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Abstract Mercury (Hg) exposure represents a significant
public health concern at a global level. This study aims at
assessing Hg exposure and risk among Lebanese young adults
based on Hg biomonitoring and seafood intake. A group of
166 young adults were administered a questionnaire to assess
Hg exposure and were asked to provide a hair sample. Risk
assessment was performed: (1) using the US Environmental
Protection Agency Hazard Quotient (HQ) model based on fish
intake and previously studied local fish Hg concentrations,
and (2) by determining the total hair Hg concentration
(THHg) using continuous flow-chemical vapor generation
atomic absorption spectrometry. Differences in THHg across
demographic and exposure subgroups were tested using ¢ test
or ANOVA. Correlations between THHg concentrations, fish
consumption, and HQ were determined by computing
Pearson’s r. Higher THHg correlated with higher consumption
of Mediterranean rabbitfish/spinefoots (» = 0.27; p = 0.001)
and geographical location (p < 0.001) in the bivariate analysis,
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and remained significant in the adjusted multivariable linear
regression model (geographical location: B = 0.255, 95%CI
0.121-0.388; rabbitfish/spinefoots consumption: B = 0.016,
95%CI 0.004—0.027). No significant correlations were found
between HQ and THHg. In conclusion, this is the first study
examining hair Hg levels and fish consumption in a young
adult Lebanese population. Our findings constitute valuable
baseline data for a local fish advisory and Hg monitoring.

Keywords Mercury - Risk assessment - Hair mercury
concentrations - Fish consumption - Lebanese youth -
Mediterranean

Introduction

Mercury (Hg) is a global environmental contaminant intro-
duced to the environment from anthropogenic sources,
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particularly medical wastes, cement, power plants, and vari-
ous industrial applications (Clarkson 1997). Hg pollution
reaches aquatic systems where it undergoes biomethylation
to methylmercury (MeHg). MeHg is readily taken up by fish
through trophic webs, consequently bioaccumulating and
biomagnifying into the top predating fish, in addition to fish-
eating birds, and wild mammals (Gochfeld 2003). This makes
fish consumption the primary source of Hg exposure in the
general population (Nyland et al. 2011; Schaefer et al. 2014).
In New Jersey, USA, one third of the sampled saltwater fish
species were found to have concentrations of Hg above
0.5 ppm, which pose a human health risk for consumers
(Burger and Gochfeld 2011). In addition, according to a study
conducted by the US Environmental Protection Agency
(EPA), around 50% of the human population living in the
vicinity of US lakes had Hg tissue concentrations above
0.3 ppm (Olsen et al. 2009).

Through consumption of Hg in fish and food, popu-
lations in many countries, such as Japan, Iraq, Ghana,
Seychelles, and the Faroe Islands, have been confronted
with major outbreaks of Hg-induced diseases and mor-
tality (Tchounwou et al. 2003). Hg was responsible for
much toxic exposure events in history, such as the pink
disease in infants (1900s), the Minimata disease in
Japan (1932-1956), and the Iraq poison grain outbreak
(1971) (Bakir et al. 1973; Clarkson et al. 1976; Harada
1995). These outbreaks allowed the identification of Hg
primary target organs in humans, particularly the ner-
vous system (Clarkson et al. 2003; Eto et al. 1992).
MeHg, in particular, has lipophilic characteristics
allowing it to penetrate the blood—brain barrier to the
central nervous system (Aschner et al. 1992). Adverse
health effects from Hg exposure may include tremor,
impaired vision and hearing, paralysis, insomnia, emo-
tional instability, developmental deficits during fetal de-
velopment, attention deficit, and cognitive impairment
during childhood (Clarkson et al. 2003).

Maternal exposure to MeHg during pregnancy was
associated with psychomotor retardation, defects in at-
tention, and motor dysfunction in multiple ethnic groups
(Halbach et al. 2008; Sandborgh-Englund et al. 1998).
In addition, both higher blood Hg concentrations and
increased maternal fish consumption in the second tri-
mester were associated with lower scores in cognitive
and visual abilities among children in a US prospective
cohort study (Oken et al. 2008). While fetal brain seems
to be more susceptible to Hg toxicity, a major concern
for adults involves evidence of Hg antagonizing the
positive cardio-protective effects of omega-3 fatty acids,
which is also normally acquired through fish consump-
tion (Yoshizawa et al. 2002).

