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Food additives involve a wide group of compounds that differ in their 
physico‑chemical properties. According to their function, they are classified as food 
colours, preservatives, sweeteners, and antioxidants. The use of food additives 
is regulated by Regulation (EC) No 1333/2008 of European Parliament and of the 
Council on food additives, which sets maximum limits for various commodities. To 
control these regulatory requirements, reliable analytical methods are needed (1,2).

High performance liquid chromatography (HPLC) using reversed‑phase 
columns and neutral or acidic mobile phases are the most common systems for 
food additive separation. Conventional detectors like ultraviolet‑visible (UV–vis) 
spectrophotometers are often used for the detection of various food additive groups 
such as colours, preservatives, sweeteners and/or caffeine (3–8). Nevertheless, 
in some recent studies, mass spectrometry (MS) was preferred for its versatility 
and better selectivity, and both simple and tandem mass spectrometry were 
employed (9–13). Although studies introducing multi‑detection methods enabling 
simultaneous analysis of sweeteners, preservatives, and caffeine (6,7), or colours, 
preservatives, and caffeine (8), were published in the past, LC–MS‑based methods 
suitable for simultaneous determination of all the groups mentioned  above have not 
yet been published.

This study presents a multi‑detection method employing ultra‑high performance 
liquid chromatography (UHPLC) coupled to a simple quadrupole mass 
spectrometer for the simultaneous determination of several groups of food 
additives—nine food colours, seven sweeteners, two preservatives, and caffeine in 
a wide range of beverages.

A Simple LC–MS Multi-Analyte 
Method to Determine Food 
Additives and Caffeine in Beverages
Ales Krmela, Aliaksandra Kharoshka, Vera Schulzova, Jana Pulkrabova, and Jana Hajslova, Department of Food Analysis and Nutrition, 

University of Chemistry and Technology, Prague, Czech Republic

A simple LC–MS method has been developed and validated for the simultaneous determination of 18 synthetic food 

additives and caffeine in soft and energy drinks, and in various alcoholic beverages. Nine food colours (tartrazine, 

sunset yellow FCF, azorubine, ponceau 4R, allura red AC, patent blue V, brilliant blue FCF, green S, brilliant black 

BN), two preservatives (sorbic and benzoic acid) and seven sweeteners (acesulfame K, aspartame, cyclamic acid, 

saccharin, sucralose, neohesperidin DC, neotame) were targeted food additives. The method employs reversed‑phase 

ultra‑high performance liquid chromatography (UHPLC) for analyte separation and a single quadrupole mass 

spectrometer for their detection. The limits of quantification were low enough to enable a reliable control of maximum 

limits set for some additives (Regulation [EC] No. 1333/2008). The method was applied for analysis of a wide range 

of samples collected at a typical supermarket: 14 soft drinks, 19 energy drinks, and 43 alcoholic beverages. 

KEY POINTS
• Reversed-phase chromatography 

coupled with simple quadrupole 
MS can be used to analyse 
multiple food additives.

• 18 synthetic food additives 
representing various preservatives, 
sweeteners and food colours 
are involved in the method.

• The performance parameters 
of the method validated for soft 
and energy drinks/alcoholic 
beverages allow effective control 
of legislative requirements.
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Materials and Methods
Chemicals: Standards of tartrazine, sunset yellow FCF, azorubine, 
ponceau 4R, allura red AC, patent blue V calcium salt, brilliant 
blue FCF, green S, brilliant black BN, sorbic acid, benzoic acid, 
sodium cyclamate, sodium saccharin, sucralose, neohesperidin 
dihydrochalcone, and neotame were purchased from Sigma 
Aldrich (Germany). Anhydrous caffeine and acesulfame K were 
purchased from Fluka (Germany), aspartame from Supelco 
(USA). HPLC‑grade methanol was obtained from Sigma Aldrich 
(Germany). Analytical grade ammonium acetate was purchased 
from Sigma Aldrich (Germany). Water was purified using a 
Milli‑Q Ultrapure water purification system from Millipore (USA).
Samples: In total, 76 beverages were sampled, including 

14 soft drinks (including 2 cola type sodas), 19 energy 
drinks (including five so‑called “sugar‑free” energy drinks), 
and 43 alcoholic beverages consisting of 23 liquors, 14 
spirits and 6 ciders obtained on the Czech market.
Standard solutions preparation: Stock solutions of 
2000 mg/L of each analyte were prepared by dissolution 
of 10 mg of standard in 5 mL of methanol–water (50:50, v/v) 
mixture. A standard mixture of 100 mg/L in the same solvent 
composition was prepared. Calibration solutions in the range 
from 0.1 to 10 mg/L were also prepared. For the analysis of 
soft and energy drinks, calibration solutions were diluted with 
deionized water. For alcoholic beverage analysis, calibration 
solutions in methanol–water (25:75, v/v) were prepared.
Samples preparation: In the case of soft and energy 
drinks, 40 mL of sample were placed in 100 mL beaker and 
degassed using the ultrasonic bath for 10 mins. The pH value 
of the degassed sample was then adjusted to 6 using 1% 
aqueous solution of ammonium hydroxide. The sample was 
then transferred to a 50 mL volumetric flask and the volume 
was adjusted by deionized water. Prior to LC–MS analysis, 
the sample was filtered through a 0.22‑μm syringe filter. If 
necessary, samples were further diluted with deionized water.

Analyzed alcoholic beverage samples differed in alcohol 
content, so their composition was adjusted to the level of alcohol–
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FIGURE 1: Comparison of pH influence on response of  
(a) brilliant blue FCF and (b) azorubine, 5 mg/L standard 
aqueous solutions with pH values of 3, 5, 6, 7, and 8.

TABLE 1: Overview of separation and detection parameters for targeted food additives

Compound Summary formula
Retention 
time (min)

Ion type
Ionization 

mode
m/z  

measured

Tartrazine (E 102) C16H9Na3O9S2 0.88 [M - 3Na + 4H]+ ESI+ 469.0

Acesulfam K (E 950) C4H4KNO4S 1.12 [M - K]- ESI- 162.0

Benzoic acid (E 210) C7H6O2 1.46 [M - H]- ESI- 121.0

Saccharin (E 954) C7H5NO3S 1.79 [M - H]- ESI- 182.0

Sorbic acid (E 200) C6H8O2 1.95 [M - H]- ESI- 111.1

Ponceau 4R (E 124) C20H11N2Na3O10S3 2.21 [M - 3Na + 2H]- ESI- 537.0

Brilliant black BN (E 151) C28H17N5Na4O14S4 2.32 [M - 4Na + 3H]- ESI- 778.0

Cyclamic acid (E 952) C6H13NO3S 2.40 [M - H]- ESI- 178.1

Sunset yellow FCF (E 110) C16H10N2Na2O7S2 2.46 [M - 2Na + H]- ESI- 407.0

Caffeine C8H10N4O2 2.68 [M + H]+ ESI+ 195.1

Allura red AC (E 129) C18H14N2Na2O8S2 2.73 [M - 2Na + 3H]+ ESI+ 453.0

Sucralose (E 955) C12H19Cl3O8 2.83 [M - H]- ESI- 395.0

Green S (E 142) C27H25N2NaO7S2 2.96 [M - Na + 2H]+ ESI+ 555.1

Aspartame (E 951) C14H18N2O5 3.03 [M + H]+ ESI+ 295.1

Azorubine (E 122) C20H12N2Na2O7S2 3.24 [M - 2Na + H]- ESI- 457.0

Brilliant blue FCF (E 133) C37H34N2Na2O9S3 3.24 [M - 2Na + 3H]+ ESI+ 749.2

Neohesperidine dihydrochalcone (E 959) C28H36O15 3.49 [M - H]- ESI- 611.2

Patent blue V calcium salt (E 131) C27H31N2O7S2Ca1/2 3.71 [M - 1/2Ca - Na + 2H]+ ESI+ 561.2

