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Abstract 

A Dispersive Liquid-Liquid Microextraction method has been 

successfully developed to automate the extraction of simulant 

solutions, providing improved sample integrity and limits of 

detection, reduced analysis times and more accurate and 

repeatable screening data.  This automated solution provides 

significant advantages, such as maintaining consistent precision 

over the manual or semi-manual liquid extraction techniques 

typically used for sample preparation in Extractables and 

Leachable analysis. 
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Introduction 

Highly efficient Liquid/Liquid extraction methods 

have been developed and validated [1] for the 

extraction and enrichment of contact simulant 

solutions prior to chromatographic analysis. 

Simulant solutions are widely used in 

extractable/leachable testing within the 

pharmaceutical and Electronic Nicotine Delivery 

System (ENDS) industries, as well as in testing of 

food contact materials for non-intentionally added 

substances (NIAS). The simulant solution mimics 

the extractive properties of the in-use formulation 

and is used to determine the nature and estimated 

amount of any substances which migrate from the 

packaging material to the drug product, e-liquid 

formulation or foodstuff. 

There are several challenging aspects to the 

sample extraction and analysis of simulant 

solutions, including: 

• Require solvent exchange and enrichment using 

harmful solvents in large quantities 

• Some simulant solutions are highly complex, 

often containing salts or detergents 

• Coupled with the need for, in many cases, very 

low limits of detection and quantitation   

• Traditional, non-automated sample extraction 

methods can lead to quantitative errors and risk 

contamination of the extract solution 

 

Dispersive Liquid-Liquid MicroExtraction (DiLLME) 
[2], a solvent extraction method that utilises a 

secondary dispersive solvent to both increase 

extraction efficiency and reduce sample mixing 

times [3], achieve significant enrichment factors and 

reduce contamination. 

Experimental 

Instrumentation & Materials 

• GERSTEL Dual head MultiPurpose Sampler 

(MPS) Robotic/RoboticPro  

• Universal Syringe Modules (USM) (10 μL and 250 

μL syringe) 

• Prep Syringe Module (PSM) (2500 μL syringe) 

• GERSTEL quickMix 

• Anatune CF200 Robotic centrifuge.  

• Single drawer Peltier cooled sample stack. 

• Agilent 5977A Inert Plus MSD with Flame 

Ionisation Detector (FID) (1:1 split) 

 

 

 Figure 1: GERSTEL MultiPurposeSampler 

(MPS) used for DiLLME Extraction   

A range of matrices were used to represent 

typical simulation solutions used in an 

extractables and leachables study including:  

• Deionised water (DI water) 

• 50% ethanol 

• pH 2.0 buffer 

• pH 10.0 buffer  

• 1% polysorbate 80 (PS80) 

Extraction and analysis performance were 

assessed using four target analytes (grouped 

together as one standard denoted in this 

application note as System Suitability Standard) 

commonly found in extractables or leachables 

studies together with the concentration in the 

simulants:  

• 2-fluorobiphenyl (1 µg/mL) 

• Dibutyl (butylated) hydroxytoluene (1 µg/mL) 

• dimethyl phthalate (0.1 µg/mL) 

• phenanthrene-d10 (0.2 µg/mL)  

Further surrogate compounds (Grob mix 

solution), used to increase the physico-chemical 

diversity of the test set, were also selected. All 

analytes are listed in Table1.  All standards 

were prepared in acetonitrile prior to spiking 

into the test matrix. An intermediate Grob mix 

solution was prepared by performing a 1:10 

dilution in acetonitrile resulting in a 

concentration range of 28 – 53 µg/mL. 

To see a video of how the DiLLME method 

works, click here 

 

 

https://youtu.be/pfgkReU3M9I
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Table 1: Common extractables and surrogates 

used in workflow development. 

