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Article info Background: Investigation into environmental chemicals and their impact on human health is a topic of
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great interest. It is essential to understand the relationship between the quantity of chemical substances
involved and the prevalence of particular diseases. Bisphenol-A (BPA) is a disrupting agent to human
endocrine health. Human exposure to BPA is on the rise due to the widespread use of this agent,
particularly in manufacturing industries. This study aimed to investigate the concentrations of BPA in the
Iragi population.

Methods: This study aimed to determine the amount of BPA in the urine samples of 100 adults residing
in the three cities of Diyalah, Kirkuk, and Solaymania in northeastern Iraq. After the subjects’ urine
samples were collected, the overall, free, and conjugated BPA contents of the samples were measured
using high-performance liquid chromatography and mass spectroscopy (HPLC/MS). The data were
adjusted based on the precalculated creatinine levels in the subjects.

Results: Urine samples were collected from 100 individuals residing in three different cities in Iraq,
comprising 47 men and 53 women. The concentrations of BPA in all participants’ urine samples ranged
from greater than the limit of quantification to 80.24 pg/g creatinine, with a calculated geometric mean
of 4.17 pg/g creatinine.

Conclusion: The findings of this preliminary study indicated that the Iraqi population’s level of BPA
exposure falls within an acceptable range. To provide a more accurate estimate of BPA exposure
nationwide, further investigations on larger sample sizes are required across a wider range of age and

gender distributions.
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Introduction

Environmental toxicology is the study of the health effects
associated with exposure to hazardous substances found in
workplaces and residential settings. This field of study
examines the detrimental effects of various chemicals and
biological substances on living organisms [1].

Environmental Pollutants: Hazardous materials that
contaminate the environment, such as tainted water, soil,
or air, can have a major impact on the populace.
Contaminants are chemicals that are present in the
environment in greater amounts than they should be by
nature. Human exposure to such pollutants can arise from
a variety of sources, including industrial, commercial, and
residential areas or naturally occurring agents [2].

Bisphenol-A (BPA) is an organic compound initially
introduced in 1891 by the scientist Alexander Dianin [3].
However, it was Theodor Zincke who first recorded the
BPA production in 1905 [4]. BPA is produced on a large
scale and is also used in food and water storage. Initially,
its production was limited to the synthesis of epoxy resin

for applications on metals, the structure of which is
presented in Figure 1 [5].

Polycarbonates that are generated from BPA have
significant features, such as strong heat resistance,
rigidity, endurance, and resistance to breaking.
Furthermore, they are known for their good electrical
insulation properties and increased weather and
radiation resistance. Polycarbonates are widely used in
mobile phones and motorcycle riders’ helmets [6].

BPA is also a hormone disruptor, with the potential to
interfere with the function of human endogenous
hormones. Hormone disruptors, such as BPA, interfere
with  the production, discharge, transmission,
metabolism, binding, and withdrawal of the body’s
natural hormones [7]. Exposure to BPA can cause
obesity [8], reproductive health problems [9],
cardiovascular abnormalities [10], and hepatic
complications [11]. BPA can also interfere with
estrogen response elements (ERE) and transcriptional
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activation through its interaction with human estrogen
receptors, both alpha (ERa) and beta (ERp). Indeed, BPA
binds to ERP 6 to 10 times stronger than the hormone itself.
On the other hand, its affinity for estrogen receptors is far
lower than that of estradiol, that is, approximately 300-fold
lower affinity for ERB and 2000-fold lower affinity for
ERa [12].
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Figure 1. Bisphenol-A chemical structure [5]

The metabolic process of BPA is critical for the
determination of the compound’s toxicity profile at the
cellular and molecular levels and for predicting its
bioavailability and biological characteristics. Since BPA’s
water solubility is low due to its lipid solubility, it requires
a considerable metabolic process to become water soluble.
Findings from numerous studies have revealed that BPA’s
metabolic routes are diverse [13]. However, phase Il
conjugation processes in the digestive tract and liver have
been identified as the primary sites of BPA metabolism.

Glucuronosyl transferases catalyze the conversion of
lipophilic substances such as BPA to more water-soluble
compounds. Specifically, BPA-glucuronide (BPA-gluc) is
produced through the rapid conjugation by uridine
diphosphate glucuronosyl transferase (UGT) in the second
metabolic phase. This metabolic phase is also significant
because of its chemical processes. Another compound in
this metabolic route is the sulfotransferase enzyme, which
forms BPA-sulfate, in both human and rat cells [14].
Notably, due to immature glucuronidation and sulfation
processes, significant quantities of free BPA may be found
in newborns. Additionally, BPA metabolism includes
minor metabolites, such as BPA-3 and 4-quinone, in
addition to the glucuronide and sulfate forms of BPA [15].

