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Abstract
Cadmium (Cd) is a highly toxic heavy metal with low permissible limits. This study aims at conducting a health risk assess-
ment for Cd and examining potential sources of pollution in springs of the Mount-Lebanon Governorate, a semi-urbanized 
area in Lebanon. A total of 31 spring samples were collected during the wet and dry seasons and tested for water quality. 
Graphite furnace atomic absorption spectrometry was used to quantify Cd levels in water. Risk assessment was performed 
by means of a survey on water consumption and usage, and followed the USEPA Hazard Quotient (HQ) model. Correlations 
with different human activities were examined using different linear regression models and spatial analysis tools. Results 
highlight springs within El Metn and Keserwan Districts as posing a non-carcinogenic health risk in (1) Ain Saadeh both in 
adults (HQwet = 1.94) and iron-deficient children (HQwet = 1.29), and (2) Faraya both in healthy (HQwet = 1.33; HQdry = 1.19) 
and iron-deficient children (HQwet = 2.67; HQdry = 2.37), as well as in iron-deficient adults (HQwet = 1.57; HQdry = 1.39). In 
addition, Cd levels increased significantly with proximity to upstream open dumps (Pearson’s r = − 0.511; p = 0.003), agri-
cultural land surface area, increased upstream industrial activity, mainly jewelry and fine stones industries in both bivariate 
(r = 0.33; p = 0.001) and multivariate analyses (r = 0.41; p = 0.002), plastic industries (Pearson’s r = 0.36; p = 0.05), and 
furniture manufacturing (Pearson’s r = 0.38; p = 0.038). Our findings constitute the first report assessing Cd health risk and 
identifying sources of pollution in Mount-Lebanon, and make a strong basis for a risk management strategy.
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Introduction

Cadmium (Cd) is a chemical of major public health con-
cern on a global scale (Zang et al. 2018). It is utilized in 
various types of products and industries including batter-
ies, pigments, photography, printing, dyed products, the 

metallurgic industry, and as a stabilizer for plastics (Stephen 
2015). Cd pollution can be detected in water, air, and food. 
According to the USEPA, major sources of Cd contamina-
tion in water include corrosion of galvanized pipes, erosion 
of natural deposits, discharge from metal refineries, and run-
off from waste batteries and paint products (EPA 2018b). 
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Other important sources consist of anthropogenic activities 
that use phosphate fertilizers, fossil fuel combustion, and 
improper waste disposal and incineration (Morrow 2010). 
In addition, tobacco smoking is considered another source 
of Cd exposure in the general population (Mezynska and 
Brzoska 2018). Upon ingestion, up to 10% of Cd is absorbed 
by the intestine in healthy individuals while it can reach 
up to 20% in iron-deficient individuals (Silver et al. 2013; 
WHO 2011). Cd can accumulate in various organs and tis-
sues, with more than half of the body burden concentrating 
in the kidney cortex and a half-life of 11–23 years (Ishizaki 
et al. 2015). Chronic Cd exposure leads to proximal tubular 
damage, renal anemia, low bone mineral density, osteopo-
rosis, and increased risk of fractures (Cabral et al. 2015). In 
addition, experimental evidence and epidemiological stud-
ies show that Cd exposure is associated with an increased 
risk of renal, prostate, and lung cancer (Nawrot et al. 2015; 
Song et al. 2015), although no cancer slope factor (CSF) has 
been determined for Cd by ingestion so far (Ju-Kun et al. 
2016; Song et al. 2015). Currently, The International Agency 
for Research on Cancer (IARC) classifies Cd in Group 1 as 
“Carcinogenic to Humans” (IARC 2018).

Health risk assessment studies for water sources have 
been conducted for a wide panel of agents, including nitrate, 
chromium, fluoride, and other hazardous substances, in dif-
ferent regions of the world (He and Wu 2018; Khemis et al. 
2017; Li et al. 2014b, 2018); however, studies that examined 
Cd are still limited. Among those, one study assessed the 
health risk in 18 communities exposed to Cd from borehole 
drinking water near gold mining sites in Tarkwa, Ghana 
(Bortey-Sam et al. 2015). Another study, conducted in 5 
different areas in Northwestern China, assessed the health 
risk for Cd in local children, from both tap and surface water 
(Wu et al. 2017). Similarly, a study in Southern China inves-
tigated the health risk for heavy metals, including Cd, from 
groundwater sources used for drinking (Peng et al. 2016). 
Results from these studies showed significant geographical 
variations in assessed levels of risk.

In Lebanon, an Eastern Mediterranean middle-income 
country, pollution of surface and groundwater have been 
associated with inappropriate practices in waste disposal, 
abuse of fertilizers and pesticides usage, industrial efflu-
ents and agricultural runoff, as well as excessive burn-
ing of fossil fuel (World Bank 2011). In addition to the 
country’s persistent economic and political instability, the 
continuous influx of refugees from neighboring countries 
with armed conflict has increased pressure on the coun-
try’s infrastructure (Cherri et al. 2016). This has aggra-
vated misuse and mismanagement of Lebanon’s natural 
resources, and thus amplified the country’s environmen-
tal problems. In parallel, the recent solid waste crisis, 
which acquired wide media coverage in July 2015, has 
led to the emergence of over 900 dumps, where 77% of 

Lebanon’s waste is either openly dumped or burned (Hilal 
et al. 2015). Previous studies have reported mobile forms 
of heavy metals including cadmium, chromium, zinc, 
and nickel, as contaminants of groundwater (Kassir et al. 
2012). Yet, no studies have been carried out to assess the 
Cd health risk associated with drinking water in the coun-
try. Of particular interest are the springs of Mount-Leba-
non Governorate, a major source of drinking and domestic 
water for more than 40% of the total Lebanese population 
(CAS 2009). Our Preliminary data had revealed water pol-
lution in springs and water networks in that area. There-
fore, in continuation of our earlier investigation, launched 
by the Associate Research Unit on Potable Water Quality 
and Management (ARU-PWQM) at the National Council 
for Scientific Research in Lebanon (LCNRS), the current 
study aims to (1) conduct a health risk assessment for Cd 
in Mount-Lebanon springs, and (2) determine the anthro-
pogenic factors influencing Cd levels in water.

