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Abstract

Glutardialdehyde (GDA) is the most commonly used disinfectant for flexible endoscopes. After inappropriate rinsing of endo-
scopes residual GDA in the narrow endoscope channels may lead to toxic effects in patients. Common methods for determination
of aldehydes in water involve derivatization with 2,4-dinitrophenylhydrazine (DNPH), liquid—liquid or solid-phase extraction
and HPLC determination. Since derivatization and extraction is both time-consuming and labor-intensive only a small number
of samples can be measured. Thus, we developed a fully automated method which includes a conventional HPLC system, a
programmable autosampler, and UV detection. After GDA derivatization using DNPH the samples remain in the aqueous phase
and no preconcentration of the analyte is necessary. The samples are automatically derivatized through the autosampler. While
derivatization in one sample takes place the previous sample is injected and measured by HPLC. Our method is well suited for
screening residual GDA in endoscopes as it is both time- and labor-saving.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction agent. Its antimicrobial activities, mechanisms, and us-
age has been well reviewgd,2].
Since its introduction in the early sixties, glutar- GDA is the most commonly used disinfectant for

dialdehyde (GDA) is increasingly used for disinfec- flexible endoscopeg3-6]. The expanding use of
tion and sterilization of heat-sensitive instruments and endoscopes in diagnosis and surgical treatment of pa-
materials that may be damaged by other physical and tients require safe and effective methods of cleaning
chemical methods. Due to its excellent sporocidal ac- and disinfection. However, due to the narrow-lumened
tivity, GDA has been classified as chemosterilizing channels of flexible endoscopes adequate cleaning
and disinfection is difficult. As a final step, it is rec-
"+ Corresponding author. Tekt49-30-8445-3614: ommended that the narrow channels should be rinsed
fax: +49-30-8445-4490 properly to ensure removal of all traces of GDA.
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and residual GDA may lead to toxic effects, such as by means of a programmable autosampler. Man-
GDA-induced necrosis, colitis, and proctifig—11]. ual sample pretreatment involving preconcentration
According to the symptoms observed, other studies with liquid-liquid or solid-phase extraction is not
also assume toxic effects of GDA; however, residual necessary.
GDA concentrations were not determined in these
studies.

Low to high residual GDA concentrations were 2. Experimental
found in endoscope channels and in rinsing water.
Lynch et al.[12] measured GDA concentrations of up 2.1. Chemicals
to 0.1% in the rinsing water, Rozen et H3] deter-
mined 0.2% of GDA equivalents in rinsing water and 2.1.1. Aldehyde solution
in endoscope channels. Farina et [@d4] observed Formaldehyde (37% formalin solution) and GDA
that GDA levels were higher and more variable af- (50% aqueous solution) were obtained from Merck
ter manual disinfection<€0.2—-159.5mg/l) than after = (Germany). Acetaldehyde was purchased from Acros
automatic disinfection<€0.2—6.3 mg/l). (Belgium). A stock solution containing formaldehyde,

These studies show that monitoring the residual acetaldehyde, and GDA was prepared by dissolving
GDA concentration is desirable in order to reduce 100-130mg/l of each aldehyde in deionized water.
the risk of toxic effects in patients during endoscopy. This stock solution was diluted 1:500 for testing the
There are a large number of nonspecific methods for aldehyde stability. Serial dilution were made from the
the determination of aldehydes, e.g. photometric and stock solution to different concentrations for the cali-
fluorimetric methods. However, possible contami- bration curves.
nants such as organic residues occurring in the rinsing

water may interfere with these methods and lead to
inaccurate results. Specific methods use HPLC or
GC separation and detection after derivatization of
aldehydeg15-20] Among a large humber of deriva-
tization reactions, the 2,4-dinitrophenylhydrazine
(DNPH) method has gained outstanding importance.
Aldehydes are derivatized with DNPH in acidic me-
dia, yielding their corresponding hydrazone deriva-
tives. After an appropriate reaction time liquid-liquid
or solid-phase extraction of the hydrazone deriva-
tives is performed, followed by HPLC determina-
tion [21]. These methods are labor-intensive and
time-consuming.

In addition, only small volumes should be used to

2.1.2. Derivatization solutions

DNPH was obtained from Merck (Germany). A
DNPH solution is prepared by dissolving 1g of
DNPH in 100 ml acetonitrile. This solution may be
stored.

The derivatization solution (DerSol) for the au-
tomated derivatization of samples in the autosam-
pler is prepared by adding 1ml of 3RO, (42%)
to 10ml of DNPH solution. This solution is trans-
ferred to a larger autosampler vial in the autosampler
rack. One milliliter of the samples are pipetted into
HPLC vials. For derivatization, according to the
autosampler program, 10 of the derivatization so-
lution (DerSol) are added to this sample volume of

rinse the processed endoscopes in order to avoid resid-1 ml.

ual GDA within the channels from being highly di-
luted. Depending on the internal diameter of the nar-

If derivatization is combined with an automatically
1:10 dilution of the samples a diluted derivatization

row channels and the length of the endososcopes, samsolution (DerSol-Dil) is used. This solution is pre-

ple volumes of not more than 5-15ml are available
for investigation.