Due to the widespread use of BPA in the packaging of
beverages and foods, the oral ingestion of this molecule is
regarded as the primary source of BPA exposure in
humans. Furthermore, BPA may be used in the production
of paper products; therefore, its transdermal entry into the
human body might be envisioned [16]. Additionally, BPA
may be found in pollens and furnishings; therefore, its
inhalation route may also be considered [17]. Depending
on the type of research, the estimated human daily
consumption of BPA, based on the data from urine sample
analyses, might range from 0 to 2 pg/kg/day [18].
However, there is limited data available on the

107

toxicokinetics of BPA in human models, which
comprises a single oral delivery of 5 mg BPA. Based on
that study’s findings, BPA’s peak plasma concentration
reached around 1.5 h post-treatment, and its clearance in
the urine took 30 h in both genders. It was also shown
that the half-life of BPA in the blood was 5.4 h. Lastly,
BPA-gluc, one of BPA’s metabolites, has been found in
both human urine and blood samples [19].

Aim of the Study: The aim of this study was to
determine the extent of BPA exposure in a sample of the
Iragi population. This study was carried out as a
preliminary analysis of BPA in the urine samples of an
Iragi population living in in urban and rural areas in
three different cities.

Materials and Methods

To ensure the reliability of the findings, all reagents
used in the experiments were of the purest grade
available. BPA creatinine was purchased from Sigma
Aldrich (Taufkirchen, Germany). The internal standards
for BPA, that is, creatinine-d3 and BPA-gluc, were
obtained from Santa Cruz Biotechnology, Inc. (Dallas,
TX, USA). Methanol and acetonitrile supplies for
HPLC-grade were obtained from KGaA (Darmstadt,
Germany). The required deionized water was prepared
through filtration with the Millipore Milli-Q water
pureness system purchased from Barnstead Intl.
(Dubuque, 1A, USA) and was utilized in aqueous
solutions.

The North Cyprus Clinical Research Ethics
Committees at the Near East University, Nicosia, North
Cyprus, reviewed and approved the study protocol,
including the informed consent form that governed the
collection of research data and urine samples. The
sampling period lasted seven months, from November
2020 to May 2021. Throughout the study period, 100
urine samples were collected from adult volunteer
participants of both genders in three cities: Diyala,
Kirkuk, and Sulaymaniyah in northeastern Iraq (Figure
2). Each participant was given a copy of the study’s
guestionnaire to review and complete, which contained
eight questions related to demographic characteristics
and educational achievement as listed in Table 1.

A single urine specimen was collected from each
participant in a 125 mL container lined with poly-
tetrafluoro-ethylene that was rinsed in advance with
hexane. Following the collection, each urine sample was
divided into aliquots. To incorporate the two BPA
samples (BPA-gluc and pure BPA), the urine samples
were collected early in the morning before breakfast.
The samples were stored in a fridge at 4°C, packed with
dry ice, and frozen at -20°C until they were used for
further analyses.
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Figure 2. Northeastern Iraqi cities where the study samples were collected.

Table 1. Participant features, where “n” is the total number of participants in the study.

Age Urban(n=50) Rural(n=50)

Gender (n/No.) Mean + SD N % N %
Male (47/100) 39.1+13.95 23 46.0 24 48.0
Female (53/100) 35.8+12.68 27 54.0 26 52.0
Smoker 14 28.0 8 16.0
Alcoholic 3 6.0 - -

No Education 0 0 4 8.0
Education Primary to College 12 24.0 18 36.0
Level University 30 60.0 26 52.0

MSc to PDH 8 16.0 2 4.0

To eliminate contamination in the laboratory
environment, glass test-tubes and other glassware were
used as much as feasible. Each participant was provided
with a consent form to review and sign prior to sample
collection. The informed consent form contained
information about the specific experimental processes, the
study’s main sequences, and a line for the participant’s
signature.

Sample Preparation: The materials were combined and
aliquoted in glass vials and pre-cleaned with a hexane
solution. One aliquot was left unspiked, while others were
added with either BPA or BPA-gluc (0.01 g/mL, each). Ci2-
BPA was used as the internal standard during the sample
preparation process. The urine specimens (0.5 mL) were
marked as either pure BPA or BPA-gluc. We used 0.5 mL
acetonitrile solvent and 0.5 mL of the internal standard.
Following the protein precipitation process, all urine samples
were centrifuged at 2250 rpm and 25°C for 10 min. The BPA
and BPA-gluc contents were measured in the supernatants on
a high-performance liquid chromatography and mass
spectroscopy (HPLC/MS) unit.

Instrumentation and Analytical Conditions: Mass
spectrometry with an atmospheric pressure electrospray
ionization source and the Mass Hunter software (version 4)
were used to quantify and identify free BPA and conjugate-
BPA, respectively. The HPLC system was carried out
based on the method of Battal et al. [20].

