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Abstract

Most of Southern Mediterranean water courses suffer from numerous types of pol-
lution. This study presents a comprehensive performance assessment of a pilot
CW system for removing various contaminants from the Litani River, Lebanon. The
physico-chemical, pathogens and trace metal parameters were analyzed for river
water as well as for the wetland effluent. Results revealed that the average removal
efficiencies were 87.01% for COD, 64.99% for BODs, 86.18% for TSS, 43.11% for
NOs—N, 34.82% for NH,—N, 55.07% for PO,—P and 73.05% for K. The removal effi-
ciency of faecal coliforms was around 99.84%. Influent and effluent heavy metal pol-
lution (Cu, Pb, As and Ni) concentrations greatly exceeded the range of the
environmental limit values due to industrial emissions in river water. CWs seem to
be a promising green technology for Lebanon for the reduction of bacterial con-
tamination. Further studies are required to improve treatment modules for differ-
ent pollutants, including metals.
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flow during dry years), and to remove 47% BODs, 81% TSS,
44% NH,—N, 46% NOs—N, 23% PO, and 99% faecal coliforms
(LRMBS 2012).

Since the use of a CW improves the quality of contami-
nated water, the primary objective of this study is to present
a comprehensive performance assessment of pilot CW sys-
tem for removing various contaminants from the Litani River,
within the overall context of the need for low-cost and sus-
tainable wastewater treatment systems in the Southern

Introduction

The discharge of industrial and domestic wastewater into
surface water destroys the quality of water resource. Con-
structed wetlands (CWs) have emerged and become a viable
option for wastewater treatment, and are currently being
recognized as attractive alternatives to conventional waste-
water treatment methods (Zhang et al. 2014).

In Lebanon, to date, there has been little information

about the application of CWs. The Litani River is the largest
river in Lebanon suffering from extensive garbage dumping,
direct release of urban wastewater uncontrolled industrial
discharges, lack of riverbed maintenance and unauthorized
diversions. In 2012, the Litani River Basin Management Sys-
tem (LRBMS) program aimed to develop a constructed wet-
land adjacent to the River. The wetland had to serve multiple
objectives, including treating polluted Litani River water,
restoring wetlands and riparian habitat, promoting environ-
mental awareness and education regarding water resources
and demonstrating an innovative, natural water treatment
technology not yet implemented in Lebanon (LRMBS 2012).
In the dry season, the constructed wetland is expected to
treat on average 20% of the Litani River flow (up to the entire
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Mediterranean. The emphasis is placed on the treatment
performance including physico-chemical performance,
pathogens and trace elements removal in order to check if
the abovementioned expectations of removal rates will be
met

Materials and methods
Location and description of constructed
wetland system

A constructed wetland was present and developed on a plot
belonging to the Litani River Authority (LRA) agricultural
extension center along the Litani River near Joub Jannine
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Fig. 1. Components of the constructed wetland (LRMBS 2012). [Colour figure can be viewed at wileyonlinelibrary.com] [Colour figure can be viewed
at wileyonlinelibrary.com]

bridge in Khirbet Kanafar village (Lebanon, 33.63° lat, 35.77°
long, 859 m elev.), being the only example. A treatment wet-
land sited here will provide improved water quality down-
stream to Qaraoun Lake and irrigation Canal 900. The
wetland was constructed at approximately 2.5 ha in size and
it was designed to receive 30 L.s~' of flow during the dry
season and 60 L.s~ ' of flow during the rest of the year
(LRMBS 2012).

The constructed wetland system comprises three main
elements: the main constructed wetland itself, a pump sta-
tion to provide inflow to the wetland from the Litani River
and the discharge channel to convey treated wetland efflu-
ent back to the River (Fig. 1). The constructed wetland sys-
tem consists of an alternating sequence of deep (2 m) and
shallow (30-50 cm) zones. Phragmites australis provided an
ideal primary species for the wetland because it is commonly
found near the selected site (e.g., at the Aammiq wetlands).
The hydraulic retention time was 5 days (LRMBS 2012).

Climatic characteristics of the site

The climate of the area is typically Mediterranean, character-
ized by a hot and dry season from April to September. The
main weather parameters were collected from a standard
agro-meteorological station located at the experimental sta-
tion of the LRA agricultural extension center in Khirbet Kana-
far that is 800 m far from the wetland site. The weather
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regime, in terms of precipitation (P), maximum temperature
(Tmax) and minimum temperature (Tmin) from October 2015
until September 2016 are presented in Fig. 2. The overall
average air temperature was 15.8 = 6.78°C while the total
precipitation amount was 970 mm. The precipitation was
concentrated only during the winter-spring period, until
May, and it was zero during the summer season (June—
September).

The evaluation of the temperature data shows that the cli-
matic conditions of the region are suitable for development
and survival of plants grown in the constructed wetlands
during at least 7 to 8 months of the year. The typical warm
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Fig. 2. Monthly precipitation (P mm), maximum (T max ‘C) and
minimum (T min ‘C) temperatures at the wetland site from October
2015 until September 2016. [Colour figure can be viewed at
wileyonlinelibrary.com]  [Colour figure can be viewed at
wileyonlinelibrary.com]
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climate of Mediterranean areas, all year-round is suitable for
using CW as wastewater treatment, since it is conducive to
the plant growth and microbiological activity, which have a
positive effect on treatment efficiency (Bojcevska & Tonder-
ski 2007).

