no interferences

except for NP at a level of 6 ng/g, which is below

the MQL. LC-MS—-MS quantitation was linear over
the calibration rarg@.998). Procedural blanks
showed residual peaks for most compounds, espe-
cially for NP with a concentration of 8 ng/g. These
residual peaks originated from the column itself and

also from the analytical procedure for NP, despite all

the precautions taken to avoid it. None of the sample
results were blank corrected. The LC-—MS-MS

method was more sensitive for all compounds, as
indicated by lower MQL values. LC-MS-MS qual-
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Table 1
Method validation for egg samples, analyzed by LC-MS—-MS and LC—FI
Component LC-MS-MS LC-FI
Spike* Recovery (%) MQL Spike** Recovery (%) MQL Check point
(ng/g) (RSD, %) (ng/g) (ng/g) (RSD, %) (ng/g) (%)
NP 40-62 97 (15) 12 40 92 (13) 16 85
NP1EO 40-64 75 (11) 12 40 86 (14) 16 96
NP2EO 19-70 84 (15) 4 70 83 (11) 28 102
NP3EO 19-95 82 (14) 4 95 88 (14) 38 98
NP4EO 19-95 80 (18) 4 95 80 (10) 38 103
NP5EO 19-95 91 (17) 4 95 77 (17) 38 76
OoP 63 78 (11) 12
OP1EO 62 74 (10) 12
OP2EO 19 83 (29) 4
OP3EO 20 82 (16) 4
OP4EO 21 94 (9) 4
OP5EO 19 95 (9) 4

* n=13 different samples (seven in common with the LC—fluorescence validation).
** n=11 different samples.

ity control parameters were similar or better than
LC—Fl. Tandem mass spectrometry provides high
specificity for identification, which makes it a prefer-
able method to determine APEs in osprey eggs,

and improving performance of the LC column which
was important to maintain good peak resolution

(chromatogram Hig. 1). This supplementary
cleanup was validated by spiking fish extracts after

especially at low levels. the aminopropyl cleanup step. Recoveries were

evaluated under reproducibility conditions, perform-
ing the tests on different days, with carp and walleye
extracts, and at a concentration in the middle of the
calibration range. Results were satisfactory with
most recoveries above 80% and<RSWS(Table

3.1.2. Supplementary cleanup for fish extracts

The cleanup method originally used in our labora-
tory for fish sample$13] was validated and applied
routinely to several batches of fish. This amino-
propyl-based cleanup method eliminated approxi- 2).

mately 80% of the lipids and other interferences
from the extracts, which could be then analyzed by
LC—FI. Although this procedure was adequate for
LC—FI, the remaining coextractants interfered with
the LC-MS—MS determination, and an additional
cleanup had to be developed to perform routine
analysis.

A normal-phase cleanup, using Florisil SPE cou-
pled to hexane—acetonitrile partitioning, based on
published method$16,20,33], was tested to elimi-
nate the remaining lipids but failed to produce a
cleaner extract, apparently because the lipids have
similar physical-chemical properties to the higher
ethoxylates and coeluted with them. A reversed-
phase cleanup based on thg;C procedure for eggs
was implemented to further purify the extracts. This
step provided adequate results, helping to remove
material insoluble in the LC—MS—MS mobile phase,

The original procedure that was validated with
lake trout had to be adapted for carp samples due to
low NP recovery results (44%) and poor repro-
ducibility (RS5Y%,n=22). In contrast, lake trout
processed simultaneously showed satisfactory results
(96% recovery,#28P,n=11); while recoveries

for all the ethoxylates were acceptable for both types

of fish. Several tests performed to identify the cause
of this problem suggested that they were due to the

nature of the fish and not to the analytical method.

An optimized protocol using acetonitrile as extrac-
tion solvent and a longer (overnight instead of 2 h)
drying step prior to the ASE was found to yield
acceptable recoveries (above 74%) for carp samples.
The method was reproducible witht1B%DSs
except for NP1EO that was 29%. Standard curves
were linear over the range studie®96).
Procedural blanks contained low residual contamina-
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Fig. 1. LC-MS—MS chromatogram in the positive ionization
mode for one walleye fish.

tion with NP at an average level of 19 ng/g. The
method had similar MQLs for NP and NP1EO to
LC—FI and was more sensitive for the higher ethoxy-
lates.

3.1.3. LC-MS-MS

One difficulty for the analysis of biota samples by
LC-MS—-MS arises from the nature of the extract
and its compatibility with the MS interface, in
comparison to water and sediment matrices. The
extracts were discovered to contain impurities, as
lipids, that caused varying amounts of matrix inter-

