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Abstract

A rapid method has been developed for the determination of 4-nitrophenol (PNP) (parathion and methyl-parathion metabolite) and
3-methyl-4-nitrophenol (3-Me-PNP) (fenitrothion metabolite) in human urine by coupled-column liquid chromatography combined with
tandem mass spectrometry (LC-LC-MS/MS). The LC-LC-MS/MS approach allows the determination at sub-ppb level of free metabo-
lites by injecting the urine directly into the system and the total metabolites after a simple enzymatic hydrolysis. The method has been
validated, obtaining limits of detection of 0.1 and Q.@/L for 4-nitrophenol and 3-methyl-4-nitrophenol, respectively. Additionally, a
multi-residue LC-MS/MS method is proposed in order to evaluate the levels of other parathion and methyl parathion metabolites. This
approach allows the simultaneous determination of dimethyl phosphate (DMP), dimethyl thiophosphate (DMTP), 4-nitrophenolsulphate and
4-nitrophenolglucuronide without tedious sample treatments. The applicability of both methods is demonstrated by applying them to various
urine samples from an unexposed population and a grower who applied methyl parathion. The combination of both methods allows a general
overview on the presence of different metabolites (free and conjugated) and the concentration ratios between them, giving useful information
on organophosphorus pesticides metabolism and excretion.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction methyl-4-nitrophenyl) phosphorothioate] are organophos-
phorus (OPs) insecticides that are toxic to mammals. The
Exposure to hazardous chemicals is a concern to the genmajor toxic effect of OPs is the inhibition of esterases
eral population, and public health institutes are frequently including acetylcholinesterase (ChE). For this reason,
asked to evaluate a community’s or individual’s risk of de- biological monitoring based on the inhibition of ChE has
veloping health problems from potential exposure to chem- been used for many years to evaluate exposure in people
ical contaminants in the environment. To assess risk, oneapplying pesticide§].
needs to estimate the exposure. Measurements of environ- After exposure and subsequent bodily absorption these
mental contaminants in air, water or soil can provide such pesticides are rapidly metabolisedrid. 1). The main
estimates, but a better way to measure an individual's ex- metabolites for these compounds are alkyl phosphates,
posure to these contaminants is to directly determine thosesuch as dimethyl thiophosphate (DMTP) and dimethyl
chemicals or their metabolites in body tissues or fluids, a phosphate (DMP), and other more specific compounds,
technique sometimes called biological monitor[ag3]. such as 4-nitrophenol (PNP) or 3-methyl-4-nitrophenol
Parathion Q,0O-diethyl O-(4-nitrophenyl) phosphoroth-  (3-Me-PNP), as well as the relative glucuronides and sul-
ioate], methyl-parathion@,0-dimethyl O-(4-nitrophenyl) phates. The urinary dialkyl(thio)phosphates have been
phosphorothioate] and fenitrothiorOJO-dimethyl O-(3- analyzed to reveal exposures to various Q8s3], how-
ever, alkyl phosphates are less specific as they are potential
msponding author. Tel:34 964 728100; fax:-34 964 728066. metabolites of most of the OPs. Thereforg, the determination
E-mail address herandf@exp.uji.es (F. Heindez). of alkyl phosphates gives global information about exposure

1570-0232/$ — see front matter © 2004 Elsevier B.V. All rights reserved.
doi:10.1016/j.jchromb.2004.05.019



230 F. Hernandez et al. / J. Chromatogr. B 808 (2004) 229-239

to OPs compounds, but is rarely used to follow the exposure high performance liquid chromatography (HPLC) has been
to an unique compound. The determination of PNP is more used, rendering faster and simpler methdd6,14,15]
selective than that of alkylphosphates as it is released afterMore recently, LC-MS/MS methods have been developed
exposure to only a few OPs (parathion, methyl parathion, [16,17]in order to determine pesticide metabolites in urine
and EPN). However, its appearance in urine could also bewith the inherent advantages of this powerful technique
due to the exposure to a variety of industrial chemicals such (high sensitivity and selectivity, short analysis time), and
as 4-aminophenol or PNP itself. In spite of these limitations, that allowed reducing sample treatment. Recently, two
the urinary concentration of PNP and 3-Me-PNP could be LC-MS/MS methods have been publish¢ti8,19] for
monitored to show exposures to parathion and fenitrothion, the determination of PNP in hydrolyzed urine. The first
respectively{9-11]. These phenolic groups are excreted in method allowed determination of concentration levels of
urine as conjugates with glucuronic acid or sulphuric acid 25ug/L and used liquid—liquid extraction as the sample
producing the corresponding glucuronides and sulphatestreatment. The second method, used off-line solid-phase
(Fig. 1). The release of nitrophenol from its conjugate forms extraction and lowered the limit of detection to @.4/L

is carried out by previous enzymatic hydrolysis. for PNP.

