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Abstract: Glycol ethers, such as propylene glycol monomethyl ether (PGME) and propylene glycol monobuthyl 

ether (PGBE) are solvents found in many professional and domestic products. In biomonitoring studies, the type 

of materials used to collect, store, and transport these samples can greatly influence the analytical results 

because materials can adsorb the analyte. Plastic tubes generally have a hydrophobic internal surface that can 

reduce the concentration of certain chemicals and result in an underestimation of workers’ exposures. The aim 

of this study was to assess whether the storage of PGME and PGBE spiked blood and urine samples led to 

different PGME and PGBE concentrations in vials made of glass and common plastics (polypropylene (PP), 

polyethylene (PE) or polystyrene (PS)). Glycol ether concentrations were quantified with headspace gas 

chromatography equipped with a flame ionization detector. Our results show stable urinary PGME and PGBE 

concentrations in PP, while up to 15% variations in urinary PGME for PE and PS. For PGME and PGBE in 

blood, we observed no statistically significant losses in glass, while losses were recorded for all types of plastic 

tested (PS, PP and PE). We conclude that biomonitoring samples should be collected in glass for blood and PP 

for urine. 

Keywords: biomonitoring, measured concentration, urinary level, blood sample, occupational exposure, 

analytical analysis  

 

1. Introduction 

The materials used to collect, store and transport body fluids, such as blood and urine, can adsorb the analyte 

with great influence on the analytical results and consequently, resulting decisions (Bowen et al., 2010; Bowen 

and Remaley, 2014). Plastic tubes generally have a hydrophobic internal surface that may reduce the 

concentration of certain chemicals of interest in analyzed fluids (Bowen and Remaley, 2014). This adsorption 

phenomenon is explained by the binding of a certain amount of a chemical to the inner wall of containers 

(Fukazawa et al., 2010). This surface can interact with a limited amount of a chemical (Palmgrén et al., 2006). 

The lower the concentration of the free chemical the greater is the observable loss. Validation studies should 

include sample vial materials, as these are crucial in generating reliable results. Vial material should not 

contribute to analytic interferences, but should fit the purpose and satisfy the particular requirements for its 

specific intended use. Uncertainties in the analyte amount in a sample can lead to disastrous results as crucial 

safety decisions are made based on these. In medicine, blood and urine are collected to measure the level of a 

pharmaceutical in patients to adjust the therapeutic dose (Bowen et al., 2016). In toxicological studies, a 

chemical can also be quantified in blood and urine to determine a dose-effect relationship (Hopf et al., 2012), 

which helps authorities to set chemical health based exposure limit values (Federal Office of Public Health 

(FOPH), n.d.). For example, occupational biological limit values exist to protect workers’ health (Chen and 

Lippmann, 2015; European Chemicals Agency (ECHA), n.d.), and the actions needed to reduce exposures are 

made on the magnitude of the parent chemical or its metabolite in worker’s blood and urine. Human 
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biomonitoring programs in the general population are also conducted across continents to understand the 

average body burden of some chemicals of interest. Up to 75% of the analytical magnitude of error are during a 

pre-analytical phase (Bowen et al., 2016), which includes biological fluid collections, storage and transport of 

samples, and the type of biological media and analyte that will be analyzed. Among these variables that can 

introduce errors in the pre-analytical phase, material is often under-recognized or neglected (Bowen et al., 2010; 

Bowen and Remaley, 2014). Nowadays, plastic collecting and storage containers often replace glass for 

occupational safety as well as sample safety reasons (Bowen et al., 2016, 2010; Ernst, 2001). Materials used to 

collect and store blood and urine are mainly made of three common polymer plastics, such as polypropylene 

(PP), polyethylene (PE) or polystyrene (PS) (Boeynaems et al., 2004; Bowen et al., 2005; Bowen and Remaley, 

2014; Kratz et al., 2006). For instance, in biomonitoring and toxicological studies with glycol ethers, the 

material used was either polyethylene (Corley et al., 1997; Devanthéry et al., 2000; Moffatt et al., 1986) or glass 

(Domoradzki et al., 2003), or was even not reported (Angerer et al., 2002; Devanthéry et al., 2002; Hubner et 

al., 1992; Johanson et al., 1986; Juenke et al., 2011; Livesey et al., 1995; Morgott and Nolan, 1987; Robertson 

and Loosli, 1947; Smallwood et al., 1984; Starek et al., 2010; Suber et al., 1989). Glycol ethers is a family of 80 

chemicals that may be reprotoxic and neurotoxic (Fowles et al., 2017; Institut national de la santé et de la 

recherche médicale, 2005; Institut National de Recherche et de Sécurité, 2012; Landry et al., 1983; Lemazurier 

et al., 2003; US EPA, n.d.; Welsch, 2005). Glycol ethers are used as amphiphilic solvents in manufacture of 

paints and in the formulation of a wide range of products, such as glues, inks, varnishes, cosmetics, cleaning and 

metallurgical products (e.g., degreasers, cutting fluids) (Agency for Toxic Substances and Disease Registry, 

n.d.; Institut national de la santé et de la recherche médicale, 2005). Handling these may result in exposures 

