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SUMMARY  

An UPLC method (using an Acquity system from Waters Co.) was developed for 

the analyze of di-n-butyl phthalate and di-n-octyl phthalate and their metabolites. The 

chromatographic method was optimized considering the composition of mobile phases and 

the gradient program. The chosen method has allowed the separation and identification of  

di-n-butyl phthalate and di-n-octyl phthalate, and of one metabolite from water and urine 

samples in 6 min.  
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INTRODUCTION  

The phthalates (diesters of phthalic acid) are a group of emerging, potentially 
hazardous contaminants, which have gain increasing considerably attention and the need for 
further investigation.  They are a class of chemical compounds primarily used as plasticizers 
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for polyvinyl chloride resins, cellulose film coating, adhesives and industrial solvents [1, 2]. 
It is estimated that phthalates production in the world is several millions tones per year [3]. 
During the process of their production, manufacture, usage and disposal, considerable 
migration of them into environmental is possible, many people being routinely exposed to 
phthalates. Certain phthalates and their metabolites are suspected to be carcinogens and 
human endocrine disruptors [4]. After human exposure and absorption, the phthalates are 
metabolized to their respective monoesters and their oxidative products that are partially 
glucuronidated and excreted through urine and feces [5]. 

Di-n-butyl phthalate – DBP – (see Figure 1) is a predominant phthalate ester, used 
as a plasticizer and solvent in products, such as cosmetics and pesticides [6], being a 
widespread environmental contaminant. DBP and the active metabolite, mono-n-butyl 
phthalate (MBP), show anti-androgens effects by altering testosterone biosynthesis [7]. It is 
estimated that human exposure to DBP range from 0.84 to 113 mg / kg body weight per day 
[5]. Chronic exposure of humans to low levels of these chemicals is ubiquitous, DBP and 
MBP being proved to be endocrine disruptors [8]. 

Di-n-octyl phthalate – DOP – (see Figure 1) is a plasticizer used in polyvinyl 
chloride plastics and cellulose esters or polystyrene resin. DOP at 5000 ppm for 13 weeks, 
caused threefold (rats females) and 12-fold (rats males) increases in liver ethoxyresorufin-
O-deethylase activity, mild histological changes in the thyroid consisting of reduced follicle 
size and colloid density, and the liver consisting of endothelial nuclear prominence, nuclear 
hyperchromicity and anisokaryosis. There was accentuation of zonation of the hepatic 
lobules and increased perivenous cytoplasmic vacuolation in DOP-treated rats [9]. 
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Figure 1. The chemical structure of  di-n-butyl phthalate and di-n-octyl phthalate 

Metabolism of di-n-butyl phthalate occurs first by phase I biotransformation to a 
monoester [1]. DBP is metabolized to mono-n-butyl phthalate and n-butanol via hydrolysis 
of a single ester link (see Fig. 2). MBP has been reported to be the active specie responsible 
for adverse effects from DBP exposure [10, 11]. Abnormalities seen in fetal male rats 



 DETERMINATION OF PHTHALATES ESTERS IN LIQUID SAMPLES USING UPLC-PDA 

 

 115 

following maternal dosing with MBP are similar to effects reported with DBP and include 
decreased anogenital distance [12], slower rate of fetal testis descent [13], and decreased 
testosterone concentration in the fetal testes [14]. These fetal male rodent abnormalities are 
correlated with testicular dysgenesis syndrome (TDS) observed in humans [15]. 
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Figure 2. Metabolization of di-n-butyl phthalate to mono-n-butyl phthalate 

 

The Acquity Ultra Performance Liquid ChromatographyTM (UPLCTM) from Waters 
Corporation (Milford, USA) is the first commercial system that have an increased resolution 
in very short time of separation, due to the very small particles (sub-2 µM diameter) of the 
chromatographic material and elevated pressure (around 3000 atm) of operation [16, 17]. 
The high resolutions obtained in extremely short analysis times makes the UPLC a very 
attractive analytic tool that can detect trace amounts of chemicals. 

In the present paper there is presented an UPLC method for rapid determination of 
phthalates in various type of samples, examples being given for urine and mineral water. 
The presence of the phthalates is confirmed not only by the match of the retention times of 
the eluted peaks from the sample with standards, but also by comparison of the spectra of 
the eluted peaks with the spectra of the standards. 