Neotame (E 961) C20H30N2O5 4.19 [M + H]+ ESI+ 379.2
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water (25:75, v/v) by dilution using methanol and deionized 
water. After dilution, the pH was adjusted to the value of 6.
Analytes separation: A Waters Acquity UPLC iClass system 
(Waters, USA) with a BEH C18 analytical column (2.1 mm × 100 
mm, 1.7‑μm, Waters, USA) was used for analytes separation. 
The mobile phase system consisted of 5 mM ammonium 
acetate aqueous solution (A) and methanol (B). The linear 
gradient elution was programmed as follows: 0–0.5 min, 2% B; 
0.5–1.4 min, 2–15% B; 1.4–2 min, 12–30% B; 2–3 min, 30–60% 
B; 3–4 min, 60–70% B; 4–5 min, 70–98% B; 5–8 min, 98% B; 
8–10 min, 2% B. Mobile phase flow rate was set at 0.4 mL/min, 
column temperature was 60 °C. The injection volume was 3 μL.
Analytes detection: A simple quadrupole MS system 
(QDa, Waters, USA) was used for the detection of target 
analytes. Electrospray ionization (ESI) was used, while this 
MS system was operated in selected ion recording (SIR) 
mode with ion polarity switching, allowing the detection in 
both positive and negative ionization mode within a single 
run. Nitrogen gas was used as both desolvation and cone 
gas, and the probe temperature was set at 600 °C. Capillary 
voltage was set to 0.8 kV for both positive and negative 
ionization mode. Cone voltage was set at 10 V. Detector gain 
was set to 1. Acquisition and data processing were carried 
out using Masslynx v.4.1 software (Waters, USA). Monitored 
m/z values of target analytes together with retention times 
under experimental conditions are summarized in Table 1.
Validation: The Method was validated by the analysis (six 
replicates) of soft drink 10 (lemon soda, 9.5 % sugar content) 
to which targeted analytes were added at levels of 1 or 5 mg/L 
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FIGURE 2: Chromatogram of standard solution in distilled 
water (pH 6): 1) Tartrazine, 10 mg/L; 2) Acesulfame K, 
10 mg/L; 3) Benzoic acid, 10 mg/L; 4) Saccharine, 
10 mg/L; 5) Sorbic acid, 10 mg/L; 6) Ponceau 4R, 
10 mg/L; 7) Brilliant black BN, 10 mg/L; 8) Cyclamic 
acid, 10 mg/L; 9) Sunset yellow FCF, 10 mg/L; 10) Caffeine, 
0.5 mg/L; 11) Allura red AC, 10 mg/L; 12) Sucralose, 
10 mg/L; 13) Green S, 5 mg/L; 14) Aspartame, 1 mg/L; 
15) Azorubine, 10 mg/L; 16) Brilliant blue FCF, 10 mg/L; 
17) Neohesperidin dihydrochalcone, 10 mg/L; 18) 
Patent blue V, 1 mg/L; 19) Reotame, 0.3 mg/L).
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depending on the limit of quantification (LOQs) which, together 
with recoveries and repeatabilities are summarized in Table 2.

Results and Discussion
As the set of target analytes includes compounds largely differing 
in their polarity and presence of ionisable groups, universal, 
trifunctionally bonded (ethylene bridged) BEH C18 (100 × 
2.1 mm; 1.7 µm) ultra‑high performance liquid chromatography 
column was employed for separation. Poor peak shapes and low 
responses were obtained for preservatives when using ammonium 
formate as a mobile phase modifier. Also, low retention times 
for tartrazine and acesulfame K were obtained when solvent of 
lower polarity than methanol was used as a mobile phase B. A 
wide range of mobile phases were tested, and the best results 
regarding peak shapes (low width, minimal tailing) and short 
separation time (4.5 min), were obtained when using a 5 mM 
aqueous solution of ammonium acetate and methanol gradient.

In the next step of the method development, detectability of 
target analytes was tested. Interestingly, lower peak intensities 
were observed for some food colours such as brilliant blue FCF, 
and azorubine, when the standard was injected in acidic solution 
of pH 3 (most of the tested drinks had similar pH). The peak 
intensity increased with growing pH until the range of 6–8, see 
Figures 1(a) and 1(b), illustrating the influence of this parameter 
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FIGURE 3: Chromatogram of Soft drink 3 sample:  
1) Acesulfame K, 100 × diluted; 2) Saccharine, 10 × 
diluted; 3) Cyclamic acid, 100 × diluted; 4) Aspartame, 10 
× diluted).
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1) Ponceau 4R, 10 × diluted; 2) Sunset yellow FCF, 10 × 
diluted).

TABLE 2: Method validation parameters

Compound
Addition level 

(mg/L)
Linear range 

(mg/L)
LOQ  

(mg/L)
Recovery  

(%)
RSD  
(%)

Tartrazine (E 102) 5 0.5–10 0.625 87.0 2.0

Sunset yellow FCF (E 110) 5 1–10 1.250 99.8 4.4

Azorubine (E 122) 5 1–10 3.750 103.2 2.6

Ponceau 4R (E 124) 5 3–10 3.750 96.0 3.1

Allura red AC (E 129) 1 0.1–10 0.125 92.0 2.5

Patent blue V (E 131) 1 0.1–10 0.125 90.7 2.8

Brilliant blue FCF (E 133) 1 0.3–10 0.375 93.8 4.5

Green S (E 142) 1 0.1–10 0.125 87.8 1.7

Brilliant black BN (E 151) 5 3–10 3.750 96.9 3.5

Sorbic acid (E 200) 5 3–100 3.750 101.0 2.8

Benzoic acid (E 210) 5 1–100 1.250 102.6 0.8

Acesulfame K (E 950) 1 0.1–10 0.125 100.7 0.4

Aspartame (E 951) 1 0.1–10 0.125 83.8 3.7

Cyclamic acid (E 952) 1 0.5–10 0.625 101.3 1.1

Saccharin (E 954) 1 0.3–10 0.375 103.0 0.7

Sucralose (E 955) 1 0.5–10 0.625 106.2 2.7

Neohesperidine dihydrochalcone (E 959) 1 0.3–10 0.125 85.7 1.9

Neotame (E 961) 1 0.1–10 0.125 96.8 2.5

Caffeine 1 0.1–10 0.125 96.8 2.5
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TABLE 3: Mini survey of food additives in soft and energy drinks

Sample

Label-
declared 
food 
additives

pH

Preservatives 
(mg/L)

Sweeteners (mg/L)

Caffeine  
(mg/L)

Sorbic 
acid

Benzoic 
acid

Acesulfame 
K

Aspartame
Cyclamic 

acid
Saccharin Sucralose

(E 200) (E 210) (E 950) (E 951) (E 952) (E 954) (E 955)

Maximum limit set 
by Regulation (EC) 
No 1333/2008

300* 150 350 600 250 80** 300**

Fruit 
Soda 1

E 950, 
E 951, 
E 952, 
E 954

3.2   33.7 43.5 266.2 49.1   

Fruit 
Soda 2

E 950, 
E 951, 
E 952, 
E 954

3.2   21.9 44.2 250.8 45.8   

Fruit 
Soda 3

E 950, 
E 951, 
E 952, 
E 954

3.2   32.3 44.1 254.8 45.9   

Fruit 
Soda 4

E 202, 
E 211 3.4 131.5 127.2       

Fruit 
Soda 5

E 211, E 
950, E 
951, E 954

3.2  110.7 84.5 72.2  45.3   

Cola 
Type 1

E 950, E 
951, E 952 2.8   88.6 93.6 193.6   27.1

Cola 
Type 2 2.9        358.2

Energy 
Drink 1 3.0        328.4

Continued on Page 10
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TABLE 3: Mini survey of food additives in soft and energy drinks (continued)

Sample

Label-
declared 
food 
additives

pH

Preservatives 
(mg/L)

Sweeteners (mg/L)

Caffeine  
(mg/L)

Sorbic 
acid

Benzoic 
acid

Acesulfame 
K

Aspartame
Cyclamic 

acid
Saccharin Sucralose

(E 200) (E 210) (E 950) (E 951) (E 952) (E 954) (E 955)

Energy 
Drink 2 2.9        328.8

Energy 
Drink 3

E 202, 
E 211, E 
950, E 951

3.1 139.9 84.8 30.9 28.5    328.9

Energy 
Drink 4

E 202, 
E 211 3.0 132.2 84.1      309.1

Energy 
Drink 5

E 202, 
E 211 3.0 143.1 83.7      332.4

Energy 
Drink 6

E 202, 
E 211 2.9 133.3 80.1      321.9

Energy 
Drink 7 E 202 3.2 261.6       303.5

Energy 
Drink 8

E 202, 
E 211 3.0 213.0 126.8      311.0

Energy 
Drink 9 E 202 2.8 7.6       326.2

Energy 
Drink 10 3.4        296.8

Energy 
Drink 11 3.5        314.5

Energy 
Drink 12 3.2        314.0

Energy 
Drink 13 E 202 3.2 8.7       340.1

Energy 
Drink 14 3.0        296.8

Energy 
Drink: 
Sugar-
free 1

E 202, 
E 211, E 
950, E 951

2.9 138.3 82.3 126.8 79.9    286.9

Energy 
Drink: 
Sugar-
free 2

E 202, 
E 211, E 
950, E 
951, E 955

3.1 223.4 123.6 206.2    155.0 288.6

Energy 
Drink: 
Sugar-
free 3

E 202. 
E 950, 
E 955

3.3 9.8  138.2    46.9 306.7

Energy 
Drink: 
Sugar-
free 4

E 950, 
E 951 3.0   119.1 153.9    322.1

Energy 
Drink: 
Sugar-
free 5

E 955 3.2       66.8 297.3

* Applies only if benzoic acid is not also used, otherwise lower legal limit 250 mg/L is valid 
** Valid only for energy-reduced or with no added sugar drinks    

Continued from Page 9
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for brilliant blue FCF and azorubine, respectively. It is assumed 
that more ionic forms of these analytes were present in the 
samples, as the pH value of 3 is close to their pKa. To optimize 
analysis conditions, a pH value of 6 was chosen as suitable 
for the preparation of both calibration solutions and samples.