Determination of urinary nitrophenols (free or conju- Regarding direct determination of conjugates in urine,
gated) has been accomplished mainly by gas chromatograthe lack of glucuronide and sulphate-bound standards and
phy (GC) coupled either with an electron capture detector the need for more sensitive and accurate measurements
[9,12] or coupled to mass spectrometry (MB)3]. Both made their determination more difficult. However, a few
approaches require an extensive sample preparation, in-applications have been described for conjugate metabo-
volving formation of volatile derivatives, cleanup and lites of xenobiotics, such as morphine or naphthalene, in
sample concentration. When using GC-MS, the cleanup non-hydrolysed urine based on solid phase extraction fol-
requirements are slightly simpler but the prederivatiza- lowed by LC-MS/MS[20,21]
tion steps are still necessary. To overcome this drawback,
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Fig. 1. Metabolism of methyl parathion #Rl) and fenitrothion (RCHs).
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One of the main analytical challenges in the trace level Standard stock as well as labelled internal standard (IS)
analysis of biological samples is the correct quantification solutions were prepared by dissolving 25 mg of the analyte
of analytes as a consequence of suppression or enhancen 50 mL of HPLC grade acetonitrile obtaining a final con-
ment of the ionisation process in the electrospray interface centration of 50Qug/mL. For the LC-LC analysis, the stock
(ESI) [22,23] as this leads to unacceptable errors. Differ- solutions were diluted and mixed with LC-grade water.
ent strategies can be followed to overcome this problem,
mainly the use of adequate (isotope labelled) internal stan-2 2 | iquid chromatography
dard (if available) the dilution of sample (or extract), or

calibration in matrix. In a previous pap¢24], we proved The triple quadrupole mass spectrometer was interfaced to
that coupled-column liquid chromatography (LC-LC) was an HPLC system based on a 233XL autosampler with a loop
an efficient way to remove matrix interferences without any of 20uL (Gilson, Villiers-le-Bel, France) and two pumps:
dilution; thus the combination of LC-LC with MS-MS al-  an Agilent 1100 (Agilent, Waldbron, Germany) binary pump
lows the direct analysis of urine samples with excellent ang a Waters Alliance 2690 (Waters, Milford, MA, USA)
analytical characteristics. This has also been confirmed inquaternary pump. The LC-LC set-up is showrFig. 2
the LC-LC-MS/MS determination of chlorpyrifos metabo- In the determination of PNP and 3-Me-PNP, the LC-LC
Iite, 3,4,6-trich|0r0-2-pyl’idin0| in human serum and urine Separation was performed using a Discovery CM
(171 ~ 50mmx 2.1 mm (Supelco Bellfonte, PA, USA) as first sep-
In this paper, we make use of the hyphenated techniquearation column (C-1), with a mobile phase consisting of
LC-LC—(ESI)-MS-MS for the direct determination of the acetonitrile—0.01% HCOOH in water (M-1) at a flow rate of
free OP’s metabolites PNP and 3-Me-PNP in human urine 200,.L/min. The second column (C-2) was an ABZ p.m,
at sub-ppb levels. Additionally, a LC-MS/MS method is de- 100 mmx 2.1 mm (Supelco) with a mobile phase consisting
VelODEd for the simultaneous determination of other metabo- of acetonitrile—water (M_Z) at a flow rate of Zom_/m”']
lites as DMP, DMTP, PNP-sulphate and PNP-glucuronide  petermination of conjugates and alkyl phosphates was
in order to have a wider overview of human exposition t0 carried out by using a Kromasil C18 100 mm2.1 mm
fenitrothion, parathion and methyl parathion. To our knowl- (Sharlab, Barcelona, Spain), as the only chromatographic

edge this is the first LC-MS/MS method proposed for the column with a mobile phase consisting of 0.01% HCOOH
direct and simultaneous determination of methyl parathion j, methanol-water at a flow rate of 3p@/min.

conjugates and alkyl phosphates. The analytical methodol-
ogy developed has been applied to urine samples coIIected2 3. Mass spectrometry
from exposed and unexposed volunteers. e

A Quattro LC (quadrupole—hexapole—quadrupole) mass
spectrometer with a orthogonal Z-spray—electrospray inter-
face (Micromass, Manchester, UK) was used. Drying gas as
well as nebulising gas was nitrogen generated from pressur-
ized air in a NG-7 nitrogen generator (Aquilo, Etten-Leur,
NL). The nebuliser gas flow was set to approximately 80 L/h
and the desolvation gas flow to 800-900 L/h. Infusion ex-
periments were performed using a Model 11 single syringe
pump (Harvard, Holliston USA), directly connected to the
interface.