Materials and Methods

Study Area

The Mount-Lebanon-targeted study area is one of 8 Gov-
ernorates in Lebanon, and is divided into 6 districts: Aley, 
Baabda, Chouf, Jbeil, Keserwan, and El Metn. It is a semi-
urbanized region with a total surface area of 1984 Km2 
(OCHA 2014), and an estimated population of over 1.5 M 
spanning along the Mediterranean coast (MOPH 2014). 
The majority of trade and industrial activities take place 
in that area, which also includes 10% of the country’s 
agricultural lands (OCHA 2014). In general, Mount-Leb-
anon has a predominant Mediterranean temperate climate 
with an average yearly precipitation of 800–1000 mm at 
500 m altitude, and reaching up to 1400 mm at the higher 
altitudes (UNDP and MOEW 2016). The highest peak is 
located in the North at an elevation of more than 3000 m. 
The Mount-Lebanon region has an abrupt and rugged 
topography characterized by valleys and deep clefts, with 
steep slopes that form drainage basins for waterways and 
springs. Geologically, it mainly consists of Cretaceous 
formations (C2, C3, C4 and C5), and some Jurassic for-
mations (J4) which have relatively high infiltration and 
groundwater flow rates (UNDP et al. 2014). Precipitation 
and snow melting are the two main sources of groundwa-
ter replenishment. Water in aquifers tends to flow along 
well-developed karstic underground channels at relatively 
high velocity, thus making water storage difficult (UNDP 
et al. 2014).
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Water Sampling

A total of 409 springs in Lebanon were pre-screened by the 
ARU-PWQM earlier in 2009 in order to identify those used 
as a source of drinking water. Identified springs were then 
sampled and preliminarily examined first in 2011. In the 
present study, a second sampling campaign was conducted 
in 2015. Water samples were collected in triplicates from 31 
identified water spring locations in Mount-Lebanon, with an 
altitude range of 47–1541 m (Fig. 1). Obtained replicates 
from each source were then combined to construct a 1L rep-
resentative sample in High-Density Polyethylene (HDPE) 
plastic bottles, stored on site at 4 °C using a portable cooler, 
and maintained until analysis. HDPE bottles were used 
based on their inert chemical properties, thus preserving 
the quality of the samples (EPA 2009). GPS coordinates 
of each sample location were recorded. In order to account 
for seasonal variations, samples were collected both at the 
end of the wet and dry seasons (April and September 2015, 
respectively).

Water Quality and Cadmium Analysis

Laboratory analysis was conducted at the ARU-PWQM 
premises, located at the Faculty of Health Sciences of the 
American University of Beirut. Parameters tested during 

laboratory analysis were selected based on the WHO’s 
standard protocol guidelines for drinking water quality anal-
ysis (WHO 2008). Laboratory testing included physical and 
chemical parameters, such as color, turbidity, electrical con-
ductivity, total dissolved solids (TDS), pH, alkalinity, total 
hardness, chlorides, ammonia, nitrites, nitrates, sulfates, 
and sodium. Heavy metal analysis was also conducted for 
Cd, iron, manganese, nickel, copper, zinc, and lead (Pb). 
In addition, water microbial quality was examined using 
total and fecal coliform. Graphite furnace atomic absorp-
tion spectrometry (AAS Atomic Absorption Spectrometer, 
G95 graphite furnace, SOLAAR Thermofisher) was used 
to measure Cd and Pb concentrations in collected water 
samples. For Cd, the ash and atomization temperatures set 
during analysis were 600 °C and 1000 °C, respectively, and 
the emission wavelength was set to 326.1 nm. For Pb, the 
ash and atomization temperatures were 800 °C and 1200 °C, 
respectively, and the emission wavelength was 405.8 nm. 
The standard curve for Cd was constructed based on solu-
tions of 0.6, 4.8, and 6 µg/L using a certified stock solution 
(TraceCERT®, 51994-250ML, Sigma-Aldrich Co. LLC; 
Darmstadt, Germany), and 20 µg of magnesium nitrate as 
a matrix modifier. The standard curve for Pb was based on 
solutions of 40, 80, 120, 160, and 200 µg/L also using a 
certified stock solution (TraceCERT®, 16595-250ML) in 
addition to 50 µg of magnesium nitrate as a matrix modifier.

Fig. 1   Geographical distribution of 31 sampled water springs in the Mount-Lebanon Governorate
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Quality Assurance and Control

All parameters were analyzed under standard conditions 
and using standard methods of water analysis following 
the American Public Health Association (APHA 2012; 
EPA 2018a; WHO 2008). The auto sampler was washed 
and purged prior to running blanks in order to avoid cross 
contamination. A blank was run for every batch of samples. 
All plastics used for analysis were rinsed twice with distilled 
water prior to usage. Measurements were conducted twice 
per sample for quality control, and the average concentration 
was reported.

