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ABSTRACT

In Lebanon, previous studies have indicated an onset of cardiovascular diseases 12 years earlier than in
other parts of the world, suggesting the presence of additional risk factors specific to Lebanon. Mea-
surements of airborne particles in Lebanon surpass the recommendations of the World Health Organi-
zation by over 150%. This study examined the association between obstructive coronary artery disease
(CAD), assessed by a novel marker calculated from coronary catheterization, and markers of air pollution,
specifically polycyclic aromatic hydrocarbons (PAHs), in a cohort of 258 patients seen at the American
University of Beirut Medical Center since 2014. The concentrations of four types of hydroxylated poly-
cyclic aromatic hydrocarbons (OHPAHSs), 2-OHNAP, 2-OHFLU, 3-OHPHE, and 1-OHPYR, were measured in
the urine samples of these patients using high performance liquid chromatography coupled with fluo-
rescence detector. Results showed that the OHPAH concentrations were higher than what was reported
in high-income countries and, most notably, the levels for non-smokers in this study were higher than
those of smokers and some occupational workers in other countries. This implies that patients were
exposed to high levels of PAHs, which originate from combustion sources. In particular, 1-OHPYR showed
a significant association with presence of obstructive CAD, even after adjusting for covariates like age,
sex, and diabetes. Smokers or not, this association has implications for public health and calls for urgent
need to pass regulations to reduce the emissions of PAH sources, such as cars, diesel generators, and
incinerators.

© 2020 Elsevier Ltd. All rights reserved.

1. Introduction

expected to become the main cause of early deaths by 2050
(Forouzanfar et al., 2016; OECD, 2012). Low- and middle-income

Air pollution was the fourth highest-ranking risk factor for early countries account for ~90.0% of this disease burden and Lebanon

deaths worldwide in 2015 (Forouzanfar et al., 2016; OECD, 2012).
Continuous and extensive exposure to outdoor air pollution is
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is no exception (WHO, 2016). For the last ten years, air pollution
markers such as ambient particulate matter (PM, specifically PMyg
and PM;5) levels in the greater Beirut area of Lebanon have been
found to frequently exceed World Health Organization (WHO)
guidelines by several times (Kouyoumdjian and Saliba, 2006;
Massoud et al., 2011). PM_ 5 toxicity next to a roadside in the Beirut
area, as assessed by measuring reactive oxygen species, was found
to be considerably greater than that reported by a roadside in Los
Angeles, California (LA) (Daher et al., 2014). Moreover, when
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comparing gram-to-gram of PM, particle-bound polycyclic aro-
matic hydrocarbon (PAH) concentrations were found to be seven
times higher in Beirut than in LA (Daher et al., 2014). The main
sources of PM and PAHs have been identified as the numerous
construction sites; the dense and aging traffic fleet; the number of
diesel generators working as a backup power supply during out-
ages due to the lack of a continuous national power generation
system; occasional open waste burning; and hospital incinerators
(Baalbaki et al., 2016, 2018; Daher et al., 2014; Waked and Afif,
2012). Emissions from the aforementioned sources are considered
the causes of many non-communicable diseases, including car-
diovascular diseases (CVD) (WHO, 2019).

Previous epidemiological studies have shown a positive asso-
ciation between air pollution exposure and CVD (Alshaarawy et al.,
2016; Xu et al., 2010). In Lebanon, CVD accounts for 47.0% of the
mortality rate (WHO, 2018), with the onset of CVD being 12 years
earlier in comparison with patients from Western Europe and
China (Rosengren et al., 2004). Evidence of the association of CVD
with air pollution was established between daily PM1p and PM; 5
concentrations; these factors were found to increase hospital ad-
missions due to respiratory and cardiovascular emergencies
(Nakhlé et al., 2015). Several studies have shown the damaging
effects of these ubiquitous environmental toxicants on the cardio-
vascular health by elevated blood pressure, increasing heart rates,
and atherosclerosis development (Rabadan-Diehl et al., 2012;
Sasser et al., 1989). In animal models, the mechanism of action by
which PAHs cause CVD is through oxidative stress and inflamma-
tion (Albert et al,, 1977). Reported studies from across the globe
were either based on self-reported CVD events related to coronary
heart disease, angina, stroke, and heart attack (Alshaarawy et al,,
2016; Xu et al., 2010) or on serum biomarkers, such as C-reactive
protein and serum amyloid-A (SAA) (Hadrup et al., 2019). To our
knowledge, no study has examined the association between PAH
exposure and coronary artery disease (CAD) based on cardiac
catheterization results that are considered a reference standard for
CAD burdens.

PAHs are semi-volatile compounds formed of two or more fused
aromatic rings (Abdel-Shafy and Mansour, 2016). They are pro-
duced from pyrolytic and incomplete combustion processes such as
diesel and open waste burning, environmental tobacco smoking,
and heavy traffic emissions (IARC, 1983). Exposure to PAHs mainly
takes place via inhalation of air; ingestion of contaminated food and
water; and dermal contact with dust or soil in occupational and
non-occupational settings (Menzie et al., 1992; WHO, 2000). Thus,
the internal dose of recent PAH exposure can be assessed correctly
by the hydroxylated polycyclic aromatic hydrocarbon (OHPAH)
concentrations in urine rather than performing ambient PAH
measurements (Grimmer et al., 1993; Ma and Harrad, 2015). The
pollution exposure biomarkers are polar PAH metabolites, such as
hydroxylated chemicals, that are formed by the in vivo hydroxyl-
ation of the lipophilic parents by cytochrome p450 enzymes (IARC,
1983). The products of metabolism are readily excreted in urine
after conjugation with endogenous molecules, such as glutathione
and sulfate ester (IARC, 1983).

In the present study, a total of four urinary OHPAH metabolites
were measured in urine samples. The urine samples were collected
from patients admitted for cardiac catheterization at the American
University of Beirut Medical Center (AUBMC). For the first time, the
association between measured urinary OHPAH concentrations and
CAD statuses was investigated.
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2. Materials and methods
2.1. Chemicals and reagents

2-naphthol (2-OHNAP), 2-fluorenol (2-OHFLU), 3-phenanthrol
(3-OHPHE),1-pyrenol (1-OHPYR), and 1- pyrenol-d9 (1-OHPYR-
d9) with 98.0% purity were purchased from Toronto Research
Chemicals (Toronto, ON Canada). - Glucuronidase/arylsulfatase
from Helix pomatia was provided by Sigma —Aldrich (Indianapolis,
IN, USA). Acetonitrile (HPLC gradient grade, > 99.9%), water HPLC
gradient grade, and sodium acetate anhydrous laboratory reagent
grade were obtained by fisher scientific (UK). Formic acid (LC/MS
grade) was purchased from Fisher Scientific (Poland). n- Hexane
(CHROMASOLYV for HPLC, > 97.0%) was obtained from Honeywell
Riedel-de Haén (Germany). Acetic acid of glacial 100% extra pure
was obtained from Chemical Management Consulting (CMC)
(Germany). Zorbax 300extend -C18 column (4.6 x 150 mm, 3.5 um)
was from Agilent (USA). Creatinine Assay Kit (ab204537) purchased
from abcam.

