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MICROSATELLITE POLYMORPHISM OF SEABASS
(DICENTRARCHUS LABRAX) BREEDERS:
NATURAL AND CULTURED STOCKS
Bilge Karahan1,*, Emel Özcan Gökçek1, Kutsal Gamsız1 and Antonios Magoulas2
2

1
Ege University, Fisheries Faculty, Aquaculture Department, 35100 Izmir, Turkey
Hellenic Centre for Marine Research, Institute of Marine Biology, Biotechnology and Aquaculture, PO BOX 2214, 71003 Heraklion, Crete, Greece

ABSTRACT

1. INTRODUCTION

Polymorphism of 12 microsatellite markers was analyzed to investigate genetic variability and structure in
broodstock populations of the Mediterranean sea bass
Dicentrarchus labrax. Two broodstocks of wild origin
(AN, EN) that had been collected from the different locations of the Aegean Sea, as well as one of culture origin
(after three generations in captivity) (AF) were used in the
analysis. In total, 319 individuals from these three sample
groups were scored. The average allele numbers of the 12
microsatellite loci were 9.16, 8.9, and 11.5 for AF, AN
and EN groups, respectively. Wild groups showed a
higher variation than the cultured strains, and significant
deviations from Hardy-Weinberg Equilibrium were observed. The observed heterozigosity values for AF, AN
and EN groups were 0.502, 0.608 and 0.620, respectively.
The significant linkage equilibrium was found for all
groups between various loci. Furthermore, AMOVA
results confirmed a significant genetic differentiation
between all populations with an estimated FST value of
0.113 (P<0.001), in accordance with the pair-wise estimates between groups. The results showed that genetic
variability was the lowest for the culture-originating
broodstock population, possibly due to the inbreeding
effect. Bayesian analysis showed that individuals in populations represented 5 genetic groups (K=5). However, two
wild broodstock populations also showed a low genetic
variability, indicating the importance of collecting fish
from different geographic locations while establishing any
broodstock population in a hatchery.

KEYWORDS: Mediterranean sea bass, Dicentrarchus labrax,
microsatellites, broodstock, genetic differentiation.

* Corresponding author

Although sea bass (Dicentrarchus labrax) is one of
the two most important aquaculture species in the Mediterranean region, it is still considered as a wild fish compared to salmon and trout around Europe. Domestication
of the European sea bass was initiated in the mid 1980s
by some pioneering companies in France, Spain, Italy,
Greece and Israel. Therefore, some strains are now kept in
captivity and selected for 5 to 6 generations. However,
most of the hatcheries still maintain their own broodstock,
often scarcely recruiting from wild populations, or with
juveniles bought in the market [1].
The increasing production of the species under managed conditions also requires developments in production
methods in order to reduce the cost and to increase
productivity. Nevertheless, some precautions should be
taken for long-term production in terms of protecting
environment and to avoid problems caused by inbreeding.
Indeed, the establishment of broodstock populations that
are partly representing total genetic structure will have a
significant effect on the amount of genetic diversity for
future generations [2]. However, genetic variability can
be reduced dramatically as a consequence of common
hatchery practices that impact on spawning efficiency, or
that lead to differences in larval and juvenile family survival. Hence, one or a few of breeders may genetically
contribute to cohort of progeny [3].
Genetic management and selective breeding studies
for sea bass require the usage of molecular tools for reducing inbreeding when selecting the starting stock, and
also for every generation. Therefore, marker-assisted
selection (MAS) can provide additional benefits for sustainability of selective breeding.
In this study, genetic structure of broodstock populations of two commercial hatcheries has been investigated
using 12 polymorphic microsatellite loci characterized by
Guinand et al. [4] and Quere et al. [5]. Three groups of
samples were evaluated concerning 2 wild groups from 2
hatcheries and a cultured group for 3 generations from 1
hatchery.
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2. MATERIALS AND METHODS

ard (Applied Biosystems)as internal size standard. Allelic
data were obtained by STR and v. 2.4.19 software.

2.1 Sampling

Ninety cultured (AF) and 95 natural (AN) breeders
from Akvatek hatchery, and 134 natural breeders (EN)
from EgeMar hatchery were examined to investigate their
genotypes. 1.5 ml of blood samples were taken from caudal vein of each fish after they were anesthetized using 2phenoxy-ethanol (500 ppm) and stored in tubes containing K-EDTA. Genomic DNA was isolated using a modified phenol-chloroform protocol [6].
2.2 PCR conditions

Twelve microsatellite loci described for D. labrax [4,
5] were used to analyze broodstock populations’ genetic
structure. Their locations in different linkage groups were
the selection criteria of these loci, enabling similar DNA
amplification properties which could be used under multiplex conditions. Loci information and primer sequences
are given in Table 1. Microsatellites were amplified in a
10-µl final volume of PCR mixture containing 20 mM
Tris-HCl, pH 8.4, 50 mM KCl, 30 mM MgCl2, 2.7 mM
dNTP’s, 1 unit of Taq Polymerase, 10 ng of sea bass
genomic DNA, and 4 pmol of primer for each locus. Forward primers were fluorescent-labeled. PCR cycling was
done with initial preheating at 96 °C for 3 min, followed
by 35 cycles of 30 seconds at 96 °C, annealing at the specific locus temperature (55-58 °C) for 90 seconds and
60 seconds at 72 °C, and final extension at 72 °C for 10 min.
Genotyping after PCR process was performed for
each individual by allele sizing on an ABI PRISM® 3700
DNA Analyzer (Applied Biosystems), using 5`-labeled reversed primers and the GeneScanTM-500 LIZ® size stand-

2.3 Data analysis

MicroChecker v2.2.1 was used to control for null alleles. A complementary investigation was performed on
the mean number of alleles per locus for the microsatellite
data, because allelic diversity is generally considerably
higher than the other molecular methods [7]. Genotype
frequencies were evaluated for calculation of genetic variation within populations, comprising mean number of alleles
per locus (NA), allelic range for each locus (R), alleles with
the highest frequencies (A) for each locus, using the randomization approach provided by the GENETIX v4.05
software [8]. Observed heterozygosity-Ho, average heterozygosity based on Hardy–Weinberg (HWE) expectations-He [9] for the different populations were computed
from the microsatellite markers. The exact probability
(Fisher’s method) of significant deviation from HWE was
estimated using Markov chain method (dememorization
steps = 100000) [10]. Genotypic linkage disequilibrium
between pairs of loci was tested using GENEPOP version
4.0 [11].
Recent bottlenecks were checked using program
BOTTLENECK version 1.2.02 [12] to assess any possible
impact on genetic variation. BOTTLENECK identifies
very recent reductions in effective size by comparing heterozygosity from observed data to a population at equilibrium with an equivalent number of alleles. A Wilcoxon
signed-rank test was used to determine whether a statistically significant number of loci displayed heterozygote
excess compared to expectations based on the observed
number of alleles. In addition, M values (K/r; k is the total

TABLE 1 - Twelve microsatellite loci and their primers used in this study (F: forward, R: reverse, bp: base pair) [4, 5].
Locus
DLA0060

Repeat
(CA)12(TA)3AA(CA)2

GenBank Accession Number
DQ363883

Size Range (bp)
120-128

DLA0061

(TG)14

DQ363884

150-172

DLA0064

(GA)23

AJ012011

202-246

DLA0066

(AG)22

DQ363887

124-168

DLA0068

(CA)7CGCACG(CA)3

DQ363889

245-265

DLA0070

(AC)30

DQ363891

126-155

DLA0073

(CT)36

DQ363894

157-181

DLA0075

(CA)15

DQ363896

180-186

DLA0078

(AG)29

DQ363899

223-243

DLA0081

(CA)16

DQ363902

202-222

DLA0086

(AC)26

DQ363907

191-205

DLA0089

(GT)15

DQ363907

191-205

1290

F
R
F
R
F
R
F
R
F
R
F
R
F
R
F
R
F
R
F
R
F
R
F
R

Primers 5`-3`
GAGAGTTCATCCTGTTCGCTC
GAGAGTTCATCCTGTTCGCTC
TGTAGTAATAATGCGCTCTGCAA
AAAGGCCAGTGAAACTCATGT
GTCAGTCACATTCCTGGCTG
TTCTATGCTCCTGCGGTTTT
GTTGACCGGAGTCCTAGC
GGCCATATGTGTCTTGCTT
CAACACCTGTTCCTCTGAACC
GCATTAGCATTGATTGTCCTG
TCTGCTTGCATCTGTGGAAT
GCCATCTGGCTAGCTTCACT
CATGACTTCATGTGCTAATGTCC
AGTTCAGAGCGGCAACTGT
CACATACACAAGCTTAACCC
GGCAGAGATGGGAAATAGACA
AAGACTGGACCTCTGGAGACC
CACAAGGAACCGAGACAAGA
GACGAAGACTTCAGACGAGCTAT
ATACCGAGCGACCATGTTG
GCTAGAGGATTCATGTCGCTT
ACCTGGTGATTGGCAATTCT
ACGAGTAATGAGGACCCA
GTCAAAACAGCCCACCTA
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number of alleles, r is overall range in allele size) were
calculated for each locus and population in order to see if
there is any reduction in population size [13].
Population structures were inferred using the program
STRUCTURE version 2.2 [14]. The number of populations (K) was determined using the admixture ancestry
model and correlated allele frequencies (K = 2 - 10) for 3
populations considering breeders from different origins.
10000 iterations were used in burning K, followed by a
run of 100000 iterations.
Analysis of molecular variance (AMOVA) was performed to quantify hierarchical genetic variation between
groups using ARLEQUIN version 3.5 [15]. Genetic differentiation between populations was evaluated according
to pair-wise estimates of FST values, and their significance
was tested by bootstrapping analysis using ARLEQUIN
software.
3. RESULTS
3.1 Genetic variation and population bottleneck

Obvious differences were revealed in allele numbers
and frequencies among the 3 sample groups comparing
the alleles observed for 12 loci. Allelic information, heterozygosities, and FIS and FST values are given in Table 2.
In EN population, the 12 microsatellites mostly varied in
number of alleles and expected heterozygosities. In total,
163 alleles were observed and the number of alleles per
locus per sample ranged from 4 at DLA0068 and DLA0089
in AF, DLA0060 and DLA0089 in AN, DLA0060 in EN to
20 at DLA0079 in EN. Although variability levels of
12 loci across the 3 sample groups were large, some showed

differentiation in allele numbers according to the group.
At the same time, estimated He and Ho values were also
varied between samples.
The number of individuals genotyped at each locus
was comparable among populations depending on the
number of collected individuals for each sample.
Recent bottlenecks were found in all populations by
Wilcoxon sign-rank test under two-phase model (TPM) of
microsatellites with 90% single-step mutations. M-ratio
values of each population and each locus were below the
0.68-threshold that Garza and Williamson (2001, [13])
suggested for data sets based on ≥7 microsatellite loci.
Deviation from Hardy-Weinberg equilibrium (HWE)
and linkage disequilibrium
Significant departures from HWE were observed in
single locus exact tests through heterozygote deficiencies
for some loci (Table 2; 64, 73, 78 and 89 exhibited deficits in AF sample, 61, 75, 68 and 89 showed deficits for
AN sample). Only 2 loci showed highly significant heterozygote deficits in EN sample (64 and 86).
Nine significant linkage disequilibria were detected in
AF population (between 64-61, 64-68, 81-68, 81-86, 8189, 66-89, 73-89, 61-89, 68-89) but only one detected in
AN (68-89). The third population, EN, showed 35 significant linkage disequilibria.
3.2 Individual analysis and clusters

The most likely indicated K = 5 according to log
Pr(x|K) estimation by a Bayesian clustering analysis based
on the 319 individuals and the average proportion of
membership of each sample within each cluster is shown
in Table 3.

TABLE 2 - Genetic variation in three sample groups for 12 microsatellite loci (N= number of individuals, NA = number of alleles observed
per locus, R = allelic range in bp, A = allele with the highest frequency, FIS = Wright’s FIS, FST = single locus estimates over all samples).

EN

AN

AF

Sample Group
N
NA
R
A
HE
HO
FIS
FST
N
NA
R
A
HE
HO
FIS
FST
N
NA
R
A
HE
HO
FIS
FST

Locus (DLA)
0060
0061
89
82
5
8
122-238 154-184
122
158
0.374
0.534
0.281
0.500
0.054
0.054
0.157
0.057
94
92
4
6
112-126 154-172
122
158
0.331
0.505
0.266
0.841
0.075
0.063
0.114
0.036
132
120
4
10
116-126 150-172
122
158
0.514
0.724
0.523
0.683
0.228
-0.103
-0.002
-0.002

0064
69
12
211-237
219
0.766
0.594
0.056
0.058
66
14
217-249
221
0.848
0.970
0.316
0.003
33
11
217-239
219
0.717
0.364
0.043
0.027

0066
73
11
135-157
137
0.572
0.411
0.027
0.045
91
12
125-159
137
0.774
0.923
0.221
0.116
105
18
123-159
137
0.888
0.724
-0.010
0.051

0068
69
4
186-264
246
0.506
0.406
0.120
0.002
60
3
246-276
246
0.483
0.733
0.212
-0.003
60
5
244-264
246
0.551
0.433
-0.119
-0.002

0070
76
13
119-158
135
0.726
0.684
0.037
0.101
87
11
119-149
135
0.657
0.678
0.075
0.036
97
16
113-153
137
0.815
0.753
0.018
0.022

1291

0073
80
14
135-182
172
0.848
0.700
0.050
0.069
93
16
142-184
164
0.832
0.893
0.157
0.048
114
15
150-184
162
0.884
0.763
0.049
0.027

0075
71
8
122-192
184
0.618
0.639
0.189
0.001
91
6
180-190
184
0.650
0.880
-0.050
0.087
112
8
178-192
184
0.699
0.750
-0.206
0.003

0078
75
10
230-264
230
0.671
0.533
0.102
0.087
89
14
200-254
230
0.652
0.674
0.193
0.075
105
20
198-254
230
0.881
0.724
0.083
-0.004

0081
71
9
199-215
207
0.577
0.592
-0.069
0.023
72
8
201-219
207
0.732
0.847
-0.013
0.0.012
105
9
201-219
207
0.695
0.705
-0.092
0.055

0086
68
12
124-214
202
0.697
0.574
0.247
0.093
80
9
180-202
202
0.626
0.425
0.190
0.059
90
15
172-214
198
0.822
0.667
0.257
-0.001

0089
87
4
124-136
124
0.170
0.161
0.118
0.020
93
4
124-132
124
0.207
0.151
0.047
0.037
109
7
122-140
124
0.381
0.367
0.184
0.002

Mean
90
9.16
0.588
0.502
0.147
95
8.9
0.608
0.690
-0.102
134
11.5
0.714
0.621
0.136
-
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TABLE 3 - Average proportion of membership of each broodstock
within four genetic clusters identified by STRUCTURE.
Samples
AF
AN
EN

Clusters
1
0.061
0.038
0.294

2
0.593
0.650
0.032

3
0.276
0.211
0.384

4
0.031
0.069
0.134

5
0.039
0.031
0.156

3.3 Analysis of molecular variance and genetic differentiation

AMOVA results confirmed significant genetic differentiation between all populations with estimated FST value
0.113 (P<0.001) (Table 4). This result was in accordance
with the pair-wise estimates between groups (AF-AN =
0.022, AF-EN = 0.078, AN-EN = 0.053).
Global FST value (0.045) showed significant genetic
variation between the3 sea bass broodstocks evaluated in
this study. AF and AN groups were significantly close
populations according to the “number of different alleles”
method with a very low pair-wise FST value (0.0004). EN
group was significantly distant from both AF and AN (FST
values were 0.116 and 0.160, respectively).
4. DISCUSSION
Although there are several studies on the genetic
structure of Mediterranean sea bass populations [16-21]
which allowed for relatively extensive genetic knowledge
of the species, there are very few studies and projects
about genetic structure of culture stocks [22-24], and about
comparison between domesticated and wild stocks [25].
Some of the previous studies revealed a poor genetic
variability in the cultured populations analyzed using molecular markers, while others are in Hardy Weinberg equilibrium indicating that they are still largely outbred and in
open contact with the wild genitors [26]. This study is one
of the first ones comparing genotypic distributions between two wild-originated Mediterranean seabass broodstocks and a cultured broodstock established after 3 generations of cultivation.
Population structure and genetic distances were estimated from microsatellite data depending on sample size,
number of loci, number of alleles, and allele size ranges.
Sample sizes were not the same in this study, but estimations we have done herein appear to be unaffected by
differences in sample size, if the effective average sample
size remains unchanged (N=50-100) [27]. Thus, according to microsatellite information coming out of this study,
genotypic distributions were similar regarding allele num-

bers and allelic ranges for each locus among populations.
Only a few loci showed extensive polymorphism with the
expected heterozygosities >0.70 at each sample group,
with a possible cause that individuals had been collected
from the close geographic areas, around middle and southern Aegean Sea.
Genetic variation in a broodstock population is the
most considerable issue for genetic improvements. Furthermore, it is important to understand genetic diversity of
a broodstock to ensure effective management of the stock
for selective breeding [28], that is the major cause for loss
of genetic diversity in a cultured species [29]. In a selective breeding program, large genetic improvement can
only be achieved from an initial broodstock, if a high
genetic variation exists [30, 31]. Microsatellites as highly
polymorphic markers are very useful tools to identify
individuals with high genetic diversity during establishing
a broodstock, or managing an existing one for deciding to
import the new blood individuals into the stock. The first
step to start a breeding program is to collect genetic material and build the base population. One of the strategies
for this start is to primarily mate breeders from different
strains and apply low selection intensity during the first
generations of selection, to secure the maintenance of a
broad genetic variability that would allow long-term selection response [32]. According to low genetic variability results obtained in the current study, three broodstock
populations contained only a partial representative view of
wild populations, suggesting that generating with a greater
genetic variation may be required, in case of establishing
any selective breeding program. However, with a sustainable molecular monitoring, short-term genetic improvement could be observed for these broodstocks.
Deviations from the HW equilibrium are documented
in some hatchery populations compared to the wild ones,
mainly as heterozygote deficiencies [33], less alleles, and
differences in allele and genotype frequencies. This may
be due to the mass selection practices, the addition of F1
or F2 individuals to the original breeders’ pool, or small
founder effects. There were also cases in which some of
these aquaculture stocks were found largely outbred, and
probably receiving fish from the wild.
Linkage disequilibrium results showed that there
were significant gametic associations for two loci in EN
population, while these associations between alleles at
different loci were observed to be at less significant level
in AF and AN populations. Populations experiencing a bottleneck like limited number of potential parents, as the

TABLE 4 - Results of analysis of molecular variance (AMOVA) at 12 microsatellite loci with “between individual populations” model.
Source of variation
d.f.
Sum of squares
Among populations
2
11.329
Among individuals within populations
315
70.387
Within individuals
318
59.500
Total
635
141.215
Significance tests based on 1023 permutations. *= Percentage of variation.

1292

Variance components
0.02612 Va
0.018 Vb
0.187 Vc
0.231

F-statistics*
11.29 (FST: 0.113)
7.85 (FIS: 0.089)
80.86 (FIT: 0.191)

P-value
<0.001
0.066±0.008
0.004±0.001
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samples of this study, may result in an increased level of
linkage disequilibrium [34]. Such estimations for linkage
disequilibria as seen in AF population, which is a third
generation hatchery population, may be expectable. In contrary, this should not have been the case in the EN broodstock population. In this point, we can make an assumption
that breeders might be collected from a limited habitat, like
a lagoon or dam, at the same period, resulting in similarities
of their genetic structures.
Furthermore, M value, which is calculated from a
population sample of microsatellite loci, demonstrates the
mean ratio of the number of alleles to the range in allele
size, and can be used to detect past reductions in the size
of a population. Low M value estimates for 3 populations
in this study indicate that reductions in population sizes
exist, and genetic drift will tend to create larger gaps in
the next generations [13].
In an unnatural or established population like a broodstock, existence of the traces from different populations is
expected. One of the model-based methods for estimating
the presence of HWE or linkage disequilibrium in a population by their genotypes at multiple loci is the Bayesian
approach. This model uses population structure and attempts to find population groupings which are not in disequilibrium [14]. In the current study, the K value, allowing the estimation of the number of clusters, indicated that
individuals in these populations belonged to 5 different
groups. Thus, there was a relative genetic isolation between individuals, even from the same broodstock, as
expected from natural ones.

establishing or renewing broodstock populations. However,
the same process should be applied also for wild fish together with considering their geographical origins at the
same time. On the other hand, it is still possible to establish
a broodstock for genetic improvement monitoring and
controlling each generation via microsatellites, which are
the most useful molecular tools so far.
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Genotypic differentiation among groups presented
more significant distances with a higher FST value than the
results previously reported between Atlantic and Mediterranean populations (FST=0.0278, P<0.01) [35]. Genetic
distance analyses showed that the most distant population
was EN sample group with regard to the other two groups
indicating different geographic origins. On the other hand,
gene flow seemed to be high between AF and AN populations according to the pair-wise FST results. Among individuals, results with a significant FIS are probably an
indication for some levels of inbreeding in connection
with the reduced intra-populational genetic variability.
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ABSTRACT
Reference crop potential evapotranspiration (ET0) is a
major component of the hydrological cycle, and its precise
determination has a high importance in the studies of water
balance design and management of irrigation systems,
product yield simulation, and design and management of
water resources. In this study, an area in the center of Iran
(about 12% of the total area of Iran) with latitude (N 32˚35˚) and semi-arid and arid climates was chosen for
estimation of monthly sunshine hours (n) based on weather
data (temperature and humidity), and the obtained equations
were used for estimating monthly ET 0 based on the
Penman-Monteith equation (FAO-56 PM). The results
were compared with the Penman-Monteith equation (a
reference equation) by using recorded sunshine hours
data. The results indicated that the derived equation
( n = 7.976 + 0.160Tmax − 0.072Tmin − 0.022RH min − 0.036RH max )
for estimating sunshine hours had high accuracy with
MAE = 0.083 mm.d-1, RMSE = 0.139 mm.d-1 and R2 =
0.998. The obtained results showed very good agreement
with observed data from a similar climate. Therefore, it is
possible to estimate monthly ET0 with FAO-56 PM equation
in similar areas without using the recorded hourly sunshine.
KEYWORDS: Reference evapotranspiration, semi-arid and arid
environment, humidity, temperature, sunshine hours

1. INTRODUCTION
Water resource scarcity is a great problem attended
by experts, decision-makers and managers of our country.
Due to droughts in recent years, suitable management of
existing water resources and better solutions for their usage
are essential [1]. Reference evapotranspiration (ET0) of each
region is generally affected by different climatic parameters
as well as geographical attributes. Therefore, investigation
on ET0 process could be very important in this country [2].
* Corresponding author