Water Consumption Survey

After analyzing the water samples, areas with springs show-
ing water Cd levels significantly exceeding international 
standards were surveyed in order to collect information on 
water usage and consumption rates. A systematic sampling 
method was adopted, where a total of 300 households—50 
households per identified area—were consecutively selected 
from the White Pages and surveyed by phone. Surveying 
took place between March and November 2017 in native 
Arabic, using a structured questionnaire, in order to col-
lect information on the following: (1) number of household 
occupants (including children under the age of 6 and adults) 
(2) patterns of usage and consumption rates of spring water 
(3) methods of spring water collection, and (4) adoption of 
domestic water treatment. An Institutional Review Board 
approval was obtained for the project by the ARU-PWQM.

Cd Health Risk Assessment

The health risk assessment was conducted based on the 
Agency for Toxic Substances and Disease Registry’s Public 
Health Assessment Guideline Manual (ATSDR 2005) and as 
described (Li et al. 2014b); only exposure by ingestion was 
considered, as being the predominant one. After collecting 
consumption data for each area, the Chronic Daily Intake 
(CDI) was determined in µg/Kg/Day for both children and 
adults according to Eq. (1) (ATSDR 2005):

where Cwater is the average Cd concentration determined 
in drinking water (µg/L); IR is the average ingestion rate 
(L/day) estimated from the household survey; FI is the 
estimated fraction ingested from the contaminated source 
(ranging from 0.5 to 1); CF is the conversion factor (since 
all are expressed in the same unit, CF is equal to 1); ABS 
is the chemical-specific absorption from the GI tract (%) 

(1)CDI =
(Cwater × IR × CF × FI × ABS × EF × ED)

BW × AT
,

considered to be 10% for healthy individuals (ATSDR 2012) 
and 20% for iron-deficient individuals based on WHO guide-
lines (WHO 2011); EF is the exposure frequency (days/year) 
assumed to be 365 days/year; ED is the exposure duration 
assumed to be 70 years for adults and 6 years for children 
based on the ATSDR’s Expo Fact Book (ATSDR 2005); BW 
is the body weight (in Kg) considered to be 70 for adults 
and 16 for children (ATSDR 2005); and AT is the averaging 
time (in days).

The CDI was determined for both children and adults in 
the following exposure scenarios: (a) subjects who drink 
only spring water, (b) subjects who have complementary 
sources of potable water, (c) subjects with proper nourish-
ment both for (a) or (b), and (d) iron-deficient subjects both 
for (a) or (b) scenarios. The USEPA Hazard Quotient (HQ) 
was then computed to assess a non-carcinogenic health 
risk (Li et al. 2016; Wu and Sun 2016; Zhang et al. 2018), 
according to Eq. (2)

where CDI is the chronic daily intake, and RfD is the EPA 
Cd reference dose (0.5 µg/Kg/day) (IRIS 2008). An HQ 
above 1 indicates the existence of a health risk. In addition, 
the determined CDI was also compared to the Cd WHO Pro-
visional Tolerable Monthly Intake (PTMI) of 25 μg/kg-BW/
month (0.8 µg/Kg/day), and the Cd ATSDR Minimal Risk 
Level (MRL) of 0.1 µg/Kg/day (ATSDR 2012; WHO 2013).

Data Collection on Human Activities and Spatial 
Analysis

A list of all open dumps and waste sites, including data on 
open burning, year of establishment of dump, surface area 
and volume, and GPS coordinates in Mount-Lebanon, were 
obtained from the United Nations Development Program 
(UNDP), based on the 2017 report on “Updating of the Mas-
ter Plan for The Closure and Rehabilitation of Uncontrolled 
Dumpsite throughout Lebanon” (UNDP and MOE 2017). In 
addition, a list of all relevant industries in Mount Lebanon 
was obtained from the Ministry of Industry, specifying types 
of industries and their GPS coordinates. The different indus-
tries were grouped by type of manufactured products into 
9 categories: wood products, plastics, furniture, machinery 
and electrical appliances, jewelry and fine stone, metal prod-
ucts, tile and cement, paint and paper products, and hunting 
cartridges. At the same time, the latest available data of all 
agricultural activities in Mount Lebanon were obtained from 
the Lebanese Centre National des Recherches Scientifiques 
(LCNRS) based on a 2010 survey; agricultural areas were 
grouped by type of crops into 15 categories: banana trees, 
deciduous fruit trees, vineyards, citrus trees, olive trees, 
greenhouses, open fields, cultivation on large  surfaces, 

(2)HQ =
CDI

RfD
,
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cultivation on small surfaces, urban sprawl on (i) intensive 
croplands (ii) orchids (iii) open fields, poultry breeding, 
agricultural equipment, and abandoned agricultural lands. 
On the other hand, aquifer flow directions, in the form of 
GIS interface soft data, were obtained from the Earth Link & 
Advanced Resources Development Group (ELARD) based 
on a consent from UNDP (UNDP et al. 2014). Using QGIS 
(version 2.14 for windows), the different layers of gathered 
data described above were overlaid with the measured Cd 
levels for the different springs (Fig. 2). In order to identify 
potential sources of contamination, two different approaches 
were used. In the first, we made a justified assumption that 

an aquifer lying underneath a spring is its main feeding 
source, guided by aquifer water flow data and expert opin-
ion. Data were then clustered based on the aquifer source. 
In this approach, all human activities, with the exception of 
agricultural lands, were labeled as “upstream” or “down-
stream” from a spring based on the aquifer flow direction 
and using QGIS; only upstream activities were included in 
the analysis, while all downstream activities were excluded. 
In rare cases where an aquifer did not have a clear direction, 
all human activities located on that aquifer were considered 
in the analysis. In the second approach, we determined all 
human activities within 2 km and 5 km radiuses from a given 

Fig. 2   Geographical distribu-
tion of human activities overlaid 
with measured water Cd con-
centrations in Mount-Lebanon 
Springs
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spring, irrespective of the aquifer feeding source. In both 
approaches, data on human activity were merged in a com-
prehensive database in order to conduct statistical analyses. 
In addition, all waste sites having a year of establishment 
that does not precede the period of our water sampling cam-
paign were excluded from the analysis.

