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1.0 Introduction 

 

1.1  Bisphenol A 

 

The organic compound 4,4- dihydroxy-2,2-diphenylpropane (Figure 1) also known as 

Bisphenol A (BPA) is a synthetic compound, that does not occur naturally in the 

environment. This important industrial chemical is used in the production of 

polycarbonate plastics and epoxy resins and was first synthesized in 1891 by 

condensation of acetone with phenol in acidic conditions. Today a recent calculation 

estimates the global demand in 7 million tons in 2012 
1
. Around fifteen nations are 

manufacturing BPA commercially, especially the United States, Germany, Taiwan and 

Japan
1
. Other minor applications of BPA include the fabrication of 

tetrabromobisphenol-A which is used in flame-retardants, polysulfones, polyacrylate 

resins and polyvinyl chloride PVC 
1
. 

 

 

CH3

CH3

OHOH

 

Figure 1. Molecular structure of BPA 

 

 

In recent years BPA has gain a great attention of regulatory agencies and scientists 

around the world due to its adverse effects on life. The toxic effects of BPA have been 

investigated in numerous in vitro and in vivo studies
2
 and these studies BPA showed to 

have estrogenic properties in mammals and other species. Because of these findings 

BPA was classified as an endocrine disrupting compound (EDCs). BPA is able to bind 

to and activate the human estrogen receptor. The BPA molecule has similar structural 

characteristics to the 17-ß-estradiol molecule, providing it capability to bind with both 

estrogens receptors Erα and ERß, with 10 fold affinity for the ERß
3
. Moreover, it has 

been shown that the interaction of BPA could occur with others endocrines receptors, 

such as thyroid hormone receptor 
4,5

. 
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As a fundamental component in the fabrication of polycarbonates plastics, BPA  has 

been detected  in a variety of products, including water bottles, baby bottles, food 

containers, PVC pipelines, thermal paper, food and in epoxy resin coated beverage 

metallic cans protecting it from corrosion
6–11

. 

One of the major food safety concerns at this moment is that polycarbonates plastics 

and epoxy resins used in food containers leaches BPA into the food specially when 

these plastics are exposure to elevated  temperatures and/or acidic or basic conditions
12

. 

Furthermore, from an environmental point of view BPA can also be released when 

incomplete polymerization occurs as also inevitable traces of BPA are released from a 

variety of waste materials applied as landfill materials in the environment. Making BPA 

a wide spread compound extensively present in environment, bodies waters and in 

atmosphere (air, dust)
13

. Because of its wide spread in the environment, and its estrogen 

disruptor evaluated in vitro and in vivo, adverse effect of BPA exposure to human health 

is possible. It has been hypothesized that exposure to BPA in early stage of live it may 

cause infertility, genital abnormalities and breast cancer.  

 

1.2 BPA Exposure and Metabolism 

 
Humans are daily exposed to BPA through many sources. However, diet is considered 

the principal source of exposure to BPA
14

.  According to the world health organization 

WHO and Food Agriculture Organization FAO in an expert meeting
14

 where a risk 

assessment of  BPA was studied, it was estimated, on basis of most relevant 

publications, that the daily exposure for adults was approx. 1.5 µg/kg body 

weight/day
14

. Furthermore, a second BPA exposure estimate from other sources (e.g. 

dust, air) have been calculated to be two orders of magnitudes lower than the estimated 

dietary exposure
14

. 

Since BPA is one of the highest chemical produce worldwide, high concentrations of 

BPA are thought to have an adverse effect on human health. There are concerns about 

the total amount of BPA to which human are exposed. BPA estrogenic properties have 

been reported from in vitro and in vivo animals assays
2
. BPA as being EDC could 

represent an important issue for the general public health. It has been shown that BPA 

causes adverse effects in animals at doses observed equal to the estimated  human 

exposure, addressing that BPA can produce adverse effects at lower doses than 

predicted from in vivo and in vivo studies
15,16

.  
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When humans are exposed to BPA  for example oral intake BPA is rapidly absorbed by 

the gastrointestinal tract wall and metabolized in the liver mainly into BPA-

glucuronides (figure 2) and in a smaller extent in to BPA-sulfate metabolites
17

.  

Formation of BPA metabolites is generally considered as a estrogenic deactivation 

mechanism, since both metabolites the BPA-glucuronide and- sulfate do not have 

endocrine activity. 

 

 

 

Figure 2. Biotransformation (glucuronidation) of BPA in humans17 

 

 

Volkel and colleagues reported in the year 2002 that BPA is widely distributed and 

rapidly metabolized to glucuronide metabolite and eliminated in humans with half- live 

times less than 5 hours after an oral administration
18

. In this study eight individuals 

were administrated with 5 mg/person d16-BPA. The obtained results showed a rapid 

absorption of BPA with a Tmax with-in 1,3 hours and rapidly elimination with-in 5 hours 

post-dose in combination with an almost complete metabolic deactivation (99.9 %). As 

predicted by these authors metabolism of BPA limits systematic exposure because less 

that 1 % of the absorbed dose is present as free BPA
18

. Also due to the higher water 

solubility of BPA- glucuronides and sulfates these metabolites are rapidly cleared from 

the blood by the kidneys and excreted into the urine. Due to the fast clearance BPA 

bioaccumulation has been considered highly unlikely
18

. 

 

1.3 Biomonitoring Studies 

 
Since BPA is a widespread ambiguous compound, there are concerns about the levels of 

BPA to which humans are exposed. Different biological matrices, such as urine and 

blood have been proposed for studying this exposure and the quantification of BPA. 
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However, urine samples have been the biological matrix most often used to estimate 

human exposure to xenobiotic compounds, especially for a non-persistent compound as 

BPA
18

 is. Also urine sample collection is less invasive compared to blood collection, 

especially in children. Moreover urine sampling is easier and higher sample volumes 

can be collected at once. However, usually most of the xenobiotic compounds detected 

in urine samples are in the metabolized form
19

, (glucuronide and sulfates) which means 

that total urinary concentration of xenobiotic include free (unconjugated) and 

conjugated form. In the case of BPA which is rapidly metabolized in the human body, 

concentration levels of metabolized BPA reach higher levels than free (unconjugated) 

BPA. In general, urinary excretion of BPA and BPA metabolites accounts just for 40 % 

of the exposure dose
20

. A significant amount of the dose is excreted via feces
21

. 

Although, since most of the  dose is excreted into the urine within less than 24 hours 

after the exposure
18

, and due to the very low blood concentrations because of the  fast 

body clearance, urine is the preferred human biological fluid for measurement of  

exposure to BPA
17

. 

Since the beginning of the 2000´s, various studies using different analytical techniques 

have studied free and conjugated BPA levels in human biological fluids. In 2001, the, 

centers for disease control and prevention (CDC) did one of the first biomonitoring 

study of total BPA exposure (conjugated and unconjugated) applying pooled urine 

samples from U.S people. The applied assay was very sensitive (LOD 0.12 ng/mL) and 

involved the addition of 
13

C-BPA as internal standard, enzymatic deconjugation, solid 

phase extraction and derivatization of BPA with pentafluorobenzylbromide. The 

analysis was performed by gas chromatography high-resolution mass spectrometry in 

the negative chemical ionization (GC-NCI-HRMS) in combination with selected ion 

monitoring (SIM). concentration of unconjugated (free BPA) were below the LOD and 

conjugated BPA levels ranged from 0.11 – 0.51 ng/mL
22

.Beside  this study, numerous 

of other  assays were applied for determination of  human urine BPA concentrations and 

or BPA-metabolites
17,23,24

. 

In 2009, Calafat
25

 and other coworkers assessed the exposure to BPA in the general 

population of the United States. They measured the total BPA urinary concentration of 

2517 participants. The method involves automated solid phase extraction coupled to 

isotope dilution–high-performance liquid chromatography tandem mass spectrometry. 

BPA concentrations> limit of detection were detected in 92 % of the participants. The 

results of this study suggested that concentrations of BPA were significantly lower in 
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Mexican Americans than in non-Hispanic blacks and non-Hispanic whites. Concluding 

that urine concentrations of total BPA differed by race/ethnicity, age, sex, and 

household income
25

.  

In Canada, urinary BPA were measured in 5319 volunteers from a 6 to 79 years old 

population
26

. The method include urine fortified with 
13

C-BPA with LLE and urine 

samples were analyzed by gas chromatography coupled to tandem mass spectrometry 

detector operating in SIM with negative chemical ionization. BPA was detected in urine 

from 91% of the studied population, with a geometric mean concentration of 1.16 

ng/mL. Authors addressed that children aged 6 to 11 had significantly higher PBA 

concentrations than adolescents and teens aged 12 to 20, while adults aged form 20-79 

had just lower concentrations. Also authors conclude that males had higher 

concentrations (1.29 ng/mL) than females (1.04 ng/mL)
26

. In a study performed in the 

year 2012, evaluated BPA exposure among girls from urban and rural Egypt
27

were 

detected. They measured urinary concentrations of conjugated and unconjugated BPA 

in 30 urban female participants and 30 rural female participants from Egypt. The results 

from this study suggest that urban and rural Egyptian girls present similar urinary BPA 

concentrations, with a mean of 1.00 and 0.60 ng/mL, respectively. Authors addressed 

that BPA urinary concentrations in this group of Egyptian females were much lower 

compared to American girls of the same age. (American female mean 2.60 ng/mL)
27

. 

Another study with 20 participants was performed to assess the concentration of BPA in 

three different human biological fluids; blood, urine, and sweat. Using API- LC tandem- 

mass spectrometry. Detection limit of 0.2 ng/mL BPA was achieved. BPA was found to 

differ in concentration levels in blood, urine, and sweat. BPA could only be detected in 

blood in only 1 out of the 20 participants. For the urine samples, the percentage of 

positive detections was 70% with a mean of 4 ng/mL. In sweat BPA could be detected 

in 16 of 20 participants and authors suggested that sweat analysis should be considered 

as an additional biomonitoring method for measuring bioaccumulation of BPA in 

human individuals. Also it was suggested that sweating appears to be a potential method 

for elimination of BPA
28

 from the human body.  

In a different study, 20 human volunteers eat meals rich of canned foods. Urine and 

serum samples were collected with-in 24 hours. The results of BPA concentrations in 

serum were below of the LOD in the total of volunteers. The author suggest that the 

results were consistent with a rapidly adsorption in serum of a Tmax 1.5 hours
29

. Volkel 

and colleagues developed a method for determination of BPA and BPA-glucuronide in 
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plasma and urine samples based on LC-ESI-MS ion trap using stable isotope-labeled 

internal standard BPA-d16. The aim of this study was to quantify free BPA in biological 

fluids after an oral administration of an estimated maximum human daily intake of 25 

μg BPA/person. In urine and blood samples of 19 human volunteers without intentional 

exposure, BPA concentration were below the LOD (2.5 pmol/mL) Furthermore, in only 

2 of 6 human volunteers that were intentional exposed to 25 µg BPA per day, BPA 

concentrations were above the LOD. The results of this study conclude that the values 

of LOD and the low concentration detectable of BPA in humans biological fluids 

suggests that human exposure to BPA is much lower that the worst scenario of 

exposure
30

.  

 

1.4 Analytical Methods for Quantification of BPA 

 
Due to the low concentrations of BPA in biological fluids and the complex matrix of 

these fluids with many potential interfering signals, often an extensive clean up 

procedure including many steps are needed to produce correct results. One of the most 

important steps is the use of an internal standard to correct for the possible losses of 

analyte during the whole sample preparation procedure and also for variations in the 

instruments performances. Usually, stable isotope labeled standards by 
2
H or 

13
C labels 

are appropriated for this purpose because their physicochemical properties are almost 

identical to the unlabeled analyte. However the application of stabile isotope labeled 

internal standards is only useful when mass spectrometry detection is applied as in the 

method
31

. Analysis of trace concentrations of analytes in biological fluids requires 

extensive sample pre-treatment steps like extraction, centrifugation, clean-up and pre-

concentration. These steps cannot be avoided because a direct determination of the 

desired analyte(s) is not possible due to interferences during analysis from other 

compounds that are present in large amount in the sample. For BPA, different extraction 

procedures in human biological fluids have been reported; liquid-phase micro-

extraction, liquid–liquid (LLE), solid phase (SPE), solid phase micro-extraction 

(SPME) 
32

 and stir bar sorptive extraction (SBSE)
23

. Among these extraction techniques 

of extraction, LLE and SPE are clearly favored due to their high extraction efficiency. 