When the BPA and BPA-gluc analyses were completed,
the mobile phases A and B were consistent between water

and methanol. The gradient flow rate was 0.500 mL/min,
which started at 20% (MEOH) and was gradually raised
to 70% after four minutes. The gradient was then raised to
90% methanol within 4-9 min. At 9-10 min, the gradient
was reduced to 20% methanol. Tandem mass
spectrometry was carried out using negative electrospray
ionization in the selected reaction monitoring (SRM)
mode. Nitrogen served as both the cover and the explosion
gas. The working electrospray ionization condition was set
as follows: the sheath gas and auxiliary gas were nitrogen,
and the column temperature was set at 35°C. Applying the
Mass Hunter software, the peak area of the examined
chemical and its internal standard were set, with the
correlation coefficients being R2>0.99 for BPA and
R2>0.99 for BPA-gluc. The relevant detection level for
BPA-gluc was 0.1 ng/mL, while for BPA, it was 0.03
ng/mL.

Creatinine Content: The amounts of BPA-gluc and
free BPA found in the urine samples were corrected for
creatinine content throughout the study. The urine
creatinine content was assessed using a valid modified
method [21], which involved adding an internal standard
of creatinine-d3 to the urine samples and diluting them
with methanol by x100. The chromatographic
parameters were the same for the creatinine, BPA, and
BPA-gluc analyses. The calibration curve construction
using creatinine dissolved in methanol was linear, with
R2>0.99 for creatinine.

Prediction of Estimated Daily Intake: The
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prediction of daily BPA exposure was calculated
depending on the adults’ urine removal volume of 1.7 L
over 24 h. The 24-h BPA dosage for each person was
determined using the equation presented in Figure 3 [22].

Urinary BPA concentration x Urinary output
(re/L) (L/day)
EDI =
(ng/kg bw/day) Body weight (kg)

Figure 3. Equation for the estimation of daily BPA consumption [22]

Statistical Analyses: The data analyses were carried out
using the Statistical Package for the Social Sciences
(SPSS) software (version 23). For each participant, the data
were processed as described later. The Mann-Whitney U
test was used to compare the differences between the data
sets in nominal, qualitative, and non-normally distributed
variables. Further, the Kruskal-Wallis test was used for
non-normally distributed and ordinal qualitative variables,
with the significance level set at P<0.05.

Results

Free BPA and BPA-gluc were measured in the 100 urine

samples, and the overall BPA was found in 52 samples.
Based on the statistical analyses, the participants had
been exposed to high levels of BPA. The creatinine
measurement in the samples was carried out similarly
(creatinine g/mL). Of all the urine samples collected,
52% contained BPA, with levels ranging from 0.25 to
80.24 pg/g creatinine. The total BPA content measured
in the samples ranged from 0.30 to 80.24 pg/g creatinine
for men and from 0.25 to 59.53 pg/g creatinine for
women as shown in the table 2.

Daily Bisphenol-A Intakes: The measurement of
urine BPA is a crucial method for assessing its daily
consumption and serves as a helpful reference for its
excretion. The measured BPA was consistently
associated with the same volume of urine produced
during a 24-h period, allowed for measuring the daily
BPA elimination (ng/day), and reflected the estimated
daily ingestion for each participant [23]. Based on the
findings, the Iragi population consumed BPA between
0.04-3.91 pg/kg bw/day, as summarized in Table 3. The
estimated daily consumption of BPA in this population
had a mean of 0.072 pg/kg bw.

Table 2. The urinary levels of total BPA in the Iragi population pg/g creatinine, n is number of participants. AM is an arithmetic mean. GM is geometric
mean. No. is number of samples above limit of detection, * first and third quartile values.

Adjusted Total BPA pg/g Creatinine

n AM GM No. Range [%625-%75] *
Male 47 16.61 6.89 27 0.30-80.24 3.4-23
Female 53 6.97 242 25 0.25-59.53 0.4-7.08
Total 100 11.97 4.17 52 0.25-80.24 0.66-16.96

The urinary levels of total BPA (ug/g creatinine); n=Number of participants; AM=Arithmetic mean;
GM=Geometric mean; No=number of samples above the detection limit; *=First and third quartile values

Table 3. The estimated daily intake of bisphenol-A in the Iraqi population in pg /kg bw/day.
GM is geometric mean, * first and third quartile values.

GM [25%-75%] * 95% Confidence limits
Total Population 0.072 0.011-0.590 0.103-0.191
Urban 0.062 0.007-0.299 0.086-0.185
Rural 0.091 0.064-0.286 0.077-0.287
Male 0.167 0.041-0.447 0.111-0.229
Female 0.042 0.023-0.122 0.05-0.190

The estimated daily intake of Bisphenol-A was measured in pg/kg/day. GM=Geometric mean;
*=First and third quartile values

Discussion

Endocrine disruptors, such as BPA, alter the level of
hormones over time. Chronic exposure to these chemicals,
which only slightly affect the function of hormones, can
have detrimental biological repercussions for humans [24].
The use of urine specimens for monitoring BPA offers an
overview of exposure from non-food sources [19].
Additionally, due to its excretion process, urine collection
is less interfering with the body than taking blood samples
and reflects the data for the recent 24 h. Urine samples can
thus be considered a practical method of choice for
measuring BPA exposure in humans. Indeed, urine has a
practical half-life of less than six hours for the human body,
making it a popular biological sampling method for
estimating BPA exposure in humans [19].
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Analyzing BPA exposure reveals that human fluids
and tissues, including plasma, urine, semen, placenta,
blood, serum, and breast milk, are likely to contain
detectable levels of this compound and its metabolites.
BPA has also been found in a variety of human
biological fluids by numerous monitoring experiments,
including blood, milk, urine, and amniotic fluid [25-29].
When assessing BPA exposure in humans, it is crucial
to monitor total rather than individual BPA exposure.
According to recent theories, the unconjugated form of
BPA, that is, the free form, is physiologically active.
Consequently, measuring the free BPA concentration is
more realistic for assessing the potential health risks to
humans [30].