2.2. Study participants and sample collection

This is a nested case control study. It entails analysis of clinical
data and spot urine from subjects who were recruited into a
research biorepository by the Vascular Medicine Program (VMP) at
the AUBMC upon admission for cardiac catheterization (AUB, 2014).
The biorepository was approved by the institutional review board
(IRB) (IM.AA.07/Pharmaco.NZ.20); between March 2014 and
February 2018, any subject admitted to the AUBMC for cardiac
catheterization was approached. Participants signed an informed
consent and agreed that their clinical data and biological samples
could be used for CVD research. The current study was also
reviewed and approved by the IRB (FAS.NS.01). After consent,
participants’ medical records were reviewed to include age, sex,
area of residence, current and past smoking cigarette and water
pipe behavior, and history of comorbid diseases (mainly hyper-
tension, diabetes, and dyslipidemia). In addition, reports of the
cardiac catheterization performed on the day of recruitment were
reviewed, and the percentages of obstruction (if present) at each of
the coronaries were recorded. Patients with obstructive CAD were
defined as those who had at least 50% obstruction in at least one of
their coronaries. At least 20 mL of urine (spot urine) were collected
and put on ice for a maximum of 2 h until processing. These were
then transferred into falcon tubes and centrifuged at 200 g for
about 5 min. The sediments were discarded and the supernatant
was stored at —80 °C until analysis. We unfortunately did not
collect detailed behavioral of dietary data since the sample collec-
tion was not coupled to a questionnaire. Of the 1300 recruited
subjects at the VMP biorepository, spot urine was available for 315
subjects. Those whose urinary creatinine levels were outside the
recommended WHO range of 30—300 mg/dL (Barr et al., 2004;
WHO, 1996) were excluded; the final sample size was thus 258. Of
these 258, 170 (65.9%) had obstructive CAD despite the fact that
more than half of them had never smoked (n = 153, 61.0%). Subjects
were categorized into two ways using self-reported question
related to smoking behavior from the medical records. The two
groups were defined as never smoker/ever smoker, and non-
smoker/smoker. Never smoker was defined as a patient that
never smoked (n = 153) while ever smoker was defined as a patient
who was smoking by the time of delivering the urine sample or an
ex-smoker (n = 98). However, non-smoker was defined as a patient
who was not smoking by the time of delivering the urine sample
(n = 167) whereas smoker was defined as a patient who was
smoking by the time of delivering the urine sample (n = 84). The
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total number of ex-smokers was 14. Seven participants had missing
information regarding the smoking status. This resulted in 251
participants included in the final analysis related to smoking status.

2.3. Sample extraction and analysis

The general scheme of the analytical method was adopted from
the Centers for Disease Control and Prevention (CDC) (CDC, 2013),
with modifications. Urine samples (1 mL) were thawed at room
temperature and diluted with 0.5 mL of 0.05 M sodium acetate
buffer and then adjusted to pH 5.0 with acetic acid or ammonia. The
mixture was fortified with internal standard 1-OHPYR-d9 at 2 ug/L
before adding 10 pL of glucuronidase/arylsulfatase enzyme. The
prepared solution was incubated at 37 °C for 16 h in order to de-
conjugate OHPAHs from attached macromolecules. The analytes
of interest were purified by extraction with 8 mL of hexane.
Following that, the samples were mixed for 10 min at 20 rpm on a
shaker, then centrifuged for 30 min at 3000 rpm. The extraction
procedure was repeated only once. The combined hexane extracts
(~16 mL) were concentrated to complete dryness under a gentle
stream of nitrogen (lower than 5 psi) and reconstituted with 150 puL
acetonitrile for high performance liquid chromatography coupled
with fluorescence detector (HPLC-FLD) analysis. A total of four
analytes were quantified in this study: 2-OHNAP, 2-OHFLU, 3-
OHPHE, and 1-OHPYR. The analytes were analyzed on an Agilent
1100 Series HPLC-FLD using an Agilent Zorbax 300Extend -C18
column (4.6 x 150 mm, 3.5 pm particle size) maintained at 35 °C.
Before injection, equilibration was performed for 30 min and fol-
lowed by an isocratic elution of 50% water (0.1% formic acid) and
50% acetonitrile for 15 min. The flow rate was set at 0.6 mL/min.
Detection schemes (excitation wavelengths/emission wavelength)
for each compound were as follows: 227 nm/355 nm was used for
2-OHNAP, 2-OHFLU, and 3-OHPHE, while 242 nm/388 nm was used
for 1-OHPYR. Urinary creatinine was measured based on Jaffé’s
reaction using a colorimetric creatinine assay kit to adjust for var-
iable dilutions among participants (Toora and Rajagopal, 2002).

2.4. Quality assurance and quality control

The method was evaluated in accordance with the guidelines set
by the Food and Drug Administration for the bioanalytical method
development (FDA, 2001). The tests consisted of preparing an
extracted calibration curves based on urine solutions and calcu-
lating the limit of detection (LOD), limit of quantification (LOQ),
selectivity, accuracy, precision, stability, and recovery. The blank
urine samples were collected from non-smoking volunteers who
were not occupationally exposed to PAHs. The linearity of the
calibration curve was assessed by a linear regression with correla-
tion coefficients (R? values) greater than 0.99. The LOD and LOQ
were calculated as 3 o/s and 10 ofs, respectively, where ¢ is the
standard deviation of ten replicates of blank urine sample or low-
concentration injections, and s is the slope of the extracted cali-
bration curve (Harris, 2010). The selectivity was evaluated using six
healthy non-smokers’ blank urine samples (FDA, 2001). The accu-
racy was assessed by dividing the measured concentrations of the
target analytes in five replicates at three different levels in pooled
urine samples by the spiked concentrations (Fan et al., 2012). The
precision was evaluated by calculating the relative standard devi-
ation of three different batches of spiked pooled urine samples
measured during three consecutive days in order to assess the
intra- and inter-day analysis. The stability was validated by
comparing the spiked pooled urine samples, which were prepared
in three replicates at low and high concentrations and stored
at —20 °C, to the samples that had undergone three cycles of
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freezing and thawing (Gaudreau et al., 2016). The recoveries were
calculated by comparing the responses of the pre-spiked analyte to
those of the post-spiked samples. For each batch of 20 urine sam-
ples, duplicates of low-, medium-, and high-spiked urine samples
were prepared and analyzed at the beginning and the end of the
HPLC-FLD run to ensure repeatability. OH-PAH calibration curves
showed high linearity within the selected range of concentrations
(R? > 0.99). The method was precise and reproducible for all ana-
lytes over the tested concentration ranges, as demonstrated in
Table Al. Analytes were found to be stable in urine during the
freeze and thaw experiments. Their recoveries after extracting
spiked concentrations from the urine matrix exceeded 80.0%. The
accuracy of the analytical method was higher than 80.0% for 2-
OHNAP, 3-OHPHE, and 1-OHPYR, but ranged from 55.0 to 71.0%
for 2-OHFLU over the selected levels. The optimized method
showed no interfering peaks in the chromatograms of the blank
non-smokers’ urine.

2.5. Statistical analysis

Data were entered and analyzed with SPSS version 23.0. A p
value less than 0.05 indicated statistical significance.

Smoking behavior was categorized as ever or never, and as
smoker or non-smoker. Categorical variables are shown as
numbers, while continuous variables such as age and urinary
OHPAH levels are presented as mean =+ standard deviation (SD) and
as median (first quartile (Q1), third quartile (Q3)) respectively. The
median values of urinary OHPAH levels were also computed for
comparison with data from other studies and were categorized by
current smoking status. Because of the lack of normal distribution,
levels of the four measured OHPAHs were then log-transformed for
further analysis. These log-transformed data were correlated, and
Spearman’s correlation coefficients were computed.

Differences in participants’ characteristics by CAD status were
examined using the chi-square test for categorical variables and the
student’s t-test for continuous variables. A binary logistic regres-
sion was performed to assess the potential association between the
log-transformed OHPAH urinary levels and CAD status, followed by
adjustment for factors that were significantly associated with CAD
status at the univariate levels. Results are show as odds ratios (OR)
with 95% confidence intervals (CI).