(Ben-Brik et al., 2004; Devanthéry et al., 2000; Johanson, 1988; Welch et al., 1988). The potential for inhalation 

and skin uptake make biomonitoring an excellent tool to quantify total internal dose capturing both routes of 

entry. Dose estimates are an important part of risk assessment (Albertini Richard et al., 2006; Sexton et al., 

2004). Propylene glycol monomethyl ether (PGME, CAS no. 107-98-2) and propylene glycol monobuthyl ether 

(PGBE, CAS no 5131-66-8) are two glycol ethers found in abundant domestic and professional products 

(Agence française de sécurité sanitaire de l’environnement et du travail (afsset), 2008; Institut national de 

l’environnement industriel et des risques (INERIS), 2007). As with other glycol ethers, there is no guideline that 

indicates the type of materials to be used to sample blood and urine. Inappropriate materials may therefore lead 

to erroneous results such an underestimation of PGME and PGBE concentrations in the analyzed samples.  

Both PGME and PGBE are biomarkers of exposure and can be quantified directly as such in blood and urine. 

The aim of this study was to assess whether the storage of blood and urine samples between 6 hours and 7 days 

in the common plastics PP, PS, and PE, and in borosilicate glass (G) tubes led to different PGME and PGBE 

concentrations. 

2. Materials and Methods  

Chemicals: PGME (≥ 99%), PGBE (≥ 99%) and propylene glycol propyl ether (PGPE, CAS 1569-01-3, 99%) 

were obtained from Sigma Aldrich (Buchs SG, Switzerland), sodium sulphate Na2SO4 (CAS 7757-82-6) from 

Merck (Darmstadt, Germany). 

Biological samples: PGME and PGBE concentrations in blood and urine were measured in four common 

collecting and storage materials for body fluids: borosilicate glass (G), polypropylene (PP), polystyrene (PS) 

and polyethylene (PE). The vials were 5 mL, 75 mm high and 12 mm diameter. G vials were obtained from 

Labmaterials (www.labmaterials.net, article N°: STUN-001-250), PP and PS vials from Sarstedt 

(www.sarstedt.com, article N° 55.526 and N° 55.476 for PP and PS, respectively), and PE vials from Huberlab 

(www.huberlab.ch, article N°7.115 301). 

Experimental design: The experimental design is summarized in Figure 1. Anticoagulated blood was used in 

this study. Blood and urine were spiked (stock solutions) with PGME or PGBE at two concentrations: A and B. 

These concentrations were obtained in a human controlled study where participants (n=11) were exposed 6 

hours to 129 mg/m
3
 (35 ppm) and 81 mg/m

3
 (15 ppm) of PGME and PGBE, respectively (data not shown, 

ongoing study). Blood and urine samples were collected during and after participants’ exposure. The 

concentration A corresponded to low concentrations observed in blood and urine (around 0.4 mg/L), whereas 
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concentration B represents high PGME concentrations quantified in urine (around 4 mg/L). The stock solution 

was first prepared in a 200 mL glass beaker, and then directly into headspace (HS) glass vials to provide 

controls (t0, in three replicates). The rest of the stock solution (2 mL of blood or 2.2 mL of urine) was 

transferred into G, PP, PS and PE vials in four replicates for each storage time. Blood and urine was never in 

contact with the cap. The pipette tip was changed at each pipetting. PGME and PGBE quantification was 

performed after 6h (t1), 24h (t2) and 168h (t3 one week) of storage in the refrigerator (4°C). These times 

represent the storage laps times frequently observed before laboratory analysis during toxicological studies.  

 
Figure 1: Experimental design with four common materials used to collect and store blood and urine: Glass (G), 

polypropylene (PP), polystyrene (PS), and polyethylene (PE). Blood and urine were spiked with PGME or PGBE in a 200 

mL glass beaker. PGME and PGBE quantification in blood and urine was performed before any contact with the tested 

material (t0 and control (C)) and after 6h (t1), 24h (t2) and 168h (t3) of contact (n=204). 