Statistical Analysis

Statistical analysis was conducted using Stata/SE (windows 
version 11.2). For statistical analysis purposes, Cd levels 
below the limit of detection (LOD) were considered to be 
equal to LOD. Non-normality of the average Cd levels was 
treated by taking its natural logarithm; to avoid negative val-
ues, any Cd concentration below 1, and/or below detection 
limit, was considered to be equal to 1. In the first approach 
on potential sources of contamination described above, a 
bivariate linear regression with cluster analysis by aquifer 
was conducted for each of the upstream human activities. All 
variables that showed significance at the bivariate level were 
then entered in a multivariate linear regression model. In the 
second approach, correlations between Cd concentrations 
and upstream human activities, within 2 and 5 km radiuses, 
were examined using Pearson’s r. Correlations with p < 0.05 
were considered statistically significant.

Results

Water Physicochemical and Microbial Quality

Microbial and physicochemical parameters of collected 
water samples are summarized in Tables 1 and 2. Total coli-
form was present in water samples of 4 out of the 6 districts 
during the wet season and in all 6 of them during the dry 
season, whereas fecal coliform was present in 3 and 4 of the 
sampled districts during the wet and dry seasons, respec-
tively. Chlorides, nitrates, nitrites, sulfates, iron, and zinc 
did not exceed the USEPA Maximum Contaminant Level 
(MCL) set for drinking water, whereas manganese’s MCL 
was exceeded in 5 districts during the wet season and 4 dur-
ing the dry season. In addition, all samples collected dur-
ing wet and dry seasons exceeded the Pb MCL set by the 
USEPA at 15 µg/L. For Cd, the measured water concen-
trations ranged from 0.029 to 145.3 µg/L, and the limit of 
detection (LOD) was 0.029 µg/L (Table 3). During the wet 
season, more than 60% of the samples exceeded the MCL 
set at 5 µg/L, while 48% of the dry season samples exceeded 
that limit. All wet season samples obtained from El Metn 
and Keserwan springs exceeded MCL (100%), followed by 
Jbeil (83%), Baabda (67%), Chouf (43%), and Aley (28%). 
Dry season samples from El Metn were also all in excess 
of MCL, followed by Keserwan (60%), Baabda and Jbeil 

(50%), and Aley (38%). The highest Cd levels were found in 
Faraya springs (District of Keserwan) and persisted across 
both seasons. When examining the correlation between Pb 
and Cd levels in water, results were not statistically signifi-
cant (p  = 0.401).

Water Usage Survey

Fifty-five percent of surveyed households in Mount-Lebanon 
relied on springs as a source of drinking water. The average 
number of household occupants in the surveyed areas ranged 
between 3.9 and 5.0. The average spring water consump-
tion rate ranged between 1.73 and 3.85 L/day for adults, and 
0.36–1.21 L/day for children. Bzebdine water consumption 
rate was none due to an issued municipality warning follow-
ing a microbial quality test. The frequency of households 
that used spring water was higher in Keserwan and Chouf 
(84%), followed by Jbeil (56%), Aley (54%), Baabda (34%), 
and lowest in El Metn (20%). In addition, households that 
used complementary sources of drinking water, other than 
the spring water, were 14% of the total surveyed sample. The 
main method of water spring transportation to households 
was the use of plastic gallons in all areas, except for the 
Chouf district, where a pipe network was reported for spring 
water (Table 4).

Cd Human Health Risk Assessment

When comparing computed CDI values to Cd international 
standards, the following can be highlighted. First, when 
compared to the PTMI (0.8 µg/Kg/day), children who may 
be iron deficient and drinking from Faraya springs as the 
only source of water, in both dry and wet season, had an 
excessive Cd exposure. Second, when compared to the MRL 
(0.1 µg/Kg/day), adults drinking from springs of Amatour, 
Mghayreh, Ain Saadeh, Faraya, and Gheble, during the wet 
season, had an excessive Cd exposure, whereas, during the 
dry season, adults drinking from springs in all the aforemen-
tioned towns (except Mghayreh), in addition to Kfarhim, 
Richmaya and Ain El Remmeneh, all had an excessive 
exposure, particularly for subjects that are iron-deficient and 
those that use the spring as the only source of potable water. 
Further, all iron-deficient children who drink from any of 
the springs in Richmaya, Amatour, Mghayreh, Ain Saadeh, 
Faraya, and Ghbele, during the wet season exceeded the Cd 
MRL, while children drinking from springs in Richmaya, 
Amatour, Ain Saadeh, Faraya, Ain Remmeneh and Kfarhim, 
during the dry season also exceeded the Cd MRL.

