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Introduction 
With the gradual increase in people’s living standards, cosmetics 
have become a necessity for daily life. As they are used at every 
stage of life from infancy into old age, their functions have 
gradually evolved from the traditional areas of cleanliness and 
skin care to the domains of beautification and beauty 
enhancement[1]. Some businesses add undocumented 
ingredients to cosmetic products to enhance their function and 
attract consumers. The use of these additives can potentially 
cause many adverse health effects in people. Issues with the 
safe use of cosmetics have attracted the attention of domestic 
and international research teams.  The European Union 
Cosmetics Regulation EC 1223/2009[2] and China’s “Sanitary 
Regulations for Cosmetics” [3] both clearly prohibit the use of 
hormones, antibiotics, and disinfectants in cosmetics. Because 
the cosmetics market is wide-ranging, and prohibited additives 
are quite diverse, we have established a highly selective, high-
throughput method for rapid screening and quantification of 
prohibited drugs in cosmetics. It allows relevant teams to 
significantly improve their monitoring capabilities and consumer 
protection. 

The benefits of this method are as follows: 

1. In this method, sample preparation is simple and efficient; 
for 35 samples, it takes only 2 hours from preprocessing to 
the start of testing. The previous obstacle of tedious 
procedures such as the need for SPE purification during 
preprocessing has been resolved; 

2. The scope of compounds that may be monitored is wide; 
there are 240 total illegal additives commonly found in 
cosmetics, including glucocorticoids, disinfectants, 
tetracyclines, and hormones. 

3. One sample injection can be tested for 200 compounds in a 
testing time of 24 min., which is fast and efficient. 

4. Performing simultaneous identification and quantification in 
the truest sense, the X500R system has a spectral library of 
prohibited cosmetics additives and four stages (first-order 
error, retention time, isotope abundance matching, spectral 
library matching) for identification purposes. It is simple and 

fast and ensures accurate, reliable screening results. 
Concerning quantification, the X500R system MRMHR ion 
matching quantification is comparable to quadrupole MRM. 

5. This method establishes retention time stage, screening 
sequences, and spectral libraries for 240 compounds; all 
can be used directly, saving method development time and 
costs and acting as a powerful cosmetics monitoring tool. 

Experimental Process 
Data collection: Using TOF-IDA MS/MS mode, inject a sample 
and simultaneously obtain primary precursor ions and secondary 
product ions; work time can be saved and efficiency increased 
via standard library matching of two sub-ions. 

Positive sample determination: Using library search, with 
positive match and reverse match, determine the overall degree 
of match. Efficiently eliminate false positive results, making 
qualitative results more accurate and reliable. 

Positive sample accurate quantification:  Because of the high 
selectivity and high throughput of the X500R Scheduled MRMHR, 
its scanning mode allows accurate quantification of prohibited 
additives found in positive samples.  

 

Automated monitoring report generation: Include sample 
screening library search results and quantitative results; report 
formats can be tailored to your needs. 

Preprocessing method: 
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1. Emulsions, solid samples, liquid samples: Weigh 
accurately 0.5g or 0.5mL into a 15mL centrifuge tube; 

2. Add 10 mL of 85% aqueous methanol and agitate 
vigorously for 2 min; 

3. Vortex 2 min; 

4. Centrifuge at 4℃ at 10000 Rpm for 10 min; 

5. Dissolve the supernatant in ultrapure water 1-fold; 

6. Pass 1 mL through a 0.22µm filter and insert for testing; 

Liquid phase conditions: 

Chromatographic Column: Phenomenex Kinetex C18, 
2.1*100mm, 1.7µm; 

Mobile phase: Gradient elution was used 

Positive ions: A is 0.1% formic acid; B is acetonitrile; 

Negative ions: A is ultrapure water; B is acetonitrile; 

Flow rate: 0.3 mL/min; 

Column temperature: 40 ℃; 

Amount injected: 10 µL; 

Mass spectrometry method: 

Scanning method: TOF-IDA MS/MS qualitative screening; 

Scanning method: Scheduled MRMHR positive sample 
accurate quantification; 

ESI ion source parameters: 

Air curtain gas CUR: 30 psi;       

Collision gas CAD: 7 psi; 

IS Voltage: 5500V/-4500 V;        

Source temperature: 600 ℃; 

Atomizing gas GAS 1: 55psi;           

Auxiliary gas GAS 2: 70psi; 

 

 

Compound information: 

Table 1 240 prohibited additives - information 

 

Chromatogram: 

Positive ion mode:  For 200 prohibited cosmetics additives (5 
ng/mL), including sulfonamides, quinolones, glucocorticoids, 
androgens, product ion chromatograms from precursor ions are 
below:  

 

 

 

 

 

 

Negative ion mode: 8 estrogens (5 ng/mL) product ion 
chromatograms from precursor ions appear below:  
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Sample Collection 
Following the definition of “cosmetics” in the national “Sanitary 
Regulations for Cosmetics,” 35 cosmetic products of different 
types, brands, and functions were collected; the products 
principally came from colleagues, Taobao, small companies, 
market stalls, free samples, hotels, etc. 