Calibration curve solutions: PGME and PGBE stock solutions for calibration curves were prepared with 

deionized water (Milli-Q® Advantage A10) at the concentration of 2 g/L. The stock solutions were prepared in 

glass flasks and stored in the refrigerator (4°C). PGME and PGBE stock solutions were later diluted in blood or 

urine to run a series of minimum six calibration points across a range of concentrations from 0.1 mg/L to 5 

mg/L. Limit of quantification (LOQ) was 0.04 mg/L. 

Internal standard solutions: The internal standard (IS) was PGPE in water (2 g/L). The IS was diluted 20-times 

and was added (50µL) to the analytical vials containing blood (2 mL), urine (2.2 mL), water (blank) (2 mL), and 

calibration solution (2 mL). The IS was deliberately added at the end to avoid a possible adsorption to the material.  

Glycol ether analysis: An analytical method combining automated headspace (HS) solid-phase microextraction 

(SPME) sampling techniques was optimized (Tomicic and Berode, 2010). At t1, t2 and t3, 1 mL of blood was 

transferred into 20-mL injection Headspace (HS) glass containing 1 mL of MilliQ water and IS. For urine, 1gr 

of Na2SO4 was weighted in 20-mL injection HS and 2 mL of urine plus IS were added. No Na2SO4 were needed 

for blood. Blood samples were diluted in water (1:1) to reduce coagulation effect and increase the sensitivity. 

PGME and PGBE in blood and urine were analyzed and quantified with gas chromatography (GC) (Agilent 

Technologies AG, Urdorf, Switzerland) equipped with MultiPurposeSampler MPS2 (Gerstel AG, Sursee, 

Switzerland) and flame ionization detector (280 °C). HS glass vials containing urine or blood samples were 

incubated 10 min at 55°C or 90°C, respectively. Extraction was performed for 2 min using a solid phase 

microextraction (SPME, fiber carboxen/polydimethylsiloxane, CAR/PDMS, 75µm, Supelco, Buchs, 

Switzerland). The fiber was desorbed (250°C) and transfered onto the column (Optima® FFAP plus, 15 m; 0.5 

μm film thickness, 0.32 mm ID; Macherey Nagel, Oensingen, Switzerland) in splitless mode at a flow rate of 

1.5 ml/min. The GC temperature program was to 40°C (1 min), raised (11.43°C/minute) to 120°C, and held for 

1 min (total cycle time of 8.99 min). Under these conditions, retention time was 5.19 min for PGME and 7.56 

min for PGBE. Limit of quantification (LOQ) was 0.04 mg/L.  

Statistical analysis: There is a mean +/- 15% analytical uncertainty with the HS SPME technique. This is the 

variability we accept in this paper and is according to the U.S. food and drug administration (FDA)'s guidance 

(Food and Administration (FDA), 2001). The variability of the respective concentration of PGME and PGBE in 
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blood and in urine was analysed using a standard anova with the time point and the storage material and their 

interaction as independent factors. The concentration was expressed in percentage of the mean concentration at 

t0 so that the target concentration was 100%. Statistical analyses were performed using Stata software 

(StataCorp LP, College Station, TX, USA). 

3. Results 

The concentrations (raw data) of PGME and PGBE in blood and urine are summarized in Table 1 and Table 2. 

 
Table 1: Blood concentrations of PGME and PGBE after 6-h, 24-h and 168-h of storage in PE, PS, PP and glass vials. 

Control was performed before any contact with the tested tube material. The concentrations are in mg/L. 

 

 

Mean SD Mean SD Mean SD Mean SD

PE 0.354 0.013 0.354 0.003 0.311 0.004

PP 0.356 0.013 0.347 0.015 0.318 0.013

PS 0.345 0.020 0.359 0.021 0.339 0.006

Glass 0.358 0.010 0.376 0.014 0.376 0.015

PE 0.427 0.009 0.437 0.029 0.369 0.040

PP 0.449 0.010 0.474 0.009 0.480 0.012

PS 0.452 0.009 0.471 0.011 0.490 0.016

Glass 0.436 0.019 0.461 0.018 0.464 0.011

PE 4.889 0.132 4.831 0.033 4.599 0.102

PP 4.920 0.059 4.871 0.075 4.639 0.142

PS 4.785 0.172 4.924 0.041 4.728 0.134

Glass 4.609 0.172 4.779 0.080 4.773 0.208

PE 4.992 0.152 4.807 0.445 4.653 0.324

PP 4.739 0.181 4.723 0.215 5.127 0.077

PS 4.910 0.075 5.043 0.242 5.348 0.129

Glass 4.894 0.154 5.009 0.254 4.940 0.345

24h

(n=4)

168h

(n=4)

0.413 0.014

0.485 0.018

Control 0h 

(n=3)

6h

(n=4)

4.847 0.045

5.014 0.073PGBE
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Table 2: Urine concentrations of PGME and PGBE after 6-h, 24-h and 168-h of storage in PE, PS, PP and glass vials. 