The Mediterranean Sea is known to be a hot spot for Hg,
harboring about half of the world’s natural Hg deposits

(Covelli et al. 2012). Total Hg concentrations were reported
to be the highest in the liver of aquatic mammals (Squadrone
et al. 2015), ranging between 0.246 and 1.74 mg/kg-DW in
tuna and other types of fish caught along the Italian shore and
in deep sea (Di Bella et al. 2015; Spada et al. 2012).

In addition, a strong correlation was found between fre-
quencies of fish consumption in the Mediterranean area and
total Hg levels in cord blood (Miklavcic et al. 2013). At the
same time, populations living in the coastal zones on the
Mediterranean Basin—about 150 million individuals—are
known to have food habits revolving around local seafood
consumption (Brambilla et al. 2013).

Total Hg and MeHg concentrations in the hair of fish
consumers are linearly related (Pellizzari et al. 1999), with
total hair Hg concentration (THHg) estimated to be 150-
to 200-fold higher than Hg concentrations in blood (Gill
et al. 2002). MeHg from fish consumption usually consti-
tutes at least 80% of the total Hg analyzed in hair among
fish consumers (Cernichiari et al. 1995). Therefore, THHg
is considered a reliable biomarker for MeHg exposure and
is often used to characterize Hg exposures as it provides a
simple, integrative, and noninvasive matrix for estimating
long-term average exposure (WHO, UNEP 2008).
According to the US National Health and Nutrition
Examination Survey (NHANES), geometric mean hair
Hg concentrations were 3-fold higher among frequent fish
consuming women of childbearing age compared to non-
consumers (McDowell et al. 2004). In addition, THHg
increased with fish consumption and age in women of
childbearing age in the state of Florida (Traynor et al.
2013). Similarly, THHg in groups that consume fish were
found to be significantly higher than groups that never
consumed fish in Northern Taiwan (Chien et al. 2010).

In Lebanon, a recent survey conducted by the Ministry
of Environment in partnership with the United Nations
Development Program (UNDP) revealed that 84% of hos-
pitals still use Hg-based medical devices and products
(UNDP 2012). The healthcare sector in Lebanon is con-
sidered as the highest contributor to environmental Hg
pollution, with an estimated burden of 31 kg of Hg re-
leased annually (UNDP 2012). Healthcare facilities intro-
duce Hg to the environment by incineration of medical
wastes and by release of untreated medical wastewater,
especially in the absence of a clear national waste man-
agement strategy, a problem further exacerbated by the
recent solid waste crisis. So far, Lebanon has not ratified
the Minimata Convention on global Hg banning. A previ-
ously conducted study demonstrates high total Hg accu-
mulation in local fish caught along the Lebanese shore,
with concentrations reaching up to 0.57 pg/g (Obeid
etal. 2011). The present study aims at assessing Hg health
risk in a young adult Mediterranean subpopulation in
Lebanon, based on Hg biomonitoring and seafood intake.
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Materials and methods
Study design and population

The study used a cross-sectional design. Participants
attended an institution of higher education—with
English as the main language of instruction—located
in Kurah in the Northern Governorate and in the capital
city Beirut (Fig. 1). To garner interest in the study, a
description of the project and its goals was announced
to all students by group email, displaying contact infor-
mation, and encouraging students to visit recruitment
booths set up on both campuses for purposes of recruit-
ment and data collection. Recruitment ran from 9:00 am
to 3:00 pm during weekdays between the months of
April and July 2015. No compensation, reward, or in-
centive was offered in exchange for participation in the
study. All volunteering students aged 18-25 years were
recruited in the study. Accordingly, a sample of 166
male and female participants was identified.

Young adults were targeted to allow assessment of
cumulative Hg exposure early on in life. Targeting uni-
versity students has the additional benefit of controlling
for potential occupational exposure to Hg. The sample
size was guided by power analysis to obtain a mean
hair Hg concentration with a margin of error of
0.03 pg/g, assuming a population standard deviation
for hair Hg concentrations of 0.1 pg/g and a 95% con-
fidence interval (Traynor et al. 2013).