Water measurements, sampling and analysis

River flow was measured at a gauging station located imme-
diately adjacent to the CW on the Litani River at the Joub Jan-
nine bridge. The wetland inflow and outflow (m>.day ")
were monitored. Since the performance of a constructed
wetland would be affected by evapotranspiration (ET), fur-
ther knowledge on water losses could provide useful infor-
mation. The estimate of ET is highly important for arid areas,
especially where the water at the outflow of the CWs is
required for reuse (Tuttolomondo et al. 2016).

The water budget was calculated according to IWA (2000)
using the equation:

Q0 =Qi + (P—ET) x A 2)

where Qo is the output wastewater flow rate (m3/d), Qi is the
wastewater inflow rate (m>/d), P is the precipitation rate (m/
d), ET is the evapotranspiration rate (m/d) and A is the wet-
land top surface area (m?).

Water samples for quality assessment were taken
monthly (from March to September) during the spring/
summer period of 2016. The samples were collected at the
inflow and at the outflow of the wetland always at the same
time in the morning as described by Leto et al. (2013).

Different parameters were measured along the wetland
to assess the removal efficiency of contaminants. All analy-
ses were performed according to the Standard Methods for
the Examination of Water and Wastewater (APHA-AWWA-
WEF 2005). Among them were; hydrogen ion concentration
(pH), total suspended solids (TSS) analyzed gravimetrically
(SM-2540 D), total dissolved solids (TDS), biological (bio-
chemical) oxygen demand (BODs) determined by measuring
oxygen depletion within 5 days at 20°C (SM-5210 B), chemi-
cal oxygen demand (COD) analyzed by open reflux method
(SM-5220 B), ammonium nitrogen (NH,—N) analyzed by dis-
tillation followed by titration (SM- 4500-NH3 B, C), nitrate-
nitrogen (NOs—N) and phosphorus (PO3~) analyzed by ion
chromatography (SM-4110 B), trace metals (Fe, Cu, Zn, Pb,
Cd, etc.) detected through atomic absorption spectroscopy,
total coliforms (TC), faecal coliform (FC; method SM-9220 B
and D), E. coli, Salmonella, and so forth. Analyses were ela-
borated at the laboratories of the Lebanese Agricultural
Research Institute (LARI).
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Fig. 3. Average flow rate in Litani River at Joub Jannine Bridge and
percentage of water diverted to the wetland, spring/summer 2016.
[Colour figure can be viewed at wileyonlinelibrary.com] [Colour figure
can be viewed at wileyonlinelibrary.com]

Evaluation of the contaminant
removal efficiency

The performance of the system as a whole was interpreted
on the basis of computed removal rates. The percentage
concentration decrease efficiency was evaluated according
to the IWA recommended equation (2000). Removal rates
(RR) of the major parameters such as TSS, COD, BODs, and
so forth, were computed by the formula given below, as it
was also presented in the study of Chang et al. (2007) and
others.

_Ci—Ce
Ci

RR(%) 100 (1)
where, Ci and Ce are the average inflow and outflow concen-
trations in mg/L.

Comparison to the Lebanese standards

There are no known guidelines for wetland design and per-
formance in Lebanon, so comparison was only possible with
Lebanese standards for wastewater treatment and release.
These are based on the decision issued by the Ministry of
Environment: Decision 8/1 on January 30, 2001.

The wetland performance was also compared to the
guidelines for wastewater reuse in agricultural irrigation as
proposed by the Food and Agricultural Organization of the
United Nations (FAO/UTF/LEB/O19/LEB 2011).

Results and discussion

Litani river flow and wetland water budget

The flow rate measured (spring/summer 2016) at the gaug-
ing station was averaged on a monthly basis and presented
in Fig. 3. The stream flow pattern typifies the Mediterranean

Water and Environment Journal 32 (2018) 508-518 ©2018 CIWEM.
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Fig. 4. Wetland inflow and outflow and plant evapotranspiration (ETc).
[Colour figure can be viewed at wileyonlinelibrary.com] [Colour figure
can be viewed at wileyonlinelibrary.com]

climate: higher flows were observed in the spring time,
March through April (with an average discharge in March of
438 +0.23 m3s~ ") while much lower flows were in May and
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June (0.73 =0.03 and 0.6 =0.005 m3s ™", respectively). Dur-
ing the summer months (July-September) river flow was
reduced below 50 L s '. On average, the Litani River pro-
vides ample flow year-round to support the constructed wet-
land system. However, the functioning of CW during the
summer season could be questioned due to very low
discharge.

In general, the wetland was able to treat 0.52, 0.89,
3.16, 5.40, 56, 64, 60, per month, respectively, from
March to September of the River flow. The wetland treated
on average 27.14 = 30.86% of River flow in the dry season.
This finding is in agreement with what was reported in
LRBMS (2012), that the wetland is expected to treat
between 20 and 100% of the Litani River flow during the
dry season and approximately 1 to 2% of the flow in the
wet season.