In the current study, both the overall BPA and free
BPA values were accounted for. In conducting
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monitoring studies, a variety of target populations have
been considered, including infants, toddlers, children,
teenagers, pregnant women, men vs. women, and normal
adults vs. those with diabetes or obesity [25-36]. In this
study, we also found that those who resided in rural and
urban areas had essentially comparable BPA levels in their
urine.

A number of analytical methods for tracking BPA have
been employed recently. Using powerful and accurate
HPLC/MS, the human urine contents of both BPA and its
glucuronide type can be assessed experimentally [37]. In
the current research, the experimental limits of detection of
BPA and BPA-gluc were 0.1 and 0.03 ng/mL, respectively.
We obtained highly sensitive data compared to those
reported by earlier studies. Specifically, according to two
earlier studies [18, 38], the limits of detection for BPA
have been between 2.0 and 2.6 ng/mL [18].

The first monitoring research on urine BPA in the US
was carried out by Brock et al. in 2001 [39]. The results
reported by other studies have shown a wide range of BPA
distributions in the urine, from 44% to 100% in the United
States. For instance, the extent to which BPA has been
detected in adults varies from 91% to 95% [39]. The
reported distributions in Germany and Canada were 91%
[40], in Kuwait, 81% [41], and in India, Japan, and China,
100% [41]. Of these studies, the ones conducted in the
United States and Canada attracted the most attention since
they were both large-scale research projects. Based on the
current study, 52% of the people in the Iragi sample had
BPA detected in their urine.

The findings of the current study are quite significant since
this is the first study to assess the BPA level in an Iraqgi
population. They provide baseline information on the
prevalence of BPA in the Iragi population, both in urban and
rural areas. The comparison of our reported mean with
comparable studies conducted in various nations showed
that our mean was greater than that of Germany (2.4 pg/g)
but lower than that of the United States (5.49 ng/g) [42, 43].

The mean and span for both free and overall BPA
contents were higher in the specimens for men than in
those for women. This finding was consistent with those of
previous studies [44], which compared BPA levels
between men and women, discovering that men had higher
levels of BPA and other chemicals than women.

With respect to the regional variations, the quantity of
BPA was typically higher in the residents of city centers
(12.72 pglg creatinine) and lower in those living in rural
areas (9.94 pg/g creatinine). This finding was consistent
with the data reported by previous research, in which the
researchers attributed lower levels of BPA in urine
specimens from rural areas to their consumption of their
own production [20].

Further, a high extent of using BPA-containing
products was noted among the city dwellers based on the
data obtained from questionnaires prior to collecting
urine samples. Therefore, increased intake of unhealthy

foods and beverages can be linked to greater levels of
BPA exposure in metropolitan settings. In order to
determine the quantity of BPA exposure during the
past 20 years, a number of monitoring studies have
been conducted. Based on studies conducted to date,
the estimated daily worldwide consumption of BPA is
about 30 ng/kg bw [45].

Iragi adults are estimated to consume a level of BPA
that is comparable to the documented levels for the same
substance in other nations. The daily mean for Iraqi
adults who belonged to the same population was 0.072
ug/kg bw. However, compared to the documented BPA
exposure for Belgian (0.040 pg/kg) and Canadian (0.031
pg/kg) populations, the lraqi predicted daily
consumption of BPA was nearly twice as much [45].

Conclusions

Industrial compounds, such as BPA, are used in
manufacturing polycarbonate goods and epoxy resins.
Toxicological studies tracking human exposure to
chemicals have attracted worldwide attention due to
their potential to disrupt the human endocrine system.
Numerous scholarly articles have addressed the
detrimental effects of BPA on human health. The results
of the current study, being the first of its kind, offer a
preliminary understanding of the Iraqi population’s
exposure to BPA. Large-scale monitoring studies on
larger population samples from multiple provinces in
Iraq should be conducted in the future to accurately
determine the actual BPA exposure. Moreover, in order
to determine the extent of BPA exposure, it is critical to
conduct follow-up studies in the same provinces
involving children and other vulnerable populations.
The findings of the current study are believed to enhance
awareness among lIragi healthcare practitioners
considerably with respect to the BPA’s detrimental
impacts on human health.

Conflict of Interests

The authors declare no conflicts of interest.
Funding

This research did not receive any specific grants from
funding agencies in the public or commercial sectors.
Acknowledgement

The first author is very grateful to his supervisor,
Professor Sahan Saygi, for his valuable guidance,
endless support, and assistance in the design,
supervision, and conduct of this study.