Fig. 1 Locations of recruited sample on the Mediterranean coast: the
capital city Beirut (/); Kurah in the Northern Governorate (2)
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Data collection

Institutional Review Board approval was obtained prior to
conduction of the study. All participants signed an informed
consent form before the interview. Trained research assistants
interviewed participants in English, measured their body
weight, and obtained a hair sample. Information sought in-
cluded age, sociodemographics, area of education and resi-
dence, and the following potential sources of Hg: (1) fish
consumption, (2) occupation if any, (3) presence of dental
amalgam, (4) use of hair dyes, (5) flu vaccination, and (6)
use of skin lightening creams (Al-Saleh and Al-Doush
1997). A recall period of 2 months was used for self-
reported data in order to approximate the exposure period
captured by the hair biomarker.

Fish consumption

A matrix was built to assess consumption of the different types
of fish based on species normally caught along the Lebanese
shore and constituting the majority of the species consumed
by the population. The fresh fish by their English
name/scientific name (local common name) included the fol-
lowing: shrimp/Penaeus species (Kraydiss), yellowstripe bar-
racuda/Sphyraena chrysotaenia (Mallifa), white seabream/
Diplodus sargus (Sargous), bogue/Boops boops (Ghobbos),
gilt-head seabream/Sparus aurata (Ajaj), sand smelt/
Atherina boyeri (Bezri), rabbitfish/spinefoots/Siganus luridus
(Jarbidi/Abou Shawki), European pilchard/Sardina
pilchardus (Zellek), parrot-fish/Sparisoma cretense
(Sardine), and yellow goatfish/Upeneus moluccensis (Sultan
Ibrahim). The frozen and canned fish, whether locally proc-
essed or imported, consisted of tuna, European pilchard, salm-
on, fish fillet and fish fingers, and others. Fish consumption
was determined as the number of servings of each type of fish
per week, and daily intake amounts were computed assuming
a serving is equivalent to 120 g of fish (Chien et al. 2010).
Interviewers provided participants with visual aids to help
them assess the serving size and to recognize accurately the
different types of fish.

Hair sampling

Hair collection was performed with stainless steel scissors
cutting as close as possible to the scalp. Samples were collect-
ed from the occipital region of the head at one or more areas
targeting 100—150 strands (equivalent to about 1 g of hair).
Collected hair was trimmed in a way to preserve only about 2—
3 cm of hair closest to the scalp and discarding the rest.
Assuming hair grows at a rate of 1-1.5 cm per month, Hg
concentrations measured in preserved hair samples are con-
sidered temporally consistent with the recall period of
2 months used for data collected via the administered
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questionnaire. Collected samples were stored on site in la-
beled 50-mL capped conical sterile polypropylene tubes and
stored at 4 °C until lab analysis was performed.

Determination of THHg

All equipment and glassware used throughout the laboratory
analysis were soaked in 10% ultrapure HNOj; solution over-
night and rinsed three times with distilled deionized water
(ddH,0) prior to their use. In preparation for total Hg analysis,
each collected hair sample was removed from the stored tube
using acid-pretreated sterilized stainless steel tweezers and
placed in precleaned acid-treated 50-mL conical tubes. Each
sample was then rinsed several times with acetone followed
by rinsing five times with ddH,O to remove contaminants.
The samples were then oven-dried at 100 °C for 2 h. Once
dried, each hair sample was subdivided into three samples
using precleaned stainless steel scissors in preparation for
the microwave-acid-assisted digestion. Obtained samples
were transferred to a high pressure and temperature Teflon-
microwave reaction vessel followed by the addition of 5 mL
of 65% HNO;. The vessels were then left open under a fume
hood for 30 min prior to digestion. Vessels were then sealed
and placed in the microwave oven where samples were
digested using a three-step program: (1) room temperature
(RT) t0 200 °C, (2) holding at 200 °C for 30 min (pressure < 10
bars), and (3) bringing to RT. The digests were then placed
into precleaned 50-mL volumetric flasks where 30 mL of
K,Cr,07 (6% m/v) were added and left open under a fume
hood for 2 h to ensure complete Hg reduction. Hydroxylamine
chloride solution (7.5 mL) (20% m/v) were then added slowly
into each volumetric flask so as to minimize any foaming and
loss of sample. Finally, the volume in each flask was adjusted
to the 50 mL mark using ddH,O. To obtain matrix-matched
calibration curve, a five-point calibration curve with standards
ranging from 0 to 8 pg Hg/L was prepared using a 1000 pg
Hg/L stock solution (Hach Lange GmbH, Germany) as de-
scribed (Obeid et al. 2011). Each standard solution was sub-
jected to the same procedure as described above for the col-
lected samples. Quantitation of total Hg in each sample was
conducted in a graphite furnace atomic absorption spectrom-
eter equipped with a vapor generation accessory (M-series
Atomic Absorption Spectrometry with VP100, Thermo
Scientific, USA).