On the other hand, the computed HQ shows a health 
risk for both children and adults drinking from springs in 
Ain Saadeh and Faraya during both dry and wet seasons 
(Tables 5 and 6). The average Cd health risk distribution 
for the examined springs is illustrated in Fig. 3. The HQ 
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positively correlated with water Cd levels (r2 = 0.751) 
(Fig. 4); the two areas with springs that had the highest Cd 
levels (Faraya and Ain Saadeh) also exhibited the highest 
HQs in both adults and children. In addition, variation in 
spring water consumption had a significant impact on the 
identified risks. For instance, areas such as Amatour and 
Kfarhim, exhibited a higher HQ mainly due to the relatively 
higher average consumption of spring water, even though the 
water Cd levels were relatively lower. By the same token, in 
Ghbele, low water consumption conferred a lower risk even 
though water Cd levels were relatively higher than other 
sampled areas.   

Potential Sources of Cd Pollution

Although QGIS did not reveal a visual pattern of association 
between Cd levels and human activities (Fig. 2), a number 
of indicators of polluting sources were identified. In the first 
approach using bivariate linear regression clustered by aqui-
fer, Cd levels significantly increased with increased number 
of upstream jewelry and fine stones industries, increased 
surface area of neighboring agricultural lands, decreased 
median distance between spring and upstream waste dumps, 
and decreased median distance between spring and upstream 
industries (Table 7). Statistical significance was maintained 

Table 1   Physicochemical and microbial quality of Mount-Lebanon springs during both wet and dry seasons in 2015

*Values figuring as “ND” indicate levels below LOD

District & 
Season (# of 
Springs)

Total coli-
form/100 mL

Fecal coli-
form/100 mL

Chlorides 
mg/L as Cl−

Ammonia 
mg/L as 
NH3N

Nitrates 
mg/L as 
NO3N

Nitrites mg/L 
as NO2N

Sulfates mg/L 
as SO4

−2
Sodium mg/L 
as Na+

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Aley
 Wet season 

(N = 7)
12.00 (18.97) 0.75 (2.12) 24.29 (9.8) 0.16 (0.02) 0.81 (0.47) 0.004 (0.001) 37.14 (34.6) 0.011 (0.0029)

 Dry season 
(N = 8)

16.33 (26.58) 11.86 (17.91) 13.13 (3.72) 0.14 (0.06) 1.34 (0.86) 0.004 (0.001) 30.38 (32.2) 0.011 (0.0037)

Baabda
 Wet season 

(N = 3)
1.33 (2.31) 0 (0) 30 (5) 0.11 (0.04) 1.17 (1.42) 0.003 (0.001) 60.67 (57.14) 0.013 (0.0041)

 Dry season 
(N = 4)

13.25 (26.50) 6.75 (13.5) 12.5 (8.66) 0.07 (0.03) 1.1 (1.29) 5.25 (10.5) 35.78 (25.32) 0.012 (0.0057)

Chouf
 Wet season 

(N = 7)
23.50 (47.36) 15.71 (25.42) 45.71 (19.24) 0.17 (0.02) 0.79 (0.60) 0.006 (0.002) 11.14 (13.18) 0.009 (0.0047)

 Dry season 
(N = 7)

11.29 (10.55) 2 (3) 18.57 (15.73) 0.13 (0.01) 0.76 (0.69) 0.001 (0.001) 11.43 (13.67) 0.008 (0.0049)

Jbeil
 Wet season 

(N = 6)
35.00 (40.10) 16.83 (31.94) 21.67 (8.17) 0.02 (0.02) 0.98 (0.81) 0.004 (0.001) 15.33 (18.95) 0.008 (0.0054)

 Dry season 
(N = 6)

1.40 (2.07) 0 (0) 16.67 (9.31) 0.16 (0.01) 0.98 (1.03) 0.01 (0.001) 16.67 (18.95) 0.008 (0.0066)

El Metn
 Wet season 

(N = 1)
0 (0) 0 (0) 25 (0) 0.01 (0) 2.4 (0) 0.006 (0) 52 (0) 0.015 (0)

 Dry season 
(N = 1)

6.00 (0) 0 (0) 32.5 (0) 0.13 (0) 2.7 (0) ND 53 (0) 0.018 (0)

Keserwan
 Wet season 

(N = 4)
0 (0) 0 (0) 13.75 (2.5) 0.15 (0.01) 1.25 (0.91) 0.005 (0.001) 8.75 (9.39) 0.008 (0.0043)

 Dry season 
(N = 5)

1.00 (2.00) 0.5 (1) 17 (8.37) 0.16 (0.06) 1.04 (0.84) 0.001 (0.001) 5.6 (5.68) 0.006 (0.0053)

Standard limit
 MCL 

(USEPA)
250 10 1 250

 GDWQ 
(WHO)

250 1.5 50 3 250 200
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at the multivariate analysis level for the number of upstream 
jewelry and fine stones industries (p = 0.002) and the median 
distance between spring and upstream industries (p = 0.001); 
In the second analysis approach, within a 2 km radius, Cd 
levels significantly increased with increased number of 
plastic industries and furniture manufacturers, and with 
decreased median distance between spring and agricultural 
lands. Within a 5 km radius, the median distance between 
spring and waste dumps was also significantly associated 
with Cd levels (p = 0.003) (Table 7).