Compliance with Ethical Guidelines

This study received ethical approval (Code:
YDU/2020/83-1163) from the Scientific Research
Ethics Committee, Near East University, Nicosia, North
Cyprus, on September 23, 2020.

Authors' Contributions

Conceptualization, study design, laboratory tests,
sample collection, data analysis, and writing the article
were done by DSHM. Study supervision, design, and

110

Urinary Bisphenol-A in an Iraqi Sample. J Toxicol. 2024; 18(2):106-112



 — |

“Iranian Journal of Toxicology
ARAK UNIVERSITY OF MEDICAL SCIENCES

May 2024, Volume 18, Number 2

proofreading were done by SS. Both authors have critically
reviewed and approved the final draft of the manuscript
and have checked the accuracy of the content of the
manuscript.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Kafle A, Mohapatra S, Panigrahi S, Ganguly S. Enviromental
Toxicology. In Ashok G. Matani, Dr. Shamal K. Doifode.
Environment and Energy: Latest Progress. Delhi: International
Research Publication House. 2018; 251-69. [Link]

Fisher MR. Environmental biology. Revised ed. Oregon: creative
commons. 2019. [Link]

Dianin AP. Condensation of ketones with phenols. Zhurnal Russkogo
Fiziko-Khimicheskogo Obshchestva. J. Russ. Phys. Chem. Soc. St.
Petersburg. 1891;23(488-517):601-11. [Link]

Zincke TH. Ueber die Einwirkung von Brom und von Chlor auf
Phenole: Substitutionsproducte, Pseudobromide und Pseudochloride.
Justus Liebigs Annalen der Chemie. 1905;343(1):75-99. [Link]
Allard P, Colaiacovo P. Bisphenol A. In Gupta, R. Reproductive and
developmental toxicology. USA: Esliver. 2011: 673-83. [Link]
Shelby MD. NTP-CERHR - Monograph on the Potential Human
Reproductive and Developmental Effects of Bisphenol A. Ntp cerhr
mon. 2008; 22:v-ii. [pmid: 19407859]

Allard P, Colaidcovo MP. Bisphenol A impairs the double-strand
break repair machinery in the germline and causes chromosome
abnormalities. Proceedings of the National Academy of Sciences.
2010;107(47):20405-10. [doi: 10.1073/pnas.1010386107]

Rocheste R. Bisphenol A and human health: A review of the
literature. Reprod Toxicol. 2013; 42:132-155. [Link]

Siracusa S, Yin L, Measel E, Liang S, Yu X. Effects of bisphenol A
and its analogs on reproductive health: A mini review. Reprod
Toxicol. 2018; 79:96-123. [doi: 10.1016/j.reprotox.2018.06.005]
[pmid: 29925041]

Melzer D, Rice N, Lewis C, Henley W, Galloway T. Associacion of
urinary bisphenol A concentration with heart disease: evidence from
NHANES 2003/06. PLoS ONE. 2010; 5: 8673. [doi:
10.1371/journal.pone.0008673]

Hassan ZK, Elobeid MA, Virk P, Omer SA, EIAmin M, Daghestani
MH, AlOlayan EM. Bisphenol A induces hepatotoxicity through
oxidative stress in rat model. Oxidative medicine and cellular
longevity. 2012;2012(1):194829. [doi: 10.1155/2012/194829]
Kuiper GG, Carlsson B, Grandien K, et al. Comparison of the ligand
binding specificity and transcript tissue distribution of estrogen
receptors alpha and beta. Endocrinology.1997;138:863-70. [doi:
10.1210/end0.138.3.4979]

Doerge R, Fisher W. Background Paper on Metabolism and
Toxicokinetics of Bisphenol A. In FOOD, WHO/HSE/FOS/11.1
Expert Meeting on Bisphenol A (BPA), Ottawa, Canada. 2010: 1-20.
[Link]

Stowell L, Barvian K, Young C. et al. A role for sulfation-desulfation
in the uptake of bisphenol a into breast tumor cells. Chem Biol.
2006;13:891-97. [doi: 10.1016/j.chembiol.2006.06.016]

Zalko D, Soto M, Dolo L, Dorio C, Rathahao E, Debrauwer L, et al.
Biotransformations of bisphenol A in a mammalian model: Answers
and new questions raised by low-dose metabolic fate studies in
pregnant CD1 mice. Environmental Health Perspectives. 2003;
111:309-19. [doi: 10.1289/ehp.5603]

Zalko D, Jacques C, Duplan H, Bruel S, Perdu E. Viable skin
efficiently absorbs and metabolizes bisphenol A. Chemosphere.
2011;82(3):424-30. [doi: 10.1016/j.chemosphere.2010.09.058]
Wilson K, Chuang C, Lyu C, Menton R, Morgan K. Aggregate
exposures of nine preschool children to persistent organic pollutants
at day care and at home. J Expo Anal Environ
Epidemiol.2003;13:187-202. [doi: 10.1038/sj.jea.7500270]