To have a proper management of the ET0, it seems to be
necessary to know and study the ET0 and its effective
parameters in each region [3]. ET0 is significant in water
resources planning and irrigation scheduling [4-9]. As the
changes of plant cover modify the ET0 and the energy
balance, the knowledge and measurement of the changes in
ET0 are necessary to understand the ecohydrological changes
[10-13].
In the recent years, the model of Penman-Monteith has
been studied and adapted to various crops and climates.
Allen et al. [14] have suggested the use of the PenmanMonteith (FAO-56 PM) equation in many areas of the
world. Among the different empirical models, FAO-56 PM
equation has been suggested as the standard method for
estimating evapotranspiration by the International Irrigation
and Drainage Committee and FAO, and the suitability of this
equation has been confirmed for different climates [15-24].
However, the major drawback of FAO-56 PM method
is that this method requires air temperature, relative
humidity, wind speed, and solar radiation which could not
be easily available at many meteorological stations. Some
studies have been done in Iran provinces for estimating
monthly ET0 with different equations instead of the FAO56 PM equation. ET0 values measured by lysimeter usage
are scarce in central States of Iran, and only some weather
stations with full data for using the FAO-56 PM equation
are available in this region. Also, no study has been done
for estimating monthly sunshine hours in this region. If
sunshine hours can be estimated based on other weather
data, it is possible to use the FAO-56 PM equation for
estimating monthly ET0 values at stations that have no
instrument for measuring sunshine hours.
Wang et al. [25] reported that ET0 estimation with
FAO-56 PM equation is more sensitive to both relative
humidity and wind speed than sunshine hours and air
temperature in Malawi. Also, the obtained results by Wang
et al. [25] indicated that the proposed procedure by Allen
et al. [14] for estimating ET0 with missing sunshine hours
data were similar with the ET0 estimation when weather
data were available. Tiba and Fraidenraich [26] analyzed
the daily and monthly variability of sunshine hours for a
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large tropical region in Brazil, and the results showed that
daily and monthly average sunshine hours were normally
distributed. Alizadeh and Khalili [27] derived an equation
for estimating solar radiation based on relative humidity,
precipitation, maximum and minimum air temperature,
saturation vapor pressure deficit, and the ratio of measured
to maximum possible duration of sunshine hours. Ojosu
and Komolafe [28] and Ododo et al. [29] developed two
types of global solar radiation models as a function of relative humidity, sunshine hours and air temperature. Solar
radiation can be estimated based on sunshine hours as reported by Allen et al. [15], and studies have been reported
on estimating solar radiation based on sunshine hours at
different locations of the world.
This study estimates monthly sunshine hours based
on various weather data in Iran provinces, center of Iran,
and presents how well these estimates perform when being
used as input for estimating monthly ET0 with FAO-56 PM
equation.
2. MATERIALS AND METHODS
The monthly climatic data of the 15 stations located
in 5 provinces (Isfahan, Ghom, Markazy, Yazd and Semnan) in the center of Iran (latitude N 32-35°; semi-arid
and arid regions) including wind speed, the mean, maximum and minimum monthly air temperatures (°C) and air
relative humidities (%), and sunshine hours, are used. Figure 1 shows the study area (center of Iran). Water in these
areas is greatly important and over 90% of water is used
in agriculture and industry. These provinces also were
selected due to the importance of their evapotranspiration
as a major method for wasting the surface and subsurface
water resources.
In this study, an analysis procedure was studied and accomplished on data from 1 meteorological station in Yazd
and Semnan province, 2 meteorological stations in Markazy
province, 4 meteorological stations in Ghom province, and
7 meteorological stations in Isfahan province (all in central
part of Iran, representing about 12% of the total area of
Iran).
This analysis was focused on mean temperature (Tmean),
minimum temperature (Tmin), maximum temperature (Tmax),
mean humidity (RHmean), minimum humidity (RHmin), and
maximum humidity (RHmax), four input parameters that
have a dominant influence on (n), mean daily sunshine
hours in each month (h). Since solar radiation is a function
of sunshine hours according to the Angstrom-Prescott
model [30], therefore, in this study, four equations based
on the mean, maximum and minimum monthly air temperatures (°C) and air humidities (%) were derived for
estimating sunshine hours by using multiple linear regressions. After deriving the equations for estimating sunshine
hours, theses equations were used for estimating monthly
ET0 with FAO-56 PM equation. To do this, 15 stations
have been selected in the study area with different statisti-

cal data up to 2007 (1978-2006). Numbers of data (months),
the mean annual temperature and mean annual rain and
climate of all selected stations are listed in Table 1.
Figure 2 shows the spatial and temporal distribution map
of the precipitation (mm) and evapotranspiration (mm.d-1)
values in the study area.
The ET0 value was calculated using FAO-56 PM
method, at 15 selected stations. The FAO-56 PM method
for predicting ET0, applied on 24-h calculation time steps,
has the following form [14]:
' 900 $
0.408 Δ ( Rn − G ) + γ %
" U 2 (es − ed )
& (Ta + 273) #
(1)
ET0 =
Δ + γ(1.0 + 0.34U 2 )

where, FAO-56 PM ET0 (mm.d-1); Δ = slope of the
saturation vapor pressure function (kPa/°C); R n = net
solar radiation (MJ/m2.d-1); G = soil heat flux density
(MJ/m2.d-1); T = mean air temperature (°C); U2 = average
24-h wind speed at 2- m height (m.s-1); es - ea = vapor
pressure deficit (kPa); and γ = psychometric constant
(kPa/°C). Usually, the weather stations do not have all of
these parameters and, therefore, the application of this
equation has been limited.
Doorenbos et al. [31] and Allen et al. [14] recommended that Rs will be obtained from the measured sunshine duration records using the Angstrom-Prescott relation as follows:

n#
&
Rs = $ 0.25 + 0.5 !.Ra
N"
%

(2)

where, Rs is the short wave radiation (MJ/m2.d-1), N is
the maximum possible sunshine hours (h) , n is the number of actual sunshine hours (h), and Ra is the extraterrestrial radiation (MJ/m2. d-1). The values of N and Ra for
different latitudes are given in various handbooks [14, 32].
The computation of all data required for the calculation of ET0 followed the method given in Chapter 3 of
FAO Irrigation and Drainage Paper 56 [14]. Different
derived equations have been compared for determining
the best conditions to calculate ET0. So, the ET0 obtained
using equations was tested using the statistical parameters
intercept, slope, regression coefficient, mean absolute
error (MAE), and root mean square error (RMSE) by the
following equations:

MAE =

1
n

n

∑| O − E |
i

i

i =1

n

∑ (O − E )
i

RMSE =

(3)

i =1

n

Oi = A (Ei ) + B

i

2

(4)
(5)

Where, MAE and RMSE are mean absolute error and
root mean square error (mm.d -1), respectively. O i is the
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FIGURE 1 - Spatial distribution of the meteorological stations used in this study.

TABLE 1 - Summary of weather station sites in this study.
No.
S1
S2
S3
S4
S5
S6
S7
S8
S9
S10
S11
S12
S13
S14
S15

Weather
station
Ardestan
Garmsar
Ghom
Golpaigan
Kahak
Kashan
Khomein
Khoor Biabanak
Koshk Nosrat
Meimeh
Naein
Natanz
Salafchegan
Saveh
Tabas

Latitude (N)
33˚-23'
35˚-12'
34˚-42'
33˚-28'
34˚-24'
33˚-59'
33˚-39'
33˚-47'
35˚-05'
33˚-26'
32˚-51'
33˚-32'
34˚-29'
35˚-03'
33˚-36'

Longitude
(E)
52˚-23'
52˚-16'
50˚-51'
50˚-17'
50˚-52'
51˚-27'
50˚-05'
55˚-05'
50˚-54'
51˚-10'
53˚-05'
51˚-54'
50˚-28'
50˚-20'
56˚-55'

Altitude
(m)
1252.40
825.20
877.40
1870.00
1403.20
982.30
1835.00
845.00
948.00
1980.00
1549.00
1684.90
1380.50
1108.00
976.00

1298

No. of Data
(months)
168
180
252
132
60
348
72
168
24
96
168
168
60
156
264

Temperature
(˚C)
18.90
17.40
18.00
14.20
16.30
19.10
14.00
20.30
19.80
12.30
16.60
15.50
16.80
18.20
21.70

Rain (mm)

Climate

115.80
118.70
151.10
273.70
173.60
138.40
347.90
86.30
116.60
163.70
98.70
195.30
187.40
206.50
83.20

Arid
Arid
Arid
Semiarid
Arid
Arid
Semiarid
Arid
Arid
Arid
Arid
Arid
Arid
Arid
Arid
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FIGURE 2 - Spatial distribution: (a) precipitation (mm) and (b) evapotranspiration (mm.d-1) of the meteorological stations.

estimated monthly ET0 (FAO-56 PM) by considering
different equations for estimating sunshine hours data, Ei
is the estimated monthly ET0 (FAO-56 PM) by considering the observed sunshine hours data, separately. A, B are
slope and the y-intercept (i.e., the value of y when x = 0),
respectively and sample size for each station is n (months)
in all statistical years. Therefore, the best equation for
estimating ET0 based on estimating sunshine hours can be
determined at each station, separately by MAE and
RMSE. RMSE represents the variation in both methods,

and its optimal value is 0.0. MAE represents the mean
deviation of both methods, and its optimal value is 0.0.
3. RESULTS AND DISCUSSION
In this study, by using about 2400 data of all months
and all stations, monthly sunshine hours are calculated using
the other meteorological parameters (monthly temperature
and humidity). The following equations have been derived:

(R 2 = 0.787)

n = 3.977 + 0.217Tmax − 0.052Tmin
n = 7.976 + 0.160Tmax − 0.072Tmin − 0.022RHmin − 0.036RHmax

n = 9.036 + 0.105Tmean − 0.060RHmean

(7)

2

(8)

2

(9)

(R = 0.834)

(R = 0.821)

n = 13.301 − 0.080RHmin − 0.050RHmax

(R = 0.768)
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where, n is the monthly sunshine hours (h), RHmean,
RHmax and RHmin are the mean, maximum and minimum
monthly air humidity values (%), respectively, and Tmean,
Tmax and Tmin are the mean, maximum and minimum
monthly air temperatures (°C), respectively.
Then, the above obtained equations for estimating sunshine hours have been used for estimating monthly ET0
values. The mean values of ET0 for each equation and
different weather stations are presented in Table 2.
According to these results, in the comparison between
ET0 computed by FAO-56 PM equation and ET0 estimated
from the above-mentioned 4 methods (Eqs. (6)- (9)), we obtained good estimations of ET0, and this results indicated
that the low sensitivities of sunshine hours for estimating
ET0 were in agreement with the obtained results by Fooladmand and Sepaskhah [33] as well as Wang et al. [25].

In Tables 3 and 4, the MAE, RMSE and R2 values of
different conditions for estimating sunshine hours, compared against the FAO-56 PM equation based on actual
recorded sunshine hours data, are presented for all stations.
The Eq. (7) indicated the best adaptation for most stations, which was in agreement with the highest R2 value
of this equation. Therefore, the combinations of Tmin, Tmax,
RHmin and RHmax were better than the combination of Tmean
and RHmean.
Figure 3 displays the scatter plot between monthly
ET0 with the FAO-56 PM equation based on real sunshine
hours data, and the FAO-56 PM equation based on estimating sunshine hours data by using Eq. (7), and shows
the appropriate scattering. Therefore, the results indicated
that the derived equations for estimating sunshine hours
(especially Eq. (7)) had high accuracy for calculating ET0.

TABLE 2 - Mean values of ET0 (mm/day) for each method and different weather stations.
Weather stations
Ardestan
Garmsar
Ghom
Golpaigan
Kahak
Kashan
Khomein
Khoor Biabanak
Koshk Nosrat
Meimeh
Naein
Natanz
Salafchegan
Saveh
Tabas

ET0
(FAO-56 PM)
6.602
4.810
4.828
4.315
4.599
3.519
4.508
4.892
5.042
4.996
5.507
4.385
4.654
5.154
5.775

ET0
(Equation 6)
6.565
4.829
4.868
4.225
4.615
3.665
4.461
4.871
5.070
4.940
5.461
4.277
4.673
5.136
5.801

ET0
(Equation 7)
6.598
4.777
4.824
4.238
4.596
3.612
4.470
4.858
5.041
4.962
5.501
4.325
4.645
5.132
5.804

ET0
(Equation 8)
6.626
4.775
4.797
4.245
4.579
3.612
4.457
4.869
5.021
4.938
5.502
4.373
4.629
5.156
5.825

ET0
(Equation 9)
6.628
4.713
4.765
4.253
4.486
3.543
4.470
4.837
4.989
4.970
5.522
4.391
4.576
5.123
5.793

TABLE 3 - The MAE and RMSE values (mm.d-1) for each method and different weather stations.

Weather stations
Ardestan
Garmsar
Ghom
Golpaigan
Kahak
Kashan
Khomein
Khoor Biabanak
Koshk Nosrat
Meimeh
Naein
Natanz
Salafchegan
Saveh
Tabas

ET0
(Equation 6 )
MAE
RMSE

ET0
(Equation 7 )
MAE
RMSE

ET0
(Equation 8 )
MAE
RMSE

ET0
(Equation 9 )
MAE
RMSE

0.088

0.136

0.081

0.132

0.084

0.132

0.108

0.157

0.074
0.071
0.101

0.107
0.104
0.149

0.080
0.066
0.093

0.117
0.098
0.136

0.082
0.074
0.086

0.120
0.110
0.131

0.126
0.101
0.084

0.193
0.157
0.129

0.068
0.101

0.110
0.156

0.055
0.077

0.076
0.131

0.061
0.078

0.095
0.133

0.101
0.092

0.145
0.154

0.073
0.091
0.076

0.111
0.142
0.108

0.070
0.099
0.061

0.105
0.153
0.098

0.074
0.093
0.071

0.112
0.143
0.109

0.078
0.127
0.103

0.113
0.190
0.155

0.069
0.079
0.141

0.098
0.118
0.201

0.057
0.066
0.105

0.081
0.104
0.161

0.072
0.072
0.091

0.101
0.112
0.141

0.057
0.087
0.102

0.082
0.128
0.148

0.076
0.081

0.117
0.117

0.066
0.089

0.099
0.137

0.073
0.085

0.111
0.125

0.101
0.118

0.161
0.189

0.084

0.134

0.085

0.133

0.085

0.135

0.101

0.147
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TABLE 4 - The intercept (B), slope (A), and regression coefficient (R2) for different stations and different conditions.
ET0
(Equation 6 )

Weather stations
Ardestan
Garmsar
Ghom
Golpaigan
Kahak
Kashan
Khomein
Khoor Biabanak
Koshk Nosrat
Meimeh
Naein
Natanz
Salafchegan
Saveh
Tabas

ET0
(Equation 7 )

ET0
(Equation 8 )

ET0
(Equation 9 )

A

B

R2

A

B

R2

A

B

R2

A

B

R2

0.986
0.995
0.997
0.973
0.996
1.021
0.981
0.987
0.989
0.988
0.982
0.957
0.990
0.984
0.998

0.054
0.042
0.053
0.027
0.047
0.030
0.036
0.045
0.024
0.004
0.051
0.080
0.048
0.063
0.041

0.999
0.999
0.999
0.998
0.999
0.996
0.999
0.998
0.999
0.999
0.999
0.997
0.999
0.999
0.999

0.989
0.986
0.989
0.979
0.991
1.006
0.985
0.981
0.992
0.996
0.990
0.971
0.991
0.983
0.998

0.067
0.037
0.049
0.016
0.039
0.032
0.027
0.062
0.042
-0.01
0.048
0.071
0.038
0.069
0.043

0.999
0.999
0.999
0.998
0.999
0.997
0.999
0.998
0.999
0.999
0.999
0.997
0.999
0.998
0.999

0.993
0.988
0.984
0.979
0.986
1.003
0.980
0.986
0.990
0.988
0.989
0.983
0.990
0.987
1.002

0.071
0.025
0.048
0.023
0.041
0.038
0.041
0.048
0.055
0.000
0.056
0.065
0.043
0.065
0.036

0.999
0.999
0.999
0.998
0.999
0.996
0.999
0.998
0.999
0.999
0.999
0.997
0.999
0.998
0.999

0.987
0.966
0.970
0.976
0.975
0.973
0.979
0.967
0.974
0.993
0.988
0.983
0.980
0.974
0.989

0.111
0.065
0.082
0.043
0.076
0.081
0.057
0.107
0.061
0.008
0.083
0.082
0.038
0.102
0.083

0.998
0.998
0.999
0.998
0.999
0.995
0.998
0.997
0.999
0.999
0.999
0.997
0.998
0.997
0.998

14
y = 0.9895x + 0.0412
R2 = 0.9983

ET0 Equation 7 (mm.d-1)

12
10
8
6
4
2
0
0

2

4

6

8

10

12

14

-1

ET0 FAO-56 PM (mm.d )
FIGURE 3 - Comparison of the ET0 values estimated by the real sunny hours against estimated sunny hours with Equation (7).

4. CONCLUSIONS

of Iran areas located in arid and semi-arid climates, without using sunshine hours data.

This study and its results aiming to develop a useful
and practical evapotranspiration measurement tool are
encouraging. Although the FAO-56 PM equation is a
standard method for estimating ET0, it needs full weather
data, such as solar radiation or sunshine hours, and its use
has been limited in the world. Therefore, in this study,
sunshine hours have been estimated and then used for
calculating ET0 with the FAO-56 PM. The results indicated the sensitivity of sunshine hours (n) for calculating
ET0. So, monthly sunshine hours (n) were estimated based
on mean, minimum, and maximum monthly air temperature and air humidity, the best conditions for most stations
in the study area (center of Iran) demonstrating the high
accuracy for calculating ET0 and sunshine hours for most
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USE OF SUNFLOWER STALKS AS A
BULKING AGENT IN SEWAGE SLUDGE COMPOSTING
Selnur Uçaroğlu*
Uludag University, Environmental Eng. Dept, 16059, Nilufer, Bursa, Turkey

ABSTRACT
The aim of this study was to investigate the compostability of sewage sludge (SS) with sunflower stalks as
a bulking agent (BA) and determine the optimum mixture
ratio. Four reactors were operated for a period of 21 days
using SS with BA concentrations of 50%, 40%, 30% and
20% on wet-weight basis. During the composting process,
the pH, electrical conductivity (EC), dry matter (DM), organic matter (OM), organic carbon (OC) and total and
inorganic nitrogen (N) contents were determined. Temperature variations, losses of organic C and total N were
determined over a 21-day period. It was found that the
optimum SS stabilization occurred for the 60% sewage
sludge and 40% sunflower stalk mixture (R2). This mixture reached a maximum temperature of 55 ˚C and the
thermophilic phase in this reactor continued for 8 days.
The highest carbon lost (37.1%) was also observed in this
reactor. Sunflower stalks were determined to be a promising bulking agent for sewage sludge composting.

A series of recent scientific studies have examined
different bulking agents to determine the most suitable
ratio of sludge to bulking agent and the influence of components on the composting process [8-11]. However, there
is a lack of work addressing sludge composting with sunflower stalks. This study focused on the use of sunflower
stalks as the bulking agent for sewage sludge composting.
Sunflower stalks were tested at four different mixing
ratios, resulting in four different initial moisture contents
and C/N ratios. The main objective of this study was to
determine the optimum mixture ratio of sewage sludge
and sunflower stalks, the subsequent effects on the temperature and initial moisture content of the compost and
the decomposition rate of the mixture.
2. MATERIALS AND METHODS

KEYWORDS:
bulking agent, composting, sewage sludge, sunflower stalks.

2.1 Materials

1. INTRODUCTION
Sewage sludge disposal is a major problem worldwide, as its quantity is continuously increasing. The use of
sludge as a soil additive is widely practiced in the United
States and the European Union, where nearly 60% and
45%, respectively, of the sludge produced annually is applied to land [1, 2]. Sludge should be treated to eliminate
the potential hazards prior to its application to agricultural
land by several methods [3].
The composting process is considered to be one of
the best waste-management methods to stabilize organic
waste that contains sewage sludge [4]. The high moisture
and nitrogen contents of sewage sludges mean that they
cannot be composted alone and instead must be mixed
with dry materials, which act as bulking agents by absorbing
* Corresponding author

the moisture, balancing the C/N ratio and improving the
aeration and final compost quality [5, 6]. Sunflower stalks,
which have no alternative and are largely available worldwide, are appropriate agricultural residue in the composting of sludge [7].

Dewatered sewage sludge and sunflower stalks, as the
bulking agent, were used as the experimental materials.
The sewage sludge sample was collected from an urban
sewage treatment plant in Bursa, Turkey. Sunflower
stalks were collected from the experimental farm at the
Agricultural Faculty of Uludag University and were
ground to 0.5-1 cm particle size. Some general characteristics of SS and BA are given in Table 1.
2.2 Laboratory scale composters

The composting systems consisted of four autothermal, aerobic bioreactors that were operated in parallel.
They were vertical cylinders with a volume of approximately 30 L (300 mm in diameter and 450 mm in height).
Each composter was constructed of stainless steel and
insulated with 50 mm of glass wool and an aluminum
sheet. The compost material was retained on a perforated
plate at the bottom of the reactor to provide an effective
diffusion of air into the mixture and allow the leachate to
drain from the composting bulk. A sampling port was
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placed in the top of the composter. A temperature sensor
(thermocouples, TCR-M06-L180-K04.J) was placed at
the center of the reactor. An additional temperature sensor
was placed outside the reactor to obtain ambient temperature. Air circulation was provided by aquarium pumps.
TABLE 1 - General characteristics of the raw materials.
Propertiesa
pH(1:10 Solid-water)
EC(1:10 Solid-water) (mS/cm)
DM (%)
Moisture (%)
OM (%)
Ammonium N(mg kg-1)
Nitrate N (mg kg-1)
Total N (%)
Organic C (%)
C/N Ratio
a On dry-weight basis
b Mean value ± standard deviations.

Sunflower Stalkb
(BA)

Sewage
Sludgeb
(SS)
6.94±0.01
3.83±0.01
16.9±0.30
83.1±0.30
74.0±1.6
1365±120
67.3±5.7
6.67±0.32
21.8±2.0
3.27±0.26

6.69±0.01
0.20±0.00
89.7±0.12
10.3±0.12
91.6±2.4
0.51±0.04
49.4±0.94
96.9±8.6

2.3 Composting Conditions

Sewage sludge and BA were mixed in four different
ratios (R1, R2, R3 and R4) to determine the optimum
mixture ratio. All experiments were carried out in duplicate. SS/BA percentage, moisture content and C/N ratio
of mixtures were presented in Table 2. The initial moisture content and the initial C/N ratio of the four mixtures
varied depending on mixing ratios.
TABLE 2 - Composition of reactor mixtures (wet weight basis).
Processes

Sludge (SS)
(%)

Moisture of
mixtures
(%)
46.7

C/N of
mixtures

50

Sunflower
Stalks (BA)
(%)
50

Reactor 1
(R1)
Reactor 2
(R2)
Reactor 3
(R3)
Reactor 4
(R4)

60

40

55.5

41.3

70

30

61.2

19.7

80

20

68.5

15.6

36.8

All experiments were conducted on a batch basis during 21 days. The prepared mixture of substrates was manually introduced into the auto-thermal, lab-scale composters
through the top. The composting material was stirred manually three times a week to ensure proper mixing and aeration. Air was supplied to the reactor by aquarium pumps to
maintain aerobic conditions. Aeration was performed by
allowing an air flow rate of 600-700 ml/min, for 15
minutes every hour, through a solenoid valve that was
connected to a time adjustment program. Composting
samples were taken from the top sampling hole at regular
intervals (0, 2, 7, 14 and 21 days) for chemical analysis.
Changes in compost mass were measured at the beginning
and the end of the composting process. Additionally, composting reactors were weighed before each sampling (2, 7
and 14 days) to determine the loss of DM, OM, OC and
total N. SCADA program was used for the control of the

composting system. Three data were recorded every minute for both temperature and air flow.
2.4 Analytical Methods

Samples were collected three times a week during the
thermophilic composting phase (more rapid degradation
and transformation) and weekly during the final composting stages from three random locations in the reactor.
Subsamples were dried (40 ˚C) to a constant weight and
ground into particles (<1 mm). The moisture contents of
the samples, which were pre-dried at 40 °C, were measured to range between 4-6%. Therefore the experimental
results obtained with the pre-dried samples were corrected
with a factor of 1.05. For all compost samples, the initial
sewage sludge and bulking agent were analyzed in triplicate.
Sample extracts were obtained by shaking the material with distilled water at a 1:10 (w/v) sample–water ratio,
and their EC and pH were measured using a conductivity
meter and pH meter, respectively [12,13]. The total OC in
the samples (SS and BA) was determined by potassium
dichromate oxidation followed by a spectrophotometric
measurement at 590 nm. 0.05 g samples were dissolved
with 30 ml 1 N potassium dichromate (K2Cr2O7) and 15 ml
H2SO4 (98% purity) to conduct potassium dichromate
oxidation method [14].
Nitrate (NO3--N) and ammonium (NH4+-N) nitrogen
concentrations were measured in the samples extracted
using 2 M potassium chloride (KCl) and analyzed by steam
distillation with magnesium oxide (MgO) and Devarda
alloy [15]. The total Kjeldahl N content of samples was
measured using the Kjeldahl digestion method [16]. The
NO3-N values were added to the Kjeldahl values to determine the total N content.
The moisture content was measured by drying the
material in an oven at 105°C. The OM content of the
material was measured by burning the sample in the oven
at 550°C for 5 h [17]. The organic matter content was
equated to the volatile portion of the burned sample and
converted to C using a factor of 1.83 for the compost
samples [18].