In solid phase extraction (SPE) the liquid samples are passed through a cartridge filled 

with sorbent and the analyte of interest is purified based on their affinity to the 

stationary phase. The advantages of this technique are simplicity and reproducibility. 
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The sorbent type of the cartridge, the elute solvents and flow of the mobile phase need 

to be optimized in order to retain analyte effectively to a maximum extent onto the 

column. On the other hand matrix substances should be retained strongly or not retained 

at all, for an effective sample preparation. On the other hand, in solvent extractions the 

most common and effective solvent for extraction of BPA from non-aqueous biological 

matrix and blood is acetonitrile
33

.  

One of the biggest challenges in trace analysis is concentrating the analytes to a high 

extent so that reliably quantitative determination above the detection limit becomes 

possible. In this context, there are some ways to do this depending on the sample type 

and treatment technique. For liquid samples, LLE which separated the analyte into an 

organic phase can be used and SPE where the liquid samples are passed through a 

cartridge and the analyte of interest is purified. SPE is favored by some researches 

because of the variety of cartridges with different sorbent commercially available for 

extraction of a wide range of analytes
34

. Nowadays, SPE sorbents are available as  non-

specific or highly specific for a certain analyte. Specific sorbents for BPA include 

immunoaffinity
35

 and molecular imprinted polymers
36,37

 as also the non-specific 

sorbents based on pure silica that are modified with hydrophilic or/and hydrophobic 

chemical groups. In this context, the commercial available cartridge Oasis HLB 

(Waters) is mostly used for the extraction of very polar to lipophilic compounds and is 

in principle ideal for BPA extraction. In literature
38

, some studies compared the 

cleanliness and matrix effects of samples extracted from human plasma and urine using 

LLE, and SPE methods. The obtained results demonstrated that SPE provides the 

cleanest extract and therefore the  reduction in matrix effects
38

 during analysis is the 

greatest. In another paper it was found that SPE is a more extensive cleanup method 

compared with LLE using LC-MS/MS analysis of drugs. However, ion suppression in 

LC was still observed when SPE was used and authors suggests that this was due to the 

pre-concentration step in SPE of also non eliminated  matrix substances
39

.  

A recent study, free and conjugated BPA were determinate in human urine and serum 

samples using LC-MS/MS. In this study authors compared LLE with SPE for both 

biological matrices; serum and human urine. The LOQ of BPA in urine and serum by 

LLE method were the same as that of SPE method. Also results from this study suggest 

that no differences were found in concentration levels of free and total BPA in serum 

samples between LLE and SPE methods. However, authors indicated that for urine 

samples SPE appears to be more suitable than LLE because of important factors such as 
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solvent extraction efficiency and matrix interferences. However, in LLE methods pre-

concentration is easier to obtain. Authors also tested some commercial SPE cartridges 

(Oasis HLB, Oasis MCX and Sep-pak C18) and reached the  conclusion that Oasis HLB 

as  two cartridge connected in series (tandem) was the optimum for the clean up the 

samples
20

. Observed LOQ for serum and urine samples were for free BPA 0.01 ng/mL 

and 0.05 ng/mL for conjugated BPA forms. The study include thirty-one healthy 

volunteers from New York USA and in  90 % of the urine samples BPA were detected 

above the LOQ and only 50 % of serum samples could be quantified
20

. Several 

analytical methods for the quantification of BPA in biological fluids are published
40–

42
.The analytical method of choice is usually gas chromatography (GC) coupled to a 

mass spectrometry detector (MS). Although GC analysis may require an extensive 

cleanup, follow by a derivatization step that is needed due to insufficient volatility of 

BPA. Derivatization reagents such N-methyl-N-(trimethylsilyl)-trifluoroacetamide 

(MSTFA) using trimethylchlorosilane (TMCS) as a catalyst at 1 %.
43

 and trifluoroacetic 

anhydride (TFFA)
44

 were the most reported used reagents for the derivatization of BPA. 

In the absence of the derivatization step, sensitivity is  low, making trace analysis in 

biological fluids and making analysis by GC-MS almost impossible
45

.  

On the other hand, Liquid chromatography using triple quadrupole instruments 

predominantly used tandem mass for bioanalysis of BPA in humans. Without the 

necessity of derivatization, this technique is a good alternative for bioanalysis of BPA, 

However, problems during the ionization due to matrix effects also are observed here. 

The electrospray ionization (ESI)
46

, is often affected by co-eluting matrix substance 

affecting ionization efficiency and having a negative impact on signal reproducibility. 

On the same hand, atmospheric pressure chemical ionization (APCI), is less affected by 

matrix effect but the limits of detection may be higher than ESI. However, in literature 

APCI was extensively used, for BPA bioanalysis
47–49

.  

Recently, a number of authors discussed the performances of GC and LC techniques 

coupled with mass spectrometry for quantification of BPA in human biological fluids 

and sewage sludge samples and concluded that gas chromatographic analysis is still 

favored for the detection of this compound, since it provides better sensitivity and 

higher separation efficiency. LC/MS showed a clear problem with ionization of 

compounds when dealing with complex matrices such as biological fluids
50

. Beside LC 

and GC techniques also ELISA can be used for the quantification of BPA in biological 

fluid. ELISA technique is though not recommended by some research because it is not 
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suitable for measurement BPA in human samples because it lacks  sensitivity and also 

high specificity of the antibody for BPA present in human biological matrices
17

. 

2.0 Experimental Techniques 

2.1 Biological Fluid Sampling Techniques 

 

2.1.1 Blood Microsampling Techniques 

 
In the last years blood micro sampling technique have gained attention as being a good 

alternative for venous blood collection
51

. This type of blood microsampling technique 

presents some advantages over regular venepuncture collection; microsampling 

techniques are less invasive, have reduced sample volume, are easy to perform and have 

lower sampling costs due to easy and cheaper transportation and storage
51

. 

2.1.2 Urine Collection 

 
For clinical diagnostics in for example disease screening purposes urine is collected.  

However, the following presented urine collection techniques are frequently used for 

screening of xenobiotic compounds
52

 such as BPA or pharmaceutical compounds. 

2.1.3 Random Urine Collection 

 
In Random urine collection, urine may be collected at random times and is often more 

convenient for the volunteer. A urine originating from a random urine collection is 

generally suitable for most of the clinical diagnostic screening purposes
52

.  

2.1.4 First morning Discharge Urine Collection.  

 

The volunteer mostly at his home collects the urine immediately after waking up from a 

night’s sleep. Any urine voided during the night should also be collected and then 

pooled with the first morning urine void
52

.  

 

2.1.5 24-Hours Urine Collection 

 
A 24-hour urine collection is used to measure components of choice in urine from a 

complete day. On the day of the collection, the first urine morning has to be discarded, 

then all the urine void is collected for the next 24-hours so that next morning urine is the 
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final collection. During the 24-hours collection the urine collected must be refrigerated. 

24-hours urine collection is also used in clinical assays to test for medical problems 

with the kidneys. 24-hours urine collection is commonly used to measure creatinine, 

proteins, hormones and other substances in urine that provide information about kidneys 

clearance
52

 and function.  

2.1.6 Urine Constituents 

 

Quantification of analytes in urine samples is sometimes difficult due to matrix effects 

caused by urine matrix compounds. Urine contains several different compounds with 

variable concentrations, depending on the individual’s diet and liquid intake
50

 Table 1 

summarizes general constituents detected in urine that could potentially contribute to a 

matrix effect.  

Table 1. General constituents of urine that could contribute to matrix effects 

 
Ions Cells Organic 

molecules 

Proteins Crystals 

K White 

blood 

Urea Albumin CaPO4 

Na   Creatinine Immunoglobulins CaC2O4 

NH4   Uric acid Other proteins C5H4N4O3 (uric acid) 

Ca   Amino acids     

Cl   Citrate     

SO4   other organic 

waste 

    

PO4         
 

Organic molecules such as amino acids, urea, proteins, uric acid but also cells (white 

blood cells and other cells) are found in urine samples
53

. Many of these compounds 

potentially can cause a matrix effect in GC/MS analysis if they are co-eluted with the 

analyte. Also, because the concentrations of these constituents are different across 

various urine samples, correction for the background signal is sometimes difficult. 

Variations in composition also affect other physical properties, such as pH, and ionic 

strength of the urine sample. Urine pH ranges from 4.5 to 8
52

, these variations can 

influence many aspects of the analysis
53

. 
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2.2 Matrix effects 

 
Biological matrix effects in GC-MS causes interferences with the analyte; the 

mechanism of the matrix effects in biological fluids samples is not yet fully understood. 

Matrix can affects seriously the precision and accuracy of the analysis of an analyte
59

. 

Matrix effects can lead to two main problems in chromatography: they can produce 

either (i) signal enhancement or (ii) signal suppression. Signal suppression of an analyte 

is the competition and interference in the ionization process between an analyte and co-

eluting substances
59

 in other word the area of the analyte in the sample matrix is smaller 

than the area of the standard solution with the same concentration. Signal enhancement; 

the area of the analyte in the sample matrix is observed to be greater than the area of the 

standard solution with the same concentration.  

2.3 Derivatization  

 
Gas chromatographic methods are under the most used procedures that involve 

derivatization, because the separation and analysis occurs in the vapor phase and 

therefore it requires derivatives of the analyte with good volatility. An advantage of 

using derivatization procedures is that a derivatized analyte could produce higher mass 

fragment ions, which can improve the signal to noise ratio and thus may lower the limit 

of detection
60

.  

There are different derivatization reactions that can be used for GC analysis such as 

esterification, acylation, silylation, alkylation among others. Acylation is a common 

procedure used in gas chromatography. It is widely used because acylation of an analyte 

reduces the polarity of active hydrogen atoms such as –OH, -NH, and –SH. The 

acylation of these groups improves the chromatographic properties of the analyte 

reducing tailing in GC analysis 
61

. 

Also acylation improves stability of compounds. It improves the volatility of 

compounds that have polar groups that make them nonvolatile and usually are 

decomposed by heating. In this case acylation is an alternative choice to silylation, 

because acyl-derivatives are more stable than silylated derivates
61

. 

Also acylation derivatization reagents such as Trifluoroacetic acid anhydride are a good 

mechanism to introduce halogen atoms into a compound to make it detectable at trace 

levels using an electron capture detector (ECD) coupled to GC. Figure 3 shows the 
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reaction scheme of this derivatization. 
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Figure 3. General reaction scheme of BPA with TFAA 

 
Silylation is another common derivatization technique that improves GC performance 

by derivatization of active hydrogen atoms and thereby reducing strong interaction such 

as hydrogen bond, increasing the volatility of the analyte
61

. Trimethylsilyl derivatives 

are produce by replacing the active hydrogen atoms in –OH, -NH, and –SH groups. The 

reaction of formation of trimethylsilyl derivatives is illustrated below applying BPA as 

example: 
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Figure 4. General derivatization scheme for the formation of trimethylsilyl derivatives 

of BPA with MSTFA/TMCS. 

3.0 Liquid-Liquid Extraction (LLE) 

 
Liquid-liquid extraction (LLE) is one of the most commonly used sample-preparation 

techniques. In LLE the aqueous samples are mixed and extracted with an immiscible 

organic solvent. This method separates compounds based on different solubilities in the 

two liquid phases, the aqueous and nonpolar organic phase. A hydrophobic molecule 

prefers an organic solvent whereas an ionic compound prefers to remain in aqueous 

solution.  A useful equation that helps to illustrate the extraction process is the Nernst 

distribution equation. This distribution states that any neutral species will distribute 
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between two immiscible solvents and the ratio of concentrations will be constant
54

. 

   

                  Kd =                       (Eq. 1) 

Where Kd is the distribution constant, C0 is the concentration of the analyte in the 

organic phase, and Caq is the concentration of the analyte in the aqueous phase.  Since 

the extraction is an equilibrium process, a certain amount of the analyte may be 

remaining in the aqueous phase
54

, therefore being necessary doing successive 

extractions.   