For operation in the MS/MS mode, collision gas was Ar-

on 99.995% (Carburos Metalicos, Valencia, Spain) with a
pressure of Ix 103 mbar in the collision cell. Capillary

2. Experimental
2.1. Reagents and chemicals

PNP and 3-Me-PNP reference standards were pur-
chased from Sigma (St. Louis, MO). 4-Nitrophena}-D
(D4-PNP) was used as labelled internal standard, and was
purchased from Cambridge Isotope Laboratories (Andover,
MA). The conjugates 4-nitrophen@-p-glucuronide and
4-nitrophenolsulphate along with the enzynfies-glucuro-
nidase and sulphatase were purchased from Sigma. DM
and DMTP were synthesized as previously repof@drom
dimethyl chlorothiophosphate (DMCITP) and dimethyl
chlorophosphate (DMCIP) purchased from Aldrich (Mil-
waukee, WI, USA).

HPLC-grade acetonitrile was obtained from Scharlab M-
(Barcelona, Spain). LC-grade water was obtained by puri-
fying demineralized water in a Nanopure Il system (Barn- m-2| P2
stead Newton, MA, USA). Analytical grade formic acid
(HCOOH, content >98%) was bought from Fluka (Buchs, Fig. 2. HPLC set'-up for Foupled-column LC. As: sample injector with
Switzerland) and analytical grade hydrochloric acid (37%) izi‘c*r';t:go&%:;‘p’f'g‘?f_Ti?:t'ip?a;ieo‘;a';’;;umf '?gfat&r%p;rgg;ﬁ
was purchased from Merck (Darmstat, Germany). Tetra- . ,nn M-1 and M-2: mobile phases on C-1 and C-2, respectively:
buthylammonium acetate (TBA) was obtained from Sigma ms/MS: tandem mass spectrometer detector; PC: data system; W: waste.
(St. Louis, MI, USA). Conditions: Section 2.
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voltages of 3kV were used in negative ionization mode. The
interface temperature was set to 350 °C and the source tem-
perature to 120 °C. Optimized cone voltages, collision ener-
giesand SRM transitions are shown in Table 1. Dwell times
of 0.2 s/scan were chosen for al compounds except for DMP
(0.59/scan) due to the lower sensitivity of this analyte.

Masslynx NT v 3.5 (Micromass, Manchester, UK) soft-
ware was used to process the quantitative data obtained from
calibration standards and urine samples.

2.4. Sample procedure

Urine samples were collected from non-exposed healthy
volunteers and from a farmer who applied methyl parathion.
For the determination of free PNP and 3-Me-PNP, 50 pL
of a 1mg/L solution of labelled IS were added to 1 mL
of untreated urine. Then, 20l were directly injected
in the LC-LC-MS/MS system. For the determination of
free metabolites released from conjugates 1 mL urine was
buffered with 50 wL acetic acid/ammonium acetate (pH
5.5) and 50 L of labelled internal standard solution were
added. Then it was hydrolyzed overnight with 50 units of
B-p-glucuronidase/sulphatase at 37°C. Finaly, 20 wL of
the hydrolyzed mixture were injected in the LC—L C system.

Direct determination of conjugates and alkyl phosphates
was carried out taking 500 wL urine that was previously
diluted three-fold with 0.5% HCOOH solution, then,
adding 75l of TBA 500mM and injecting 50 wL in the
LC-MS/MS system.

2.5. LC-LC procedure

The mobile phase M-1 was acetonitrile-0.01% HCOOH
in water (25:75, v:v). Acetonitrile-water (65:35, v:v) was

Table 1
Mass spectrometry optimized parameters for the determination of analytes
and internal standards

Compound Type® Precursor  Cone Collision Product
ion (m/2) V) energy (€V) ion (m/2)

PNP Q 138 35 17 108

q 138 35 20 92
D4-PNP Q 142 35 17 112

q 142 35 20 96
3-Me-PNP Q 152 35 17 122

q 152 35 20 107
PNP-glucuronide Q 314 20 15 138

q 314 20 15 113
PNP-sulphate Q 218 20 15 138

q 218 20 35 108
DMP Q 125 30 25 79

q 125 30 20 63
DMTP Q 141 25 17 126

q 141 25 17 96

a Q: quantitative transition, g: confirmatory transition.

used as mobile phase M-2 (Fig. 2). Both mobile phases were
used at a flow of 200 pL/min.