Wolff S, Teitelbaum L, Windham G. et al. Pilot study of urinary
biomarkers of phytoestrogens, phthalates, and phenols in girls.
Environ Health Perspect. 2007; 115(1):116-21.
[d0i:10.1289/ehp.9488]

Volkel W, Colnot T, Csanady A, Filser G, Dekant W. Metabolism and
kinetics of bisphenol A in humans at low doses following oral
administration. Chem Res Toxicol. 2002;15:1281-7. [Link]

Battal D, Cok I, Unlusayin I, Tunctan B. Development and validation
of an LC-MS/MS method for simultaneous quantitative analysis of
free and conjugated bisphenol A in human urine. Biomed
Chromatogr. 2014; 28:686-93. [doi: 10.1002/bmc.3090]

111

21. Park K, Watanabe T, Gee J, Schenker B, Hammock D. Creatinine
measurements in 24 h urine by liquid chromatography - tandem
Mass Spectrometry. J Agric Food Chem.2008; 56(2):333-36.
[Link]

22. Perucca J, Bouby N, Valeix P, Bankir L. Sex difference in urine
concentration across differing ages, sodium intake, and level of
kidney disease. Am J Physiol Reg Integr Comp Physiol.
2007;292(2): R700-5. [doi: 10.1152/ajpregu.00500.2006]

23. Dekant W, Volkel W. Human exposure to bisphenol A by
biomonitoring: methods, results and assessment of environmental
exposures. Toxicol Appl Pharmacol. 2008; 228(1):114-34. [doi:
10.1016/j.taap.2007.12.008]

24. UNEP/WHO. State of the science of endocrine disrupting
chemicals. 2012. [Link]

25. Geens T, Roosens L, Neels H, Covaci A. Assessment of human
exposure to bisphenol-A, triclosan and tetrabromobisphenol-A
through indoor dust intake in Belgium. Chemosphere.
2009;76:755-60. [doi: 10.1016/j.chemosphere.2009.05.024]

26. He Y, Miao M, Herrinton LJ, Wu C, Yuan W, Zhou Z, et al.
Bisphenol A levels in blood and urine in a Chinese population and
the personal factors affecting the levels. Environmental
Research.2009; 109:629-33. [doi: 10.1016/j.envres.2009.04.003]

27. Ye X, Bishop AM, Needham LL, Calafat AM. Automated on-line
column-switching HPLC-MS/MS method with peak focusing for
measuring parabens, triclosan, and other environmental phenols in
human milk. Analytica Chimica Acta, 2008; 622(1-2):150-56.
[doi: 10.1016/j.aca.2008.05.068]

28. Health Canada - Report on Human Biomonitoring of
Environmental Chemicals in Canada. Results of Canadian Health
Measures Survey Cycle 1 (2007-2009). 2021. [Link]

29. Ikezuki Y, Tsutsumi O, Takai Y, Kamei Y, TaketaniY.
Determination of bisphenol-A concentrations in human biological
fluids reveals significant earlyprenatal exposure. Human
Reproduction ~ (Oxford, UK). 2002;17:2839-41.  [doi:
10.1093/humrep/17.11.2839]

30. Shiue I. Urine phthalates concentrations are higher in people with
stroke: United States National Health and Nutrition Examination
Surveys (NHANES), 2001-2004. European Journal of Neurology.
2013; 20(4): 728-31. [doi: 10.1111/j.1468-1331.2012.03862.x]

31. Calafat M, Ye Y, Wong Y, Reidy A, Needham L. Exposure of the
US population to bisphenol A and 4-tertiary-octylphenol: 2003-
2004. Environ Health Perspect. 2008;116(1):39-44. [doi:
10.1289/ehp.10753] [pmid: 18197297]

32. Volkel W, Kiranoglu M, and Fromme H. Determination of free
and total bisphenol A in urine of infants. Environmental Research.
2011; 111:143-8. [doi: 10.1016/j.envres.2010.10.001]

33. Casas L, Fernandez MF, Llop S, Guxens M, Ballester F, Olea N.
et al. Urinary concentrations of phthalates and phenols in a
population of Spanish pregnant women and children.
Environmental International. ~ 2011;  37:858-6.  [doi:
10.1016/j.envint.2011.02.012]

34. Bushnik T, Haines D, Levallois P, Levesque J. Lead and bisphenol
A concentrations in the Canadian populations. Statistics of Canada
Health Reproduction. 2010; 21(3):7-18. [Link]

35. Sabanayagam C, Teppala S, Shankar A. Relationship between
urinary bisphenol A levels and prediabetes among subjects free of
diabetes. Acta Diabetol . 2013; 50:625-31. [doi: 10.1007/s00592-
013-0472-z]

36. Trasande L, Attina M, and Blustein J. Association between urinary
bisphenol A concentration and obesity prevalence in children and
adolescents. JAMA. 2012; 308:1113-21. [Link]