Description (CAS number) (Retention Order) 

Decane (124-18-5) (1)  

1-Octanol (111-87-5) (2)  

Undecane (1120-21-4) (3) 

Nonanal (124-19-6) (4)  

2,6-Dimethylphenol (576-26-1) (5) 

2,6-Dimethylaniline (87-62-7) (6) 

Methyl decanoate (110-42-9) (7) 

2-Fluorobiphenyl (321-60-8) (8) 

Methyl undecanoate (1731-86-8) (9)  

Dimethyl phthalate (131-11-3) (10) 

Butylated hydroxytoluene (128-37-0) (11) 

Methyl dodecanoate (111-82-0) (12) 

Phenanthrene-d10 (1517-22-2) (13) 
 

METHOD 

Prior to extraction, the 50% ethanol and 1% 

PS80 matrices were diluted by a factor of 2 and 

5 respectively to reduce matrix effects.  

6 mL of each sample matrix was pipetted, in 

triplicate, into a 7.5 mL high recovery vial. A 

further aliquot of each matrix was pipetted to be 

used as a test blank. The remainder of the 

extraction was fully automated (Figure 2) with 

each standard spiked with 150 µL of the 

intermediate Grob mixture and 60 µL of System 

Suitability standard to produce the required 

target analyte sample concentration of 0.1 ppm 

to 53 ppm. Samples were adjusted to pH 2 

using an aliquot of 2M HCl followed by addition 

of a dichloromethane/pentane solvent mixture. 

Samples were then mixed using the GERSTEL 

quickMix and then centrifuged. 

 

 

using the CF200 automated centrifuge. An 

aliquot of extract was automatically transferred 

to a 2 mL vial and stored in the cooled sample 

stack. The pH of the sample was then adjusted 

to pH 10 using 2M NaOH and the extraction 

repeated to extract any basic analytes. The 

acidic and basic extracts were then 

automatically combined. 1 µL of the combined 

extract was then analysed using Gas 

Chromatography using a DB-5 column and EI-

MS (Scan Mode) and FID detection (Figure 3).  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Automated sample extraction process 

 

 

 

 

 

 

 

 

 

 

Figure 3: FID Chromatogram obtained from a solvent standard (not extracted) with a concentration 

range of 0.6 ppm (dimethyl phthalate) to 318 ppm (2,3-butanediol). 
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To measure extraction recovery, all samples 

were compared against a solvent standard 

spiked with analytes at a concentration factor 

equivalent to that of the extraction.   

RESULTS AND DISCUSSION 

A representative FID chromatogram from the 

fully automated method is shown in Figure 3 

and illustrates the sensitivity (signal to noise) 

performance from the extraction method, even 

with non-selective detection. Further discussion 

on sensitivity considerations when using this 

method is presented later in this application 

note.. 

Based on previous work [2], 350 µL of extraction 

solvent was initially used in method 

development. Absolute recoveries were 

calculated to measure the extraction efficiency 

from deionised water which does not contain 

any material that could propagate matrix 

enhancement or suppression effects. Any result 

above 80% was deemed suitable; all 

compounds met this target (n=3) as shown in 

Table 2. 

Initial testing revealed the target recovery was 

not met for all compounds from the Grob mix 

and that recovery was improved if a larger 

volume of extraction solvent was used. Further 

optimisation revealed that 1 mL of extraction 

solvent gave best average recovery over the 

whole test suite and this volume was used for all 

subsequent experiments. This increase in 

extraction solvent volume may impact method 

sensitivity which is addressed later in this 

application note.  

The selected simulation solution matrices were 

extracted to investigate repeatability (target 

<20% RSD) and recovery (target >80%). RSD 

values calculated for both deionised water and 

50% ethanol (diluted to 25% to reduce matrix 

effects) matrices using area response acquired 

for each selected ion are shown in Table 3. All 

precision values were well below the limit of 

20%, a target which was provided by VR 

Analytical who provide testing services in this 

field and is an accepted limit to which many 

laboratories in this field work to. Phenanthrene-

d10 provides very good reproducibility (3.82%) 

in DI water matrix. The recovery values (against 

the DI water matrix) for all compounds for both 

pH10 matrix and 25% ethanol are shown in 

Table 4. Again, all recoveries are within the 

target range except for BHT which shows 

matrix enhancement in 25% ethanol simulant 

and nonanal which shows matrix suppression 

due to presence of ethanol. To ensure 

improved recovery of nonanal, the ethanol 

matrix would need to be diluted further however 

the recovery may be deemed acceptable given 

the very good reproducibility. The dilution 

approach is supported by recovery of 88% for 

this analyte in pH10 buffer matrix. 

