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Abstract Blooms of toxic cyanobacteria in Algerian res-
ervoirs represent a potential health problem, mainly from
drinking water that supplies the local population of Ain
Zada (Bordj BouArreridj). The objective of this study is to
monitor, detect, and identify the existence of cyanobacteria
and microcystins during blooming times. Samples were
taken in 2013 from eight stations. The results show that
three potentially toxic cyanobacterial genera with the spe-
cies Planktothrix agardhii were dominant. Cyanobacterial
biomass, phycocyanin (PC) concentrations, and
microcystin (MC) concentrations were high in the surface
layer and at 14 m depth; these values were also high in the
treated water. On 11 May 2013, MC concentrations were
6.3 μg/L in MC-LR equivalent in the drinking water. This
study shows for the first time the presence of cyanotoxins
in raw and treated waters, highlighting that regular

monitoring of cyanobacteria and cyanotoxins must be
undertaken to avoid potential health problems.
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Introduction

Cyanobacteria have been around for three billion years and
have an important role in the formation of the earth’s
oxygen and nitrogen fixation (Mur et al. 1999).
Cyanobacteria can develop high proliferation in freshwater
ecosystems, thus disrupting the ecosystem functioning and
the water usages (drinking water, fishing, and livestock
watering). Their strong biomasses are associated with eu-
trophication due to the enrichment of water by nutrients
mainly phosphorus from urban and domestic waste, agri-
cultural practices, and erosion of fertile soils (Hamilton
et al. 2016). Climate change also contributes in increasing
their frequency and persistence (Paerl and Paul 2012;
Carey et al. 2012). The scientific community has become
more interested in the causes and consequences of
cyanobacteria blooms around the 1980s (Merel et al.
2013).

Nowadays, these photosynthetic microorganisms are
most often associated with toxic impacts on all biological
organisms (Codd et al. 2005). Several toxins include neu-
rotoxins, hepatotoxins, and dermatotoxins with inflamma-
tory and cytotoxic effects on animals and humans (Pouria
et al. 1998; Chorus and Bartram 1999; Lance et al. 2010a,
b; Carmichael and Boyer 2016). Hepatotoxins in drinking
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water have been connected to several health incidents in
Brazil, Australia, China, and Serbia. Results from China
(Yu 1995) and Serbia (Svircev et al. 2013) indicate that
cyanobacterial hepatotoxins can lead to higher incidence of
primary liver cancer. In addition to the toxicity associated
with cyanotoxins, cyanobacteria have negative conse-
quences on the production of drinking water such as the
obstruction of filtration systems, excess of organic matter,
and production of other secondary metabolites (geosmin,
2-methylisoborneol, beta-cyclocitral) that give odorous
unpleasant taste to water and fish (Falconer 1999; Merel
et al. 2013).

In Algeria, the water shortages compared to the needs of
the population is increasing and is likely to rise in the future
due to the impact of climate change as reported by many
authors (Heisler et al. 2008; Reichwaldt and Ghadouani
2012). Knowledge of the cyanobacteria dynamics is impor-
tant in the Algerian water bodies used for drinking water
especially because most of the proliferations are dominant
throughout the year (Amrani et al. 2014).

Various potentially cyanotoxin-producing species
Cylindrospermopsis raciborskii, Microcystis sp.,
Pseudanabaena sp., and Lyngbya sp. were described in
earlier studies (Nasri et al. 2004, 2007, 2008). Microcystins
were also detected in some water bodies (Amrani et al.
2014). Since then, the health hazards of cyanobacteria have
become more significant and several studies have been
conducted in various freshwater bodies (Ouartsi et al.
2011; Djabourabi et al. 2014; Boussadia et al. 2015; Saoudi
et al. 2015; Bidi-Akli et al. 2017). To limit organic matter,
most of the drinking water treatment plants in Algeria are
equipped with activated charcoal and in particular that of
Ain Zada. This method is also used to remove the
cyanotoxins (in particular MC) from the water (Meriluoto
et al. 2017).