37. Alshana U, Lubbad I, Goger NG, Cok I, Tamer U, Ertas N.
Dispersive liquid-liquid microextraction based on solidification of
floating organic drop combined with counter-electroosmotic flow
normal stacking mode in capillary electrophoresis for the
determination of bisphenol A in water and urine samples. Journal
of Liquid Chromatography and Related Technologies. 2013; 36:
2855-70. [doi: 10.1080/10826076.2012.725700]

38. Calafat M, Needham L. Factors affecting the evaluation of
biomonitoring data for human exposure assessment. International
Journal of Andrology. 2008 ;31(2):139-43. [doi: 10.1111/j.1365-
2605.2007.00826.x]

39. Brock JW, Yoshimura Y, Barr JR, Maggio VL, Graiser SR,
Nakazawa H, et al. Measurement of bisphenol A levels in human
urine. J Expo Sci Environ Epidemiol . 2001; 11(4):323-8. [doi:
10.1038/sj.jea.7500174]

40. Wolff MS, Engel SM, Berkowitz GS, Ye X, Silva MJ, Zhu C, et

Urinary Bisphenol-A in an Iragi Sample. J Toxicol. 2024; 18(2): 106-112


https://www.researchgate.net/publication/321760133_Environmental_toxicology#fullTextFileContent
https://moodle.net/.pkg/@moodlenet/ed-resource/dl/ed-resource/bpEPgok2/065_Environmental_Biology_1696032521.html
https://scholar.google.com/scholar_lookup?journal=J.+Russ.+Phys.+Chem.+Soc.+St.+Petersburg&title=Condensation+of+ketones+with+phenols.+Zhurnal+Russkogo+Fiziko-Khimicheskogo+Obshchestva&author=A.P.+Dianin&volume=23&issue=488%E2%80%93517&publication_year=1891&pages=601-611&
https://chemistry-europe.onlinelibrary.wiley.com/doi/abs/10.1002/jlac.19053430106
https://www.foodpackagingforum.org/resources/background-articles/bisphenol-a
https://pubmed.ncbi.nlm.nih.gov/19407859/
https://doi.org/10.1073/pnas.1010386107
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=8.%09Rocheste+R.++Bisphenol+A+and+human+health%3A+A+review+of+the+literature.+Reprod+Toxicol.++2013%3B+42%3A132-155.++&btnG=#d=gs_cit&t=1723027614287&u=%2Fscholar%3Fq%3Dinfo%3Ahy9unMX2M0QJ%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Den
https://doi.org/10.1016/j.reprotox.2018.06.005
https://pubmed.ncbi.nlm.nih.gov/29925041/
https://doi.org/10.1371/journal.pone.0008673
https://doi.org/10.1371/journal.pone.0008673
https://doi.org/10.1155/2012/194829
https://doi.org/10.1210/endo.138.3.4979
https://doi.org/10.1210/endo.138.3.4979
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=13.%09Doerge+R%2C+Fisher+W.+Background+Paper+on+Metabolism+and+Toxicokinetics+of+Bisphenol+A.+In+FOOD%2C+WHO%2FHSE%2FFOS%2F11.1+Expert+Meeting+on+Bisphenol+A+%28BPA%29%2C+Ottawa%2C+Canada.+2010%3B+1-20.&btnG=#d=gs_cit&t=1723028501397&u=%2Fscholar%3Fq%3Dinfo%3AgHPKE1EOh_UJ%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Den
https://doi.org/10.1016/j.chembiol.2006.06.016
https://doi.org/10.1289/ehp.5603
https://doi.org/10.1016/j.chemosphere.2010.09.058
https://www.nature.com/articles/7500270#citeas
https://ehp.niehs.nih.gov/doi/pdf/10.1289/ehp.9488
https://pubs.acs.org/doi/abs/10.1021/tx025548t
https://doi.org/10.1002/bmc.3090
https://d1wqtxts1xzle7.cloudfront.net/46139730/Creatinine_Measurements_in_24_h_Urine_by20160601-12569-mjhahn-libre.pdf?1464806617=&response-content-disposition=inline%3B+filename%3DCreatinine_Measurements_in_24_h_Urine_by.pdf&Expires=1723035144&Signature=Lz4MGAuzZ7biObBJgNeQSAiK~xjXYJ7NoCVCNE3twJ6sotUfmVRm9xyWDKV84Cge8a25EpcYw5lQLuG0Ki78Hjv~tL3FnOdp7txii-yx5CXrBDb0aTuOQYfCmikeU1GQKKeDYib4JZI5xPp2C0g3wfWeQIDDIHGjmPKuXZrZJhNue2f~qGp7hdKmsHUyaD0hpyzpV4F3RPJaY~ux2lXUZ7ttwEM2lsJE4k4l2iU7YekCUPqeSX7SrMeUAB9wEG8VCNWrStcsYvin5QLEfiDStdeXBqnr2u~wjkV~KE77bVc-OTmVrMX~O27MJ-if~AuZqbSslIG5aNmNOcgYJtWVBA__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://doi.org/10.1152/ajpregu.00500.2006
https://doi.org/10.1016/j.taap.2007.12.008
https://doi.org/10.1016/j.taap.2007.12.008
file:///C:/Users/pardis/Downloads/9789241505031_eng.pdf
https://doi.org/10.1016/j.chemosphere.2009.05.024
https://doi.org/10.1016/j.envres.2009.04.003
https://doi.org/10.1016/j.aca.2008.05.068
https://www.canada.ca/en/health-canada/services/environmental-workplace-health/reports-publications/environmental-contaminants/second-report-human-biomonitoring-environmental-chemicals-canada-health-canada-2013.html
https://doi.org/10.1093/humrep/17.11.2839
https://doi.org/10.1093/humrep/17.11.2839
https://doi.org/10.1111/j.1468-1331.2012.03862.x
https://doi.org/10.1289/ehp.10753
https://doi.org/10.1289/ehp.10753
https://pubmed.ncbi.nlm.nih.gov/18197297/
https://doi.org/10.1016/j.envres.2010.10.001
https://doi.org/10.1016/j.envint.2011.02.012
https://doi.org/10.1016/j.envint.2011.02.012
https://d1wqtxts1xzle7.cloudfront.net/66385496/Lead_and_bisphenol_A_concentrations_in_t20210420-30563-1lckt4s.pdf?1618985501=&response-content-disposition=inline%3B+filename%3DLead_and_bisphenol_A_concentrations_in_t.pdf&Expires=1723037045&Signature=Z9Tq4xxjKl5A51JyXqOs8sa1hKtj8nP5SyGkdeCLj-JicNkcUdnBPGDbBG4WccL7tgotYwN-uS9NJBg2eAQaEkVO6U4ZHUkZpnZkBi8iJrx2dpSujx1izmhu39IOEo3zp9m0zsNNwJivV0wh71txN2fmUoe3SPnDWH8irak0JZ0qUm40yqSpmNs-p6WiTyMm3ksokD2xrYUHC1~AVqJeYjl7IEK3H-lmeNAQAb8j7E3vFRdvtYBrcIaPXeXnpcL969IN0e4utSYvtREC33UhMLVQH11Ol05o0CaotTiKdk9t06KUiK8U8fRaHeeTdLpiKyBh9-cKGBaGaTsbIyrwIw__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA#page=9
https://link.springer.com/article/10.1007/s00592-013-0472-z
https://link.springer.com/article/10.1007/s00592-013-0472-z
https://jamanetwork.com/journals/jama/article-abstract/1360865
https://doi.org/10.1080/10826076.2012.725700
https://doi.org/10.1111/j.1365-2605.2007.00826.x
https://doi.org/10.1111/j.1365-2605.2007.00826.x
https://doi.org/10.1111/j.1365-2605.2007.00826.x
https://www.nature.com/articles/7500174#citeas
https://www.nature.com/articles/7500174#citeas