The estimated water budget, from March to September,
is provided in Fig. 4 in terms of wetland inflow, outflow and
vegetation evapotranspiration (ETc).

Table 1 Physico-chemical analyses of influent water (Litani River) as compared to recommended limits

Influent (Litani water)

Environmental limit
values for surface water

Effluent specifications for wastewater reuse
in irrigation based on proposed Lebanese
guidelines (FAO/UTF/LEB/O19/LEB 2011)

Physico-chemical based on MoE Decision Water Water Water
parameters (mg.L ™) Min Max Mean SD 8/1 (MoE 2001) Category | Category Il Category Il
pH 7.45 8.48 7.96 0.36 6-9 6-9 6-9 6-9
COD 15.41 75.23 50.09 19.08 125 125 250 250
BODs 56.00 91.00 71.00 12.14 25 25 100 100
Total Suspended 11.56 198.00 69.35 69.29 60 60 200 200
Solids

chloride 27.03 87.10 58.48 20.65 250 - - -
Nitrates 1.70 24.10 7.26 7.68 90 30 30 30
Ammonium 0.04 7.24 3.52 3.30 10 _ _ _
Phosphates 0.31 243 1.25 0.63 5 _ _ _
Potassium 3.00 17.30 8.80 497 _ _

Table 2 Physico-chemical analyses of wetland effluent water as compared to recommended limits

Effluent specifications for wastewater reuse
in irrigation based on proposed Lebanese

Effluent . e guidelines (FAO/UTF/LEB/O19/LEB 2011)
Environmental limit values
Physico-chemical for surface water based on Water Water Water
parameters (mg.L ™) Min Max Mean SD MoE Decision 8/1 (MoE 2001) Category | Category Il Category Il
pH 7.51 8.51 7.94 0.32 6-9 6-9 6-9 6-9
Cob 0.00 18.55 6.51 6.64 125 125 250 250
BODs 20.00 33.00 24.86 4.88 25 25 100 100
Total Suspended 4.88 16.10 9.58 5.05 60 60 200 200
Solids

Chloride 30.03 57.06 47.18 10.16 250 - - -
Nitrates 0.70 13.00 413 4.09 90 30 30 30
Ammonium 0.01 6.22 2.30 2.37 10 _ _ _
Phosphates 0.07 1.80 0.56 0.58 5 _ _ _
Potassium 1.00 4.90 237 1.55 _ _ _ _
Water and Environment Journal 32 (2018) 508-518 ©2018 CIWEM. 511
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Fig. 5. Monthly analyses of wetland influent (Litani River) and effluent for COD, BODs, Total suspended solids (TSS), phosphates, nitrates and
ammonium. [Colour figure can be viewed at wileyonlinelibrary.com] [Colour figure can be viewed at wileyonlinelibrary.com]

Physico-chemical analyses of wetland influent
and effluent

The minimum, maximum, mean values and SD of pH, COD,
BODs, total suspended solids (TSS), nitrates (NOs—N), ammo-
nium (NH;—N), phosphates (PO,—P) and potassium (K) are
shown for the Litani influent water as well as for the wetland
effluent in Tables 1 and 2, respectively. In addition, the monthly
trends of the considered parameters are given in Fig. 5.

512

The influent pH, COD, NH;—N, NOs—N and PO,—P concen-
trations (Table 1) fall within the range of the environmental limit
values for surface water based on MoE Decision 8/1 (MoE 2001).
However, the influent BODs and TSS concentrations were above
the given national standards. In fact, the Lebanese discharge lim-
its for surface water enforce a COD < 125 mg/L, BODs< 25 mg/L
and TSS< 60 mg/L. In addition, the recommended range of efflu-
ent specifications for wastewater reuse in irrigation based on

Water and Environment Journal 32 (2018) 508-518 ©2018 CIWEM.
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Table 3 Wetland removal efficiency for physico-chemical parameters

Performance of constructed wetland

Table 6 Wetland removal efficiency for pathogens

Removal efficiency (%)

Removal efficiency (%)

Physico-chemical

parameters (mg.L ™) RR-min RR-max RR-Mean = SD
cob 59.77 100.00 87.01 = 14.67
BODs 59.76 71.43 64.99 * 4.85

Total Suspended 57.08 91.87 86.18 = 14.52

Solids

chloride 0.00 36.17 19.33£16.04
Nitrates 22.00 58.82 43.11 = 12.50
Ammonium 11.60 75.00 34.82+£20.35
Phosphates 0.00 94.35 55.07 £33.87
Potassium 0.00 91.07 73.05*+39.23

proposed Lebanese guidelines (FAO/UTF/LEB/Q19/LEB 2011)
equally necessitates effluent concentrations of COD < 125 mgiL,
BODs<25 mg/L and TSS < 60 mg/L for a water of Category | that
is suitable for the irrigation of any kind of crops.