The aim of this study is to characterize the Ain Zada
water body at times of cyanobacterial blooms by measure-
ments of physico-chemical parameters, identification and
enumeration of cyanobacteria, and evaluation of the toxic-
ity of the raw and treated drinking water by the determi-
nation of microcystins and cylindrospermopsins. We also
propose a health risk management plan to control the
development of cyanobacteria.

Materials and methods

The dam of Ain Zada is located on the high plains of
Setif at 815 m above sea level. The surface of the

catchment area is approximately 2080 km2 (ANB
BBA 2013). It is supplied by three main valleys:
Bousselem (with industrial discharge), Malah, and Ain
Taghrout (with urban water discharge). The dam water
is used for drinking water supplies, for irrigation, and as
an extensive aquaculture of the royal carp (Cyprinus
carpio).

The climate of the region is semi-arid (harsh winters
and dry hot summers), and average rainfall ranges be-
tween 300 and 600 mm, while air temperatures ranges
from 38 °C (in July) and 0 °C (in December). The
prevailing wind comes from the northwest with the
exception of the summer when the sirocco is more
recurrent. The drying wind increases evapotranspiration
and thus enhances the effects of temperature. The hy-
draulic characteristics of the dam can be found in
Table 1.

Sampling

Monthly samples were taken from February to June 2013,
from stations A1, A2, and A3 that corresponded to the
valleys (Fig. 1) due to the easy access of those stations.
StationA4was sampled from the bank, and stationA6was
near the dam wall. A7 was located at the entrance of the
treatment plant 700 m from the reservoir, A8 near the
treatment plant exit. Pumping raw water into the plant is
carried out at 12 m above the reservoir sediment. Profiles
and analyses were carried out at A5 station (Table 2) on 11
May 2013 during a large cyanobacterial bloom throughout
the reservoir (Fig. 2) and associated with fish mortality.

Table 1 Technical characteristics of Ain Zada reservoir (ANB
BBA 2013)

Characteristics Ain Zada

Filling reservoir with water 1988

Catchment area (km2) 2080

Capacity (million m3) 125

Area (km2) 6.30

Maximum depth (m) 30

Annual rain (mm) 300–600

Annual flow of water (million m3) 80

Production of drinking water (m3/day) 100,000

Evapotranspiration (mm/year) 1097
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Field measurements

Several physical and chemical parameters were recorded
in the dam at each station. Temperature, dissolved oxygen,
pH, and conductivity were measured Bin situ^ with a
multi-parameter probe (WTW 340i Model). Turbidity
was measured using the turbidimeter according to ISO
7027 standard and expressed in FNU (formazine nephelo-
metric unit). Phycocyanin (PC) fluorescence, characteristic
of a pigment specific of cyanobacteria, was measured with
a TriOS microFlu-blue probe (DL = 0.02 μg/L PC) during
vertical profiles from the surface down to 14 m depth and
for the detection of cyanobacteria for samples on the bank
(Brient et al. 2007; Bastien et al. 2011; Kong et al. 2014).
Water samples were collected with a 1-m-long tube sam-
pler for surface sampling and a VanDorn bottle for vertical

profiles. Water samples were kept on ice until analysis in
the laboratory within 24 h.

Phytoplankton analyses

Samples collected for taxonomic analyses were conserved
in Lugol’s iodine. Cyanobacteria identification was carried
out on the basis of microscopic observation of the morpho-
logical characters according to the identification keys used
by Bourrelly (1966), Komárek and Anagnostidis
(1989–2005), Cronberg and Annadotter (2006), and
Komárek (2013). Cyanobacteria counts were performed
directly from the raw sample or by a concentration of at
least 100 mL filtered through a polycarbonate membrane
(CYCLPR PC 47 mm, porosity 5 μm). The counting was
performed using aNageotte cell with aminimumof 40 algal
units as described in Brient et al. (2007).