Therefore, a method which allows close monitor-
ing and sensitive determination of residual GDA in
small sample volumes is required. In this paper, we

pared by adding 1 ml of the DNPH solution and 300
H3zPOy (42%) into 100 ml distilled water. For every
sample one HPLC vial is filled with 1.3 ml of this
derivatization solution, a second vial is filled with the
sample. According to the autosampler program 144

describe an automated procedure based on deriva-of the respective sample is transferred into this vol-

tization with DNPH and separation through HPLC.
Sample derivatization is performed automatically

ume, thus yielding a 1:10 dilution in combination with
derivatization.
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Manual derivatization is performed by adding 1 ml reaction time for the aldehydes and DNPH of about
DNPH solution and 5@ H3zPOy (42%) to a 100 ml 30-60 min. Subsequent decomposition of some of the
standard solution of GDA. If derivatization is per- hydrazones may occur in aqueous solutions.

formed directly in the HPLC vials corresponding vol- Each HPLC run requires 50 min. As sample pro-

umes are used. cessing progresses, the time that elapses until mea-
surement of the current sample by HPLC increases.

2.2. Apparatus During this time interval, the hydrazone derivatives

may decompose and thus lower the detection signal.
HPLC measurements were performed using a Therefore, stability of the hydrazones in agueous so-
Shimadzu HPLC consisting of a degassing unit lution was monitored. In addition to GDA, formalde-
(DG-1210), two pumps (LC-10AD), a mixing cham- hyde and acetaldehyde were also measured and the
ber, a SIL-10A programmable autosampler with sam- results were compared. After manual sample derivati-
ple preparation options, a column oven (CTO-10AS) zation the stability of the derivatives was determined
and a photodiode-array detector (SPD-M10A). The by repeated injection of the aqueous mixture. The cor-
column oven was set at 2&. Absorbance was mea- responding aldehyde concentrations ranged between
sured at 360 nm. Equipment and data acquisition were 2.0 and 2.5 mg/l. The diamonds fiig. 1a and show
controlled with the Class-VP software in combination the time course of formaldehyde and GDA hydrazone
with the system controller (SCL-10A). concentrations. The formaldehyde hydrazone concen-
For separation of the aldehydes, a Nucleosil tration remained stable over 17 h and yielded a repro-
100-5 C18 Nautilus, 125mmx 2mm column ducible signal with 3% standard deviation. Similar re-
(Macherey-Nagel, Diren, Germany) was used in sults were obtained for acetaldehyde (data not shown).
combination with a guard column (30 ms 3 mm) The acetaldehyde hydrazone derivative did not decom-
consisting of the same material. The eluent flow rate pose over the 17 h period, with peak areas displaying
was set to 0.25 ml/min. A 5@l sample loop was used 4% standard deviations.
for injection. The separation was carried out with a  In contrast to formaldehyde and acetaldehyde hy-
binary gradient, consisting of (1) a 8 mmol aqueous drazones, the GDA hydrazone decomposed by approx-
NapgHPOy solution adjusted to pH 8 with #P0, and imately 40% over 17 h. Due to this instability it is im-
(2) acetonitrile. The gradient starts at 75% aqueous possible to derivatize all samples simultaneously and
NapgHPQO, solution and changes to 100% acetonitrile keep them in the aqueous sample matrix until mea-
within 15min. This composition is held for 10 min. surement by HPLC. Rather, after adding DNPH and
Subsequently, the initial eluent composition is reached H3PQy, a constant and optimal reaction time for every
within 5min and the column is reequilibrated for sample is a prerequisite for GDA derivatization. The
20 min. GDA hydrazone must then either be extracted from the
aqueous phase and redissolved in an organic solvent
(e.g. acetonitrile) or directly be measured with HPLC.
3. Results Hence, we modified our strategy and decided that
all steps be carried out by means of a programmable
Our initial intention was to manually derivatize the autosampler. The autosampler was programed to per-
samples directly in the HPLC sample vials since only form both sample derivatization and HPLC measure-
small volumes of just a few milliliters are available. ment automatically. This method presents the advan-
Following an appropriate reaction time the samples tage that sample pretreatment becomes superfluous.
should be measured by HPLC without previous pre- The only requirement is to transfer a defined sample
concentration. The preconcentration step commonly or derivatization solution volume (DerSol-Dil) into the
involves extraction and redissolution in an organic sol- HPLC vials; this volume depends on the autosampler
vent like acetonitrile. Without preconcentration the hy- program selected.
drazones formed remain in the aqueous phase. The Autosampler programs are frequently used when
formation of hydrazone derivatives is time-dependent. derivatization time is short. Reagents are automatically
Cotsaris and Nicholsof22] determined an optimal  added to the sample vial, and after a short reaction time
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Fig. 1. Reproducibility of formaldehyde (a) and GDA (b) measurements after manual derivatization (diamonds) and automated derivatization

(circles) in agueous solution.

the sample is injected into the HPLC system. In the

time [h]

volume of 10ul of the reagent is added to a sample

case of aldehyde derivatization an appropriate reaction volume of 1 ml. To ensure an entire and reproducible
time lasts 30—60 min, which is the time needed for one derivatization, the sample is then mixed three times by

HPLC run. Therefore, derivatization of one sample

and measurement of a previously derivatized sample

can be combined.

