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Abstract In the framework of a National Environmental
Radiation Survey Program, a total of 950 samples were col-
lected and analyzed over 7 years. The program covers differ-
ent compartment of Lebanese environment, rivers, wells, ma-
rine samples, soil, and foodstuff. Air was monitored continu-
ously through a radiation early warning network system. Data
collected from 2009 to 2015 are presented in this work. Gross
alpha/gross beta values in well samples were below the guid-
ance levels stated by the WHO. Cesium-137 was detected in
milk samples, whey, and jam. However, its content was much
lower than the national permissible level, while its activity
concentration in marine samples was lower than the values
reported in studies carried out in the Mediterranean Sea. The
activity concentration of 40K in food samples was comparable
to studies carried out in neighboring countries and higher than
the content determined in non Mediterranean countries.
Concerning marine environment, the activity concentrations
of natural radionuclides 238U, 232Th, and 40K were compara-
ble to those reported in other studies carried out in different
countries. As well as their content in rivers and sediments was
lower than those reported in neighboring region. Potassium-
40 in food and 210Po in fish were the main contributors to the
internal dose. The average annual effective dose due to exter-
nal exposure and internal, excluding radon gas which consti-
tutes around 43% of the total dose, was found to be lower than
the total worldwide value, 2.4 mSv year−1. Iodine-131 was
detected in grass samples, collected in 2011 during

Fukushima accident; its content ranged from 0.40 ± 0.06 to
0.9 ± 0.1 Bq kg−1, as well as 137Cs was detected in some
seafood samples imported from Japan and neighboring coun-
tries. Its activity concentration varied between 0.15 ± 0.04 and
0.40 ± 0.02 Bq kg−1.

Keywords Environmental radiationsurveyprogram .Gamma
spectroscopy . Alpha spectroscopy . Liquid scintillation
counter . Radiation baseline levels . Annual effective dose

Introduction

In the framework of the main mandates of the Lebanese
Atomic Energy Commission (LAEC), the Environmental
Radiation Control Department has established in 2007 a
National Environmental Radiation Survey Program to
control natural and artificial radioactivity levels, in the
different components of the Lebanese environment in
order to assess population exposure, set radiation base-
line levels, and detect any accidental radioactivity due to
the release that could reach the country from any abroad
nuclear accident, as well as to plot the trend of radioac-
tivity levels over time. All living organisms are continu-
ously exposed to ionizing radiation coming from both
natural and artificial radionuclides. The received dose
could be internal or external. About 85 % of this dose
is due to natural radiation (Dołhańczuk-Śródka 2011)
originating mainly from the primordial radionuclides,
such as 238U and 232Th and their decay products, as well
as 40K. These are present at trace levels in all ground
formations (Awudu et al. 2012). However, their concen-
tration in soil, sands, and rocks varies from region to
another depending on local geographical and geological
factors. Their existence in biotic system of plants,
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animals, water, and air could be a significant contributor
to the ingestion dose. Food crops could be subjected to
elevated activity concentration of naturally occurring ra-
dionuclides (NORM) due to the use of fertilizers (Awudu
et al. 2012). Man-made or anthropogenic radionuclides
have been released to the environment by different nu-
clear activities. In the period 1950s–1960s, they were
produced from nuclear weapons testing as global and
local fallout, and then they were emitted from nuclear
accidents, such as Chernobyl and Fukushima accidents
(Andoh et al. 2015). Cesium-137,134Cs, 90Sr, 89Sr, and
131I are artificial radionuclides that may be transported
with the radioactive plume for long distances across
boundaries away from the accident zone. They could be
deposited by fallout over soil and plants and then trans-
ferred to the food chain. Therefore, with the widespread
use of radiation, measurement of natural and artificial
radioactivity content in different environmental compo-
nents is very important to maintain control of dominating
radiation levels, and many countries had conducted envi-
ronmental radiation survey programs. In Lebanon, many
studies have been carried out to determine the radioac-
tivity levels. In the period 1998–2000, cesium-137 was
analyzed in soil samples in order to study the fallout one
decade after Chernobyl accident (El Samad et al. 2007).
Natural and artificial radioactivity was determined in
Lebanese soil and radioactive carts were established (El
Samad et al. 2013). Natural radioactivity was determined
in building materials (Kobeissi et al. 2008; Kobeissi
et al. 2013). Gamma emitters were analyzed in food
samples representing the market basket of an adult urban
population in Beirut (Nasreddine et al. 2008). Polonium-
210 and 210Pb were analyzed in fish (El Samad et al.
2010). Recently, an investigation of radiological impact
on coastal area around a fertilizer industry was carried
out (El Samad et al. 2014; Aoun et al. 2015). Hence, it
was essential to establish a national environmental radi-
ation monitoring program that covers various compart-
ments of the Lebanese environment, in order to complete
the work carried out and to establish radiological data-
base over years. This should cover food stuff to assess
public ingestion dose due to food intake, as well as ma-
rine environment and rivers in order to set radioactivity
baseline levels. As well as air monitoring and radioactiv-
ity in soils should be determined for external public dose
assessment. For this purpose, gamma emitters were de-
termined in various foodstuff samples representing the
main constituents of the Lebanese diet, also the surveys
covers two rivers, marine samples from three coastal cit-
ies, soil, and air monitoring. Six wells were monitored.
Gross alpha/gross beta, radium, and uranium isotopes
were determined. In addition to gamma emitters, 210Po
and uranium isotopes are analyzed in some selected