A volume of 20 uL was injected onto C-1. After clean
up during 3min of M-1, C-1 was switched on-line with C-2
during 90s to transfer the fraction (300 wL) containing the
analytes (free PNP and 3-Me-PNP) to C-2.

2.6. Validation study

The precision (expressed as a relative standard deviation
in percentage) was evaluated, within day, by determining
the analytes in spiked samples at two different levels (n =
5 a each concentration level). The calibration curve was
obtained by analyzing standard solutionsin triplicate at eight
concentrations between 0 and 100 p.g/L.

Recoveries (quantified value/spiked value) were obtained
using three different urine samples each spiked at two con-
centration levels and processed as samples. These experi-
ments were performed in quintuplicate.

The limit of quantification (LOQ) was taken as the lowest
concentration level validated, for which adequate recoveries
(between 70 and 110%) and precision (R.S.D. < 15%) were
obtained for both transitions. The limit of detection (LOD),
defined as the lowest concentration that the analytical pro-
cess can reliably differentiate from background levels, was
estimated when the signal was three times the background
noise from the chromatograms at the lowest analyte concen-
tration assayed.

3. Results and discussion
3.1. MSoptimization

The full-scan mass spectra and the MS/MS spectra of
all analytes were obtained from infusion of 5wg/mL 50:50
acetonitrile:water solutions of each compound at a flow of
10 pL/min. The M S spectra of al analytes showed a strong
signal as[M — H]~ using electrospray interface. The PNP,
3-Me-PNP and D4-PNP MS/MS spectra showed the same
behavior asapreviously reported method [18], with an abun-
dant fragment ion optimised with collision energy of 17eV.
Thisis produced by the loss of NO, which is a characteristic
of nitrophenols derivatives. In order to obtain a confirmatory
transition, the collision energy wasincreased to 22 eV. Then,
a minor fragment due to the loss of NO» was obtained.

In relation to conjugates, the full-scan mass spectra of
4-nitrophenyl glucuronide and 4-nitropheny! sulfate showed
astrong signal as[M — H]~ aswell as other cone fragments.
The MS/M S glucuronide spectrum shows the fragmentation
of the conjugate in the aglycone (4-nitrophenol, m/z 138)
and in the glucuronidate (m/z 175). The loss of CO, and
H>0 from the glucuronic acid yielding the corresponding
fragment at m/z 113 [Glu-CO»-H,0O-H]~ can aso be seen.
These transitions can be used for confirmatory purposes. In
the case of the sulfate, the main fragmentation corresponded
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to the conversion to the aglycone (m/z 138), athough the
loss of NO from the aglycone (m/z 108) was also observed
when the collision energy was increased to 30€V.

Both the alkyl phosphates presented two important frag-
ments. In the case of DMTP (m/z = 141) they are due to the
loss of CH3 (m/z = 126) following by a loss of formalde-
hyde (m/z = 96). For DMP (m/z = 125), theloss of dimethyl
ether produces the fragment at m/z = 79 and the loss of
two methoxyls generates the other fragment observed (m/z
= 63).

Precursor and product ion, cone voltage and collision en-
ergies optimised for quantification and confirmation transi-
tions of metabolites and conjugates are shown in Table 1.

3.2. Free and total phenolic metabolites determination

In afirst approach, PNP and 3-Me-PNP were chosen as
biomarker of exposure to parathion and fenitrothion, re-
spectively. In a previous work [24], we showed that LC-LC
is a good approach for automated removal of interferences
after direct injection of human urine. The results dightly
improved by using D4-PNP aslabelled 1S, which was found
to be an appropriate IS for both analytes. In this way, the
determination of free metabolites was performed by di-
rectly injecting urine samples containing D4-PNP into the
LCLC-MS/MS system.

However, when we applied this LC-LC-MS/MS method
to hydrolyzed urine, poor recoveries were obtained (around
60%). These recoveries were corrected for PNP by using
the deuterated internal standard, but this correction was not
efficient in the case of 3-Me-PNP. These differences could
be explained by the hydrolysis process, as large amounts
of various hydroxy compounds can be released after hy-
drolysis (e.g. nitrophenols) inhibiting the ionisation of the
analytes and decreasing the recoveries. In order to avoid
this effect, an improvement of the chromatographic process
in the second column is necessary in order to enhance the
resol ution between analytes and co-transferred (from C-1 to
C-2) interferences and minimizing the potential suppression

effects in the electrospray source. After testing different
gradients and compositions, an isocratic mobile phase 35:65
(water:acetonitrile) was chosen as M-2 for the chromato-
graphic separation in C-2, as a compromise between speed
and good recoveries.