The organic solvent used in LLE must have a very low solubility in water, have 

physicals properties that cause the analyte to have better affinity for the organic phase 

than for aqueous phase, and have certain volatility for easy pre-concentration after 

extraction.  

The chemical equilibrium can be influenced for a better extraction. To illustrate how the 

chemical equilibrium can be affected, let us consider the extraction of BPA from an 

aqueous solution: if the aqueous phase is buffered some pH units below its pKa, in order 

to suppress dissociation, it will be more soluble in the organic phase, thus will be better 

and more completely extracted from the aqueous phase. On the other hand, if the pH of 

the aqueous phase were above its pKa, BPA will be in its ionized form, thus it will be 

more soluble in the aqueous phase. 

The procedure of the LLE process is well known, briefly, most of LLE procedures are 

performed in a separation funnel and usually few milliliters of an organic solvent are 

used
55

. Usually for a simple extraction, the Kd value should be large for an optimum 

extraction, however, most separation funnel extractions involve two subsequent 

extractions to archive high solute removal from the aqueous phase
55

. Regrettably, with 

multiple extractions the total volume of the organic solvent used gets larger and 

therefore the dilution is higher. LLE usually yields clean samples and gives high 

reproducibility and the organic layer is enriched with the analyte of interest and can be 

directly analyzed without further processes, or it can be evaporated and reconstituted to 

the adequate desired volume.  
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4.0 Gas Chromatography-Mass Spectrometry (GC-MS)  

 

In gas chromatography the analyte of interest is separated from other compounds 

present in a sample. The GC equipment basically consists of an injector, a gas carrier, 

column oven and a column. The principle of GC is a separation of the compounds in a 

sample due to interactions between a gaseous mobile phase (gas carrier) and a stationary 

phase. The sample is dissolved in a solvent and injected in the injector port where it 

goes to gas phase immediately due to the high temperature of the injector block. The 

port of injection works in split and/or split less injection. In split less injections mode, 

the whole amount of the injected sample goes to the column, which makes it more 

suitable for traces analysis, in split injection mode, only a fraction of the amount of 

injected sample goes to the column
56

.  The mobile phase, (gas carrier) moves along one 

direction the sample from the injector port into the column where the compounds 

present in the sample are separated between the stationary phase and the gas carrier. The 

compounds are retained by the stationary phase with different affinity. The affinity of 

the compounds between the column and the gas carrier depends on variables such as 

volatility of the compounds, characteristics of the stationary phase, column temperature 

and flow of the gas carrier. In this context some analytes, like BPA, must be derivative 

before GC analysis to make them volatile and stable to high temperatures. The 

derivatization process, which is explained in detail section 2.3, polar groups containing 

active hydrogen are replaced to form non-polar groups, thus improving volatility
56

. 

4.1 Mass Spectrometry  

 
Mass spectrometry is a technique for quantitative detection of charge ions from 

molecules.  This quantitative tool obtains signals according to the relationship of mass-

to-charge ratio (m/z). Mass spectrometry can therefore be a very selective detection tool 

and it allows low limits of quantification
57

. A mass spectrometer consists of an inlet, the 

ionization source and analyzer. The eluting compounds from the column enter the inlet, 

and then are taken into the ionization source and then into the analyzer. There exist 

different ways of ionization sources, however, in this thesis only electron ionization (EI) 

was used. This ionization technique is very common in GC/MS
57

. Once the neutral 

molecules enter the ionization chamber a filament produce a beam of electrons usually 

with energy of 70 eV that impacts the molecule with an ejection of an electron from the 

molecule. The molecule results in having a positive charge. The reaction involve is the 
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following: 

M + e
- 
→ M

·+ 
+ 2 e

-
 

Where M is neutral molecule, M
·+ 

is the (molecular) ion and e
- 

is an electron 

4.2 Mass Analyzer 

 
The mass-analyzer most frequently used in GC is usually a quadrupole, which separates 

the ions according to their mass-to-charge-ratio (m/z). This type of mass analyzer has 

four rods in which an oscillation frequency is applied in opposite charges as shown in 

figure 5. The ions produced move along the longitudinal axis of the rods, and are 

attracted to the rods depending on their charge. A combination of charge and frequency 

applied to the rods allows the preselected ions with a certain m/z ratio that reach the 

detector or certain combination of charge and frequency applied to the rods allows a 

whole range of m/z-ratio (TIC) reach the detector. To increase the signal a second 

quadrupole (tandem) can be lineup for further selection of an ion. Also coupled 

instruments such as quadrupole coupled to an ion-trap or time-of-flight can be used for 

better mass accuracy. However in this thesis a single quadrupole mass analyzer was 

used.  

 

Figure 5. Quadrupole mass analyzer in mass spectrometry
58

 
 

4.3 Total Ion Chromatogram (TIC) 

 
Total ion chromatogram is a plot of the total ions in each scan and plotted as intensity. 

As a molecule elute from the chromatographic column, the intensity goes up and a peak 

appears. The total ions eluted from the column are plotted against time. Compounds of 

every mass are plotted in the TIC. TIC has a disadvantage because finding the analyte 
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can be difficult since other compound could present similar mass fragments, thus 

reducing the sensitivity. To overcome this difficulty a specific mass can be selected to 

be plotted, selected ion monitoring (SIM). 

4.4 Selected Ion Monitoring (SIM) 

 
Selected ion monitoring is an option in which the mass spectrometer is selected to scan 

certain m/z ratios. Narrower the mass range more specific will be the SIM assay, thus, 

increasing the overall sensitivity. SIM analysis is much more sensitive that TIC analysis 

because only compounds with the selected m/z ratio are detected and plotted. The higher 

sensitivity in SIM is because the peaks plotted in SIM are only a few masses, in contrast 

with TIC that plot much more m/z ratios, thus reducing the sensitivity.  

5.0 Statistics  

 
In analytical chemistry it is common to use statistics for the correct presentation of the 

result of a measurement of a sample. Linearity of an analytical procedure is the ability 

to obtain results that are directly proportional to the concentration of the analyte in a 

sample. Linearity can be evaluated by dilution of a standard stock solution. Frequently, 

the linearity is evaluated graphically with a calibration curve and is determined by 

commonly a series of five to seven injections of the standards solution whose 

concentrations are known. The response of the equipment should be directly 

proportional to the concentrations of the analyte.  The response is evaluated by making 

a plot of signal or peak area as a function of analyte. The linearity of this plot must 

convert a range define as the interval from the upper to the lower concentration of the 

analyte.  

 

The calibration curves are determined using the least squares method (LSM) to find the 

best straight line through the calibrator points. Using LSM the slope, intercept and 

regression coefficient (R
2
) can be determined. The correlation coefficient (r) is an 

estimation of how good the calibrator points fit a linear model (showing that the 

response of the analytical instrument is proportional to the quantity of the analyte). The 

R
2
 is a quantitative indicator of how well the linear model describes the variation in 

signals. Low values of R
2
 are usually interpreted as a poor description, while values 

near 1 represent a good description of the signal variability. 
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Confidence interval (CI) is defined as range in which a set of experimental 

measurement reasonably assume is include the true value with a certain probability. The 

range that contains the true value of the measurement will match the confidence level; 

for example a confidence interval of 95 %, the true value will be within the range of its 

mean and ± 2 standard deviations.  

 

Precision (% CV), describes the imprecision in a group of measurements, it can be 

defined as the closeness of the measurements of a sample, and it can be calculated by 

the standard deviation as a percentage of the mean. (Eq. 3)  

 

            % CV=  *100%                        Eq. 3 

 

 

Where %CV is the precision, s is the standard deviation and x the mean. 

 

Accuracy, describes the mean bias of a measurement, is the proximity of a 

measurements to the nominal value and it can be calculated as it follows:  

 

 *100 %        Eq. 4 

6.0 Analytical Method Validation Procedures 

 
The goal of an analytical measurement is to obtain consistent and accurate data.  The 

method validation of any analytical procedure plays an important role in achieving this 

objective. The results from the method validation can be used to judge the quality, 

reliability and consistency of the results. For this thesis the method was validated 

according to the EMEA guideline
62

. The guideline provides general recommendation 

for bioanalytical method validations. The validation includes parameter such as Carry-

over, linearity, lower limit of quantification (LLOQ), limit of detection (LOD), within- 

day and between day accuracy and precision and stability of BPA. 
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6.1 Carry-over 

 
Carry-over was assessed by triplicate measurements of a spiked sample in water with a 

high concentration (25 ng/mL) followed by triplicate measurement of a blank sample. 

Carry-over is considered acceptable if it is less than 20% of the LOQ for BPA and 5% 

for BPA-d16. 

6.2 Linearity 

 
Linearity of the methods developed was assessed by analysis of six samples in water, 

ACN, urine and blood matrix. Ranging in concentration of (0.25 – 25 ng/mL). Each 

matrix calibrator was measured in triplicate (n=3). Linearity between the signal (area) 

ratio of BPA and BPA-d16 and BPA nominal concentration was considered acceptable if 

the correlation coefficient (r) was > 0.990 for each matrix. 

 6.3 Lower Limit of Quantification and Detection (LLOQ and LOD) 

 
The LLOQ was defined as the lowest matrix calibrator of the calibration curve that was 

analyzed with acceptable accuracy and precision of <20% CV, according to the EMEA 

validation guidelines
62

. The limit of detection (LOD) was defined as LLOQ/3.3. 

6.4 Within-day and Between-day Accuracy and Precision 

 
Within-day and between day accuracy and precision were determined by application of 

QC samples at three different concentration levels of BPA (0.75, 4 and 8 ng/mL BPA) 

prepared in urine and blood. Each QC sample was analyzed in triplicate. Accuracy and 

precision were considered acceptable when the mean observed concentrations were 

within 15% CV of the nominal value, for the QC sample at the LLOQ (0.75 ng/mL) it 

was acceptable when CV were < 20%. Within-day accuracy and precision were 

determined by three consecutive measurements of the QC samples on the same day 

while between-day accuracy and precision were determined by analysis of the QC 

samples on three consecutive days. 

6.5 BPA Stability 

 
The stability of BPA in urine and blood matrix was studied by analysis of three QC 

samples (0.75, 4 and 8 ng/mL) after storage of the QC samples for 2 weeks at -20°C and 
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3 weeks at -20°C in triplicate (n=3). Again BPA was considered acceptable if the 

observed nominal concentration of the low QC (0.75 ng/L) was < 15% CV of the 

nominal value. And for the other two QC the observed nominal concentration was < 

20% CV of the nominal value. 

7.0 Aim of Thesis 

 

7.1 Problem Definition 

 
Because of the high volume widespread in consumer products and the environment in 

combination with the endocrine disrupting activity of BPA, there is a need for research 

in new methods and/or optimization of existing methods in order to have better and 

more information on the human exposure to BPA. 

7.2 Thesis Proposal 

 
The present thesis proposes the development of a method using conventional analytical 

tools and techniques to examine BPA exposure in a group of voluntary participants by 

bio monitoring the concentration of BPA in urine and blood using microsampling for 

sample collection and to study if it is possible to detect BPA concentrations in urine and 

blood followed by estimation of the individual’s exposure to BPA. Samples are 

collected from voluntary participants in compliance with ethical guidelines applying 

non-invasive sample collection methods. Voluntary participants have giving written 

consent for the study and filled out a questionnaire for additional information which can 

be used for correlation of the observed exposure data and consumer behavior and 

physical properties like age, body and weight.  The development of the method will 

assess BPA concentrations of urine and blood by gas chromatography coupled with 

mass spectrometry (GC-MS). Observed BPA concentrations in collected urine and 

blood samples will provide information about the exposure of voluntary individuals to 

BPA. To the present knowledge, no data on human BPA exposure from individuals in 

Colombia has been reported yet and therefore this study will provide some preliminary 

data on method validation to access human BPA exposure in Colombia. Although, 

obtained exposure data will be from a limited number of individuals, data will provide 

first information on human BPA exposure from randomly selected Colombian students 

for comparison with previously published studies in other countries around the world. 



 
 

27 | P a g e  
 

7.3 Objectives 

 

7.3.1 General Objective 

 
The development of an analytical method that applies GC-MS for the quantitative 

determination of BPA concentrations in human urine and whole blood samples. The 

samples are collected from voluntary healthy participants and will be used to estimate 

exposure to BPA. 