Nutrient analyses

The raw water samples were filtered using a GF/C filter
(1.2 μm) before being analyzed for dissolved nutrients.
Nitrogenous nutrient elements (ammonium (ISO
7150/1984), nitrates (ISO 7890/1986), and nitrites (ISO
6777/1984)) and orthophosphates (ISO 6878/1986) were
measured according to ISO/TC 147 (1994), by colorimet-
ric method spectrophotometry HACH DR/4000 U (UV
visible). Detection limits are 0.5mg/LNO3-N, 0.004mg/L
NO2-N, 0.031 mg/L NH3-N, and 0.04 mg/L PO4

3−.

Microcystins and cylindrospermopsin analyses

The raw water samples were filtered using a GF/C filter,
frozen, and sent for analysis to France (University of
Rennes 1). The intracellular cyanotoxins were extracted
using 75% MeOH for 1 h (Chorus and Bartram 1999;
Meriluoto et al. 2017) for their analyses by HPLC for
microcystins or ELISA for cylindrospermopsins. Analyses
of microcystins were performed using a HPLC coupled
with a diode array detection (DAD) method. A P4000
solvent delivery system from Thermo Scientific equipped
with a UV6000LP detector from Thermo Finnigan was
used for all analyses. Separation was carried out on a
Kinetex C18 column from Phenomenex (4.6 mm
i.d. × 100 mm long; 2.6 μm particle size) which was
maintained at 35 °C. Samples (20 μL) were eluted with
acetonitrile/ammonium acetate 0.01 M (24/76) over
30 min at a flow rate of 1 mL/min. Eluent was monitored
from 200 to 300 nm, and microcystins were quantified by

Fig. 1 Localization of different stations on Ain Zada

Table 2 Sampling sites at Ain Zada reservoir

Stations Localization

A1 Boussellem valley Along banks

A2 Karoua valley Along banks

A3 Taghrout valley Along banks

A4 Along banks

A5 1-, 4-, and 14-m depths

A6 1-, 4-, and 14-m depths

A7 Upstream of the treatment
station, 700 m from the dam

A8 Tap water (drinking water)
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its characteristic UV spectrum at 238 nm. External stan-
dards (mix of MC LR, MC YR, and MC RR, 5 μg/L) are
purchased from Abraxis. Instrument control, data acquisi-
tion, and processing were achieved using Chromeleon.
The limit of quantification is 0.05 μg/L MC-LR with an
injection of 20 μL. Microcystin analyses in the drinking
water were performed using a ELISA kit Microcystin
BABRAXIS^ PN 522015 product with a detection limit
of 0.1 μg/L MC-LR.

Cylindrospermopsin analyses were performed using
an ELISA kit Cylindrospermopsin BABRAXIS^ PN
522011 for raw and drinking water, with a detection
limit more sensitive than HPLC (DL = 0.04 μg/L
CYN). All toxin analyses were performed in the Uni-
versity of Rennes 1, laboratory.

Results

Abiotic factors

During 2013, the waters of Ain Zada dam supplied by
Boussellem, Karoua, and Taghrout valleys (Table 3) were
characterized by an alkaline pH of around 8, a conduc-
tivity of 833 to 2450 μS/cm, high ammonium concentra-
tions (>5 mg/L NH4-N) and nitrate values of <7.75 mg/L
NO3-N, and high phosphate values of 4.76 mg /L PO4.
The water at the intake point used for potabilization has
met the water standards in Algeria during this short
period of 5months of regular monitoring. It is noteworthy
that in May 2013, nitrate values were the highest with
7.25 mg/L NO3-N at station 8 and with the presence of
0.12 mg/L PO4.

Cyanobacteria

During this period from February to June 2013,
Oscillatoriales developed between late April and mid-
May at stations 4 and 7 (Fig. 3) represented by
Pseudanabaena sp. and Planktothrix agardhii, and
Nostocales represented by Aphanizomenon sp., at all
the sampling sites of the dam (Fig. 4). Pseudanabaena
sp. and P. agardhii showed a persisted dominance.