Finally, the selected LC—LC conditions were set at 75:25
0.01% HCOOH:acetonitrile mobile phase (M-1) and at
35:65 water:acetonitrile mobile phase (M-2). A low con-
centration of HCOOH in M-1 was mandatory in order to
enhance the clean up, as glucuronides present in urine elute
as unretained compounds in the Discovery column when a
small amount of acid is added into the mobile phase [17].
Under these conditions, PNP and 3-Me-PNP were cor-
rectly quantified in both direct and hydrolyzed urine using
calibration with standards in solvent.

Standard curves showed excellent linearity in the range
0.5-100 p.g/L for both compounds (r > 0.995, residuas <
15%) when either external or labelled internal standards
were used. Typical chromatograms for 1 ug/L standard so-
lutions and for urine samples (blank and spiked at 1 w.g/L)
are shown in Fig. 3, where the high sensitivity and selectiv-
ity can be observed. However, it was difficult to obtain areal
blank sample as most of non-exposed volunteers presented
small concentration levels of PNP, which was confirmed by
an additional transition. Under this situation, the spiked sam-
ples were blank subtracted in order to obtain the recovery
values. The LOD estimated from these chromatograms were
0.1 and 0.2 pg/L for PNP and 3-Me-PNP, respectively.

Precision and recoveries of the method are reported in
Table 2. In the table, it can be seen that the relative stan-
dard deviations were lower than 8% and recoveries were be-
tween 87 and 105% for the quantitative transition selected.
The LC-LC approach rendered an efficient clean up allow-
ing the correct quantitation of both metabolites in difficult
matrices as hydrolyzed human urine using external standard
calibration with aqueous solutions. In this way, the use of
expensive labelled internal standards (if available) is not re-
quired. Obviously, when we used D4-PNP in combination
with this effective cleanup step, the results were excellent as

Table 2
Validation study (n = 5) of the developed procedure for the determination of 4-nitrophenol and 3-methyl-4-nitrophenol in urine (three samples at two levels)
Urine 1 (polL) 50 (ng/L)
External calibration IS (D4-PNP) Externa calibration IS (D4-PNP)
Q? o Q q Q q Q q
PNP
1 89 (5)° 87 (7) 94 (4) 101 (5) 87 (5) 83 (7) 102 (3) 100 (2)
2 100 (6) 98 (6) 98 (3) 99 (4) 99 (2) 98 (4) 102 (3) 101 (3)
3 102 (5) 89 (5) 100 (4) 92 (3) 97 (4) 97 (2 103 (2) 104 (3)
3-Me-PNP
1 101 (6) 97 (12) 97 (3) 106 (10) 89 (5) 89 (6) 92 (5) 94 (5)
2 104 (4) 106 (9) 9 (4) 94 (9) 93 (2) 94 (5) 98 (2) 9 (4)
3 102 (4) 110 (13) 105 (2) 107 (7) 92 (3) 94 (3) 99 (3) 101 (3)

@ Q: quantitative transition, g: confirmatory transition.

b Percentage recovery and relative standard deviation in brackets.



234 F. Hernandez et al. / J. Chromatogr. B 808 (2004) 229-239

VALOO9 Sm (Mn, 3x2)  MRM of 6 Channels ES- VALOO1 Sm (Mn, 3x2)