3. Results and discussion
3.1. OHPAH concentrations

Urinary concentrations of 2-OHNAP, 2-OHFLU, 3-OHPHE, and 1-
OHPYR are presented in Table 1 as pg/g creatinine for all subjects
(n =258). 2-OHNAP and 2-OHFLU were detected in 92.2%, 1-OHPYR
in 80.2%, and 3-OHPHE in 22.1% of the total urine samples. The
median concentrations of the four urinary markers are in
decreasing order as such: 2-OHFLU > 2-OHNAP > 1-OHPYR > 3-
OHPHE (Table 1). A comparison of the unadjusted OHPAH data (in
ug/L) to the reported concentrations in previous studies around the
world is shown in Table 2. This comparison reveals that the median
concentrations of 2-OHNAP, 2-OHFLU, 3-OHPHE, and 1-OHPYR are
higher than what was reported for National Health and Nutrition
Examination survey (NHANES) (CDC, 2017) (an institution in the
US) and Kuala Lumpur (Malaysia), but are comparable to those in
Guangzhou (China) (CDC, 2017; Guo et al., 2013; Wang et al., 2005).

The four OHPAH levels were stratified to compare values in
smokers to non-smokers. As seen in Table 3, for smokers, the me-
dian levels of 2-OHNAP, 2-OHFLU, 3-OHPHE and 1-OHPYR were
higher than in non-smokers, which is expected and in agreement
with the reported literature (Buratti et al., 2007; Ramsauer et al.,
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Table 1
Concentrations (pug/g creatinine) of 2-OHNAP, 2-OHFLU, 3-OHPHE, and 1-OHPYR.
Parameter pg/g 2-OHNAP 2-OHFLU 3-OHPHE 1-OHPYR
Number of analyzed samples 238 238 57 207
Median (Q1, Q3) 7.54 (2.84, 18.5) 10.8 (5.33, 21.5) 1.00 (0.62, 1.55) 1.36 (0.88, 2.10)
Min—Max 0.25—665 1.53—368 0.20—10.6 0.16—35.2
Q1 denotes first quartile.
Q3 denotes third quartile.
Table 2
Median concentrations of 2-OHNAP, 2-OHFLU,3-OHPHE, and 1-OHPYR in urine from this study and previous studies in different countries, in pg/L.
Median (ug/L)
Country Number of samples 2-OHNAP 2-OHFLU 3-OHPHE 1-OHPYR Reference
Lebanon 258 5.64 8.35 0.70 1.04 This study
China 51 3.30 9.50 NM 1.50 Wang et al. (2005)
Malaysia 29 1.55 0.11 0.04 0.06 Guo et al. (2013)
Kuwait 38 7.33 0.44 0.13 0.22 Guo et al. (2013)
us ~2500 2.28 0.21 0.10 0.09 CDC (2017)
NM: not measured.
Table 3
Concentrations of the four different OHPAHs in non-smokers, smokers, and occupational workers from different countries.
Median (ug/L)
Country Type of exposure (current/non-current) 2-OHNAP 2-OHFLU 3-OHPHE 1-OHPYR Reference
Lebanon Non-smokers (n = 167) 3.64 5.57 0.64 0.97 This study
Smokers (n = 84) 11.0 141 0.84 1.89
us Non-smokers (n =30) 1.93 0.13 0.04 0.04 Li et al. (2014)
Smokers (n = 30) 20.8 2.03 0.34 0.42
Germany Non-smokers (n = 50) 133 0.18 0.05 0.05 Ramsauer et al. (2011)
Smokers (n = 100) 6.84 1.23 0.11 0.14
Asphalt workers (Italy) Non-smokers (n = 32) 8.00 1.11 0.44 0.44 Buratti et al. (2007)
Smokers (n = 43) 16.5 2.90 0.68 0.64
Polish coke oven workers (Italy) Occupational (n = 55) 36.2 27.6 5.70 154 Rossella et al. (2009)

2011). When compared to levels of smokers in other cities, it is
noted that 1-OHPYR exhibits higher levels in this study than sam-
ples measured from the general population in the US and from
occupational asphalt workers in the Milan and Lodi provinces of
Italy (Buratti et al., 2007; Li et al.,, 2014). Most importantly, the
measured 1-OHPYR levels of non-smoker participants are higher
than those of smokers in some countries. For example, the median
levels of 1-OHPYR for non-smokers in this study are 2.3 times
higher than for smokers in the US sample population (Li et al., 2014)
and 1.5 times higher than for smokers (who were also asphalt
workers) in Italy (Buratti et al., 2007). In this study, however, 1-
OHPYR levels for non-smokers were ~16 times lower than levels
reported for the workers in coke oven plants (Rossella et al., 2009).

3.2. Potential sources of PAH exposure

High OHPAH levels in urine samples could originate from
several routes of exposure, namely, inhalation, ingestion, and
dermal absorption (IARC, 1983). Taken them together, urinary
metabolites are able to provide a comprehensive assessment of PAH
exposure from various sources (WHO, 2000). Levels of OHPAHSs in
urine represent short term exposure due to the short half-lives of
these metabolites that ranges between 6 and 29 h from the inha-
lation route while in other matrices such as hair, OHPAH levels
represent long term exposure (Brzeznicki et al., 1997; Lin et al,,
2020; St. Helen et al., 2012). Since, to our knowledge, no informa-
tion is available on PAH exposure via ingestion and dermal routes
for the cardiac catheterization participants, OHPAH levels is

interpreted based on the available data for PAH measurements in
ambient air through inhalation route.

1-OHPYR can be considered a biomarker for total PAH exposure
(Raponi et al., 2017). For smokers, tobacco smoking is the major
source of PAH exposure (Strickland and Kang, 1999; Van Rooij et al.,
1994). For the non-smokers, who were approximately double the
number of smokers, ambient air exposure of particle-bound PAH is
considered the major source of inhalation. Studies have shown that
the levels on the roads, balconies and even on the roof of residential
or campus buildings exceed by up to seven times what is reported
in similar settings in other European and US cities (Baalbaki et al.,
2016, 2018; Daher et al, 2014). Attributed sources include
secondhand smoking (SHS), where 79% of youth are exposed to SHS
indoors and 75% are exposed outdoors, automobiles, diesel gener-
ators sprawled in neighborhoods to provide electricity during daily
power outages, occasional open waste burning and hospital in-
cinerators (Baalbaki et al., 2016; Baayoun et al., 2019; Salti et al.,
2014; Shihadeh et al., 2013; Waked and Afif, 2012).

Both ambient exposure to air pollution and tobacco smoke seem
to have a composited effect, hence the higher levels of 1-OHPYR
among smokers when compared to other countries. Being one of
the main risk factors for CAD, tobacco smoking is considered a
major reason why Lebanon is one of the Middle Eastern countries
that reported CVD patients 12 years younger than patients residing
in Western Europe, and China (CDC, 2010; Ezzati et al., 2005;
Rosengren et al., 2004; Sibai et al., 2014). In fact, Lebanon has been
ranked among the world’s highest tobacco-consuming countries
where 2038 cigarettes on average are smoked per person as
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reported by the tobacco atlas (Tobacco Atlas, 2016). An estimated
smoking rate (12.4 packs per person per month) higher by 3.5, 2.8
and 7.3 folds than Jordan (3.5), Syria (4.4) and Singapore (1.7),
respectively, explains well the observed high levels of 1-OHPYR
(Salti et al., 2014).

Moreover, Lebanon ranks among the top 25 countries with the
highest traffic congestion rates (Economic and Social Council,
2018). The ratio of 865 cars per 1000 residents in Beirut is higher
than that of Dubai and Singapore (Economic and Social Council,
2018). Reported data on the Lebanese car fleet showed not only a
doubling of the vehicle number between 2005 and 2015, but also an
increase in the average age of the vehicle fleet, which reached 19
years in 2015 (Baayoun et al., 2019). The old fleet, coupled with
laxity in implementing stringent emission regulations, creates a
favorable medium for toxic emissions such as PAHs (Borken-
Kleefeld and Chen, 2015; Miguel et al., 1998). In addition,
Lebanon has witnessed a surge in the number of diesel generators
since the end of the civil war in 1990, reaching ~500 diesel gener-
ators/km? in the capital of Beirut (Baayoun et al., 2019). Diesel
generators are used as a primary backup power supply during
frequent daily outages of the national power supply system.
Consequently, emissions from diesel generators have contributed
to an increase in PAHs over the background ambient levels by about
40.0% (Shihadeh et al., 2013). The situation in Lebanon is not
unique. Other cities, such as New Delhi and Baghdad, also rely on
diesel generators as a subsidy to the insufficient power provided by
the national grid (Al-Waeely et al., 2014; Mohanraj et al., 2012).
Additional sources of PAH exposure in Lebanon are attributed to
occasional open waste burning; for instance, measurements of
airborne PAHs in residential sites undergoing repeated waste
burning incidents showed a 218% increase over PAH levels
measured after a rainy period with no waste burning activities at
the same site (Baalbaki et al., 2016).