Discussion

Contamination of water bodies is one of the most alarm-
ing contemporary challenges (WWAP 2017). Groundwater 
is considered susceptible to human activities, particularly 
in environmentally degrading societies (Khatri and Tyagi 
2015; Li et al. 2017; Morris et al. 2003). Out of 5050 
springs across Lebanon, only 409 are considered to be 
major sources of water for drinking and domestic use, 
based on their flow discharge (UNDP et al. 2014). In this 
study, we examined water quality in 31 springs distributed 
in 6 districts across Mount-Lebanon. Our results high-
light, on one hand, fecal coliform in a number of springs, 

indicating potential human sewage contamination, and on 
the other hand, an alarming widespread of heavy metals 
contamination, particularly for Cd and Pb. Heavy met-
als are considered contaminants of potential concern in 
groundwater, primarily from human activities, as well as 
from natural processes (Ikem et al. 2003; Li et al. 2014a). 
Previous studies that examined heavy metals reported 
much lower levels for Cd in water bodies in various other 
countries. For instance, in Pakistan and Iran, the average 
Cd concentrations in groundwater were found to be 6.25 
and 45 μg/L, respectively (Arain et al. 2015; Ebrahimi 
et al. 2010). Another study conducted in Ghana found Cd 
concentrations to range from 16 to 92 μg/L in groundwater 
(Affum et al. 2015). Further, Cd levels were found to be 
within WHO limits in Irbid, Jordan, a neighboring coun-
try in the Eastern Mediterranean region (Alomary 2013). 
Hence, the levels of Cd found in Mount-Lebanon springs 
(up to 145.3  µg/L) suggest an alarming globally high 
water Cd pollution. The observed seasonal variations in 
water quality may be explained by runoff water in the wet 
season (Wilson 2018). This is supported by the fact that 
the fractures and karst formation of aquifers in Lebanon 
facilitate the percolation of contaminants carried by runoff 
into groundwater, making aquifers prone and vulnerable 
to pollution (DAR-IAURIF 2005). The observed patterns 

Table 2   Levels of heavy metals in Mount-Lebanon springs during both wet and dry seasons in 2015

*Values figuring as “ND” indicate levels below LOD

District & Season (# of 
Springs)

Iron µg/L as Fe Manganese µg/L as Mn Lead µg/L as Pb Nickel µg/L as Ni Copper µg/L as Cu Zinc µg/L as Zn
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Aley
 Wet season (N = 7) 40 (20) 60 (50) 70 (88) ND ND 35 (29)
 Dry season (N = 8) 20 (20) 60 (30) 20 (0.4) ND ND 13 (9)

Baabda
 Wet season (N = 3) 30 (6) 90 (80) 20 (0.4) ND ND 58 (43)
 Dry season (N = 4) 10 (10) 40 (10) 21 (0.8) ND ND 37 (19)

Chouf
 Wet season (N = 7) 43 (42) 37 (3) 20 (0.5) ND ND 70 (116)
 Dry season (N = 7) 9 (23) 73 (15) 20 (4) ND ND 10 (9)

Jbeil
 Wet season (N = 6) 23 (20) 140 (75) 20 (0.9) ND ND 116 (240)
 Dry season (N = 6) 3 (10) 30 (10) 21 (0.5) ND ND 13 (9)

El Metn
 Wet season (N = 1) 10 (0) 205 (0) 21 (0) ND ND 84 (0)
 Dry season (N = 1) 30 (0) 57 (0) 20 (0) ND ND 9 (0)

Keserwan
 Wet season (N = 4) 28 (13) 60 (11) 20 (1) ND ND 40 (49)
 Dry season (N = 5) 64 (79) 51 (11) 18 (2.4) ND ND 1.5 (9)

Standard limit
 MCL (EPA) 300 50 15 1300 5000
 GDWQ (WHO) 300 10–50 10 700 2000 3000
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showing increased Cd levels during the wet season may 
be attributed to site-specific activities, source of wastes, 
and velocity of water flow (Islam et al. 2015). At the same 
time, polluted sediment particles may be suspended in 
the bottom layer during the dry season, which may cause 
lower heavy metal concentrations (Islam et al. 2015). The 
water pH can also impact Cd solubility in water and may 
contribute to the observed seasonal variations.

Natural population growth, influx of refugees escap-
ing the Syrian conflict, progressive urbanization, and the 
wide skepticism about the quality of tap water are all fac-
tors putting pressure on groundwater reservoirs in Lebanon 
as the primary drinking water resource. In this study, HQ 
values for Cd were consistently above 1 across seasons for 
various users of Ain Saadeh and Faraya water springs, in 
the districts of El Metn and Keserwan, respectively, hence 

Table 3   Cd levels mapping 
for sampled Mount-Lebanon 
springs during both wet and dry 
seasons in 2015

District Spring (corresponding # in Fig. 1) Cd Concentrations (µg/L)

Wet season Dry season

Aley Bmakkine (#1) – 6.66
Kammatieh (#2) 41.95 0.029
Ain El Saydeh (#3) 0.029 19.86
Ain Anoub (#4) 0.029 4.52
Rishmaya (#5) 4.53 17.63
Chartoun (#6) 0.029 4.01
Majd el Baana (#7) 81.32 1.22
Saoufar (#8) 0.029 1.21
District mean (SD) 18.27 (31.77) 6.89 (7.64)

Baabda Falougha – Mar Elias (#9) 33.75 0.43
Bzebdine (#10) 9.73 25.40
Ras El Haref (#11) 0.029 0.74
Ain El Remmeneh (#12) – 22.34
District mean (SD) 14.50 (17.36) 12.23 (13.50)