The effluent pH, COD, BODs, TSS, NH;—N, NOs—N and
PO,—P concentrations (Table 2) were within the range of the

Pathogens in water RR-Mean
Total Coliform (CFU/100 mL) 99.98
Faecal Coliform (CFU/100 mL) 99.84
E. coli (CFU/100 mL) 96.51
Salmonella (CFU/100 mL) 100.00

adopted environmental limit values. The constructed wet-
land treatment system achieved effluent quality that satisfies
these requirements in terms of COD and TSS in all periods.
The requirements were also met for BODs except the
summer months of August and September.

The average removal efficiencies were 87.01 + 14.67% for
COD, 64.99 +4.85% for BODs, 86.18 =+ 14.52% for TSS,
43.11 =12.50% for NO3;—N, 34.82 £20.35% for NHs—N,
55.07 = 33.85% for PO,—P and 73.05 + 39.23% for K (Table 3).
Some of the results are different from those reported by
Amacha et al. (2017) who worked on the same wetland for
the season extending from April 2014 till July 2015;

Table 4 Pathogens analyses of influent (Litani River) water as compared to recommended limits

Effluent specifications for wastewater
reuse in irrigation based on proposed Leb-
anese guidelines (FAO/UTF/LEB/O19/LEB

Influent (Litani water) 2011)
Environmental limit
(%) samples values for surface water
meeting the limit based on MoE Decision Water Water Water
Pathogens in water Mean value SD values of MoE 8/1 (MoE 2001) Category | Category Il Category Ill
Total Coliform 1.83*1010 4.83¥1010 _ _ _ _
(CFU/100 mL)
Faecal Coliform 1.87%106 3.6%106 0 <2000 <200 <1000
(CFU/100 mL)
E. coli (CFUMOO ML) 6.19*104 9.6*104 14 <2000 <200 <1000 _
Salmonella Present _ 28 Absent Absent Absent Absent
(CFU/100 mL)

Table 5 Pathogens analyses of wetland effluent water as compared to recommended limits

Effluent specifications for wastewater
reuse in irrigation based on proposed Leb-
anese guidelines (FAO/UTF/LEB/O19/LEB

Effluent 2011)
Environmental limit
(%) samples values for surface water
meeting the limit based on MoE Decision Water Water Water
Pathogens in water Mean value SD values of MoE 8/1 (MoE 2001) Category | Category Il Category Ill
Total Coliform 2.87*106 5.94¥106  _ _ _ _ _
(CFU/100 mL)
Faecal Coliform 1.92%103 4.88%103 86 <2000 <200 <1000
(CFU/100 mL)
E. coli (CFU/100 mL) 1.73*103 4.52%103 86 <2000 <200 <1000
Salmonella Absent _ 100 Absent Absent Absent Absent
(CFU/100 mL)
Water and Environment Journal 32 (2018) 508-518 ©2018 CIWEM. 513
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Fig. 6. Monthly analyses of wetland influent (Litani River) and effluent
for faecal coliforms and E. coli. [Colour figure can be viewed at
wileyonlinelibrary.com] ~ [Colour  figure can be viewed at
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particularly, the average removal efficiencies were 62.47% for
NOs—N, 93.3% for NH,—N and 82.82% for PO,—P, higher than
the values obtained in the current study. They show clearly

M. T. Abi Saab et al.

that the performance of the wetland for the removal of
physic-chemical contaminants is decreasing year after year,
this could be mainly attributed to a bad maintenance of wet-
land vegetation. Only the removal efficiency of BODs (66.08%)
was similar to that obtained by Amacha et al. (2017). The
results are also in agreement with the findings of El-Sheikh
et al. (2010) with removal rates of 52% BODs, 87% TSS and 52%
PO, for a free surface constructed wetland in Egypt. The
results are equally in agreement with the findings of Kadlec &
Wallace (2009), who mentioned that the free water con-
structed wetlands are more efficient in the removal of organ-
ics and suspended solids, compared with nitrogen and
phosphorus removal. Removal efficiencies above 70% can be
achieved for TSS, COD and BODs (Kadlec & Wallace 2009).
Many authors reported in literature that CWs often show lim-
ited capacity for nutrient reduction. Among them, Anderson
et al. (2005) and Vymazal (2007) reported removal efficiencies
typically ranging from 40% to 50% for nitrogen and from 40%
to 90% for phosphorous. Ghermandi et al. (2007) assessed the
performance of 38 tertiary treatment wetlands worldwide
using FWS CWs and found that on average, these CWs can
efficiently remove BODs (77.1%), TSS (78.1%) and COD (77.3%).
The removal of NH,—N and total phosphorous (TP) is rather
variable, ranging from 28 to 96%, and 13 to 75%, respectively.
In the free water surface CWs, plant uptake is considered as
the primary mechanism for reducing nitrogen (Vymazal
2007). Phosphorus removal is variable and is largely depend-
ent on both hydraulic loading rate (HLR) and size of systems
(Braskerud et al. 2005; Tonderski et al. 2005). Scholz (2006)
and Mustafa et al. (2009) equally reported that the CW sys-
tems have a high capacity to remove pollutants due to the
large size of the wetland cells and the relative high mean
retention time.

