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Al achl or [2-chloro-2",6"-diethyl - N-
(met hoxynet hyl )acetanilide] is a preenergence herbicide
conmonly used on soybeans, corn, and other crops.

Herbicides are the nmpst wused class of pesticides
accounting for nore than 50% of total quantity used and
nore than 50% of total donestic sales. Al achlor is one
of the top two herbicides with 75-100 nillion pounds used
annual ly (EPA 21T-1005, 1991). Recently, we have been
i nvol ved in studies of herbicide exposure that required
us to develop procedures to neasure alachlor and other

herbicidal metabolites in urine. During our nethod
devel opnent, we learned that the alachlor netabolism in
humans was unknown. Al achlor nmetabolites have been
identified in nonkey wurine and found to be nminly
thi coethers (Carr et al. 1986). Hurman al achl or exposure
has commonly been estinmated by quantifying the hydrolysis
product, 2,6-diethylaniline (DEA) , of al achl or
nmetabolites in urine (Cowell et al. 1987). In this study

we attenpted to identify alachlor netabolites by using
liquid chromatography coupled to mass spectronetry (LC
M5/ MS) to anal yze extracts of urine sanples from subjects
who were occupationally exposed to alachlor.

MATERI ALS AND METHODS

Uine sanples (25 m) were obtained from four workers
occupationally exposed to alachlor from the Centers for
Di sease Control and Prevention's (CDC) National Institute
of Occupational Safety and Health (N OSH).

The concentration of alachlor metabolites in these four
sampl es were neasured by a pressurized basic hydrolysis
method, based on that of Cowell et al. (1987), that
converts alachlor metabolites to DEA. Uine (2 nL), 0.5
m_. of nmethanol, and 2 nL of 50% sodi um hydroxide in 13-mm
X 100-mm Pyrex culture tubes with teflon-lined screw

caps. The Pyrex tubes were then placed in an oven at
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150° C for 1 hr. I nsul ated gloves were used to renobve
the tubes fromthe oven and the tubes were kept behind a
safety shield until they cool ed. When the tubes cool ed
to room tenperature, 4 nL of 6 N HO was added and the
contents of the tubes were diluted to 15 mM with
dei oni zed water. The Cl18 solid-phase extraction
cartridges were conditioned wth 500 ng packing
(Anal yti chem Harbor City, CA) by washing themwth 2 m
nmet hanol followed by 8 ml of distilled water. After the
hydrol ysate was passed through the C8 cartridge, the
cartridge was washed with 5 ml of distilled water and the

el uate discarded. The analyte was eluted with 3 nL of
met hanol . The eluate was concentrated to 200 uL in a
Savant vacuum concentrat or (Far m ngdal e, NY) ;

concentration to dryness was avoided because DEA is
vol atile. A Finnigan TSQ 7000 triple quadrupole nass
spectronmeter was used to neasure DEA (San Jose, CA) in
the atnospheric pressure chenical ionization (APC) LC
MS/ M5 node. The liquid chromatography colum was a
Whatman ODS-3 (4.6 mm x 25 cn) (Cifton, NJ). The nobile
phase was water:nethanol (3:7 v/v) with 0.1% acetic acid;
at a flowrate of 1 m/min, the elution time was about 7
mn. The mass spectroneter was set in the positive
i oni zation MS/MS mbde with the collision offset at -22 V.
The parent ion was the mz 150 positive nolecular ion;
the daughter ion was the mz 105, which was forned from
the | oss of ethylam ne. W perfornmed external standard
guantitation using peak height; the standards were urine
sanpl es spiked with 1 ppb, 10 ppb, 100 ppb, and 1000 ppb
of the alachlor nodel etabolite, 2-{(2,6-diethylphenyl)-
(et hoxynet hyl ) ami no} - 2- oxoet hanesul fonic aci d, sodi um
salt (Monsanto, St Louis, M.

The following is the approach that was used to identify
al achl or netabolites: W analyzed the urine sanmples from
the occupationally exposed subjects and unexposed control
subjects by LCMS/MS with the APCI interface. The urine
(2-to-5 nL volunmes) was extracted twice with a 2x vol une
of ethylacetate and was then concentrated to 500 uL in
t he Savant vacuum concentrator. We used the concentrated

extract for the anal yses. The injection volume was 50
uL. The LC columm was the same as previously described
for the DEA analysis. The nmobile phase was 19:|

nmet hanol :water with 0.1% acetic acid with a 1 nL/mn flow
rate. Qur approach was to identify the MS/MS daughters
of alachlor by presum ng that sone of the daughters woul d
also be produced by the alachlor netabolite. Par ent
scanning, in which the mass of the daughter is set and
the parent is scanned over a range of masses, could then
be used to find the parent mass that produced an
al achl or-associ ated daughter. Al so used was daughter
scanni ng, in which the parent nmass is set and the
daughter is scanned over a range of masses, to try to
identify likely netabolites, such as alachlor conjugates
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with glucuronic acid or cysteine.