On 11 May 2013, a more detailed sampling cam-
paign on the dam revealed a dominant population of
P. agardhii (Fig. 5). Phycocyanin profiles (Fig. 6) reveal
the presence of cyanobacteria over the entire dam with a
high biomass in the top 5 m of the water column. The
biomass was so high that the signal from the PC probe
was saturated in the top 5 m at a value of 200 μg/L PC.
This PC concentration corresponded to an equivalent
biomass of 600,000 cells/mL using the factory calibra-
tion. The three cyanobacterial species remained present
with the dominance of P. agardhii. The vertical profiles
of PC at A5 in the dam center are similar to A6.

Microcystins and cylindrospermopsins

Of the 21 samples (analyzed by HPLC) obtained from
stations A4 and A6 and from the period February to
June 2013, microcystins were present in all raw water
samples except for those of 12 March 2013 with concen-
trations reaching 72.4 μg/L of the intracellular MC on 7
May 2013. The MC-LR equivalent is present mainly in
these samples with a value of 69.25 μg/L on 7 May 2013
(Table 4). In the drinking water, microcystin is present in
samples of 9 April 2013, with 0.97 μg/L of MC LR

Fig. 2 Photograph illustrating the
bloom occurred in the dam of Ain
Zada (11 May 2013)
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equivalent and of 7 May with 0.62 μg/L MC-LR
equivalent.

During the massive cyanobacterial bloom on 11
May 2013, microcystins were present at different depths
at stations A5, A6, and A7 with concentrations ranging
between 12.1 and 19.6 μg/L of the intracellular
microcystins. The 6.3 μg/L of extracellular MC-LR
equivalent is found in drinking water at that date
(Table 5).

ELISA tests detected no trace of cylindrospermopsin
(intracellular or extracellular) in the 18 samples ana-
lyzed in raw and drinking water during the entire study

period even during the bloom. This cyanotoxin has been
analyzed because there are few species producers in the
dam which include C. raciborskii (Hawkins et al. 1985,
1997), and Raphidiopsis curvata (Li et al. 2001) which
were also found in other Algerian reservoirs and lakes.

Discussion

Cyanobacteria were dominating over other phytoplank-
ton groups in Ain Zada dam during the sampling cam-
paigns in accordance with the nutrient status and the

Table 3 physical and chemical parameters of the water of the valleys and drinking water

02/13 03/13 04/13 05/13 06/13

Boussellem valley (A1)

Conductivity (μS/cm) 1166 964 1176 1473 2450 1768 1760 1767

NH4-N (mg/L) 5.58 5.14 5.51 5.57 6.08 5.36 5.1 5.18

NO3-N (mg/L) 0.66 6.24 7.75 4.2 1.59 0.5 1.33 1.41

PO4 (mg/L) 1.3 1.72 1.37 4.76 5.3 3.33 1.41 1.17

Karoua valley (A2)

Conductivity (μS/cm) 833 926 966 1017 1189 2200 1180 1198

NH4-N (mg/L) 0.75 0.9 0.35 0.29 2.3 0.06 0.2 0.26

NO3-N (mg/L) 0.35 4.96 6.42 7.88 1.5 0.3 7.2 7.48

PO4 (mg/L) 0.7 0.36 0.21 0.1 1.9 0.42 0.3 0.36

Taghrout valley (A3)

Conductivity (μS/cm) 2460 2310 2150 2190 2009 2210 1200 1220

NH4-N (mg/L) 1.11 2.39 4.29 3.77 5.52 3.54 2.88 2.95

NO3-N (mg/L) 0.57 0.62 4.74 3.41 5.93 0.31 2.95 3.01

PO4 (mg/L) 1.12 1.73 0.66 0.74 0.48 0.95 1.25 1.33

Drinking water (A8)

Conductivity (μS/cm) 1352 1309 1200 1258 1199 1216 1267 1257

NH4-N (mg/L) 0 0 0 1.56 0.02 0 0 0

NO3-N (mg/L) 0 3.8 5.22 4.74 6.02 7.25 2.3 0

PO4 (mg/L) 0 0 0 0.03 0 0.12 0 0

Fig. 3 Evolution of major cyanobacteria genera from stations 4 and 7
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climatic conditions of the region (Paerl and Huisman
2008; Carey et al. 2012). A diverse cyanobacterial com-
munity was identified in the water body and was com-
posed of three genera, all of which are potentially toxic.

