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ABSTRACT: Pseudoephedrine can be used to measure the level of contamination and to evaluate the 
effectiveness of decontamination for surfaces at a clandestine laboratory which has been contaminated during its 
operations. Surface wiping using appropriate wiping media have been suggested by cleanup guidelines. Some 
wiping vehicle used for low levels of pseudoephedrine showed possible formaldehyde contamination that leads 
to the detection of a pseudoephedrine-formaldehyde adduct upon GC-MS analysis. A spectrofluorometric 
method based on the Hantzsch reaction was used to quantify extractable formaldehyde from cotton wool, 
Whatman 40 and Sartorious filter papers. Formaldehyde was initially present in all the wiping media at levels up 
to almost 1.0 g per filter, but a detergent wash greatly reduced th　 e level of formaldehyde contamination. 
Formaldehyde levels slightly increased when washed and dried wiping media were exposed to laboratory air for 
a period of 18 h to 48 h, whereas a control in a clean sealed bottle showed no increase. Therefore, materials used 
as surface wiping media must be properly treated or protected against formaldehyde contamination if 
pseudoephedrine is to be recovered and analysed underivatised using GC-MS. 
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Introduction 
 
Pseudoephedrine [1] is one of the more common 
starting materials for clandestine methamphetamine 
synthesis, especially via the red phosphorus method 
[2, 3]. Although methamphetamine is the principal 
indicator for contamination assessment at a 
clandestine laboratory, pseudoephedrine can also 
be used for this role, especially when has been used 
as the sole precursor in a methamphetamine 
synthesis or in a situation when the synthesis 
process has not completely converted the precursor 
to methamphetamine. Since extraction of 
pseudoephedrine from pharmaceutical preparations 
may be performed in a separate precursor chemical 
extraction laboratory from that where the actual 
methamphetamine synthesis occurs, possibly as a 
means to avoid being detected by law enforcement 
personnel, the presence of only pseudoephedrine on 
surfaces of a suspected clandestine laboratory may 
indicate that it was an extraction laboratory.  
 
Upon remediation of a former clandestine 
laboratory, pseudoephedrine can be used in 
addition to methamphetmine as a surrogate analyte 
to measure the effectiveness of decontamination, 
and therefore to aid in the determination of whether 
the property is considered adequately clean and 
safe for subsequent occupancy. Overseas 
clandestine laboratory cleanup guidelines 
recommend wipe samples to be taken from various 

surfaces of the structure before and after the 
cleanup when necessary [e.g. 4, 5, 6]. This implies 
that surface wiping is a vital step in the evaluation 
of the level of contaminants actually present [7]. A 
few criteria must be met when selecting a wiping 
vehicle – it must hold solvent, its matrix should not 
interfere with GC-MS identification, and it should 
not fall apart during the extraction process. 
Whatman 40 filter paper, Sartorius 1388 filter 
paper, cotton wool, and WEBCOL® skin cleansing 
alcohol swabs were potential candidates as wiping 
vehicles. However, when low levels of 
pseudoephedrine were recovered from such media 
and analysed underivatised by GC-MS in our 
laboratory, the results indicated there might be 
contamination from the wiping media since the 
chromatograms showed a peak with similar 
retention time and mass spectrum to that reported 
earlier for the pseudoephedrine-formaldehye 
derivative [8-10]. Several authors have reported 
that pseudoephedrine or ephedrine can react with 
aldehydes or ketones to form oxazolidines  [8, 9, 
11]. The formaldehyde-based oxazolidines have 
almost identical retention times to the parent drugs, 
but their mass spectra show a base ion at m⁄z 71 
rather than the m⁄z 58 characteristic of the parent 
drugs when analysed underivatised by GC-MS [7, 
10]. Formaldehyde is a ubiquitous contaminant, 
and so wiping media such as filter papers may 
contain or accumulate formaldehyde.  
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We conducted a study to qualify and quantify 
formaldehyde present in the wiping media based on 
the Hantzsch reaction of formaldehyde and 
acetylacetone (2, 4-pentanedione) in the presence 

of ammonia to give a di-acetyldihydropyridine (Fig. 
1). The di-acetyldihydropyridine fluoresces so that 
trace formaldehyde can be determined using a 
spectrofluorometer [12]. 

