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Development of a solid phase microextraction–gas chromatography
method to determineN-hydroxymethyl-N-methylformamide and
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Abstract

A headspace solid phase microextraction (SPME) method has been developed to determine metabolites of dimethylformamide,N-hydroxymethyl-
N-methylformamide, andN-methylformamide (NMF) as NMF in urine by gas chromatography with nitrogen–phosphorus detector (GC-NPD).
An SPME holder with a 65-�m PDMS/DVB fiber coating was used. Optimal desorption conditions were 250◦C for 1 min, adsorption at 80◦C for
15 min, and 3.00 mL of sample in the headspace vial. The method presented good resolution, repeatability, recovery, detection limit, ruggedness
and response linearity.
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. Introduction

N,N-Dimethylformamide (DMF) is an organic polar solvent
xtensively produced throughout the world and widely used in
he chemical industry, especially in the manufacture of poly-
crynitrile fibers and synthetic leather; and as an intermediate
nd an additive in the manufacture of pharmaceutical products.
MF is classified by the Danish Work Environmental Protec-

ion Agency[1] as having a neurotoxicity risk index of 4 out
f 10, and it may induce severe chronic damage to the nervous
ystem over long time work place exposition[2]. Some articles
how the relation between DMF exposition and its effects, such
s hepatic damage and alcohol intolerance[1]. The International
gency for Research on Cancer (IARC) had classified it as a 2B
arcinogen[3], but has changed its classification to 3 after revi-
ion of current toxicological and epidemiological information
1].

Occupational exposure to DMF occurs through inhalation of
apors, and especially by direct skin contact with the liquid and
apor[1]. Dermal exposition leads to acute effects, such as very
trong abdominal cramps, alcohol intolerance, skin damage,

of appetite, anxiety, hepatic and neurological problems,
headache[1,3,4]. After absorption, DMF is rapidly distribute
to the body through the blood stream and metabolized. M
studies[1] reported that workers exposed to low concentrat
of DMF in air present strong intoxication symptoms.
these cases, called over exposition, workers in fact had d
skin contact with DMF during its manipulation. This sho
that air monitoring is not sufficient yet to assure work
safety and demonstrates the need of biological monito
[1].

Usually, metabolite analysis is employed in biologic m
itoring of DMF because it is quickly transformed intoN-
hydroximethyl-N-methylformamide (HODMF) by the actio
of enzymes of the P450 group. This is the metabolite
the highest concentration in urine in the first hours a
exposition. Another important metabolite isN′-acetyl-S-(N′-
methylcarbomyl) cysteine (AMCC), but its origin has not b
totally elucidated. It is known that HODMF can be demethyla
to N-methylformamide (NMF) and then oxidized to an interm
diate metabolite, presumably methylisocyanate, which in
possibly reacts with glutathione to originate AMCC[1].
ausea, and vomiting[1]. Long exposition can induce loss
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The elimination of DMF and its metabolites occurs through
urine excretion. Metabolite analysis is the most commonly used
biological monitoring method of human exposition to DMF.
DMF and HODMF excretion reaches a maximum 6–8 h after the
initial exposition, NMF after 8–14 h, and AMCC after 24–48 h.
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Elimination half times of these compounds occurs after approxi-
mately 2, 4, 7, and 23 h, respectively[1]. The total concentration
of HODMF and NMF (expressed as NMF concentration) is
a good indicator of short time exposition to DMF because it
rapidly builds up in the organism and is totally eliminated after
24 h. In contrast, the concentration of AMCC is a good indicator
of long time exposition to DMF because of its slow build-up in
the organism and its long elimination time[1].

However, HODMF undergoes thermolytic transformation
into NMF at the injection port during analysis using gas chro-
matography. NMF concentration in urine represents the sum of
the concentrations of these two metabolites[5–10].

The biological exposure index (BEI) adopted in the USA and
Germany is 15 mg/L of urinary NMF[5]. In Brazil, BEI is 40 mg
of urinary MF per gram of creatinine[11].