 

 

Screening Flowchart 
Simple, efficient screening flowchart: Includes analysis of target 
unknowns and complete unknowns. 

 

 

 

Screening Results 
1. Glucocorticoids: 

Mask sample No. 2 contains the glucocorticoid dexamethasone, 
Mask sample No. 15 contains the glucocorticoid 
methylprednisolone, and Mask sample No.  17 contains the 
glucocorticoid prednisone. Chromatograms are as follows: 

 

 

Mask sample no. 2 chromatogram: 

 

Mask sample no. 15 chromatogram: 

 

Mask sample no. 17 chromatogram: 

 

Hazard: Studies show that glucocorticoids can influence 
glucose, lipids, protein biosynthesis and metabolism. Clinically, 
glucocorticoids act as anti-infectious drugs and can inhibit 
fibroblast proliferation; they decrease serotonin formation and 
have a definitive skin-whitening effect. However, long-term use 
of cosmetics containing these may lead to skin thinning, capillary 
expansion, and hair follicular atrophy; once use is discontinued, 
skin may redden, itch, become flushed, and develop papules, 
desquamation, and other time-dependent dermatitis.  Excessive 
use might also cause an increase in blood sugar, hypertension, 
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osteoporosis, decreased immune function, obesity, and other 
hazards. Thus, China’s “Sanitary Regulations for Cosmetics” and 
the EC cosmetics regulations state clearly that glucocorticoids 
are prohibited from cosmetics.  

2. Sex hormones:  

No. 13 Emulsion sample containing the androgen progesterone. 
The chromatogram is as follows: 

 

Hazards: Progesterone is a hormone used in the treatment of 
infertility and menopause. It’s topical application is believed to 
promote skin elasticity, but it’s long term adverse effects have 
halted it’s use. Chinese cosmetics standards, cosmetics sanitary 
regulations, and EC cosmetics regulations clearly state that 
androgens are prohibited from cosmetics. These regulations 
serve to prevent consumers from unknowingly using cosmetics 
with prohibited androgen additives, a health safety hazard. 

3. Sulfonamide antibiotics: 

Sample No. 9- Moisturizing lotion containing 
sulfonamidopyrimidine Sample No. 9- Moisturizing lotion 
chromatogram: 

 

Hazard: Sulfonamide drugs are mainly used to prevent and treat 
bacterial infections. They have a wide antimicrobial spectrum, 
are chemically stable, convenient to use, easy to manufacture, 
etc.  Their bactericidal activity is elaborated through inhibition of 
bacterial growth and proliferation by disruption of folic acid 

metabolism. Clinical research shows that sulfonamides have a 
definitive anti-acne and anti-pimple function. However, because 
sulfonamides have a relatively long in vivo acting time and half-
life, long-term use can cause accumulation in the human body, 
producing human health hazards and leading to drug-resistant 
pathogens. Based on the Chinese “Sanitary Standard for 
Cosmetics,” “Sanitary Regulation for Cosmetics,” EU Cosmetics 
Regulation (Council Directive 76/768/EEC), and Japan’s 
Pharmaceutical Affairs Law, sulfonamides are prohibited from 
use as components in cosmetics.  

4. Quinolone antibiotics: 

Sample No. 18 - Cleansing emulsion containing ofloxacin. The 
chromatogram follows: 

 

Hazard: Ofloxacin is a quinolone drug. This drug is quite 
effective as an antibiotic, and it is especially active against gram-
negative bacteria and other antibiotic-resistant bacteria. It has a 
wide spectrum of activity, is well absorbed, easy to take, and 
low-cost. It is used for treating a wide variety of clinical 
infections.  However, when this drug is added to cosmetics and 
distributed over the body surface, particularly on the face, lips, 
and other sensitive skin and blood vessel-rich mucosal surfaces, 
it may undergo rapid absorption through capillaries or mucus 
membranes and gradually damage the normal mucosa of the 
skin surface, causing adverse reactions like rash and rapid-type 
hypersensitivity.  