Al achl or nmercapturate was nmeasured by the follow ng
nmet hod: The urine sanple (2 mL) was passed through a C 8

SPE cartridge, washed, el ut ed, and evaporated as
described previously. The same LC columm and conditions
as described were used. The alachlor mercapturate

elution time was about 9 mn. W set the nass
spectrometer in the positive ionization M5/MS node with
the collision offset at -18V. The parent ion was the mz
397 positive nolecular ion; the mz 162 and mz 130
daughter ions were scanned consecutively. The external

standard neasurenents were done using peak height; the
standards were urine sanples spiked with 1 ppb, 10 ppb,

100 ppb, and 1000 ppb alachlor mercapturate that was
synthesized in our |aboratory.

Synt hesis of alachlor mercapturate was done as follows:
35 mg alachlor and 20 ng N-acetylcysteine were added to
5 nL pyridine in a 25 m round-bottom flask, which was
sealed and let sit for 24 hr at room tenperature. The
pyri di ne was evaporated in t he Savant vacuum
concentrator; the oily residue was dissolved in 5 nmL of
a solution of acetonitrile:water:acetic acid (5:44.9:0.1
v/v) and subjected to solid phase extraction as described
previously. The cartridge was rinsed with 5 nL of a
solution of acetonitrile:water:acetic acid (5:44.9:0-1
v/iv), and the eluate discarded; the cartridge was then
ri nsed wi th 5 nmL of sol ution of
acetonitrile:water:acetic acid (27.5:22.4:0.1 v/v) and
the eluate discarded. Finally, the cartridge was rinsed
with a solution of acetonitrile:water:acetic acid
(40:9.9:0.1 v/v), the eluate was saved, and dried in the
Savant centrifugal evaporator. The product was estinmated
to be at |east 98% pure on the basis of analysis by LC M
using a scan range frommz 50 to 1000.

RESULTS AND DI SCUSSI ON

The objective of this study was to identify the principal
human urinary netabolite(s) of alachlor. Al achl or was
analyzed in the MS/M5 node to find daughter ions that
m ght al so be produced by al achlor netabolites; two major
daughter ions were present: A mz 238 daughter ion was
produced by a loss of a CHOH moiety, and the mz 162
daughter ion was produced by the loss of CHO and
C CHC=0O noieties. |If any alachlor metabolites were al so
to have one of these daughter ions, the mass of the could
be determined by using the nmass spectroneter in the MS/ M
parent-scanning node in which the third quad analyzes a
singl e daughter ion such as the niz 162 daughter ion and
the first quad scans over a range of parent conmpounds
that produced these daughter ions masses. If the
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Figure 1. MS/MS spectrum (397 anu parent) of the al achlor
nmetabolite; mass vs. relative intensity

nmetabolite were present at a high enough level, and if
the parent mass range included the mass of its parent(s),
then it is likely that the netabolite would be detected.
Qur sanples consisted of extracts of urine sanples from
unexposed human subjects, extracts of each of the
i ndi vi dual urine sanples from exposed human subjects, and
pool ed extracts from the urine sanples of exposed human
subj ects. W found no peak in any of the sanples when
the mz 238 daughter ion was analyzed in the parent-scan
node; the parent was scanned from mz 250 to 700 in nz
50 increnents per LC run. There was a peak with a
retention tine of about 5 mn when the mz 162 daughter
ion was analyzed in the parent-scan node in the sanples
from exposed subjects but no peak was found in sanples

from the control subjects. The spectrum of this peak
showed three parent masses, mz 365, mz 383, and mz
397. Reducing the collision offset produced no

addi ti onal higher mass peak; thus, we assunmed that the
mz 397 was the nol ecular ion, probably an M# ion, which
is by far the nost conmon ion in positive APCl.