 7.3.2 Specific Objectives 

 
Obtain preliminary data on human BPA exposure among Colombian voluntary 

participants (students) and possible comparison of observed exposure with BPA 

exposure data published in several studies from different parts around the world. The 

study will try to include same numbers of male and female voluntary participants to 

study if they are gender depending factor in the exposure. 

8.0 Methodology 

 

8.1 Materials, Equipment and Reagents 

 
MSTFA and TFAA was Alfa Aesar USA. BPA was purchased from sigma Aldrich and 

BPA-d16 (98 %D atom) was form Sigma-Aldrich also Cyclohexane and ACN was 

bought from Sigma-Aldrich. Analytical balance Cole Palmer USA PA 120, Vortex 

Mixer  Cole Palmer USA and a Glas Col Evaporator System. Samples were derivatized 

in 250 uL glass insert and ultrapure water (18.2MΩ.cm) used for LC was produced by a 

Direct-Q® 3UV Milli-Q apparatus (EMD Millipore, Billerica, MA, USA). Capillary 

blood samples from voluntary healthy subjects were collected by using Microvette® 

CB300 capillary blood collection tubes (Sarstedt, Germany) and Whatman FTA® 

DMPK cards (GE health, Fairfield, CT, USA) were used for the preparation of dried 

blood spots (DBS) 

8.2 BPA Standard Solutions  

 
Individual stocks solutions of BPA 1mg/mL and BPA-d16 1 mg/mL were prepared in 

ACN. Standard working solutions of BPA 100 ug/mL and BPA-d16 20 ug/mL were 

prepared from stock solution in ACN. 
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8.3 Blood Sample Collection 

 
For BPA analysis a maximum volume of 300μL of peripheral blood from voluntary 

subjects were collected by pricking a finger with a safety lancet (Fig.6). 

 

Figure 6. Blood collection using a safety lancet  

 

The capillary blood samples were collected using a Microvette® CB 300 containing 

potassium-EDA as coagulant (Fig 7). Blood samples were homogenized directly after 

collection and stored on ice until further processing. The collected blood samples were 

kept as short as possible on ice (< 30 min) and when possible directly processed. 

 

 

Figure 7. Microvette CB 300 for capillary blood collection  

 

8.3.1 DBS Sample Preparation 

 
DBS samples were prepared by spotting 15 µL of blood into the card collection (Fig. 8) 

and let to dry for minimum 3 hours. After DBS cards were dry from the dried blood 5 

mm disks were punched and disks were extracted in 400 µL ACN solution containing 5 

ng/mL BPA-d16 for 10 minutes in an ultrasonic bath. Next, 380 µL aliquot were 

transferred into a new 2 mL Eppendorf tube and taken to dryness using nitrogen gas. 
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Thereafter 50 µL of TFFA were added and sample derivatized for 30 min. at 60 
0
C. 

After, the remaining TFFA were removed with a stream of nitrogen until dryness and 50 

uL of cyclohexane were added and 1 µL injected into the GC-MS.   

 

Figure 8. DBS collection cards (Whatman®) 

 

8.3.2 Liquid Blood Solvent extraction (SE)  

 
100 µL of blood into 2 mL Eppendorf was mixed with 400 µL of ACN containing 5 

ng/mL of the internal standard BPA-d16. The solution was vortexed for 1 minute and 

centrifuged in a cooled centrifuge (4 
0
C) at 13300 RPM and the supernatant was 

transferred into another Eppendorf and centrifuged again using the same conditions. 

After this, a 400 µL aliquot was transferred into a cleaned vial and the solution was 

taken to dryness under a gently nitrogen stream. Once the solution was completely dry 

50 µL of TFAA was added and sample derivatized for 30 minutes at 60 
0
C. After the 30 

min. the solution was taken again to dryness under a gently nitrogen stream and finally 

50 µL of cyclohexane were added and the sample was ready for GC-MS analysis.  

8.3.3 Liquid Blood Solvent Extraction and Column Clean-up 

 
100 µL of whole blood placed into a 2 mL Eppendorf was mixed with 400 µL of ACN 

containing a concentration of 5 ng/mL internal standard BPA-d16. The solution was 

vortexed for 1 minute and centrifuged in a cooled centrifuge (4 
0
C) at 13300 RPM and 

the supernatant was transferred to another Eppendorf tube. Next, the solution was taken 

to dryness under a gently nitrogen stream and once the solution was completely dry the 

sample was reconstituted with 100 µL acetone. 100 uL of sample was passed through a 

silica column and washed with 2 mL of pentane/acetone (2:1 v/v). The elution was 

collected in a cleaned glass vial and the solution was taken to complete dryness under a 

gently nitrogen stream. After 50 µL of TFAA was added and the sample was 

derivatized for 30 minutes at 60 
0
C the solution was taken to compete dryness under a 
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gently nitrogen stream and finally 50 µL of cyclohexane was added and the sample was 

ready for GC-MS analysis.  

8.4 Urine Samples 

8.4.1 Urine Collection for Method Validation Procedures 

 
2.5 liters of pooled urine from one individual were collected and HCl 4 M was added to 

acidify the urine to a pH of to 4 for sample conservation. The pooled urine was stored at 

4 
0
C in the fridge. This urine was only used for the validation of urine method.  

8.4.2 Urine Collection from Healthy Voluntary Individuals 

 
100 mL of urine samples were collected from voluntary participants and HCl 4 M was 

added to obtain a pH 4. Urine samples were processed on the same day of collection. 

8.4.3 Urine Sample Treatment 

 
A 25 mL urine sample from a human volunteer was extracted with 10 mL of 

cyclohexane by means of a liquid-liquid extraction using a shaker (see Fig. 9) for 

homogenous extraction. The aqueous phase was discarded; the organic layer was 

collected in a flask and taken to complete dryness under vacuum in a rotavapor. Then 

the residue in the flask was dissolved twice with an aliquot methanol and transferred in 

to an insert of 250 uL. The solution in the insert was taken then to dryness with a stream 

of nitrogen. Next, 50 µL of trifluoroacetic acid anhydride (TFAA) were added and 

sample was heated at 60 
0
C for 30 min. After this, remaining TFAA was evaporated 

with stream nitrogen until complete dryness and 50 µL of cyclohexane were added and 

sample was ready for GC-MS analysis.  

 

 

 

 

 

 

 

Figure 9. Electric shaker used for LLE extraction  
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9.0 Derivatization 

 
All the samples of the different biological fluid assays were derivatizated by TFAA. To 

all dry samples in glass inserts containing BPA and BPA-d16 50 µL of TFAA were 

added for derivatization purposes. The vial containing the insert was closed and heated 

for 30 minutes at 60°C (Fig. 10). Then the solutions were evaporated to dryness under a 

nitrogen stream. The derivative compounds were reconstituted in cyclohexane and 

injected into the GC-MS. 

 

 

Figure 10. Evaporator system for derivatization and dryness of the samples. 

 

10.0 Gas Chromatography-Mass Spectrometry (GC/MS) Analysis  

 
Gas chromatography was performed on A HP-6890 serie II coupled Agilent 

technologies 5973 Network Mass Selective Detector. Mass spectrometric detector was 

operated in the positive electron impact mode (EI+) for the analysis. The electron 

energy was 70 eV. Helium was used as the gas carrier at a constant flow 1.5 mL/min. 

The GC separation was on a fused-silica capillary column (HP-5 ms; film thickness, 

0.25 μm; 30 m × 0.25 mm). The conditions for the determination BPA, GC condition 

were the following: Helium was used as the gas carrier at a constant flow 1.5 mL/min.;; 

injector temperature, 250 °C; and transfer line temperature, 275 °C. The oven 

temperature was initially set at 80 °C hold for 2 min, with ramp temperature 20 C/ min.  

Until 270 °C hold for 2 minutes. Total run 15 min. 1 µL sample injections were 

performed in splitless mode using autosampler HP 6890. The injector and detector 

temperatures were set at 250 and 280C, respectively. For monitoring of the analyte 

(BPA) and isotope-labeled internal standard BPA-d16 the most abundant ions were 
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chosen. For the O-bis(trifluoroacetyl)-derivative of the analyte the ions were m/z=420  

(Fig. 11) and base peak m/z=405 (Fig.12) and for the internal standard the ions 

observed were m/z= 434 (Fig.13) and  base peak m/z=416. (Fig.14) 
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Figure 11. O-bis(trifluoroacetyl)-BPA (m/z=420) 
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Figure 12. O-bis(trifluoroacetyl)-BPA after a loss of a methyl group (m/z= 405) 
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Figure 13. O-bis(trifluoroacetyl)-BPA-d16 (m/z=434) 
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Figure 14. O-bis(trifluoroacetyl)-BPA-d16 (m/z=416) after a loss of a CD3- group 
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11.0 Results and Discussion 

11.1 Method Development 

 
The aim was to develop and validate an analytical method for detection and 

quantification of BPA in human urine and blood. However, several technical problems, 

such as lacks of sensitivity and background contamination hindered the progress of 

development of the blood assays and the urine assays could only be partial validated. 

11.2 Derivatization Conditions 

 
The aim in this step was to find a simple and fast derivatization reaction, which was 

applicable for BPA. Chemical derivatization of BPA should result in derivatives with 

higher molecular masses. Ions with higher molecular masses emerge easily from matrix 

background. According to literature trimethylsilyl derivative and acyl derivative are a 

good choice for reaction of active hydrogen of –OH groups in BPA
61

. BPA 

derivatization reaction conditions were first tested. According to literature
63

 a range of 

solvents with the derivatization agent could be used. However, solvents with OH groups 

as methanol could not be used. Also different bases like pyridine, K2CO3, NaOH are 

employed to promote the reaction. In this thesis MSTFA/TMCS and TFAA were 

applied for derivatization of OH groups in BPA. According to literature the optimum 

conditions for the reaction with MSTFA/TMCS was at 60 
0
C and 30 minutes without 

solvent and base. Different volumes of MSTFA/TMCS where tested, (30, 50 and 70 µL) 

results (table 2) were not significant different for the three different volumes, this 

because neither the ratio nor the peak areas did change significantly. According to 

authors
63

 volume of MSTFA/TMCS does not have a strong influence in the reaction as 

long is in stoichiometric excess
63

 which was confirmed by the first experiments. 

Table 2.  Derivatization of BPA using different amounts of MSTFA/TMCS 

 
Volumen of reagent (μL) Ratio BPA/BPA-d16 

30 0.8023 

50 0.8215 

70 0.8165 

 

According to literature
44

 the reaction of TFAA does not need any base. In this study a 

range of solvents were tested in combination 50 µL of TFAA. The results suggested that 
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30 minutes and a temperature between 50-80 
o
C and 300 µL of ACN (Table 3) were the 

best conditions for the derivatization of BPA. But different volumes of ACN at 60 
o
C 

for 30 min in combination with 50 µL of TFAA were tested. This assay was conducted 

preparing one solution and takes aliquots into 3 separated vials. The results (table 3) 

indicated that the solvents volume does not have an influence in the reaction, even 

without adding ACN, because the ratio and peaks areas did not change significantly. 

Finally with the optimum reaction condition according to literature for MSTFA/TMCS 

and TFAA, we decide to evaluate which of the two BPA-derivatives was the best. A 

whole calibration curve in ACN and water were plotted. The results are shown in table 

4 and 5. 

Table 3. Derivatization experiments applying different volumes of ACN 

 
Volume  of ACN 

(μL) 

Ratio BPA/BPA-d16 

0 0.8945 

100 0.8856 

200 0.8930 

300 0.9023 

400 0.8884 

 

Human urine, water and ACN were spiked with BPA and BPA-d16 followed by 

derivatization by TFAA and MSTFA under optimized conditions. (50 µL derivatization 

reagent, 30 minutes at 60 
0
C).  Experimental data showed (table 4 and 5) that for ACN 

and urine matrix the sensitivity was higher when derivatization was performed using 

TFAA. Thus, TFAA was chosen over the MSTFA/TMCS reagent because the O-

bis(trifluoroacetyl)-BPA derivative produced fragment ions of higher masses than the 

trimethylsilyl derivatives. The sensitivity could be increased because fragments ions of 

higher masses results in a less contaminated region,
60

. Also acylation of BPA can 

improve stability of compounds and in this case acylation is an alternative choice to 

silylation, because acyl derivatives are more stable than trimethylsilyl derivatives
61

.  