Chouf Barouk (#13) 1.77 14.94
Maaser Beit El Dine (#14) 18.41 0.029
Beit El Dine (#15) 18.13 2.05
Amatour (#16) 15.45 15.02
Deir El Amar (#17) 0.75 3.53
Kfarhim (#18) 1.69 112.29
Ain Kany (#19) 1.70 0.029
District mean (SD) 8.27 (8.53) 21.13 (40.72)

Jbeil Fatri (#20) 8.36 9.95
Ain Jrain (#21) 0.029 0.89
Mghayreh (#22) 41.23 9.09
Mzareeb/Ghabet (#23) 23.60 0.029
Seraata (#24) 10.07 4.98
Torzayya (#25) 137.96 5.71
District mean (SD) 36.86 (51.58) 5.11 (4.08)

El Metn Ain Saadeh (#26) 129.36 77.55
District mean (SD) 129.36 (0) 77.55 (0)

Keserwan Jouret El Termos (#27) – 4.77
Ashkout (#28) 29.36 4.60
Faraya (#29) 145.30 129.22
Hrajel (#30) 64.19 8.84
Ghbele (#31) 59.28 64.42
District mean (SD) 74.53 (49.63) 42.37 (54.76)

Standard Limit
 Cd MCL (USEPA) 5 µg/L
 Cd GDWQ (WHO) 3 µg/L
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indicating a persistent health risk to residents and water con-
sumers in that area. The computed HQ values attributed to 
Cd in water for both adults and children residing in most 
of the areas selected in this study were higher than values 
reported in the literature in different parts of the world. For 
instance, a study conducted in Xi’an and Xining in China, 
reported the absence of a health risk (HQ = 3 × 10−4) in 
residents exposed to Cd in drinking water (Wu et al. 2017). 
Another study conducted in Southern China also reported 
no health risk in Cd-exposed residents (HQ = 0.570) (Peng 
et al. 2016). Similar results were reported in an exposed 
African population in Tarkwa, Ghana, with an HQ range 
of (0.2–18) × 10−3 (Bortey-Sam et al. 2015). Therefore, our 
findings call for an intervention to mitigate the identified 
risk. One study estimates that a population with an average 
daily Cd intake of 30 μg/day (i.e., 0.43 μg/kg/day) will suffer 
from an increased renal damage of 1%, and up to 5% in vul-
nerable groups (Jarup et al. 1998). Given that the estimated 
Cd exposure from water consumption exceeds 0.43 μg/kg/
day in many Mount-Lebanon towns, and knowing that the 
USEPA Cd RfD is 0.5 μg/kg/day, together, these imply a 
higher risk of renal damage in exposed residents, particu-
larly in Ain Saadeh and Faraya. The risk may be higher in 
women due to higher absorption rates (Nishijo et al. 2017). 
Even though a number of surveyed residents reported that 
they treat the water domestically, however, the employed 
methods—boiling, exposure to sunlight, and usage of crude 
filters—cannot remove dissolved heavy metals, and hence 
have no impact on the estimated risk. The same applies to 
spring water transported through networks, as in the case 
of Chouf and Aley districts. In Aley specifically, although 
spring water consumption is much more common, predomi-
nantly among residing groups that seek “natural water” and 
boycott tap water based on religious and cultural beliefs, we 
did not detect a Cd health risk in that district; this is mainly 
because Cd water levels were relatively lower compared to 
levels in other districts in El Metn and Keserwan. However, 
these “natural water seekers” in particular may be at a higher 
risk in the future if Cd levels continue to rise in springs.

On the other hand, when examining sources of Cd pol-
lution, a number of points need to be emphasized. First, 
heavy metals pollution did not correlate with fecal coliform, 
hence suggesting that improper discharge of wastewater 
cannot explain the observed surge in springs’ heavy metals 
(Chakarvorty et al. 2015). In addition, the fact that Pb con-
tamination levels do not correlate with Cd levels suggests 
different sources of contamination that needs further inves-
tigation. Second, the inverse correlation between Cd levels 
and spring-to-dump median distance—identified using two 
different analytical models—is the first indicator to show 
a significant relationship between the Cd surge in Mount-
Lebanon springs and the solid waste crisis. Mount-Leba-
non has witnessed a fast and chaotic rise of dumpsites since Ta
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2011, which may explain our results. This is also supported 
by similar findings in Ghana, where groundwater Cd levels 
were associated with leachates from open dumpsites and 

septic tanks (Affum et al. 2015). Similar findings were also 
reported in North-East India, in which a significant associa-
tion was identified between Cd water levels and proximity 

Table 5   Cd health risk assessment for adults in springs during the wet and dry seasons in Mount-Lebanon

*Indicating a health risk

District Spring HQ

Wet season Dry season

Spring water only With complementary water 
sources

Spring water only With complementary 
water sources

Healthy indi-
vidual

Iron-
deficient 
individual

Healthy indi-
vidual

Iron-
deficient 
individual

Healthy 
indi-
vidual

Iron-
deficient 
individual

Healthy 
indi-
vidual

Iron-
deficient 
individual

Aley Ain Saydeh 0.0001 0.0003 0.0001 0.0001 0.09 0.18 0.05 0.09
Rishmaya 0.03 0.06 0.01 0.03 0.11 0.23 0.06 0.11

Baabda Bzebdine 0 0 0 0 0 0 0 0
Ain El 

Remmeneh
– – – – 0.13 0.27 0.07 0.13

Chouf Barouk 0.01 0.01 0.003 0.01 0.06 0.11 0.03 0.06
Amatour 0.42 0.84 0.21 0.42 0.41 0.82 0.2 0.41
Kfarhim 0 0.01 0.002 0.003 0.23 0.46 0.11 0.23

