
Simultaneous analysis of trace polymer 

additives in plastic beverage packaging by 

solvent sublation followed by 

high-performance liquid chromatography  

Lin Chang, 
†
Pengyu Bi,

 **,‡
 Yanan Liu,

 †
 Yinglin Mu,

 ‡
 Fengquan Nie,

 ‡
 

Shizhong Luo,
 †

Yun Wei
*,†

 

†
State Key Laboratory of Chemical Resource Engineering, Beijing University of 

Chemical Technology, Beijing 100029, P. R. China 

‡
 Research Institute of Chemical Defense, Beijing 102205, P. R. China 

*Address correspondence to: Yun Wei, State Key Laboratory of Chemical Resource 

Engineering, Beijing University of Chemical Technology, 15 Beisanhuan East Road, 

Chaoyang District, Beijing 100029, P. R. China 

Tel & Fax: +86-10-64442928.  

E-mail: weiyun@mail.buct.edu.cn (Yun Wei)  

**Address correspondence to: Pengyu Bi, 1044 mailbox of Beijing (502#), Research 

Institute of Chemical Defense, Beijing 102205, P. R. China 

Tel & Fax: +86-10-66758328-217.  

E-mail: bipy1982@163.com (Pengyu Bi) 

 



Table S1 Polymer additives 

Chemicals Polymer 

additives 

CAS No. Source Purity SML
a
(mg/kg)

13,26
 

BHA antioxidant 25013-16-5 Sigma > 99% 30 

Cyanox 2246 antioxidant 119-47-1 TCI > 99% 1.5 

Chimassorb 81 antioxidant 1843-05-6 Sigma > 98%  

BHT antioxidant 128-37-0 Alfa 

Aesar 

> 99% 3 

Irganox 1010 antioxidant 6683-19-8 Sigma > 98%  

DBP antioxidant 96-76-4 Sigma > 99%  

Irganox1035 antioxidant 41484-35-9 TCI > 98% 2.4 

Irganox 1330 antioxidant 1709-70-2 Sigma > 99%  

Tinuvin 328 UV absorber 25793-55-1 Sigma > 98%  

Tinuvin 326 UV absorber 3896-11-5 Sigma > 98%  
a
SML, specific migration levels. 

 



Table S2 Commercial beverage packages and corresponding simulants 

No. Beverage package Beverage Type Beverage simulant Type of  

polymer material 

1# Red tea Normal (pH > 4.5) Distilled water PET 

2# Mineral water-1 Normal (pH > 4.5) Distilled water PET 

3# Mineral water-2 Normal (pH > 4.5) Distilled water PET 

4# Mineral water-3 Normal (pH > 4.5) Distilled water PET 

5# Mineral water-4 Normal (pH > 4.5) Distilled water PET 

6# Milk-1 Normal (pH > 4.5) Distilled water LDPE 

7# Milk-2 Normal (pH > 4.5) Distilled water PP 

8# Milk-3 Normal (pH > 4.5) Distilled water LDPE 

9# Pear juice Normal (pH > 4.5) Distilled water PET 

10# Lemon juice Normal (pH > 4.5) Distilled water PET 

11# Chocolate drink Normal (pH > 4.5) Distilled water LDPE 

12# Yogurt-1 Acidic (pH ≤ 4.5) Acetic acid solution (3%) PP 

13# Yogurt-2 Acidic (pH ≤ 4.5) Acetic acid solution (3%) LDPE 

14# Yogurt-3 Acidic (pH ≤ 4.5) Acetic acid solution (3%) LDPE 

15# Fruit yogurt Acidic (pH ≤ 4.5) Acetic acid solution (3%) PE 

16# Carbonated drink Acidic (pH ≤ 4.5) Acetic acid solution (3%) PET 

17# Vinegar drink Acidic (pH ≤ 4.5) Acetic acid solution (3%) LDPE 

PET, polyethylene terephthalate; LDPE, low density polyethylene; PP, polypropylene; PE, 

polyethylene. 

 



 

 

Fig. S1. Chemical structures of ten polymer additives. 



 

Fig. S2 The comparison of separation efficiency for different sublation solvents.  

pH = 7, mNaCl = 0 g, flow rate = 40 ml/min, flotation time = 30 min. (1. BHA; 2. DBP; 

3. BHT; 4. Cyanox 2246; 5. Chimassorb 81; 6. Irganox 1035; 7. Tinuvin 326; 8. 

Tinuvin 328; 9. Irganox 1010; 10. Irganox 1330) 

 



 

 
Fig. S3 Intra-molecular hydrogen bonds in Tinuvin 326, Tinuvin 328 and Chimassorb 

81. 

  

Fig. S4 Effect of NaCl addition on the consumption volume of n-butanol.  

Sublation solvent is n-butanol, pH = 3, flow rate = 40 ml/min, flotation time = 30 min. 

 



 

Fig. S5 Effect of nitrogen flow rate on the consumption volume of n-butanol.  

Sublation solvent is n-butanol, pH = 3, mNaCl = 80 g, flotation time = 30 min. 

 

Fig. S6 Effect of sublation time on the consumption volume of n-butanol.  

Sublation solvent is n-butanol, pH = 3, mNaCl = 80 g, flow rate = 60 ml/min. 



 

Fig. S7 Effect of light condition on solvent sublation (n = 3).  

Sublation solvent is n-butanol, pH = 3, mNaCl = 80 g, flow rate = 60 ml/min, flotation 

time = 60 min. 