In Ain Zada, P. agardhii was the dominant species
followed by species from the genus Aphanizomenon. This
temporal succession suggests a response to change in
mixing conditions and temperature as Oscillatoriales are
known to dominate in cold mixed conditions (Reynolds
1984; Mantzouki et al. 2016). The Aphanizomenon sp. is
stable in warm conditions of the water column together
with the lack of rain (Huisman et al. 2004) and common
during the summer in Mediterranean climate reservoirs
(Fadel et al. 2015; Cirés and Ballot 2016).

In Ain Zada, the highest biomass of cyanobacteria (as
indicated by the phycocyanin fluorescence) measured on
11 May 2013 was located above the water intake level but
decreased only to a concentration of 50 μg/L at the intake
depth in the center of the water body at station A5. This
relatively high concentration of cyanobacteria throughout
the water column resulted in the presence of microcystin in
the raw water taken at the entrance of the treatment plant
(12.1 μg/L MC LR equivalent) and its persistence in the
treated water (6.3 μg/L MC-LR equivalent). This high

microcystin concentration associated with high
cyanobacterial biomass occurred during a drought period
(lack of rain) with calm conditions, rising temperatures,
and nutrient enrichment. Microcystin toxin production is
positively correlated to cell growth rate (Briand et al. 2005,
2012). However, different genotypes with various toxin-
producing abilities may coexist within the same lake
(Sabart et al. 2015) and even during a bloom (Briand
et al. 2008) reporting that there is not necessarily a rela-
tionship between cyanobacterial biomass and MC
concentrations.

During the bloom on 11 May 2013, the concentrations
of microcystin found in the dam ranged from 19.6 μg/L
MC-LR equivalent in raw water (A5) to 6.3 μg/L in
drinking water, showing that although the treated water
decreased MC concentrations, it was not effective enough
to decrease it to 1 μg/L MC-LR which is the threshold
limit for drinking water determined by the WHO (1998).
Hence, the MC concentration found in the treated water
exceeded the WHO threshold also reported in Chorus and
Bartram (1999) and in the Official Journal of the Algerian
Republic (JORA 2014) as harmful when consumed by
humans and as potentially causing cancer (Zhou et al.
2002; Zanchett and Oliveira-Filho 2013). Moreover, deg-
radation products by oxidation may also contribute to
some health problems. To avoid them, mainly when
blooms persist, the most comprehensive physical removal
is required before any chemical treatment (Zamyadi et al.
2012a, b; Roegner et al. 2014).

This study demonstrated the occurrence of
cyanobacterial blooms in Ain Zada dam which is most
likely associated with high nutrient inputs from the catch-
ment area (domestic and industrial discharge and fertilizers

Fig. 4 Evolution of major cyanobacteria genera from all sites

Fig. 5 Succession of the most cyanobacterial genera at all sites
(11 May 2013)

Fig. 6 Evolution of phycocyanin at A5 to Ain Zada (11
May 2013)
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related to agricultural activity) and favorable climatic con-
ditions (low water renewal rate and high water tempera-
tures). Increased nutrient inputs and increased temperature
are believed to be the two most important factors driving
recent changes in phytoplankton in lakes towards domi-
nance of cyanobacteria (Carey et al. 2012) with possible
selection of toxic producing species (Davis et al. 2009).