 

 

 

5. Other components: Not all cosmetics contain hazardous 
ingredients, of course. There are also nutritive components. 
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a. For example, Sample No. 4 moisturizer contains betaine, 
which is a water-soluble disinfectant. It is not harmful to skin and 
is commonly found in shaving cream. Sample No. 8 is a high-end 
brand of Hydrosol containing benzyl piperazine pharmaceutical 
intermediates, which improve anti-allergy function and enhance 
the effectiveness of the immune system; the chromatogram is 
below: 

 

b. For example, sample no. 3 contains folpet, which is a 
disinfectant with a broad spectrum of protection. Its human and 
animal toxicities are low, but it is a human mucus membrane 
irritant and is toxic to fish. It stimulates plant growth and 
development. It is relatively insoluble in water at room 
temperature but is soluble in alkali or at high temperatures. 

 

c. Most cosmetics contain triphenyl phosphate compounds; 
these are flame retardants and stabilizers, according to the 
literature: These cosmetics are nonvolatile and make skin 
translucent, soft, resilient, and very light-stable.  In addition, they 
are not readily absorbed by the skin and are not prohibited under 
the cosmetics health regulations; 

 

d. In addition, most cosmetics contain melatonin, which has a 
whitening effect; the literature reports that melatonin can regulate 
natural sleep/wake cycles, counter aging, improve immune 
function, prevent cancer, etc. Toxicity in humans has not been 
observed;  

 

e. Many cosmetics contain vitamin B3, nicotinamide. This is a 
known nutrient in cosmetics.  

 

This component has 3 main functions: first, it can accelerate 
metabolism, promote the sloughing of melanin-containing 
keratinocytes, thus improving whitening. Second, it can act on 
previously produced melanin, decreasing its outward cell 
migration towards the surface. Third, it can promote epidermal 
protein synthesis, improving skin texture and moisture, and 
countering aging.  Nicotinamide has some drawbacks; the most 
significant is that the impurity nicotinic acid in it can be 
stimulating to the skin. Some consumers may experience allergic 
reactions like skin reddening after using products with high 
nicotinamide content. This is widely seen as an unacceptable 
problem with nicotinamide. Thus, nicotinamide use in cosmetics 
is still under investigation in terms of impurity control; formulation 
design and process also have an influence on this.   
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Quantitative Aspects 
Quantitative method establishment: Use quadrupole ion pair 
mode: 

 

 

Quantitative results: 

Use Scheduled MRMHR scanning mode for accurate 
quantification; the standard curve is as follows:  

Androgen progesterone 

 

Sulfadiazine 

 

 

Quantitative results: 

 

The quantitative results table shows: 

1. According to requirements of the “Sanitary Regulations for 
Cosmetics”: All compounds in the table are illegal additives;  

2. Glucocorticoids are widespread throughout masks; 

3. Many hormones, sulfonamides, quinolones, and other 
disinfectants are found in emulsions and creams; 

4. The major brand names are not excluded; they too may add 
prohibited substances;  

Summary 
This study collected 35 common cosmetics, including 10 different 
brands of mask and 25 types of emulsions, moisturizers, and 
creams. Experimental results show many glucocorticoids are 
found in masks, and other cleaning emulsions and moisturizers 
contain hormones and antibiotics. In addition, several cosmetics 
were found to contain nutritive components: for example, vitamin 
B3, melatonin, etc.; a high-end brand of hydrosol contains benzyl 
piperazine pharmaceutical intermediates. These promote 
immune function.  

This article uses the novel X500R high resolution mass 
spectrometer to establish screening and quantification 
techniques for prohibited additives in cosmetics via liquid 
chromatography tandem mass spectrometry. Because X500R 
has a highly sensitive and strong anti-matrix interference 
capability, sample preprocessing is simplified, increasing work 
efficiency. This method is widely applicable; it includes 240 
illegal substances commonly found in cosmetics. It has a 
dedicated spectral cosmetics library; in combination with rapid 
X500R scanning, it can simultaneously collect the most 
abundant and highest quality primary and secondary 
spectrograms from complex matrices. This ensures screening 
results are accurate and reliable. Because X500R sensitivity to 
prohibited additives in cosmetics is on the nanogram level and 
below, the X500R system’s MRMHR quantitative analysis 
capability is comparable to that of quadrupole MRM.  
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This method is fully compliant with customer requirements; 
application of a high resolution mass spectrometer to screen for 
and monitor prohibited additives in cosmetics is a significant 
advance.  
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