OHPAHSs in urine can be used for exposure assessment of PAHs
originating from different sources (WHO, 2000). In order to have a
better understanding of the PAH sources, the spearmen correla-
tions among individual OH-PAHs in the urine samples were
calculated (Table 4). 1-OHPYR seems to originate from more than
one source since it correlates significantly with 2-OHFLU and 3-
OHPHE while 2-OHFLU and 3-OHPHE do not correlate signifi-
cantly. The correlation between 1-OHPYR and 2-OHFLU denotes
tobacco smoke (St. Helen et al., 2012) and the correlation between
1-OHPYR and 3-OHPHE refers to diesel exhaust (Niu et al., 2018).

3.3. Demographic characteristics by CAD status

As shown in Table 5, participants who have obstructive CAD are
more likely to be older in age (p = 0.02), male (86.5% vs. 63.6%,
p < 0.0001), diabetic (52.4% vs. 29.5%, p < 0.001), and dyslipidemic
(74.7% vs. 54.5%, p = 0.001). No statistically significant differences
were observed regarding smoking behavior and being hyperten-
sive. Urine samples from subjects with non-obstructive CAD
showed higher 2-OHNAP concentrations, while samples from
subjects with obstructive CAD revealed higher 2-OHFLU

Table 4
Pairwise Spearman correlations between log-transformed OHPAH levels adjusted
for creatinine.

2-OHNAP 2- OHFLU 3-OHPHE 1-OHPYR
2-OHNAP 1.00 0.18° 0.14 0.18%
2-OHFLU - 1.00 0.22 0.27°
3-OHPHE - - 1.00 0.31°
1-OHPYR - - - 1.00

2 Numbers depict statistically significant correlations (p < 0.05).

Table 5
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Distribution of selected demographic characteristics by CAD status.

Variable All Non-obstructive CAD  Obstructive CAD  p Value
Sample 258 88 (34.1) 170 (65.9)

Age (years) 63.3+9.63 61.4+10.3 643 +9.15 0.02°
Gender

Female 55(21.3) 32 (36.4) 23 (13.5) 0.00°
Male 203 (78.7) 56 (63.6) 147 (86.5)

Smoking habits

Never 153 (61.0) 55 (64.0) 98 (59.4) 0.48
Ever 98 (39.0) 31 (36.0) 67 (40.6)

Hypertension

Yes 183 (70.9) 60 (68.2) 123 (72.4) 0.48
No 75(29.1) 28 (31.8) 47 (27.6)

Diabetes

Yes 115 (44.6) 26 (29.5) 89 (52.4) 0.00"
No 143 (55.5) 62 (70.5) 81 (47.6)

Dyslipidemia

Yes 175 (67.8) 48 (54.5) 127 (74.7) 0.00"
No 83 (32.2) 40 (45.5) 43 (25.3)

OHPAHs

2-OHNAP 238 8.05(3.49, 19.3) 6.42 (2.31,17.8) 0.85
2-OHFLU 238 10.1 (4.83, 18.4) 12.1 (5.36,22.0) 045
3-OHPHE 57 1.06 (0.65, 1.60) 1.00 (0.60, 1.53) 0.37
1-OHPYR 207 1.34 (0.85, 2.06) 1.36 (0.90, 2.14) 0.05

Values are n (%), mean + SD, n (number of detected samples).

For OHPAH concentrations, values are in median (Q1, Q3).

p values were generated by the chi-square test or the student's t-test as applicable.
4 Numbers depict statistically significant correlations (p < 0.05).

concentrations. The comparison of the 3-OHPHE levels between
obstructive and non-obstructive CAD might not be accurate due to
limitations in the detection of this compound in the analytical
chemistry method that we adopted. OHPAH levels in Table 5 were
displayed with untransformed data along with the p values to
better show the original state of the data. Only 1-OHPYR showed
statistically significant difference (p = 0.05) between the non-
obstructive and obstructive CAD groups.

3.4. Association between OHPAHs and CAD status

None of the log-transformed analyte levels were significantly
associated with obstructive CAD status in the unadjusted binary
logistic regression model (Table A2). Nevertheless, after adjusting
for (1) age and sex and for (2) additional covariates like diabetes, it
was found that 1-OHPYR was significantly associated with
obstructive CAD (OR = 3.82; 95% CI: 1.20—12.1; p = 0.02 and
OR = 4.15; 95% CI: 1.25-13.8; p = 0.02, respectively) (Fig. 1 and
Table A2). A marginally significant association between 1-OHPYR
and CAD was noted after adjusting for age, sex, and dyslipidemia
(p = 0.07), and after adjusting for age, sex, diabetes, and dyslipi-
demia (p = 0.08). These findings are in line with several bio-
monitoring studies that reported a positive association between
PAH exposure and self-reported CVD (Alshaarawy et al., 2016; Xu
et al,, 2010). In particular, one study showed that 1-OHPYR was
predictive of SAA, a measure for CVD risk in humans, in coke oven
workers (Hadrup et al., 2019). 1-OHPYR represents 90.0% of pyrene
urinary excretion in humans and is set as a biomarker for occupa-
tional exposure to any mixtures containing PAHs by the American
Conference of Governmental Industrial Hygienists (ACGIH, 2005;
Niu et al., 2018).

In summary, 1-OHPYR is mainly a marker of diesel generator and
incinerator emissions, and as such its association with obstructive
CAD suggests a major health risk (Niu et al., 2018; Ravindra et al.,
2006). We hypothesize that the association between obstructive
CAD and the second PAH marker, 3-OHPHE, could not be estab-
lished due to the low number of samples that were analyzed.
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Fig. 1. Forest plot showing the Odds Ratios (OR) with a 95% Confidence Interval (CI) of the association of 1-OHPYR, log-transformed levels, with obstructive Coronary Artery Disease

(CAD).

3.5. Future directions

This study is of extreme importance and calls for immediate
action to reduce exposure to air pollution in Lebanon. It can be
considered the basis for future studies that will include: (1) self-
reported data on the personal PAH exposure via the different
routes (inhalation, skin contact, and ingestion) during the time of
the sample collection (2) pooled urine samples over time (i.e.,
daily), to account for the short PAH half-life, which ranges from
hours to one day (IARC, 1983), and (3) select participants from the
general population rather than a subset of people who were
admitted for cardiac catheterization.

4. Conclusions

The concentrations of OHPAHs in cardiac catheterization pa-
tients at AUBMC were measured and the association with CAD was
evaluated. The levels of urinary OHPAHs were at a higher level
when compared with asphalt workers in Italy, but comparable to
that in Guangzhou, China. Our results indicate that subjects in
Lebanon are exposed to high concentrations of PAHs originating
from several combustion sources ascribed to an old car fleet, diesel
generators, incinerators, and secondhand smoking. A statistically
significant association was established between 1-OHPYR, a spe-
cific marker for diesel generator and incineration emissions, and
obstructive CAD after adjusting for factors like age, sex, and dia-
betes. Hence, the exposure to PAHs from these sources constitute a
main risk factor probably explaining the already reported early
onset of CVD in Lebanon.