On the other hand regression lines (Table 4) in ACN matrix show a lower slope than 

regression lines (Table 5) in urine matrix. This means that the analytical method in urine 

matrix is around ten times more sensitive than in ACN matrix. These results could 

illustrate that the LLE development in this method is very efficient extracting the 

analyte from urine and also leads to a clean-up extract.  However, further evaluations 

and experiments are needed for a better approach to describe this result. 
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Table 4.  Regression lines with TFAA and MSTFA/TMCS derivatives in ACN matrix. 

 
BPA Derivatization Regression coefficient  

(R
2
) 

Regression line 

TFAA 0.9982 y = 0.0745x + 1.4839 

MSTFA/TMCS 0.9976 y = 0.0483 + 0.9308 

 

 

 

Table 5. Regression lines of BPA-TFAA and MSTFA/TMCS derivatives in urine matrix. 

 
Derivative Regression coefficient 

(R
2
) 

Regression line 

TFAA 0.9943 y = 0.4398x + 5.9131 

MSTFA/TMCS 0.9893 y = 0.3818x + 2.3029 

 

11.3 Optimization Carrier Gas Flow in CG-MS Analysis  

 
After the derivatization step was optimized, the next step in the method development 

was to determine the appropriated flow of the carrier gas in the GC equipment. Finding 

the optimal flow in GC analysis was conducted by analyzing one derivatized sample in 

splitless mode applying 1 µL injections.  

As it can be seen in Table 6 by the BPA/BPA-d16 ratio which did not change 

significantly when the flow was changed, also the peak areas did not change 

significantly. However the ratio found it with a flow of 1.5 mL/min was approximately 

four times bigger than the others flows evaluated; this result is not conclusive because 

the adjacent flows did not change significantly. The results of the observed ration using 

a carrier gas flow of 1.5 mL/min could possibly be due to a contamination of the vial 

septum, because the measurements of the determination of the optimal carrier gas flow 

were performed after a numerous injection of other samples.  

Probably, BPA was leaching from this septum and increasing the peak area of BPA and 

thus increasing the ratio between BPA/BPA-d16. However, the background 

concentration of BPA in laboratory consumables was checked and it was concluded that 

any material used in the procedure including the vial septum leaches any BPA.  
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Table  6. Studied carrier gas flow rates and observed ratios 

 
Flow 

(mL/min) 

Ratio 

(BPA/d16) 

0,75 0.6067 

1 0.5991 

1,5 2.2583 

2 0.5870 

2,5 0.5429 

11.4 Optimization of Split Ratio Injections in GC-MS Analysis 

 
The diameter and chromatographic film thickness of capillary column in gas 

chromatography (GC) has an influence on the amount of injection. For instance, packed 

columns can handle bigger sample volumes injections. But capillary columns are much 

more easily overloaded. Samples can be injected into the GC basically in two different 

ways; split mode, and split less mode. Split mode is preferred when samples are highly 

concentrated and this mode avoids overloading the column, affecting separation 

efficiency. Split less injection is recommended when the desired analyte in the samples 

is present at trace concentration. In split less injection the entire injected sample volume 

goes into the column.  Experimental data in Table 7 shows that applying a split ratio in 

GC-MS analysis does not affect significantly the quantification of BPA, because the 

ratio between BPA/BPA-d16 remains quit constant. Since the sample preparation 

involved some sample preparation steps, and the sample injection is not always the 

same, it was therefore decided to add internal standard BPA-d16 to correct theses 

variations in injections.  Indeed, the two conditions in the injection mode, which shows 

bigger areas of BPA and BPA-d16, were choose and two calibration curves was 

constructed using split less and 1:8 split ratios. As mentioned above the injection mode 

does not seem to cause a significant influence on the BPA quantification; the calibration 

curves using split 1:8 and split less are shown in Table 8. As it can be seen both 

regression lines are very similar. However, a higher slope for the regression line was 

obtained with split less injection mode. From the experimental results, it was decided to 

choose split less injection applying 1 µL injection volume.  
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Table 7. Tested split ratio conditions  

 
Split ratio Split flow 

(mL/min) 

Ratio 

BPA/BPA-d16 

splitless 1.0 0.9259 

1:2 2.2 0.8063 

1:3 3.3 0.8594 

1:4 4.5 0.8754 

1:5 5.6 0.8756 

1:6 6.7 0.8831 

1:7 7.8 0.8849 

1:8 8.9 0.8918 

1:9 10 0.8913 

1:10 11.1 0.8908 

 

Once the chromatographic conditions were determined the next steps in method 

development was evaluation of the sample preparation. 

 

Table 8.  Regression lines with different split ratio in urine matrix 

 
Split ratio Regression coefficient  

(R
2
) 

Regression Line  

Equation 

Splitless 0.9925 y = 0.6009x + 0.7266 

Split 1:8 0.9934 y = 0.5617x + 0.8429 

 

11.5 BPA Background Concentrations 

 
Laboratory consumables such as tips, collection container, septum vials, Microvette CB 

300 blood collection tubes, Eppendorf cups and solvents used in the method 

development were checked for any background contamination with BPA. All these 

consumables were checked for BPA leaching using ACN as solvent. Water used for the 

preparation of calibrators was also checked. For the determination of a possible BPA 

background contamination of Milli-Q water, 25 mL of this water was extracted, 
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derivatized and analyzed in GC-MS without addition of BPA-d16. The results showed 

no BPA contamination and it was concluded that Milli-Q water could be used for the 

preparation of aqueous BPA calibrators. Furthermore, Milli-Q water was then spiked in 

a second experiment with only BPA-d16 and it was observed that the internal standard 

BPA-d16 does not contribute any BPA background concentration at all. Final 

conclusion: no laboratory consumable used in this research showed BPA  leaching.  

11.6 Sample Preparation 

 
Two different biological matrices were (urine and blood) evaluated for BPA analysis. In 

the blood matrix 3 different ways of samples preparation were tested: DBS, blood micro 

sampling with solvent extraction, and blood micro sampling with Solvent extraction 

(SE) with column clean-up using silica as sorbent. For urine, LLE extraction was the 

performed. None of Blood assays gave conclusive results and therefore DBS was 

excluded because DBS method was not sensitive enough for detection of BPA. The 

DBS method LOD was 7.6 ng/mL, which is not sensitive enough for quantification of 

BPA in blood, according to literature for quantification of BPA in blood the LOD 

method should be less than 1 ng/mL because BPA levels in blood is in the low 

picogram to low nanogram per milliliter range. The high LOD of BDS assay could 

possibly be explained by the low blood volume (15 µL) spotted onto the paper and due 

to the low concentrations of BPA in blood, the absolute amount of BPA present in 15 

µL of blood was much below the detection limit. On the other, the Solvent extraction 

(SE) with column clean-up was excluded because many of the samples tested gave no 

conclusive results (table 9) this methodology presented many problems because the 

signal in GC equipment presents variation on the peak area of BPA and BPA-d16. The 

silica columns were prepared manually by 0.3 g of silica which was poured into a 

Pasteur pipette. First it was necessary to find the death volume of each column, because 

for each sample a new column was used. This was a big issue because; the flow of the 

mobile phase was not controlled, affecting seriously the interaction of the analyte with 

the stationary phase, obtaining a great variation in the results (Table 9). Literature 

suggested that Sep-pak C18 and Oasis HLB are recommended for an isolation and 

clean- up of BPA from biological fluids.   
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Table 9.  Experiments (5 ng/mL BPA+ 5 ng/mL BPA-d16) applying a column clean- 

up using silica (10 % water added to silica gel 60) 

 

Experiment Ratio 

BPA/BPA-d16 

sample 1 0.286 

sample 2 5.546 

sample 3 0.856 

sample 4 0.497 

sample 5 1.108 

sample 6 0.870 

 

The solvent extraction (SE) assay was not further evaluated because of the high 

background signal to noise in the chromatograms. The chromatogram of these samples 

presents too much background contamination affecting seriously the quantification of 

BPA. So for these reasons it was not possible to continue with a validation procedure 

for the blood assay; DBS, solvent extraction (SE), and solvent extraction (SE) with 

silica gel column clean-up. Although in literature
64

 it is reported that quantification of 

BPA in blood was possible using venepuncture collection instead of finger prick blood 

collection. However, these studies were performed in clinics and hospitals using larger 

blood volume of around tens of milliliters of whole blood. Also in literature it is 

reported that relatively high and variable BPA concentrations in blood are observed. 

Authors suggest contamination of the blood samples with BPA from blood bags, blood 

collection tubing, among other medical consumables that contribute to a large variation 

in and relatively high BPA concentrations of the collected blood samples. Authors 

addressed that the contamination of BPA coming from venous blood collection 

contributes to a concentration range of 0.1 to 10 ng/mL BPA
64

 in blood. The purpose to 

quantified BPA in blood collected from microsampling techniques was to avoid 

problems of contamination due to venous collection mentioned above. Results showed 

that DBS are not useful for quantification of BPA in blood by using conventional 

analytical techniques such as EI-GC/MS with single a quadrupole. This could be 

explain because literature addresses
51

 that DBS was validated for small molecules that 

could be reliably quantified in the concentration range of 50-5000 ng/mL. The results 

from the other two blood microsampling assays suggested that without a clean-up step 

the background noise interfered in the accurate quantification of BPA, and using a 

clean-up step, much of the analyte was lost during the clean-up procedure. To my 
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knowledge non-studies have been performed and they validated a method for 

quantification of BPA using microsampling of capillary blood.  Since all the problems 

observed with the blood matrix it was decide to continue the development of only an 

urine assay. Some obtained results from the whole blood assays are presented in section 

11.6.1 and 11.6.2. 

 

11.6.1 Analysis of DBS Samples  

 
It was decided to test different solvents and/or mixtures for the extraction of BPA from 

the DBS. For that purpose, a 200 µL stock solution of whole blood was spiked with 

BPA to obtain 100 µg/mL and aliquots of 15 µL were used to prepare the DBS. From 

the DBS disk were punched 5 mm and extracted with 400 µL (containing BPA-d16) 

using different solvent (Table 10).  

Table 10. Solvent used for extraction of DBS 

 

 

Table 10 shows that ACN was the solvent of choice for the best extraction of BPA from 

DBS: all solvents and/or mixtures used contained the same amount of BPA-d16, this 

means that theoretical areas of BPA-d16 of all extractions must be similar. Because the 

relationship BPA/BPA-d16 was the largest for ACN, it was concluded that the amount of 

BPA extracted using ACN was the highest than other solvents used. Other experiments 

were performed to determine the optimum volume of ACN necessary for extraction of 

BPA from DBS. Different volumes of ACN were tested. As can be observed in Table 8, 

the highest ratio between BPA/BPA-d16 was observed using 800 µL of ACN. 

 

 

Solvent/ Solvent mixture Ratio  

BPA/BPA-d16  

MeOH 0.121 

ACN 0.596 

MeOH/H2O (95:5 % v/v) 0.183 

ACN/H2O (95:5 %v/v) 0.262 

Acetone 0.428 

Acetone/H2O (95:5 % v/v) 0.235 
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Table 11.  Solvent amounts used for extraction of BPA from DBS 

 
Volume ACN 

 (uL) 

Ratio  

BPA/BPA-d16  

200 0.23 

400 0.41 

600 0.59 

800 0.78 

1000 0.71 

 

11.6.2 Solvent Extraction in Combination with Clean-up  

 
Since for this thesis we could not purchase commercial clean-up cartridges due to the 

high costs and long waiting time. Therefore, it was decide to make silica 60 columns. 

Silica gel is commercial available in different particle sizes. For this thesis we used 

mesh 230-400 (particle size 0.04-0.063 mm) silica. First it was necessary to determine 

the best mobile phase (solvent). This could be achieved by first applying thin layer 

chromatography (TLC) (data not shown). According to literature
65

 a mixture of acetone 

and pentane was a good choice for elution of BPA in silica gel 60 columns, so it was 

decided to evaluate different volumetric ratios of this solvent mixture. A BPA standard 

was applied onto the TLC plate using different ratios %v/v of pentane-acetone. 