The water body of Ain Zada displayed different re-
sponses to abiotic factors. Ain Zada is considered an
ancient dam, and is characterized by a large volume of
120 millions m3, as well as low rainfall, which results in a
slow renewal time. These conditions favor the

development of the cyanobacteria as the only phytoplank-
ton group in this dam.

The recurrence of cyanobacterial blooms in these water
bodies will negatively impact the environment. Protection
of catchment area and providing information to the inhab-
itants should be considered to prevent human and animal
health problems caused by these developments of
cyanobacteria and their toxins.

Fish mortality, as was observed in the Ain Zada dam
during the bloom on 11 May 2013, associated with
cyanobacterial blooms has been reported in several coun-
tries, and cyanobacterial toxins have been found to

Table 4 Microcystins in raw and drinking water

Ain Zada Reservoir Fractions of MCs MCs intracellular (μg/L) MCs extracellular (μg/L)

A4 A6 A8 (DW)

26/02/2013 MC-LR <DL <DL <DL

Other MC (equiv.LR) <DL 0.55 <DL

MC total <DL 0.55 <DL

12/03/2013 MC-LR <DL <DL <DL

Other MC (equiv.LR) <DL <DL <DL

MC total <DL <DL <DL

26/03/2013 MC-LR <DL <DL <DL

Other MC (equiv.LR) <DL 1.82 <DL

MC total <DL 1.82 <DL

09/04/2013 MC-LR <DL <DL 0.97

Other MC (equiv.LR) 2.95 5.66 <DL

MC total 2.95 5.66 0.97

23/04/2013 MC-LR 2.66 <DL <DL

Other MC (equiv.LR) 43.16 9.54 <DL

MC total 45.8 9.54 <DL

07/05/2013 MC-LR 3.13 <DL 0.62

Other MC (equiv.LR) 69.25 <DL 1.81

MC total 72.4 <DL 2.43

11/05/2013 MC-LR ND <DL <DL

Other MC (equiv.LR) ND 13.7 6.3

MC total ND 13.7 6.3

DL detection limit, DW drinking water, ND not done

Table 5 Microcystins in raw and drinking water during the bloom in Ain Zada on 11 May 2013

Ain Zada Reservoir MCs intracellular (μg/L) MCs extracellular (μg/L)

A5 center of reservoir A6 water intake A7 before treatment A8 drinking water

MC total (μg/L) 19.6 13.7 12.1 6.3
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bioaccumulate in the flesh of fish (Ibelings and Chorus
2007; Wu et al. 2011; Gutiérrez-Praena et al. 2013; Jia
et al. 2014; Hardy et al. 2015).

A health risk management plan in the form of a flow
chart is proposed in Fig. 7, with the establishment of an
identity card for the water body intended for drinking
water production and its catchment (Fig. 8). Specifica-
tion of an appropriate monitoring program for sampling
and analyses on sites and in the laboratory together with

effective treatment methods for toxin removal and
drinking water production are presented.

Conclusion

The presence of cyanobacteria and cyanotoxins in raw
and drinking waters of Ain Zada reservoir highlights the
need for monitoring of cyanobacteria and cyanotoxins

Fig. 7 A health risk management plan

Fig. 8 An identity card for the water body intended for drinking water production and its catchment
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to avoid potential human health problems. Regular
monitoring of cyanobacteria and cyanotoxins as pro-
posed in the health risk management plan should be
undertaken, due to its potential health risk for drinking
water and for bioaccumulation of cyanobacterial toxins
in the flesh of fish. The PC fluorescence probe can be
used for monitoring cyanobacteria, as it is easily oper-
ated by peoplemonitoring the lakes and enables a higher
sampling frequency than traditional methods. The pro-
posed monitoring will identify the cyanobacterial taxa,
and therefore direct the analysis of other cyanotoxins
besides microcystins. This monitoring will also help to
raise the awareness of the Algerian water authorities to
provide inhabitants with some actions to reduce nutrient
loads discharged in the watershed in order to prevent the
development of these toxic cyanobacterial blooms.
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