Author statement

Salwa Hajir and Lamis Al Aaraj: experimental work including
analytical chemistry method validation and sample analysis,
Nathalie Khoueiry Zgheib and Hani Tamim: supervision of the
statistical analysis with Khoueiry Zgheib focusing on the pharma-
cokinetics and Tamim on the analytics, Kamal Badr and Hussein
Ismaeel: patient recruitment and coronary artery disease (CAD)
analysis, Antoine Abchee: urine collection, storage, labelling and
CAD collection. All authors were involved in data analysis discus-
sion, validation of the results and also writing and editing.

Declaration of competing interest

The authors declare that they have no known competing
financial interests or personal relationships that could have
appeared to influence the work reported in this paper.

Acknowledgments

The authors would like to thank the Vascular Medicine Program
for collecting urine samples from consenting patients admitted to
the Cardiac Catheterization Lab at the AUBMC.

Appendix B. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.envpol.2020.115967.

Funding sources

This work was supported by the University Research Board at
the American University of Beirut.

References

Abdel-Shafy, H.I., Mansour, M.S., 2016. A review on polycyclic aromatic hydrocar-
bons: source, environmental impact, effect on human health and remediation.
Egypt. ]. Pet. 25, 107—123. https://doi.org/10.1016/j.ejpe.2015.03.011.

ACGIH, 2005. Polycyclic Aromatic Hydrocarbons (PAHs) Biologic Exposure Indices
(BEI). American Conference of Governmental Industrial Hygienists, Cincinnati,
OH, USA.

Al-Waeely, A.A., Salman, S.D., Abdol-Reza, W.K., Chaichan, M.T., Kazem, H.A., Al-
Jibori, H.S.S., 2014. Evaluation of the spatial distribution of shared electrical
generators and their environmental effects: case Study in Baghdad-Iraq. Int. J.
Eng. Technol. 14, 16—23.

Albert, R.E., Vanderlaan, M., Burns, FJ., Nishizumi, M., 1977. Effect of carcinogens on
chicken atherosclerosis. Canc. Res. 37, 2232—2235.

Alshaarawy, O., Elbaz, H.A., Andrew, M.E., 2016. The association of urinary polycyclic
aromatic hydrocarbon biomarkers and cardiovascular disease in the US popu-
lation. Environ. Int. 89, 174—178. https://doi.org/10.1016/j.envint.2016.02.006.

Atlas, Tobacco, 2016. Cigarette Consumption: number of cigarettes smoked per
person per year: age > 15; estimates are of legally-sold machine-made and roll-
your-own cigarette consumption. https://tobaccoatlas.org/topic/consumption/.
(Accessed October 2019).

AUB, 2014. Faculty of Medicine, Vascular Medicine Program: the Greater Beirut Area
Cardiovascular Cohort (GBACC). American University of Beirut. Accessed on.
https://www.aub.edu.lb/fm/vmp/Pages/default.aspx. (Accessed October 2019).

FDA, 2001. Guidance for Industry (Bioanalytical Method Validation). US Department
of Health and Human Services, Food and Drug Administration, Center for Drug
Evaluation and Research (CDER), Center for Veterinary Medicine (CVM). May
2001. http://academy.gmp-compliance.org/guidemgr/files/4252FNL.PDF.

Baalbaki, R., El Hage, R., Nassar, ]., Gerard, J., Saliba, N.B., Zaarour, R., Saliba, N., 2016.


https://doi.org/10.1016/j.envpol.2020.115967
https://doi.org/10.1016/j.ejpe.2015.03.011
http://refhub.elsevier.com/S0269-7491(20)36656-2/sref2
http://refhub.elsevier.com/S0269-7491(20)36656-2/sref2
http://refhub.elsevier.com/S0269-7491(20)36656-2/sref2
http://refhub.elsevier.com/S0269-7491(20)36656-2/sref3
http://refhub.elsevier.com/S0269-7491(20)36656-2/sref3
http://refhub.elsevier.com/S0269-7491(20)36656-2/sref3
http://refhub.elsevier.com/S0269-7491(20)36656-2/sref3
http://refhub.elsevier.com/S0269-7491(20)36656-2/sref3
http://refhub.elsevier.com/S0269-7491(20)36656-2/sref4
http://refhub.elsevier.com/S0269-7491(20)36656-2/sref4
http://refhub.elsevier.com/S0269-7491(20)36656-2/sref4
https://doi.org/10.1016/j.envint.2016.02.006
https://tobaccoatlas.org/topic/consumption/
https://www.aub.edu.lb/fm/vmp/Pages/default.aspx
http://academy.gmp-compliance.org/guidemgr/files/4252FNL.PDF

S. Hajir, L. Al Aaraj, N. Zgheib et al.

Exposure to atmospheric PMs, PAHs, PCDD/Fs and metals near an open air
waste burning site in Beirut. Leban. Sci. J. 17, 91-103. https://doi.org/10.22453/
LSJ-017.2.091103.

Baalbaki, R., Nassar, ], Salloum, S., Shihadeh, A.L, Lakkis, I, Saliba, N.A., 2018.
Comparison of atmospheric polycyclic aromatic hydrocarbon levels in three
urban areas in Lebanon. Atmos. Environ. 179, 260—267. https://doi.org/10.1016/
j.atmosenv.2018.02.028.

Baayoun, A,, Itani, W., El Helou, J., Halabi, L., Medlej, S., El Malki, M., Moukhadder, A.,
Aboujaoude, LK., Kabakian, V., Mounajed, H., 2019. Emission inventory of key
sources of air pollution in Lebanon. Atmos. Environ. 215, 116871. https://doi.org/
10.1016/j.atmosenv.2019.116871.

Barr, D.B., Wilder, L.C.,, Caudill, S.P,, Gonzalez, AJ., Needham, L.L., Pirkle, J.L., 2004.
Urinary creatinine concentrations in the US population: implications for urinary
biologic monitoring measurements. Environ. Health Perspect. 113, 192—200.
https://doi.org/10.1289/ehp.7337.

Borken-Kleefeld, J., Chen, Y., 2015. New emission deterioration rates for gasoline
cars—Results from long-term measurements. Atmos. Environ. 101, 58—64.
https://doi.org/10.1016/j.atmosenv.2014.11.013.

BrzezZnicki, S., Jakubowski, M., Czerski, B., 1997. Elimination of 1-hydroxypyrene
after human volunteer exposure to polycyclic aromatic hydrocarbons. Int.
Arch. Occup. Environ. Health 70, 257-260. https://doi.org/10.1007/
s004200050216.

Buratti, M., Campo, L., Fustinoni, S., Cirla, P., Martinotti, L., Cavallo, D., Foa, V., 2007.
Urinary hydroxylated metabolites of polycyclic aromatic hydrocarbons as bio-
markers of exposure in asphalt workers. Biomarkers 12, 221-239. https://
doi.org/10.1080/13547500601100110.

CDC, 2010. How Tobacco Smoke Causes Disease: the Biology and Behavioral Basis
for Smoking-Attributable Disease: A Report of the Surgeon General. Centers for
Disease Control and Prevention, Atlanta (GA). Accessed on. https://www.ncbi.
nlm.nih.gov/books/NBK53017/. (Accessed October 2019).

CDC, 2013. Laboratory Procedure Manual for the Monohydroxy-Polycyclic Aromatic
Hydrocarbons (OHPAHSs) in Urine as Perfomed by Organic Analytical Toxicology
Branch. Division of Laboratory Sciences. Accessed on. https://wwwn.cdc.gov/
nchs/data/nhanes/2011-2012/labmethods/pahs_g_met.pdf. (Accessed
September 2018).

CDC, 2017. Fourth National Report on Human Exposure to Environmental Chem-
icals. US Department of Health and Human Services. https://www.cdc.gov/
biomonitoring/pdf/FourthReport_UpdatedTables_Volume1_Jan2017.pdf.
(Accessed October 2019).