Analyte physico-chemical properties such as 

Log P (Log D) values profoundly affect 

extraction efficiency and for screening analysis, 

where analyte properties may vary widely, 

optimisation to a ‘best case’ scenario is often 

Table 2: Calculated %RSDs for the four 

main compounds of interest. 

Compound % 

Recovery 

% 

RSD 

2-Fluorobiphenyl 

Dimethyl phthalate 

Butylated 

hydroxytoluene 

Phenanthrene-d10 

93 

90 

85 

 

91 

1.7 

5.2 

2.9 

 

1.6 

 

Table 3: Precision for deionised water and 50% 

ethanol. 

Compound % RSD DI 

water 

% RSD 50% 

ethanol 

Decane  

1-Octanol  

Undecane  

Nonanal  

2,6-Dimethylphenol  

2,6-Dimethylaniline 

Methyl decanoate  

2-Fluorobiphenyl  

Methyl undecanoate 

Dimethyl phthalate  

Butylated 

hydroxytoluene  

Methyl dodecanoate  

Phenanthrene-d10  

6.78 

9.12 

12.8 

15.3 

10.5 

11.4 

4.30 

4.50 

4.00 

4.35 

3.62 

 

4.04 

3.82 

11.6 

6.80 

10.9 

7.64 

5.61 

5.40 

5.96 

5.55 

5.94 

7.08 

6.39 

 

6.04 

6.79 
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required.  Table 4 shows that, whilst a range of 

recoveries was observed for the two matrices, 

these were consistent and for all but one of the 

analytes (Nonanal) met the target recovery 

value. 

Where commonly recurring analytes are known, 

it is preferable to survey the range of physico-

chemical properties to assist with selection of 

the best extraction solvent and conditions. More 

polar analytes are typically targeted by other 

analytical techniques that do not require solvent 

exchange prior to analysis such as LC/MS.  

The sensitivity of the chromatographic method 

was further explored to improve performance 

after changing to the larger extraction solvent 

volume. Whilst a flame ionization detector has a 

very large dynamic range and reasonable 

sensitivity, it does not have the selectivity, and 

therefore the excellent sensitivity of a mass 

spectrometer. A consistent signal to noise value 

of >10 for dibutyl phthalate is required for 

Extractable and Leachables analysis using FID 

detection. In this case, the parameter was not 

reliably met using the larger extraction solvent 

volume therefore a 3 μL splitless and 10 µL 

Large Volume Injection (LVI) were investigated 

to improve signal to noise performance. A 

significant increase in signal to noise ratio (S/N) 

of 356 was achieved using LVI and 67 for 3 μL 

splitless injection as shown in Figure 4. 

Demonstrating how careful choice of injection 

technique should be considered to best meet 

the analytical requirement. To also ensure 

consistent chromatography was achieved, a 

DB-5MS UI column with 10m Duraguard 

(retention gap capillary) was employed. The 

presence of a retention gap ensures that 

compounds are able to focus at the front end of 

the column upon exiting the inlet and that band 

broadening does not occur due to the 

increased solvent volume. 

The response values for the peak, approx. 

20,000 for 1 µL and 265,000 for 10 µL also 

indicate that recovery of the analyte from the 

LVI scenario is approximately 100%.  