Pathogens analyses of wetland influent
and effluent

The mean values and standard deviations of total coliforms,
faecal coliforms, E. coli and the Salmonella presence are

Table 7 Trace metals analyses of influent (Litani River) as compared to recommended limits

Concentration values - Influent (Litani water)

Trace metals

Environmental limit
values for surface water

Limit values for
landscape/agricultural
irrigation (mg.L-1)

Limit values for irrigation:
long term use (mg.L-1)

(mg.L”) Min Max Mean SD (mg.L”) (MoE 2001) (US EPA 2004) (Salgot et al. 2006)
Zn <0.001 0.74 0.13 0.28 5 2.00 _

Cu 4.37 7.02 5.83 1.07 0.5 0.20 0.2-1

Pb <0.001 0.33 0.16 0.09 0.5 5.00 0.10

Mn 0.10 0.51 0.29 0.19 1 0.20 0.20

Ni <0.001 2.23 0.75 0.91 0.5 0.20 _

Hg <0.001 0.0212 0.0034 0.0079 0.05 _ 0.001-0.002

As 0.16 0.40 0.26 0.13 0.1 0.10 0.02-0.1

Cd <0.001 <0.001 <0.001 _ 0.2 0.01 0.005

Cr <0.001 <0.001 <0.001 _ 2 0.10 0.01-0.1
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Table 8 Trace metals analyses of wetland effluent as compared to recommended limits

Concentration values - Effluent

Trace metals

Environmental limit
values for surface water

Limit values for landscape/
agricultural irrigation

Limit values for irrigation:
long term use (mg.L-1)

(mg.L™") Min Max Mean sD (mg.L™") (MoE 2001) (US EPA 2004) (mg.L-1) (Salgot et al. 2006)
Zn <0.001 0.18 0.04 0.07 5 2.00 _

Cu 2.75 5.62 417 1.05 0.5 0.20 0.2-1

Pb <0.001 0.66 0.20 0.31 0.5 5.00 0.10

Mn 0.04 0.27 0.15 0.1 1 0.20 0.20

Ni <0.001 4.69 0.81 1.73 0.5 0.20 _

Hg <0.001 0.0094 0.0032 0.0041 0.05 _ 0.001-0.002

As <0.001 0.33 0.07 0.13 0.1 0.10 0.02-0.1

cd <0.001 <0.001 <0.001 _ 0.2 0.01 0.005

Cr <0.001 <0.001 <0.001 _ 2 0.10 0.01-0.1

shown for the Litani influent water as well as for the wetland
effluentin Tables 4 and 5, respectively.

The Litani water is highly polluted with total coliforms, fae-
cal coliforms, E. coli and Salmonella is present in water most
of the time. All pollutants do not meet the environmental
limit values for surface water based on MoE Decision 8/1
(MoE 2001). In fact, the Lebanese discharge limits for surface
water enforce a limit of 2000 CFU/100 ml for faecal contami-
nation and the absence of Salmonella.

The constructed wetland system effluent was shown to be
effective for the removal of pathogens from Litani river water.
Figure 6 shows, at a logarithmic scale, that the mean number
of faecal coliforms and E. coli mainly ranged around 10° coli-
forms/100 mL in the effluent of the system. The number of
faecal coliforms and E. coli even decreased to below 10° coli-
forms/100 mL in most of the monthly measurements except
for September that represent the peak river pollution. The
removal of faecal coliforms was around 99.84% in the con-
structed wetland system (Table 6). However, despite the high
removal efficiencies, the effluent coliform numbers in the
present study were found to fluctuate drastically from month
to month (Fig. 6) and were still high particularly in August and
September months. The effluent of the system was evaluated
in terms of its potential for reuse in agricultural irrigation
according to the criteria (Table 5) defined by the proposed
Lebanese guidelines for wastewater reuse in irrigation, in
which Category | involves the irrigation of any kind of crop
whereas Category Il involves only irrigation of fruit trees and
cereal crops not even vegetables to be eaten cooked. The
findings revealed that the effluent met the standards except
in September in terms of faecal coliforms and E. coli removal.
The effluent was free from Salmonella in all studied months.

These results are consistent with the findings for con-
structed wetlands in literature. Total and faecal coliform
removal efficiencies achieved in the constructed wetland
system was comparable to the efficiencies reported in the
study of Ottova et al. (1997) ranging usually between 98.1
and 99.9%. Other studies also showed coliform removal
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efficiencies of 98.8% on average in CWs (Masi et al. 2008;
Raboni et al. 2014).

Wetlands support a large and diverse population of bacte-
ria which grow on the submerged roots and stems of aquatic
plants and are of particular importance in the removal of
microbial contaminants (El-Sheikh et al. 2010). In addition,
the factors affecting bacterial elimination in CWs include veg-
etation, hydraulic regime and retention time, water composi-
tion, seasonal variations and pH (Davies-Colley et al. 1999).
For free water surface flow CWs, sunlight intensity and expo-
sure time are also critical influencing factors (Mayo
2004).Finally, the typical warm climate of Mediterranean
areas, all year-round is suitable for using CW as wastewater
treatment, since it is conducive to the plant growth and
microbiological activity, which have a positive effect on
treatment efficiency (Kaseva 2004; Bojcevska & Tonderski
2007; Barbagallo et al. 2012).