3. RESULTS AND DISCUSSION
3.1 Characterization of the raw material

The general characteristics of the SS and BA that
were used for composting are presented in Table 1. The
raw materials SS and BA showed adequate pH, EC, OM
and OC contents. The high moisture and N contents of SS
and its low C/N ratio were not within the optimal ranges
for efficient composting [19] and these inadequate characteristics could produce during the composting process
problems such as N losses or low decomposition rate. The
low moisture and N content of BA and its high C/N ratio
can counterbalance inadequate SS properties.
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3.2 Changes of temperature

Temperature variations within the composting reactors that contained the different mixtures and ambient air
are illustrated in Figure 1. The variation in SS/BA ratios
caused different temperature profiles among the mixtures.
The three typical phases of composting were observed
during the process for all mixtures: mesophilic, thermophilic and maturation. First, the mesophilic phase (T<40
˚C) lasted approximately 1 day for all samples. Second,
the thermophilic phase (T>40 ˚C) occurred. Temperature
in R1 remained above 40 ˚C between the days 1-4 (3
days) and 11-16 (5 days) for a total of 8 days. Temperature in R2 remained above 40 ˚C between the days 1-5 (4
days) and 9-13 (4 days) for a total of 8 days. The thermophilic phase lasted for only 4 days for R3 and R4. During
this phase, the composting process reached a temperature
of 55 ˚C after 3 days in R1 and R2, while R3 and R4
reached maximum temperatures of 62 and 58 ˚C, respectively. Third, the maturation phase occurred when the
temperature decreased slowly to the mesophilic values,
which were below 40 ˚C in the mixtures. Likewise, Khalil

et al. [20] and Abouelwafa et al. [21] reported the same
results and explained that for well-aerated composts, the
temperatures can reach 50-65 ˚C through microbiological
activity, which attacks the carbohydrates and proteins.
The maximum temperature reached was higher in R3
(70% sewage sludge and 30% sunflower stalks mixture)
than in the others during the whole composting period. In
a study by Yañez et al. [22], the highest temperature (62
°C) was achieved at a sludge ratio of 66.6% in the compost reactor. This finding is similar to the results of this
study, where the highest temperature (62 °C) was measured at the sludge ratio of 70% (R3 reactor). Wastes
should be kept minimum of 5 days at 40 ˚C for pathogen
control and for this period of time, temperature should be
above 55 ˚C during at least 4 hours [23]. Lower temperature was produced in the reactors for R1 and R2 compared
to the reactors of R3 and R4. However, the thermophilic
phase in reactors R1 and R2 lasted for 8 days, whereas it
lasted for only 4 days in reactors R3 and R4. At the end of
the experiments, the temperatures decreased to the ambient temperature in all mixtures.

FIGURE 1 - Temperature evolution during composting for the different sewage sludge-sunflower stalks mixtures.
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Wetting all mixtures would likely have helped them
reach thermophilic temperatures. The initial moisture
content of the waste mixtures varied between 47 and 69%
(wet basis). Higher temperatures of 62˚C and 58˚C were
observed in reactors R3 and R4, respectively, which had
higher moisture contents (61% and 69%, respectively). In
addition to moisture content, the observed temperature
regimes were affected by the available C. Sewage sludge
offered the most biodegradable carbon and therefore supported the strongest microbial activity. Therefore, a higher
temperature was observed due to the increase in the sludge
ratio of the mixture. Similarly, a study by Adhikari et al.
[24], stressed that the lowest temperature regime was
reached in compost mixtures with the lowest moisture content (60%), while higher temperatures were reached in compost mixtures with higher moisture contents (75%-80%).
3.3 Changes of pH and EC

The pH value also affects the composting process.
During composting process pH values varied between 6.5
and 7.9 in all reactors (Figure 2a). While the R3 and R4
reactors showed a significant pH increase, the pH in R1
and R2 increased only slightly. As observed in Figure 2a,
the pH increased from 6.7 to 7.1 in R1 and from 6.6 to 7.3
in R2 as a result of ammonia formation in the first 7 days.
The pH in R1 decreased from 7.1 to 6.8 in the following 7
days, suggesting possible formation of organic acid following the degradation of organic matter. The pH of R2
was measured as 7.2 after 14 and 21 days. The pH of
reactors R3 and R4 reached a value near 8.0 by day 21, as
the microbial activity degraded the organic acids [25, 24].
These values were within the optimum pH range for bacteria and fungi. Yañez et al. [22] measured a pH of 8.0 in
the final compost of sewage sludge.
Electrical conductivity is usually measured during the
composting process because it reflects the salinity of the
composting products and their suitability for plant
growth. EC values changed between 2.7 and 4.5 mS/cm in
all reactors (Figure 2b). R1, R2 and R3 followed very

similar patterns. At the end of the 21-day period, EC
values were approximately 3.5 mS/cm in R2, R3 and R4,
whereas the value was 4.5 mS/cm in R1.
3.4 Mineralization

The mineralization process that occurs in the composting causes a decrease in carbon content in the compost mixture. The organic carbon contents decreased
during all composting trials in this study (Fig. 3a). The
carbon mineralization at the beginning of the composting
process was due to the sewage sludge, since sunflower
stalks have a more consistent structure of cellulose- and
lignin-type compounds, the stalks are less susceptible to
microbial attack [26, 19]. Temperature rise was observed
again after approximately 7 days in R1 and R2 where BA
content was higher compared to R3 and R4. It’s known
that as the temperature increases, organic acids are produced in the process, and the microorganisms begin to
consume the carbon found in the bulking agent [19]. During the 21 days of composting, the highest C lost was
observed in R2 (47.5% compared to the initial C content),
while R1, R3 and R4 had much lower losses (45.0%,
40.3% and 37.9% compared to the initial C content) (Table 3).
As observed in Fig. 3b, the nitrogen percentages at
the end of the composting process of R1 and R2 reactors
were 2.63%, 2.60%, respectively. These percentages were
higher than the initial nitrogen percentages (1.65% and
1.70%, R1 and R2, respectively). The nitrogen percentages of R3 and R4 decreased from initial values of 2.53%
and 3.14% to 1.76% and 2.19% at the end of the process,
respectively. Since the initial weights of the dry matter in
the reactors decreased after 21 days because of biodegradation, the percentage of total N changed accordingly
[27]. Similarly, Banegas et al. [8] and Rihani et al. [19]
observed increases in the total nitrogen percentages in the
composting processes of their studies, in which the organic matter had been reduced significantly. In this study, the
lowest total nitrogen loss occurred in R2 (8.4% com-

(a)

(b)

FIGURE 2 - Changes of pH (a) and electrical conductivity (b) during composting
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FIGURE 3 - Changes of OC (a), total N (b) and C/N ratio (c) during composting.

TABLE 3 - Initial and final properties of compost mixtures (mean value ± one standard deviation)

R1
R2
R3
R4

Initial
Final
Initial
Final
Initial
Final
Initial
Final

DM
(%)
53.3±0.16
53.5±1.4
44.5±2.7
38.8±1.6
38.8±0.27
35.3±3.3
31.5±1.5
27.2±0.44

DM
OC
Total N
(kg reactor-1) (g reactor-1) (g reactor-1)
2.67
1308
44.1
1.53
719.1
40.2
2.67
1311
45.4
1.60
688.0
41.6
2.91
1379
73.6
1.88
823.4
33.1
2.80
1305
87.9
1.85
810.3
40.5

pared to the initial total N content), while R1, R3 and R4
had much higher losses (8.8%, 55.0% and 53.9% compared to the initial total N content) (Table 3). During
composting process, the nitrogen is metabolized mainly to
ammonium, while the non-soluble forms of nitrogen decompose to soluble nitrogen forms that are readily available for metabolic activities. Gaseous nitrogen losses during composting occur mainly as ammonia but may also
occur as nitrogen and nitrate oxides [28, 19]. Since sludge

N-NH4+
(mg kg-1)
174.5±12.4
422.4±30.5
293.8±17.01
208.2±15.2
211.3±61.9
630.6±82.6
119.4±12.4
713.5±63.61

N-NO3(mg kg-1)
10.6±0.98
12.3±0.88
15.3±0.89
45.9±4.0
13.8±1.3
30.7±1.6
9.2±0.66
33.7±0.13

N-NH4+/N-NO316.5
34.3
19.2
4.5
15.3
20.5
13.0
21.2

contains a high nitrogen concentration, the total N values
in reactors R3 and R4, which had relatively higher sludge
proportions, were higher than those for the other reactors
at the beginning of the process (Figure 3b). N-NH4 and NNO3 forms appear to increase in R3 and R4 (Table 3) due
to mineralization during the composting process. In addition, nitrogen losses may have occurred as a result of the
release of ammonia from these reactors.
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The C/N ratio should constantly decrease in a wellconducted compost process. This is caused by the biological mineralization of organic carbon compounds and
losses due to the release of CO2 [29]. As shown in Fig. 3c,
the C/N ratio decreased from 30 to 18 in R1 and from 29
to 17 in R2. However, it increased from 19 to 25 in R3
and from 15 to 20 in R4. These results indicate that biodegradation of the organic matter increased during the
composting process for R1 and R2. A higher degree of
mineralization was reached in R2 than that reached in R1.
This difference was confirmed by the nitrification index
(NH4+/NO3-). As observed in Table 3, the nitrification
index decreased only in R2, whereas it increased in the
others. The nitrification index decreased from 19.2 to 4.5
at the end of the process for R2, which can be considered
an indicator of a high degree of compost stabilization.
This trend can be related to the mineralization during the
composting process, in which part of the organic nitrogen
is turned into nitrates [21, 30]. Chen et al. [31] reported
that the levels of nitrates can be used as an index of compost maturity. These authors explained that the relative
proportion of nitrates increases during the maturation
phase, thus reducing the nitrification index. Likewise,
Apaolaza et al. [32] attributed the variation of the nitrification index in composted sludge to the different sensitivity of the ammonifying organisms and the nitrifying bacteria, the conditions in the medium and, finally, the characteristics of the substrates.
4. CONCLUSIONS
Sunflower stalks, a largely available agricultural residue, were determined to be a promising bulking agent for
sewage sludge composting. The most appropriate mixture
of SS and BA was found to be 60% SS and 40% BA (R2)
for the composting process. Although the highest temperature was reached in reactor R3 (62˚C), significant microbial stabilization was achieved in R1 and R2 as a result of
a longer thermophilic phase. The lowest nitrogen loss
(8.4%) occurred in R2 along with higher organic carbon
loss (47.5%). The highest microbial stabilization and
degree of mineralization were reached in R2.
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ABSTRACT
P. tricornutum was cultured in a panel PBR system,
with different light path (1, 3, 5, 7 and 10 cm), 50% nitrogen reduction and with 20% inoculation densities. Lipid,
protein and biomass rate were determined. The highest
lipid content (34.6%) for P. tricornutum in the study was
obtained from the culture with 1.064gl-1 biomass rate,
8.50% protein it the panel PBR system with 50% nitrogen
reduction and 7 cm light path. The lowest lipid content
and highest protein were found as 29.76%, 10.12% respectively, at 1 cm light path PBR system with 50% nitrogen
reduction. The highest OD and lowest chl a were found in
the 7 cm light path PBR system with a 50% nitrogen reduction.

have been determined and reported [8]. Several studies
have shown that, the quantity and quality of lipids within
the cell can vary as a result of changes in growth conditions (temperature and light intensity) or nutrient media
characteristics (concentrations of nitrogen, phosphates
and iron) [9,10].
The aim was to study the effect of nitrogen (N) deficiency in the medium and different light path length of
photobioreactor system (PBR), on growth and lipid content of P. tricornutum. Therefore, the maximum lipid and
biomass were determined to find out which light path
lengths of PBR are suitable for culturing P. tricornutum.
2. MATERIALS AND METHODS
2.1. Algae material and culture conditions

KEYWWORDS:
P. tricornutum, Flat Panel PBR system, N deficiency, Lipid

1. INTRODUCTION
Microalgae are photosynthetic microorganisms that
are able to use solar energy to combine water with carbon
dioxide to create biomass. They are able to produce important biomolecules such as vitamins, sterols, carotenoids, amino acids, fatty acids and pharmaceuticals. In
some countries, microalgal biomass is added into food
products such as noodles in Japan and Chile to improve
the nutrient profile [1-3]. Microalgae can be cultured
throughout the year, because they have a simple reproducing system, use the water most effective, do not need rich
soil and a source of fat for biofuels, as such interest on it
became increased [4]. The biochemical composition of
microalgae is affected by environmental conditions including temperature and growth phase [5-7]. Many microalgae strains capable of producing high content of lipid
have been screened and their lipid production metabolisms
* Corresponding author

The species used, P. tricornutum UTEX 640, was supplied from the University of Texas at Austin Collection,
which, although it is a freshwater strain, is able to tolerate
high salinity [11]. The inoculum for the flat plate PBRs
was grown under laboratory conditions on F/2 medium
with silicium, that is, 1 ml/l culture from stock solution of
Na2SiO 3 (30gl-1) [12], and acclimated cells were used,
at 20°C under continuous vessel-surface light intensity of
80 µmol photon m-2.s-1. The irradiance was measured by a
Radiation Sensor LI-COR (LI-250, Inc. USA). The microalgae stock culture was grown in 8 l glass jar in a batch
culture system and the culture was continuously stirred
by air.
Outdoor flat panel PBRs were performed using 10 mm
thickness transparent glass material. Flat plate glass PBR,
50.0 cm wide and 50.0 cm high with 1, 3, 5, 7 and 10 cm
light paths [13], were used to grow in batch cultures. The
volumes of the PBR (without bubbling gas) being 2 l in
1 cm, 6 l in 3 cm, 10 l in 5 cm, 15 l in 7 cm and 21 l in
10 cm PBR. Agitation was provided by bubbling 2%
CO2-enriched air (about 0.5 l min-1 per liter culture) as
described by Hu et al. [14]. pH was arranged with a pH
controller as 7 and light intensity was measured 3 times a
day.
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In the experiment, P. tricornutum was cultured at different flat plate PBR. Experiment was performed 50%
nitrogen deficiency according to amounts in F/2 medium
and with inoculation densities of 20%. All the applications were repeated five replicates.
2.2. Analytical methods

Samples were collected daily for analysis chlorophyll,
total carotenoid, dry weight (biomass) and optical density.
P. tricornutum cell concentration was determined daily by
optical density measurements at 625nm [15] by a UV–
visible spectrophotometer (Shimadzu, UV mini, 1240 model, Japan). Dry weight was determined by 10 ml of algal
culture through glass fiber filter (Whatman GF/C, 1.2 µm,
UK). Algae biomass was dried at 105°C for two hours
and weighed [16]. For pigment analyses, 10 ml samples
were centrifuged at 3500 rpm for 10 min, and the pellet
extracted with 5 ml acetone. The extracts were centrifuged again and chlorophyll a and total carotenoids were
determined spectrophotometrically, recording the absorption at 665, 645, 630 and 480 nm and using the equations
of Parsons and Strickland [17]. All measurements were
made in five replicates.
For lipid and protein analyses, samples of microalgae
were collected in the stationary growth phase. P. tricornutum cells were separated from the medium by centrifugation at 7500 rpm for 10 min, using the centrifuge model
of Hereaus Supragufe 22. However, biomass was dried
at 55°C for 2 h, pulverized in a mortar and stored at 20°C for later analysis. Dry extraction procedure according to Zhu et al. [18] with a modification of the wet extraction method by Bligh and Dyer [19] was used to extract the lipid in microalgal cells. Typically, cells were
harvested by centrifugation at 7500 rpm for 10 min. After
drying, the samples were pulverized, overnight, in a
mortar and ex-tracted using a mixture of chloroform: methanol (2:1, v/v). About 120 ml of solvents were used for every
gram of dried sample in each extraction step. The solid

phase was separated carefully using filter paper (Advantec filter paper, no. 1, Japan) in which two pieces of
filter papers were applied twice to provide complete separation. The solvent phase was evaporated in a rotary
evaporator under vacuum at 60°C and the procedure was
repeated three times until the entire lipid was extracted. The
effects of solvents having different polarities for extracting
the lipid, as well as the effect of drying temperature and
ultrasonication time were investigated in this study. As a
result, the total crude protein content (Nx6.25) was determined by Kjeldahl method [21].
2.3. Statistical analysis

Two-way analysis of variance (ANOVA) was used to
test the effects of nitrogen deficiencies of culture on lipid,
protein, optical density, chlorophyll, total carotenoid and
dry weight. When differences were found in the two-way
ANOVA, Duncan multiple comparison test (HSD) of the
one-way ANOVA was used to compare the mean differences [30] by the Statistical Package for the Social Sciences (SPSS) (Version 12.0, SPSS, Chicago, IL). As such,
the differences were considered to be significant at p ≤ 0.05.
3. RESULTS
The temperature was measured as between 21.04ºC
and 23.6ºC and light intensity was recorded as between
224.7 µmol photon m-2 s-1 and 231.8 µmol photon m-2 s-1
in culture at different light path length PBR systems.
In this study, the effects of nitrate concentrations on
the lipid and protein contents and dry weight productivity
of P. tricornutum were investigated. The lipid and protein
contents of P. tricornutum biomass of the control groups
are summarized in Table 1. The lipid and protein contents
of N deficiency and different light path length PBR are
summarized in Table 2.

TABLE 1 - Main parameters of biomass, lipid and protein content of P. tricornutum at control groups in the growth medium and different
light path.
Light Path (cm)
1 cm
3 cm
5 cm
7 cm
10 cm

Biomass (gl-1)
1.108±0.02c
1.186±0.05c
1.231±0.04b
1.280±0.02a
1.253±0.01b

Protein (%)
30.76±0.5a
30.08±0.3a
30.16±0.5a
31.01±0.2a
30.86±0.4a

Total lipid (%)
17.51±0.2a
17.68±.02a
17.08±0.01a
17.20±0.2a
17.18±0.1a

Means values, n=5; *Different letters between the lines indicate significant difference at 5% by Duncan multiple range test.

TABLE 2 - Main parameters of biomass, lipid and protein content of P. tricornutum at N deficiency groups in the growth medium and different light path.
Light Path (cm)
1 cm
3 cm
5 cm
7 cm
10 cm

Biomass (gl-1)
0.922±0.05c
1.026±0.01b
1.042±0.01ab
1.064±0.01a
1.040±0.02ab

Protein (%)
10.12±0.5a
9.50±0.5b
9.95±0.7a
8.50±0.3c
8.68±0.4c

Means values, n=5; *Different letters between the lines indicate significant difference at 5% by Duncan multiple range test.
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Total Lipid(%)
29.76±0.04c
33.82±0.17b
30.83±0.04c
34.60±0.2a
33.83±0.04b
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TABLE 3 - Main parameters of optical density, chl a and total carotenoid amounts of P. tricornutum at control groups in the growth medium
and different light path.
Light Path (cm)
1 cm
3 cm
5 cm
7 cm
10 cm

Chl a (µgl-1)
330±2c
331±1c
348±1c
421±1b
481±2a

OD
0.557±0.01c
0.597±0.02c
0.686±0.001b
0.725±0.002a
0.688±0.01b

Total Carotenoid (µgl-1)
0.318±0.001c
0.327±0.002b
0.336±0.001ab
0.347±0.001a
0.326±0.00b

Means values, n=5; *Different letters between the lines indicate significant difference at 5% by Duncan multiple range test.

TABLE 4 - Main parameters of optical density, chl a and total carotenoid amounts of P. tricornutum at N deficiency groups in the growth
medium and different light path.
Light Path (cm)
1 cm
3 cm
5 cm
7 cm
10 cm

OD
0.509±0.002c
0.525±0.003bc
0.611±0.001a
0.616±0.001a
0.557±0.001b

Chl a (µgl-1)
130±1a
133±1a
131±2a
112±1b
128±1a

Total Carotene (µgl-1)
0.401±0.002c
0.407±0.001c
0.436±0.002b
0.467±0.001b
0.526±0.002a

Means values, n=5; *Different letters between the lines indicate significant difference at 5% by Duncan multiple range test.

The maximum biomass was obtained as 1.280±0.02gl-1
in the 7 cm light path PBR (p<0.05), when optimum nitrogen
concentration was used in the culture in flat panel
PBR. The minimum biomass was obtained as 1.108±0.02
and 1.186±0.05gl-1 in the 1 and 3 cm light path PBR,
respectively. The protein and total lipid ratios were similar in all groups (p>0.05).
The maximum biomass was determined as 1.064±
0.01gl-1 in the 7 cm light path PBR, while the protein
level was decreased to 8.50±0.3%, when the nitrogen
concentration decreased. The minimum biomass was obtained as 0.922gl-1 in 1 cm light path PBR. The maximum
protein level was determined as 10.12% at 1 cm light path
PBR. The maximum total lipid rate was determined as
34.60% at 7 cm light path PBR (p<0.05). The minimum
total lipid rate was determined in 1 and 5 cm light path
PBR (p<0.05).
The effects of N deficiency and different light path on
P. tricornutum optical density, chl a and carotene contents
are summarized in Table 3 and Table 4. The optical density was started at 0.276±0.003 in all groups. The highest
optical density was reported in 7 cm PBR at control and
in N deficiency groups as 0.725±0.002 and 0.616±0.001,
respectively (p<0.05). The minimum optical density of 1 cm
light path PBR was reported as 0.557±0.01 and 0.509±
0.002, control group and N deficiency, respectively.
The initial chl a and total carotenoid were determined
as 276±3µgl-1 and 0.213±0.002µgl-1 in the control group
and in the N deficiency group, respectively. The lowest
chl a content was measured as 112µgl-1 at N deficiency of
7 cm light path PBR at the end of the experiment
(p<0.05). But the maximum total carotene amounts were
determined 0.526µgl-1 in the N deficiency of 10 cm light
path PBR (p<0.05). The minimum total carotene was

obtained as 0.401 and 0.407µgl-1 at the 1 and 3 cm light
path PBR, respectively (p<0.05).
4. DISCUSSION
Nitrogen (N) limiting conditions were in fact reported
to significantly increase the lipid fraction of many microalgae [9]. For this purpose, in this study, N concentration
was reduced to fifty percent rate in F/2 media described in
method. It is known that different nitrogen levels can have
an effect on the growth of microalgae and biochemical
composition [22-24].
In microalgae-lipid studies, biomass and lipid content
should be considered together. A decrease in the concentration of N in the medium resulted in a significant change
in cell composition, favoring the accumulation of lipid
components and decrease protein content in P. tricornutum during the batch growth. In this study, the maximum
biomass of 1.064gl-1 and lipid 34.60% were determined in
the 7 cm light path length PBR, when nitrate source was
decreased to 50%. In contrast, the high level of protein
was determined in the control group. Similar results were
determined by Shifrin and Chisholm [25] and they indicated that while nitrogen is deficient, protein decreases in
general. Thomas et al. [26] cultured the microalgae P.
tricornutum at different nitrogen containing media. Nitrogen-sufficient cells contained 55% protein, 10% carbohydrate, 20% lipid, 12% ash and 4·8 calories mg−1 dry
weight. Nitrogen deficiency changed these values to 25%,
15%, 22%, 16% and 5·0, respectively. During extreme
deficiency, lipid content was as high as 30% of the dry
weight, but lipid yield did not increase because the overall
cellular yield was decreased. However, in this study,
while P.tricornutum biomass of 1.280gl-1 was obtained
from the control culture, in 50 % N deficient cultures,
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1.064gl-1, P. tricornutum biomass was reported at 7 cm
PBR. Bulut Mutlu et al. [27] investigated the lipid and
protein content and biomass of C. vulgaris under laboratory conditions in five different nutrient media (lack of
50% N, 100% N, 50% N-P, 50% P and nitrite addition as
a N source). The highest lipid content (35.6%) and the
lowest protein content (13.01%) were reported in the
group treated with a deficiency of 100% N. The lowest
biomass (0.12gl-1) was found in the group which contained nitrite. Uslu et al. [4], studied the nitrogen deficiencies (50 and 100%) and determined the lipid, protein
content and biomass of Spirulina platensis (Cyanophyceae) in laboratory conditions. In the Spirulina biomass harvested at the stationary phase, 67.4, 53.5, 5.6%
protein and 5.78, 13.66, 17.05% lipid were recorded for
the groups of control, 50% N(-) and 100% N(-), respectively. The highest lipid content and 1.00gl-1 dry-weight
were recorded from the culture which was treated with
100% N(-). In our study, it was shown that although lipid
increased, P. tricornutum biomass did not decrease.
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The effects of N deficiency and different light path on
P. tricornutum optical density, chl a and carotene contents
are summarized in Tables 3 and 4. The optical density
was started 0.276±0.003 in all groups. The highest optical
density was reported in 7 cm PBR at control and N deficiency groups. It is known that different N sources and
concentrations affect the growth and biochemical structure of the microalgae [22]. Neochloris oleoabundas was
cultured in PBR system in N deficient medium and the
biomass and lipid levels were examined. While 16.5 gm2
/day biomass and 23% lipid were recorded in the control
group, low biomass and 37% of lipid were obtained in the
culture to which applied N was deficient [28]. In similar
studies it was reported that the nitrogen limitation caused
a decrease of biomass [28,29]. In this study, N limitation
caused a decrease in optical density and biomass in all
groups.
The lowest total carotenoid amounts were found in
the control groups. The stress factor of lacking nitrate led
to a lack of chl a. Reitan et al. [30], cultured the microalgae Phaeodactylum tricornutum, Chaetoceros sp. (Bacillariophyceae), Isochrysis galbana (clone T-Iso), Nannochloris atomus (Chlorophyceae), Tetraselmis sp. (Prasinophyceae) and Gymnodinum sp. (Dinophyceae) at different lacking nitrogen mediums and observed an increase
of lipid. In another study, Chlorella (C. vulgaris; C.
minutissima; C. emersonii, C. protothecoides, C. sorokiniana) species were cultured in deficient N mediums and it
was determined that the growth of C. vulgaris was better
than that of the other four species [9]. In another study at
which the effects of nitrogen limitation on the metabolites
were studied, a decrease of optical density and chl a quantity were determined while an increase of organic carbon
compounds as lipid was recorded. However, yellowing of
colors was observed due to increasing carotene quantity in
the cultures [25,31]. In this study, chl a amount decreased
and total carotenoid amount increased.
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STUDY ON THE MIGRATION AND
INACTIVATION OF INVERTEBRATES IN THE
ADVANCED TREATMENT PROCESS IN WATERWORKS
Jie Zhu, Hongbin Chen*, Chen Chen and Xiaohu Dai
School of Environment Science and Engineering, Tongji University, Shanghai 200092, China