Daher, N., Saliba, N.A, Shihadeh, A.L, Jaafar, M., Baalbaki, R., Shafer, M.M.,
Schauer, ]J., Sioutas, C., 2014. Oxidative potential and chemical speciation of
size-resolved particulate matter (PM) at near-freeway and urban background
sites in the greater Beirut area. Sci. Total Environ. 470, 417—426. https://doi.org/
10.1016/j.scitotenv.2013.09.104.

Economic, Social Council, 2018. Lebanon Economic Vision, Full Report. https://
www.economy.gov.lb/media/11893/20181022-1228full-report-en.pdf?
#page=585. (Accessed October 2019).

Ezzati, M., Henley, S.J., Thun, M.]., Lopez, A.D., 2005. Role of smoking in global and
regional cardiovascular mortality. Circulation 112, 489—497. https://doi.org/
10.1161/CIRCULATIONAHA.104.521708.

Fan, R, Ramage, R., Wang, D., Zhou, ]., She, J., 2012. Determination of ten mono-
hydroxylated polycyclic aromatic hydrocarbons by liquid—liquid extraction and
liquid chromatography/tandem mass spectrometry. Talanta 93, 383—391.
https://doi.org/10.1016/j.talanta.2012.02.059.

Forouzanfar, M.H., Afshin, A., Alexander, LT, Anderson, H.R., Bhutta, ZA.,
Biryukov, S., Brauer, M., Burnett, R., Cercy, K., Charlson, EJ., 2016. Global,
regional, and national comparative risk assessment of 79 behavioural, envi-
ronmental and occupational, and metabolic risks or clusters of risks,
1990—2015: a systematic analysis for the Global Burden of Disease Study 2015.
Lancet 388, 1659—1724. https://doi.org/10.1016/S0140-6736(16)31679-8.

Gaudreau, E., Bérubé, R., Bienvenu, J.-E, Fleury, N., 2016. Stability issues in the
determination of 19 urinary (free and conjugated) monohydroxy polycyclic
aromatic hydrocarbons. Anal. Bioanal. Chem. 408, 4021—4033. https://doi.org/
10.1007/s00216-016-9491-2.

Grimmer, G., Dettbarn, G., Jacob, J., 1993. Biomonitoring of polycyclic aromatic hy-
drocarbons in highly exposed coke plant workers by measurement of urinary
phenanthrene and pyrene metabolites (phenols and dihydrodiols). Int. Arch.
Occup. Environ. Health 65, 189—199. https://doi.org/10.1007/BF00381155.

Guo, Y. Senthilkumar, K., Alomirah, H., Moon, H.-B., Minh, T.B., Mohd, M.A,,
Nakata, H., Kannan, K., 2013. Concentrations and profiles of urinary polycyclic
aromatic hydrocarbon metabolites (OH-PAHs) in several Asian countries. En-
viron. Sci. Technol. 47, 2932—2938. https://doi.org/10.1021/es3052262.

Hadrup, N. Mielzyniska-Svach, D. Koztowska, A. Campisi, M. Pavanello, S.,
Vogel, U., 2019. Association between a urinary biomarker for exposure to PAH
and blood level of the acute phase protein serum amyloid A in coke oven
workers. Environ. Health 18, 81. https://doi.org/10.1186/s12940-019-0523-1.

Harris, D.C., 2010. Quantitative Chemical Analysis, eighth ed. W. H. Freeman and
Company, New York.

IARC, 1983. IARC MONOGRAPHS on the EVALUATION of the CARCINOGENIC RISK of
CHEMICALS to HUMANS.Polynuclear Aromatic Compounds, Part I, Chemical,
Environmental and Experimental Data. https://monographs.iarc.fr/wp-content/
uploads/2018/06/mono32.pdf. (Accessed September 2018).

Kouyoumdjian, H., Saliba, N., 2006. Mass concentration and ion composition of
coarse and fine particles in an urban area in Beirut: effect of calcium carbonate
on the absorption of nitric and sulfuric acids and the depletion of chloride.

Environmental Pollution 272 (2021) 115967

Atmos. Chem. Phys. 6, 1865—1877. https://doi.org/10.5194/acp-6-1865-2006.

Li, Z, Romanoff, L.C, Trinidad, D.A., Pittman, E.N., Hilton, D., Hubbard, K,
Carmichael, H., Parker, J., Calafat, A.M., Sjodin, A., 2014. Quantification of 21
metabolites of methylnaphthalenes and polycyclic aromatic hydrocarbons in
human urine. Anal. Bioanal. Chem. 406, 3119—3129. https://doi.org/10.1007/
s00216-014-7676-0.

Lin, M,, Tang, J., Ma, S, Yu, Y., Li, G,, Fan, R,, Mai, B., An, T.,, 2020. Insights into bio-
monitoring of human exposure to polycyclic aromatic hydrocarbons with hair
analysis: a case study in e-waste recycling area. Environ. Int. 136, 105432.
https://doi.org/10.1016/j.envint.2019.105432.

Ma, Y., Harrad, S., 2015. Spatiotemporal analysis and human exposure assessment
on polycyclic aromatic hydrocarbons in indoor air, settled house dust, and diet:
a review. Environ. Int. 84, 7—16. https://doi.org/10.1016/j.envint.2015.07.006.

Massoud, R., Shihadeh, A.L, Roumié, M., Youness, M. Gerard, J., Saliba, N.,
Zaarour, R., Abboud, M., Farah, W,, Saliba, N.A., 2011. Intraurban variability of
PM10 and PM2. 5 in an eastern mediterranean city. Atmos. Res. 101, 893—901.
https://doi.org/10.1016/j.atmosres.2011.05.019.

Menzie, C.A., Potocki, B.B., Santodonato, J., 1992. Exposure to carcinogenic PAHs in
the environment. Environ. Sci. Technol. 26, 1278—1284. https://doi.org/10.1021/
es00031a002.

Miguel, A.H., Kirchstetter, T.W., Harley, R.A., Hering, S.V., 1998. On-road emissions of
particulate polycyclic aromatic hydrocarbons and black carbon from gasoline
and diesel vehicles. Environ. Sci. Technol. 32, 450—455. https://doi.org/10.1021/
€s970566w.

Mohanraj, R., Dhanakumar, S., Solaraj, G., 2012. Polycyclic aromatic hydrocarbons
bound to PM 2.5 in urban Coimbatore, India with emphasis on source appor-
tionment. Sci. World ]. 2012, 980843 https://doi.org/10.1100/2012/980843.

Nakhlé, M.M,, Farah, W.,, Ziade, N., Abboud, M., Salameh, D., Annesi-Maesano, .,
2015. Short-term relationships between emergency hospital admissions for
respiratory and cardiovascular diseases and fine particulate air pollution in
Beirut, Lebanon. Environ. Monit. Assess. 187, 196. https://doi.org/10.1007/
5s10661-015-4409-6.

Niu, Y., Zhang, X., Meng, T., Wang, H., Bin, P, Shen, M., Chen, W,, Yu, S., Leng, S.,
Zheng, Y., 2018. Exposure characterization and estimation of benchmark dose
for cancer biomarkers in an occupational cohort of diesel engine testers. J. Expo.
Sci. Environ. Epidemiol. 28, 579. https://doi.org/10.1038/s41370-018-0061-x.

OECD, 2012. Health and Environment Chapter of the OECD Environmental Outlook
to 2050: the Consequences of Inaction. https://www.oecd.org/env/indicators-
modelling-outlooks/healthenvchapter-environmentaloutlookto2050.htm.
(Accessed October 2019).

Rabadan-Diehl, C., Alam, D., Baumgartner, J., 2012. Household air pollution in the
early origins of CVD in developing countries. Glob. Heart 7, 235. https://doi.org/
10.1016/j.gheart.2012.06.014.

Ramsauer, B., Sterz, K. Hagedorn, H.-W., Engl, ]., Scherer, G., McEwan, M.,
Errington, G., Shepperd, ]J., Cheung, F, 2011. A liquid chromatography/tandem
mass spectrometry (LC-MS/MS) method for the determination of phenolic
polycyclic aromatic hydrocarbons (OH-PAH) in urine of non-smokers and
smokers. Anal. Bioanal. Chem. 399, 877—889. https://doi.org/10.1007/s00216-
010-4355-7.

