
Global health and safety concerns now play a key role in 
driving innovation of liquid chromatography (LC) systems 
and the uptake of advanced LC technology, such as UHPLC. 
Faster and more efficient testing methods are required as 
demand for consumer goods analyses continues to increase. 
LC techniques are an essential analytical tool for the detection 
of hazardous substances in consumer goods, for example 
toy and personal care products, the safety of food and 
nutraceuticals, and the regulation of pesticide and herbicide 
residues in foods. 

Health and safety continues to be a priority for responsible 
manufacturers. As a legal obligation, manufacturers must be 
aware of the health concerns from exposure to novel chemicals 
and materials, as well as the ingestion and inhalation of potential 
toxins controlled by environmental regulations. Advances in 
LC techniques not only increase the capacity for detection of 
hazardous substances but also help optimize operations and 
control costs within analytical laboratories. 

HPLC Determination of BPA in Plastics
Awareness of bisphenol A (BPA) has risen significantly over 
the last few years as fears for its effect as a disruptor of human 
hormones have been raised. Concerns over BPA began with 
baby bottles and has since expanded to include other types 
of drinking bottles. Manufacturers are now looking to HPLC 
analysis for assurance that their plastic toy or food container 
products are safe in terms of polyvinyl chloride (PVC) in baby 
toys and polycarbonate (PC) in drinking bottles. 

BPA is used in the production of two common polymers, 
PVC and PC. PVC is used in many different products including 
building materials, medical devices and children’s toys. BPA is 
used in PVC production as a polymerization inhibitor, although 
residual BPA may remain after the polymerization is complete. 
Polycarbonate is another commonly used plastic as it has 
very desirable properties for both optical clarity and heat 
resistance. BPA is an important monomer in the production of 
polycarbonate polymers, however, like PVC, not all of the BPA 
is consumed during the production process and, therefore, 
some BPA can leach out of the polymer. Many applications 
of polycarbonate have already been replaced with alternative 
copolymers, such as co-polyester to eliminate BPA. 

As a result of the health concerns over human exposure 
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to BPA, this molecule is now monitored in specific products 
including baby bottles and other children’s products. Simple 
and robust test methods are needed to determine the presence 
and amount of BPA in plastic materials. HPLC systems provide a 
sensitive and robust platform for this analysis, as demonstrated 
by studies performed by PerkinElmer. Two different extraction 
techniques were used, intended to simulate the contact routes 
through which children are likely to encounter BPA. BPA in the 
extracts of the toy samples were quantified using the calibration 
curve generated during standard analysis (Table 1). Figure 1 
shows the chromatogram of the water extract of the toy dwarf 
sample. The extraction procedure that heated the toy for 24 
hours in water at 40 °C extracted a significantly higher amount of 
BPA from the matrix than the extraction in acid. BPA was found 
in all three water extractions within the calibration range of the 
standard curve. This method allows a calibration of BPA across a 
range of 1–50 ppb with a chromatographic run time of less than 
10 minutes. The analysis was applied to three toy samples and 
BPA was identified in each sample. 

The Flow Towards UHPLC
Demand is growing amongst manufacturers for accurate 
analytical techniques to provide substance to food and 

ingredient health claims by qualifying and quantifying the 
type and amount of nutritional compounds in their products. 
Compared with more traditional HPLC methods, ultra high 
pressure systems (UHPLC) offer increased throughput using 
fast injection times, small column particles of less than 2 μm and 
operating pressures of 8500 psi or greater. As such, analytical 
times can be lowered, while still maintaining the resolution of all 
analyte peaks. 

The latest UHPLC systems require low flow-rates, which 
combined with fast run times significantly reduce solvent 
consumption and waste to improve laboratory efficiency 
and streamline operational costs. For low-level work such as 
consumer product testing, ultra low carryover autosamplers are 
essential to achieve accurate and reliable results. 