ABSTRACT
This paper aims to provide a theoretical basis and
technical support for the risk control of invertebrates’
pollution. Firstly, a plankton filter of 10-µm mesh width
was chosen as an accurate tool for invertebrates’ sampling,
and the invertebrate taxa detected in 3 waterworks along
the lower reaches of Yangtze River in China with 10-µm
filter included 6 phyla, 9 classes, 11 orders, 12 families,
13 genera and 31 species. Secondly, the investigation of
invertebrate leakage in the 3 waterworks revealed that the
dominant species of animals were rotifers, nematodes,
tubifex worms and crustaceans. The invertebrates’ abundance in resource water had positive correlation with the
degree of source water contamination, deciding the following purification process directly. Although sedimentation
and ozone could remove or inactivate some invertebrates,
these measures become useless when invertebrates reproduced in GAC filter, and the invertebrates’ abundance in
GAC filter was in accordance with the change of temperature. All the tubificid worms and crustaceans could be killed
when UV dosage was 200 J/m2 and NaClO was 1.0 mg/L,
except nematodes and rotifers. It is suggested that effective measures should be taken to protect the sources of
water. The operation circle of GAC filter should be shortened to prevent animals’ over-reproduction in summer,
and when the seasonal outbreak growth of invertebrates
appears, enhanced filtration measures should be added after
the GAC filter to provide a safe water supply.

KEYWORDS: invertebrates leakage; UV-chlorine inactivation;
rotifer, nematode, tubificid worms, crustacean

1. INTRODUCTION
It is well-established that microorganisms in the activated carbon filter process play a crucial function in
* Corresponding author

eliminating TOC (total organic carbon) and NOM (natural
organic matter); however, the excessive propagation of
microorganisms, including bacteria and invertebrates, also
brings potential hazards to drinking water safety [1-3].
In Europe, the methods for assessing invertebrate
abundance in drinking water distribution systems have
been continuously modified and developed since the 1970s
[4-6]. However, until now, most attentions have focused
on large and visible invertebrates, such as crustaceans or
Chironomus larvae, which are associated with low hygiene and pathogenicity by users [7, 8]. Because of invisible by naked eye and hard to capture, the smaller invertebrates (whose diameter is < 25 µm) are usually neglected
[9-11]. However, even small nematodes may protect internalized E. coli bacteria and Bacillus subtilis spores from
UV disinfection during surface water treatment [12], and
may release coliforms (as an indicator of distribution system) during their transit through high-pressure pumps [13].
Considered that the recent researches on invertebrates’
abundance are not so precise [14-17], in order to fully reflect the invertebrates’ abundance in purification processes
and offer a technological support for invertebrates control
in China, the proper sampling tool able to capture invertebrates of all sizes should be found at first.
Nowadays, most control measures for invertebrates
focus on sedimentation and GAC backwashing [18, 19].
However, it needs to be discussed comprehensively whether
these methods are effective in actual production. It has been
widely proven that bacteria could be disinfected efficiently
by conventional disinfection methods, and Cryptosporidium and Giardia (“C&G”) could be efficiently inactivated
by UV treatment [20].
However, whether the invertebrates can be effectively
inactivated by the existing disinfection systems has been
poorly understood. Consequently, it is necessary to study
the migration and transformation pattern of invertebrates
along the whole treatment process in China with the new
established sampling tool, in order to provide a theoretical
basis and technical support for the risk control of invertebrates’ pollution.
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2.3 Microscopy and particle counting

2. MATERIALS AND METHODS
A protocol was developed to (i) establish a correct sampling method by comparing the interception rate of different
filters; (ii) investigate invertebrate leakage in 3 waterworks
along the lower Yangtze region and study the migration and
transformation pattern of invertebrate in waterworks; and
(iii) evaluate the disinfection effect of the production device.

Invertebrates were observed and counted with an inverted microscope (BX-51, Olympus, Japan) and photographed. The invertebrate was regarded as dead if it did
not make any observable response when grasped with a
pair of fine forceps. The density of the invertebrates was
calculated by Eq. (1):
(1)

2.1 Invertebrate sampling

The sampling tools include 3 commercially available
plankton filters with different mesh widths - 5 and 10 µm
(Hydro-Bios GmbH, Kiel, Germany), and 25 µm (Beijing
purity Instrument Company). The samples were collected
according to Schreiber et al. (1996) [2]. The plankton
filters were suspended on different outlets, a flow velocity
of 5.0 m·s-1 was set, and the flow volume was recorded.
After sampling, the filter was rinsed off with distilled water
to avoid contamination among samples. Considered that a
small sampling volume cannot fully reflect animal species
diversity, and a large sampling volume will bring in too
much particles and disturb counting, the suggested sampling
volumes for different water samples are shown in Table 1.
TABLE 1 - The suggested sampling volumes for different water
samples.
Process water

Turbidity (NTU)

Filter diameter
(µm)
10

Source
>10
Sedimentation
1.0-2.0
10
basin
Sand filter
0.1-0.2
10
Ozone
0.1-0.2
10
GAC
<0.1
10
Product water
<0.1
10
Note: The suggested sampling volumes were based on
survey in Yangtze River delta.

Sampling
volume (L)
10-20
50-100
400-600
200-400
300-600
300-600
the microbial

TABLE 2 - Basic operating parameters of the three investigated
waterworks.
Operating parameters
Per-oxidation dosage
(mg/L)

Waterworks
A
O :0.5,
3

Cl:1.5
PAC
48-96
0.5
72-120

Waterworks
B
O :1.0
3

Coagulant (mg/L)
KAl(SO4)2
Sand filters cycle (h)
48-96
Main ozone (mg/L)
1.0-1.5
GAC operation cycle
72-120
(h)
2
UV dosage (J/m )
200
null
Residual chlorine
1.1-1.3
1.6-1.7
(mg/L)
Note: NTU = nephelometric turbidity unit.

Waterworks
C
null
PAC
48-96
<2
120-144
null
1.0

2.2 Sampling sites

The invertebrates’ abundance investigation was conducted in waterworks A, B and C, along the lower reaches
of Yangtze River in China. The plankton filters were suspended on different outlets, including GAC filter, UV, chlorine chamber, and product water outlet. The basic operating
parameters of the 3 waterworks are shown in Table 2.

Where, N is invertebrate density (ind. = individuals/100 L); V is sampling volume (L); Vs is concentrated
volume (ml); Va is microscopy volume, ml; and n is the
average of invertebrate quantity after 6 microscopic examinations (ind.). Particle counts were detected by a particle counter (IBR, USA).
3. RESULTS AND DISCUSSION
3.1 The rejection rate comparison of different plankton filters

The 3 plankton filters (5, 10 and 25 µm) were used to
sample the GAC filter outlet in waterworks A. The comparison of rejection rate is shown in Fig. 1.
As can be seen in Fig. 1a, the particle diameters in
GAC outlet were mostly between 2-5 µm, and large particles were less. The 25-µm filter could only catch particles
with diameters >20 µm, and the rejection rate was only
1.8%. The 5 and 10 µm filters could catch particles of all
sizes, and the rejection rate was proportional to the particle size. The rejection rate of particles bigger than the
filter aperture was >33.3 %, and that of >20 µm particles
was 100%. The diameter of Caenorhabditis elegans was
between 8 to 25 µm, while other invertebrates were all
>50 µm. As depicted in Fig. 1b, the 5 and 10 µm filters
could intercept protozoa whose diameters were <5 µm,
including Flagellum, ciliates, and Sarcodina, and invertebrates of all sizes, including rotifers, Caenorhabditis elegans, Chaetonotus sp., tubifex worms and crustaceans,
whereas the 25-µm filter could only intercept a small number of large invertebrates, which explains why most recent
researches all focus on tubifex worms and crustaceans,
because the smaller invertebrates cannot be obtained. Although the interception rate of the 5-µm filter was slightly
higher than that of the 10-µm filter, the latter was preferred in sampling, because the 5-µm filter would soon clog
and cause the microscopy to be very time-consuming. The
invertebrate taxa detected in the 3 waterworks with 10-µm
filter are shown in Table 3, including 6 phyla, 9 classes,
11 orders, 12 families, 13 genera and 31 species.
2.2 The input, migration and transformation pattern of invertebrates in waterworks
2.2.1 Source water

The invertebrates firstly enter the waterworks through
source water, which belongs to exogenous pollution. The
basic characteristics of source waters of the 3 waterworks
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FIGURE 1 - The rejection rate of different particles and invertebrates by
different plankton filters. (a) different particles; (b) different invertebrates.
TABLE 3 - Invertebrate taxa and developmental stages distinguished.
Phylum

Class

Order

Family
Tubificidae

Annelida

Oligochaeta

Tubificida

Naididae

Arthropoda

insecta
Arachnida
Branchiopoda

Diptera
Acariformes
Diplostraca
Calanoida
Harpacticoida
Cyclopoida

Maxillopoda

Genus
Tubifex
Pristina

Scientific name
Tubifex tubifex
Pristina longiseta, Pristina synclites

Nais

Naiscommunis, Naiseliguis, Naisparadalis

Aeolosomatidae
Chironomus

Aeolosoma
Chironomus

Daphniidae
Calanidae
Aegisthidae
Cyclopidae

ceriodaphnia
Calanus
Aegisthus
Cyclops

Aeolosomahemprichi
Chironomidae larvae
Hydrachnellae
Ceriodaphni
Calanus sinicus
Aegisthus aculeatus
cyclops
Philodina, Dicranophorus, Colurella, Brachionus,
Epiphanes,
Lecane,
Monostyla,
Lepadella,
Asplanchnopus, Synchaeta, Keratella, Filinia, Polyarthra, Asplanchna, Hexarthra
Caenorhabditis elegans
Chaetonotus
Dugesiajaponica

Aschelminthes

Rotifera

Bdelloidea

Bdelloida

Rotaria

Nematoda
Gastrotricha
Platyhelminthes

Chromadorea
Gastrotricha
Turbellaria

Rhabditidia
Chaetonotus
Tricladida

Rhabditoidea
Chaetonotus
Planariidae

Caenorhabditis
Chaetonotide
Planaria

are listed in Table 4, and the composition of invertebrates’
species in these source waters are shown in Fig. 2.
As can be seen in Table 3, the water quality of waterworks A and B belongs to classes II, III, IV and V,
respectively, according to Environmental Quality Standards for Surface Water (GB 3838-2002). As depicted in

Fig. 2, the invertebrates’ abundance was lowest in waterworks A but highest in waterworks C, and the major invertebrates’ species in the 3 waterworks were all rotifers,
crustaceans, Oligochaeta (earth worms) and nematodes,
and the dominant species was rotifers, which accounted
for 34.6-74.6%.
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water, and to control invertebrates’ pollution from the
sources.
2.2.2 Treatment process

FIGURE 2 - The composition of invertebrates’ species in source
water of the 3 waterworks.
TABLE 4 - The source water quality of the different waterworks.
Index

Turbidity
(NTU)
Color
Degree
pH
DO (mg/L)
Iron (mg/L)
Manganese
(mg/L)
CODMn
(mg/L)
Ammonia
Nitrogen
(mg/L)

Waterworks
A
(Reservoir)

Waterworks
B
(River)

Waterworks
C
(Riverway)

8- 40

20- 50

12.8-80.2

GB 38382002
(Class III)

8-15

15-30

15-30

7.7-8.6
2-9
0-0.1

6.9-8.1
4.8-7.4
0.8-1.2

6.9-7.4
5.5-6.7
0. 1-1.83

6.0-9.0
5.0
0.3

1.6-2.2

0.09-0.1

0. 2-0.8

0.10

1.9-3.4

4.6-10.6

4.6-18.9

6.0

0.05-0.2

0.3 -0.46

0.07-1.08

1.00

As a result, the invertebrates’ abundance has positive
correlation with the degree of source water contamination,
and effective measures should be taken to protect resource

The results of invertebrates’ investigation in the 3 waterworks (between June and September 2012, when water
temperature was approx. 28 °C) are depicted in Fig. 3.
As can be seen from Fig. 3, the invertebrate species
and quantity in the following purification process (settling
pond, sand filter and ozone basin) directly depend on the
input of invertebrates in the source water, where survival
rate of invertebrates was nearly 100%. Pre-oxidation and
coagulant could kill 49.8% of the invertebrates, and 45.8.16.9% of invertebrates could be removed with sludge. With
the flow turbulence, some dead or surviving animals would
float and migrate to the following processes. Although the
order of invertebrates’ abundance reversed in the 3 waterworks due to the different operational parameters (flow
direction, operation cycle and backwash), the averaged
survival rate of invertebrates in the 3 waterworks increased substantially to 83.1% in sand filter and 89.5% in
GAC filter but decreased to 20.4% in the ozone basin, 15.1%
in disinfection chamber, and 5.3 % in product water. It is
concluded that most invertebrates could be inactivated effectively by ozone with a dosage of 1.0-2.0 mg/L, and the surviving invertebrates and their eggs entering the sand filter
and GAC filter will breed there. The biofilm and intercepted organic particles in the filters could create suitable
conditions for invertebrates’ reproduction, and the breeding invertebrates in these processes constitute endogenous
pollution.
As a result, although sedimentation and ozone could
remove or inactivate some invertebrates, these measures
become useless when invertebrates reproduce in GAC
filter. Without interception measures, the endogenous
surviving or dead invertebrates could enter the product
water, which becomes a potential threat.

FIGURE 3 - The total invertebrates’ abundance in the 3 waterworks along the purification process.

1319

© by PSP Volume 23 – No 6. 2014

Fresenius Environmental Bulletin

2.2.3 Water quality

In order to study the influence of water parameters on
invertebrates’ abundance, the turbidity, pH, ammonia
nitrogen, TOC and invertebrates’ abundance of GAC-A
were monitored from July 15, 2012 to July 31, 2013.
Turbidity/NTU

pH

Ammonia Nitrogen/mg/L

TOC/mg/L

10
9
8
7

value

6
5

2

1

0
2012/7/4

2012/9/4

2012/11/4

2013/1/4

2013/3/4

2013/5/4

2013/7/4

tions were benefiting invertebrates’ growth, and high
water temperature will promote propagation [14]. All the
invertebrates bred excessively when the water temperature was above 23 °C, the density of rotifers soared to
over 150 ind./100 L, nematodes to 13 ind./100 L, which
was 10 to 50 times that in winter. Except the four species
in winter, many other species began to emerge, such as
Hydrachnellae, Chaetonotus, Dugesia japonica and chironomid larvae, among which the density of Dugesia japonica was soared to 44.1 ind./100 L, and even became the
second largest group of rotifers. As can be seen in Fig. 4,
the invertebrates’ abundance was in accordance with the
change of temperature, and the linear relation between
temperature and total invertebrates’ abundance was nearly
0.9, much higher than turbidity, pH, ammonia nitrogen
and TOC. As a result, the operation circle of GAC filter
should be shortened to prevent animals’ over-reproduction in
summer, and when the excessive growth of invertebrates
happened, enhanced filtration measures should be taken to
prevent invertebrates from entering into the product water.

Date
nematode
others

rotifera
temperature

crustacea

500

32
30

400

28
300

26
24

200

22

100

20
18
16

40

14
30

12

Temperature/

invertebrates' abundance/ind./100L

2.3 The inactivation of invertebrates with the disinfection
system in waterworks

oligochaeta

10

20

8
10

6

0
2012/6/1 2012/8/1 2012/10/12012/12/1 2013/2/1 2013/4/1 2013/6/1 2013/8/1

4

Date

FIGURE 4 - The change of water quality parameters and invertebrates’ abundance: (a) water quality parameters, and (b) invertebrates’ abundance and temperature.

As can be seen in Fig. 4a, the effluent quality was
comparatively stable, and only changing with seasons.
Invertebrates feed on bacteria, protozoa and organics in
the water [13]. In winter, the water temperature was below 14 °C from January 2013 to March 2013, the concentrations of TOC and ammonia nitrogen were comparatively low (Fig. 4a), and the biomass decreased; so the food
for the animals was limited; Meanwhile, the growth and
reproduction of most invertebrates was also limited at low
temperatures [21, 22], and only rotifers, crustaceans,
oligochaeta and nematodes could survive, but they could
seldom be detected (Fig. 4b). Because of strong resistance
to low temperature, nematodes could live and grow well
at 5 °C [23]; hence, nematodes become the major species
in winter, although its highest density was only 3.3 individuals/100 L. Conversely, in summer, the water condi-

As can be known from Fig. 3, the average inactivation rate of the 3 waterworks was 85%. In order to evaluate the inactivation effect of UV and chlorine, respectively, in production, the bacteria and invertebrates in the
outflow of the GAC, UV chamber (UV dosage 200 J/m2,
intensity 160 W/m2 and irradiation time 1-2 s) and chlorine chamber (NaClO 1.0 mg/L) were monitored irregularly in waterworks A during February and May in 2013.
Between April 8 and April 19, the UV system was shut
down, and the disinfection system included only NaClO.
On the other days, the disinfection system included both
UV and NaClO.
As depicted in Fig. 5a, 200 J/m2 UV and 1.5 mg/L
sodium hypochlorite alone could kill bacteria effectively,
but only 4.6-26.9 % and 66.8-88.2 % of invertebrates
could be killed, respectively. The lethal dosages of disinfectors depend on the size and structure of the organism
itself. Thus, the disinfector dosage designed to kill small
unicellular bacteria in waterworks could not effectively
kill large invertebrates with integrated cellular structure.
On the other hand, UV alone had little inactivation effect
for most invertebrates. In UV irradiation, the basic group
and amino acid in the organism will absorb photon energy
and get injured. However, UV damage is reversible, and
there is a positive correlation between DNA repair ability
and UV dosage [24]. Low dosage of UV damage can be
repaired, or only lead to genetic mutation and the change
of cell proliferation, apoptosis and cycle, instead of killing
the organism immediately (for example, tubificids docked
after 200 J/m2 UV irradiation; Fig. 6).
Compared to UV damage, the chlorine damage is irreversible. Sodium hypochlorite will hydrolyze and produce HOCl, which will penetrate into the cell wall, poison
the cell gradually, and finally, lead to the death of microbes.
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FIGURE 5 - The inactivation rate of bacteria and invertebrates by UV and NaClO in waterworks A: (a) bacteria and total invertebrates, and
(b) different invertebrates.

FIGURE 6 - The change of physical characteristics of tubificids after UV irradiation.

As depicted in Fig. 4b, crustaceans and tubificids had
low tolerance to chlorine, and they could be killed completely by chlorine. However, with chlorine alone, the
inactivation rate of nematodes was still low, because there
is a smooth and dense cuticle in the outside of nematodes
[25], which could prevent the disinfector from entering
the cell, and help them to tolerate 80 mg/L sodium hypochlorite [26]. For rotifers and nematodes, the inactivation
rates of the combination of UV and chlorine (84.6-100 %
and 54.4-81.3 %) were better than those of chlorine alone
(55.6-82.4 % and 11.8-54.5 %). It is speculated that UV
can make some injury to the cell, which will benefit for
the chlorine to go through the cell wall and poison the
cell. However, whether the combination of UV and chlorine will produce synergistic effects will be studied in a
further research. Until now, there is no mandatory standard for invertebrates’ control, but small nematodes can be
vectors and protectors of waterborne pathogens [27-29].
Considered that invertebrates could be reproduced in
GAC filter, and without intercepted measures, most surviving and dead invertebrates would enter the product
water after the combined disinfection with UV and chlorine, it is suggested to add enhanced filtration after the
GAC or chlorine chamber to intercept invertebrates [30],
and to ensure a safe water supply, especially when seasonal outbreak growth of invertebrates occurs.