Theoretically seen the optimal mobile phase is the one where BPA has a RF value close 

to 0.3. This value of 0.3 was achieved with (2:1 v/v) pentane/acetone. It was decide to 

evaluate if a partial deactivation of the active polar sites of the silica would have an 

influence on the recovery of BPA from the column. This deactivation could be archive 

with water addition to the sorbent. But first to activate all the active site of the silica and 

remove adsorbed water it was heated to 140 
0
C overnight. Thereafter, water was added 

to the dried silica. The standard BPA was dissolved in acetone before it was added to 

the column. The percentage of recovery was done by preparing a solution of 1 mg/mL 

BPA and 1 mg/mL BPA-d16 in 100 µL acetone and the solution was passed throw four  

separate silica gel columns with different percentage of water, the standard mixture 

which was not passed through a silica gel column was seen as having a recovery of 100 

%. Obtained results are presented in Table 12, which shows that the percentage of 

deactivation did not have a strong influence on the extraction efficiency of BPA. These 

results show that this cleanup methodology could be used for sample clean up, however, 

when the same experiments were done again but with a lower concentration of BPA (20 

ng/mL BPA + 5ng/mL BPA-d16) the BPA recovery results became not reproducible. 
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This non reproducibility was due especially to BPA-d16 recovery, some times the 

amount recovery of BPA-d16 was much lower than the expected, this happened also 

with BPA recovery. These last experiments showed that clean up columns could be 

used for BPA purification but for concentration levels above the mg/mL concentration 

level. 

Table 12. BPA  recoveries using a silica gel 60 clean-up column with different 

percentages of water. 

 
% v/m  

water 

Percentage  

Recovery (%) 

0 85.6 

5 86.9 

10 87.0 

20 85.9 

Standard 100 

 

Since urine has a “less complex” matrix than blood and the volume of sampling is easily 

larger, it was decided to develop the urine method following the experiences obtained 

with the whole blood assays. It was decided to include in the urine method a high factor 

of concentration to improve analytical sensitivity. To archive this, the original volume 

of the urine samples was 25 mL and they were concentrated to a final volume of 50 µL 

after extraction and derivatization. This resulted thus in a concentration factor of 500 

times. 

Next it was decided which clean up procedure was the best. According to literature
20

 

SPE using commercial cartridge Oasis HBL is slightly better in sensitivity than LLE, 

however authors also suggest that SPE could also increase the matrix effects
39

 due to 

the concentration of the samples. Also authors indicate that LOQ for urine matrix of 

both procedures were equal. Also a LLE is a firsthand technique in almost all 

laboratories compared to SPE cartridges which are expensive and are not available in 

every laboratory. Once LLE technique was chosen as method of choice, it was decided 

to evaluate different solvents for the extraction of LLE. Due to partitioning coefficient 

of BPA we decide to evaluate three different solvents for the LLE extraction. These 

three solvents used presented different polarities and were DCM, cyclohexane and ethyl 
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acetate.  

To choose which solvent for LLE was the best all three were evaluated. BPA is a 

moderately hydrophobic substance with a partitioning coefficient of Log KOW 3.40 that 

is fairly soluble in water (300g/m
3
) compared to phenol

66
 which partitioning coefficient 

Log KOW 1.48. Substances with higher KOW are more soluble in organic solvent. This 

means that BPA is more soluble in organic solvents than phenol. Cyclohexane was the 

solvent which show better percent of recovery in LLE form urine matrix compared with 

the other two solvents (table 13).   

Table 13.  Percentage of extraction of BPA from water matrix. (BPA at 5 ng/mL) 

 
Solvent Percentage extraction 

 

Cyclohexane 103  

Ethyl Acetate 88  

Dicloromethane (DCM) 71  

     

 

Table 14.  Dipole moment, dielectric constant for cyclohexane ethyl acetate and DCM 

 
Solvent Dipole moment  

(µ)/D 

Dielectric constant  

(ε) 

Cyclohexane 0  2.02 

Ethyl Acetate 1.88  6.02 

Dicloromethane 

(DCM) 

1.55  8.93 

     

As named above the constant dielectric give better explanation for the polarity of a 

solvent. Since BPA possess a high Kow it will dissolve better in solvents with lower 

polarity. As shown in Table 14, Cyclohexane has the lower dielectric constant (ε), thus 

lower polarity. These results can be explained by the polarity of the analyte and the 

organic phase.  

A good approach for the polarity of a compound is by dipolar moment (µ) however 

dipolar moment (µ) is determinate with a single molecule; so, for a better approach of 

the polarity of a solvent the dielectric constant provides better information. Looking at 

table 14 showing polarity properties of the three solvents used in the method 

development, it could explain why Cyclohexane gave better percent extractions.  
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11.7 Bioanalytical Method Development for Urine Analysis 

11.7.1 Validation in Urine Matrix 

 
Using the selected chromatographic conditions separation of BPA and BPA-d16 resulted 

in a retention time of BPA and BPA-d16 of 11.6 min. A representative reconstructed ion 

chromatogram of BPA and BPA-d16 is presented in Figure 13. 

 

 

Figure 15. A representative chromatogram of BPA (on top) and BPA-d16   

 

 

Applying EI at 70 eV resulted in a final measurement of BPA and BPA-d16 as 

(fragment) ions. The measured mass-to-charge ratios (m/z) for BPA and BPA-d16 were 

m/z= 405 and m/z=416 respectively.  
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Figure 16. (a) Chromatogram  Of  BPA. Retention time of 11.682 min. (b) BPA mass spectrum. 

 
 
 

 
 
 
 

(a) 

(b) 
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Figure 17.(a) Chromatogram of BPA-d16. Retention time of 11.625 min. (b) BPA-d16 mass spectrum. 

 
 
 

(a) 

(b) 
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11.7.2 BPA Recovery  
 

When an analytical procedure involves a complex matrix and sample preparation steps 

are necessary, recovery of the analyte is important. Table 15 shows the percentage of 

recovery of BPA in different matrices at different BPA concentrations.  

Table 15. Percentage recovery of BPA in different matrices at different concentrations 

 
Sample 

type 

 Water Urine Blood 

Fortification with 

BPA (ng/mL) 

Recovery 

(%) 

Recovery 

(%) 

Recovery 

(%) 

 

1 131 67 130 

5 108 85 108 

10 107 102 98 

 

11.7.3 Carry-over 

 

Carry-over was assessed by triplicate measurements of a spiked sample in water with a 

high BPA concentration (25 ng/mL) followed by triplicate measurement of a blank 

sample. Carry-over was considered acceptable because the measurement of the blank 

after three measurements of the higher calibrator was no detectable. 

 

11.7.4 Validation of developed bioanalytical assays 

 
The bioanalytical assays described in this study were validated according to recent 

EMEA guidelines for bioanalytical method development. The assay parameters which 

were validated were the following: Linearity, LLOQ and LOD, carry-over, percentage 

of recovery, with-in and between days accuracy and precision and stability of BPA in 

urine matrix. The obtained linear concentration range ranged from 0.25 ng/mL up to 25 

ng/mL BPA. Calibration curve was constructed by plotting the BPA concentration (x) 

and ratios areas of BPA/ BPA-d16 areas (y) and is presented in Figure 16. 
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Figure 18. Calibration curve of BPA in urine matrix range 0.25- 25 ng/mL (R
2
=0.9939) 

 

 

Table 16.  Regression lines of BPA in ACN, urine and water matrix.  

 
 

Matrix Regression coefficient 

(R
2
) 

Regression line 

Urine 0.9934 y = 0.5617x + 0.8429 

ACN 0.9966 y = 0.0631x + 0.1277 

Water 0.9961 y = 0.6076x + 0.6082 

Blood 0.8904 y = 0.0024x + 0.1073 

 

The values of correlation coefficient (r) for blood matrix were far away for one, 

meaning that the data does not fit to a linear model. However ACN, water and urine 

matrix were close to one, meaning they fit to a linear model. The regression coefficient 

(R
2
) values of these last matrices showed that the regression lines fits well to the 

experimental data. The linear concentration ranges (0.25-25 ng/mL) covered BPA 

concentration in urine samples and BPA concentration levels were comparable with 

concentrations levels previously reported in literature
67

 The observed LLOQ of urine 

assay were 0.25 ng/mL while the upper limit of quantification (ULOQ) was 25 ng/mL, 

defined according to the EMEA guidelines as the highest matrix calibrator used for 

determination of the calibration curve that could be measured with an acceptable 

accuracy and precision. The limit of detection (LOD) was determined by calculation of 

LOQ/3.3 for the urine assay was approx. 0.09 ng/mL. The accuracy and precision of the 

urine assay were in compliance with recent EMEA guidelines (<15/20 % bias and < 



 
 

49 | P a g e  
 

15/20 % CV) observed accuracy and precision applying 3 quality controls samples at 3 

different concentration levels. The with-in and between days accuracy and precision of 

the urine assay were in compliance with EMEA validation guidelines for the validation 

and development of bioanalytical assays. The stability of BPA in urine samples (up to 2 

weeks) was no reproducible. The nominal concentration of BPA in frozen urine matrix 

(-20 
0
C) changed significantly after 1 week of storage and the observed changes in 

nominal concentration were outside of the maximum acceptance criteria described in 

EMEA guidelines. Concentration of BPA in urine were no stable after one week; this 

could be explain for various reason: first the urine spiked with BPA was storage in 

plastic container at -20 
0
C and no glass container could be used because at -20 

0
C the 

glass will be broken, although the plastic container were evaluated for leaching but 

results shown not BPA leached at all. Second the BPA metabolites could be hydrolyzed 

increasing unconjugated BPA concentration. And finally matrix composition could 

change during the storage.   

 

11.7.5 Within-Day and Between-days Accuracy and Precision 

 
Within-day analysis consisted of measuring three QC samples with different 

concentrations; 0.75, 4 and 10 ng/mL at times 0, 4 and 8 hours. The idea of measuring 

these 3 QC is to evaluate the stability of the derivatized samples within a day.  

The decision of analyzing the derivatized samples rather than the standard stability was 

made due to the long time that the sample preparation procedure took. The fact that 

preparing this QC samples took about 2.5 hours per sample make it impossible to 

derivatized fresh samples before each injection. With-in day validation results are 

presented in table 17. Looking at the CV% of the three QC and following EMEA 

guideline the stability can be classified as acceptable if the medium and higher QCs (4 

and 8 ng/mL respectively) values are below 15 % and for the lowest QC (0.75 ng/mL) 

less than a 20 %. Results from a whole day validation, it can be seen that all three QCs 

are stable as derivatives in the cyclohexane solution. This can be interpreted by saying 

that BPA is stable as a derivative in cyclohexane solution over a whole day interval and 

through the whole concentration range. Also with-in day validation shown that CV for 

all three QC were below 20 % this explain that BPA measure is repetitive, however the 

accuracy values of the low QC the accuracy was out of bordering according to the 

EMEA guideline.  
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Table 17. With-in day accuracy and precision in urine matrix 

 
With-in day Validation 

QC 

(ng/mL) 

Concentration 

(ng/mL) 

Standard 

Deviation 

Mean CV (precision) 

(%) 

Accuracy  

(%) 

 

0.75 

 

0.90 

 

0.0901 

 

0.98 

 

9.18 

 

31.1 

0.75 1.08 

0.75 0.97 

4 4.68 0.251 4.55 5.51 13.8 

4 4.26 

4 4.71 

8 7.88 0.305 8.18 3.72 2.27 

8 8.49 

8 8.17 

 

Between day analysis consisted of measuring three QC samples with different 

concentrations; 0.75, 4 and 8 ng/mL on three consecutive days 1, 2 and 3.  The goal of 

this analysis was to evaluate the stability of the frozen three QC in urine matrix and the 

reproducibility of the sample preparation. For this purpose, QC samples were 

derivatized on each day right before injection analysis. Results of this assay are shown 

in Table 18. By looking just at the CV% and following EMEA guideline the stability of 

can be classified as acceptable, for the medium and higher QC (4 and 8 ng/mL 

respectively) with a CV% less than 15 %. However, the lower QC (0.75 ng/mL) 

resulted with a CV% higher than 20 %. According to the EMEA guideline lower QC 

samples CV% must be below 20 % in order to be able for a validation. 