Quantification of HODMF and NMF is performed by GC
and HPLC methods using liquid–liquid extraction (LLE), solid
phase extraction and clean up procedures[4–10]. Angerer and
Käfferlein [5] developed a method of simultaneous analysis of
NMF and AMCC. In this study, they classify other existing meth-
ods[6–10]as “having several disadvantages in regard to sample
preparation and clean-up procedures”. The Angerer Käfferlein
method has the advantage of simultaneous analysis of two DMF
metabolites, but it is not better than others in its preparation
because it has many steps as well. An alternative analysis tech-
nique is solid phase microextraction (SPME)[12]. SPME has
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2.3. Instrumentation

The purity of the HODMF synthesized was evaluated by
a Shimadzu HPLC system equipped with an LC-10AD pump
and an SPD-10A UV–vis detector (Kyoto, Japan). The injection
system used was a Rheodyne valve incorporating a 20.00-�L
injection loop. The detector wavelength was set at 196 nm. A
stainless steel column Shim-Pack Perp ODS, 5-�m particle size
(Shimadzu, Kyoto, Japan) of 250 mm× 4.6 mm I.D was used.
The mobile phase was water with a flow rate of 0.8 mL/min.

GC analyses were performed on a Varian 3800 system
equipped with a nitrogen–phosphorus detector (NPD) and a
split/splitless injector operating in splitless mode at 250◦C (Wal-
nut Creek, CA). The detector was operated with hydrogen at
4.2 mL/min and air at 175 mL/min. For analyte separation, a
Supelcowax fused-silica capillary column 30 m long, 0.25 mm
I.D., 0.25-�m film thickness (Supelco-Bellefonte, PA) was used
at 100◦C. Helium was used as a carrier gas with a constant flow
of 1.0 mL/min.

Extractions were performed on a manual SPME holder with
65-�m polydimethylsiloxane/divinilbenzene (PDMS/DVB)
fiber purchased from Supelco (Bellefonte, PA, USA). For the
SPME procedure, an aliquot of 3.00 mL of urine was placed into
22-mL Pyrex vials and immediately sealed with Teflon-lined
rubber septum aluminum caps. Samples were heated to 80◦C
for 15 min on a sample vial aluminum rack in a stirrer/heater
b
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he advantages of being selective, sensitive, solvent-free
aving a single extraction step.

The aim of the present work was to develop a solid p
icroextraction method in headspace mode to analyze HO
nd NMF in urine by GC with nitrogen–phosphorus detec
he analysis of urine of workers exposed to DMF is descri

. Experimental

.1. Reagents, solvents and synthesized compounds

All reagents were of analytical grade:N-methylformamide
99.8%) and chloroform (99.5%) were obtained from Ald
hemical (Bellefonte, PA). Paraformaldehyde (99%) and
otassium carbonate (99.8%) were purchased from M
Darmstadt, Germany). Water was purified with a Milli-Q wa
urification system from Millipore (Milford, MA, USA).

.2. Synthesis of N-hydroxymethyl-N-methylformamide

HODMF was synthesized as described by Santoni et a[6].
mixture of NMF (23.60 g), paraformaldehyde (11.20 g)

nhydrous potassium carbonate (0.40 g) was heated to◦C
or 1 h under magnetic stirring. After cooling to room tempe
ure, chloroform was added, and after filtration, the solvent
emoved under reduced pressure. The crude product was p
y distillation (boiling point 136◦C) under atmospheric pre
ure. Compound purity was determined by HPLC with a cal
ion curve at the concentration range from 6.00 to 30.00 m
MF and showed that the product contained 88.3% HOD
nd 11.7% NMF.
d

.

k

d

efore extraction.

.4. Standard solutions and sample preparation

The standard solution of HODMF and NMF was prepa
n pooled urine from non-exposed workers with concentra
anging from 6.00 to 120.00 mg/L. Solutions were prepare
ccurately weighing 7.53 g/L HODMF and 1.00 g/L NMF

he synthesized substance. Method reliability was verifie
he recovery of spiked pooled urine from workers.