4. CONCLUSIONS
(1) Considering the sampling accuracy and convenience, the 10-µm filter is recommended as the best sampling tool. The invertebrate taxa detected in the 3 waterworks with 10-µm filter included 6 phyla, 9 classes, 11
orders, 12 families, 13 genera and 31 species. It contributes to establish correct invertebrate sampling methods in
the following study and monitoring.
(2) The microbial survey in the lower Yangtze region
showed that a) the dominant species were Rotifer, Nematode, Tubificid and Crustacean, b) the invertebrates’
abundance in resource water had positive correlation with
the degree of source water contamination, which directly
influenced the invertebrate abundance in the following
purification process, and c) although sedimentation and
ozone could remove or inactivate some invertebrates,
these measures become useless when invertebrates were
reproduced in GAC filter. Moreover, the invertebrates’
abundance in GAC filter was in accordance with the
change of temperature.
(3) Low dosage of UV irradiation alone could only
make some injury to invertebrates, rather than killing
them. The inactivation rate of the combination of UV and
chlorine was better than that of chlorine alone. All the
tubificids and crustaceans could be killed when UV dos-
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age was 200 J/m2 and NaClO was 1.0 mg/L, except nematodes and rotifers.
(4) It is suggested that effective measures should be
taken to protect the sources of water. The operational
circle of GAC filter should be shortened to prevent animals’ over-reproduction in summer; but when the seasonal outbreak growth of invertebrates appears, enhanced
filtration measures should be added after the GAC to
control invertebrates’ leakage into the product water, and
to provide safe water supply.
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ABSTRACT
Textile wastewaters do not only have aesthetical implications but can also be toxic when discharged into the
environment without being treated. Therefore, textile wastewater must be treated. In this study, fungi isolated from
soil and wastewater from a textile plant were tested for
their potential to decolorize reactive textile dyes (Reactive
Red H8B, Remazol Black B, and Remazol Brillant Blue
R). Of the 24 isolates tested, 8 were found to have decolorization potential. The reactive dyes were decolorized up
to 88.4-92.2% under static culture conditions, and up to
93.4-94.6% under agitated conditions. Aspergillus carneus
was found to have the greatest decolorization efficiency.
The effects of various conditions, such as agitation, initial
pH, inoculum size, dye concentration, live and dead biomass, on decolorization efficiency of A. carneus were
investigated. Decolorization activity was optimal at pH 5,
and color removal was faster with higher amounts of inoculum. Decolorization potential of A. carneus was higher in
live form (93-96%) compared to dead form (58-71%). Different concentrations of the dyes (50, 100 and 200 mg/L)
were effectively removed from the media revealing extensive decolorization ability of this fungus.
KEYWORDS: Adsorption, Aspergillus carneus, decolorization,
reactive dye, textile wastewater

1. INTRODUCTION
Textile industry wastewaters are more difficult to treat
because of their synthetic origin and complex aromatic
molecular structure, which makes them more stable and
more difficult to be biodegraded [1]. Among the several
textile dye classes, reactive dyes are mostly used [2]. Even
small amounts of dyes (10-50 mg/L) are highly visible
and affect aesthetics, transparency of water, and gas solubility in water-bodies. Moreover, benzidine or other aromatic compounds constituting many dyes are carcinogenic.
* Corresponding author

Therefore, treatment of industrial effluents contaminated
with dyes is necessary before being discharged into the
environment [3].
Conventional biological wastewater treatment methods are not effective for textile industry wastewaters due
to their low biodegradability. Various kinds of physicochemical treatment processes are in use for dye
wastewaters. However, these methods are not environmentally friendly, costly, inefficient in color removal,
and poorly adaptable to a wide range of dye wastewaters.
Therefore, biological remediation is seen as an eco-friendly
and cheaper alternative, and also considered to be more
efficient in terms of its long lasting beneﬁts [4, 5].
Decolorization activities of several bacteria, fungi, actinomycetes and algae have been reported [6]. The ability
of fungi to transform a wide variety of recalcitrant compounds has aroused interest in using them for bioremediation of wastewaters contaminated with dyes. White-rot fungi
(WRF), such as Phanerochaete chrysosporium [7],
Trametes versicolor [8], Coriolus versicolor [9, 10], and
Funalia trogii [11] have been reported to effectively decolorize various textile dyes. Decolorization abilities of
some fungi, other than WRF, such as Aspergillus niger
[12, 13], Rhizopus arrhizus [14], and Rhizopus oryzae [15,
16], were also reported.
The major objective of this study was to isolate fungi
from natural sources (soil and dye wastewater) and to examine their decolorization potentials. In addition, the influence of different physicochemical conditions, including
initial pH, agitation, concentrations of dyes, size of inoculum, and use of dead and live biomass, on decolorization
efficiencies of the reactive dyes (Reactive Red H8B,
Remazol Black B, Remazol Brillant Blue R) by the fungal
isolates were investigated.
2. MATERIALS AND METHODS
2.1 Chemicals

The 3 reactive dyes used in this study, Remazol Black
B (C.I. Reactive Black 5), Reactive Red H8B (C.I. Reac-
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tive Red 31) and Remazol Brillant Blue R (C.I. 61200,
Reactive Blue 19), were obtained from a textile plant in
Eskisehir, Turkey. Chemical compounds and media components were purchased either from Sigma Chemical Company (St. Louis, MO, USA) or from Merck (Darmstadt,
Germany).

medium in the presence and absence of dyes were determined for investigation of growth inhibiting effects of the
dyes. The dry weights of pellets were obtained by filtering
cultures through filter paper and drying them to a constant
weight at 65 °C.
2.7 Effect of different physicochemical conditions on decolorization

2.2 Culture media

Fungi were grown in malt broth prior to decolorization assays. Decolorization medium was made by adding
5 g yeast extract, 0.5 g (NH4)2SO4, 2.66 g KH2PO4, 4.32 g
Na2HPO4.2H2O and 50 mg reactive dye per L of distilled
water.
2.3 Isolation of fungal strains

The fungi were isolated from soil and dye wastewater
samples obtained from a textile plant and grown on Potato
Dextrose Agar (PDA) plates at 27 °C. The fungal isolates
were identified by Prof. Dr. Ismet Hasenekoglu (Kilis 7
Aralik University, Turkey), on the basis of their vegetative and reproductive structure using dichotomous keys.
2.4 Preparation of fungal inoculum

Fungal isolates grown on PDA plates at 27 °C for 7 days
were used for obtaining agar disks (9 mm) containing
fungal spores and mycelium. A total of 10 agar disks were
used for inoculation of 100 ml malt broth, and allowed to
grow at 27 °C and 130 rpm for 1 week. The fungal biomass (pellets) was ﬁltered out, washed 2-3 times with distilled water, and used as inoculum in the decolorization experiments.
2.5 Selection of fungal isolates capable of decolorizing the
reactive dyes

Fungal isolates obtained from soil and wastewater
samples were grown in decolorization medium containing
50 mg/L reactive dye for 7 days at 27 °C and 130 rpm.
The isolates capable of removing color in decolorization
medium were selected for further decolorization assays.
2.6 Decolorization assays

Decolorization potentials of fungal isolates were investigated under static and agitated culture conditions. Decolorization media were supplemented with either 50 mg/L
Remazol Black B (RBB), Reactive Red H8B (RRH8B), or
Remazol Brillant Blue R (RBBR). A total of 1 g (wet
weight) pellet was used for inoculation of 100 ml decolorization medium and incubated at 27 °C for 7 days under
dark conditions. Samples were taken daily from the decolorization medium, and the relative decrease of absorbance for each dye at its absorbance maximum was recorded to determine decolorization efficiency. The experiments
were performed in triplicate and results were presented as
mean values.
Experiments were conducted at pH 5, and decolorization media not containing pellets were used for abiotic
control. The dry weights of fungi grown in decolorization

Experiments were conducted to determine the effects
of different physicochemical conditions, such as agitation,
initial pH, inoculum size, dye concentration, and dead and
live biomass, on decolorization. Decolorization assays
were performed at pHs 5, 7 and 9 to determine the optimum pH for color removal. Unless otherwise stated, the
agitation rate was 130 rpm and temperature was 27 °C.
The decolorization medium was inoculated with 10, 20
and 40 g/L (wet weight) of fungal biomass to observe the
effect of inoculum size on decolorization. Color removal
potentials of fungal strains were investigated using decolorization media containing 50, 100 and 200 mg/L of dyes.
Decolorization abilities of dead and live biomass were investigated using live and autoclave-killed (121 °C, 20 min)
pellets (10 g/L wet weight).
3. RESULTS AND DISCUSSION
3.1 Identification of fungal isolates

A total of 24 pure cultures were obtained from soil
and wastewater samples, and 8 were determined (Prof.
Dr. Ismet Hasenekoglu) to have decolorization potential:
Penicillium waksmanii, P. jensenii, Aspergillus fumigatus
(two isolates), and A. carneus.
3.2 Effect of reactive dyes on growth of fungal isolates

Microorganisms can be used as sensitive systems for
assessment of the toxicity of certain pollutants. The toxicity of the reactive dyes (RRH8B, RBB and RBBR),
added to the decolorization media, was evaluated based
on their inhibitory effect on growth of the fungal isolates.
The increase (%) in dry weights of the isolates after 7
days in dye-free medium was greater compared to dyecontaining media indicating that the dyes limit growth of
the isolates (Table 1). The slower growth in dyecontaining media showed that 50 mg/L dye in the medium was a growth-limiting concentration for the fungal
isolates. Although dyes limited growth of the fungal isolates, they did not completely inhibit growth and decolorization. Apohan and Yesilada [17] have also shown growthinhibiting effects of textile dyes (Astrazon Blue and Red)
on Funalia trogii and Staphylococcus aureus on a solid
medium in a concentration-dependent manner.
3.3 Evaluation of decolorization efficiencies of the fungal
isolates

Decolorization rates of the reactive dyes showed
that the decolorization potential of the fungal isolates was
higher under shaking culture conditions compared to static
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TABLE 1 - Increase in dry weights (%) of the fungal isolates after 7days growth in dye containing (D(+)) and dye-free (D(-)) media
(dyes were added to the media at a concentration of 50 mg/L, and
the media were inoculated with 10 g/L (wet weight) of fungal biomass. Data presented are means of 3 independent experiments).
Increase in dry weight (%)
RRH8B
RBB
RBBR
D(+)
D(-)
D(+)
D(-)
D(+)
D(-)
Isolate 1
80
100
211
189
333
333
Isolate 2
325
625
314
329
75
100
Isolate 3
171
200
214
200
140
150
P. waksmanii
167
233
100
77
108
100
A. fumigatus 1
50
80
21
50
0
8
A. fumigatus 2
63
88
6
6
0
17
A. carneus
108
175
93
136
86
107
P. jensenii
44
67
40
60
30
40
(RRH8B = Reactive Red H8B; RBB = Remazol Black B; RBBR =
Remazol Brillant Blue R)
Fungal isolates

TABLE 2 - Decolorization efficiencies of Reactive Red H8B
(RRH8B), Remazol Black B (RBB) and Remazol Brillant Blue R
(RBBR) by the fungal isolates under agitated (shaking) and static
culture conditions (decolorization media were supplemented with 50
mg/L dye and incubation was carried out at 27 °C for 7 days. Data
presented are means of 3 independent experiments).
Decolorization efficiency (%)
Fungal isolates
Isolate 1

RBBR
RRH8B
RBB
Agitated Static Agitated Static Agitated Static
61
61.6
79.8
15.2
64
65
50.2
83
60.6

50.6
59.6
54.4

47
42
78

28.4
27.4
38

59
74
92.2

48.6
32.8
63.4

A. fumigatus 1
A. fumigatus 2

75.2
69.4

60.6
60

79
73.8

56.8
44.4

83.6
73.6

78.8
77.6

A. carneus
P. jensenii

93.4
66.8

73.6
47.2

94.6
55.6

88.4
48.2

93.4
78.4

76.2
57.8

Concentration (mg/L)

Isolate 2
Isolate 3
P. waksmanii

ones (Table 2). RBBR, Reactive Red H8B and Remazol
Black B were decolorized up to 93.4, 94.6 and 93.4%
under shaking conditions but only up to 73.6, 88.4 and
78.8% under static conditions. Higher decolorization rates
have also been reported under shaking conditions for P.
chrysosporium, T. versicolor, Bjerkandera sp. BOS55, A.
niger SA1 and F. trogii [4, 11, 18] whereas better decolorization abilities were reported for Phlebia tremellosa
and Klebsiella pneumoniae RS-13 under static conditions
[19, 20]. WRF degrade dyes via the extracellular activity
of oxidative enzymes, and these enzymes have been
found to function optimally at 100% O2 [18]. On the other
hand, activity of azoreductase, responsible for decolorization of Reactive Red 22 by E. coli strain NO3, was repressed in the presence of oxygen [21]. Therefore, the
effect of agitation on decolorization depends on the mechanism and enzyme responsible for decolorization. Removal
of dyes through fungal biosorption has proven to be faster
under shaking culture conditions. In this study, the superior decolorization ability of the fungal isolates under shaking conditions may be attributed to the physiological state
of the fungi as pellets as well as better mass and oxygen
transfer between the cells and the medium due to mixing.
The fungal isolate capable to decolorize all three reactive dyes with the highest decolorization rates under
shaking conditions was A. carneus (Table 2). Decolorization rates for RBB, RRH8B and RBBR were 93.4, 94.6
and 93.4%, respectively. A. flavus, A. ochrocous, A. niger
and A. foetidus were previously reported to decolorize
textile dyes [4, 22, 23]. To the best of our knowledge, this
is the first report to show the decolorization potential of
A. carneus. It was observed that A. carneus decolorized a
great proportion of the dyes within 24 h under shaking
conditions (Fig. 1). However, decolorization was performed

50
40
30
RRH8B

20

RBB

15

RBBR

10
5
0

0

1

2

3

4

5

6

7

Time (day)
FIGURE 1 - Time-dependent decolorization of Reactive Red H8B (RRH8B), Remazol Black B (RBB) and Remazol Brillant Blue R (RBBR)
by A. carneus under agitated (shaking) culture conditions (130 rpm). Each bar represents the mean of 3 independent experiments and error
bars indicate standard errors of the means (SEMs).
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FIGURE 2 - Time-dependent decolorization of Reactive Red H8B (RRH8B), Remazol Black B (RBB) and Remazol Brillant Blue R (RBBR)
by A. carneus under static culture conditions. Each bar represents the mean of 3 independent experiments and error bars indicate SEMs.

gradually and slowly within 7 days under static culture
conditions (see Fig. 2).
Faster removal of dyes under agitated conditions was
also obtained for Bjerkandera sp. BOS55, T. versicolor
and K. pneumoniae RS-13 [18, 19]. Mou et al. [19] observed dye removal rates of more than 50% in the first
few min, and achievement of equilibrium within about 10
h by Myrothecium verrucaria. The fast decolorization was
reported to be achieved by adsorption which was followed
by gradual degradation of the cell-bound color. In the
present work, fast removal of reactive dyes by A. carneus
may also be attributed to adsorption mechanism which
relies on the electrostatic attraction between the negatively charged dye with positively charged cell wall constituents, such as chitin, acidic polysaccharides, lipids, or
amino acids [25, 26].
3.4 Effect of environmental conditions on decolorization
efficiency of A. carneus

The effect of various conditions, such as dye concentration, initial pH, size of inoculum, and use of dead and
live biomass, on decolorizing activity of A. carneus (isolate with highest decolorization potential) was investigated. A. carneus decolorized 92-98% of the medium containing 50 mg/L RBB, RRH8B, or RBBR (Table 3), 9397% of that containing 100 mg/L, and 91-93% of that
with 200 mg/L of the examined dyes. Therefore, a slight
decrease in dye removal was observed with increasing
dye concentration. Reduced decolorization efficiency with
increasing dye concentration was also obtained for Pseudomonas luteola, A. foetidus and F. trogii [11, 23, 27].
Herein, up to 200 mg/L dye in the decolorization medium
could be effectively removed by A. carneus. Usually, dye
concentrations in actual textile effluents are much lower

than 500 mg/L, i.e. 10-50 mg/L were reported in
dyehouse effluents [28]. This clearly shows that the decolorization potential of A. carneus is sufficient to remove
dyes from dyehouse effluents.
TABLE 3 - Effect of dye concentration, initial pH, and live and dead
biomass on decolorization efficiencies (%) of Reactive Red H8B
(RRH8B), Remazol Black B (RBB) and Remazol Brillant Blue R
(RBBR) by A. carneus under agitated culture conditions. Data presented are means of 3 independent experiments.
Decolorization (%)
Dye concentration
Initial pH
(mg/L)
50
100
200
5
7
9
RRH8B
96
96.3
93.1
93.4
82
3.8
RBB
98
96.6
91.2
94.2
80
24.6
RBBR
92
93.3
91.8
96.3 65.3
5.6
(LB = live biomass; DB = dead biomass)
Dye

Biomass
LB
93.4
94.2
96.3

DB
58.1
70.7
66.8

Shaking flask experiments conducted at different initial pH values showed that decolorization efficiency was
maximum (93-96%) at pH 5 (Table 3). Decolorization
rate was lower at pH 7 (65-82%), and there was a sharp
decrease at pH 9 (4-25%). Fungi can grow at low pH,
normally ranging from 4 to 5. This may lead to higher
decolorization at low pH values. Moreover, pH may significantly influence the chemistry of both dye molecules
and fungal biomass. Lower pH values resulting in high
concentrations of protons may neutralize the negative
charge on both fungus and the dye leading to increased
adsorption. Decolorization efficiency of C. versicolor was
at its maximum at pH 4.5 [29], but it was highest at pH 5
for T. versicolor [30]. Another WRF, Ganoderma lucidum,
decolorized Cibacron Turquoise P-GR optimally at pH 4.5
[31]. Our observation is in agreement with these previous
reports.
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FIGURE 3 - Effect of inoculum size on decolorization efﬁciencies of (a) Reactive Red H8B, (b) Remazol Black B, and (c) Remazol Brillant
Blue R by A. carneus (y axis represents residual dye concentration in decolorization medium supplemented with 50 mg/L dye; each bar
represents the mean of 3 independent experiments, and error bars indicate SEMs).

Our findings revealed that decolorization efficiency
of live A. carneus pellets (93-96%) was higher compared
to that of dead pellets (58-71%) (Table 3). Polman and
Breckenridge [16] tested Reactive Black 5 binding efficiencies of 28 microbial species, and reported higher
efficiencies for 64% of them in the dead form compared
to the live form. They claimed that increase in surface
area due to cell rupture may have led to increased binding
of the dye. However, 54% of 26 species binding to Leuco
Sulfur Black 1 were more efficient in the live state. They
attributed the contrast in the results to the different dye
chemistries. Brahimi et al. [34] reported higher adsorption
capacity for M. verrucaria intact cells compared to disrupted (sonicated) cells. Adsorption capacities of intact
and disrupted cells were nearly the same at the end of the
first hour. The adsorption rate of intact cells was increased to a great extent at the end of 24 h whereas it
remained almost the same for disrupted cells. This suggested that cell integrity and internalization of the dye
were important for binding capacity. In the present study,
higher decolorization capacity of live A. carneus pellets
may also be attributed to cell integrity and internalization
of the reactive dyes. The pellets were washed with 0.1 M
NaOH for elution of the color. They remained colored
after elution, suggesting dye biosorption into the interior
region of the biomass. Sumathi and Manju [23] also reported color biosorption into the interior region of rapidly
settling spherical biomass of A. foetidus. Almost 85% of
the adsorbed dye was eluted from the biomass by using
0.1 M NaOH suggesting simple mechanism of color removal via adsorption to cellular entities of the fungus
rather than biotransformation of dyes. Elution of reactive
dyes from A. carneus pellets with NaOH indicated that
the mechanism of decolorization for A. carneus was also
adsorption. The absorption spectra (data not shown) of the
recovered extracts showed no difference compared to the
absorption spectra of the dyes itself. This finding also
suggested that the dyes were not biotransformed but only
adsorbed by the cellular entities of the fungus.
The extent of color removal by A. carneus depending
on the inoculum size is depicted in Fig. 3. Although the

efficiency of decolorization at the end of 5 days was similar in the media containing 10, 20 and 40 g/L pellets,
decolorization rate was much higher in the medium containing higher amounts of pellets. Decolorization efficiencies at the end of 24 h revealed that RBB and RBBR were
decolorized in a shorter time in the media containing 40
g/L pellets. On the other hand, decolorization rate of
RRH8B was not affected by inoculum size. Higher decolorization rates with higher amount of inoculum were also
reported for the WRF F. trogii, T. versicolor and P.
chrysosporium [11, 30, 33]. These findings are in agreement with our results.
Most dyes found in industrial wastewater are toxic,
mutagenic, or carcinogenic. Besides, the presence of even
small amounts of dyes is highly visible and undesirable
[3, 32]. Therefore, not only detoxification but also decolorization of textile effluents is desired. Figure 4 shows the
color of dye-containing (50 mg/L) media before and after
being decolorized by A. carneus. The great reduction in
color intensity demonstrated extensive decolorization
ability of A. carneus. Effective color removal for all reactive dyes indicated that the color removal was independent of dye structures. This advantage makes A. carneus a

a"""""""""b"""""""""c"""""""""d""""""""e""""""""""f

FIGURE 4 - The color of dye-containing (50 mg/L) decolorization
media before and after decolorized by A. carneus: (a) RBB-ad, (b)
RBB-bd, (c) RRH8B-ad, (d) RRH8B-bd, (e) RBBR-ad, (f) RBBR-bd
(RRH8B = Reactive Red H8B; RBB = Remazol Black B; RBBR =
Remazol Brillant Blue R; ad = after decolorization; bd = before
decolorization).
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promising organism in treatment of wastewaters contaminated with a range of structurally different dyes.
4. CONCLUSION
Decolorization of textile dyes has been mostly linked
with WRF; however, newly isolated fungal strains in the
present study demonstrated the ability of fungi other than
WRF to decolorize 3 different reactive dyes. The dyes
affected fungal growth which confirmed their growthlimiting effect on living organisms. In spite of the growthlimiting effect of the dyes, fungal isolates displayed extensive ability of decolorization which was more efficient
and faster under shaking conditions as compared to static
ones. A. carneus exhibited the highest decolorization
efficiency within the fungal isolates tested. To the best of
our knowledge, this is the first study to demonstrate decolorization ability of A. carneus. The pH 5 was optimal
for decolorization, and dye removal was faster with higher
amounts of inoculum. A. carneus removed 200 mg/L dye
concentrations with an efficiency of 91-93%, again confirming its extensive decolorization potential. Our findings revealed higher decolorization efficiency of live A.
carneus pellets compared to dead ones. Elution of dyes
from pellets with NaOH suggested biosorption of dyes to
the pellets. Biosorption of the three reactive dyes, with a
high efficiency, regardless of the dye structure within 24
h, showed that A. carneus has potential for use in the
treatment of dye-contaminated effluents. On the basis of
the results of the present study, a fast and effective strategy can be developed for the treatment of wastewaters
contaminated with these dyes.
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ABSTRACT
According to increasing applications of adsorption
processes for removal of environmental contaminants, the
selection of an efficient and cost-effective adsorbent has
been a major challenge for researchers. The main objective of this study was to determine the date pit ash efficiency as an adsorbent for phenol removal.
The adsorption efficiency was studied under varying
conditions (pH: 2, 4, 6, 8, 10; reaction times: 20, 40, 60,
80, 100, 120 min; adsorbent dosages: 2, 5, 8, 11 g/L). The
experimental method was based on the factor time, and
finally, various phenol concentrations were investigated.
The best results were observed for pH 6, contact time
of 120 min and adsorbent dosage of 11 g/L. Increasing
adsorbent dosages, from 2 to 11 g/L, led to the enhancement of phenol removal from 87.46 to 94.88%. The best
fit of the obtained data was obtained with the Freundlich
isotherm (correlation coefficient 0.99).
According to data obtained in the current study, it can
be concluded that date pit ash is an efficient and viable
alternative for phenol removal from aqueous solutions.
KEYWORDS:
Phenol, date pit ash, adsorption, aqueous solution

1. INTRODUCTION
Phenol (C6H12O6) with a molecular weight of 94.11 g/
mol is a colorless liquid or white powder cyclic hydrocarbon.
In the molecular structure of phenolic compounds, a hydroxyl group bonds the carbon atom of the benzene ring.
Phenol can be produced either naturally from coke or fuel,
or anthropogenically, by heating sodium benzenesulphate.
* Corresponding author