MATERIALS AND METHODS 

Standards were of analytical grade: di-n-butyl phthalate, di-n-octyl phthalate and 
mono-n-butyl phthalate from Cambridge Isotope Laboratories, Inc. (USA). Acetonitrile was 
from Merck, HPLC grade. Water was MiliQ grade. All other chemicals were analytical 
grade. Mobile phases and all injected samples were filtered in 0.2 µM membrane filter 
before use.    
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The employed UPLC system was a Waters Acquity UPLC (from Waters, 

Mildford, USA, via Hemtek Co., Belgrade, Serbia and Chromactiv, Bucharest, Romania) 

consisting of a Binary Solvent Manager, a Sample Manager with an integral column heater 

module, a Solvent Tray module and a Photo-diode array (PDA) Detector (set to collect data 

between 210 and 400 nm). The analytes were determined using a BEH C18 (2.1 x 150 mm, 

1.7 µM) column also from Waters. EmpowerTM software was used. The mobile Phase A was 

100 % acetonitrile and mobile phase B was 10% acetonitrile. The flow rate was 0.250 

mL/min. A gradient program was used starting with 65 % mobile phase A, followed by a 

linear increase in phase A until 100 % in 3 min. The column was eluted isocratelly for 3 

minutes and re-equilibrated for the next injection in 20 s. The injection volume was 5 µL 

(partial loop method). The UV signal was detected as the MaxPlot in the range 210 – 400 

nm (sampling rate: 20 pts/s). The integration was performed with Empower software, using 

the sub-routine Peak Purity Check for the evaluation of eluted peaks purity and the sub-

routine Library Match for the identification of the eluted peaks, based on the comparison of 

their spectra with the standards spectra from the software library. 

The UPLC mobile phases were freshly prepared daily and filtered through a 0.2 

µM membrane filter (Millipore).  

Standard stock solution of  di-n-butyl phthalate and di-n-octyl phthalate (≈ 2 mg · 

mL-1) were prepared by dissolving measured amounts of the analyte (approx. 0.002 g) in 

acetonitrile (10 mL). Standard solution of mono-n-butyl phthalate has a concentration of 

100 µg/mL in acetonitrile. Standard solutions were prepared by further dilution of the stock 

solutions with the mobile phase B.  

RESULTS  

According with the physical and chemical properties of the analytes, they are 

soluble in acetonitrile and this solvent was selected for composition of the mobile phases.   

Figure 3 presents the separations of DBP and DOP using the gradient program.  
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Figure 3.  The separation of DBP and DOP using the optimized gradient program.  
In the upper panel of 

the Figure 4 there is a 
chromatogram obtained from 
the mineral water sample, 
spiked with DBP and DOP. The 
lower panel presents the 
chromatogram of the same 
sample un-spiked. Comparing 
the mineral water 
commercialized in PET bottles 
with the spiked samples one can 
see that the water contain a 
small quantity of DOP (Figure 
4). In fact, measuring various 
types of mineral waters there 
were found quantities of DOP 
varying between 1.3 – 5,8 
mg/L.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4 - The chromatogram a mineral water sample (lower panel) 
and the same water sample spiked with 50 µg DBP and DOP (upper 
panel). 

In Figure 5 there is presented the spectra of the DOP peak from the mineral water 
sample commercialized in PET bottle with the spectra of DOP standard from spectra library.  
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The quantification of the peak shows that were presented small quantities of DOP (4.3 
mg/L) in analyzed water.  
 

 

 

 

 

 

 

 

 

 

Figure 5. The spectra of the DOP 

peak from water sample 

commercialized in PET bottle (upper 

panel) and the spectra of DOP 

standard from spectra library (lower 

panel). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

As mineral water is a soft matrix that usually do not interfere with the 
identification of the analytes, the method for the analysis of phthalates was also tested to 
detect metabolites of phthalates in urine.

It was analyzed a urine sample from a female and the same sample spiked with 
0.06 µg/mL mono-n-butyl phthalate (MNBP), the metabolite of DBP metabolite (see Figure 
6). 

The urine sample do not contained any metabolites of phenol, although the 
volunteer confirmed that consume liquids and food commercialized in containers that could 
contains phthalates. To be sure that the matrix do not interfere with the identification of 
phthalates metabolites, the original urine sample was spiked with a very low (i.e. 5 μg/mL) 
quantity of MNBP. As it can be seen in the insert of the Figure 6. even the tiny amount of 
the metabolite can be identified in the sample proving that the urine components do not 

4.259 Match 1 (25.193)

273.6
A

U

0.00

0.05

0.10

0.15

4.266 Di-n-Octyl-Phthalate

273.6
314.9336.6 366.4387.6

A
U

0.000
0.002
0.004
0.006
0.008
0.010
0.012

nm
250.00 300.00 350.00 400.00

 



 DETERMINATION OF PHTHALATES ESTERS IN LIQUID SAMPLES USING UPLC-PDA 

 

 119 

interfere with the identification and quantification of phthalates metabolites.   
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. The chromatogram of a urine sample from a female. In insert is presented a detail of the urine 

sample (blue line) and the same sample spiked with 0.06 µg/mL mono-n-butyl phthalate (black line) 
 

CONCLUSIONS 

A reliable UPLC method for the identification and quantification of some common 
used phthalates was developed. The leek of DOP in mineral water stored in PET was 
determined. The identity of DOP in mineral water sample was achieved by retention time 
and spectra analysis with Library Match sub-routine. The method can be also used for 
detection of metabolites of phthalates in urine. The matrix does not interfere with the 
detection of analytes.  
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