In the case of alcoholic beverages, the possible impact of 
alcoholic strength of injected sample on analyte responses was 
investigated. Compared to an aqueous solution, equal or higher 
responses were obtained when using a mixture of ethanol and 
water as a solvent for standard preparation. The most distinct 
difference was observed in the case of green S, the signal 
of which, when injected in 25% (v/v) ethanol was higher by 
48.4%; after this point, the signal intensity slowly dropped. To 
standardize sample conditions, dilution of ethanol content 
25% (v/v) with distilled water and ethanol, and pH adjustment 
to the value of 6 was always performed prior to injection.

The matrix effects when analysing real life samples were 
relatively low, recoveries of targeted analytes ranged from 
83.8 to 103.0%. Repeatability of injections, expressed 
as relative standard deviation, ranged from 0.4 to 4.5%. 
Limits of quantification (LOQs) ranged from 0.1 to 3.7 

mg/L, these values are two to three orders of magnitude 
lower than limits set by Regulation (EC) No 1333/2008. All 
validation parameters are summarized in Table 2. The 
example of chromatographic separation is demonstrated 
in Figure 2, on standard mixture in distilled water (pH 6).
Beverage samples analysis: The method developed 
was applied to the analysis of 76 samples of beverages 
collected at the Czech market. The sample set included 14 
soft drinks, 19 energy drinks and 43 alcoholic beverages.
In the case of soft drinks, up to four different sweeteners 
were detected. Samples “Fruit Soda” 1, 2, and 3 (see Table 
3) produced by the same company, differed in flavouring 
component but contained almost the same concentrations of 
sweeteners; the ratio probably best simulates the taste profile 
of natural sugar. Sweeteners were also detected in Fruit Soda 
5 and Cola Type Soda 1, which also contained saccharides. 
The presence of preservatives was confirmed in Fruit Soda 
samples 4 and 5. Caffeine was detected in Cola Type Soda 
samples, as expected. An example chromatogram is presented 
in Figure 3 for Fruit Soda 3. Remaining targeted analytes were 
neither detected in remaining soda samples nor label‑declared.

TABLE 4: Mini survey of food additives in alcoholic beverages (n = 43) – positive findings only

Sample Type Colour
Alcohol 
content 
(%, v/v)

pH

Food colours (mg/L)
Preservatives 

(mg/L)

Tartrazine 
(E 102)

Sunset 
yellow 
FCF (E 

110)

Azorubine 
(E 122)

Ponceau 
4R (E 
124)

Patent 
blue V 
(E 131)

Brilliant 
blue 

FCF (E 
133)

Sorbic acid 
(E 200)

Maximum limit set by Regulation 
(EC) No 1333/2008 200* 100 200* 170 200* 200* 200

Liquor 1 Mint 
liquor Green 19 4.5 10.3     2.6  

Liquor 2 Herbal 
liquor Black 35 5.2       13.1

Liquor 3 Cherry 
liquor Red 14.5 3.9       134.5

Liquor 4 Bitter 
liquor Red 25 4.7 5.4  24.4   0.3  

Liquor 5 Lemon 
liquor Blue 21 3.8     27.8   

Liquor 6 Mint 
liquor Green 20 4.8 8.2     4.8  

Liquor 7 Punch Red 20 4.2   78.5     

Liquor 8 Mint 
liquor Green 19 5.2 11.4     2.5  

Liquor 9 Punch Red 30 4.9   30.5   0.7  

Liquor 
10

Bitter 
liquor Red 11 5.3  34.3  34.9    

Spirit Herbal 
spirit Blue 50 5.8      2.4  
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In energy drinks, caffeine was present in large quantities, 
in line with declarations on the drink labelling. In total, three 
different sweeteners (always two in combination) were detected 
in seven samples, of which, five were labelled as “sugar‑free”; 
in the remaining two, sugar was present. Preservatives were 
detected in 10 out of 19 energy drink samples. The results of 
food additive determination in soft and energy drink samples are 
summarized in Table 3—only positive findings are presented here.

In addition to alcohol‑free products, a set of 43 different 
alcoholic beverages were analysed, consisting of 23 
liquors, 14 spirits, and six ciders (see Table 4). Overall, six 
different food colours were determined in 10 liquors and 
one spirit sample. Colours are used in combinations in order 
to achieve a specific desired shade of the final product 
(for example, the green colour in Liquor sample 1 was the 
result of a mixture of brilliant blue FCF and tartrazine). Table 
4 summarizes the results for samples containing some of 
the targeted additives. Additionally, sorbic acid was used 
for preservation of Liquors 2 and 3. The chromatographic 
analysis of Liquor 10 is demonstrated in Figure 4.

In analysed samples, the targeted additives did not exceed 
the maximum level set for some of them by Regulation (EC) 
No 1333/2008 (see Tables 3 and 4). The limits of quantification 
(LOQs) achieved in this study were, as mentioned above, 
lower than these regulatory limits, thus the developed 
method is suitable for a rapid and reliable control of 
beverages. It’s worth noting that, in all cases, the information 
on the use of food additives was provided on the label.

Conclusion
A multi‑analyte UHPLC–MS method for simultaneous determination 
of nine food colours, seven sweeteners, two preservatives 
and caffeine has been implemented and validated. Contrary 
to studies presented so far, this method allows a single‑run 
determination in only 10 min, and with regards to a simple 
sample preparation, it represents an effective tool for beverage 
quality control. An analysis of a large set of 69 beverages was 
achieved. Although a single quadrupole is less selective than 
more expensive tandem mass analyzers, it still provides a better 
selectivity and versatility compared to conventional detectors. 
The achievable limits of quantification are low enough for a 
reliable control of regulatory limits of targeted food additives.
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Recovering from a COVID-19 
Shutdown: Tips and Tricks 
for Starting Up, Part 1
Dwight R. Stoll1 and Tony Taylor2, 1LC Troubleshooting Editor, 2Chief Science Officer of Arch Sciences Group and Technical Director of 

CHROMacademy

COVID-19-related laboratory shutdowns are sure to cause a myriad of problems with liquid chromatography (LC) 
instrumentation across the globe. Taking a systematic approach to restarting these systems will save time and 
money in the long run, by preventing problems that may otherwise appear in days or weeks following startup.

In March of this year, many organizations 
took unprecedented steps to halt the 
spread of COVID-19, including severely 
restricting work in laboratories, or even 
shutting down entire laboratories, buildings, 
and work sites for weeks at a time. While 
some of these shutdowns were planned 
days in advance and executed well, I 
have heard many stories from scientists 
indicating that the shutdowns were 
sudden, and did not allow time to properly 
prepare their analytical instrumentation 
to be idle for weeks or months at a time. 
Unfortunately, this means that these 
scientists are going to encounter many 
challenges when they return to the 
laboratory, which will necessarily include 
a lot of troubleshooting to figure out why 
their systems are not working properly 
before they can return to their normal 
experience of producing high quality data. 

For this month’s instalment of “LC 
Troubleshooting,” I’ve decided to commit 
the entire column to providing some 
tips and tricks that should be useful as 
scientists go about the process of restarting 
their laboratories. I’ve invited Tony Taylor 
to join me in sharing some of the advice 
and procedures he has developed over 

the years. Although we’ve never worked 
through pandemic-related laboratory 
shutdowns and startups, some of our 
experiences with troubleshooting liquid 
chromatography (LC) problems during 
normal times should prove very useful 
under these strange circumstances as well.

 Dwight Stoll
As we discussed the topics to address 

in this instalment, we decided to focus on 
the challenges that are likely to appear 
most often. When the pandemic has 
passed, and we all have the chance to 
discuss problems we encountered and 
strange observations we made, we’re sure 
that the list will be very long, and highly 
diverse. In the following sections we’ve 
tackled specific aspects of LC systems 
and their operation, and tried to anticipate 
the most common shutdown‑related 
problems and their solutions. In next 
month’s installment, we’ll address other 
important topics, including column 
cleaning and health assessment, overall 
LC system health, and making the 
decision to start collecting data again.