Quality assurance and control

All specimens were run in batches that included subsamples,
digestion blanks, matrix-matched standard calibration curves,
as well as Certified Reference Material (CRM IAEA-086
methylmercury, total Hg in human hair, obtained from the
International Atomic Energy Agency, Austria) to test the va-
lidity of all protocols used. All samples were analyzed in

triplicate, and the mean THHg was reported for each sample.
Digestion blanks were used randomly between samples to
check for any cross-contamination that might occur from sam-
ple to sample. In addition, software programming of periodic
analysis of standards from the curve was used to test for any
instrumental variations during the analysis. The minimum per-
cent CRM recovery from all batches was 90.4%, and the rel-
ative standard deviation (Rsd) was 1.27%. The detection limit
for total mercury in hair was 14 ng/g. Whenever the values for
hair Hg were below the limit of detection (LOD), a fill value
equal to the batch-specific LOD divided by the square root of
2 was used (Taylor 1987).

Health risk assessment

Health risk assessment was performed according to the EPA
model (USEPA 1989). A health risk, expressed as the hazard
quotient (HQ), was calculated based on the comparison of
estimated Hg exposure to the reference dose (RfD). The RfD
is a reliable risk-characterization tool derived from animal
testing and broadly used as a measure of the acceptability of
population exposure levels. RfD is also used to guide risk
managers and policy makers on related decisions ranging
from fish consumption advisories to air emission regulations.
For noncarcinogenic effects, an HQ exceeding 1.0 usually
indicates a potential health risk. Exposure to Hg was estimated
based on collected data on fish dietary intake and based on fish
Hg concentrations previously determined (Obeid et al. 2011).
The total Hg daily exposure dose (HgD) from ingestion of the
different types of fish was calculated according to the US
Agency for Toxic Substances and Disease Registry
(ATSDR) guidelines (ATSDR 2005) as follows:

15
> (C; x IR; x EF x CF)

HoD — i=1
&= Bw b
HO — Hgo
RfD
where

C Arithmetic mean concentration of mercury in each type
of fish (ug/g)

IR Ingestion rate for each type of fish (g/day)

EF  Exposure factor (unitless); since the fish intake rate is a
daily average, the exposure factor is equal to 1

CF  Conversion factor; since both C and IR are expressed in
grams of fish, CF is equal to 1

BW  Collected individual body weight (kg)

RfD  EPA’s mercury reference dose (0.1 ng/kg BW/day)

Exposure to Hg was also estimated based on THHg as
compared to the EPA hair Hg reference value of 1 pg/g
(USEPA 1997).

@ Springer
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Statistical analysis

Descriptive statistics for age, gender, education, and socioeco-
nomic status were calculated to describe the study population.
Both the arithmetic mean and the geometric mean (GM), and
standard deviations, were used for normally distributed con-
tinuous variables, and percentages were used for categorical
variables. The distribution of THHg was described by calcu-
lating the mean, 95% confidence interval, and range. The per-
centage of participants who had a THHg above the EPA ref-
erence dose (1 pg/g) was also determined. ANOVA was con-
ducted to test for differences in mean hair Hg concentrations
across demographic and exposure subgroups, and Pearson’s »
was computed for correlation between THHg, fish intake, and
the HQ. A multivariable linear regression was used to evaluate
the impact of fish consumption rates on hair Hg concentra-
tions adjusting for potential confounders, including socioeco-
nomic status, occupational Hg exposure, dental amalgam, hair
dyes, flu vaccination, and use of skin lightening creams. All
variables with a p value <0.1 at the bivariate level were en-
tered in the multivariable linear regression model. The nor-
mality assumption of the residuals was assessed by the
Kolmogorov-Smirnov normality test. All analyses were con-
ducted using the Statistical Package for Social Sciences (SPSS

version 23.0 for Windows). All tests were two-tailed, and a p
value <0.05 was considered statistically significant.