Control was performed before any contact with the tested tube material. The concentrations are in mg/L. 

 

 

Figure 2 and Figure 3 summarize the variability (%) of PGME and PGBE concentrations according to materials 

and storage time. In blood, no statistically significant difference between materials for PGME and PGBE was 

observed when this biological fluid was stored in glass (concentration A (p < 0.14), concentration B (p < 0.29)). 

The plastic PS lost 16.5 % of PGME at blood concentration A after 6-h, and 18% after a week. In PP and PE, 

PGME blood concentration A decreased with time and after a week of storage, and the losses were 25% and 

23%, respectively. At the same concentration, PE showed also a loss of 24% of PGBE in blood after a week at 

this concentration.   

The results in urine showed no statistically significant difference between materials for PGME and PGBE when 

the body fluid was stored in PP. At the PGME concentration B in urine, differences of 17% and 19% were 

observed for PE and PS after 24h. At the lowest test concentration (i.e, concentration A), one week of storage in 

PS increased PGME concentrations in urine by 17% and decrease it by 27% in glass. 

Mean SD Mean SD Mean SD Mean SD

PE 0.391 0.014 0.372 0.024 0.423 0.051

PP 0.403 0.007 0.401 0.011 0.354 0.060

PS 0.410 0.025 0.412 0.018 0.464 0.084

Glass 0.415 0.011 0.397 0.028 0.290 0.038

PE 0.344 0.006 0.344 0.006 0.358 0.002

PP 0.347 0.009 0.348 0.015 0.356 0.012

PS 0.335 0.007 0.347 0.012 0.345 0.007

Glass 0.338 0.004 0.349 0.007 0.332 0.015

PE 5.718 0.338 6.061 0.139 5.784 0.341

PP 5.666 0.256 5.844 0.425 5.429 0.293

PS 5.942 0.264 6.146 0.175 5.587 0.878

Glass 5.467 0.131 5.444 0.312 4.979 0.200

PE 3.705 0.119 3.629 0.104 3.601 0.097

PP 3.626 0.040 3.657 0.147 3.630 0.089

PS 3.517 0.124 3.727 0.174 3.571 0.165

Glass 3.495 0.152 3.602 0.085 3.636 0.058

C
o

n
c
e
n

tr
a

ti
o

n
 A

C
o

n
c
e
n

tr
a

ti
o

n
 B PGME 5.184 0.087

PGBE 3.572 0.058

168h

(n=4)

PGME 0.397 0.021

PGBE 0.347 0.009

Molecule
Tube 

material

Control 0h 

(n=3)

6h

(n=4)

24h

(n=4)
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Figure 2: PGME and PGBE concentrations expressed in percent of the initial concentration (mean and 95% CI) in blood (y-

axis) in PE, PS, PP and glass vials after 6-h, 24-h and 168-h of storage (x-axis). The solid line is the lowest concentration A 

and the dashed line is the highest concentration B. Statistical significances (p values for one-way anova test of differences 

between storage times) are indicated below the individual graphs. 
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Figure 3: PGME and PGBE concentrations expressed in percent of the initial concentration (mean and 95% CI) in urine (y-

axis) in PE, PS, PP and glass vials after 6-h, 24-h and 168-h of storage (x-axis). The solid line is the lowest concentration A 

and the dashed line is the highest concentration B. Statistical significances (p values for one-way anova test of differences 

between storage times) are indicated below the individual graphs. 

 

4. Discussion 

Our results showed that glass was the best material to store blood as and PP for urine samples when analyzing 

PGME and PGBE. Biomonitoring and toxicological studies require reliable analytical results to verify the 

chemical exposure and should thus consider sampling material in their protocols. The greatest differences in 

PGME and PGBE concentrations were observed for blood contained in PE. This plastic material is known to 

also perform poorly for chlorinated hydrocarbons, aromatic compounds and strong acids (National Institute for 

Occupational Safety and Health (NIOSH), 2021). Consequently, we recommend not using this material for 

either urine or blood samples.  

Significant concentration differences exist for PGBE in blood but not in urine suggesting a biological matrix 

effect at least for this substance. The small variations (i.e., ≤ 15%) observed around the control (expressed as 

100%) such as the increases in PGME and PGBE concentrations in some samples likely indicate an intrinsic 

variability due to the chemical analysis. Evaporation or degradation of PGME and PGBE was unlikely to occur 

in our study. PGME and PGBE are miscible in water (amphiphilic) and relatively non-volatile from water. 