. Results and discussion

The development of an SPME method requires a stud
stablish optimal analyte extraction conditions. For this purp
ome SPME-HS parameters were studied: fiber type, deso
ime, sample volume in the vial, injection time and tem
ture. Desorption temperature was not optimized becaus
sed 250◦C as it was demonstrated in literature that at this t
erature thermolytic transformation from HODMF to NMF
omplete[4–10]. The solution with 37.71 mg/L of HODMF an
.485 mg/L of NMF prepared with pooled urine was used
ethod optimization.
The HS sorption profile of different fibers exposed

ODMF and NMF was tested with 2.00 mL of solution
5 min at 65◦C. Three fibers with different polarities a
oating thicknesses were tested: polyacrilate 85�m (PA),
olydimethylsiloxane 100�m (PDMS), and polydimethylsilox
ne/divinilbenzene 65�m (PDMS/DVB). The results showe

hat the PDMS/DVB phase had the highest sorption capac
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Desorption time at 250◦C was studied by monitoring the peak
area at 0.10, 0.25, 0.50, 1.0 and 2.0 min. During this procedure,
adsorption was kept at 65◦C for 15 min with 2.00 mL of sample
in the vial. It was observed that equilibrium was achieved in
1 min. Therefore, 1 min was considered the ideal desorption time
of HODMF and NMF from a PDMS/DVB fiber.

The effect of sample volume on the sorption of NMF and
HODMF was evaluated with 0.25, 0.50, 1.00, 2.00, 3.00, 4.00,
and 5.00 mL in a headspace 22-mL vial. During this procedure,
adsorption was kept at 65◦C for 15 min, with 1.00 min desorp-
tion time. The results obtained indicated that volumes higher
than 3.00 mL did not interfere with fiber mass uptake. This vol-
ume was used as the best for analysis.

Extraction temperatures between 60 and 95◦C were investi-
gated to determine fiber coating concentration efficiency. These
experiments were carried out with 3.00 mL of sample, desorp-
tion time of 1 min, and adsorption time of 15 min. The results
obtained showed that temperatures from 60 to 80◦C increased
fiber analyte sorption. Concentration decreased with the increase
in temperature (at 95◦C) because of exothermic effects of the
sorption process. Consequently, the temperature of 80◦C was
selected as adequate for the extraction procedure.

The adsorption time profile was investigated by varying
time from 5 to 20 min with desorption time of 1 min; tempera-
ture extraction of 80◦C, sample volume of 3.00 mL. The best
absorption time was 15 min. With times shorter than 15 min, the
s s not
a com-
p . This
t

een
e rams
o the
u

s of
H zed
i HS
m
r ted
t and
c ibra-

T
L

)

C

E

R
Q

Fig. 1. Chromatogram of urine samples. Chromatography conditions: injector
in splitless mode at 250◦C, detector NPD at 290◦C, column of 30 m× 0.25 mm
I.D. × 0.25�m (polyethylenglycol) at 100◦C with He at 1.0 mL/min. Extrac-
tions were performed on a manual SPME holder with PDMS/DVB of 65�m,
urine sample volume of 3.00 mL, sealed 22-mL Pyrex vials, heated to 80◦C
for 15 min under stirring. (A) Chromatogram of worker urine spiked with
HODMF + MF (19.00 mg/L) with retention time of 18.625 min. (B) Chro-
matogram of non-spiked worker urine. (C) Chromatogram of the blank pool
urine used to calculate LD and LQ.

tion graph point because the correlation between the regression
average square (QMreg) and the residue average square (QMr) is
larger than the tabulated testF value for 1, 14 degree of freedom
(F1,14= 4.60 with 95% confidence).

Within-day and between-day repeatability, and recovery tests
were carried out through analysis of urine samples spiked with
NMF and HODMF in two levels of concentrations. Seven injec-
tions were made for within-day test, and fourteen injections
for between-day test. The results shown inTable 2(%R.S.D.
4.4–10.4) indicate that this method is precise, since according
to Huber[13] for biological samples, analysis precision can be
up to 15% R.S.D. at concentration limits, and 10% R.S.D. at
other concentration levels.

Limits of detection (LD) and quantification (LQ) were deter-
mined according to IUPAC recommendations[14,15] through
the analysis of twenty urine samples (blank). Analysis data were
substituted in the equations:

LD = 3.52σB

LQ = 16.67σB

where σB represents the relative standard deviation (sB) of
the blank. The results obtained were LD = 0.29 mg/L and
LQ = 1.08 mg/L.