We strongly encourage you to take care 
and use a systematic approach to bringing 
your LC system back on‑line. A little effort 

at this point with preventative measures 
can save a lot of time and money later 
on when you are ready to start collecting 
useful data again. Remember that the 
column is the heart of any LC system, and 
arguably the most sensitive to potential 
shutdown‑related problems. Be sure to 
disconnect the column from the flow path 
before doing anything else with the system, 
and only reconnect it to the flow path after 
you are sure that the rest of the system 
(that is, solvent bottles, lines, pump, and 
flow path upstream from the column) is 
free of contamination and blockages.

A final general cautionary note here is 
that great care should be taken to avoid 
precipitation of salts inside the LC system. 
Aside from evaporation of water from buffer 
solutions, precipitation of buffer salts can 
also easily occur when a buffer solution 
comes into contact with a pure organic 
solvent. This is because most commonly 
used buffer salts (although inorganic 
salts, such as potassium phosphate, are 
generally worse than organic salts such as 
ammonium acetate) are highly insoluble 
in organic solvents, such as methanol and 
acetonitrile (1). So, one should avoid—at 
all costs—a situation where an LC system 
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component containing an aqueous 
buffer is flushed immediately with a pure 
organic solvent. Such a changeover 
should involve flushing the buffer first with 
water, and then the organic solvent.

Solvents and Buffers
Figure 1 shows a picture of a buffer bottle 
I observed in an LC laboratory about a 
year ago. The solution was dilute (1 mM) 
phosphoric acid in water. Even though 
this is fairly acidic (pH ~2.7), there was 
a very healthy microbial community 
growing inside (affectionately known as 

“floaties”). The good news in this particular 
case is that the scientists were able to 
recover their pumping system without any 
long‑term effects; however, the column 
they were using at the time suffered a 
performance loss, and was never quite 
the same afterwards. We expect that 
this experience is going to be repeated 
in hundreds of laboratories as a result of 
the COVID‑related laboratory shutdowns. 
Many of the aqueous buffer solutions 
used in LC (and even high‑performance 
liquid chromatography [HPLC] grade 
water, if given enough time and exposure 
to laboratory dust) are environments quite 
favourable to microbes, particularly those 
in the middle of the pH range. Simply 
stated, many scientists are going to return 
to laboratories where they will be able to 
see visible microbial growth in the solvent 
bottles of their LCs. So…what to do?

Occasionally we have problems in our 
own laboratories with solvent bottles that 
become contaminated somehow, whether 
resulting from a bad lot of solvent from a 
vendor, or an instrument operator pouring 
something into the bottle that does not 
belong in there. Whenever this happens, 
our approach depends on whether or not 
the instrument is using mass spectrometric 
(MS) detection. If it does, our preference 
is to simply not use that solvent bottle 
again for that instrument, because if 
thoroughly cleaning the bottle requires 

detergent or other cleaning agents, the 
potential for problems associated with 
those cleaning agents is greater than the 
benefit of having a clean bottle to work 
with. For example, some detergents can 
be difficult to remove from glassware, to 
the point where they are not detectable 
by MS, and thus what seems like a 
simple bottle cleaning step can turn into a 
background contaminant peak in the MS 
that is detectable for months. When using 
MS detection, we feel the best solution 
to a badly‑contaminated solvent bottle 
is a brand new solvent bottle. In other 
words, just get rid of the contaminated 
bottle without bothering to try to clean it.

On the other hand, if the contaminated 
bottle is on an instrument using a 
less sensitive detector (for example, 
ultraviolet‑visible [UV‑vis] spectroscopy 
or an evaporative light scattering detector 
[ELSD]), then the bottle can usually be 
cleaned without major impact on the 
rest of the system. After discarding the 
contaminated solvent, wash thoroughly 
with a detergent designed for use 
with glassware, rinse four times with 
HPLC‑grade water, and finally with 
HPLC‑grade organic solvent. We find 
that working through a series of organic 
solvents of increasing dipolarity—such as 
cyclohexane, acetonitrile, and methanol 
(in that order)—is effective for removing 
contaminants of varying degrees of 
dipolarity. Before use again on the 
instrument, be sure to rinse with whatever 
solvent you plan to put in the bottle.

Now, if you come back to your laboratory 
and find microbes in your solvent bottles, 
then the solvent line feeding the pump 
is also contaminated, in addition to the 
solvent bottle itself. Before putting this 
solvent line back into the solvent bottle you 
have just cleaned, consider what exactly 
you will do with the solvent line. Again, if 
this is an LC–MS instrument, you should 
seriously consider replacing the entire 
solvent line and solvent inlet filter that 

goes in the solvent bottle. In any case, if 
the solvent inlet filter is porous—whether 
sintered glass or stainless steel—just 
throw it away, and replace it with a new 
one. These porous filters are perfect 
environments to support microbial growth, 
and getting them truly clean after they have 
been contaminated is extremely difficult. 
Inlet filters that are based on screens or 
mesh are more easily cleaned. Remove 
the filter from the solvent line, remove the 
visible debris with a brush, and then soak 
in detergent, followed by several rinses 
with water, and finally organic solvent. 
Sonicating sintered glass filters should be 
avoided, but sonicating plastic or metal 
ones is okay. As with the bottle, rinse 
the filter a few times with the solvent you 
intend to use it with before putting it in the 
clean bottle. For the solvent line itself, it 
is best to remove the line from the pump 
and attach a syringe (10 mL or so will do) 
so that you can pull large quantities of 
rinsing solvent through the line. For older 
systems that have degasser modules 
separate from the pump itself, disconnect 
the solvent line at the pump so that you 
can pull cleaning solvents through the 
degasser also. Pulling detergent solution 
through the degasser should be avoided, 
because this may persist in the tubing for 
a long time. We find that using warm water 
(up to 60 °C) is quite helpful for flushing 
the internal tubing of the degasser. For 
newer pumps with integrated degassers, 
it should be sufficient to disconnect the 
solvent line at the inlet to the degasser on 
the pump unit. Using the same steps as 
with the bottle and filter, pull each liquid 
through the solvent line as a means of 
rinsing the inside of the line. For older 
systems with degassers that have large 
internal volumes, something on the order 
of 50 mL of each liquid will be enough to 
give the solvent line and degasser a good 
flush. With newer systems where you only 
need to flush the line external to the pump, 
10 mL or so should be good enough.
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Dirty and Dried-Out Pumps
Before attempting to move any liquid 
through the pump itself, it is best to 
disconnect the high pressure outlet 
capillary from the pump and connect a 
waste line running to a waste container to 
collect whatever goes through the pump 
until you are confident that the pump is 
delivering clean, debris‑free solvent. If it is 
obvious that one or more solvent lines has 
been contaminated with microbes, it will 
be best to flush the pump thoroughly with 
clean solvent before connecting the pump 
to the rest of the system. Our approach 
to this step is to put all of the solvent lines 
associated with the pump (typically two 
for a binary pump or four for a quaternary 
pump) into a single bottle of HPLC‑grade 
water, and run 30 mL of water through 
each channel of the pump. Next, put all 
of the solvent lines into a single bottle of 
isopropyl alcohol (IPA), and run 30 mL of 
it through each channel. Finally, move 

each solvent line back to its respective 
solvent bottle (for example, one in water, 
one in buffer, and one in acetonitrile), and 
flush each channel with 30 mL of the 
solvent intended for use in the method.

It is important to recognize that there 
are some filters in modern LC systems 
that might be easy to overlook. It is always 
helpful to consult the technical manual 
for your LC system to see where these 
might be. For example, some pumps have 
porous frits or screens on the upstream 
side of the inlet check valve. Other pumps 
have porous frits on the downstream 
side of the outlet check valve. These can 
also suffer from partial or total obstruction, 
leading to inconsistent flow (if on the inlet 
side), or higher than expected pressure 
(if on the outlet side). If you know you 
are dealing with a situation where it is 
likely these filters or screens have been 
fouled due to prolonged inactivity of the 
pump, microbial growth, or other debris, 

it will be a good idea to simply replace 
these filters or screens at the beginning 
of your startup process. If you want 
to try cleaning them before replacing, 
remove and sonicate in warm water for 
10 min, followed by IPA for 10 minutes. If 
problems persist that are attributed to 
these parts, just replace them entirely. 

If the pump has dried out completely 
because it was left on with an empty 
solvent bottle, it can be difficult to remove 

FIGURE 1: Image of an LC solvent bottle 
with visible (cloudy) microbial growth.
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air bubbles from pump heads during 
startup. Air bubbles can also accumulate 
in pump heads if the system is not used 
for an extended period of time. In our 
experience, the best way to resolvate 
a completely dry pump or remove air 
bubbles from the pump heads is to purge 
thoroughly with IPA, because it wets 
most materials used in LC pumps well.