PGME is known to have a biodegradation longer than 28 days in water (US EPA, n.d.) and since PGBE has 

similar chemical properties to PGME, we reasonably assume the same for this molecule. The losses measured in 

the lowest (i.e., concentration A) were more pronounced than in the highest (i.e,. concentration B) 

concentration, which is in line with Palmgrén et al., 2006 for other chemicals. In blood, no loss of PGME and 

PGBE was observed in glass tubes, indicating that this material did not interact with these chemicals. Glass was 

therefore deemed the best material for blood collection and storage. In forensic toxicology for example, blood 

samples are regularly collected into glass tubes to minimize drug adsorption (Kerrigan, 2013). Vials made in 
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glass are also known to minimize volatile analyte loss such as solvents (Steven B. Karch, 2007). Glass was also 

a good material for urine storage when PGME and PGBE were present at the highest test concentration (i.e, 

concentration B). However, a substantial decrease of PGME concentration in urine was observed after a week of 

storage in glass for the lowest test concentration (i.e, concentration A). This loss occurred at a concentration 10-

fold higher than the LOQ and the results were therefore considered as reliable, especially within the narrow 

concentration range that was tested in this study (between concentration A and B, see Table 1). PP was a better 

material than glass to store the urine as no losses were observed, whatever the concentration and time of storage. 

Plastic materials are often preferred in biomonitoring since it decreases the risk of the glass breaking as well as a 

decreased weight.  In general, a decrease in the concentration of a chemical is expected in plastic materials, not 

in glass, and is attributed to adsorption phenomenon (Beitz et al., 1999). In our study, the use of glass was 

appropriate for blood but not for urine. The PP plastic was a better material than glass to store urine and this 

result emphasizes the importance of assessing the sampling materials and selecting the appropriate material 

prior biomonitoring and toxicological studies. 

The material used to collect and store biological samples are often not reported in toxicological and 

biomonitoring studies (Angerer et al., 2002; Devanthéry et al., 2002; Hubner et al., 1992; Johanson et al., 1986; 

Juenke et al., 2011; Livesey et al., 1995; Morgott and Nolan, 1987; Robertson and Loosli, 1947; Smallwood et 

al., 1984; Starek et al., 2010; Suber et al., 1989). For example, in a biomonitoring study with workers, Hubner et 

al., 1992 collected blood and urine to assess occupational exposures to PGME in a brakehose production plant. 

Workers were exposed to 22.3 ppm of PGME, and the internal PGME dose was 13.5 mg/L in blood and 4.6 

mg/L in urine (storage time was not mentioned). Assuming the samples were collected in common plastic tubes 

such as PE, and using our results, then the Hubner et al. study results would have underestimated the internal 

exposure of the workers from 10-25% depending on the amount. Conversely, the use of PS for urine would have 

overestimated the concentration of about 19% at 24h storage. Both, an underestimation and overestimation of 

the exposure can lead to inappropriate decisions for the protection of workers’ health. 

Our study faced certain limitations, particularly at the experimental design level. The biological fluids were 

spiked once in a large glass beaker and distributed into the test material tubes. As all the samples were ready to 

be analyzed at the same time this introduced a waiting time in the GC. These differences in injection time could 

potentially have introduced concentration errors. Another option would have been to spike the biological fluid in 

a time-delayed manner. However, this procedure could possibly introduce a pipetting variability and interfere 

with the objective of the study, which was to determine potential concentration errors due to biological fluid 

storage over time. In a preliminary test, we confirmed that the glycol ether concentrations did not change when 

kept in glass vial in the GC auto sampler at room temperature for 24 hours (data not shown). This study could be 

used as a protocol to test for possible concentration errors in biological fluids.  

5. Conclusions 

We conclude that the best collection materials to quantify PGME and PGBE in biological samples were glass 

for blood and PP for urine. Storage duration at 4°C will have an impact on PGME and PGBE concentrations in 

urine. Laboratories that cannot process the samples immediately or at least within 24 hours after reception 

should quantified possible losses of glycol ethers in frozen samples. We recommend using these collection 

materials with other propylene glycol ethers in biological fluids as they have similar chemical properties as 

PGME and PGBE.. 
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Highlights 

 Sampling material impact on glycol ethers concentration in urine and blood 

 Urinary PGME and PGBE concentrations are stable in PP material 

 Blood PGME and PGBE concentrations are stable in glass material 

 Glycol ethers concentration is reduced in PE and PS material 

 Biomonitoring samples should be collected in glass for blood and PP for urine 
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