A suitable autosampler program can be divided into
two parts. The first part contains the instructions for
derivatization of a sample by adding the derivatization
solution DerSol. In view of the long reaction time,
derivatization is performed in the vial following the
vial with the sample which is to be injected next. A

rapidly drawing and releasing 30 of the mixture.

The second part of the program instructs the au-
tosampler to inject the preceeding sample. While this
sample is measured with HPLC the derivatization can
take place in the treated sample. After finishing the
HPLC run the derivatized sample becomes the sam-
ple which is to be injected next and the process starts
again. This procedure provides a constant derivatiza-
tion time for every sample which is composed of the
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run time for HPLC including equilibration time and 17 h, only the automated procedure revealed constant
the time for processing the autosampler program. peak areas for GDA with 4% standard deviation.

Fig. 1a and bshow the time course for formalde- Linearity of the method was studied using concen-
hyde and GDA using the automated derivatization pro- trations ranging from 1Q.g/l to 3 mg/l for each alde-
gram. No difference between manual and automated hyde. Seven concentrations were prepared by diluting
derivatization was noted for formaldehyde. Both meth- the stock solution. Each concentration was measured
ods showed constant peak signals with about 3% de-five times. Within the measured concentration range
viation. Acetaldehyde (data not shown) yielded simi- adequate linearity was observed for formaldehyde
lar results with about 4% standard deviation. Hence, and acetaldehyde (formaldehydg: = 195580+
both methods can be used to measure these aldehydes807141%, r = 0.999; acetaldehydey = 180603+
Conversely, an obvious difference between manual 434908%, r = 0.999; y in arbitrary units). Linearity
derivatization (varying reaction time) and automated was not evaluated for higher concentrations. The re-
derivatization (constant reaction time) was observed gression line for formaldehyde is shown kig. 2a
for GDA regarding stability and reproducibility. Over GDA also produces adequate linearity reaching a
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Fig. 2. Linearity and estimated regression line parameters for formaldehyde (a) and GDA (b).
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maximum concentration of about 1.5 mg/l. At higher tolerates even a 100% aqueous mobile phase without
concentrations the linearity curve flattendelg; 2b any organic modifiers.

due to peak brodening. As a consequence, samples In practice, not only low or medium concentrations
containing higher GDA concentrations must be di- but also concentrations above the linear section of the

luted in order to achieve accurate results. calibration curve may occur, e.g. high residual GDA
The detection limit was calculated as three-fold concentrations due to incomplete final rinse of endo-
baseline noise. Using an injection volume of B0a scopes. Hence, automated derivatization can be per-

detection limit of 0.47%.g/l was found for GDA, cor- formed along with simultaneous dilution (e.g. by fac-
responding to 24 pg of GDA injected. In view of an tor 10 or 100) so that manual dilution is no longer
analytical column with an internal diameter of 2 mm, necessary, which further simplifies the method.

the injection volume of 5Q.1 appeared relatively large A 1:10 dilution is achieved by transferring a given
and could have produced broader peaks. However, sample volume to a given volume of the diluted deriva-
since an aqueous sample was injected the solventtization solution (DerSol-Dil). For example, in our au-
was weaker than the mobile phase. Thus, the solutestosampler program, 144l of the sample is pipetted
were concentrated at the top of the column leading into a vial containing 1 3001 DerSol-Dil. The DNPH

to peak sharpening. Representative chromatogramsand HsPOy, concentrations in the derivatization solu-
with aldehyde concentrations of 20@/l using an in- tion are brought to levels identical with concentrations
jection volume of 5Gul and concentrations of 2mg/l  in undiluted samples. Other dilution factors may be
using a volume of l are shown inFig. 3. When achieved by simply varying the relation of the sample
using 50ul no significant increase in peak width was volume and the volume of DerSol-Dil.

observed in comparison with 3. Even injection vol- To evaluate the method under practice conditions
umes greater than 50 could be used which would  we determined GDA recovery rates using Teflon tubes.
lead to a further decrease of detection limits. In view The latter were chosen as substitutes for endoscope
of the large injection volume and the aqueous nature channels which are frequently made of Teflon. The
of the samples a column material was selected thattubes had a length of 1 m and an internal diameter

100
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Fig. 3. Chromatograms of aldehyde samples with concentrations of approximately 2 and 0.2mg/l and injection volumes of |d,and 50
respectively (the peak in front of GDA is glyoxal, a contaminant in the GDA standard).
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of 2mm corresponding to a volume of about 3ml. effort-saving method is well suited for screening for
Six Teflon tubes were filled over a period of 1 h with GDA residues in endoscopes.

a GDA solution containing 2-3 g/l GDA, which is a

concentration commonly used in commercial disinfec-
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