 

 
Fig. 1: Hantzsch reaction 

 
 
Materials and Method 
 
All chemicals were of analytical grade and were 
used as received.  Water for solution preparation 
and rinsing of wiping media was from a Milli-Q 
purification system. Wiping materials selected 
were Whatman 40 filter paper, Sartorius 1388 filter 
paper, and cotton wool. WEBCOL® skin cleansing 
alcohol swabs were excluded from further 
investigation as it is wetted with iso-propanol. 
 
The procedure used for the fluorometric analysis of 
formaldehyde was based on that reported by 
Belman [12]. 
 

(i) A working solution for the analysis was 
prepared by mixing equal volumes of 2.0 
mol/L ammonium acetate solution (adjusted 
to pH 6) and 0.02 mol/L acetylacetone 
solution (adjusted to pH 6). Standards in the 
range 0 – 2.0 µg of formaldehyde were 
prepared by adding 5.0 mL of the working 
solution, the appropriate volume of 1.0 
mg/mL formaldehyde solution, and making 
the volume to 10.0 mL with water.  Each 
solution was then mixed, capped, and heated 
at 37-38°C for 1 h. All the tubes were then 
cooled to room temperature prior to analysis. 
A  Hitachi F-2000 spectrofluorometer was 
used for the analysis with ex = 410 nm, em = 
515 nm, and 10 nm bandwidth.  
 

(ii) Sample preparation 
Triplicates of cotton wool, Whatman 40 filter 
paper, and Sartorius 1388 were prepared (see 
sections (a), (b) and (c)): 5.0 mL of the above 
working solution was then transferred into 
each of nine clean dry test tubes. Cotton wool 
(about 0.5 g) was put into each of three tubes, 
two pieces of Whatman 40 filter paper (5.5 
cm in diameter) were put into each of three 
tubes, and two pieces of Sartorius 1388 (5.5 
cm in diameter) were put into each of three 

tubes. All the tubes were made to 10.0 mL 
with water, capped and heated at 37-38°C for 
1 h, they were then cooled to room 
temperature before measuring the 
fluorescence response. 

 
a) Measurement of formaldehyde in untreated 

cotton wool and filter papers 
Measurement of formaldehyde in untreated 
cotton wool (ca 0.5 g), Whatman 40 filter 
paper (5.5 cm in diameter) and Sartorius 1388 
filter paper (5.5 cm in diameter) were 
performed as described above. 

 
b)  Washed cotton wool and filter paper 

To remove any formaldehyde in the cotton 
wool, Whatman 40 and Sartorius 1388 filter 
papers, they were soaked in 5% Decon 90 for 
30 min, sonicated for 10 min, then rinsed 
thoroughly with Milli-Q water, and dried at 
50ºC in an oven. They were then reanalysed 
for formaldehyde as described in (ii). 

 
c) Effect of exposure of Sartorius 1388 filter 

paper to laboratory air 
Sartorious 1388 filter papers were cleaned 
and dried as described above, then they were 
exposed in two separate laboratories with a 
control in a sealed glass bottle over a period 
of 18 h to 48 h. The filter papers were then 
analysed for formaldehyde as described in (ii).  

 
 
Results and Discussion 
 
The calibration curve was linear over the range 0 to 
0.2 µg formaldehyde in 10 mL solution. 
Formaldehyde was present in all the three sampling 
media in quantities up to almost 1.0 μg per filter, 
Table 1, with Sartorius 1388 filter paper having the 
most formaldehyde. The presence of formaldehyde 
in some paper products has been reported 
previously [13, 14].  The Decon 90 wash reduced 
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the amount of formaldehyde in all samples, 
particularly for the Sartorius 1388 filter paper, 
Table 1. 
 