samples. Results obtained during 7 years were discussed
in this work.

Materials and methods

Sampling

The sampling campaign executed in 2009, covered 65 sam-
ples. Sampling was carried out periodically and extended with
years to cover more commodities and species. In 2015, a total
of 950 samples were analyzed over 7 years. Sampling plan is
presented in Table 1.

Most of the foodstuff samples were collected from local
markets taking into account the main constituents of the
Lebanese diet (Nasreddine et al. 2008). These include vegeta-
bles and fruits, milk and dairy products, meat, and processed
goods. No concern was given to the provenance or country of
origin, except for wheat grain where samples imported from
different countries were analyzed in addition to local origin
wheat.

Marine environment samples, beach sand, and sediment
and seawater samples were collected twice a year from three
main coastal cities, Saida, Beirut, and Tripoli. Benthic and
pelagic marine fishes were collected from the fresh catch sold
in the local markets. The chosen species were mostly con-
sumed by the majority of the Lebanese population. Two riv-
ers, situated at south Lebanon (river 1) and north Lebanon
(river 2) were selected for monitoring; fresh water and sedi-
ment samples were collected. Soil samples were collected
from uncultivated areas. While for groundwater, six wells sit-
uated at the coastal area south the Capital Beirut were
monitored.

Table 1 Sampling plan

Matrix Radionuclide Frequency

Vegetables and fruits Gamma emitters 1/year

Processed foodstuff Gamma emitters 1/year

Milk and dairy products Gamma emitters 1/year

Wheat and grains Gamma emitters 1/year

Meat and chicken Gamma emitters 1/year

Groundwater Gamma emitters, gross
alpha/gross beta, uranium
isotopes, 226Ra

1/year

Fresh water and river
sediment

Gamma emitters 1/year

Seawater Gamma emitters, uranium
isotopes

2/year

Beach sand Gamma emitters, 210Pb 2/year

Sea sediment Gamma emitters, 210Pb, 210Po 2/year

Fish Gamma emitters, 210Pb, 210Po 2/year
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Concerning air monitoring, three locations were selected
for daily ambient dose determination; by the mid of 2013,
20 locations were monitored continuously through the estab-
lishment of radiation early warning network system. The dis-
tribution of the stations along the Lebanese territory is pre-
sented in Fig. 1. This network system is consisted of 20 dose
rate meters with Geiger Muller tubes that record dose rate
continuously and transmit data to the central station via
SMS or binary messages that are converted to digital quanti-
ties. These data are checked, controlled, and managed perma-
nently to ensure proper function of the system.

Sample preparation

The standard sample preparation procedures were applied
(IAEA 295, 1989) depending on required radionuclide and
the technique used for analysis. For gamma spectroscopy
measurements, solid samples were crushed and homogenized.
Sand and sediment samples were dried at 85 °C for minimum
of 24 h, and then dry/wet ratio was calculated (El Samad et al.
2013). All samples were prepared in the adopted counting
geometry, 500 ml polyethylene cylindrical container. For the
determination of 137Cs in seawater, precipitation was carried
out using ammonium molybdophosphate (AMP). 134Cs was
added as tracer in order to determine the chemical yield. The
obtained precipitate was dried before the measurement by
gamma spectroscopy (Kim et al. 2012).