MRM of 6 Channels ES- VALO013 Sm (Mn, 3x2)  MRM of 6 Channels ES-

— 152 > 107 _ 152 > 107 _ 152 > 107
100 680 1007 721 100 694
J Area 1 Area
1 | 6.15
%1 66(;8 3—MePNP(q) 9 | %1 80
1 ] 3.24 1
381 T T T T T ZQ’WM“H\“H 38 o
VALO009 Sm (Mn, 3x2)  MRM of 6 Channels ES- VALOO1 Sm (Mn, 3x2)  MRM of 6 Channels ES- VALO13 Sm (Mn, 3x2)  MRM of 6 Channels ES-
100+ 152 > 122 1001 152 > 122 100+ 152 > 122
J 2.62e3 ] 2.61e3 ] 6.15 2.68e3
6.12 Area 644 Area
581
i 3-Me-PNP ) i
%] Q %] %]
107HH\HH\‘f‘w“‘w“‘w”“ 107/\7\‘/‘\‘/\\‘\“‘\"‘/‘\/‘{\"7%7““\““ 117/\"'7"“’/_\/‘\‘“““‘\””\H‘w“‘w““
VALO09 Sm (Mn, 3x2)  MRM of 6 Channels ES- VALOO1 Sm (Mn, 3x2)  MRM of 6 Channels ES- VALO013 Sm (Mn, 3x2)  MRM of 6 Channels ES-
100+ 138 > 92 100+ 138 > 92 100+ 138 > 92
i 1.43e3 i 1.48e3 ] 1.46e3
Area Area Area
] ] 4.72
1 166
7% 4.69 PNP (q) %1 281 L 73
- 95 - 72 -
17 e e 15 e e e e e 19 T T T T
VAL0O09 Sm (Mn, 3x2)  MRM of 6 Channels ES- VALOO1 Sm (Mn, 3x2)  MRM of 6 Channels ES- VALO013 Sm (Mn, 3x2)  MRM of 6 Channels ES-
100+ 138 > 108 100+ 138 > 108 100+ 4.72 138 > 108
) 8.90e3 i 8.90e3 ) 2353 8.90e3
] 4.69 Area ] Area 4 Area
] 1269 ] 4.83 il
%o PNP (Q) %-| 973 %-]
4 e Time 5 b e Time 51 e Time
(A)0.00 5.00 10.00 (B)0.0o 5.00 10.00 (©)o.00 5.00 10.00

Fig. 3. LC-LC-MS/MS chromatograms for quantitative (Q) and confirmatory (q) transitions of PNP and 3-Me-PNP for (A) 1pg/L standards, (B) urine
“blank” sample and (C) urine spiked at 1 wg/L (peak annotation: top, retention time; bottom, area).

regard both precision (CV < 5%) and accuracy (92—-105%),
even in the case of 3-Me-PNP.

Information given in Fig. 3 and Table 2 shows that both
guantification and confirmation MS/MS transitions can be
detected at the lowest level assayed with satisfactory pre-
cision and accuracy. Therefore, 1 ng/L was established as
LOQ.

3.3. Conjugates and alkyl phosphates determination

The method devel oped above allowed the rapid and accu-
rate determination of free and the total phenolic metabolites
concentration (the sum of free metabolites and those re-
leased after hydrolysis) but did not show information about
other metabolites or conjugates of OPs selected. In order
to get this valuable information, a new approach was eval-
uated by determining directly the glucuronide and sulphate
conjugates as well as the alkyl phosphates related with the
parent compounds. Methyl-parathion was the pesticide cho-
sen as amodel compound, and therefore PNP-Glucuronide,
PNP-Sulphate, DMP and DMTP should be determined.

Regarding akylphosphates, in a previous work [8] we
developed a method for urine analysis using ion-pair for-
mation as an efficient way to obtain sufficient retention
using reverse phase material. In order to obtain adequate
chromatographic peaks, we were forced to add the ion-pair

reagent, TBA, a so to the sample. However, this high content
of TBA inhibited the M S response, avoiding the detection of
DMP Later, in a recent work [25] we developed a method
for the fungicide fosetyl, an alkylphosphonate. Enough re-
tention time, good peak shape and better sensitivity were
observed by pre-forming theion pair only in the sample vial
to be injected in the LC-MS system, avoiding the use of
TBA in the mobile phase. This last approach was selected
in the present paper in order to simultaneously determine
PNP-glucuronide, PNP-sulphate, DMTP and allowed us to
include DMP as well. Moreover, dilution of the sample and
addition of acid to both, the mobile phase and the sample
was advisable to obtain a correct peak shape. The optimized
method involved a three-fold dilution with water 0.5%
HCOOH and the addition of TBA (25mM in sample).
This method presented good linearity (r > 0.99, residu-
als < 30%) and adequate LOD for all anaytes. However,
the direct injection of urine samples spiked at concentration
levels between 10 and 50 pg/L, did not lead to satisfactory
recoveries, as can be seen in Table 3, due to the matrix ef-
fect of the urine components. The less retained compounds
showed signal suppression meanwhile the most retained ex-
hibited an increase in the response. In order to compensate
this effect, an average correction factor was calculated for
each metabolite (see Table 3), which allowed us to perform
the semiquantitative analysis of samples, obtaining valuable
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Table 3

235

Validation study (n = 3) of the developed procedure for the LC-MS/MS determination of methyl-parathion metabolites

Compound Urine 1 Urine 2 Urine 3 LOD (pgl/L) Correction factor?
DMTP 80 (5)2 104 (4) 116 (6) 5 1

DMP 53 (4) 37 (7) 78 (9) 20 1.8
PNP-glucuronide 53 (5) 50 (11) 53 (3) 10 19

PNP-sulphate 157 (5) 174 (1) 153 (3) 5 0.62

@ Percentage recovery and relative standard deviation in brackets.
b Obtained from the mean recoveries.

information about the ratio between different conjugated
forms.