31

ference in the MS interface. To attempt to correct for
these interferences, both ESI and APCI sources were
investigated for the LC—MS—MS analys|84,35].
From the two, ESI was the most sensitive to the
compounds of interest, especially for OP and NP
(100 times). Sensitivity was similar for OP1EO and
NP1EO (two times) and higher for NP2EO (15
times). Because sensitivity was one of the most
important criteria for this study, ESI was used
despite the fact that it is more susceptible to matrix-
induced ionization suppression effecf86]. Two
types of compounds were tested as internal stan-
dards: NPs with linear nonyl chaing-NP andn-
NP3EO) and*® ¢ -labeled branched-chain nonyl-
phenols (* G -NP in negative mode antf ,C -
NP(1.4)EO in the positive mod§26,37]. By spiking
samples prior to injection, it was observed that
matrix suppression was more important NP and
n-NP3EO than for the targeted analytes, resulting in
overestimated results if these are used as internal
standards. The main reason might be tha&iP and
n-NP3EO elute at different times than the corre-
sponding NP and NP3EO, and therefore are subject-
ed to different interferences coeluting from the
column. For examplen-NP elutes 1.5 min after NP

at a higher MeOH concentration (95 vs. 91%), where
non-soluble interferences might also be eluting from
the column, inducing more important matrix effects.
In contrast, theé® ¢ internal standards have the same
structure and fragmentation patterns (see for example
*C,-NP’s mass spectrum ifig. 2) as the NP$24];
they coelute with the respective NPs and allow
compensation for the matrix suppression effect,
which results in more accurate quantitation of sam-
ples.

Table 3illustrates the different matrix suppression
effects on all the internal standards. It shows the
important differences betweli® and ** G -NP;

n-NP’s signal intensity in matrix extracts was only

20% of the intensity in mobile phase solvent, com-

pared to 42% for® ¢ -NP. Apparently, egg extracts

cause less ionization suppression (maximum 17%,

3 . C -NP3EO) than fish samples, which produce
signal suppression up to 36% in E§'C6-

NP1EO) and 58% in ES(*°C,-NP). Variation

among fish samples (37%) is usually more important
than among egg (15%). Egg extracts can be injected
without affecting the sensitivity of the instrument
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Table 2
Validation of supplementary cleanup for fish samples (analyzed by LC-MS-MS)
Component With cleanup only With whole carp protocol
Spike* Recovery (%) Spike** Recovery (%) MQL
(ng/ml) (RSD, %) (ng/g) (RSD, %) (ng/qg)
NP 205 76 (19) 150 77 (5) 22
NP1EO 214 83 (14) 157 96 (29) 20
NP2EO 64 83 (26) 47 78 (10) 6
NP3EO 64 84 (21) 47 74 (12) 6
NP4EO 63 82 (10) 46 74 (11) 6
NP5EO 67 90 (7) 49 88 (13) 6
OoP 210 83 (8) 154 83 (2) 20
OP1EO 208 84 (9) 153 76 (6) 20
OP2EO 65 86 (13) 48 114 (22) 6
OP3EO 67 100 (18) 49 86 (14) 6
OP4EO 69 88 (9) 51 88 (7) 6
OP5EO 64 93 (15) 47 112 (5) 6

* n=8 different carp and walleye samples.
** n=5 different carp samples.

over the run, whereas fish samples result in a gradual

100+
139 o loss of sensitivity; in spite of this, quantitation
/ < > remains accurate thanks to tHé . C internal stan-
6
dards. Up to 80 samples, including 50 fish and 30
eggs, have been successfully analyzed in the LC—
> MS—MS maintaining good performance (linearity
g and sensitivity). Therefore, this method can be used
E % routinely to analyze large numbers of samples.
2
k]
& 3.2. Application
153 [M-HJ 3.2.1. Application to osprey eggs from the
125 fu 166 225 Chesapeake Bay area
o : e All the eggs (P1, P2, and S1 to S4) were analyzed
iz by both the LC-FI and the LC-MS-MS method.
_ . _ Lipid concentrations in these sampl§8] ranged
Fig. 2. MS-MS spectrum of® € -NP's [M-H] iomn/z 225. from 2.8% for S3 to 8.3% for S1 with an average of
Table 3
Evaluation of ionization suppression for fish and egg matrices
Matrix n-NP  *°C,-NP G -NP1EO *° ¢ -NP2EO n-NP3EO  *°C,-NP3EO ¢ -NP4EO
Fish  Signal intensity (%) 20 42 64 66 60 84 100
RSD’ (%) 39 37 31 29 20 22 19
Egg Signalintensity (%) 89 93 89 88 80 83 88
RSD’ (%) 27 9 13 12 17 15 11

#100%=intensity of the standard prepared in mobile phase.
® variation of ion current in the sample matrix along the sequence.
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OLCMS/MS
| WHPLC-F

=== MQL LC/MS/MS
— MQL HPLC-F

nglg wet weight

P1 P2 S1 S2 S3 S4

Fig. 3. Nonylphenol in osprey eggs from the Chesapeake Bay
area. Samples P (1&2) were collected from the middle Potomac
River Area and S (1-4) from the reference site near Annapolis,
MD (South and West River).