Radiochemical separation was applied to extract the alpha
emitters of interest. For 210Po analysis, wet digestion of the
sample was carried out in presence of 208Po as tracer, followed
by evaporation, dissolution of the moist residue, and finally
deposition on a rotating silver disk. Ascorbic acid was added
during dissolution to reduce iron (III) and eliminate its inter-
ference during deposition (Suriyanarayanan et al. 2008).
Uranium isotopes are chemically separated by precipitation
using KMnO4 and MnCl2 in alkaline medium, after addition
of 232U as tracer. Then, dissolution in acidic mixture and evap-
oration to near dryness was applied. The moist residue obtain-
ed was dissolved in HCl and introduced to an anion exchange
column. The fraction obtained was evaporated and the
resulting moist residue was dissolved in ammonium sulfate
solution. Then electrodeposition on a stainless steel disk was
carried out.

For gross alpha/gross beta determination in groundwater,
samples were acidified, evaporated (Fons et al. 2013), then an
aliquot of 8 ml was mixed with 12 ml Hisafe 3 scintillation
cocktail in a plastic vial.

Measurement

A standard method (IEC 1452: 1995) was applied for the
measurement and analysis of gamma emitter’s radionuclides,
using three sets of gamma spectrometers with high-purity (P-

type) coaxial germanium detectors (HPGe) of relative effi-
ciency 30, 40, and 50 %. The gamma spectroscopy laboratory
is accredited according to ISO/IEC 17025 standard for testing
and calibration laboratories. The detectors were connected to
standard electronics and the spectra were accumulated in an
8K multichannel analyzer. HPGe detectors were housed in a
10-cm thick lead shield in order to reduce the background and
by a 0.5-cm copper layer to attenuate X-rays emitted by the
lead shield. The energy calibration of the spectrum was done
using a standard multigamma source; the efficiency calibra-
tion was performed. Efficiency curves were corrected for at-
tenuation and absorption (Kobeissi et al. 2008). Quality con-
trol procedure was applied through the measurement and anal-
ysis of different reference materials representing the routinely
analyzed samples. The background spectra were measured
periodically under the same conditions of sample measure-
ments and were used to correct the calculated sample activi-
ties. The sample counting time ranged from 36 to 48 h. The
spectra were analyzed offline using the Genie 2000 software
from Canberra Version V3.1a. The uncertainty was calculated
using error propagation law taking into account all sources of
uncertainties. The 238U was determined from the gamma line
of its daughter 234mPa at 1001.03 keV, as well as 232Th via
228Ac at 911.2 keV. The 226Ra was determined from its gam-
ma line at 186.2 keVafter correction for 235U interference. The
total count of the peak 186 keV is built up from counts of 235U
and 226Ra. The correction method applied consists to calculate
the activity concentration of 235U from the gamma line
163.3 keV, and then this activity is used to calculate the net
peak area corresponding to 235U at the gamma line 185.7 keV,
that is subtracted from the total net peak area at 186 keV. The
remaining net peak area is used to calculate the activity con-
centration of 226Ra (Völgyesi et al. 2014). The 137Cs and 40K
were determined directly from their corresponding gamma
lines at 661.6 and 1460.8 keV, respectively (El Samad et al.
2007), as well as 210Pb was determined directly from its gam-
ma ray energy 46.5 keVusing low-level extended range HPGe
detector with Beryllium window.

For the measurement of alpha emitters, silver and stainless
steel disks were counted using alpha spectrometer with pas-
sivated implanted planar silicon detectors of resolution 10.5 at
5486 keV, active area 450 mm2, mounted in a vacuum cham-
ber, and connected to standard electronics to display spectra.
Energy calibration was carried out using multialpha source.
For quality control purposes, adopted working procedures for
chemical separation were applied to reference materials. The
spectra of Po-210 measurements showed its peak at 5.15MeV
and tracer Po-208 peak at 5.3 MeV, while spectra of uranium
measurements showed the presence of three peaks at 4.2, 4.8,
and 5.3 MeV corresponding to 238U, 234U, and tracer 232U,
respectively. The activity concentrations were calculated and
corrected for chemical recovery and for radioactive decay
starting from sampling time.
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A low-level liquid scintillation counter, Tri-Carb 3180 TR/
SL, was used for the determination of gross alpha/gross beta
and 226Ra in water samples; the counting system is composed
of two photomultiplier tubes (PMT), amplifier, analog to dig-
ital convertor (ADC), multichannel analyzer (MCA), and a PC