3.4. Application to real samples

The LC-LC method developed in this paper was success-
fully applied to evaluate the exposure to methyl parathionin
a volunteer grower who applied this organophosphorus in-
secticide. Additionally, urine samples of a group of eleven
unexposed volunteers were also analysed. In order to ensure
the quality of the process several quality controls (QC) were
injected between samples; QCs consisted of urine samples
spiked with nitrophenol at two levels (1 and 50 g/L). Addi-
tionally, urine samples spiked with nitrophenol glucuronide
and sulphate were injected in order to check the yield of the
hydrolysis step. Results were accepted as all QCs recoveries
obtained were between 80 and 120%.

Urine samples from the grower were collected before and
after application of methyl parathion. As Fig. 4A shows, the
concentration of free PNP in the urine sample collected be-
fore application was very low (around 1 ng/L), and this con-
centration increased to 6.3 wg/L after application (Fig. 4C).
As regards the total phenol determination (i.e. after hydrol-
ysis of urine), the sample collected before application of
methyl parathion (Fig. 4B) presented a peak corresponding
to 8.5ng/L of PNP, which increased up to 81 pg/L after ex-
posure (Fig. 4D). The measured concentrations are in the

Table 4

range of other data reported previously for people who lived
in residences illegally sprayed with methyl-parathion [18]
but they are significantly lower (10-fold lower) than those
reported for occupational exposures [3]. The lower concen-
tration found in our work could be due to an improvement
in the protection used by the grower provoked by the in-
creased awareness of dangers about this subject in the last
decades.

In relation to unexposed population, around 80% of the
analyzed samples showed a small peak for PNP. We could
guantify 30% of them as they presented a concentration
higher than 1pg/L (maximum of 4ug/L). These results
agree with those reported by Hill et al. [2], who also found
concentrations above 1 wg/L in 41% of samples from unex-
posed people. They suggested that this low level might be
related to the ingestion of acetaminophen.

As regards 3-Me-PNP, it was detected in the grower’s
urine samples collected before and after application of
methyl-parathion although at low concentration levels. Only
one of the samples from unexposed population contained
3-Me-PNP, at a concentration close to the LOQ of the
method (1 p.g/L).

Additional information was obtained by application of the
multi-residua method to the urine samples of the grower and
selected unexposed people who presented the highest PNP
concentration. The results are summarized in Table 4, where
the free PNP was obtained by the L C—LC method applied to

Data obtained after analysis of urine samples from a grower before and after methyl-parathion application and from an unexposed volunteer by using

the analytical methodology developed in this paper

Compound Before application After application® Unexposed volunteer

o/l wM Ratio (%) ra/L M Ratio (%) na/L M Ratio (%)
DMTP 10 0.07 100 a7 0.33 45 31 0.22 100
DMP N/D N/D 52 0.41 55 N/D N/D
Total 0.07 0.74 0.22
PNP-glucuronide N/D N/D 43 0.14 18 N/D N/D
PNP-sulphate 16 0.07 93 139 0.62 e 51 0.023 94
PNP (free)2 0.9° 0.006 7 6.3 0.04 5 0.2° 0.0014 6
Total (sum) 0.08 0.80 0.024
LC-LC method
Total PNP (experimental) 85 0.06 81 0.58 42 0.03

N/D: not detected. Estimated value, as it is lower than LOQ (1 pg/L).
a About 20h later.
b Obtained by LC—C method for non-hydrolyzed urine.
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Fig. 4. Chromatograms obtained from urine of a grower who applied methyl parathion: (A) free PNP; (B) total PNP in the sample collected before
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Fig. 5. Chromatograms corresponding to the quantification (Q) and confirmation (qg) transitions for all methyl parathion metabolites determined in urine
of a grower: (A) before application and (B) after application.
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non-hydrolyzed urine. It can be observed that besides free
PNP, small levels of PNP-sulphate and DM TP were present
before application. After exposure to methyl-parathion a
significant increase in all the metabolite concentrations was
observed. With these results it seems that the main way to
excrete PNP is as sulphate conjugate achieving 77% of the
total PNP; the glucuronide represents about 18% and 5%
remains as free metabolite. As regards alkyl phosphates,
the distribution of phosphate and thiophosphate after expo-
sition to methyl-parathion was almost identical. Obviously,
in order to established the significance of this finding, more
analysis of exposed population to methyl-parathion should
be conducted. Additionally, the level of total akyl phos-
phates (in wM) agrees with the total concentration of PNP,
confirming that both were released from methyl parathion
metabolism for exposed pesticide applicator. However, in
the case of the unexposed population (see Table 4), the cor-
relation between both total alkylphosphates and PNP fails,
possibly due to the low level exposures and the non-specific
sources that could contribute to a larger fraction of the total
metabolite concentration measured. The magjor akylphos-
phate metabolite present in urine from unexposed population
was DMTP in agreement with recent published data [26].