Once the pump has been thoroughly 
purged with clean solvent and it is 
delivering the expected flow from each 
channel at low pressure, it can be 
connected to the rest of the system. Again, 
take care to be sure that, if the rest of the 
system contains a buffer solution, the first 
solvent pumped from the clean pump 
to the rest of the system is water, so that 
precipitation of salts can be avoided.

Component Blockages Due 
to Precipitation and Debris
Some users will return to their laboratories 
to find that there is a significant obstruction 
somewhere in their LC system that is 
preventing flow at reasonable pressures. 
This obstruction could result from debris 
associated with contaminated solvents, 
pump or valve seal material if salt 
precipitation occurs in those components, 
or precipitation of salts inside some other 
components such as a connecting capillary. 
The first step in resolving such obstructions 
is to clean the pump as discussed above, 
and make sure it will pump water with 
a waste tube connected directly to the 
high pressure outlet of the pump. Then, 
systematically add one connection or 
component at a time, working your way 
from the pump outlet toward the detector. 
In most systems, the next component after 
the pump will be the autosampler, with a 
fairly long connecting capillary between 
them. Disconnect this capillary from the 
sampler, connect it to the pump, and see if 
you can pump water through this capillary 
at reasonable pressure; what pressure is 
reasonable depends on the dimensions of 

the capillary. A benchmark to remember is 
that the pressure drop across a 300 mm 
length of 120‑µm i.d. (0.005 in.) capillary 
when pumping water at room temperature 
and 1 mL/min is about 10 bar. If you double 
the length of this capillary, the expected 
pressure will double. If you double the 
diameter, the expected pressure drops by a 
factor of four. In our experience, it is best to 
simply replace the capillary if the pressure 
is more than two times higher than the 
expected pressure after 5 min of flushing 
with water. Once you have verified that 
this capillary is okay, either by flushing or 
replacing it, then the next likely component 
is the autosampler itself. Here there are 
multiple sources of potential obstruction, 
including the sampler needle and needle 
seat capillary in the case of a flow‑through 
needle design, or a sample loop capillary 
if using a fixed volume injection design. 
If the pressure increases dramatically 
when the sampler is reconnected, then 
it is likely that one of these components 
is obstructed. Occasionally, this can be 
resolved by removing the capillary and 
sonicating in warm water, but the easy fix is 
to simply replace a capillary that you know 
is obstructed based on the pressure it adds 
to the system when it is in the flow path. 
You should keep adding one component 
at a time to the flow path until you discover 
the one that is obstructing the flow.

Finding the component in a system 
that is leading to higher‑than‑expected 
pressures can be tricky sometimes, but 
most of the time the systematic approach 
described here will identify the culprit.

One other component that deserves 
special mention here is the flow cell 
of optical detectors. Most UV and 
fluorescence detectors have quartz 
components in contact with the mobile 
phase that can be damaged if left in contact 
with highly alkaline solutions for extended 
periods, or contaminated by microbial 
growth or other particles that will reduce the 
transmission of light through the flow cell. 

Most manufacturers recommend flushing 
the flow cell with warm water (up to 60 °C), 
followed by IPA. If excessive noise or poor 
sensitivity are observed after cleaning, the 
flow cell windows may have to be replaced.

Summary
Given the variety of ways different 
laboratories were shut down early on in the 
global COVID‑19 outbreak, it is likely that 
LC users will encounter a wide variety of 
problems with their instruments when they 
return to their laboratories and resume work 
with their instruments. In this instalment of 
“LC Troubleshooting”, we have highlighted 
some of the problems we expect users 
to encounter most frequently, and made 
suggestions for resolving these problems 
in a systematic and efficient way. Taking 
the time to thoroughly clean and examine 
your LC system when you return to the 
laboratory will pay dividends later by 
avoiding costly interruptions to normal work.
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Beat the Heat: Cold Injections 
in Gas Chromatography
Nicholas H. Snow, Department of Chemistry and Biochemistry, Seton Hall University, New Jersey, USA

In capillary gas chromatography (GC), we heat the most common inlets (split and splitless) to vaporize the samples 
and transfer them to the column. While heating and vaporizing the sample in the inlet presents the most convenient 
means for transferring it to the capillary column head, several problems that result in sample losses and quantitative 
reproducibility problems occur. We will briefly discuss the problems with sample heating in classical split and splitless 
inlets, followed by an introduction to cold inlets, which have been available since the 1970s, but are underutilized. 
Next, we will discuss modes of cold sample introduction, including cold on-column, cold split and splitless, cold 
splitless with solvent venting, and large volume injection. We will close with key points and considerations, and 
argue that users should consider cold injection as a purchase option or upgrade for any gas chromatograph. 

This instalment of “GC Connections” 
follows up and builds on the basic 
discussion presented in LCGC Asia 
Pacific in August/September, 2018 (1). 

Many gas chromatographers would agree 
that inlets and sample introduction are the 
most challenging aspects of capillary gas 
chromatography, and we see that most gas 
chromatographers are still using the same 
inlets (split and splitless) and techniques, 
especially injecting with a 10 µL syringe, 
developed in the 1950s and 1960s (2). 
We make a fundamental, yet incorrect, 
assumption that the inlet must be heated 
in order to rapidly vaporize the sample, 
mix it with the carrier gas, and transfer it 
to the column. This assumption led to the 
development of both the split and splitless 
techniques in common use today. It also 
leads to several of the main causes of 
reproducibility problems and the need for 
troubleshooting in gas chromatography. 

Figure 1, a photograph first published in 
the August/September, 2018 instalment of 

“GC Connections” (1), illustrates some of the 
key problems. It shows the result when a 

few millilitres of water (like a sample solvent) 
is transferred using a spoon to a hot cast 
iron skillet on a stove (like a heated inlet 
liner). The picture was taken a few seconds 
after the water was introduced to the skillet. 
There are several take-home points about 
hot sample injections from this photo.
• No matter how hot and massive the inlet, 

the solvent does not evaporate instantly. 
This is a major cause of discrimination, or 
the preferential loss of some analytes.

• The layer of gas between the solvent 
and the surface also causes some of the 
analytes to be exposed directly to the hot 
surface, causing analyte decomposition.

• In splitless inlets, the sample requires 
up to a minute or more to transfer to the 
column, leading to band broadening. 

• Note the discolouration of the water 
on the surface. The solvent can 
actually re-introduce contaminants 
from a dirty inlet. This causes 
contamination or ghost peaks. 

• While not shown here, some 
of the water remained in the 
spoon, analogous to a syringe. 
The syringe needle is also a 

leading cause of discrimination 
and apparent sample losses. 
Although they are convenient to use, 

heated split and splitless inlets can clearly 
cause many problems and challenges 
for method development and analysis by 
GC. This is enough of a challenge that the 
book by Grob, the classic text on split and 
splitless inlets, is nearly 500 pages long (3)! 

Figure 2 shows diagrams of the 
pressure, temperature and flows in 
classical split (Figure 2[a]) and splitless 
(Figure 2[b]) injections. These show the 
relative simplicity and convenience of the 
two techniques, and provide the main 
reason why there has been resistance in 
the community to others. In split injections 
(Figure 2[a]), once the split ratio (total 
flow) and column flow rate are set, none 
of the parameters change during the 
run. The inlet temperature is constant 
and hot throughout the injection and 
the analytical run (often 250 ºC), and 
the purge flow, through the inlet liner, is 
constant and high (often on the order of 
100 mL/min). To save carrier gas, the gas 
saver feature on modern inlets can be used 
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to reduce the purge flow once the injection 
process is complete. In splitless injections 
(Figure 2[b]), the purge flow through the 
inlet liner is low at the beginning of the 
run and at the injection. It stays low for a 
specified time, and then is rapidly raised 
by switching a solenoid valve. During 
the “purge-off” time, vapours in the inlet 
liner are transferred slowly to the column, 
with no other outlet. The oven temperature 
starts low (this is a requirement in splitless 
injections) and a temperature programme 
is then performed. As in split injections, 
the purge flow can be reduced later in 
the run to save carrier gas. The added 
parameter of the purge valve starting “off” 
and coming “on” after a specified time is 
still relatively straightforward to optimize. 

A solution to the problems with split 
and splitless injections has existed 
since the late 1970s with the invention of 
programmed temperature vaporization 
inlets, termed PTV, by Vogt (4,5). Major 
instrument vendors have offered PTV 
and cool-on column inlets as an add-on 
to new gas chromatographs, but they 
have never become popular. In the rest 
of this instalment, we will discuss the 
fundamentals of programmed temperature 
injections using PTV and cool on-column 
inlets, and follow up with key points 
and discussion that should lead you to 
consider cold inlets with your next GC.