Results and discussion
Descriptive characteristics of the study sample and THHg

Descriptive characteristics of the study sample and bivariate
analysis for THHg with covariates are summarized in Table 1.
The arithmetic mean THHg for the entire study population
was 0.68 ug/g (95% CI 0.61-0.75; range 0.01-2.33 ng/g),
and the geometric mean (GM) was 0.43 pg/g (95% CI 0.35-
0.53). THHg exceeded the EPA reference dose of 1 pg/g in
19.3% of study participants. The average body weight was
63 kg. Thirty-nine percent of the participants were from the
Beirut campus. Twenty participants (12%) dyed their hair in
the last 60 days prior to the study, 10 (6%) had a flu vaccine in
the last 6 months, 23 (14%) had dental fillings with amalgam,
and 12 (7%) reported using a skin lightning cream. In addi-
tion, 24 (15%) reported awareness of a recent Hg exposure.
Results showed a significant association between THHg
and campus location. Participants attending the campus in
the northern part of the country showed significantly higher

Table 1 Baseline characteristics

and associations with total hair Number  Percent Geometric mean  Arithmetic mean SD p value®
Hg Levels (ng/g)

Total 166 043 0.68
Gender

Female 131 78.9% 0.48 0.70 0.43

Male 35 21.1% 0.29 0.63 0.47 0.458
Fish diet

No 24 14.5% 0.45 0.59 0.34

Yes 142 85.5% 0.43 0.70 0.46 0.278
Dental filling

No 143 86.1% 0.43 0.69 0.46

Yes 23 13.9% 0.49 0.62 0.34 0.438
Skin lightning cream

No 154 92.8% 0.43 0.68 0.44

Yes 12 7.2% 0.49 0.73 0.44 0.693
Flu vaccine

No 156 94.0% 0.43 0.68 0.45

Yes 10 6.0% 0.54 0.67 0.36 0918
Hair dye

No 146 88.0% 0.42 0.68 0.44

Yes 20 12.0% 0.55 0.73 0.45 0.641
Exposure awareness

No 104 62.7% 0.36 0.65 0.44

Yes 24 14.5% 0.54 0.71 0.47

Not sure 38 22.9% 0.62 0.74 0.42 0.556
Family monthly income

<2000$% 90 57.7% 0.51 0.74 0.46

>2000% 66 42.3% 0.34 0.62 0.42 0.091
Campus location

Beirut campus 65 39.2% 0.22 0.50 0.38

North campus 101 60.8% 0.67 0.80 0.44 <0.001

Pearson’s r Mean SD p value

Body weight (kg) 0.10 62.79 1263 0.184

? p values from independent samples ¢ test, one-way ANOVA, or Pearson’s r
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hair Hg concentrations compared to participants from the cap-
ital city Beirut (0.80 vs. 0.50 pg/g, p value < 0.001).

Fish consumption, HQ, and THHg

Results showed that 85% of the total sample consists of fish
consumers. When exploring the association between amounts
of fish consumption for the different species and THHg, we
found that participants who consumed greater quantities of
rabbitfish/spinefoots (Jarbidi/Abou Shawki) show higher
THHg (r=0.27; p = 0.001). Associations with all other types
of fish were not statistically significant (Table 2).

We also computed the HQ based on fish consumption
amounts and previously obtained local fish Hg concentrations.
The mean HQ was 1.62 (SD = 1.79; range 0-13.69), and
60.8% of participants had an HQ >1. No significant correla-
tion was found between HQ and THHg (» = 0.038; p = 0.644).

Multivariable analysis

Family’s income, campus location, and rabbitfish/spinefoots
(Jarbidi/Abou Shouki) consumption had a p value <0.1 at the
bivariate level and were therefore adjusted for in the multivar-
iable linear regression model predicting hair Hg concentra-
tions. Interactions between fish consumption and campus lo-
cation were found to be not statistically significant. In the
adjusted model, campus location (North vs. Beirut:
B = 0.255, 95%CI 0.121-0.388) and rabbitfish/spinefoots

consumption (§ = 0.016, 95%CI 0.004—0.027) remained sig-
nificant predictors of THHg (adjusted 7* = 0.135). The p value
of the Kolmogorov-Smirnov normality test of the residual was
0.2, indicating that the normality assumption of the residuals
for the linear regression holds.