Jbeil Fatri 0.05 0.1 0.03 0.05 0.06 0.12 0.03 0.06
Mghayreh 0.2 0.4 0.1 0.2 0.04 0.09 0.02 0.04

El Metn Ain Saadeh 0.97 1.94* 0.48 0.97 0.58 1.16* 0.29 0.58
Keserwan Faraya 0.78 1.57* 0.39 0.78 0.7 1.39* 0.35 0.7

Ghbele 0.27 0.53 0.13 0.27 0.29 0.58 0.14 0.29

Table 6   Cd health risk assessment for children in springs during the wet and dry seasons in Mount-Lebanon

*Indicating a health risk

District Spring HQ

Wet season Dry season

Spring water only With complementary water 
sources

Spring water only With complementary 
water sources

Healthy indi-
vidual

Iron-
deficient 
individual

Healthy indi-
vidual

Iron-
deficient 
individual

Healthy 
indi-
vidual

Iron-
deficient 
individual

Healthy 
indi-
vidual

Iron-
deficient 
individual

Aley Ain Saydeh 0.0002 0.0003 0.0001 0.0002 0.11 0.23 0.06 0.11
Rishmaya 0.11 0.22 0.06 0.11 0.43 0.86 0.22 0.43

Baabda Bzebdine 0 0 0 0 0 0 0 0
Ain El 

Remmeneh
– – – – 0.11 0.22 0.06 0.11

Chouf Barouk 0.01 0.02 0.01 0.01 0.09 0.19 0.05 0.09
Amatour 0.38 0.76 0.19 0.38 0.37 0.73 0.18 0.37
Kfarhim 0.01 0.02 0.01 0.01 0.7 1.4 0.35 0.7

Jbeil Fatri 0.03 0.06 0.02 0.03 0.04 0.07 0.02 0.04
Mghayreh 0.22 0.44 0.11 0.22 0.05 0.1 0.02 0.05

El Metn Ain Saadeh 0.65 1.29* 0.32 0.65 0.39 0.78 0.19 0.39
Keserwan Faraya 1.33* 2.67* 0.67 1.33* 1.19* 2.37* 0.59 1.19*

Ghbele 0.12 0.24 0.06 0.12 0.13 0.26 0.06 0.13
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to dumpsites (Choudhury and Gupta 2017). Third, the study 
also showed that increased upstream industrial activity, par-
ticularly jewelry and fine stones, plastic industries, as well 
as furniture manufacturing, significantly impact spring Cd 
levels. Previous studies have reported that Cd concentrations 
were higher in samples taken at a close proximity to similar 
industries (Bhagure and Mirgane 2011; Khlifi et al. 2014; 
Yu et al. 2010). In addition, agricultural activity seems be 
an important contributor to Cd water pollution. Studies have 
shown that the use of phosphate fertilizers is an important 
contributor to Cd soil and water pollution (Yan et al. 2015); 

however, in our context, this remains highly speculative 
since we were unable to find any data on the use of such 
fertilizers in the country.

This study may be limited by a number of factors. First, 
exposure may be underestimated due to other sources of 
human Cd exposure such as contaminated food, polluted 
air near industrial sites, and through smoking. This is 
important considering that 50–60% of the Lebanese pop-
ulation is estimated to smoke either cigarettes or water-
pipe tobacco (Salti et al. 2015). Second, this study did 
not gather medical information from surveyed household 

Fig. 3   Geographical distribu-
tion of Cd health risk associated 
with water springs when used 
as the sole source of drinking 
water
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residents in order to examine a correlation between spring 
water Cd exposure levels and putative adverse effects. Fur-
ther research in this area is needed in the future. Third, 
used analysis models, particularly those employed in iden-
tifying sources of contamination, may be biased by data 
outliers and model overfitting. We tried to overcome these 
challenges by pre-cleaning the data and normalizing the 
outcome variable. Another major challenge that we over-
came in this study was identifying and collecting geocoded 
data on various human activities, as well as connecting 
with communities and local authorities in order to identify 

patterns of water usage and quantify consumption in the 
different districts and towns of Mount-Lebanon.

Conclusion

Monitoring heavy metal pollution in reservoirs of Mount-
Lebanon  is of great importance in preserving a reliable 
drinking water source for residents. Our findings indicate 
widespread Cd and Pb pollution, as well as fecal contami-
nation, with great spatial and seasonal variations among 

Fig. 4   Correlations between the Hazard Quotient (HQ) indicating health risk and Cd water levels in Mount-Lebanon Springs
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Mount-Lebanon springs. Analysis of anthropogenic sources 
suggests a contribution of multiple sources to Cd pollution, 
particularly open dumps and industrial activity. Our results 
establish valuable baseline data that will help in prioritiz-
ing areas for groundwater sustainability and water safety. In 
addition, an unusually globally elevated Cd health risk was 
found for residents of El Metn and Keserwan Districts, par-
ticularly in Ain Saadeh and Faraya where the hazard quotient 
exceeded 1 for both children and adults, mostly influenced 
by the high Cd levels in the water. Globally, several stud-
ies have reported a positive association between human Cd 
ingestion of similar magnitude to those we found and higher 
renal damage risk, which calls for further epidemiological 
investigation. Our alarming findings on prevalent Cd health 
risks should trigger a response by local authorities and con-
cerned ministries, leading into an effective risk management 
plan, which may include restrictions on land use and access, 
a national drinking water advisory, and an elaborate spring 
water monitoring plan for Mount-Lebanon.
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