May 2024, Volume 18, Number 2

& Iranian Journal of Toxicology
Q% ARAK UNIVERSITY OF MEDICAL SCIENCES

al. Prenatal phenol and phthalate exposures and birth outcomes.
Environ  Health  Perspect.  2008;  116:1092-97.  [doi:
10.1289/ehp.11007]

41. Zhang Z, Alomirah H, Cho HS, Li YF, Liao C, Minh TB, et al.
Urinary Bisphenol A Concentrations and Their Implications for
Human Exposure in Several Asian Countries. Environ Sci Technol.
2011 ;45(16):7044-50. [doi: 10.1021/es200976K]

42. Becker K, Goen T, Seiwert M, Conrad A, Pick-Fub H, Miiller J, et al.
Phthalate metabolites and bisphenol A in urine of German children.
International Journal of Hygiene and Environmental Health. 2009;
212:685-92. [doi: 10.1016/j.ijheh.2009.08.002]

43. Liao C, Kannan K. Determination of free and conjugated forms of
bisphenol A in human urine and serum by liquid chromatography &

112

44.

45.

tandem mass spectrometry. Environ Sci Technol. 2012; 46(9):
5003-9. [doi: 10.1021/es300115a]

Takeuchi T, Tsutsumi O. Serum bisphenol-A concentrations
showed gender differences, possibly linked to androgen levels.
Biochemical and Biophysical Research Communications. 2002;
291(1):76-8. [doi: 10.1006/bbrc.2002.6407]

Huang P, Liu ZH, Yuan SF, Yin H, Dang Z, Wu PX. Worldwide
human daily intakes of bisphenol A (BPA) estimated from global
urinary concentration data (2000-2016) and its risk analysis.
Environ Pollut. 2017; 230:143-52. [doi:
10.1016/j.envpol.2017.06.026]

Urinary Bisphenol-A in an Iraqi Sample. J Toxicol. 2024; 18(2):106-112


https://doi.org/10.1289/ehp.11007
https://doi.org/10.1289/ehp.11007
https://doi.org/10.1021/es200976k
https://doi.org/10.1016/j.ijheh.2009.08.002
https://doi.org/10.1021/es300115a
https://doi.org/10.1006/bbrc.2002.6407
https://doi.org/10.1016/j.envpol.2017.06.026
https://doi.org/10.1016/j.envpol.2017.06.026