to display spectra via Quanta Smart program. The whole elec-
tronic components are surrounded by a lead shield. The Tri-
Carb 3180 incorporates a programmable time resolved elec-
tronics that, in addition to the incorporated Bismuth
Germanate detector Bi4Ge3O12 and the pulse shape analyzer

Fig. 1 Distribution of the radiation early system along Lebanese territory
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(PSA), reduce to the minimum the background interference
and discriminate the true beta events.

In 2013, a radiation early warning network system, from
SaphymoCompany, was installed to monitor continuously the
dose rate in air at 20 locations distributed along the Lebanese
territory and to detect any abnormal radiation levels.

Dose estimation

Dose estimation was carried out taking into account the exter-
nal exposure from air and terrestrial radiation, as well as inter-
nal exposure via ingestion, excluding inhalation due to radon
exposure which constitutes 43 % of the total dose (UNSCEAR
2000). The absorbed dose, D (nGy h−1), from natural and arti-
ficial radionuclides in soil was estimated as described in
UNSCEAR 2000, then the annual effective dose (μSv year−1)
was calculated taking into account the conversion factor
0.7 Sv Gy−1 and the occupancy factor 0.2 that specifies the
fraction of total time spent outdoors (El Samad et al. 2013),
while the exposure from air was measured at 1 m above
ground, through the radiation early network warning system.

In order to assess the radiation risk from food ingestion, the
annual effective dose was calculated according to Eq. (1), tak-
ing into account the conversion factor for a given radionuclide
(r) and the annual consumption rate of a specific kind of food
( f ) (Nasreddine et al. 2008).

Drf ¼ CrArfR f ð1Þ

where Drf is the annual effective dose (Sv year−1), Cr is the
conversion factor for a given radionuclide (r) (Sv Bq−1), Arf is
the massic activity of radionuclide in food (Bq kg−1), and Rf is
the annual consumption rate of food (kg year−1). The main
contributors in the internal radiation dose due to food ingestion
were 40K in foodstuff samples and 210Po in fish, having conver-
sion factors for adults of 6.2 × 10−9 and 1.2 × 10−6 (GSR 2014).

Monitoring Fukushima accident

During the Fukushima accident, grass and rain water samples
were collected at the end of March 2011, from different loca-
tions along the Lebanese territory. This was carried out upon
live tracking of the radioactive plume movement through the
international stations of the Comprehensive Nuclear-Test-Ban
Treaty Organization (CTBTO) that simulates the path of the
plume taking in consideration the weather conditions. At the
end of March 2011, 131I was detected in Greece and Lebanon.
Analysis was carried out in order to detect any artificial radio-
nuclides resulting from the plume. All seafood goods
imported from Japan and its neighboring countries were

subjected to radiation survey, under a circumstantial national
decree.

Statistical analysis

Analysis of variance test, two-way ANOVA was applied in
order to study the variation between the data obtained. This
is based on comparison of means between groups and deter-
mines whether any of those means significantly differs from
each other. The statistical test was carried out to study the
variation of data between species, years, and locations.

