
Introduction 
Fragrances are used extensively in 
cosmetics, perfumes, personal care 
products and are even added to diverse 
products such as toys. While fragrances 

improve the aroma of the products to which they are added, they can cause severe 
allergic reactions in individuals that are hypersensitive to them. According to EU 
directive No. 76/768/EC: if the fragrances exceed 100 ppm concentration in “wash-off” 
products such as shampoos and body wash, or 10 ppm in “leave-on” products such 
as creams and perfumes, they need to be enumerated in the ingredients list of the 
product. Analytical techniques that screen for these fragrance allergens in varied and 
complex matrices need to be developed. 

This application brief uses the PerkinElmer AxION® iQT™ GC/MS/MS system to identify 
and quantitate fragrance allergens in shower gels. GC/MS/MS triple quadrupole systems 
provide lower detection limits and higher selectivity than GC/MS in complex samples 
such as personal care products1. Unlike a traditional triple quadrupole, the AxION 
iQT system provides full product ion MS/MS information with no loss in sensitivity. A 
precursor ion for each fragrance allergen was selected to pass through the collision cell 
with a wide product ion scan, which allows monitoring for multiple product ions for each 
fragrance improving confidence in results. Setting a wide product ion range to include all 
product ions in the AxION iQT method editor simplifies method development, compared 
to evaluating and the selecting individual product ion “MRMs” in a triple quadrupole. 
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Besides method simplification, the advantage of a full product 
spectrum acquisition is realized when the interference of a matrix 
ion with a product ion can be eliminated in post run processing  
by simply selecting and quantifying an interference-free product 
ion without having to re-acquire the calibration and sample 
chromatograms, saving both time and expense. This time and  
cost-saving ability to choose another ion post run is not possible 
with a triple quadrupole. The sample and its calibration standards 
would have to be re-injected, monitoring a new “MRM” product 
ion to account for any matrix interference.  

Experimental

Sample preparation:
100 mg of detergent was spiked with internal standard (1, 
4-dibromobenzene), then extracted with hexane (0.5 mL), vortexed, 
and centrifuged at 3000 rpm for 10 min. The supernatant was 
removed, diluted 1:5 in hexane and injected on column (1 µL). The 
final concentration of internal standard in the extract was 4 ppm.

Figure 1. Analysis of fragrance allergens using AxION in MS/MS mode.

Figure 2. Calibration curves of representative fragrance allergens (0.65-20 µL/mL). Insets show linearity at  
lower concentrations.

Table 3. MS Set Up for Allergen Standards. Collision energy was set at 5 V for all the analytes. 

Allergens
Parent  

Ion
Product  

Ion
Quantifier 

Ion
Retention  
Time (min)

limonene 136 50-145 94 8.83

linalool 121 50-130 93 10.01

1, 4-dibromobenzene 236 80-250 155 11.52

methyl 2-octynoate 123 50-130 67 11.59

citronellol 123 50-130 81 11.98

geraniol 93 45-100 77 12.37

cinnamyl alcohol 134 50-140 92 13.15

eugenol 164 50-170 149 13.87

coumarin 146 50-155 118 15.01

isoeugenol 164 50-170 149 15.08

farnesol 136 50-145 121 18.24

Table 1. GC Conditions.

Gas Chromatograph PerkinElmer Clarus® 680

Injector Type Programmable Split/Splitless

Injector Temperature 250 °C

Injection 1 µL, split 20:1

Oven Program 50 °C, hold for 3 min, ramp to 250 at 10 °C/min,
hold for 7 min

Analytical Column
PerkinElmer ELITE-5 MS (part # N9316282),  
30 m X 0.25 mm X 0.25 µm

Liner 2 mm focus liner with glass wool, part # N9306232

Carrier Gas 1 mL/min Helium

Table 2. MS Conditions.

Mass Spectrometer AxION iQT MS/MS

GC Transfer Line Temperature 250 °C

Source Temperature 250 °C

Acquisition Time
0.2 sec for all except 0.15 sec for coumarin, 
methyl 2-octynoate, isoeugenol, citronellol

Ion Source EI

Collision Gas Pressure 2 mTorr of argon

Solvent Delay 4 min

Results

The GC separation of all 10 allergen fragrances was completed 
within 20 min (Fig. 1).  

The calibration curves of representative allergens are shown in 
Fig. 2. The allergens were linear over the concentration range 
used for this study (0.6-20 µg/mL, Table 4).  

Samples of scented and “fragrance-free” shower gels were 
obtained from a local grocery store and analyzed for this study. 
The scented sample contained both linalool and limonene which 
were absent in the fragrance-free sample (Fig. 3).  

The full MS/MS product ion spectrum information of linalool in 
the shower gel sample is shown in Fig. 4. Besides retention time 
matching, the overlay of the extracted ion chromatograms (EICs) 
of the precursor and product ions along with confirmation from 
the ion ratios of the product to precursor ions proved that the 
peak eluting at 10 min (Fig. 4) was indeed linalool. The presence 
of limonene in the gel sample was also confirmed with retention 
time matching and ion ratios of the two products to precursor 
ions obtained from the MS/MS spectrum of the fragrance 
compound (Fig. 5). Table 5 shows the amount of linalool and 
limonene determined in the scented shower gel sample.  
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Figure 3. Extracted ion chromatograms (EICs) of linalool quantifier ion (m/z 93) shows absence of linalool in fragrance-free gel (a) and presencce in the scented shower gel (b). EICs of limonene quantifier ion (m/z 94) 
shows absence of the compound in fragrance-free gel (c) and presence in the scented gel (d).

Figure 4. (a) full product ion spectrum of linalool in fragrant shower gel (121 > m/z 50-150) (b) Overlay of EICs of product ions (m/z 93, 105) and precursor ion (m/z 121) suggests peak at 10 min is linalool. The precursor  
to product ion ratios is within tolerance (20%) of expected ratio (compared to standard) further confirming presence of linalool in the sample.

Figure 5. (a) full product ion spectrum of limonene in fragrant shower gel (136 > m/z 50-140) (b) Overlay of EICs of product ions (m/z 94, 121) and precursor ion (m/z 136) suggests peak at 8.85 min is limonene.  
The precursor to product ion ratios is within tolerance (20%) of expected ratio (compared to standard limonene) further confirming presence of limonene in the sample.
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Discussion  

GC/MS/MS provides sensitivity and selectivity for analysis of 
fragrance allergens in high background matrices. The AxION iQT 
is a hybrid MS/MS instrument which provides higher selectivity 
than a triple quadrupole since it can obtain the entire product 
ion spectral fingerprint without loss in sensitivity. We were easily 
able to detect sub ppm levels of the fragrance allergens, meeting 
the requirements as detailed in the EU directive. Allergens were 
quantified in shower gel samples and the presence of these 
compounds was further confirmed using product to precursor 
ion ratios.  
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Table 4. r2  values for fragrance allergens (concentration range 0.63-20 µL/mL for all 
allergens except for farnesol, 1.25-20 µL/mL).

Analyte r2

linalool 0.997

coumarin 0.998

cinnamyl alcohol 0.994

citronellol 0.996

eugenol 0.994

farnesol* 0.995

geraniol 0.996

isoeugenol 0.991

limonene 0.996

methyl 2-octynoate 0.998

eugenol 0.994

Table 5. Quanification of linalool and limonene in shower gel (n=4).

Analyte Average  
µL/mL (n=4)

%RSD
(n=4)

Average  
µL/mg  

Detergent

%  
Fragrance in  
Detergent

linalool 35.3 5.6% 0.17 0.017%

limonene 35.7 3.6% 0.18 0.018%