W changed from parent ion scanning to daughter ion
scanning to find any daughter ions other than the mz 162
daught er ion. Figure 1 shows the daughter ion spectrum
of the mz 397 parent ion. The mz 365 ion is a |loss of

met hanol that is analogous to the 238 daughter ion of
alachlor; this inplies that the anm ne nmethoxynethyl
sidechain is still intact. We postulated that the mz
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Figure 2. Structure of the herbicide alachlor (1) and its
human netabolite alachlor nercapturate (I11)

130 daughter ion night be a product of an N
acetyl cysteine moiety in which the sulfur-carbon bond is
cl eaved. Assunming that the mz 397 ion is a nolecular
ion (MH), then a possible structure, analogous to that
of some other pesticide nmetabolites, is the N-
acetyl cysteine displacenent of the chlorine of alachlor
to form al achlor nercapturate. Conparing the alachlor
netabolite with synthetic alachlor mercapturate, which
was provided by the Mnsanto Corporation, and with the
alachlor mercapturate that we synthesized in our
| aboratory, we found the sane chromatographic elution
times using both acetonitrile and methanol npbile phases
and the sane Ms/M5 spectrum On the basis of mass
spectrometry and chromat ographi ¢ behavior, we identified
this metabolite of alachlor found in humans as al achlor
mercapturate (Figure 2).

To estimate what proportion of alachlor is nmetabolized to
al achl or mercapturate in hunmans, we analyzed urine
sampl es of exposed individuals using the base hydrolysis
method that quantitates DEA. W also quantitated

al achl or mercapturate in the sane sanples (Table 1).
Recovery of DEA and al achlor mercapturate from urine is
about the same (about 75% recovery) in the methods used.
In these four urine sanples, alachlor nercapturate ranged

Table 1. Total alachlor netabolite concentration vs.
al achl or nercapturate concentration

Sanpl e DEA (nanonol ar) Al amer capt
(nanonol ar)
A 930 350
B 470 120
C 4320 2750
D 1120 475
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between 25% and 62% of the concentration of DEA, the
hydrol ysis product that probably alnmpst all alachlor
nmet abol ites produce. Cowel | et al. (1987) analyzed in
urine for DEA as well as for 2,6-hydroxyethylethylaniline
(HEEA), which is the base hydrolysis product that results
if a netabolite contains a hydroxylated ethyl sidechain;
they found no HEEA. W also analyzed the hydrolyzed
urine from exposed people for the presence of HEEA and
found none.

W were unable to positively i dentify al achl or
netabolites other than alachlor nercapturate. W did
detect what appeared to be alachlor cysteine in two of
the urine sanples from exposed persons on the basis of
the MS/MS spectrum but the signal strength was an order
of magnitude |lower than for alachlor nmercapturate in the
same sanples. We did not detect alachlor-o-glucuronide.

The nost conplete analysis of alachlor nmetabolism in
animals was done by following the fate of radioactively
| abel l ed al achlor that was administered intravenously in
monkeys (Carr et al. 1986). Five netabolites were
identified: alachlor nmercapturate, alachlor cysteine,
al achl or rmercaptoacetate, secondary am de nercapturate,
and al achl or O glucuronide. In another study using urine
from al achl or dosed nonkeys (Feng et al. 1994), al achlor
mercapturate was found to be the nmjor netabolite,
accounting for about 40% of the netabolite concentration.
No free alachlor was detected in urine.

Thi oet her conj ugates of pesti ci des, envi ronnent al
chem cals, and drugs are produced by a reaction with the
tripeptide glutathione (GSH = g-AQu-Cys-Ady). The

products are then netabolized by the sequential |oss of
the glutanmic acid residue, the glycine residue, and N
acetylation of the remaining S-substituted cysteine
(Stanek et al. 1993). Oher pesticides besides alachlor,
i ncludi ng lindane, cyanatryn (Aizawa 1982) and atrazine
(Lucas et al. 1993), and xenobiotics, including acrolein,
benzene, vinyl chloride, and various allylic and benzylic
hal i des (Stanek 1993), are netabolized by the glutathione
mechani sm

Qur identification of alachlor nercapturate allows
devel opnent of nethods to assess al achl or exposure based
on neasurenent of levels of alachlor nmercapturate in
urine. This approach has advantages over the comonly
used DEA nethod particularly when it is necessary to
nmeasure several pesticide netabolites in the sane urine
sanpl e. It would be possible, in many cases, to extract
all analytes together from the same urine sanple, For
the DEA nethod it is necessary to use a portion of the
urine sampl e excl usively for al achl or exposure
assessnment. A nethod based on al achlor nercapturate |ike
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the method described in this study would be sinpler,
safer, and nmore specific than the DEA nethod.

In this study, we have identified a mmjor hunman
netabolite of alachlor, alachlor nercapturate, devel oped
a method to neasure it in urine, and conpared |evels of
the netabolite to levels of DEA, the hydrolysis product
of alachlor netabolites, in urine sanples from people
exposed to al achl or. We believe exposure assessment is
best acconplished by biological nmonitoring of human
speci mens, which provide an integrated sanple reflecting
exposure fromnultiple routes. Biological monitoring can
provide a better understanding of exposure and can help
us devise nethods to evaluate ef fectiveness of
i ntervention.
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