Results

Food samples

Among artificial radionuclides, only 137Cs was detected in
foodstuffs; however, its content in the majority of samples,
analyzed over 7 years, was below the minimum detectable
activity (MDA = 0.2 Bq kg−1), and hence, its content in veg-
etables and fruits is lower than that reported in neighboring
countries (Canbazoğlu and Doğlu 2013; Alhajj et al. 2014).
As well as the activity concentrations of 137Cs was lower than
values stated in studies carried out in nonMediterranean coun-
tries such as India and Nigeria (Rao et al. 2010; Tchokossa
et al. 2013) and lower than pre-Fukushima 137Cs levels de-
tected in food samples in Japan (Merz et al. 2015). The activ-
ity concentration in milk powder samples ranged between
0.40 ± 0.06 and 1.7 ± 0.08 Bq kg−1; these samples are
imported from the European countries mainly affected by
Chernobyl accident in 1986. Values were comparable to those
stated in other studies (Ababneh et al. 2010; Pearson et al.
2016). Cesium-137 was detected in one coffee sample with
activity concentration of 0.5 ± 0.07 Bq kg−1. Higher 137Cs
content was found in a brand jam and a whey sample,
2.5 ± 0.1 and 5.24 ± 0.13 Bq kg−1, respectively. However,
all determined values were much lower than the maximum
national permissible levels, 50 Bq kg−1 for milk and
150 Bq kg−1 for other products. In 2014, two samples of a
local jam brand showed unexpected 137Cs activity of concen-
tration of 23.17 ± 0.43 and 42.77 ± 0.84 Bq kg−1. After inves-
tigation, it was found that these values are attributed to the
high cesium content in main raw materials used, the berry,
imported from Poland. The detected 137Cs values were com-
parable to those found in berry samples analyzed in Poland
(Gwynn et al. 2013). However, values are below the defined
national permissible levels for artificial radionuclides. The
activity concentration of 137Cs in some species is presented
in Fig. 2.
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The significant natural radionuclide determined in food
samples was 40K. ANOVA test showed that its activity con-
centration varied significantly between matrices but still com-
parable over years within same species, and no significant
variations were found, as well as values obtained were com-
parable to those reported by previous studies and to values
found in other countries (Nasreddine et al. 2008; Basu et al.
2015). The lowest content was found in juice and beer; values
ranged between 2.25 ± 0.66 and 9.46 ± 1.00 Bq kg−1. While
its activity concentration in vegetables ranged from
48 ± 2 Bq kg−1 in lettuce to 254 ± 6 Bq kg−1 in parsley, values
were comparable to those determined in neighboring country
(Al-Masri et al. 2004a) and lower than those reported in other
studies carried out in the Middle East region (Al-Absi et al.
2015; Harb 2015). However, it was found that this content was
higher than that determined in non Mediterranean countries
(Tchokossa et al. 2013). Its activity concentration in fruits
v a r i e d be tween 30 ± 2 Bq kg − 1 i n app l e and
217 ± 8 Bq kg−1 in avocado, values comparable to the range
stated in other researches carried out in the region (Al-Masri
et al. 2004a; Harb 2015) and higher than those reported by
other regions in the world (Tchokossa et al. 2013). The deter-
mined activity concentrations of 40K in fruits and vegetables
were presented in Fig. 3. In milk powder samples, the activity
concentration of 40K ranged from 100 ± 2 to 650 ± 20 Bq kg−1

depending on the country of origin. Values were comparable
to those reported in other countries (Ababneh et al. 2010). The
average activity concentration of 40K in coffee was found to
be 640 ± 18 Bq kg−1, a value lower than that reported in other
countries (Roselli et al. 2013) while that in tea was
700 ± 20 Bq kg−1 slightly higher than that found in other
studies (Harb 2007). However, these values were comparable
to those determined in neighboring countries (Al-Masri et al.
2004a). Potassium-40 content in grains varied from
26 ± 1 Bq kg−1 in rice to 460 ± 13 Bq kg−1 in beans, a range
slightly wider than the range reported in other countries (Al-
Masri et al. 2004a).

Marine samples

The activity concentration of 137Cs in all seawater samples
collected from the three locations over 7 years was lower than
0.3 mBq l−1, and hence lower than values reported by other
studies carried out at the Mediterranean Sea (Livingston and
Povinec 2000; Alhajj et al. 2014). As well as its activity con-
centration in sediment and beach sand was lower than
MDA = 0.2 Bq kg−1.