It was noted that a chromatographic interferent 

was present in the 1 µL splitless injection which 

may affect the signal to noise calculations. It 

was later discovered, through unrelated work 

that the chromatographic ‘interferent’ is a 

compound included within the Grob mixture – 

dicyclohexylamine, which was not being 

assessed. This makes an even more stark 

comparison of the two different inlet types and 

liner choices. Making a good choice of liner is 

incredibly important when dealing with reactive 

species such as amines or phenols and can 

make a huge difference in chromatography and 

as can be seen in figure 4, a change in liner 

type and injection technique resulted in a huge 

improvement in chromatography. Instead of 

presenting as an unresolved peak, the 

compound produced a well-defined peak 

eluting just slightly later than methyl 

undecanoate. It is also important to note that a 

good choice of liner is required when utilising 

LVI as more volatile compounds can often be 

lost in the process. This effect can be seen, 

when comparing liners containing quartz wool 

packing or Tenax, the latter being more 

favourable for more volatile compounds. When 

comparing chromatograms Figure 5), it is 

evident that decane (retention time at 9 

minutes), shows much greater recovery with 

the Tenax packed liner. 

CONCLUSIONS 

This work demonstrates the capabilities and 

potential of DiLLME when applied to a variety of 

matrices and chemical classes for screening of 

Simulation Solutions in Extractables and 

Leachables analysis. Although a higher 

Table 4: Recovery of all analytes from two 

simulation solutions.  

* Recovery values for these compounds 

require further investigation. 

Compound % Recovery 

25% Ethanol 

% Recovery 

pH10 buffer 

Decane  

1-Octanol  

Undecane  

Nonanal  

2,6-Dimethylphenol  

2,6-Dimethylaniline 

Methyl decanoate  

2-Fluorobiphenyl  

Methyl undecanoate 

Dimethyl phthalate  

Butylated 

hydroxytoluene  

Methyl dodecanoate  

Phenanthrene-d10  

92.3 

91.6 

92.4 

63.1* 

120 

78.9 

91.7 

91.1 

93.9 

95.0 

150* 

 

96.4 

92.2 

96.0 

98.2 

92.3 

88.0 

123 

98.6 

90.9 

91.7 

92.6 

98.8 

120 

 

95.3 

92.5 
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extraction solvent volume was required to 

improve recovery, the sensitivity specification 

was improved by using LVI.  

The excellent recovery of analytes with widely 

varying LogP (LogD) values demonstrates that, 

when combining extracts at both high and low 

pH, the method is entirely suitable for non-

targeted analysis. 

As the entire sample extraction is automated via 

the Gerstel MPS system, reproducibility is 

assured [3], and the risk of sample contamination 

is significantly reduced.   

With reasonably complex sample preparation 

operations such as this, the automation of the 

extraction process also saves operator time 

and, significantly, the low extraction solvent 

volumes (1 mL) reduce the environmental 

impact, cost and safety risks associated with the 

method. 

Despite the requirement for LVI, intra-sample 

replicate analysis and, if necessary, repeat 

analysis is possible due to the volume of the 

final extract and sample storage in a 

temperature-controlled environment. 

Whilst this application is concerned with 

extraction of Simulation Solutions, the 

automated sample extraction of test articles and 

subsequent back extraction using a variety of 

solvents and/or pH manipulation is also 

possible. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Signal to noise comparison of 1 μL splitless (24:1), left; 3 μL splitless (67:1), centre; 10 μL LVI (356), right. 

Dimethyl phthalate concentration of 0.6 ppm. Noting the improved chromatography of the LVI method as a 

direct impact of liner choice. 
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To discuss implementing this application 

solution for your E&L workflows, contact us and 

we will be delighted to work with you from 

conception to method transfer into your 

laboratory. 

We also offer fully validated methods, according 

to your validation protocol, where required. 

 

 

 

Figure 5: LVI (10 μL) chromatograms with quartz wool liner (top) and Tenax (bottom) 

highlighting improved recovery of decane (9 minutes) when Tenax. Standard 

concentration 0.6 ppm to 318 ppm. 

 