Analysing Food Safety
With significant consumer focus on the health effects of food, 
ingredients are evolving into functional ingredient systems. 
As such, manufacturers are demanding reassurance of 
the safety and quality of their products through rigorous 
analytical testing. The safety of additives used for the 
differentiation and preservation of food substances is driving 
demand for efficient, sensitive analytical systems. Moreover, 
the adulteration of food substances or raw materials is an 
additional and growing concern for the food, beverage 
and supplements industry. LC systems provide food 
manufacturers with valuable data on whether products have 
been intentionally debased by the substitution of inferior 
substances or by the removal of a nutritionally valuable 
ingredient. 

As the use of vitamins, minerals and supplements 
continues to increase globally, guarantees over the safety 
and efficacy of new generation healthcare therapeutics 
and nutraceuticals have also become a concern for both 
manufacturers and consumers. With this in mind the 
introduction of nutraceutical regulations is now closer to 
becoming a reality, causing supplement manufacturers to 
look to establish analytical systems to assess the safety 
and quality of nutraceuticals to alleviate safety concerns, be 
prepared for regulations and gain a competitive advantage.

UHPLC Determination of Isoflavones in Soy
All plant foods are complex mixtures of chemicals including 
both nutrients and biologically active non-nutrients, and 
are referred to as phytochemicals. Soy is known for having 
high concentrations of several physiologically-active 
phytochemicals, including isoflavones, phytate (inositol 
hexaphosphate), saponins, phytosterols and protease 
inhibitors. The presence of these isoflavones is what makes 
soy nutritionally unique. Soy isoflavones are non-steroidal 
molecules structurally and functionally related to 17β-
estradiol. Soybeans and soy foods are the only natural 
dietary sources that provide nutritionally relevant amounts of 
isoflavones.

Clinical studies suggest that the consumption of 
isoflavones can exert positive physiological effects. Recent 
data has demonstrated that isoflavones have potent 
antioxidant properties, comparable to that of the well 
known antioxidant vitamin E2. Research in several areas 
of healthcare has linked isoflavones to lowering risks for 
disease, easing menopause symptoms, reducing heart 
disease and cancer risk, and improving prostate and bone 
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Figure 1: Analysis of toy dwarf for BPA using water.

Table 1: Results from toy sample analysis.

Sample Extraction type μg/L μg/g
Cube Water 2.04 0.068

Cube HCl ND ND

Die Water 3.35 0.111

Die HCl 1.56 0.052

Dwarf Water 4.32 0.144

Dwarf HCl 1.78 0.059

Table 2: Summary of the results determined in the analysis 

of supplement samples for isoflavone content.

Measured 
Isoflavone 
Content 
(mg)

Labelled 
Isoflavone 
Content 
(mg)

Percent 
Recovery

Sample 1 49 55 89%

Sample 2 52 55 95%

Sample 3 ND 0 N/A



health. 
As a result of these potential health benefits of 

isoflavones, many soy products and isoflavone supplements 
are now available to consumers. These fall into a category 
of products known as nutraceuticals or functional foods, 
which provide a potential health benefit from a naturally 
occurring substance. Isoflavone supplements are becoming 
more popular, particularly as consumer preference for 
nutraceuticals continues to increase. 

A PerkinElmer study has shown the effectiveness of 
using UHPLC to determine isoflavones in nutraceutical 
supplements. A commercial reference standard was 
used to identify three isoflavones and their glycosidic 
conjugates by retention time. The separation used a short 
small particle (1.5 μm) LC column and achieved adequate 
resolution of all isoflavone peaks commonly found in soy 
materials. A multilevel calibration curve using a UV/vis 
detector at 254 nm was used to quantitatively determine 
the amount of isoflavone in three dietary supplements. 
Table 2 shows that analysis of samples 1 and 2 resulted in 
detection of significant levels of isoflavones, with 49 and 
52 mg of isoflavones in each sample respectively. 

In addition to providing a precise and accurate result 
for the determination of isoflavones in supplements, this 
UHPLC application reduced the analytical runtime by nearly 
ten times and eliminated nearly 40 mL of solvent use per 
sample. When compared with conventional HPLC, this 
directly translates into solvent savings of 92%.
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