The water contamination by phenol is an important
environmental issue which causes serious toxicity to humans, animals and plants when using the affected water
resources. Phenolic compounds in water resources often
originate from agricultural effluents due to utilization of
some pesticides comprised of phenol in part of their structure but also from effluents including pharmacological,
paint production and petrochemical industries [1]. In addition, the wastewater effluents of chemical industries that
manufacture resins, plastics, glue, iron, steel and detergents
are among the most important sources of phenol release to
the environment [2, 3]. Special attention is made on phenol because of its high solubility in water, high persistency in the environment, high volatile characteristics and
health-associated problems to humans. If high concentrations of phenol are swallowed, inhaled or adsorbed by the
skin, death can be expected [4]. Aside from health effects,
phenol is of importance because of its high odor and taste
problems. A by-product of chlorination are chlorophenols
with severe objectionable odor that has led to public objections. Nearly all phenol compounds are toxic, and some are
known to be carcinogenic for humans [5, 6]. Therefore,
phenol is considered as a propriety pollutant by USEPA
[7]. The WHO guideline for phenol, chlorophenols, and
2,3,4,6-tetrachlorophenol in potable water is 0.1 µg/L [8].
US Environmental Protection Agency (EPA) listed phenolic compounds as priority pollutants with a discharge
limit of less than 1 mg L-1 in the treated effluent, in order
to protect human health from the potential toxic effects
caused by exposure to phenol [9]. The removal of such
phenolic compounds from effluents is difficult, and extensive researches need to be carried out to determine the
optimum process and operational parameters in each case.
Different processes were used for the removal of phenol
and organic compounds from waste solutions: distillation,
chemical oxidation with H2O2, chemical oxidation and
electrocoagulation [4], wet oxidation [10], solvent extraction [11], ion exchange, biological treatment [12], photocatalytic degradation [13], membrane filtration [6], enzy-
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matic treatments [14], photo-oxidation and photosonochemical degradation [15], ultrasonic degradation [16], and
adsorption [17, 18] with activated carbon or fly ash [19].
Among various methods, adsorption has been successfully
and efficiently used for phenol removal from water solutions. Low-cost and easily available materials, such as agricultural wastes, have been widely used as adsorbents for
phenol removal. These materials include activated carbon
[20], clay [21], polymeric materials [22], red mud [23],
zeolites [24], and chitosan [25]. Among these materials, commercial activated carbon has a strong affinity to
phenol. Activated carbon is used frequently for adsorption
of organics because of its high adsorption capacity. This
considerable adsorption ability originates from the high
area to volume ratio and the fine pore size of activated
carbon. The activation process and the origin of carbon
are also very important in adsorption capacity. Also, activated silica and alumina are used for phenol adsorption
[26]. Because of high operational costs, some other alternatives for activated carbon have been considered. For
example, as a cheap adsorbent, ash was proposed for phenol removal [27, 28]. Ash is derived from a wide range of
materials including wood, coke, walnut shell, fruit pits,
agricultural wastes, etc. [29]. The wastes of palms and
their fruits are considerable according to production rates
of 270 kg/tree. Palms are growing in many countries, and
these wastes are simply accessible in a wide range of countries [30]. In Iran, palms are growing in many southern,
eastern, western and central provinces, including Illam,
Kermanshah, Khouzestan, Busher, Sistan, Hormozgan,
Esfehan and Kerman. According to the latest information
published by the FAO, nearly 108 palm trees are present
in agricultural fields in the world; about 20-24 million of
them are in Iran [31]. The pit comprises 8-15% of fruit
weight according to the type of the plant. The main components of date pits are 5-10% moisture, 5-7% protein, 710% fats, 10-20% fiber, 7% carbohydrates, and 1-2% ash.
Consequently, date pit is considered as raw material for
ash production [31-33]. Related researches indicate that
the carbon derived from date pit is able to adsorb many
organic pollutants. Removals of gaseous pollutants, such
as CH4, N2, ethylene or ethane, and of heavy metals, such
as Cd or Cu, dyes, and TOC from industrial wastewaters
are done satisfactory [34-37]. Therefore, date pit ash has
been studied for other contaminants, and due to health and
environmental hazards of phenol, the current study was
designed to determine the possibility of date pit and its
ash for phenol removal from aquatic solutions.
2. MATERIALS AND METHODS
This study was conducted in lab-scale and the details
of operational phases are described below.
2.1 Preparation of date pit ash

The collected date pit samples were washed several
times with tap water, and finally, with distilled water to

remove any possible soil, dust and external impurities from
the pits. Then, the pits were oven-dried at 103-105 °C for
24 h. To produce the ash and carbonize the dried pits,
they were burned in a furnace at 700 °C for 2 h [30, 32].
The resulting carbon was cooled and ground with a mill.
This final product was used in adsorption studies.
2.2 Chemicals

The phenol (purity 99.9%) used to make designed
concentrations was obtained from Merck. The desired
concentrations were prepared by dissolving 1 g phenol
powder in 1 L of distilled water. Since phenol is volatile,
the stock solution was preserved at 4 °C in the refrigerator. Agents including 4-aminoantipyrin and ammonia,
cyanide, H2SO4 and NaOH, were all obtained from Merck.
2.3 Experimental procedure

Each test consisted of preparing a 100-ml aliquot of
phenol solution with a desired initial concentration and
pH by diluting the stock phenol solution in a beaker with
distilled water on the magnetic stirrer. The pH of the
solution was adjusted using 0.1N H2SO4 or NaOH solutions. A known mass of date pit ash (adsorbent dosage)
was then added to the solution, and the obtained suspension was immediately stirred for a predefined time. After
the desired contact time, the samples were withdrawn
from the mixture by using a micropipette, and the mixtures were then filtered through Whatman No. 40 filter
paper. The phenol concentration was determined spectrophotometrically at 500 nm according to the colorimetric
method with 4-aminoantipyrin as agent.
2.3.1 Effect of initial pH

At first, the optimum pH value was investigated using
100 ml of 50 mg/L phenol solution and 2 g/L adsorbent
for different pH values (2, 4, 6, 8, 10 ) at 25 °C, and the
flasks were placed on a rotary shaker at 150 rpm for
40 min. After completion of the designed reaction time of
40 min, the reaction was terminated and the samples were
passed through a Whatman filter No 40. The phenol
concentration was determined spectrophotometrically
as described above.
2.3.2 Effect of absorbent dosage

Once the optimum pH and the contact time were determined, the optimum adsorbent dosage was examined
in presence of different date pit ash dosages (2, 5, 6, 8,
11 g/L) in 100 ml of a 50-mg/L constant phenol concentration at pH 6 for a contact time of 40 min at 25 °C.
Then, the phenol concentrations were determined spectrophotometrically as mentioned before.
2.3.3 Effect of contact time

To optimize the contact time, a batch adsorption experiment was done (initial concentration 50 mg/L phenol
solution, 11 g/L absorbent dosage, pH 6) at different contact times (20, 40, 60, 80, 100, 120 and 160 min) at 25 °C.
At certain intervals, the samples were passed through
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Whatman filter paper no 40, and the phenol adsorption
was analyzed as mentioned above.
2.3.4. Effect of initial phenol concentration

related to the affinity of the sites. A straight line of 1/q
versus 1/Ce indicates the suitability of Langmuir isotherm
model for describing phenol adsorption. The linear form
of the Langmuir isotherm model is shown in equation 5:

Finally, the experiments were conducted at optimum
conditions (pH 6, contact time 40 min, absorbent dosage
11 g/L), with various phenol concentrations (50, 100, 150,
200 and 250 mg/L) at 25 °C. The phenol concentrations
were determined spectrophotometrically as already mentioned.

1
1 1
1
=
+
q Bq m C e q m

(5)

3. RESULTS AND DISCUSSION

2.4 Analytical methods

3.1 The effect of pH on phenol removal

The amount of adsorbed phenol ions (in mg of phenol
per unit weight of adsorbent) were calculated according to
equation 1:

Adsorption experiments were carried out with samples of contaminated water using date pit ash as adsorbent.
Variations of operational parameters, such as adsorbent
dosage, contact time, pH and initial phenol concentrations,
were studied and the results demonstrated direct effects of
these parameters on removal efficiency. Values of pH
affect the electric charge of the adsorbent surface and alter
the ionization degree of phenol; therefore, phenol removal
in aqueous solutions is pH-dependent (Fig. 1). The highest
phenol removal (91.83%) was observed at pH 6, and removal rates decreased to 82.57 and 82.66% at pH 10 and 2,
respectively. The phenol removal efficiency is increased
along with pH up to pH 6; after that, the phenol removal
decreased with pH increase. The pH variation affects the
dissociation of relevant groups in active surfaces of the
adsorbent during adsorption process. In sequence, this
alters the kinetics of adsorption as well as the equilibrium
between adsorbent and the pollutant. The adsorption of
various anionic and cationic species is defined according
to competition of H+ and OH- for adsorbing sites. At
lower pH value, the uptake of phenol is less due to the
presence of H+ ions suppressing the ionization of phenol
and, hence, its uptake onto a polar adsorbent is reduced.
In the higher pH range, phenol forms salts which readily
ionize leaving a negative charge on the phenolic group. At
the same time, the presence of OH- ions on the adsorbent
prevents the uptake of phenolate ions [39]. Similar results
are reported by Pita and Kermani [40] for phenol removal
from aqueous solutions by rice bran and rice bran ash, and
activated carbon. They determined pH 5 as the optimum
value for the removal efficiency. According to obtained
data in Bazrafshan et al. [39], the best phenol adsorption by
pistachio nut shell ash was obtained at pH 7.

q=

(Co − Ce )V
M

(1)

where, q is the amount of phenol adsorbed onto the
adsorbent (mg/g), C0 and Ce are the initial and final concentrations of phenol ions in solution (mg/L), respectively. In addition, V is the volume of the solution (L), and M
is the weight of the adsorbent (g). The phenol concentration was determined at 500 nm [38]. For pH and temperature measurements, a digital pH-meter and thermometer
were used, respectively.
2.5 Isotherm studies

The equilibrium between adsorbed phenol ions and
free phenol ions in solution can be described by adsorption isotherm models (Langmuir and Freundlich).
2.5.1 Freundlich model

Equation 2 illustrates the mathematical model of
Freundlich isotherm [32, 33]:
1
(2)

q = KCe n

where, q (mg/g) is the amount of adsorbed phenol ions
per unit weight of adsorbent, and Ce (mg/L) is the concentration of free phenol ions in solution. Moreover, n and K
are the Freundlich constants, and are related to the sorption
intensity and sorption capacity, respectively. A straight line
of q versus Ce indicates that the Freundlich isotherm model
is a suitable representation of the adsorption process. The
linear form of Freundlich isotherm is as follows:

ln q = ln K +

1
ln Ce
n

(3)

3.2 The effect of adsorbent dosage on phenol removal

(4)

The effect of adsorbent dosage is presented in Fig. 2.
In order to determine the effect of absorbent dosage on
adsorption, batch experiments were done at different date
pit ash concentrations (2-11 g/L), with initial phenol concentration of 50 mg/L, pH 6 and contact time of 40 min.
The phenol removal was increased and reached 94.88%
for a date pit ash dosage of 11 g/L.

where, qm (mg/g) is the maximum amount of the
phenol ions per unit weight of adsorbent and B (L/mg) is

The phenol adsorption efficiency by date pit ash was
directly correlated with increase of adsorbent dosage. Increasing adsorbent dosages from 2 to 11 g/L improved the

2.5.2 Langmuir model

The mathematical model of Langmuir isotherm is
shown by equation 4:

q=

Bqm Ce
1 + BCe
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FIGURE 1 - The effect of pH on phenol adsorption by date pit ash at varying pH (phenol 50 mg/L, adsorbent 2 g/L, temperature 25 °C).

FIGURE 2 - The effect of date pit ash dosage on phenol removal (phenol concentration 50 mg/L, contact time 40 min, pH 6, 25 °C).

removal efficiency from 87.46 to 94.88%. This result can
be explained by the fact that the sorption sites remain
unsaturated during sorption whereas the number of sites
available for sorption sites increases by increasing the
adsorbent dose.
3.3 The effect of contact time on phenol adsorption

The contact time is an important parameter to determine the equilibrium time of adsorption process. Figure 3
shows the effect of contact time on adsorption capacity,
and percent removal rates of phenol onto date pit ash at
initial phenol concentration of 50 mg/L, pH 6 and adsorbent dosage of 11 g/L.
As shown in Fig. 3, contact time directly affected the
removal efficiency. The contact time variations from 40
to 160 min resulted in the improvement of phenol remov-

al. In the range of the studied contact time, the phenol
removal efficiency increased from 87.03 to 96.63%. The
equilibrium was nearly reached after 120 min. At this time,
removal efficiency reached 96.63%. A study by Sharan et
al. [41] demonstrated a similar trend of the effect of contact
time on phenol adsorption from aqueous solutions using
an ash derived from power plant wastes.
3.4 The effect initial phenol concentration on adsorption

The phenol concentration is the driving force for
mass transfer and, therefore, accelerates the migration of
phenol molecules from the liquid medium toward the
surrounding layer of the adsorbent, and finally, to the
surface of the adsorbent [42]. The adsorption equilibrium
capacity for different phenol concentrations is presented
in Fig. 4. The effect of initial phenol concentration on ad-

1335

© by PSP Volume 23 – No 6. 2014

Fresenius Environmental Bulletin

FIGURE 3 - The effect of contact time on phenol adsorption (phenol concentration 50 mg/L, pH 6, adsorbent dosage 11 g/L, 25 °C).

FIGURE 4 - The effect of initial phenol concentration (contact time 40 min, pH 6, adsorbent dosage 11 g/L).

sorption was studied at 25 °C and 11 g/L absorbent concentration for 40 min at pH 6. According to Fig. 4, the
adsorption capacity of date pit ash and phenol removal
efficiency increased with increase in initial phenol concentration. The highest values of adsorption capacity (18
mg/g) and removal efficiency (96.19%) were observed for
the initial phenol concentration of 200 mg/L, and the least
adsorption capacity (4.01 mg/g) for initial phenol concentration of 50 mg/L. Therefore, the high adsorption capacity and removal efficiency of phenol by date pit ash originates from the high specific surface area of date pit ash.
The study was done by Sharan et al. (2009, [41]) and
showed that, at a phenol concentration of 100 mg/L, the
percentage removal of phenol was 95.69% at an optimum
dosage of 7 g/L fly ash. The effect of the initial phenol

concentration indicated that the percentage of phenol removal increased with increasing phenol concentration,
being at its maximum (98.08%) at a phenol concentration
of 700 mg/L; but also other methods, such as electrocoagulation and ultrasonic [42-44], were very efficient in removal of organic compounds. The results of this study are
also comparable.
3.5 Adsorption isotherms

The studied equilibrium adsorption data were analyzed by using the Langmuir and Freundlich isotherm
models (Figs. 5 and 6). Also, analysis of isotherms was
used to describe the experimental adsorption data; best
results can be obtained when correlation coefficients (R2)
come close to 1 (R2 = 0.99). High values of R2 (close or
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FIGURE 5 - Langmuir isotherms of phenol adsorption under optimum conditions.

FIGURE 6 - The Freundlich isotherm of phenol adsorption under optimum conditions.

TABLE 1 - The Langmuir and Freundlich coefficients.
Adsorbent
Date pit

B
3.271

Langmuir
qm
0.578

R2
0.68

equal to 1) indicate the conformity among experimental
data with the model isotherm. The R2 values of Langmuir
and Freundlich (Table 1, Figs. 5-6) were 0.82 and 0.99,
respectively, indicating that the Freundlich model was
more suitable for describing the adsorption equilibrium of
phenol removal from aqueous solution using date pit ash
as adsorbent.
The Langmuir constants B and qm were determined to
be 3.271 L/mg and 0.578 mg/L with a correlation coefficient of 0.82. The Freundlich constants k and n were
determined as 0.5064 and 0.7344, with a correlation coefficient of 0.99 for date pit ash.

k
0.5067

Freundlich
n
0.7344

R2
0.88

4. CONCLUSIONS
Batch adsorption tests demonstrate that the adsorption
is affected by various conditions, such as initial pH, adsorbent dosage, contact time, and initial phenol concentration. According to data obtained in this study, the optimum operational conditions for phenol adsorption by date
pit ash in aqueous solutions are as follows: adsorbent
dosage of 11 g/L, pH 6, contact time of 120 min, and
initial phenol concentration of 200 mg/L. Finally, we can
conclude that the date pit ash is an acceptable alternative
for other adsorbents; supplemental studies in pilot plan-
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scale and full-scale will be considered in future, and also
the economic analysis would be included.

[13] Mao, X., Buchanan, I.D. and Stanley, S.J. (2006) Phenol removal from aqueous solution by fungal peroxidases. J. Environ. Eng. Sci. 5, 103-109.
[14] Mahvi, A.H. and Maleki, A. (2010) Photosonochemical degradation of phenol in water Desalination and Water Treatment 20, 197-202.
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ABSTRACT

1. INTRODUCTION

In order to determine the relation between physicochemical parameters (water temperature, depth, light permeability, chlorophyll-a, turbidity, pH, conductivity, dissolved oxygen, saturation of dissolved oxygen, chloride,
organic substance, bicarbonate, carbonate, hardness, calcium, magnesium, nitrate, nitrite, ammonium, sulphate,
silica, phosphate, acid power) and zoobenthic organisms
in Lake Eğirdir, which is the fourth-largest lake in area
(47.250 ha) in Turkey, samples were taken monthly from
4 different stations between January 2010 and December
2010. The average abundance of 24 zoobenthic taxa recorded was determined to be 4.195 individuals/m2. Dominant taxon was oligochaeta with 53.4 % relative density,
and subdominant taxa (Insecta with 17.6 % relative density, Bryozoa with 11.7 % relative density, and Malacostraca with 10.6 % relative density) were determined on a
monthly basis. The relations of zoobenthic organisms with
physicochemical parameters were analyzed with a CCA!
(Canonical Correspondance Analysis), and it was found
that there were positive relations between Pisidium amnicum (Gastropoda) and Falsipyrugula pfeiferi (Gastropoda)
taxa and temperature, between Ostracoda, Arrenurus sinuator (Arachnida), Neumania deltoides (Arachnida) taxa and
dissolved oxygen, and between Dreissena polymorpha
(Bivalvia), Gyraulus albus (Gastropoda) and depth. The
average species diversity of zoobenthic organism fauna of
the lake was found to be H=1.35 according to ShannonWeaner index; however, it was found to be D= 0.66 according to Simpson diversity index and J'= 0.62 according
to Pielou Evenness index. When compared to the data
obtained in the previous studies on the lake, it was observed that the density of zoobenthic organism and composition of species diversity in the lake had changed.

KEYWORDS:
Zoobenthic, physicochemical water quality, CCA, diversity index.
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Benthic invertebrate living creatures are functionally
significant in aquatic ecosystems. Benthic organisms are
diverse and dense in freshwater sediments. In particular, it
is hard to ensample benthic organisms living in the bottom sediment because they are mostly scattered around in
a haphazard way [1]. Common benthic freshwater organisms are oligochaeta worms, chironomids (dipteran larvae),
numerous other insecta larvae, insecta adults, leeches,
freshwater gastropods and freshwater bivalves [2].
The species composition and biomass values of benthic organisms and seasonal changes in these values are
considered as important indicators which determine the
general ecological composition of lakes, water quality and
pollution, and trophic level [3-5]. It was emphasized that
benthic organisms constitute the third ring of the food chain
after phytoplanktonic and zooplanktonic organisms and,
therefore, whatever the source of a pollutant in an environment is, the most adversely affected ones are always benthic
organisms [6]. Studies on relations between benthic organisms and physicochemical parameters in inland water
sources have risen significantly since 1999 [3,4,7-15].
Even though there are studies on water quality and
benthic fauna of Lake Eğirdir [16-21], there is not a study
on the relation between zoobenthic fauna and physicochemical parameters in the lake. This study seeks to determine the density and diversity of the zoobenthic organisms in Lake Eğirdir, and to analyze the relation between
zoobenthic fauna and physicochemical parameters.
2. MATERIALS AND METHODS
Study Area: Lake Eğirdir, which is a tectonic lake, is
located 918 m above sea level. The total surface area of
the lake is 47.250 ha, and its depth ranges between 9 and
15 m. The northern part of the lake is called Hoyran. The
primary sources which feed the lake are underground
waters and rain. The lake gets narrower in the middle and
looks like a strait. The only outflow of the lake is in the
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south, where it flows into Kovada Lake. Water from Lake
Eğirdir, which is surrounded by apple orchards, is used
for irrigation and drinking [22]. In this study, four stations
were chosen for sampling (Fig. 1).

FIGURE 1 - Map of Lake Eğirdir and co-ordinates of sampling sites
(Station 1: 38o 15' 48''N, 30o 49' 17''E; Station 2: 37o 58' 50''N, 30o 47'
32''E; Station 3: 38o 05' 14''N, 30o 55' 45''E; Station 4: 37o 50' 52''N, 30o
51' 29''E).

Station 1 is in the northern area which is called Hoyran.
The depth changed between 3 and 6.20 m during the year.
The floor of the lake is stony, pebbled, sandy and silty in
patches; station 2 is in the southwest of the lake, near
Barla town. The depth changed from 3 to 7.25 m over the
year. The floor of the bed is stony and sandy; station 3 is
in the southeast of the lake, near Gelendost. The depth
changed between 2 and 5.5 m over the year. Because the
station is vulnerable to waves, the water is muddy and
cloudy. The area is dense with reeds; station 4 is in the
southernmost area of the lake, near the Eğirdir area. The
depth of the water changed from 5 to 7 m over the year.
The floor of the lake is pebbled, sandy, and aquatic plants
grow abundantly in this site.
Sample surveys of zoobenthic organisms and parameters of water quality (temperature, depth, light permeability, turbidity, pH, conductivity, dissolved oxygen, saturation of dissolved oxygen, chloride, organic substances,
bicarbonate, carbonate, hardness, calcium, magnesium,
nitrate, nitrite, ammonium, sulphate, silica, phosphate,
acid power, chlorophyll-a) were determined between
January and December 2010. At each station, samples of
sediments were taken by using an Ekman-Grab sampler

(15x15 cm2), and the samples were passed through 1.4,
0.8 and 0.4-mm sieves. The identified samples were fixed
in 70% alcohol to be preserved. The samples, which were
examined under a stereo microscope in the lab, were
classified as Insecta, Annelida, Bryozoa, and other organisms (Hirudinea, Gastropoda, Bivalvia, Arachnida, Malacostraca, Ostracoda, and Nematoda). In the evaluation of
the species diversity and richness of zoobenthic organisms,
Shannon-Weaner as well as Simpson and Pielou Evenness
indexes were employed [23-29].
The species were identified using methods described
in [30-41]. While physicochemical parameters, such as dissolved oxygen and saturation of dissolved oxygen, were
measured with a YSI 55, conductivity, water temperature
and pH were measured with a YSI 63.The other parameters including chloride, bicarbonate, carbonate, calcium,
magnesium, nitrate, nitrite, ammonia, ammonium, sulphate,
phosphate, silica, organic matter and chlorophyll-a were
measured using classical titrimetric and spectrophotometric methods [42, 43]. To determine the normality of data,
a distribution (Shapiro Wilc) test was performed. Differences between non-normal distributed abundances were
tested using nonparametric Wilcoxon. In the first step of
the analysis, an unconstrained ordination to select linear
or unimodal methods was calculated (detrended correspondence analysis; DCA). Data were transformed logarithmically (log(a*y+b)). In DCA with detrending by segments and Hill’s scaling, the length of the longest axis
provided an estimate of the beta diversity in the data set.
Since DCA showed large gradient lengths (>2.2 SD), a
direct unimodal model was appropriate for our data [44,
45]. Then, for Canonical Correspondence Analysis (CCA),
scaling in interspecies distances and biplot scaling was
used. Taxa data were transformed logarithmically and
performed by Monte Carlo Permutation test [44-46]. Statistical analysis was performed using JMP (version 5.0.1)
demo version. Multivariate analysis was carried out using
CANOCO (version 4.5) software.
3. RESULTS
A total of 24 taxa were collected (Table 1, Fig. 2).
Relationships between environmental variables and taxa
in all stations were analysed using multivariate analysis
(Fig. 3). Annelida was the most diverse taxon, followed
by other organisms (Hirudinea, Gastropoda, Bivalvia,
Arachnida, Malacostraca, Ostracoda, Nematoda), Insecta
and Bryozoa. In this study, Chironomus sp., and Tubifex
spp. (Oligochaeta organisms), and Erpobdella octoculata
(Hirudinae organisms) were discovered at all the stations.
Şahin [16] and Bildiren [17] recorded a total of 10 taxa of
Chironomidae family, [18] 2 taxa, and [21] 15 taxa. Kazanci [19] determined a total of 10 taxa of Gastropoda,
Annelida and Arthropada families. Aksoylar and Ertan
[20] determined 33 taxa which belonged to Gastropada,
Bivalvia, Oligochaeta, Bryozoa, Malacostraca, Hirudinae,
Plathelminthes and Porifera families.
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In Lake Eğirdir, while the average abundance of zoobenthic organisms was 4.195 individuals/m2, the average of
maximum zoobenthic organism density on a yearly basis
was found to be 6.933 individuals/m2 at the second station, and the average of minimum zoobenthic organism
density on a yearly basis was found to be 2.652 individuals/m2 at the third station. It was found out that the most

abundant taxon was Tubifex spp., comprising 52.33 %
abundance, followed by Chironomus spp., with 17.10 %,
and Bryozoa sp., with 11.65 % abundances in sampling
stations (Table 1). Gastropoda, Arachnida and Insecta
were the most richest group in terms of the number of
taxa while Oligochaeta were the most abundant group in
terms of the number of individuals (Fig. 2 and 4).