Raponi, F, Bauleo, L., Ancona, C., Forastiere, F,, Paci, E., Pigini, D., Tranfo, G., 2017.
Quantification of 1-hydroxypyrene, 1-and 2-hydroxynaphthalene, 3-
hydroxybenzo [a] pyrene and 6-hydroxynitropyrene by HPLC-MS/MS in hu-
man urine as exposure biomarkers for environmental and occupational surveys.
Biomarkers 22, 575—583. https://doi.org/10.1080/1354750X.2016.1252959.

Ravindra, K., Bencs, L., Wauters, E., De Hoog, ]., Deutsch, F.,, Roekens, E., Bleux, N.,
Berghmans, P, Van Grieken, R., 2006. Seasonal and site-specific variation in
vapour and aerosol phase PAHs over Flanders (Belgium) and their relation with
anthropogenic activities. Atmos. Environ. 40, 771—-785. https://doi.org/10.1016/
j.atmosenv.2005.10.011.

Rosengren, A., Hawken, S., Ounpuu, S., Sliwa, K., Zubaid, M., Almahmeed, W.A.,
Blackett, K.N., Sitthi-amorn, C., Sato, H., Yusuf, S., 2004. Association of psy-
chosocial risk factors with risk of acute myocardial infarction in 11 119 cases and
13 648 controls from 52 countries (the INTERHEART study): case-control study.
Lancet 364, 953—962. https://doi.org/10.1016/S0140-6736(04)17019-0.

Rossella, F, Campo, L., Pavanello, S., Kapka, L., Siwinska, E., Fustinoni, S., 2009.
Urinary polycyclic aromatic hydrocarbons and monohydroxy metabolites as
biomarkers of exposure in coke oven workers. Occup. Environ. Med. 66,
509—-516. https://doi.org/10.1136/0em.2008.042796.

Salti, N., Chaaban, J., Naamani, N., 2014. The economics of tobacco in Lebanon: an
estimation of the social costs of tobacco consumption. Subst. Use Misuse 49,
735—742. https://doi.org/10.3109/10826084.2013.863937.

Sasser, L., Lundstrom, D., Zangar, R., Springer, D., Mahlum, D., 1989. Elevated blood
pressure and heart rate in rats exposed to a coal-derived complex organic
mixture. J. Appl. Toxicol. 9, 47—52. https://doi.org/10.1002/jat.2550090109.

Shihadeh, A., Al Helou, M., Saliba, N., Jaber, S., Alaeddine, N., Ibrahim, E., 2013. Effect
of Distributed Electric Power Generation on Household Exposure to Airborne
Carcinogens in Beirut. https://scholarworks.aub.edu.lb/bitstream/handle/
10938/21130/20130207ifi_rsr_cc_effect_Diesel.pdf?sequence=1. (Accessed
October 2019).

Sibai, A.M., Tohme, R.A., Almedawar, M.M., Itani, T., Yassine, S.I, Nohra, E.A.
Isma’eel, H.A.,, 2014. Lifetime cumulative exposure to waterpipe smoking is
associated with coronary artery disease. Atherosclerosis 234, 454—460. https://
doi.org/10.1016/j.atherosclerosis.2014.03.036.

St Helen, G., Goniewicz, M.L., Dempsey, D., Wilson, M., Jacob III, P., Benowitz, N.L.,
2012. Exposure and kinetics of polycyclic aromatic hydrocarbons (PAHs) in


https://doi.org/10.22453/LSJ-017.2.091103
https://doi.org/10.22453/LSJ-017.2.091103
https://doi.org/10.1016/j.atmosenv.2018.02.028
https://doi.org/10.1016/j.atmosenv.2018.02.028
https://doi.org/10.1016/j.atmosenv.2019.116871
https://doi.org/10.1016/j.atmosenv.2019.116871
https://doi.org/10.1289/ehp.7337
https://doi.org/10.1016/j.atmosenv.2014.11.013
https://doi.org/10.1007/s004200050216
https://doi.org/10.1007/s004200050216
https://doi.org/10.1080/13547500601100110
https://doi.org/10.1080/13547500601100110
https://www.ncbi.nlm.nih.gov/books/NBK53017/
https://www.ncbi.nlm.nih.gov/books/NBK53017/
https://wwwn.cdc.gov/nchs/data/nhanes/2011-2012/labmethods/pahs_g_met.pdf
https://wwwn.cdc.gov/nchs/data/nhanes/2011-2012/labmethods/pahs_g_met.pdf
https://www.cdc.gov/biomonitoring/pdf/FourthReport_UpdatedTables_Volume1_Jan2017.pdf
https://www.cdc.gov/biomonitoring/pdf/FourthReport_UpdatedTables_Volume1_Jan2017.pdf
https://doi.org/10.1016/j.scitotenv.2013.09.104
https://doi.org/10.1016/j.scitotenv.2013.09.104
https://www.economy.gov.lb/media/11893/20181022-1228full-report-en.pdf?#page=585
https://www.economy.gov.lb/media/11893/20181022-1228full-report-en.pdf?#page=585
https://www.economy.gov.lb/media/11893/20181022-1228full-report-en.pdf?#page=585
https://www.economy.gov.lb/media/11893/20181022-1228full-report-en.pdf?#page=585
https://doi.org/10.1161/CIRCULATIONAHA.104.521708
https://doi.org/10.1161/CIRCULATIONAHA.104.521708
https://doi.org/10.1016/j.talanta.2012.02.059
https://doi.org/10.1016/S0140-6736(16)31679-8
https://doi.org/10.1007/s00216-016-9491-2
https://doi.org/10.1007/s00216-016-9491-2
https://doi.org/10.1007/BF00381155
https://doi.org/10.1021/es3052262
https://doi.org/10.1186/s12940-019-0523-1
http://refhub.elsevier.com/S0269-7491(20)36656-2/sref28
http://refhub.elsevier.com/S0269-7491(20)36656-2/sref28
https://monographs.iarc.fr/wp-content/uploads/2018/06/mono32.pdf
https://monographs.iarc.fr/wp-content/uploads/2018/06/mono32.pdf
https://doi.org/10.5194/acp-6-1865-2006
https://doi.org/10.1007/s00216-014-7676-0
https://doi.org/10.1007/s00216-014-7676-0
https://doi.org/10.1016/j.envint.2019.105432
https://doi.org/10.1016/j.envint.2015.07.006
https://doi.org/10.1016/j.atmosres.2011.05.019
https://doi.org/10.1021/es00031a002
https://doi.org/10.1021/es00031a002
https://doi.org/10.1021/es970566w
https://doi.org/10.1021/es970566w
https://doi.org/10.1100/2012/980843
https://doi.org/10.1007/s10661-015-4409-6
https://doi.org/10.1007/s10661-015-4409-6
https://doi.org/10.1038/s41370-018-0061-x
https://www.oecd.org/env/indicators-modelling-outlooks/healthenvchapter-environmentaloutlookto2050.htm
https://www.oecd.org/env/indicators-modelling-outlooks/healthenvchapter-environmentaloutlookto2050.htm
https://doi.org/10.1016/j.gheart.2012.06.014
https://doi.org/10.1016/j.gheart.2012.06.014
https://doi.org/10.1007/s00216-010-4355-7
https://doi.org/10.1007/s00216-010-4355-7
https://doi.org/10.1080/1354750X.2016.1252959
https://doi.org/10.1016/j.atmosenv.2005.10.011
https://doi.org/10.1016/j.atmosenv.2005.10.011
https://doi.org/10.1016/S0140-6736(04)17019-0
https://doi.org/10.1136/oem.2008.042796
https://doi.org/10.3109/10826084.2013.863937
https://doi.org/10.1002/jat.2550090109
https://scholarworks.aub.edu.lb/bitstream/handle/10938/21130/20130207ifi_rsr_cc_effect_Diesel.pdf?sequence=1
https://scholarworks.aub.edu.lb/bitstream/handle/10938/21130/20130207ifi_rsr_cc_effect_Diesel.pdf?sequence=1
https://scholarworks.aub.edu.lb/bitstream/handle/10938/21130/20130207ifi_rsr_cc_effect_Diesel.pdf?sequence=1
https://doi.org/10.1016/j.atherosclerosis.2014.03.036
https://doi.org/10.1016/j.atherosclerosis.2014.03.036

S. Hajir, L. Al Aaraj, N. Zgheib et al.

cigarette smokers. Chem. Res. Toxicol. 25, 952—964. https://doi.org/10.1021/
tx300043k.