Trace metals analyses of wetland influent
and effluent

The minimum, maximum, mean values and standard devia-
tions of trace elements mainly Zn, Cu, Pb, Mn, Ni, Hg, As, Cd
and Cr are shown for the Litani influent water as well as for
the wetland effluent in Tables 7 and 8, respectively. In addi-
tion, the monthly trends of these parameters are given in
Fig.7.

Both influent and effluent Cu, Pb, As and Ni concentra-
tions greatly exceed the range of the environmental limit val-
ues for surface water based on MoE Decision 8/1 (MoE
2001). However, the influent Zn, Mn and Hg concentrations
were within the given national and international standards.
Cd and Cr were less than 0.001 mg.L~". Such facts confirm
clearly how industrial emissions in river bed violate severely
the Litani water quality standards. Table 9 illustrates a sum-
mary of data concerning the removal efficiency of trace met-
als in constructed wetland system. On average, the
constructed wetland shows moderately good removal

515



Performance of constructed wetland

. Zn

w«
o N @

w
L

Cu (mg.L'?Y)

Mar Apr May Jun Jul Aug Sep

® Environmental limit value (MoE, 2001)

= Influent u Influent
u Effluent = Effluent
Be 5 Pb 0.35
0.7 -
03 4
06 -
0.25 -
o 05 —
= w
: 0.2
204 E
203 7015 -
02 - 01 +
0.1 - l ]_ l I I 0.05 -
o — = T - — 0 —a

Mar Apr May Jun Jul Aug Sep

= Environmental limit value (MoE, 2001)
m Influent
m Effluent

# Influent
u Effluent

0.06 Hg

0.05

Hg (mg.LY)
e o
o ©°
w -

o

o

~
.

0.01

il e e

Mar Apr May Jun Jul

Aug Sep

B Environmental limit value (MoE, 2001)
E Influent
u Effluent

Cu

—-4'
£
5, 4

2,
1.

1
" B T NIEEEEENS

Mar Apr May Jun

® Environmental limit value (MoE, 2001)

Mar Apr May Jun Jul Aug Sep

¥ Environmental limit value (MoE, 2001)

M. T. Abi Saab et al.

=
N

Mn

Lll._l- L iil

Mar Apr May Jun Jul Aug Sep

Mn (mg.LY)
e © 9
H (3] [ -

o
N
L

Jul Aug Sep

B Environmental limit value (MoE, 2001)
® Influent
= Effluent

As 5 - 5
45 } NI
q -
35 }
5, 3 1
25 -
2
15 W
| 1
05 -
T =y — T T o . T . - - I - ‘I, N

Ni (mg.LY)

Mar Apr May Jun Jul Aug Sep

H Environmental limit value (MoE, 2001)
¥ Influent
u Effluent

Fig. 7. Monthly analyses of wetland influent (Litani River) and effluent for trace metals. [Colour figure can be viewed at wileyonlinelibrary.com]

[Colour figure can be viewed at wileyonlinelibrary.com]

efficiency for some metals (Zn, Mn, As), while other constitu-
ents are poorly removed or not removed at all. An explana-
tion for such poor performance might be the fact that, unlike
organic pollutants, metals cannot be removed from water
directly by means of biological processes. Other processes
occur in wetlands. These include uptake by plants, physical
interactions with the substrate, formation of complexes and
subsequent precipitation (Kleinmann & Girts 1987). Accord-
ing to El-Sheikh et al. (2010), important removal mechanisms
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for metals include cation exchange and chelation with wet-
land soils and sediments, binding with humic materials, pre-
Cipitation as insoluble salts of sulfides, carbonates and
oxyhydroxides, and uptake by plants, algae and bacteria.

We must also address the fact that non biodegradable
pollutant concentration may increase in the outflow, due to
the fact that large water quantities may be lost through
evapotranspiration from wetland vegetation particularly dur-
ing the month having peak ET (August-September) as
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Table 9 Wetland removal efficiency for trace metals

Removal efficiency (%)

Trace metals

(mg.L™") RR-min RR-max RR-mean
n 42.86 74.99 58.56
Cu 0.00 5273 28.34
Pb 0.00 100.00 0.00

Mn 41.30 71.43 49.01

Ni 0.00 100.00 0.00

Hg 0.00 88.89 6.36

As 0.00 100.00 7273
Cd _ _ _

Cr

reported by different authors (Green et al. 2006; El Hamouri
et al. 2007; Headley & Tanner 2012).

Finally, other plant species, if adopted in the studied wet-
land, could contribute for further improvement of metal
removal efficiency. Some studies showed that the aquatic mac-
rophyte Typha domingensis, when compared to other species,
has a great potential in constructed wetlands for phytoreme-
diation of water contaminated with metals (Gomes et al. 2014).