4.9%. From all the compounds analyzed, only NP
was detected at concentrations above the M®ig.(

3). Results were similar for samples P1 and S3 by
both methods. In samples P2, S1 and S2, NP was
detected by both methods, but could be quantified by
LC-MS—-MS only because of the low levels present
(13-18 ng/g). Sample S4 is a good example of the
limitation of LC-Fl versus LC-MS-MS at low
analyte levels in complex matrices. NP was detected
by LC—FI at a relatively high concentration but this
was a false positive value. Fluorescence identifica-
tion, based on retention time matched to known
standards is not specific enough for samples con-
taining impurities, even with the selective extraction
method and extensive cleanup applied. Thus, for the
analysis of compounds present in complex matrices
and concentrations near the method detection limits,
it is better to rely on a more selective identification
tool such as MS—MS. Compared to historic and
contemporary concentrations of bioaccumulative
organochlorine pesticides and polychlorinated bi-
phenyls (PCBs) in bird eggs, levels of NP, OP and
their ethoxylates in these osprey eggs are quite low.
These findings suggest that there is no transfer of
these compounds from the osprey to eggs, but a
more complete study, including the analysis of fish
and the osprey itself, would be necessary to evaluate
this fully. There are no other data available for
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et al. [23] reported a concentration of 1.5 ng/g for
NP in chicken eggs. Levels in chicken egg analyzed
during our method development were around 7 ng/g,
similar to levels found in procedural blanks (6—8

ng/qQ).

3.2.2. Application to fish samples from the Great
Lakes area

Six predatory fish (walleye), collected in 1998
from the Mississipi River, near St. Paul, MN, USA,
were extracted using the DCM ASE method, and
then analyzed by LC-FlI and LC-MS-MS. The
average lipid content was 83.4% (SD). These
samples (results ifig. 4) were highly contaminated
with an average of total APEs of 4.2g/g, with
NP2EO being the most abundant at 2.4/9. The
sampling site was located in the outfall channel of
the St. Paul Metropolitan wastewater treatment plant,
which would explain the high levels of APEs. No OP

was measured above the MQL (20 ng/g), and total

OPs represented 3% of the total NPs. This per-

centage is lower than that expected from the use

trend of OPs versus NPs (1$2208%)Average
MS values for the six samples were slightly lower

(73 to 90%) than the average fluorescence values for
the NPs, suggesting a good correlation between the

two methods. No false positives were observed by

LC—FI for these fish at these high concentrations. A

4000 1

| OLCMSMS
3500 W HPLCF
3000
£ 2500
£
% 2000 A
S
5 1500 x10
c
1000 A
500 ﬂ ’l‘
0 SN R .
R o o] o o (o} o o) o)
S & E g F
L K & & & S

Fig. 4. Comparison of APE concentrations in six walleye fish

from Mississipi River, MN, obtained by LC—MS-MS and LC—FI

(concentrations were multiplied by 10 from NP4EO to OP3EO;

field-collected eggs to compare with ours. Guenther the standard error of the mean is indicated as error bars).
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7000 A
Hammond Bay (n=12)
6000 -
O Lower Detroit River (n=7)
50007 B Upper Detroit River (n=6)
E
'g 4000 A B North Branch Chicago River (n=6)
?
3 ]
o 3000
=)
= x10
2000 -
1000 - f f I
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NP NP1EO NP2EO NP3EO NP4EO NP5EO OP1EO OP2EO

Fig. 5. APE concentrations in carp from the Great Lakes ameis (he number of samples; concentrations were multiplied by 10 from
NP3EO to OP2EOQ; the standard error of the mean is indicated as error bars).

possible explanation for the higher LC—FI values 4. Conclusions
could be the coelution of OPs with the corresponding

NPs. We observed that adding OPs to NP standards New methods have been developed and validatec
in concentrations representing 5 and 10% of the NPs for quantitation of individual alkylphenols and alkyl-
resulted in 10 and 25% overestimation of the NPs phenolethoxylates in egg and fish matrices. These
concentration. methods could be extended to other biological
Carp samples from various effluent dominated matrices using ASE followed by an adapted solid-
waterways were extracted using acetonitrile ASE and phase cleanup. LC-MS-MS brings the high sen-
analyzed by LC—MS—-MS only (results iRig. 5). sitivity and specificity required to determine these
Carp lipid concentrations were around 20% in North analytes in complex biological matrices and an
Branch Chicago River, IL, USA, and around 14% in accurate quantitation with the use of the appropriate
upper Detroit River, MI, USA. The most contami- ** C-internal standards. The methods have been
nated site was North Branch Chicago River, located routinely applied in the laboratory to conduct studies
near the North Side sewage treatment plant for the on bioaccumulation of APEs in biota. Additional
district of Greater Chicago (capacity around 1300 data are provided for osprey egg, carp and walleye
million liters per day). Total APEs were 8,29/4, contamination in the USA, especially regarding the
among the highest concentrations found in the USA. higher ethoxylates and the OPs. These data have to
Samples from Detroit River presented lower APEs be correlated to biological markers, such as vit-
concentrations of most compounds. In contrast to ellogenin levels, to evaluate the influence of APEs in
walleye, the most abundant homologues in carp were fish. As for the osprey, a more complete study would
NP (Chicago River) or NP1EO (Detroit River). Total have to be pursued to evaluate whether food chain
OPs in carp occurred also in lower than expected buildup exists or not for APEs in osprey species.

amounts (2 to 8% of the total NPs). Carp from the

control site (Hammond Bay, MI, USA) showed

residual levels of OP and OP1EO, which was Acknowledgements
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