The effect of exposure to formaldehyde in the 
laboratory atmosphere was also examined. 
Sartorious 1388 filter paper was chosen for further 
investigation as it showed the least amount of 
formaldehyde after the washing process, plus it is 
durable to the washing and the base extraction 
process used for pseudoephedrine wipe analysis 
(with 4% NaOH solution and n-hexane). Exposure 

of cleaned Sartorius 1388 filters to a new (< 2 years) 
laboratory and an old laboratory led to slight 
increases in formaldehyde detected in the exposed 
samples from both laboratories, whereas the control 
showed no increase, Table 2. The sample labeled 
“re-used” in the table refers to Sartorius 1388 filter 
papers that had been previously used for 
pseudoephedrine extraction, which had then been 
cleaned and dried before performing the 
formaldehyde determination. Only a trace amount 
of formaldehyde was detected in this sample. 

Table 1: Amount of formaldehyde in the tested wiping materials 
 

Samples 
Amount (µg) 

Untreated Washed 
Cotton wool  (0.5 g) 0.254 0.093 
Whatman 40 (2 pcs of  55 mm diameter) 0.361 0.188 
Sartorius 1388 (2 pcs of  55 mm diameter) 0.858 0.040 

 
 

Table 2: Amount of formaldehyde in the tested wiping materials after exposure to ambient air 

Sartorius 1388 Filter Paper Amount (µg) 

Untreated (control) 0.893 
Clean and dried (control) 0.106 
Clean and dried , exposed 18 h in old laboratory 0.236 
Clean and dried , exposed 18 h in new laboratory 0.203 
Clean and dried , kept 18 h in capped bottle (control) 0.089 
Clean and dried , exposed 48 h in old laboratory 0.258 
Clean and dried , exposed 48 h in new laboratory 0.276 
Clean and dried , kept 48 h in capped bottle (control) 0.107 
Re-used, clean and dried 0.058 

 
 
We have reported earlier that when 
pseudoephedrine-containing samples that has been 
exposed to formaldehyde were analysed 
underivatised using GC-MS, a peak eluted at a 

retention time which was extremely close to that of  
pseudoephedrine but that had m/z 71 as its base 
peak [10], Fig. 1, rather than the m/z 58 which is 
expected for pseudoephedrine [15], Fig. 2.  

 

 
Fig. 1: GC-MS mass spectrum of pseudoephedrine-formaldehyde adduct 
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Fig. 2: GC-MS mass spectrum of pseudoephedrine 

 
 
This altered GC-MS behavior of pseudoephedrine 
in the presence of a formaldehyde source has 
previously been reported to have led to the 
misidentification of pseudoephedrine as 
phenmetrazine [8]. Furthermore, Lewis et al. [9] 
have reported that the presence of formaldehyde in 
solvents or specimens during pseudoephedrine 
urinalysis leads to oxazolidine formation. Thus, 

formaldehyde-contaminated surfaces or wiping 
materials can lead to the observation of the 
formaldehyde adduct of pseudoephedrine when 
wipe samples are analysed [7, 10]. The formation 
of the pseudoephedrine-formaldehyde adduct could 
occur via the reaction pathway in Fig. 3 as has been 
proposed earlier [9, 10]. 
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Fig. 3: Reaction of pseudoephedrine with formaldehyde 
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Conclusion 
 
Since formaldehyde is potentially present in built 
environments, sample collecting vehicles, 
glassware and solvent used in pseudoephedrine 
extraction must be protected against formaldehyde 
contamination. Our results show that Sartorius 
1388 filter paper was suitable as the wiping vehicle 
for pseudoephedrine surface recovery experiments, 
although similar filter papers should also be 
suitable following appropriate washing to remove 
formaldehyde. When used for collecting low level 
pseudoephedrine intended for GC-MS analysis, 
wipe materials should be pre-cleaned with Decon-
90, dried and wrapped with aluminium foil prior to 
use. 
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