Among natural radionuclides, the content of 238U, 232Th,
and 40K was comparable in sediment and sand samples and no
significant variation was detected. As shown by ANOVA test,
values were comparable for the three sampling sites, as well as
over years. The activity concentration of 238U ranged from 25
to 35 Bq kg−1, a value comparable to worldwide average,
35 Bq kg−1 (UNSCEAR 2000). The content of 232Th was
lower than worldwide average value, 30 Bq kg−1, and compa-
rable to those reported in other countries on the Mediterranean
Sea (Kut and Berker 2014). It varied between 2 ± 0.1 and
4.0 ± 0.2 Bq kg−1, while activity concentration of 40K ranged
from 8.0 ± 0.7 to 37 ± 2 Bq kg−1, values lower than worldwide
average, 400 Bq kg−1, and comparable to other studies (El-
Saharty 2013). Among natural radionuclides in seawater, 40K
content was comparable over years within the same location
and no significant variation was found. The lowest values
were found in Saida in a range of 12 ± 1 to 15 ± 1 Bq kg−1.
These are comparable to those found in other countries
(Petrinec et al. 2012; El- Saharty 2013). Higher values were
determined in Beirut within a range of 38 ± 2 to
42 ± 2 Bq kg−1. Samples collected from Tripoli showed max-
imum activity concentration of 40K, which varied between
85 ± 3 and 96 ± 3 Bq kg−1. As shown by ANOVA test, there
was significant variation between sampling locations. This
could be attributed to the presence of sewage outlet or local
discharges. Uranium isotopes were determined in seawater;
applied statistical test showed that the values were comparable
between locations as well as over years and no significant
variation was detected. Uranium-238 content ranged from
32 ± 2 to 57 ± 4 mBq l−1, while that of 234U varied between
37 ± 2 and 68 ± 5 mBq l−1. These values were comparable to
the data reported in previous studies (El Samad et al. 2014).

The activity concentration of 137Cs in fish samples was
found to lie below MDA equal to 0.13 Bq kg−1 dry weights
in most species. For comparison, its content was lower than
values detected in neighboring countries (Alhajj et al. 2014)
and in New Zealand (Pearson et al. 2016), as well as in North
Atlantic ocean (Carvalho et al. 2011). However, one sample of
Siganus rivulatus collected from Tripoli showed a value of
1 ± 0.13 Bq kg−1dry weights while the same species collected
from other areas showed activity concentration below MDA.

Concerning natural radioactivity in fish samples, ANOVA
test showed that the activity concentration of 40K was compa-
rable between sampling locations, over years, as well as

Fig. 2 Activity concentration of detected 137Cs in foodstuff samples
(2009–2014)
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between species, and no significant variation was found. The
lowest values were 208 ± 7 Bq kg−1 dry weights detected in
Diplodus sargus , whi le the highest values were
477 ± 26 Bq kg−1 weights detected in S. rivulatus, values
higher than those reported in other countries (Carvalho et al.
2011; Khandaker et al. 2015).

The activity concentration of 210Po was comparable to
that reported in other countries (çatal et al. 2012) and
varied between 23.3 ± 0.3 and 78 ± 3 Bq kg−1 dry weights
according to species and location. Average values are rep-
resented in Table 2. Statistical test showed that there is no
significant variation between sampling locations, and spe-
cies, except on 2015, the content of 210Po varied signifi-
cantly between species. This was reflected in a significant
variation over year in one species, D. sargus. This could
be attributed to the differences in metabolism and food
intake pattern for various species, as well as the existing
anthropogenic activities in surrounding areas that could
influence the radionuclides contents in biota.

River and well monitoring

The activity concentration of 137Cs in surface fresh water
and in sediment samples collected from two rivers was

below 0.3 mBq l−1 and lower than that reported by neigh-
boring countries (Alhajj et al. 2014). The content of 40K
in fresh water was below MDA, while its activity concen-
tration in sediment samples was comparable over years
and no significant variation was recognized. The average
values were 40 ± 2 Bq kg−1 in river 1 located in south
Lebanon and 68 ± 2 Bq kg−1 in river 2 situated at the
north. As shown by ANOVA test, the activity concentra-
tions of 232Th and 226Ra were comparable for the two
rivers, as well as no significant change over years was
detected. Their average values were 12 ± 1 and
6.0 ± 0.4 Bq kg−1, respectively. The content of the men-
tioned natural radionuclides is lower than that reported in
other studies (Al-Masri et al. 2004a).

Gross alpha in monitored wells was found below
MDA = 0.001 Bq l−1 in all samples except in one well which
was 0.070 ± 0.006 Bq l−1. The values of total beta ranged from
0.230 ± 0.002 to 0.78 ± 0.03 Bq l−1, values lower than the
maximum acceptable limits stated in WHO guidelines (WHO
2011), 0.5 and 1 Bq l−1, respectively. The activity concentra-
tion of 226Ra was comparable to MDA = 0.04 Bq l−1 in all
samples, with an average value of 0.048 Bq l−1, which is lower
than the guidance level of 1 Bq l−1 settled byWHO, while the
activity concentrations of 238U and 234U were comparable and
varied between 10.0 ± 0.5 and 17 ± 1 Bq l−1.