Strickland, P., Kang, D., 1999. Urinary 1-hydroxypyrene and other PAH metabolites
as biomarkers of exposure to environmental PAH in air particulate matter.
Toxicol. Lett. 108, 191—199. https://doi.org/10.1016/S0378-4274(99)00089-2.

Toora, B., Rajagopal, G., 2002. Measurement of creatinine by Jaffe’s reaction-
determination of concentration of sodium hydroxide required for maximum
color development in standard, urine and protein free filtrate of serum. Indian J.
Exp. Biol. 40, 352—354.

Van Rooij, J.G., Veeger, M.M.,, Bodelier-Bade, M.M., Scheepers, P.T., Jongeneelen, FJ.,
1994. Smoking and dietary intake of polycyclic aromatic hydrocarbons as
sources of interindividual variability in the baseline excretion of 1-
hydroxypyrene in urine. Int. Arch. Occup. Environ. Health 66, 55—65. https://
doi.org/10.1007/BF00386580.

Waked, A., Afif, C.,, 2012. Emissions of air pollutants from road transport in Lebanon
and other countries in the Middle East region. Atmos. Environ. 61, 446—452.
https://doi.org/10.1016/j.atmosenv.2012.07.064.

Wang, Y., Zhang, W., Dong, Y., Fan, R, Sheng, G., Fu, J., 2005. Quantification of several
monohydroxylated metabolites of polycyclic aromatic hydrocarbons in urine by
high-performance liquid chromatography with fluorescence detection. Anal.
Bioanal. Chem. 383, 804—809. https://doi.org/10.1007/s00216-005-0066-x.

WHO, 1996. Biological Monitoring of Chemical Exposure in the Workplace:

Environmental Pollution 272 (2021) 115967

Guidelines. https://apps.who.int/iris/bitstream/handle/10665/41856/WHO_
HPR_OCH_96.1.pdf?sequence=1&isAllowed=y. (Accessed October 2019).

WHO, 2000. Air Quality Guidelines, second ed. http://www.euro.who.int/__data/
assets/pdf_file/0015/123063/AQG2ndEd_5_9PAH.pdf. (Accessed  September
2018).

WHO, 2016. Ambient Air Pollution - a Major Threat to Health and Climate.
Department of Public Health, Environmental and Social Determinants of Health
(PHE), World Health Organization, Switzerland. https://www.who.int/
airpollution/ambient/en/. (Accessed October 2019).

WHO, 2018. World Health Organization - Noncommunicable Diseases (NCD)
Country Profiles, Lebanon. https://www.who.int/nmh/countries/lbn_en.pdf.
(Accessed September 2019).

WHO, 2019. Air Quality, Noncommunicable Diseases and Air Pollution. World
Health Organization. https://www.euro.who.int/en/health-topics/environment-
and-health/air-quality/news/news/2019/3/noncommunicable-diseases-and-air
pollution#:~:text=Air%20pollution%20is%20the%20second,NCDs%20related%
20to%20air%20pollution. (Accessed October 2019).

Xu, X., Cook, RL, Illacqua, V.A,, Kan, H., Talbott, E.O., Kearney, G., 2010. Studying
associations between urinary metabolites of polycyclic aromatic hydrocarbons
(PAHSs) and cardiovascular diseases in the United States. Sci. Total Environ. 408,
4943-4948. https://doi.org/10.1016/j.scitotenv.2010.07.034.


https://doi.org/10.1021/tx300043k
https://doi.org/10.1021/tx300043k
https://doi.org/10.1016/S0378-4274(99)00089-2
http://refhub.elsevier.com/S0269-7491(20)36656-2/sref53
http://refhub.elsevier.com/S0269-7491(20)36656-2/sref53
http://refhub.elsevier.com/S0269-7491(20)36656-2/sref53
http://refhub.elsevier.com/S0269-7491(20)36656-2/sref53
http://refhub.elsevier.com/S0269-7491(20)36656-2/sref53
https://doi.org/10.1007/BF00386580
https://doi.org/10.1007/BF00386580
https://doi.org/10.1016/j.atmosenv.2012.07.064
https://doi.org/10.1007/s00216-005-0066-x
https://apps.who.int/iris/bitstream/handle/10665/41856/WHO_HPR_OCH_96.1.pdf?sequence=1&amp;isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/41856/WHO_HPR_OCH_96.1.pdf?sequence=1&amp;isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/41856/WHO_HPR_OCH_96.1.pdf?sequence=1&amp;isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/41856/WHO_HPR_OCH_96.1.pdf?sequence=1&amp;isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/41856/WHO_HPR_OCH_96.1.pdf?sequence=1&amp;isAllowed=y
http://www.euro.who.int/__data/assets/pdf_file/0015/123063/AQG2ndEd_5_9PAH.pdf
http://www.euro.who.int/__data/assets/pdf_file/0015/123063/AQG2ndEd_5_9PAH.pdf
https://www.who.int/airpollution/ambient/en/
https://www.who.int/airpollution/ambient/en/
https://www.who.int/nmh/countries/lbn_en.pdf
https://www.euro.who.int/en/health-topics/environment-and-health/air-quality/news/news/2019/3/noncommunicable-diseases-and-air%20pollution#:%7E:text=Air%20pollution%20is%20the%20second,NCDs%20related%20to%20air%20pollution
https://www.euro.who.int/en/health-topics/environment-and-health/air-quality/news/news/2019/3/noncommunicable-diseases-and-air%20pollution#:%7E:text=Air%20pollution%20is%20the%20second,NCDs%20related%20to%20air%20pollution
https://www.euro.who.int/en/health-topics/environment-and-health/air-quality/news/news/2019/3/noncommunicable-diseases-and-air%20pollution#:%7E:text=Air%20pollution%20is%20the%20second,NCDs%20related%20to%20air%20pollution
https://www.euro.who.int/en/health-topics/environment-and-health/air-quality/news/news/2019/3/noncommunicable-diseases-and-air%20pollution#:%7E:text=Air%20pollution%20is%20the%20second,NCDs%20related%20to%20air%20pollution
https://www.euro.who.int/en/health-topics/environment-and-health/air-quality/news/news/2019/3/noncommunicable-diseases-and-air%20pollution#:%7E:text=Air%20pollution%20is%20the%20second,NCDs%20related%20to%20air%20pollution
https://doi.org/10.1016/j.scitotenv.2010.07.034

	The association of urinary metabolites of polycyclic aromatic hydrocarbons with obstructive coronary artery disease: A red  ...
	1. Introduction
	2. Materials and methods
	2.1. Chemicals and reagents
	2.2. Study participants and sample collection
	2.3. Sample extraction and analysis
	2.4. Quality assurance and quality control
	2.5. Statistical analysis

	3. Results and discussion
	3.1. OHPAH concentrations
	3.2. Potential sources of PAH exposure
	3.3. Demographic characteristics by CAD status
	3.4. Association between OHPAHs and CAD status
	3.5. Future directions

	4. Conclusions
	Author statement
	Declaration of competing interest
	Acknowledgments
	Appendix B. Supplementary data
	Funding sources
	References