Most of the instrument vendors and a 
few specialty vendors offer solutions for 
cold inlets in GC. Some vendors have 
their own terminology for the classical 

PTV inlet, some sticking with PTV, while 
others use “multi-mode inlet” or “cooled 
injection system.” Nearly all vendors use 
cool or cold on-column to describe their 
on-column inlet offerings. With varying 
capabilities, they all allow a user to inject 
a sample into a cooled inlet, and then 
rapidly heat the inlet to transfer the sample 
to the column. Following the injection 
and heated transfer, and before the next 
injection, the inlet is cooled by a jet of 
air, carbon dioxide or liquid nitrogen.

Cool On-Column
The simplest and least expensive means 
for cold injections is to add a cool 
on-column inlet to the GC. This inlet, as the 
name implies, is cooled during injection, 
and allows sample to be injected directly 
onto the column. Following injection, the 
inlet (which includes the column head) 
is heated along with the column via 
temperature programming. The cool 
on-column inlet is the best of all inlets 
for ensuring that the entire sample that 
leaves the syringe needle reaches the 
column. However, it is the worst of all inlets 
for keeping the column clean; the entire 
sample, including matrix components that 
cause glass sleeves in other inlets to need 
replacement, reaches the column. Cool 
on-column is especially useful for “clean” 
samples in non-polar solvents, or solvents 
whose polarity closely matches that of the 
column. A retention gap, a short (typically 
5 m or so) length of uncoated fused-silica 
tubing is often used between the inlet 

and analytical column, to provide a polar 
surface to allow the use of polar solvents, 
and an easily replaced guard column to 
protect the analytical column. If used with 
columns smaller than 0.53 mm inside 
diameter, cool on-column requires a special 
tapered syringe needle, which is both more 
costly and more fragile than traditional 
syringes. Large volume injections can be 
performed with cool on-column using a 
solvent vapour exit (6). Several vendors 
commercialized this process in the 1990s, 
so solvent vapour exit upgrade solutions 
may be available for cool on-column 
equipped systems. Check with the vendor. 

Programmed Temperature 
Vaporization (PTV)
The most important difference between 
a PTV inlet and a typical split or splitless 
inlet is a much lower thermal mass to 
allow rapid heating and cooling. A glass 
liner, much like the glass liners used in 
split and splitless inlets, is used, as is a 
septum or septum-less head. Some PTV 
inlets have both a split vent, like the split 
or splitless inlet, and a solvent vent, used 
for purging larger volumes of injected 
solvent commonly used in large volume 
injections. They also have a septum purge 
if a spetum is used. A PTV inlet can be 
installed at instrument purchase, or it can 
be retrofitted. The inlets offered by some 
specialty vendors are designed to be 
easily retrofitted onto existing systems, as 
are inlets offered by the major vendors. 

The PTV inlet is often termed a 
“multi-mode” inlet because it can perform 
several injection and sampling techniques 
on a single platform, using a single inlet. 
In addition to the traditional hot split and 
splitless techniques familiar to all of us, it 
can perform cold split and splitless, and 
cold splitless with solvent venting (large 
volume injection). Detailed summaries 
of inlet capabilities and a thorough 
description of large volume injection 
can be found on-line (7,8). As the heart 

FIGURE 1: A few mL of water on a hot cast-iron skillet shows how injected samples 
evaporate in a heated inlet. 
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of a comprehensive on-line sampling 
system and GC, a PTV inlet can serve 
as an interface for thermal desorption, 
pyrolysis, headspace, SPME and sorptive 
extractions, and even on-line HPLC-GC (9).

The original PTV inlets were little more 
than split or splitless inlets with the large 
thermal block removed and heating 
tape installed. This simple fundamental 
lies at the heart of PTV inlets today. 
When selecting a PTV inlet, there are 
a few instrumental options to consider. 
First, a PTV inlet can be ordered with or 
mounted on a new GC; it can also be 
retrofitted onto an existing system. The 
most important factors are how the inlet 
is heated and cooled. Is the heating rate 
and maximum temperature sufficient for 
the needed application? A typical PTV 
inlet can be heated up to temperatures in 
excess of 500 ºC. The final temperature 
should be high enough to desorb all 
analytes of interest into the column. The 
high temperatures, often well above the 
stated column maximum temperature, do 
not damage the column, as the highest 
temperatures are not maintained for 
more than a few seconds before the inlet 
is cooled. The second choice is about 
cooling. Air cooling is simpler and less 
expensive, but requires more time than 
cryogenic cooling. Cryogenic cooling 
also allows rapid cooling to below room 
temperature for more effective use of 
highly volatile solvents or analytes. 

PTV inlets can perform the same roles 
as traditional split and splitless inlets, 
hence the common term multi-mode 
now used to describe them. The lower 
thermal mass of the inlet causes a 
compromise in heating for the traditional 
hot split and splitless techniques. It is 
well-known that when a liquid evaporates, 
heat from the surroundings is needed 
to force the evaporation, causing the 
surroundings to cool. Limiting cooling 
during evaporation is the reason for the 
high thermal mass (heavy metal block) 

that is used for the housing of traditional 
inlets. Even with this high thermal mass, 
there is some cooling as the solvent 
evaporates, especially for polar solvents 
such as methanol, with high enthalpies of 
vaporization. The cooling is uncontrolled 
and usually non-reproducible, and is 
one of the causes of inlet discrimination 
and mysterious reproducibility 
problems in traditional split and 

splitless injections. The PTV inlet does 
not have the large thermal mass, so 
in some cases it may be subject 
to additional cooling as the solvent 
evaporates, when traditional hot split 
and splitless injections are performed. 

To limit this problem, and control solvent 
evaporation, split and splitless injections 
can be performed cold. The sample is 
injected with the inlet cooled, and the 
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inlet is then heated rapidly to control the 
evaporation process. Cold injections also 
reduce or usually eliminate syringe needle 
discrimination, often seen in hot split and 
splitless injections. Since a traditional split 
or splitless inlet comes as standard on 
new GCs, and since you are already using 
traditional split and splitless injections, a 
new GC with a PTV can easily be mounted 
with the traditional split or splitless inlet 
as well, and parallel studies can be 
performed to validate the multi-mode inlet. 

Have you ever wanted to simply inject a 
larger volume of sample? Perhaps the most 
important limitation of classical splitless 
injection is the limitation of injection volume 
to 1 (or a few) µL. The ability to inject 
larger sample volumes, up to hundreds 
of microlitres or even millilitres, is the most 
important aspect of using a PTV inlet. 
Injecting the sample cold, into a packed 

inlet liner at a temperature below the boiling 
point of the solvent, venting most of the 
solvent to waste and then rapidly heating 
the inlet to transfer the remaining sample 
and solvent to the column allows the inlet 
to accept much larger sample volumes. 

Large volume injection is a lot like 
splitless on steroids. Figure 3 shows a 
simplified schematic of the process. Prior 
to the injection, the inlet is cooled and the 
purge flow through the inlet liner is high. 
The oven is also cooled in preparation 
for temperature programming. A large 
volume, say 100 µL, is injected using a 
standard syringe and an autoinjector into 
an inlet liner packed with an adsorbent 
to provide a large surface area, and 
possibly some selectivity. The open 
purge valve removes about 95–99% 
of the solvent. Analytes remain sorbed 
on the packing, and are concentrated 

in the solvent that remains in the inlet. 
Timing this purging period to remove 
most, but not all, of the solvent, is one of 
the most crucial steps in large volume 
injection. Inlet vendors provide calculators 
to assist with determining the correct 
timing. Once the solvent is purged, the 
purge valve is closed and the inlet is 
rapidly heated, to transfer the remaining 
solvent and now-concentrated sample 
into the column. Like splitless, the purge 
vent is then opened again to clean the 
inlet and the inlet is cooled following the 
run. In short, the inlet acts as a sample 
concentrator and splitless inlet all in one. 