Concerning stability of frozen standards the CV% values for the QC samples show that 

on a three day assay only medium and higher QC (4 and 8 ng/mL respectively) are 

stable over the three day period. From the results obtained one could say that stability of 

the frozen standards could depend on concentration matrix and storage time.  

Although the results for the between days validation was not fully validated according 

to the EMEA guidelines, this results gave much information. First it is necessary to 

explain that all QC were prepared in three different days. All the QC were prepared 

from the same stock solution of 50 ng/mL in urine that was the same stock to construct 

the calibration curve, however the calibration curve was very time consuming so it was 

impossible to construct every day a fresh calibration curve. The measurement of the QC 

in with-in day validation were prepared in the same day as the calibrator curve, this 

could explain why the accuracy in with-in day validation present results closer to the 
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nominal concentration. For the between day validation the calibration curve used to 

calculated the experimental concentration were prepared in different day that the QC. 

This could explain why the accuracy of between days is far away from the nominal 

concentration. As it can be seen in Table 18 the low QC and the high QC in the third 

day the experimental concentration was much higher that the experimental data for this 

two same QC in day one and day two. This is a clear example that probably the BPA 

metabolites hydrolyzed during storage increasing unconjugated BPA, or the plastic 

container for the storage is leaching BPA, However as named above the plastics 

containers were evaluated and no BPA leached form these container. In this context the 

increasing in BPA concentration among the days of storage is better explain by the 

hydrolysis of the BPA metabolites or the sample preparation in this method is not 

reproducible. However, the %CV for the 0.75 ng/mL QC was only 4 % above the 

maximum bias.  

Table 18. Between days accuracy and precision of BPA in urine matrix 

 
Between day Validation 

QC 

(ng/mL) 
Concentration 

(ng/mL) 

Standard 

Deviation 

Mean CV 

(precision) 

(%) 

Accuracy  

(%) 

 

0.75 

 

1.24 

 

0.382 

 

1.57 

 

24.3 

 

109 

0.75 1.50 

0.75 1.99 

4 5.79 0.689 6.44 10.7 61.1 

4 7.17 

4 6.38 

8 7.97 0.666 8.54 7.8 6.74 

8 8.38 

8 9.27 

 

12.0 Analysis of Urine Samples from Healthy Voluntary Individuals 

 
Twenty-three urine samples were measured against a calibration curve and the 

concentrations of BPA were determined. Nine samples; 201, 202, 203, 204, 205, 206, 

207, 208, 209, belonged to female volunteers. All nine samples were collected in the 

afternoon. Fourteen samples; 101,102,103,104,105,106,107,108,109,110,111,112,113 

and 114 belonged to male subjects. 
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Table 19. BPA concentrations in urine samples collected from female subjects 

 
Voluntary Individual BPA concentration  

(ng/mL) 

CV 

(%) 

201 <LOD -- 

202 0.12 5.23 

203 2.37 4.78 

204 0.98 5.01 

205 0.86 4.34 

206 <LOD -- 

207 <LOD -- 

208 <LOD -- 

209 <LOD -- 

 

Table 20. BPA concentrations in urine samples collected from male subjects 

 
Voluntary Individual BPA concentration  

(ng/mL) 

CV 

(%) 

101 2.36 3.53 

102 <LOD -- 

103 <LOD -- 

104 <LOD -- 

105 0.13 4.05 

106 <LOD -- 

107 <LOD -- 

108 1.25 4.46 

109 0.28 7.01 

110 <LOD -- 

111 <LOD -- 

112 <LOD -- 

113 0.98 4.38 

114 <LOD -- 

 
The twenty-three urine samples were all collected from healthy subjects from the city of 

Bogota, Colombia. All the volunteers ranged in age between 18 to 29 year old and 

having similar body weight ranging from 55 to 80 kilograms. For a reliable 

quantification the urine collection were performed in the first void of the day, However, 

some volunteers involve in the study did not bring the first void of the day. These 

volunteers were 102, 103, 109 207, 208, 205. The collections of these volunteers were 

took it in the midday. In spite of the small numbers of volunteers recruited for the study, 

BPA concentrations > LOD could be quantified in 33 % of the women, with a mean 

concentration of 1,40 ng/mL and 28 % of the men with a mean of 1.22 ng/mL. 

Observed concentrations of BPA in both sexes are quite similar, suggesting that there 
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are no differences in BPA exposure among sexes. In deed in literature
19

, authors suggest 

that there are no significantly differences in urinary concentration of men and women.  

The volunteer 203 was the one with the higher urinary BPA concentration (2.37 

ng/mL), this person in the questioner indicates that she drinks constantly water from a 

plastic bottle, this fact could probably explain the high BPA urinary concentration.  On 

the other hand the volunteer 201 has a similar urinary BPA concentration with a value 

of 2,36 ng/mL, however this person in the questioner indicates that he aware about BPA 

problem so he does not ingest any food or beverage that previously was in contact with 

plastics material, but he was the only person that indicates that he went to the dentist in 

the last months. This fact could possibly explain why this volunteer presents 2,37 

ng/mL of BPA in urine., because the resins used by dentist contain BPA.   

In literature, urinary BPA concentrations have been measured in human urine from 

many populations around the world
22,25,26,27

. These studies confirm widespread human 

exposure to BPA, one of the most large sample sets used to determinate BPA 

concentration in urine was conducted in the US using isotope dilution GC–MS with 394 

healthy adult participant
25

. BPA was detected BPA in 95% of urine samples This study 

reported average levels of total BPA in male of 1.63 ng/mL and female of 1.12 ng/ml. 

The mean concentration of this thesis is quite similar to the urinary BPA level reported 

in the literature
19

. 

13.0 Conclusions 

 
A GC/MS method and LLE sample preparation for detection of BPA in human urine 

and blood have been evaluated for linearity, LLOQ, LOD and ULOQ. Due to several 

problems during the development of the blood assay, this method was further developed 

nor validated. Blood matrix using 3 different sample preparation (DBS, solvent 

extraction (SE) and solvent extraction (SE) with column clean-up were studied, 

although the blood assays were not further validated BPA quantification in blood using 

microsampling techniques could not be applied to obtain a reliable quantification of 

BPA in  blood samples. DBS could also not be validated due to low concentration of 

BPA and low blood volume (15 µL) used for preparation of DBS.   
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Solvent extraction (SE) of liquid blood presented too much background noise which 

made it not possible to quantify BPA. On the other hand solvent extraction (SE) with 

column clean-up was not reproducible.  

The urine method proposed was validated for with-in accuracy and precision, which 

means that the method proposed in this thesis for quantification of urinary BPA is 

reliable for quantification of BPA in fresh samples. This method has the advantage that 

conventional techniques frequently available in a routine laboratory were used, such as 

LLE and GC/MS EI what makes the method very useful in developing countries, as 

Colombia, which does not have the budget for sophisticate and expensive techniques for 

quantification of BPA in urine. 

The mean urinary BPA concentration found in this thesis was 0,85 ng/mL for twenty-

three healthy volunteers, suggesting that Colombian people are indeed exposed to BPA. 

According to literature
19

 review the mean concentration of urinary BPA is 1,69 ng/mL,  

In spite of the small number of samples, comparing the urinary BPA concentration of 

this thesis with literature it can be said that urinary BPA concentration in Colombia 

population are probably lower than in other parts of the world although more studies are 

needed for confirmation or rejection of this hypothesis. 

The mean concentration of woman and men was 1.40 ng/mL and 1.21 ng/mL 

respectively. In spite of the small number of samples it can be said that women has 

higher BPA urinary concentration than men, however, according to literature
19

 BPA 

urinary concentration among sex has not differences.  

In spite of the small number of samples it cannot be conclude if other physical 

characteristics like body weight or height of people has an influence in the urinary BPA 

concentrations.  

14.0 Future Recommendations 

 
For the blood matrix assays the results and discussion regarding the linearity and 

detection limits suggest that the method should be further validated and developed. In 

the perspective of this thesis a reliable quantification of BPA in human blood by micro 

sampling is a task work. However, with a clean-up step using SPE with the proper 

cartridge it might be possible for reliable quantification using the method proposed in 

here. However to our Knowledge there is non-study that uses micro volume of blood for 

quantification BPA.  Since BPA is a substance that is present in biological fluids at 
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trace levels, other sensitive analytical tool such as GC/ECD can be used. In this thesis, 

TFAA was used as derivatization reagent introducing six halogen atoms (fluorine) to 

the BPA structure with this procedure it can be easily detected with the electron capture 

detector. Since BPA is a wide spread compound that is present in plastics is 

recommended to use only glass material, however sometimes it is not possible. To 

avoid errors in quantification is recommended to study all the possible source of 

contamination during the method development. 

Since BPA is present at trace levels in biological fluids, too much care an excessive 

cleanliness of all the material used in the method to avoid cross contamination. 

Finally, to obtain better information of exposure to BPA in Colombia population, the 

number of sample must be bigger including volunteer form different region of the 

country and different social economic status.   
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16.0 Appendices 

 

16.1 Appendix I; Proposal for Ethical Approval Study 

 

Assessment of Bisphenol A exposure among  

Colombian human subjects  

 

Principle investigator:  

Dr. Roland J.W. Meesters (C.E. 418683) 

Assistant Professor of Analytical Chemistry 

Department of Chemistry, Q-826 

rj.meesters@uniandes.edu.co 

Phone: 3394949 ext.1749 

 

Students:  

Maria Cristina Laserna Rojas (200720764) 

Nicolás Steven Rojas Villamizar (200912935) 

Sebastian Martinez Osorio (20082372) 

Daniel Alberto Echeverri Gil (200323064) 

 

Source of funding:  

Department of Chemistry 

 

Participating institutions:  

Department of Chemistry 

 

Executive summary: 

Bisphenol A (BPA) is one of the highest volume produced chemical worldwide and 

data from multiple sources have indicated that the amount of BPA to which humans 

are expose may cause adverse health effects and this has raised many concerns 

among regulatory agencies worldwide. Humans are on a daily base exposed to BPA 

due to the use in the production of numerous consumer products, including reusable 

mailto:rj.meesters@uniandes.edu.co
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food containers, drinking bottles, food containers and many more. BPA has been 

detected in numerous of different consumer products in low doses.  

Scientific studies have proven that BPA has estrogenic properties in as well in-vitro as 

in-vivo and concerns about the effects from BPA exposure in fetuses, infants and 

neonates great concern has raised. 

Present study will examine the BPA exposure in a group of voluntary participants by 

biomonitoring the concentration of BPA in different human biological fluids. 

Biological fluids like urine, saliva, plasma and whole blood will be analyzed on their 

BPA concentration. Observed BPA concentrations in different biological fluids are 

then used to estimate the individual´s exposure to BPA. Biological fluids are collected 

from voluntary participants in compliance with ethical guidelines applying very 

limited invasive or non-invasive sample collection methods depending on the 

biological fluid to be collected. Voluntary participants have giving written consent 

for the study and will also fill out a questionnaire for additional information which 

can be used for correlation of the observed exposure data and consumer behavior 

and physical properties like age, body weight etc. BPA concentrations of collected 

biological fluids will be determined by gas chromatography mass spectrometry (GC-

MS). Observed BPA concentrations of collected biological fluids will provide 

information about the exposure of voluntary individuals to BPA. To present 

knowledge, no data on human BPA exposure from individuals in Colombia has been 

reported yet and therefore this study will provide some preliminary data on human 

BPA exposure.  

Although, obtained exposure data will be from a limited number of individuals, data 

will provide first information on human BPA exposure from randomly selected 

Colombian students for comparison with previously published studies in other 

countries around the world. 

 

Ethical considerations: 

The study will carried out with informed consent; consent is stipulated in Articles 

14 and 15 of Resolution 008 430 1993, from the Ministry of Health (1993). 

The study involves the collection of different human biological fluids of voluntary 

participants.  
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From participants urine, saliva, whole blood and plasma are collected by 

application of non-invasive or less as possible invasive collection methods. Saliva 

and blood collection via finger prick will expose totally no potential harm to the 

participants. Voluntary participants will collect the urine at a preset time and is 

done by the participant himself at home, guaranteeing maximum privacy.  