Conclusion

The constructed wetland was able to treat more than 20% of
the Litani River flow in the dry season of year 2016. In addi-
tion, results revealed that the average removal efficiencies
were 64.99% for BODs, 86.18% for TSS, 43.11% for NO3—N,
34.82% for NH,—N, 55.07% for PO,—P and 99.84% for faecal
coliforms. Thus, the expected removal rates of 47% BODs,
81% TSS, 44% NH,—N, 46% NOs—N, 23% PO4 and 99% fecal
coliforms were met, as reported by LRMBS (2012).

Innovative, low-cost and natural water treatment technol-
ogies represent a valid solution to improve water quality in
the Southern Mediterranean water courses. However, a
deeper comprehensive performance assessment of CW sys-
tem for removing various contaminants from the Litani River,
over alonger time period, is needed.

The analysis of physico-chemical, pathogens and trace
metal parameters revealed that river water greatly suffers
from microbial and trace metals pollution. Within this con-
text, CWs seem to be a promising green technology for the
reduction of bacterial contamination and the restoration of
river water bodies located downstream of polluted catch-
ment. For this purpose, the introduction of CWs near point
source microbial pollution along southern Mediterranean
water courses is a promising strategy for eco-remediation.

Moreover, in such cases (as it is the Litani River), in order
to limit the impact on water resources, biodiversity and
human health, it is necessary to support an integrative
approach for the prevention and control of industrial emis-
sions into water, in particular when conveying metals.
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Finally, adequate monitoring and policy measures should
be adopted to facilitate the integration of CWs in the South-
ern Mediterranean environments. More research is needed
to improve the selection and management of wetland plant
species in order to ensure the treatment effectiveness. Fur-
ther studies conducted by researchers and engineers
together, to design test and improve treatment modules for
different pollutants, including metals are required.

To submit a comment on this article please go to
http://mc.manuscriptcentral.com/wej. For further information please
see the Author Guidelines at wileyonlinelibrary.com

References

Amacha, N., Karam, F., Jerdi, M., Frank, P. and Viala, E. (2017)
Assessment of the Efficiency of a Pilot Constructed
Wetland on the Remediation of Water Quality; Case
Study of Litani River, Lebanon. Environ. Pollut. Climate
Change, 1, 119.

Anderson, J.L., Kallner Bastviken, S. and Tonderski, K.S. (2005)
Free Water Surface Wetlands for Wastewater Treatment in
Sweden—Nitrogen and Phosphorus Removal. Water Sci.
Technol., 51, 39-46.

APHA. (2005) Standard methods for the examination of water
and waste water, 21st edn. American Public Health
Association, Washington, DC

Barbagallo, S., Cirelli, G.L., Consoli, S., Licciardello, F., Marzo, A.
and Toscano, A. (2012) Analysis of treated wastewater reuse
potential for irrigation in Sicily. Water Science and Technology,
65, 2024-2033.

Bojcevska, H. and Tonderski, K. (2007) Impact of Loads Season,
and Plant Species on the Performance of a Tropical
Constructed Wetland Polishing Effluent from Sugar Factory
Stabilization Ponds. Ecol. Eng., 29, 66-76.

Braskerud, B.C., Tonderski, K.S., Wedding, B., Bakke, R.,
Blankenberg, A.G.B., Ulén, B. and Koskiaho, J. (2005) Can
Constructed Wetlands Reduce the Diffuse Phosphorus Loads
to Eutrophic Water in Cold Temperate Regions? J. Environ.
Qual., 34, 2145-2155.

Chang, J., Zhang, X., Perfler, R., Xu, Q.S., Niu, X.Y. and Ge, Y.
(2007) Effect of Hydraulic Loading Rate on the Removal
Efficiency in a Constructed Wetland in Subtropical China.
Fresen. Environ. Bull., 16, 1082—1086.

Davies-Colley, R., Donnison, A., Speed, D., Ross, C. and Nagels,
J.A. (1999) Inactivation of Faecal Indicator Micro-organisms in
Waste Stabilisation Ponds: Interactions of Environmental
Factors with Sunlight. Water Res., 33, 1220-1230.

El Hamouri, B., Nazih, J. and Lahjouj, J. (2007) Subsurface-
Horizontal Flow Constructed Wetland for Sewage Treatment
Under Moroccan Climate Conditions. Desalination, 215,
153-158.

El-Sheikh, M.A., Saleh, H.I., EI-Quosy, D.E. and Mahmoud, A.A.
(2010) Improving Water Quality in Polluated Drains with Free
Water Surface Constructed Wetlands. Ecol. Eng., 36,
1478-1484.

517


http://mc.manuscriptcentral.com/wej
http://wileyonlinelibrary.com

Performance of constructed wetland

FAO/UTF/LEB/O19/LEB. (2011) Guidelines for Wastewater Reuse in
Agricultural Irrigation. Food and Agricultural Organization of
the United Nations (FAO/UTF/LEB/O19/LEB, 2011). Beirut,
Lebanon.

Ghermandi, A., Bixio, D. and Thoeye, C. (2007) The Role of Free
Water Surface Constructed Wetlands as Polishing Step in
Municipal Wastewater Reclamation and Reuse. Sci. Total
Environ., 380, 247-258.