TABLE 1 - The average change in the density of benthic organisms in Lake Eğirdir by stations (individuals/m2).
Species

Stations

CLASS

INSECTA
(ANNELIDA)
OLIGOCHAETA
BRYOZOA
OTHER ORGANISMS
HIRUDINEA

GASTROPODA
BIVALVIA
ARACHNIDA

MALACOSTRACA
OSTRACODA
NEMATODA

Average
Chironomus sp.
Ephemeroptera (Larvae)
Tricoptera (Larvae)
Calopteryx splendens
Tubifex sp.
Polygordius sp.
Oligochaeta
Bryozoa sp.

1
977.8
3.7
651.9
7.4
22.2
1500.0

2
1248.1
29.6
3.7
3233.3
3.7
18.5
74.1

3
129.6
22.2
18.5
1829.6
18.5
103.7
159.3

4
514.8
3.7
3.7
3066.7
11.1
222.2

Erpobdella octoculata
Bithynia pseudemmericia
Falsipyrugula pfeiferi
Theodoxus heldreichi
Gyraulus albus
Pisidium amnicum
Dreissena polymorpha
Hydrodroma despiciens
Arrenurus sinuator
Neumania deltoides
Limnesia undulata
Corophium curvispinum
Gammarus roeseli
Gammarus pavo
Ostracoda
Nematoda
Average of total stations
Number of total taxa
Shannon-Weaner (H')
Simpson Diversity Index
Pielou Evenness Index

7.4
3.7
70.4
11.1
3256
10
1.17
0.65
0.60

7.4
600.0
25.9
7.4
48.1
3.7
25.9
3.7
3.7
85.2
1492.6
18.5
6933
23
1.35
0.69
0.70

11.1
44.4
96.3
14.8
0
7.4
3.7
3.7
181.5
7.4
2652
16
0.97
0.44
0.50

7.4
25.9
29.6
3.7
7.4
18.5
11.1
7.4
3.7
3.7
3941
17
0.77
0.37
0.35

FIGURE 2 - Mean taxa number of identified classes.
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717.6
13.9
6.5
0.9
2195.4
7.4
38.9
488.9
8.3
167.6
24.1
10.2
9.3
14.8
1.9
8.3
6.5
0.9
25.0
438.0
1.9
4.6
3.7
0.9
4195

Relative
abundance
(%)
17.10
0.33
0.15
0.02
52.33
0.18
0.93
11.65
0.20
3.99
0.57
0.24
0.22
0.35
0.04
0.20
0.15
0.02
0.60
10.44
0.04
0.11
0.09
0.02

1.35
0.66
0.62
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FIGURE 3 - The relations between the zoobenthic organisms and physicochemical parameters in Lake Eğirdir according to CCA analysis
(Chironomus sp., (Chr); Ephemeroptera (Larvae) (Ephm); Tricoptera (Larvae) (Tric); Calopteryx splendens (Calo); Tubifex spp., (Tub); Oligochaeta (Oligo); Bryozoa sp., (Bryo); Erpobdella octoculata (Erp); Bithynia pseudemmericia (Bith); Falsipyrugula pfeiferi (Fals); Theodoxus
heldreichi (Theo); Gyraulus albus (Gyra); Pisidium amnicum (Pisi); Dreissena polymorpha (Drei); Hydrodroma despiciens (Hydes); Arrenurus
sinuator (Arre); Neumania deltoides (Neu); Limnesia undulata (Limn); Corophium curvispinum (Coro); Gammarus roeseli (Gamro); Gammarus pavo (Gampa); Ostracoda (Ost); Nematoda (Nem); Temperature (C); Dissolved oxygen (DO); and Depth (D)).

FIGURE 4 - The average number of individuals for the zoobenthic organisms in Lake Eğirdir by months.

In this study, Oligochaeta was 4.889 individuals/m2 in
January, and Malacostraca was 3.833 individuals/m2 in
November, which was the maximum value (Table 2). On
the other hand, benthic organisms (average of all the sta-

tions) were found to be 6.978 individuals/m2 in November
(maximum) but 989 individuals/m2 in October (minimum).
It was observed that Oligochaeta was the dominant group
with 2.242 individuals/m2 (53.4 %) over the year, followed
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by Insecta with 739 individuals/m2 (17.6 %), Bryozoa
with 489 individuals/m 2 (11.7 %), and other organisms

with 725 individuals/m 2 (17.3 %) (Figs. 4 and 5).

FIGURE 5-The monthly percentage distribution of the zoobenthic organisms in Lake Eğirdir.

TABLE 2 - The number of the zoobenthic organisms taken from Lake Eğirdir by month (individuals/m2).
CLASS

INSECTA

ANNELİDA
(OLIGOCHAETA)

BRYOZOA

Species
Chironomus sp.

Jan
766.7

Feb
Mar
1011.1 766.7

Apr
322.2

May
622.2

Jun
500.0

Jul
1555.6

Aug
1066.7

Sep
233.3

Oct
155.6

Nov
566.7

Dec
1044.4

Total
8611.1

Ephemeroptera (Larvae)
Tricoptera (Larvae)

66.7
11.1

11.1

22.2

-

11.1
11.1

-

22.2

11.1
-

11.1
-

-

66.7
-

166.7
77.8

Calopteryx splendens
Total

844.4

11.1
1022.2 777.8

344.4

622.2

522.2

1555.6

1088.9

244.4

166.7

566.7

1111.1

11.1
8866.7

Tubifex sp.
Polygordius sp.

4866.7
-

3755.6 1055.6
-

3600.0 3177.8
-

1500.0 1677.8
-

1677.8
-

455.6
-

366.7
-

1344.4
88.9

2866.7
-

26344.4
88.9

Oligochaeta
Total

22.2
4888.9

3755.6 1055.6

22.2
3622.2 3177.8

22.2
33.3
1522.2 1711.1

133.3
1811.1

33.3
488.9

11.1
377.8

88.9
1522.2

100.0
2966.7

466.7
26900,0

Bryozoa
Total

-

-

-

2066.7 411.1
2066.7 411.1

22.2
22.2

288.9
288.9

22.2
22.2

66.7
66.7

222.2
222.2

933.3
933.3

1833.3
1833.3

5866.7
5866.7

Erpobdella octoculata

11.1

-

OTHER ORGANISMS
HİRUDİNEA

GASTROPODA

BİVALVİA

ARACHNIDA

MALACOSTRACA

OSTRACODA
NEMATODA

-

-

22.2

-

-

-

-

11.1

22.2

22.2

11.1

100.0

Total
11.1
Bithynia pseudemmerisia 155.6

177.8

166.7

22.2
88.9

111.1

288.9

400

-

11.1
488.9

22.2
122.2

22.2
-

11.1
11.1

100.0
2011.1

Falsipyrugula pfeiferi
Theodoxus heldreichi

44.4

-

-

-

11.1

133.3
-

-

22.2
-

133.3
66.7

-

-

-

288.9
122.2

Gyraulus albus
Total

22.2
222.2

177.8

166.7

88.9

77.8
200.0

422.2

11.1
411.1

22.2

688.9

122.2

-

11.1

111.1
2533.3

Pisidium amnicum
Dreissena polymorpha

-

-

-

44.4
-

22.2

22.2
-

11.1
-

-

88.9
-

-

11.1
-

-

177.8
22.2

Total
Hydrodroma despiciens

11.1

-

-

44.4
-

22.2
-

22.2
-

11.1
11.1

22.2

88.9
-

-

11.1
55.6

-

200.0
100.0

Arrenurus sinuator
Neumania deltoides

-

-

-

11.1
-

-

-

-

-

-

-

11.1
-

55.6
11.1

77.8
11.1

Limnesia undulate
Total

177.8
188.9

11.1
11.1

22.2
22.2

11.1

-

-

66.7
77.8

22.2

-

-

22.2
88.9

66.7

300.0
488.9

Corophium curvispinum
Gammarus roeseli

22.2
22.2

-

11.1
-

11.1
-

-

266.7
-

388.9
-

11.1
-

-

11.1
-

3833.3
-

700.0
-

5255.6
22.2

Gammarus pavo
Total

44.4

-

11.1

11.1

-

266.7

388.9

11.1

-

55.6
66.7

3833.3

700.0

55.6
5333.3

Ostracoda
Total

-

-

-

-

-

-

-

-

-

11.1
11.1

-

33.3
33.3

44.4
44.4

Nematoda
Total
Number of total
individuals

-

-

-

11.1
11.1

-

-

-

-

-

-

-

-

11.1
11.1

6200.0

4966.7 2033.3

2977.8

1588.9

988.9

6977.8

6733.3

50344.4

6222.2 4433.3

2777.8 4444.4
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TABLE 3 - The monthly average of the values of some physicochemical properties measured in Lake Eğirdir between January 2010 and
December 2010 by stations.
Jan

Feb

Mar

Apr

May

Jun

July

Aug

Sep

Oct

Nov

Dec

Depth (m)
Light permeability (m)

4.7±2.0
1.7±1.0

5.4±1.0
0.5±0.3

5.9±1.0
1.3±0.4

5.1±0.7
1.2±0.2

5.1±1.5
1.6±0.2

5.8±1.2
1.8±0.8

5.1±0.9
2.0±0.8

4.9±1.3
2.4±1.1

5.6±1.1
1.5±0.4

4.1±1.9
1.7±0.8

5.1±0.6
2.0±1.2

5.7±0.4
0.8±0.4

Chlorophyll-a (mg/m3)
Turbidity (NTU)

4.3±1.6
4.6±2.9

1.3±0.5
14.2±6.9

2.4±0.6
5.2±2.0

3.2±0.3
7.7±6.0

6.1±2.7
7.3±1.4

2.4±0.8
2.3±1.8

1.7±0.7
3.9±1.6

2.8±0.6
1.8±0.2

2.0±0.3
3.9±2.6

4.4±1.4
4.2±5.7

2.8±1.3
2.4±1.1

2.9±0.4
9.1±4.3

Temperature (°C)
pH

7.2±0.2
8.7±0.2

6.9±0.5
8.7±0.2

12.5±1.9
8.7±0.1

15.0±1.9
8.8±0.1

18.8±0.5
8.8±0.2

22.8±0.7
8.6±0.8

26.2±1.0
8.9±0.1

26.8±0.4
9.0±0.2

22.8±0.4
9.1±0.2

16.3±0.4
8.4±0.1

13.0±0.6
9.1±0.3

8.2±0.1
9.6±0.1

Conductivity (µS, 20 ºC)
Dissolved oxygen (mg/L)
Saturation of dissolved
oxygen (%)
Chloride (mg/L)

271.4±5.4
11.3±0.7

261.8±11.3
11.9±0.3

310.5±20.8
10.6±0.4

336.1±25.9
10.0±0.4

365.3±11.3
8.0±0.5

390.5±10.2
7.6±0.2

417.5±39.7
7.6±1.4

379.1±50.6 372.8±49.2
4.2±0.2
7.8±1.2

400.5±15.3
10.8±0.7

323.6±9.7
10.9±1.1

273.8±19.9
12.6±0.6

93.3±5.1
6.5±5.4

95.5±6.6
4.6±0.8

98.7±2.6
4.9±0.3

98.2±5.0
4.3±0.6

87.3±6.3
4.7±0.4

91.5±2.7
9.1±0.9

94.0±18.1
13.8±3.5

52.3±2.8
14.9±2.1

102.1±7.9
11.0±1.0

101.6±10.1
11.1±0.3

106.5±4.8
8.2±0.7

Organic substance( mg/L) 20.2±1.3
Bicarbonate (mg/L)
207.4±26.5

16.9±1.6
272.1±5.1

13.7±0.9
261.1±16.5

16.6±1.9
247.7±8.7

15.1±1.4
267.2±23.8

20.6±0.5
251.6±17.5

12.2±0.8
242.5±18.1

13.4±0.7
18.9±1.4
258.0±11.8 257.7±7.4

15.4±1.5
255.0±7.8

20.6±2.3
276.3±14.3

24.3±0.6
226.6±5.3

Carbonate (mg/L)
Hardness (º F )

18.0±6.0
26.3±1.0

14.1±3.8
24.5±2.6

16.3±1.1
27.3±2.8

14.1±1.1
30.3±1.9

14.1±3.2
26.5±2.1

21.3±4.1
24.5±0.6

18.0±2.2
24.3±2.5

15.0±3.7
24.3±1.7

16.2±1.5
25.3±2.5

24.9±6.9
27.3±1.7

18.6±1.5
30.0±0.8

13.5±2.7
30.8±2.9

Calcium(mg/L)
Magnesium (mg/L)

54.0±15.3
31.6±8.2

49.1±14.0
29.8±11.1

38.1±4.0
42.9±5.8

43.1±10.0
47.6±1.6

39.1±2.0
40.7±5.0

52.1±3.3
28.0±1.4

33.1±6.8
38.9±4.4

33.1±3.8
38.9±2.0

36.1±7.3
39.5±8.7

27.1±3.8
49.8±3.1

39.1±3.8
49.1±3.8

42.1±5.2
49.2±7.0

Nitrate (mg/L)
Nitrite (mg/L)

1.2±0.3
0.0

1.0±0.7
0.0

1.0±0.4
0.0

1.1±0.1
0.0

1.3±0.3
0.0

2.6±0.2
0.0

2.6±1.2
0.0

3.8±0.7
0.0

0.9±0.2
0.0

1.1±0.2
0.0

1.4±0.5
0.1

2.6±1.1
0.0

Ammonium (mg/L)
Sulphate (mg/L)

0.1±0.0
19.7±10.5

0.3±0.4
47.1±21.8

0.1±0.0
50.9±17.3

0.1±0.0
43.6±12.3

0.1±0.1
39.4±14.6

0.1±0.0
35.3±3.1

0.1±0.0
25.7±6.5

0.1±0.0
53.3±19.4

0.1±0.0
42.9±14.5

0.1±0.0
48.3±16.3

0.4±0.3
27.3±7.8

0.2±0.0
40.4±5.2

Silica (mg/L)
Phosphate (mg/L)
Acid power SBV
(mL acid)

4.4±1.7
0.3±0.2

4.8±1.9
0.3±0.1

2.4±0.9
0.1±0.0

2.4±0.4
0.1±0.0

3.2±0.9
0.1±0.0

3.3±0.8
0.1±0.0

4.7±1.7
0.2±0.1

4.6±0.7
0.4±0.4

5.3±0.4
0.1±0.1

6.7±0.5
0.1±0.1

6.3±0.7
0.4±0.4

4.6±0.5
0.1±0.0

5.2±0.1

5.3±0.1

5.1±0.1

5.3±0.1

5.2±0.2

5.5±0.2

4.9±0.1

5.2±0.1

5.0±0.2

5.1±0.1

5.4±0.0

5.0±0.1

The year round measure showed that the minimum
depth was 2 m, maximum depth was 7.25 m for all the
stations, and average depth changed between 4.65 and
5.93 m. The average amount of chlorophyll-a changed
between 1.3-6.1 mg/m3, that of silica changed between 2.4
and 6.7 mg L-1, and average temperature was 6.9-26.8 °C.
Average amount of pH was 8.4-9.6, average conductivity
was 261.8 to 417.5 (µS, 20 °C), the average amount of
dissolved oxygen changed from 4.2 to 12.6 mg L-1, and the
average amount of nitrate was 0.9 to 3.8 mg L-1 (Table 3).
While chlorophyll-a and silica displayed a homogeneous
distribution at all the stations, the 1st station had the lowest levels of sulphate and organic substances.
4. DISCUSSION AND CONCLUSION
While Bildiren [17] reported that Mollusca with
4.187 individuals/m2 was the dominant taxon, Aksoylar
and Ertan [20] found that Gastropoda with 24.582 individuals/m2 was the dominant one. On the other hand, in our
study, it was found that Oligochaeta with 2.242 individuals/m2 predominated. In other studies carried out in inland
waters, conducted in Lake Akşehir, Alp et al. [47] determined chironomidae with 8.137 individuals/m2 (51.6 %)
and Oligochaeta with 7.256 individuals/m 2 (45.9 %) as
dominant taxa whereas Sözen and Yiğit [3] found that
chironomidae larvae (51.6%) and Oligochaeta (46.0%)
were the dominant taxa. In Buldan reservoir, Balik et al.
[48] determined chironomidae larvae (86.5 %) as the dominant taxon whereas in Lake Gala, Kırgız [49] determined
Oligochaeta (44.9 %) and chironomidae (37.8 %) as dominant taxa while the values were 57 % for chironomidae
and 34 % for Oligochaeta in the study of Çamur-Elipek et

87.7±8.2
12.8±0.8

al. [12]. In Lake Terkos, Çamur-Elipek [8] reported Oligochaeta (82 %) to be dominant. In a study conducted in
Lake Sarıkum, organisms of Insecta group were determined
as dominant taxon [7]. Herein, Oligochaeta with 53.4% was
also the dominant taxon, which shows similarity to the
researches of Kırgız [49] in Lake Gala and Çamur-Elipek
[8] in Lake Terkos.
According to Egemen and Sunlu [42] and Anonymous
[50], the values of pH, conductivity, and temperature were
found at normal levels in the present study (Table 3). When
the water quality was evaluated for nutrients, the values of
nitrite and phosphate were found at second quality level
while those of nitrate, sulphate and ammonium were found
at first quality level. The hardness of the water was found
at intermediate water quality level. The annual average of
chlorophyll-a, one of the parameters of water quality, was
found to be 3.03 mg/m3, which is in the expected range
for mesotrophic lakes. It was reported that Tubifex tubifex
existed in nutrient-rich waters [51]. Besides this fact, it
was determined that T. tubifex had a relation to nitrate,
phosphate and chlorophyll-a [14]. In this study, it was
found that the average of chlorophyll-a amount was 4.3 mg
L-1, and the average amount of phosphate was 0.3 mg L-1 in
January, when the number of Tubifex ssp., individuals
is high. The findings supported the other studies.
There was a statistically significant inverse relation
between dissolved oxygen and water temperature
(R2 = -089, p<0.05). Powerful relations were not found
between other variables. Taxa abundances did not show
differences (p>0.05) according to the stations. After the
CCA analysis, it was seen that water temperature and oxygen were effective on species modification. CCA, which is
used to show the relations between depth, temperature,
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dissolved oxygen and amount of taxa, explained 76.2 %
of the total variation with two main axes (Fig. 3). Axis 1,
which is mostly managed by the depth variation, explains
about 49 % of the total variation while axis 2, which is
managed by dissolved oxygen and water temperature
variation, explains about 27 % of the total variation. It is
reported that in the Miño River in the Northwestern Iberian Peninsula, Pisidium amnicum juvenile individuals
breed at 15-20 °C in April to May [52]; abundance of
Pisidium amnicum and Falsipyrugula pfeiferi taxa is
related to temperature variation in our study and supported that study.
Ostracoda group organisms, whose oxygen tolerance
is quite high, were found to be closely related to high
amounts of dissolved oxygen after the CCA analysis,
which was compatible with the literature [53]. In addition,
after a CCA analysis, Arrenurus sp., an Arrenurus sinuator taxon [54], which is known to have a low oxygen
tolerance, was determined to be dominant at the 4th station, where there was a high amount of dissolved oxygen
(12.6 mg L-1). After a CCA analysis, it was found that
dissolved oxygen plays a significant role in the distribution of species of Arrenurus, which are known to have a
low oxygen tolerance [54]. CCA analysis showed that
Arrenurus sinuator and Neumania deltoides taxa were
breeding prolifically in areas which were rich in dissolved
oxygen. In a similar way, it was determined that distribution of Neumania deltoides was dependent on the amount
of dissolved oxygen. However, even though they were the
dominant taxa in the lake, the change in Chironomus sp.,
Tricoptera, and Tubifex spp. was not significant in the
total variation. The change in Dreissena polymorpha and
Gyraulus albus taxa was found to be in a linear relationship with depth at the sites where samples were picked
out. In a study conducted in lakes Eğirdir and Beyşehir in
1987 [55], Lymnea sp., was observed in deep waters, and
Theodexus sp. in shallow waters. In areas with hard sediments, D. polymorpha was determined. In our study, it
was found that Theodoxus heldreichi and D. polymorpha
taxa were abundant in waters where the depth was >5-7 m
whereas in shallow waters, Hydrodroma despiciens was
dominant. Barbiero and Tuchman [56] reported that D.
polymorpha had a low light tolerance (Fig. 3). Chironomidae larvae (Chironomus spp.,) have the ability to survive in river waters which are contaminated with organic
and inorganic substances and contain heavy metals such
as Zn, and which have low concentrations of oxygen [57].
In our study, Chironomus spp. spread in areas with low
oxygen concentrations was observed.