If a PTV inlet can handle a single 
injection of 100 µL, then why not inject 
more? It is actually possible to inject 
samples up to millilitres (yes, mL) using 
a PTV inlet by taking advantage of 
the packed liner, the cooled inlet and 
the vapour pressure of the solvent. A 
diagram of the process is shown in Figure 
4. Consider each injected sample as 
an aliquot. Prior to the run, the inlet and 
column oven are cooled, and the purge 
flow through the inlet liner is high. With 
the inlet cooled and in its solvent vent 
mode, the solvent evaporates out the 
vent once the sample is injected. Once 
most of the solvent has evaporated, 
another aliquot can be injected. The 
solvent evaporates, leaving the analytes 
adsorbed in the packed liner. If this 
process is repeated 10 times using a 
100 µL syringe, a 1000 µL sample has 
been injected. After the final injection and 
solvent venting, the solvent vent valve 
is closed, flow goes through the column, 
the inlet is heated, and the analytes are 
transferred to the column as in a splitless 
injection. In method development, the 
timing of the injections with the solvent 
vent flow rate must be carefully optimized. 
If all of the solvent is evaporated at any 
point, the vapour pressure of the analytes 
and the high solvent vent flow rate may 
cause some of them to desorb out 
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FIGURE 3: Diagram of temperatures and flows in a PTV large volume injection.
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FIGURE 2: Diagrams of temperatures and flows in (a) classical split, and (b) splitless 
injections.
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through the solvent vent and be lost. This 
capability allows a PTV inlet to be the 
transfer device in on-line LC–GC (9).

A cooled inlet with large volume 
injection capability, combined with a 
robotic auto-sampler (a “rail”), offers many 
intriguing possibilities for automated on-line 
sample preparation and injection. Since 
the inlet is cooled, exchanging liners and 
performing maintenance is much faster 
than with heated inlets. Simply remove 
the top nut, and replace the septum and 
liner. No extra cooling and subsequent 
heating and equilibration, which are time 
consuming, are required. This is especially 
useful for laboratories that run “dirty” 
samples requiring inlet maintenance often. 

Further, the top nut and seal can 
be configured to allow the inlet to be 
opened, and the inlet liner exchanged 
automatically. This is termed automatic 
liner exchange, and it opens up several 
opportunities. A PTV inlet with automatic 
liner exchange can double as a pyrolysis 
or thermal desorption unit. Samples can 
be loaded directly into the inlet liners 
either on a rail-type auto-sampler, or on 
a separate instrument. Automated liner 
exchange is then used to load each 
inlet liner into the inlet, one at a time, for 
analysis. The PTV inlet is then heated to 
desorb analytes into the column. Most 
PTV inlets can rapidly heat to 500 °C 
or more, providing some capability for 
pyrolysis as well as thermal desorption. 

We close with some questions 
and discussion points that you 
should explore with your vendor 
when considering a cold inlet. 
• How are they equipped to support 

and provide method development 
assistance? Especially with 
PTV inlets, there are method 
development considerations that 
most gas chromatographers 
have not learned. Who will be 
providing technical support and 
how available will they be?
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FIGURE 4: Diagram of temperatures and flows in a PTV large volume injection process 
with multiple injections to generate a very large volume injection.  

• Is this their own inlet, or is it provided 
by a third party? If a third party 
vendor provides the inlet, you may 
wish to work with the third party 
directly for purchasing the inlet 
and associated sampling devices, 
such as a rail auto-sampler. 

• It is common to pair a PTV inlet with 
a rail-type autosampler. Be sure 
to discuss technical support and 
maintenance for the rail and the inlet 
in addition to the GC. Most likely, these 
will be additional operating costs. 
In my opinion, if a cold inlet is not a 

“must have”, it is a “must consider” for 
any GC purchase today, and is worth 
considering for a retrofit. By reducing the 
possibilities for discrimination and other 
problems associated with traditional heated 
inlets, the extra upfront cost and learning 
time is more than offset by the greater 
capabilities and reduced troubleshooting. 
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Gas Generator
Peak Scientific’s Precision Hydrogen Trace generators 
are designed for GC carrier gas use and detectors 
requiring hydrogen fuel gas, such as FID and FPD. 
With three flow rate models, one generator is capable 
of supplying multiple GC instruments and can be 
stacked with nitrogen and zero air Precision models for 
a complete, space-saving GC gas solution.

www.peakscientific.com
Peak Scientific, Scotland, UK.

LC–MS
Shimadzu has released the LCMS-8060NX featuring high sensitivity and 
detection speeds. This flagship LC–MS system offers further improvements in 
ease-of-use and robustness. The LCMS-8060NX benefits method development 
and routine analysis, and targets industries such as chemical, pharmaceutical, 
food safety, environmental analysis, and clinical analysis. 

www.shimadzu.eu 
Shimadzu Europa GmbH, Duisburg, Germany.

Crimp Closure
Extremely tight sealing and excellent analytical purity 
are of great importance, especially in the headspace 
area. A new 20-mm crimp closure with Silicone/
PTFE liner (Pharma-Fix) from Macherey-Nagel meets 
these demands. This closure is characterized by high 
analytical purity and high temperature resistance, 
good penetration properties and excellent sealing.

www.mn-net.com
Macherey-Nagel GmbH & Co. KG, Düren, Germany.

Chromatography Software
Clarity VA Chromatography Software provides solutions for instrument control, 
digital data acquisition, and data processing. According to the company, 
Clarity is highly regarded for its intuitive approach, excellent performance, 
cost-effectiveness, and proficient technical support.

www.dataapex.com
DataApex, Prague, The Czech Republic.

Multi-Angle Static Light 
Scattering
The DAWN is an advanced 
multi-angle static light scattering 
(MALS) detector for absolute 
characterization of the molar mass 
and size of macromolecules and 
nanoparticles in solution. DAWN 
offers high sensitivity, a wide 
range of molecular weight,  
size, and concentration, and a 
large selection of configurations 
and optional modules for 
enhanced capabilities.

www.wyatt.com/dawn
Wyatt Technology, Santa Barbara, 
California, USA.

EAF4 System
Postnova’s simultaneous electrical 
and asymmetrical flow field-flow 
fractionation (EAF4) system 
is designed to enhance the 
separation and characterization of 
biopharmaceutical, environmental, 
and nanomaterials. In an EAF2000 
system electrical and cross flow 
fields are applied simultaneously 
to enable separations by particle 
size and particle charge based 
on electrophoretic mobility to 
characterize complex proteins, 
antibodies, and viruses as well 
as environmental and charged 
nanoparticles or polymers.

www.postnova.com
Postnova Analytics GmbH, 
Landberg, Germany.
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Determination of Pesticide Residues in Cannabis 
Sativa Using an Optimized QuEChERS Method
Hans Rainer Wollseifen, Torsten Kretschmer, Johannes Brand, and Detlef Lambrecht,  MACHEREY-NAGEL GmbH & Co. KG

This application note describes the determination of pesticide 
residues in Cannabis sativa using a QuEChERS method for 
most effective sample clean-up. Interfering substances (for 
example, lipids and pigments), which were also extracted 
with the organic layer, are almost completely removed with 
clean-up salt mixes with high amounts of GCB (graphitized 
carbon black) and CHROMABOND® C18 ec adsorbents. The 
organic extracts are finally analyzed by HPLC-MS/MS.

While medical and recreational use of cannabis are legalized 
in more and more countries, the markets for cannabis and 
cannabis‑based products (such as concentrated oils, soda, candy, 
and other edible forms) have grown year by year in North America 
and other countries (1). A huge demand for marijuana has lead 
to professional cultivation forms of hemp to improve growth yields. 
The use of pesticides is a common tool for this monoculture 
plant production. Therefore, there is an increasing interest in the 
determination of pesticide residues in marijuana.

New quality control methods have to be developed to ensure 
product safety and to reduce health risks by chronic exposure to 
pesticides. These methods have to be quick, easy, cheap, effective, 
rugged, and safe like the QuEChERS extraction approach (2).

Interfering substances (for example, lipids and chlorophyll), 
which were also extracted with the organic layer, are nearly 

completely removed by using clean‑up salt mixes with high 
amounts of GCB and of CHROMABOND® C18 ec adsorbents. On 
the other side, the composition of the clean‑up salt mixes also has 
to ensure sufficient recovery rates for these pesticides. This work 
presents a QuEChERS method for the simultaneous analysis of 
more than 160 pesticides from Cannabis sativa (3). The organic 
extracts are finally analyzed by HPLC‑MS/MS.