In the ruggedness study, small method changes were intro-
duced and examined by screening with a Plackett–Burman
d or
i and
ignal was insufficient, because maximum adsorption wa
chieved. After 15 min, analyte signals decrease as there is
etitive adsorption of other substances by the fiber phase

ime produces the best signal areas for analytes.
After optimal extraction and desorption conditions had b

stablished, method validation was carried out. Chromatog
f a worker’s urine, spiked and non-spiked, and a blank from
rine pool are shown inFig. 1.

For construction of analytical curves, standard solution
ODMF and NMF prepared in pooled urine were analy

n triplicate under the conditions optimized for the SPME
ethod. The linearity study is summarized inTable 1. The cor-

elation coefficientR = 0.996 and variance analysis indica
hat there was a linear correlation between concentration
urve area. It was the most straight line through the cal

able 1
inear regression analysis parameters

Area MF (mV)

Average S.D. R.S.D. (%

oncentration NMF + HODMF (mg/L)
6.00± 0.02 100366 6516 6.5

17.97± 0.04 296336 20229 6.8
47.49± 0.08 1116104 49782 4.5
71.91± 0.09 1589762 116524 7.3
119.8± 0.2 2781878 155351 5.6

quation Y = 23582 (±542)
X − 63881(±34982)
0.996

Mreg/QMr 1894.86

esign as described by Heyden[16]. The factors selected f

nvestigation were those of GC: injection temperature (249
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Table 2
Repeatability and recovery data of spiked workers’ urine (NMF + HODMF)a

Sample 1 (spiked
19.0 mg/L of NMF)

Sample 2 (spiked
19.0 mg/L of NMF)

Sample 1 (spiked
74.0 mg/L of NMF)

Sample 2 (spiked
74.0 mg/L of NMF)

Within-day, average (n = 7) 19.5 17.6 71.9 75.6
S.D. 1.7 1.8 4.0 3.3
%R.S.D. 8.9 10.2 5.5 4.4

Between-day, average (n = 14) 18.6 73.3
S.D. 1.8 3.8
%R.S.D. 9.6 5.1
%Recovery 102.7 88.5 97.2 100.9

a NMF concentration in urine of two workers (samples 1 and 2) was <LD.

251◦C), desorption time (0.99 and 1.01 min), column tempera-
ture (99 and 101◦C), and carrier gas rate (0.9 and 1.1 mL/min).
Extraction conditions, extraction temperature (75 and 85◦C),
adsorption time (14 and 16 min), sample volume (2.99 and
3.02 mL), and other factors were evaluated by analysis in two
different days (1st and 2nd). The effect of these factors on
response retention time and area measurement was determined
by a t test with 95% confidence. The results allowed the con-
clusion that the method yields the same results in the pres-
ence of small changes in experimental conditions, such as
might occur during actual use. Recovery of spiked samples of
workers’ urine showed that the method is rugged for matrix
changes.

Application of the SPME method to real samples was car-
ried out through the analysis of four urine samples of workers
from a metallurgic industry where a previous study showed
atmospheric contamination by DMF, and nine urine samples of
workers from a shoe industry that uses DMF as a cleaning sol-
vent. Results of triplicate analysis are presented inTable 3. NMF
was not detected in any sample from the metallurgic industry,
perhaps because the value of ambient DMF was too low. Anal-
ysis results of urine of the shoe industry workers ranged from
7.5 to 13.7 mg/L, which shows that exposition to DMF is below

Table 3
A F

S

1
1
1
1

dustr
w

BEI adopted in the USA and Germany (15 mg/L of urinary NMF
[5]). We observed with two samples used in the recovery exper-
iment that urine samples can be stored in freezer for analysis for
2 weeks.

4. Conclusions

This paper proposes an SPME HS method for the determi-
nation of NMF as a sum of HODMF and NMF in urine. This
procedure was validated and found to be precise, sensitive, lin-
ear and rugged in the range of interest. SPME has the added
advantage of not requiring organic solvent and allowing analyte
extraction in a single step. There are other methods with few
extraction steps, such as the method of Angerer and Käfferlein
[5], but the author himself call attention to several disadvantages
with regard to sample preparation and clean up procedures. The
present method does not require clean up procedures. Therefore,
because of these advantages, SPME HS could to be a good alter-
native method for the quantitative analysis of DMF metabolites
in urine by gas chromatography.
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orkers.
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