Gomes, M.V.T., De Souza, R.R., Teles, V.S. and Mendes, E.A.
(2014) Phytoremediation of Water Contaminated with Mercury
using Typha Domingensis in Constructed Wetland.
Chemosphere, 103, 228-233.

Green, M., Shaul, N., Beliavski, M., Sabbah, I., Ghattas, B. and
Tarre, S. (2006) Minimizing Land Requirement and Evaporation
in Small Wastewater Treatment Systems. Ecol. Eng., 26,
266-271.

Headley, T. and Tanner, C. (2012) Constructed Wetlands with
Floating Emergent Macrophytes: An Innovative Stormwater
Treatment Technology. Crit. Rev. Environ. Sci. Technol., 42,
2261-2310.

Kadlec, R.H. and Wallace, S.D. (2009) Treatment Wetlands (2nd
edn). CRC Press, Boca Raton, FL.

Kaseva, M.E. (2004) Performance of a subsurface flow
constructed wetland in polishing pre-treated wastewater — a
tropical case study. Water Research, 38, 681-687.

Kleinmann, R.L.P. and Girts, M.A. (1987): Acid Mine Water
Treatment in Wetlands: An Overview of an Emergent
Technology. In Reddy, K.R. and Smith, W.H., (eds). Aquatic
Plants for Water Treatment and Resource Recovery,
pp. 255-261. Magnolia Publications, Orlando, FL.

Leto, C., Tuttolomondo, T., La Bella, S., Leone, R. and
Licata, M. (2013) Effect of Plant Species in a Horizontal Subsurface
Flow Constructed Wetland —Phytoremediation of Treated Urban
Wastewater with Cyperus alternifolius L. and Typha latifolia L. in
the West of Sicily (Italy). Ecol. Eng., 61, 282-291.

LRMBS. (2012) Feasibility Study for Constructed Wetlands in the
Litani River Basin. Prepared by NewFields for IRG, Lebanon.
Mayo, A.W. (2004) Kinetics of Bacterial Mortality in Granular Bed

Wetlands. Phys. Chem. Earth, 29, 1259-1264.

Masi, F., Conte, G. and Martinuzzi, N. (2008) Sustainable
Sanitation by Constructed Wetlands in the Mediterranean
countries: experiences in small/medium size communities and

518

M. T. Abi Saab et al.

tourism facilities. In: Al Baz, I., Otterpohl, R. & Wendland, C.
(eds) Efficient Management of Wastewater, Its Treatment and
Reuse in Water Scarce Countries. Springer, NY, pp. 125-138,
ISBN: 978-3-540-74491-7.

MoE. (2001) Lebanese Standards for Wastewater Treatment and
Release. Decision issued by the Ministry of Environment:
Decision 8/1 on January 30, 2001.

Mustafa, A., Scholz, M., Harrington, R. and Carroll, P. (2009)
Long-Term Performance of a Representative Integrated
Constructed Wetland Treating Farmyard Runoff. Ecol. Eng., 35,
779-790.

Ottova, V., Balcarova, J. and Vymazal, J. (1997) Microbial
Characteristics of Constructed Wetlands. Water Sci. Technol.,
35, 117-123.

Raboni, M., Gavasci, R. and Urbini, G. (2014) UASB Followed by
Sub-Surface Horizontal Flow Phytodepuration for the
Treatment of the Sewage Generated by a Small Rural
Community. Sustainability, 6, 6998-7012.

Salgot, M., Huertas, E., Weber, S., Dott, W. and Hollender, J.
(2006) Wastewater reuse and risk: definition of key objectives.
Desalination, 187, 29-40.

Scholz, M. (2006) Wetland Systems to Control Urban Runoff.
Elsevier, Amsterdam, The Netherlands.

Tonderski, K.S., Arheimer, B. and Pers, C.B. (2005) Modeling the
Impact of Potential Wetlands on Phosphorus Retention in a
Swedish Catchment. AMBIO, 34, 544-551.

Tuttolomondo, T., Leto, C., La Bella, S., Leone, R., Virga, G. and
Licata, M. (2016) Water Balance and Pollutant Removal
Efficiency When Consideringevapotranspiration in a Pilot-Scale
Horizontal Subsurface Flowconstructed Wetland in Western
Sicily (Italy). Ecol. Eng., 87, 295-304.

US-EPA (US Environment Protection Agency). (2004) Manual
Guidelines for Water Reuse, EPAI625/R-92/004, USA.

Vymazal, J. (2007) Removal of Nutrients in Various
Types of Constructed Wetlands. Sci. Total Environ., 380,
48-65.

Zhang, D.Q., Jinadasa, K.B.S.N., Gersberg, R.M., Liu, Y., Ng, W.J.
and Tan, S.K. (2014) Application of Constructed Wetlands for
Wastewater Treatment in Developing Countries—A Review of
Recent Developments (2000-2013). J. Environ. Manage., 141,
116-131.

Water and Environment Journal 32 (2018) 508-518 ©2018 CIWEM.



	l