Discussion

The World Health Organization considers Hg among the top
ten chemicals of major public health concern (WHO, UNEP
2008). Fish and seafood consumption pose a major health risk
due to its Hg content. This study assessed health risk in a
population of Lebanese young adults based on THHg and fish
consumption habits. Consumption of the Mediterranean
rabbitfish/spinefoots, and geographical location, were the
most significant predictors of THHg in the studied population.
Our results support findings from earlier studies, indicating
that hair Hg is influenced by fish intake (Bjornberg et al.
2005; Morrissette et al. 2004).

Several aspects of our findings need to be emphasized. First,
both the arithmetic mean and the GM THHg in the study pop-
ulation (0.68 and 0.43 pg/g, respectively) were generally higher
than those reported in North American populations; the mean
hair Hg concentration was 0.37-0.59 pg/g in a group of 211
men and women from lakeside communities in Quebec, Canada
(Abdelouahab et al. 2008), and 0.25 pg/g in a subgroup of 159
young adults aged 18-24 years in the State of Florida (Traynor

Table 2 Hair Hg levels (ug/g)

correlation with mean fish Species Mean consumption SD Pearson’s r p value
consumption (g/day) according to
species Fresh fish
Shrimp 7.83 9.64 0.11 1.18
Yellowstripe barracuda 422 7.39 -0.01 0.95
White seabream 1.75 5.08 0.11 0.17
Bogue 2.1 5.03 0.11 0.17
Gilt-head seabream 5.36 8.38 0.09 0.26
Sand smelt 4.00 7.06 —0.06 0.42
Rabbitfish/spinefoots 1.91 5.66 027" 0.001
European pilchard 2.47 6.71 0.03 0.71
Parrot-fish 1.52 477 0.03 0.72
Yellow goatfish 3.50 6.66 —0.1 0.22
Canned fish
Tuna 14.81 18.7 —0.06 0.45
European pilchard 3.69 8.52 —0.08 0.33
Salmon 6.38 9.39 —-0.06 0.42
Frozen fish
Fillet and fingers 4.36 721 0.01 0.93
Other 6.00 12.07 —-0.09 0.26
Total fish consumption 71.41 71.42 0.05 0.56

*p < 0.05
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et al. 2013), while the GM hair Hg concentrations was 0.2 pug/g
in a US nationwide study of 1726 women of childbearing age
(McDowell et al. 2004). Our reported mean THHg was also
higher than that reported for a community in North East India
(mean = 0.28 pg/g) (Masih et al. 2016), and for women in
Southern Iran (mean = 0.37 pg/g) (Barghi et al. 2012). In con-
trast, the mean THHg found in our studied group was lower than
that found in various Asian populations, including Asians living
in Chicago (GM = 0.58 pg/g) (Buchanan et al. 2015), Asian-
Taiwanese women (mean = 1.73 pg/g) (Chien et al. 2010), and a
Japanese population (mean = 2.02 pug/g) (Nakagawa 1995).
This may be explained by the fact that these populations are
characterized by higher dietary fish consumption. At the same
time, compared to communities living in close proximity to the
Mediterranean coast, Lebanese young adults had much lower
mean THHg compared to that of Tunisian young adults living in
Sfax (mean = 6.2-6.7 pg/g) (Mezghani-Chaari et al. 2011),
Moroccans (GM = 1.79 pg/g) (Elhamri et al. 2007), and
Greek women (mean = 1.36 ug/g) (Gibicar et al. 2006). In
addition, THHg in Lebanese was higher than that in young
adults living in Northern Egypt (mean = 0.23 ng/g) (Mortada
et al. 2002), but almost equal to young and middle-aged adults
living in Naples, Italy (mean THHg = 0.63 ng/g) (Diez et al.
2008). Interestingly, at the level of dietary habits, our studied
group shows levels of fish consumption similar to that of studied
Italian groups (71 g/day vs. 86 g/day) (Brambilla et al. 2013),
which may explain the similarity in hair Hg levels.