Table 4 shows the total concentration obtained (wM) as
the sum of different PNP-related metabolites determined
by the LC method with the value achieved after urine hy-
drolysis and applying the LC-LC method. In spite of the
semi-quantitative character proposed for the LC method,
the results were comparable. Therefore, the multi-residual
LC-MS/MS method could be an interesting tool in order to
evaluate the ratio between different metabolite forms.

Fig. 5 shows the LC-MS/MS chromatograms for all in-
dividual metabolites in the grower urine sample, before and
after application of methyl-parathion. We can observe the
importance of the confirmatory transitions, as al selected
transitions (both quantitative and confirmative) were very
noisy in comparison with typical MS/MS chromatograms,
as for example those of PNP (see Fig. 4). This fact can be
explained by the relatively low specificity of the transitions
selected. Thus, al the glucuronides or sulphates present in
the sample with an aglycone of m/z 138 would be detected
under these transitions, except for the 218 > 108 transi-
tion (PNP-sulphate, Q) which leads to the cleanest chro-
matograms due to its higher specificity. In the case of alkyl
phosphates, the transitions involving losses of either akyl
groups or ethers are also rather unspecific. Therefore, it is
necessary to select confirmatory transitionsin order to avoid
false positives. The use of both transitions together with the
occurrence of the peak at the correct retention time allows
the analyte confirmation in samples.

To obtain more data about the excretion of PNP, the most
contaminated samples from unexposed volunteers were also
analyzed with the multi-residual LC-MS/MS method. In
all cases the only metabolite found was PNP-sulphate. Evi-
dently, more samples from exposed and unexposed popula-
tion should be analyzed to confirm these findings, but from

this data we could conclude that the main way to excrete
PNP in humans is as sulphate conjugate.

4, Conclusion

Thiswork has shown that LC-LC-MS/MSisarapid, sen-
sitive and selective technique for the determination of PNP
and 3-Me-PNP (the main metabolites of the organophospho-
rus pesticides parathion, methyl-parathion and fenitrothion)
in human urine. Sample preparation is not necessary for free
metabolites (direct analysisin urine) and it isvery simplefor
conjugates. Additionally, the automated clean-up offered by
the LC-LC system (arun time of only 7.5min) makes this
procedure rapid. Good precision and recoveries are obtained,
with detection limits below 0.2 ng/L. Aswell, the use of (la-
belled) internal standard is not necessary, asthe clean up per-
formed by the LC-L C technique is efficient for the removal
of interferences that could suppress the analytes ionization
in the electrospray source employed. The method developed
could be suitable for monitoring the exposure to selected
OPs pesticides, although it would require its application to
alarger sample set to demonstrate the stability over time.

Additionally, a semiquantitative LC-MS/MS approach
has been developed for the simultaneous rapid determina
tion of akyl phosphates and PNP conjugates. The method
allows to estimate concentration levels around 5-20 pg/L
for all the analytes without tedious sample pre-treatment, as
it only requires a three-fold dilution of urine sample with
0.5% HCOOH and the subsequent addition of TBA before
injecting in the LC-MS/M S system. Nevertheless, the limi-
tations regarding both reproducibility and sensitivity reduce
the applicability of this analytical approach in the field of
quantitative analysis mainly due to matrix differences be-
tween urine samples, but still provide useful information in
those cases of exposed population.

The exposure to methyl-parathion has been easily and ef-
ficiently evaluated through the analysis of its metabolites
in urine by combining both methods. Free and total PNP
in urine are determined by the LC-LC-MS/MS procedure,
meanwhile the LC-MS/MS mullti-residual method gives a
global overview on theratio of different conjugates metabo-
lites. Data obtained show that the main metabolite excreted
in urine is the PNP-sulphate.

The analytical approach developed in this paper could
easily be applied to other xenobiotics and would provide
valuable information on their distribution in human urine
and their excretion. In this way, biological monitoring of
human exposure to chemicals could be efficiently directed
towards the most appropriate metabolites.
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