The collection of whole blood is done by a sterile and small finger pricking device, 

a device which is also used by diabetes patients for collection of whole blood for 

the blood glucose measurements. The finger prick instrument contains a small 

needle for puncture of the skin of the finger and the instrument is sterile and can 

be used only once and can be operated after instruction by everyone. 

All collected personal data from the participant from as well the questionnaire as 

from collected samples is coded in order to protect the participant’s privacy and 

identity. All participants are free to withdraw from the study at any moment and it 

is possible for the participant to receive after the study is finished, on their request 

a copy of the results of the study. 

 

Project description: 

Bisphenol A (Fig.1, BPA) is a chemical used to make polycarbonate plastic and 

epoxy resins, these plastics are widely used for the production of plastic bottles 

and plastic films for the food industry [1].  

 

 

Figure 1. Chemical structure of Bisphenol A 

 

Due to the enormous use of these plastics in the food and drink industry it has 

been speculated that the human exposure to BPA is due to leakage [2] from plastic 

consumer products and it is speculated that the exposure may reach high levels 

because of everyday exposure [3, 4]. BPA is a member of the in the scientific world 

known xenoestrogen compounds, also known as endocrine disrupting compounds 

(EDC). Very recently, has the European Union (E.U.) the use of BPA in the 

fabrication of baby bottles banned (Commission Directive 2011/8/EC), and so 
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making a clear statement about the concerns of BPA in the production of these 

infant feeding bottles.  

Although, that BPA is a weak estrogen it has been implicated to cause a variety of 

effects on the development of animals and reproduction at concentrations below 

concentrations  which cause intoxication effects in routine toxicological studies [5]. 

Moreover, several studies reported the obvious estrogenic potency of BPA in 

relationship to human reproductive organs and system [6-10]. Beside the potential 

estrogenic properties, BPA is also a toxic compound and it has been intensively 

studied previously [11, 12]. In scientific literature several risk and exposure 

assessments of biomonitoring studies on BPA have been reported, so has 

Vandenberg et al. [13] published a review article describing the observations on 

BPA concentration levels observed in human urine, blood tissues, and other fluids 

after (environmental) exposure to BPA. It was concluded that generally, the 

average population is exposed to BPA and that the observed exposure was not 

negligible. Unfortunately, to our present knowledge no biomonitoring study on 

BPA exposure in Colombia has been reported yet and thus data on the human 

exposure to BPA within the Colombian population is not available.  

In present study, a biomonitoring study is described on the BPA exposure of a 

limited group of voluntary subjects by analyzing the BPA concentration levels in 

biological fluids like saliva, urine, blood and plasma and in this gather the first 

preliminary data on human BPA exposure in Colombia. Depending on the results of 

this preliminary study, the obtained data might urge the necessity for a study with 

significant larger participant population from for example different social 

background to obtain a better and more realistic estimation of the BPA exposure 

among the Colombian population throughout the country.  
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Objectives of the study: 

Research objectives of the study are: 

1. Determination of BPA concentrations in different biological fluids collected 

 from voluntary participants to estimate systemic exposure and 

excretion of free BPA. Biological fluids sampled from the voluntary 

participants are saliva, urine and blood via finger prick collection and 

plasma from collected capillary blood. 

2. Obtain preliminary data on human BPA exposure of among Colombian 

voluntary participants (students) and possible comparison of observed 

exposure with BPA exposure data published in several studies from 

different parts around the world. The study will try to include same 
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numbers of male and female voluntary participants to study if there if a 

gender depending factor in the exposure. 

 

Recruitment of voluntary participants: 

Students involved in the project will randomly invite subjects to join the study. 

Invited voluntary participants might be Colombian subjects from the University, 

relatives, friends or other participants who are interested of participating in the 

study.  

The study will not use any inclusion or exclusion list for selection of the 

participants. 

 

Application of a questionnaire: 

The study will include a small questionnaire for obtaining some important and 

study relevant information and questions. The questionnaire will be anonymous, 

guaranteeing the voluntary participant´s privacy. 

 

Collection methodology for biological samples: 

A. Saliva collection  

Saliva samples will be collected applying two different protocols. The use of two 

collection protocol is pure from analytical interest, it is used to compare the 

sample collection performance and determine which method obtains the best 

results and is the most convenient in the practical way.  

From all voluntary participants saliva will be collected by applying both protocols. 

  

Protocol 1 according to [14] 

1. Participants will be informed about the collection time, preferably 

collection will  take place early in the morning between 8 and 10 a.m. 

Participants will be asked to  refrain from eating, drinking, or oral 

hygiene procedures for at least 1 hour prior to collection. 

3. The participants will be given drinking water and ask that they rinse their 

mouth out well for 1 min and them swallow or expectorate the water. 
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4. Five minutes after oral rinse, the participants are asked to spit into a sterile 

tube and approx. 5-10 mL will be collected and directly placed onto ice. 

5. After collection the sample tubes will be stored at low temperature (-20°C) 

until  analysis. 

 

Protocol 2 according to [15] 

1. The participants will apply cotton dental rolls (40 x 8 mm) to collect own 

saliva by swabbing or chewing on the cotton roll for certain time. 

2. The cotton rolls are them collected and stored in a plastic container and 

saliva collected from the cotton rolls by centrifugation. 

3. After collection of the saliva with this protocol the saliva samples will be 

stored at low temperature (-20°C) until analysis. 

 

B. Urine collection (Morning specimen) 

1. Participants will be instructed prior the start of the study on how to collect 

the urine sample at home (approx. 50 mL) directly upon rising from a 

night´s sleep. The urine is collected by discharge of urine directly into a 

collection tube.. 

2. The urine sample will be divided upon receive in aliquots (to be defined) at 

the laboratory and frozen at low temperature (-20°C) until analysis. 

 

C. Whole blood collection (Capillary blood) 

Blood samples from voluntary participants are collected from capillary blood by 

puncture of the finger using a finger pricking device with a short needle (1.8 mm). 

Two types of capillary blood collections are applied. 

1. Collection of capillary blood using a capillary blood collection tube (300 µL) 

containing the anticoagulant di-Potassium-EDTA. An aliquot from the 

collected capillary blood will be used to prepare plasma and also dried 

blood spots by pipetting (20 µL) [16]  and use of volumetric glass capillaries 

(20 µL). 

2. Direct spotting of capillary blood (approx. 20 µL) onto DBS collection cards 

to prepare dried blood spots (DBS).  
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D. Practice for Capillary Blood Collection:  

1. Wash hands and put on gloves. 

2. The participant should be sitting or lying down. 

3. Select appropriate puncture site on finger. 

4. Warm the puncture site. 

5. Clean the puncture site with 70% isopropyl alcohol and allow to air dry. 

The site must be allowed to air dry in order to provide effective 

disinfection. 

6. Puncture the skin with the disposable lancing/incision device. 

7. Wipe away the first drop of blood with a dry gauze pad  

8. Collect the blood specimen in the appropriate container, and mix. 

9. Seal the specimen container. 

10. Apply direct pressure to the wound site with a clean gauze pad and slightly 

elevate the extremity. 

11. Label the specimen container in direct view of the patient or guardian to 

verify identification, and record time of collection. Label each container 

individually. 

12. Properly dispose of the lancet/incision device in a puncture-resistant 

disposal container. 

13. Properly dispose of any other contaminated materials (gloves, gauze, etc.) 

in a container approved for their disposal. 

14. After removing gloves, wash hands before proceeding to the next patient. 

 

Sample preparation: 

1. Liquid biological samples 

1.1 Urine samples 

In short; an aliquot of urine is spiked with internal standard (BPA-d16) into 

the mixture. The mixture is derivatized with acetic acid anhydride and 

derivatives are extracted organic solvent and analyzed by GC-MS. 

1.2 Saliva samples 
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Liquid saliva samples are derivatized in an equal way as urine samples. The 

saliva samples collected with cotton swaps are first centrifuged to remove 

the saliva from the cotton rolls derivatized and analyzed by GC-MS 

1.3 Plasma samples 

Plasma is deproteinized by addition of acetonitrile, centrifuged and an 

aliquot from the supernatant is mixed with potassium carbonate solution 

and derivatized and analyzed by GC-MS. 

Dried blood spots samples (DBS) 

Disks are punched from the DBS samples and extracted with appropriate organic 

solvent or solvent mixture. The extract is mixed with potassium carbonate solution 

and derivatized and analyzed by GC-MS. 

The exactly protocol for derivatization of BPA and analysis by GC-MS is described 

by Meesters and Schröder [17] and Stehmann et al. [18] 

 

 

Expected results: 

To our present knowledge this will the first study obtaining preliminary data on 

BPA exposure among Colombian subjects. The observed BPA exposure is expected 

not to be significant different from already published exposure data of inhabitants 

of countries in other parts of the world. Although, obtained exposure data will be 

the result of a study with limited number of voluntary individuals, it is expected 

that the data will provide first information on human BPA exposure from a 

selected number of Colombian subjects and it will probably represent the BPA 

exposure among the general Colombian population, although further 

investigations will be necessary to confirm of reject this hypothesis. 

When obtained results are satisfying, publication of the results in an international 

scientific journal will be considered. 
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16.2 Appendix II; Informed Consent Form & Questionnaire 

 
 

INFORMED CONSENT FORM 

“Assessment of human Bisphenol A exposure among Colombian human 

subjects”. 

 

Principle investigator: Dr. Roland J.W. Meesters (rj.meesters@uniandes.edu.co) 

 

 

The study you are about to participate in is part of a study on the human exposure 

to the chemical Bisphenol A (BPA). BPA is a toxic and dangerous chemical found in 

many consumer products such as food, plastic containers, water bottles and many 

more, the project will focus on studying and the determination of the BPA 

concentration in different human biological fluids, such as saliva, urine, plasma and 

blood. Urine is collected by urination into a plastic cup, saliva is collected in two 

different ways; (1) by application of a cotton swap and (2) by spitting saliva into a 

plastic cup. Blood is collected by use of a finger prick followed by collection of 

capillary blood. The study employs standard laboratory tasks that have no 

potential harm to you as voluntary participants of the study.  

 

The study has been approved by the Ethical Committee of Universidad de los 

Andes.  Should you agree to participate, you will be asked to participate in the 

collection of the different biological fluids. Furthermore filling out a questionnaire 

will be part of the study. All data collected from you as voluntary participant will 

be coded in order to protect your identity and privacy. Following the study there 

will be no possibility to connect your name with any data obtained. Any available 

additional information about the study results will be provided to you upon your 

written request.  

 

You are free to withdraw from the study at any moment but if you agree to 

participate, please sign your name below, indicating that you have read and 

mailto:rj.meesters@uniandes.edu.co
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understood the nature of the study, and that all your inquiries concerning the 

activities have been answered to your satisfaction and completeness. 

 

Complete the following information if you wish to receive a copy of the 

results of the study 

 

 
 
_________________________________   _______________________________ 
Signature, Name of participant/date Signature, Name of principle 

investigator/date 
 
 
 
Name:  ______________________________________________ 
Address: ______________________________________________ 
Email:  ______________________________________________ 



 
 

73 | P a g e  
 

 
QUESTIONNAIRRE 

 
 “Assessment of human Bisphenol A exposure among Colombian human 
subjects”. 
 
As voluntary participant of the study we ask you friendly to answer some study 
relevant questions. It would help us a lot if you answer all questions. 
Thank you, it is very much appreciated! 
 
 

Bisphenol A exposure study 
Questionnaire 

Age years 

Weight kg 
Gender male/female 

Length m 

Are you student at Universidad de los Andes? Yes/no 

 

Questions 
 

Are you aware of the BPA problem? 

 

If yes, do you select or buy BPA free plastics? 

 
How many times per day you think you come in contact with plastics? 

 

Do you have an hormonal or endocrine disease? 

 

Have you lately visit the dentist and received a polymeric resin filling? 

 

Are you using plastic containers for storage of food and drinks? 

 

Are you willing to participate in a follow up study on BPA exposure? 

If yes, please write down you email address 
 

Comments or suggestions? 

 
 

 

 
 