Dispersive Solid-Phase Extraction (dSPE)
Extraction:
• Weigh out 1 g of homogenized sample (milled in a grinder) into 

a 50 mL centrifuge tube
• Add 100 μL of standard solution (β = 1 μg/mL for each analyte 

in acetonitrile) for determining recovery rates
• Add 10 mL water and shake
• Add 10 mL 1% acetic acid in acetonitrile and shake for 30 min
• Add the CHROMABOND® QuEChERS extraction mix I 

(Macherey‑Nagel REF 730970) or the competitor mixes (3)
• Shake vigorously for 2 min and cool down the mixture in an 

ice bath
• Centrifuge the mixture at 4500 rpm, for 5 min at 4 °C
Clean-up:
• Add 6 mL of acetonitrile supernatant to the CHROMABOND® 

QuEChERS clean‑up mix XLVII (Macherey‑Nagel REF 730845) 
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Figure 1: Separation of pesticides on Bluebird RP 18 column (QuEChERS extract of Cannabis sativa spiked with β = 100 μg/g).
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or to the competitor mixes (3)
• Shake vigorously for 60 s
• Centrifuge the mixture at 4500 rpm, for 5 min at 4 °C
• Take acetonitrile extract for injection

Subsequent Analysis: HPLC-MS/MS
HPLC column: NUCLEOSHELL® Bluebird RP 18, 50 × 4.6 mm, 
2.7 μm (Macherey‑Nagel REF 763432.46)
Eluent A: 0.1% formic acid in water
Eluent B: 0.1% formic acid in acetonitrile
Gradient: in 5 min from 5% to 100% B, hold for 1.0 min,  
in 0.1 min to 5% B, hold 5% B for 3.9 min
Flow rate: 0.7 mL/min
Temperature: 30 °C
Injection volume: 2 µL
MS/MS detection: AB Sciex QTRAP 5500, acquisition mode: SRM, 
interface: ESI, polarity: positive, curtain gas: 35 psig, collision 
gas: medium, ion spray voltage: 5000 V, temperature: 450 °C, ion 
source gas 1:45 psig, ion source gas 2:45 psig, detection window: 
60 s, MRM transitions (3).

Results
The presented QuEChERS method leads to an average recovery 
rate for pesticides of 92.3%, for 162 pesticides. Most of 
the pesticides (138 analytes) show recovery rates between  
70–120%. On the other side, high matrix reduction yields were 
also possible by using the presented clean‑up mix. The amount 
of dry substance after clean‑up is reduced to less than 70% of 
raw acetonitrile extracts. With this clean‑up approach interfering 
substances (such as lipids and pigments) are successfully 
removed due to high amounts of GCB and CHROMABOND®  
C18 ec adsorbents.

The chromatographic separation of pesticides was performed 
by using core‑shell particles that are well known for fast and 
high‑efficient separations combined with a reasonably low back 
pressure. In this work, a subsequent analytics was developed on a 
NUCLEOSHELL® Bluebird RP 18 column.

Conclusion
This application note shows the reliable and successful 
determination of pesticide residues from marijuana samples with 
an optimized QuEChERS method. The optimized composition of 
QuEChERS salt clean‑up mixes leads to high reduction of matrix 
components and to high recovery rates for pesticides.
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In this study, we present the application of Electrical 
Asymmetrical Flow FFF coupled with Multi Angle Light 
Scattering for the determination of the size distribution 
as well the as Zeta potential of Liposomal Doxorubicin HCl 
under physiological conditions.

Doxorubicin is a well-established chemotherapeutic agent 
frequently used in cancer treatment. In 1995, Doxil®, the 
brand name of the first liposomal Doxorubicin formulation, 
became the very first FDA-approved nano-drug. Encapsulation 
of Doxorubicin is a useful way to mitigate its cardiotoxicity 
and to ensure a high, stable dose as well as a prolonged 
circulation time of the drug in the human body (1). Today, 
several liposomal Doxorubicin formulations are available for 
clinical application and the accurate characterization of their 
physico-chemical properties—including size distribution, 
shape, and physico-chemical stability—is a prerequisite for 
market approval.

Asymmetrical Flow Field-Flow Fractionation (AF4) coupled 
with multiple detectors, providing particle size separation and 
characterisation in one system, has proven to be a powerful 
analytical setup to assess these critical quality attributes including 
from a regulatory (2) and a standardization (3) perspective.

Besides the size distribution, precise knowledge of the surface 
charge (Zeta potential) is a key parameter towards tailor-made 
liposomal drug formulations with enhanced physico-chemical 
stability especially under physiological conditions. Here we 
present the application of Electrical Asymmetrical Flow Field-
Flow Fractionation coupled with Multi Angle Light Scattering 

to derive both essential physico-chemical parameters, size 
distribution, and surface charge, of a commercial liposomal 
Doxorubicin formulation.

Electrical Asymmetrical Flow Field-Flow Fractionation
Electrical Asymmetrical Flow Field-Flow Fractionation (EAF4) 
combines the principle of Electrical and Asymmetrical Flow 
Field-Flow Fractionation in one single channel with an electrical 
and a cross flow field applied simultaneously across the channel 
(Figure 1). By this means, EAF4 enables access to both size 
distribution and surface charge of a respective sample.

In order to obtain the surface charge from an EAF4 
experiment, measurements with and without application of an 
electrical field have to be performed. The instrument software 
can then automatically calculate the Zeta potential via the 
following steps: Firstly, the ratio of the obtained retention times, 
with and without electrical field, allows the calculation of the 
drift velocity induced by field. Then, the effective electrical 
field is determined by taking into account the applied electrical 
current and the simultaneously measured conductivity of the 
eluent. A simple linear fit of drift velocity vs. applied field 
yields the electrophoretic mobility, from which the surface Zeta 
potential can be derived.

Size Distribution and Surface Zeta Potential of 
Liposomal Doxorubicin
EAF4 measurements were performed using 0.5 mM NaCl as 
eluent at three different applied electrical currents (0.0 mA, 0.1 
mA, 0.2 mA). In the experiments where a charge was applied, 

Size Distribution and Surface Charge of Liposomal  
Doxorubicin assessed by Electrical Asymmetrical Flow Field-
Flow Fractionation coupled with Multi Angle Light Scattering
Postnova Analytics,  info@postnova.com
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Figure 1: Schematic of the fractionation in an EAF4 channel both by size and surface charge.
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the top plate of the EAF4 channel was negatively charged. 
In addition, an online Multi Angle Light Scattering (PN3621 
MALS) detector was used to derive the size distribution of the 
Liposomal Doxorubicin sample. Figure 2 displays the obtained 
EAF4-MALS fractogram indicating a broad size distribution of 
the investigated sample (radius of gyration Rg = 27–45 nm, 
Berry model fit) with no detrimental influence of the applied 
electrical field on the size distribution.

Plotting the calculated drift velocity against the applied 
electrical field strength (Figure 3) enables the determination 
of the electrophoretic mobility from which the surface Zeta 
potential can be derived using the Smoluchowski approximation. 

Obtained results indicate a negative surface Zeta potential of 
the Liposomal Doxorubicin sample in 0.5 mM NaCl (-34.3 mV 
± 2.8 mV). The results from the EAF4-MALS experiment are 
summarized in Table 1.

Conclusion
EAF4-MALS is a powerful analytical technique for the 
characterization of nano-enabled pharmaceuticals such 
as liposomal drug formulations. Besides access to the size 
distribution, it also provides information about the surface 
charge even under physiological conditions. Enabling access 
to these crucial physico-chemical parameters, EAF4-MALS is 
an indispensable tool not only for quality control purposes but 
also when it comes to a more rational development of novel 
nano-enabled products in this extremely innovative field.
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Figure 3: Drift velocity vs. electrical field strength plot to determine 
the electrophoretic mobility of the Liposomal Doxorubicin sample.
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Figure 2: EAF4-MALS-fractograms of the investigated Liposomal 
Doxorubicin sample obtained at three different applied electrical 
fields (left y-axis: normalized MALS signal intensity at 90°; right y-axis: 
radius of gyration).

Table 1: Overview of the derived size distribution, 
electrophoretic mobility and surface Zeta potential of the 
investigated Liposomal Doxorubicin sample

Radius of gyration 
Rg (nm)

Electrophoretic 
mobility

(1*10-8 m2 V-1 s-1)

Zeta potential (mV), 
Smoluchowski

27-45 -2.6 ± 0.3 -34.3 ± 2.8
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Adeno-associated viruses (AAVs) are increasingly used for gene therapy due 
to their versatility and safety. One of the biggest concerns for manufacturing 
a uniform AAV suspension is the presence of viral aggregates, which 
can create problems with transduction efficiency, biodistribution, and  
immunogenicity. These large AAV aggregates are challenging to separate 
and characterize by traditional column-based chromatography techniques 
such as size exclusion chromatography (SEC).

Asymmetrical Flow Field-Flow Fractionation 
with Multi Angle Light Scattering (AF4-
MALS) can separate and size large AAV 
aggregates, and discern a difference in  
aggregate concentration due to the  
stressing protocol. Some or all of the large  
aggregates would be filtered out by SEC,  
resulting in incorrect determination of the  
aggregate content or the false conclusion 
that no aggregates are present.

NovaFFF SoftwareNovaFFF Software

ICP-MSICP-MSRIRIUVUVDLSDLSMALSMALS

Contact us for more information: www.postnova.com

Quantification of Adeno- 
Associated Virus Aggregation
The Field-Flow Fractionation Platform

For more details visit www.postnova.com and search for ‘virus’.
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