Second, our results identified a positive association be-
tween consumption of Mediterranean rabbitfish/spinefoots
and THHg. This association mirrors previous findings which
reported, in the same geographical locations, rabbitfish/
spinefoots to have significant Hg concentrations (Obeid
et al. 2011). Previous Mediterranean studies have identified
other edible species, such as the annular seabream
(D. annularis) and the European flounder (P. flesus) as con-
tributors to Hg health risk (Maulvault et al. 2015; Mezghani-
Chaari et al. 2011; Spada et al. 2012). In addition, studies on
trace elements contamination did not identify a risk contribu-
tory role for Mediterranean tuna consumption (Di Bella et al.
2015), which is supported by our findings in this study.

Third, our results do not show gender differences in THHg
or risk indicators as opposed to previous reports that consid-
ered gender as one of the important variables influencing Hg
content of hair (Mortada et al. 2002; Nakagawa 1995; Olivero
etal. 2002). This may be explained by the fact that our sample
was not gender balanced since the majority of participants
were women.

Fourth, the computed HQ did not show the same risk as-
sessment profile as compared to THHg. While the percentage
of participants having a THHg above 1 pg/g was 19%, the
percentage of those having an HQ >1 was 61%. By the same
token, HQ did not correlate with THHg. This suggests that
comprehensive fish sampling in conjunction with risk index

@ Springer

estimation and human hair Hg biomonitoring are needed
using a standardized and sustainable Hg surveillance program.
The absence of correlation between HQ and hair Hg concen-
trations may be explained by a recall bias in reporting fish
consumption, which may have potentially influenced the qual-
ity of the computed hazard quotient. At the same time, we
have no reasons to suspect a confounding effect since data
on potential confounders was collected and these were adjust-
ed for in the multivariable analysis.

Biomonitoring of Hg exposure in the studied population
using hair showed a number of advantages as a noninvasive,
fast, and credible direct exposure assessment approach that
can achieve a good response rate and can serve as the basis
for an environmental public health preventive action.
However, it is important to note that according to the US
ATSDR, hair analysis is limited by the lack of a standard
sampling procedure and potential surface contamination,
which may alter the internal validity of exposure results
(ATSDR 2003). Further, ATSDR considers that hair analysis
provides little conclusive evidence linking hair concentration
of contaminants to specific health outcomes, except in the case
of Hg exposure and fish consumption rates in women with
childbearing age. In this study, we tried to overcome this lim-
itation by following a hair sampling procedure well described
in the literature and consistent with the recall period for col-
lected data, and by accounting for other potential sources of
Hg in the final analysis. Besides hair analysis limitations and a
potential recall bias stated above, our results are not represen-
tative of the general population or the different age groups.
Subgroups of the population with higher fish consumption
habits in other geographical locations of the country may have
higher hair Hg concentrations. This is supported by our results
showing statistically significant higher THHg in participants
from the Northern Governorate compared to Beirut, a more
central coastal city. The observed geographical differences in
hair Hg concentrations may be explained by the presence of
the Chakka cement plant, a potential source of Hg emission
north of the country. This requires further investigation.
Another limitation of the study is the utilization of THHg
instead of MeHg, the most toxic form of the element.
However, it is generally embraced that the total mercury ana-
lyzed in hair among fish consumers consists mainly of MeHg
(Cernichiari et al. 1995).

Conclusions

In conclusion, this is the first study examining hair Hg levels
in relation to fish consumption in a young adult Lebanese
population. Globally, there is a call for Hg surveillance partic-
ularly in low- and middle-income countries (Sheehan et al.
2014). The challenge of accurately estimating Hg exposure,
particularly from fish consumption, lies in the ability to
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account for variations in fish consumption, Hg concentrations
between fish species, and in geographical locations (Smith
and Sahyoun 2005). Our findings highlight the need for a local
fish advisory for Lebanon and constitute valuable baseline
data for monitoring Hg exposure in the population.
Biomonitoring programs in particular will provide an addi-
tional dimension to national surveillance and can assist in
tailoring mitigation and adaptation strategies such as dietary
advice and Hg risk communication (Knobeloch et al. 2011).
However, the challenge for public health practitioners remains
in the ability to identify a balance between benefits and risks
from fish consumption.
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