Dosimetry

The average annual effective doses, at 20 locations distributed
along the Lebanese territory, ranged from 0.48 to
0.77 mSv year−1. Statistical test showed significant variation
of the dose rate between stations that could be attributed to the
variation in the altitude of the location. However, data did not
vary significantly over time.

Fig. 3 Activity concentration of
40K in fruits and vegetables

Table 2 Average activity concentration (A) of 210Po (Bq kg−1) in dry
weight (dw)

Species A (Bq kg−1) in
dw at Saida

A (Bq kg−1) in
dw at Beirut

A (Bq kg−1) in
dw at Tripoli

Diplodus 40 ± 2 20 ± 1 36 ± 2

Siganus rivulatus 22 ± 1 25 ± 1 29 ± 1

Pagellus erythrinus 32 ± 1 30 ± 1 33 ± 2

Mugil p. 14 ± 1 20 ± 1 17 ± 1

2016 Environ Sci Pollut Res (2017) 24:2010–2018



The average external dose due to terrestrial radiation, cal-
culated in areas where 70–80 % of the Lebanese population
lived, was found to be 0.066 mSv year−1, a value lower than
the worldwide average value, 0.5 mSv year−1 (UNSCEAR
2000).

As the activity concentration of 137Cs was negligible in
nearly all food samples, the total annual effective internal
doses from ingestion were based on 40K intake in food and
210Po in fish samples; their values from 2009 to 2015 were
0 .060 , 0 .074 , 0 .075 , 0 .084 , 0 .080 , 0 .086 , and
0.082 mSv year−1, respectively. The average value was found
to be 0.077 mSv year−1 which is lower than the worldwide
average value of internal dose due to ingestion,
0.3 mSv year−1 (UNSCEAR 2000).

The total annual effective doses due to both external and
internal exposure over 7 years, excluding radon, were found to
be respectively 0.66, 0.67, 0.67, 0.68, 0.67, 0.68, and
0.67 mSv year−1 with an average of 0.67 mSv year−1, a value
lower than the worldwide average value, 2.4 mSv year−1.

Monitoring Fukushima accident

As a result of wet deposition, iodine-131 was detected in grass
samples collected in the end ofMarch 2011 during Fukushima
accident; i ts content ranged from 0.40 ± 0.06 to
0.9 ± 0.1 Bq kg−1 wet, with an MDA of 0.2 Bq kg−1.
However, no cesium isotopes were detected in rain water,
while in some grass samples, the activity concentration of
137Cs was below the MDA = 0.2 Bq kg−1 wet. As well as
cesium-137 was detected in some seafood samples imported
from Japan and neighboring countries. Its content varied be-
tween 0.15 ± 0.04 and 0.40 ± 0.02 Bq kg−1.

Conclusion

A total of 950 samples, from different compartments of the
Lebanese environment, were collected and analyzed over
7 years, in the framework of the National Environmental
Radiation Survey Program. Generally, the results are low
and within the range of internationally recommended limits
and no significant radiological hazard was found. The activity
concentration of 137Cs was below the minimum detectable
activity in the majority of analyzed samples. However, its
content in milk powder samples was comparable to that re-
ported in other countries. Potassium-40 was the main natural
radionuclide detected in food stuff samples; its activity con-
centration was comparable to that reported by other studies.
Concerning marine environment, the activity concentration of
137Cs was lower than that reported by other countries on the
Mediterranean Sea, while that of natural radionuclides, 238U,
232Th, and 40K, was comparable to other studies. As well as
their activity concentration in rivers and sediments was lower

than that reported by neighboring countries. Potassium-40 in
food and 210Po in fish are the main contributors to internal
dose. Public dose was assessed based on the external and
internal exposure, excluding radon. The average annual effec-
tive dose was found to be lower than the total worldwide
value, 2.4 mSv year−1.The sustainability of the program will
be maintained and more commodities and species will be
analyzed.
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