According to Shannon-Weaner index, species diversity for zoobenthic fauna of the lake was found to be H' =
1.35, at average. With Shannon-Weaner index, maximum
values were determined in the second station. In the
measurements conducted in October, it was found that H'
= 1.35 and H' = 1.58. However, H' = 0.77 and H' = 0.67
(minimum values) were found in the measurements conducted at the fourth station in February. The average
zoobenthic richness of the lake was found to be D = 0.66
with Simpson diversity index while it was found as J' =
0.62 with Pielou Evenness index. The values of Simpson
Diversity index were between 0.36-0.75. Just as with
Shannon-Weaner index, with Simpson diversity index,
D=0.69 and D=075 were found at the second station in
October, which was the maximum; D=0.37 and D=0.36
were found at the fourth station in January, which was the
minimum. According to Simpson index, species diversity
was of an average value for all the stations. The values of
Pielou Evenness index were between 0.35-0.79. According to Pielou Evenness index, the maximum values
(J=0.70 and J=0.79) were found at the second station in
July; the minimum values (J=0.35 and J=0.41) were
found at the fourth station in January. According to Pielou
index, density distribution among species at the first and
second station was equal compared to the other stations
(Tables 1, 4). Because Shannon-Weaner index provides
more objective results without discriminating between
rare and dominant species, it is preferable in ecological
studies [29]. The fact that Shannon-Weaner index value
was lower at the 4th station compared to the other stations;
this can be related to the fact that the species at this station did not display an equal distribution. The fact that the
species displayed a homogeneous distribution at the 1st
and 2nd stations caused Shannon-Weaner index to be
higher (Tables 1 and 4).
In terms of the types, T. heldreichi from Gastropoda
displays a spread in the lake`s spring water with low
trophic level and typical lentic ecosystem. Besides, the
Gyraulus albus type identified in the lake is generally an
indicator of pollution [20], and is found in the littoral
region of the resources [58]. In a study carried out in the
lake before the 1990s, the Procladius sp. Type, an indicator of clean water systems [20], has not been encountered.
In our study, Gammarus roeseli species was discovered at
the 3rd station in January when the water temperature was
6.9 °C. That G. roeseli is a species which exists down the
streams in Western Europe, prefers cold waters and is
resistant to organic pollution as supported by previous
studies [37]. The Gammarus pavo type from Malacostraca

TABLE 4 - The monthly taxon numbers of the zoobenthic organisms in Lake Eğirdir and indexes.
Number of taxa
Shannon-Weaner Index
Simpson Diversity Index
Pielou Evenness Index

J
12
0.73
0.36
0.41

F
5
0.67
0.38
0.48

M
6
0.99
0.58
0.62

A
11
0.98
0.55
0.47
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M
7
0.88
0.46
0.64

J
10
1.20
0.63
0.75

J
10
1.42
0.71
0.79

A
8
0.80
0.50
0.45

S
10
1.17
0.64
0.73

O
11
1.58
0.75
0.76

N
14
1.22
0.63
0.59

D
13
1.34
0.69
0.61
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group is endemic for Anatolia, and it is stated that it displays
spreads in the inner and mid-Anatolia; the Corophium
curvispinum type is found in abundance at the Black
Sea and the Caspian Sea, and it is possible that it may
have progressed to the inside of Anatolia via the big rivers, such as Sakarya, Kızılırmak and Yeşilırmak, that
empty into the Black Sea. It is pointed out that it is likely
that the C. curvispinum type, recorded firstly in 2003 at
the Eğirdir Lake, is a Tetis remain [37]. It has been stated
that there have been significant decreases in the population of D. polymorpha type in the regions, where the D.
polymorpha type is found that is tolerant to pollution [59].
In a work carried out at the lake before the 2000s, the C.
curvispinum type has not been stated to have been observed, and in this period, the D. polymorpha type was
observed in abundance at the Eğirdir Lake. Herein, it is
supported by literature data that the C. curvispinum type
is encountered a lot at all stations, and especially at the
Barla station; however, the D. polymorpha type is encountered rarely. The C. curvispinum type has played an
effective role in the Eğirdir Lake zoobenthic fauna.
The high amount of the Tubifex spp. has shown that
the accumulation of organic material on the base of the
lake may be at a high level. Lang [60] has stated that the
Oligochaeta group can be used to determine the trophic
level of the Geneva Lake that is one of the largest lakes of
West Europe. When compared to this study, herein, the
dominance of the Oligochaeta and Insecta groups display
a great role because the type diversity and intensity of the
benthic organisms have changed, and also the trophic
level of the lake has been increased.
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ABSTRACT
Largely dissolved organic nitrogen and carbon (DON,
DOC) loss from rice fields has seriously threatened the
quality of source water in upper reach of Huangpu River.
Based on lysimeter method, 3 microbial inoculant rates
(0, 275 and 550 kg•ha-1, 275-550 kg·ha-1was the recommended amount) were, respectively, applied into Chemical fertilizer Treatment-100% Urea (CT, CT+, CT++) and
Mixed fertilizer Treatment-80% Urea+ 20% organic fertilizer (MT, MT+, MT++) to control DON and DOC loss
from rice field. The Polymerase Chain Reaction (PCR)
and Denaturing Gradient Gel Electrophoresis (DGGE)
analysis were applied to investigate soil bacterial response
to microbial inoculants. The applied microbial inoculants
had a positive effect on both Shannon–Wiener diversity
index and the structure of soil bacterial community, but
no significant differences about homogeneous degrees
index. Microbial inoculants had little impact on nitrogen
in runoff of rice field, but could raise carbon concentration up under CT and reduce carbon concentration under
MT. Microbial inoculants could effectively control TN,
DON and DOC loss in leaching; however, excessive number of microbial inoculants could also lead to more nitrogen
and carbon loss. All the treatments with microbial inoculants could raise grain yield, but MT++ and CT++ would
reduce the economic coefficient. In general, under the
premise that rice yield and quality was not reduced, or
even increased, MT+ was the most effective treatment as
source control to limit DON and DOC loss from a rice
field; but a proper ratio of microbial inoculants as well as
chemical and organic fertilizer application still need further tests.
KEYWORDS: Rice field, lysimeter, PCR-DGGE, microbial inoculants, nitrogen and carbon fluxes

gen-containing and carbonaceous organics with a wide
range of sources, which are also important chemical components in aquatic ecosystems [1, 2]. The role of DON and
DOC in the nitrogen and carbon cycling has been widely
recognized during the last decades [3, 4], and they could
not only promote mineral weathering, but also be an important nitrogen and carbon source for microbial growth
and degradation [5, 6]. DON and DOC have a direct impact on the effectiveness and mobility of ecosystem nutrients, and also affect toxicity and migration characteristics
of pollutants [7].
Recently, increases in DON/DOC concentrations in
surface waters have raised concerns because of the impact
of increasing DON/DOC levels on drinking water quality
[8, 9]. Most of DON and DOC have direct or indirect toxic
effects on the human body, and they are hard to remove
because of their low molecular mass and high hydrophilic
properties [10]. In chlorination process, nitrogen-containing
disinfection by-products (N-DBPs) have been largely detected from water treatment plants in the United States
and Canada in recent years, which are strong mutagenic
and carcinogenic [11]. Therefore, the control of DON/DOC
in surface water has gradually become a new research
field [12].
Sources of DOC/DON in surface water are mainly
divided into 4 parts: (1) runoff and leachate from agricultural fields, (2) the release of humic microbial exudates,
(3) metabolites of algae (such as blue-green algae, etc.),
and (4) organic nitrogen and carbon from the flushing of
soils and vegetation [13-15]. Qingpu District is located in
the upper reach of Huangpu river basin, and has 119,000 ha
rice field (according to Shanghai Statistical Yearbook
2010). Qingpu District is not only the main rice producing
area, but also the main water source of drinking water in
Shanghai. DON and DOC from rice fields put a direct
threat to drinking water quality of Shanghai.

1. INTRODUCTION
Dissolved organic nitrogen (DON) and dissolved organic carbon (DOC) are likely complex mixtures of nitro* Corresponding author
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For the high bioavailability of DON and DOC, they
are easy to be decomposed by microorganism [16, 17].
In this study, based on the lysimeter method, 3 microbial
inoculant rates were applied into Chemical fertilizer Treatment and Mixed fertilizer Treatment to limit DON/DOC
loss from rice fields as a source control. The Polymerase
Chain Reaction and Denaturing Gradient Gel Electro-
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phoresis (PCR-DGGE) analyses were conducted to determine the soil bacterial response to microbial inoculants. Through the analysis of DON/DOC contents and
fluxes in runoff and leachate of a rice field, the effectiveness of DON/DOC control from the rice field was
assessed. The objective in the study is to provide a theoretical and practical basis for effective control of agricultural DON and DOC in the upper reach of Huangpu river
basin.
2. MATERIALS AND METHODS
2.1 Study site and fertilization

The study was carried out at Irrigation Technology
Extension Station in Qingpu District, Shanghai, China.
The climatic data were collected by the meteorological
station of Irrigation Technology Extension Station. The

annual and interannual changes of rainfall for the area vary
greatly, and the average annual rainfall is 1044.7 mm.
Average annual temperature is 15.5 °C, with the highest
and lowest monthly mean temperatures being 27.5 °C (July) and 3.2 °C (January). The samples in this study were
collected from a closed volumetric lysimeter system. The
experiment utilized 18 concrete and gravity-drained experimental pits (200 cm wide× 300 cm long× 250 cm deep)
with undisturbed profiles as shown in Fig. 1. The soil in
pits is purple paddy soil derived from the swamp, which
belongs to silt loam soil.
Before this experiment, fertilization design of 20082010 for the lysimeter system was in the same N rate
(300kg·ha-1) and described as follows: CT (Chemical
Treatment) – 100% urea and MT (Mixed Treatment) - 80%
urea + 20% organic fertilizer. In 2011, 3 microbial inoculant rates were added into these 2 treatments, and the fertilization design is described in Table 1. The crop was harvested

FIGURE 1 - Schematics view of the lysimeter.
TABLE 1 - Fertilization design for lysimeter system in 2011 (unit: kg·ha-1).
Treatment

Fertilizer

Amount of fertilizer

Amount of pure N

CT
CT+
CT++
MT

Total amount of pure N

Amount of microbial
inoculants
0
275
550
0

Urea
651.6
300
300
Urea
651.6
300
300
Urea
651.6
300
300
Urea
521.7
240
300
Organic Fertilizer
9523.8
60
MT+
Urea
521.7
240
300
275
Organic Fertilizer
9523.8
60
MT++
Urea
521.7
240
300
550
Organic Fertilizer
9523.8
60
Note: The amount of pure N was the average amount in the rice field of Shanghai region, and the amount of microbial inoculants (275-550 kg·ha-1)
was the recommended amount of Shanghai Jiutai biological engineering Co., Ltd.
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TABLE 2 - Physico-chemical properties of soil samples.
Treatment

pH

EC
Organic matter
TN
(mS/cm)
content (g.kg-1)
(g.kg-1)
CT
6.72±0.12a
0.32±0.07a
21.25±0.47a
1.18±0.11a
CT+
6.56±0.13b
0.41±0.13b
21.62±0.13a
1.20±0.11b
CT++
6.51±0.15bc
0.44±0.17b
21.32±0.15a
1.21±0.13b
MT
6.59±0.21b
0.41±0.14b
22.02±0.65ab
1.19±0.15ab
MT+
6.47±0.04c
0.49±0.16bc
22.19±0.32b
1.21±0.22b
MT++
6.49±0.11c
0.51±0.13c
21.88±0.17ab
1.21±0.13b
Note: Data are means ± SE; different letters represent the significant difference at P<0.05.

at maturity on Nov 5, 2011, at 122 days after transplant
seedlings. The rice variety was Huyin No. 1. The experiment was replicated in a randomized split plot design. The
microbial inoculants were mixed with fertilizer, and onetime fertilization was used. The organic fertilizer used was
provided by Shanghai Luhe organic fertilizer plant, and
derived from household waste. The nutrient contents have
been tested and were as follows: organic matter 329 g/kg,
and total nitrogen 15.3 g/kg. The microbial inoculants
were from Shanghai Jiutai biological engineering Co.,
Ltd. Their main ingredients include: Bacillus subtilis,
Bacillus licheniformis, Bacillus megaterium, purple Paecilomyces and fine yellow Streptomyces. The expected
function was to increase microbial decomposition of organic matter, and also the yield. The microbial inoculants
were also tested: effective number of viable cells was ≥
2.0×109·g-1, and organic matter content 52.3%.
2.2 Soil and water sampling

The soil samples were collected on 6th, August 2011
in aeration stage. Some of the properties of the soil samples are described in Table 2. Soil samples (0-20 cm)
taken randomly from 3 replicates of each treatment over
the entire area were mixed evenly, resulting in 6 separate
samples. One portion of soil samples was freeze-dried and
sieved (2 mm) for determination of soil properties, and
the others were stored at -20 °C for PCR-DGGE analysis.
The leaching samples were collected at 1, 2, 3, 5, 7,
9, 11, 15, 20, 25, 30 days after fertilization (from
2011.07.04 to 2011.08.03) from the pipes of the bottom of
pits. The runoff samples were collected from pipes which
were fixed at 5 cm above the soil surface to receive runoff
when the surface water level exceeded 5 cm due to rainfall. After collection, the samples were kept in the dark and
filtered within 1 h through GF/F filters (pore size 0.7 µm),
which were washed by Milli-Q water and sampling water.
TN, DON, TC and DOC were measured to determine the
N/C behaviors and fluxes of rice field leachate.
2.3 PCR-DGGE analysis

Total soil DNA was extracted and purified from 1.0 g
soil using Soil DNA Kit (50) (D5625-01, OMEGA) with
a bead beating method. The DNA extracted was amplified
with 2 primers: universal primer complementary to position 517-534 (5'-ATTACCGCGGCTGCTGG-3') and
bacterial primer complementary to position 341-358 + a

TC
(g.kg-1)
20.45±2.21a
20.72±1.65a
20.61±1.52a
20.87±1.28a
21.03±1.33a
20.98±2.14a

Soil bulk density
(g.kg-1)
1.38±0.14a
1.37±0.05a
1.38±0.13a
1.31±0.09b
1.30±0.12b
1.30±0.11b

GC clamp (5'-CGCCCGCCGCGCGCGGCGGGCGGGG
CGGGGGCACGGGGGGCCTACGGGAGGCAGCAG-3')
[18]. PCR was run using 25 µl reaction volumes. The
reaction with landing strategy [19] was carried out as
follows: 8 min initial denaturation at 94 °C, followed by
20 cycles of denaturation at 94 °C for 60 s, annealing at
65 °C decreasing 0.5 °C every step of the cycle for 40 s,
and extension at 72 °C for 40 s; then, another 20 cycles of
denaturation at 94 °C for 60 s, annealing at 65 °C for 40 s,
and extension at 72 °C for 40 s. Cycling was completed
by a final elongation step of 72 °C for 10 min.
Sequences separation of the amplified mixture was
operated by DcodeTM Universal Mutation Detection
system (Bio-Rad). Electrophoresis was performed in a 0.8
mm thick polyacrylamide gel (8% [w/v] acrylamidebisacrylamide [37.5:1]), which contained 30-60% urea
formamide-denaturing gradient. Amplified mixture (50
µl) was subjected to a constant voltage of 60V for 12 h at
60 °C in 1× TAE buffer (pH = 8.0). After electrophoresis,
it was stained by silver nitrate.
2.4 Chemical measurements

TN, TC and DOC were measured simultaneously
with multi N/C 3000 total organic carbon and total nitrogen analyzer (Analytik Jena AG, Germany).
NH4+-N and NO3--N were measured by a SmartChem
Intelligent automatic chemical analyzer (Alliance Instruments, France).
The concentration of DON was calculated as follows:
+

−

DON = TN − NH 4 -N − NO3 - N
The standard error of DON was calculated as SE2DON
= SE2TN + SE2NH4+-N + SE2NO3—N.
2.5 Statistical analysis

Pictures of the DGGE gels were digitized with Quantity One Software (Bio-Rad, USA). The effects of different treatments on the microbial communities were calculated from DGGE band data by Shannon–Wiener diversity index ( H ! ) and homogeneous degrees index ( E ! )
using the following functions:
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E! = H ! ln S
S represents the richness or total number of bands,
and Ni is the intensity accounted for the ith band,

N = ∑ Ni
All statistical analyses were performed with SPSS,
version 13.0. Differences with values of *P < 0.05 (pairedsamples t test) were considered to be statistically significant.
3. RESULTS AND DISCUSSION
3.1 Diversity analysis of DGGE banding patterns

controlling, and various polluting compounds degradation
since 1980s [20, 21]. The microbial inoculants used in the
study to control DON and DOC from rice field were mixtures of various bacteria and belonged to unmodified
microorganisms. Therefore, on the basis of safety use, the
microbial inoculants should be assessed to figure out the
impact of release on the indigenous microbial community.
Compared to other fingerprint techniques, the results of
PCR-DGGE could show if there were indigenous bacterial
bands appearing or disappearing. The profiles of DGGE
show that there was no disappearing of indigenous bacteria. Combined with the results of H’, E’ and cluster analysis, the microbial inoculants were not harmful for the indigenous microbial community, and had a positive impact on
soil systems.

DGGE profiles of triplicate samples of every treatment were found to be highly reproducible during optimizing of running conditions, and one random sample
was selected to run DGGE to separate mixed DNA of
paddy soil (Fig. 1). Every band was highlighted with a
line. There were no significant differences (P <0.05) in
bands among the 6 treatments. Compared to CT and MT,
there were 2 bands appearing for microbial inoculant
applications, and no one disappearing.
Microbial diversity in soil was expressed by Shannon–Wiener diversity index (H’) and homogeneous degrees index (E’), which were determined for comparisons
of all profiles (Table 3). There were significant differences (P <0.05) in H’ between the samples with and without microbial inoculants, but microbial inoculant application significantly improved E’ only under MT. There were
no significant differences (P <0.05) in H’ and E’ with different microbial inoculant rates.
TABLE 3 - The number of DGGE bands, Shannon–Wiener diversity index (H’) and homogeneous degrees index(E’) of bacteria.
Treatment
Bands
H’
E’
CT
14a
2.12a
0.825a
CT+
16a
2.78b
0.852ab
CT++
16a
2.91bc
0.862ab
MT
15a
2.31a
0.844a
MT+
16a
2.95bc
0.874b
MT++
16a
3.04c
0.887b
Note: Different letters represent the significant difference at P<0.05.

Unweighted pair group method with mathematical
averages (UPGMA) was used to create a dendrogram describing pattern similarities (Fig. 2). The cluster analysis
revealed great resemblance (77%) between the samples
with high microbial inoculant rates (CT++ and MT++),
and the resemblance between samples with and without
microbial inoculants was the lowest (54%), which showed
that the more microbial inoculants added into paddy soil,
the more impact would be on the microbial community
structure.
Microbial inoculants, including genetically modified
microorganisms and unmodified microorganisms, have been
already applied to soil for plant growth promoting, pest

FIGURE 2 - DGGE profiles of 16S rDNA fragments from paddy soil
under different treatments,
3.2 DON /DOC runoff flux from rice field

During the whole rice season of 2011, there were
8 times of rainfall, and there were 4 times when the water
samples of runoff were collected: 7, 13, 41, 44 and 47 days
after fertilization. The analysis of runoff flows was conducted, and there were no significant differences among
the flows of all 6 treatments.
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According to the nitrogen/carbon concentrations and
flows of runoff, the nitrogen/carbon fluxes in runoff could
be acquired precisely. TN and the DON fluxes varied
from 2.356 to 2.973 kg·ha−1 and 0.192 to 0.253 kg·ha−1
under different treatments. There were no significant differences (P <0.05) among the samples under CT and MT
about nitrogen fluxes (Table 4). DON/TN ratios varied
from 6.51 to 10.46%, and NH4+-N was the dominant part
in runoff. Microbial inoculants had little impact on nitrogen in runoff of the rice field. Under CT, the fluxes of
TC, DOC and DOC/TC ratios increased after adding
microbial inoculants; however, under MT, microbial
inoculants application could reduce the fluxes of TC,
DOC, and DOC/TC ratios were stable from 38.38 to
43.09%. But there was no clear pattern between the changes
of carbon fluxes and the amount of microbial inoculants.
In this study, artificial draining was not used and natural precipitation was the only cause of runoff during the
flooded period of rice growth. The runoff fluxes mainly
depended on the differences in flow volume and frequency of runoff. The average concentrations of TN and
TC in precipitation were 2.03 and 20.10 mg/L, which
were much lower than those of the samples under all 6 treat-

ments. DON/TN ratios, DOC/TC ratios were from 11.21
to 17.34% and from 35.38 to 44.09%. DOC/TC ratios
were relatively high and had certain impact on carbon
emissions in runoff. When runoff occurred soon after fertilization, high nitrogen and carbon concentrations were
inevitable in the runoff. However, when runoff occurred
2 weeks after fertilization, nitrogen and carbon concentrations were low and stable in the runoff. Analogous results
had been also obtained by other researchers [22, 23].
3.3 DON / DOC leaching behaviors and fluxes from the rice
field

Dynamics of TN and DON leakage from rice field
under 6 treatments are shown in Fig. 3. The 6 treatments
had roughly the same trends of nitrogen and carbon concentration, which had a rapid increase and decrease in the
first 7 days after fertilization, but then stabilized slowly.
On the 2nd and 3rd day, the concentrations of TN and
DON reached peaks simultaneously. The sequence of
DON concentration peaks was as follows: MT+ < MT <
MT++ < CT+< CT++ < CT. In the first 3 days, DON/TN
ratios were from 45.8 to 91.9%, which was a large proportion. Three reasons led to this phenomenon: 1) due to

TABLE 4 - Fluxes of carbon and nitrogen in paddy runoff (unit: kg·ha-1).
Treatment
TN
DON
TC
CT
2.852±0.423a
0.212±0.033ab
12.658±0.627a
CT+
2.949±0.616a
0.192±0.037a
15.108±0.566b
CT++
2.973±0.593a
0.206±0.029a
16.983±0.721b
MT
2.418±0.362b
0.253±0.042b
20.118±0.978c
MT+
2.356±0.282b
0.237±0.039b
16.794±0.905b
MT++
2.503±0.511b
0.232±0.028b
17.856±0.837b
Note: Data are means ± SE; different letters represent the significant difference at P<0.05.

DOC
3.609±0.181a
3.923±0.313b
4.088±0.409b
5.439±0.278b
4.314±0.31bc
4.721±0.279c

FIGURE 3 - Cluster analysis of UPGMA of banding patterns generated from PCR-DGGE analysis.
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the short time and flooded anaerobic environment, a large
number of urea directly leached from paddy field, which
was the main part of DON; 2) DON in original soil lost
with irrigation water; 3) microbial inoculants could enhance the number of microorganism, which improved the
decompositions of DON. But at the same time, microbial
inoculants and their metabolites were a part of DON, which
could also increase DON leakage [24]. From the 4th day,
DON concentrations under MT+ had been continuously
lower than with the other treatments, which was 0.36 mg/L
after 30th day.

Dynamics of TC / DOC leakage from rice field under
the 6 treatments are shown in Fig. 4. Trends of carbon
concentrations were similar with nitrogen. But compared to
nitrogen dynamics, the changes of carbon concentration
under 6 treatments were relatively flat, and DOC/TC ratios
under 6 treatments ranged from 13.4 to 19.6%, which were
stable and changed slightly without a clear pattern. There
were no significant differences among 6 treatments about
TC concentrations. But like the dynamics of DON, from 4th
day, DOC concentration under MT+ had been the lowest
among 6 treatments, which was 15.78 mg/L after 30th day.

(a)

(b)
FIGURE 4 - Dynamics of TN / DON leakage from the rice field.
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(a)

(b)
FIGURE 5 - Dynamics of TC / DOC leakage from the rice field.

In the first 30 days after fertilization, on the basis of
the real time monitoring for nitrogen/carbon concentrations and flows in leaching, the leaching fluxes of nitrogen/carbon were calculated as the product of the average
of the data of 2 consecutive sampling days and the number of non-sampling days plus 1 for each period; after the
first 30 days, because the trends of nitrogen/carbon concentration stabilized, nitrogen and carbon concentrations
had been measured every week (but leaching flows from
the rice field had been measured every day). Based on the
above, nitrogen/carbon leaching fluxes in the whole rice
growing season were estimated (Table 5).

Like the tendency of nitrogen behavior, TN fluxes
were highest under CT and lowest under MT+, and DON
fluxes under MT+ were significantly lower than the others.
There were no significant differences (P < 0.05) among the
samples under the 6 treatments about DON/TN flux ratios
in a whole season, which ranged from 18.1-21.6%. That
was because high DON/TN ratios concentrated in the first
month after fertilization; in the other 3 month, NO3--N
was the dominant part of TN, and DON/TN ratios were
very low, which was consistent with previous reports [25,
26]. The results of nitrogen behaviors and fluxes showed
that microbial inoculants could control nitrogen loss in
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TABLE 5 - Fluxes of carbon and nitrogen in paddy leaching water (unit: kg·ha-1).
Index

TN

DON

TC

DOC

9.602±0.365a
8.527±0.116b
8.373±0.093b
8.409±0.223b
7.789±0.182c

1.872±0.099a
1.792±1.054a
1.806±1.12a
1.727±0.093a
1.407±0.139b

82.887±3.943a
81.308±5.763a
83.451±3.715a
81.214±4.097a
80.648±3.905a

14.749±0.816a
13.823±0.313ab
14.255±0.929ab
13.940±0.787a
13.115±0.916b

Treatment
CT
CT+
CT++
MT
MT+

MT++
8.875±0.334b
1.761±0.082a
85.132±4.837a
Note: Data are means ± SE; different letters represent the significant difference at P<0.05.

14.923±1.21a

TABLE 6 - Rice yield and yield components in 2011.
1000-grain weight
Average ear length
Grain yield
(g)
(cm)
(kg·ha-1)
CT
23.88±0.91a
16.31±0.11a
4621.47±32.11a
CT+
26.78±0.78b
16.32±0.13a
4941.67±27.89b
CT++
25.19±1.21b
16.81±0.03a
5468.33±19.29c
MT
26.31±0.48b
16.77±0.04a
4426.34±28.39a
MT+
26.72±1.25b
16.78±0.08a
5616.93±38.21c
MT++
26.26±2.01b
16.85±0.02a
5325.78±20.24b
Note: Data are means ± SE; different letters represent the significant difference at P<0.05.
Treatment

leaching, but an excessive number could also lead to more
nitrogen loss.
There were no significant differences (P < 0.05) among
the samples under 6 treatments about TC fluxes, but DOC
fluxes under MT+ were significantly lower than the others. DOC/TC flux ratios ranged from 16.3-17.8%, which
was nearly stable in a whole season. This was also found
in a previous study [27]. The results of carbon behaviors
and fluxes showed that microbial inoculants had little
impact on TC content in leaching; an appropriate amount
of microbial inoculants could reduce the DOC content,
but more microbial inoculants would also lead to more
DOC leakage.

Straw yield
(kg·ha-1)
5211.67±25.82a
5391.13±27.92a
6698.38±18.48b
4906.29±31.09a
5883.91±19.02c
6308.75±29.87b

Economic coefficient
0.4699a
0.4783a
0.4495b
0.4742a
0.4884a
0.4578b

4. CONCLUSIONS
In general, combined with the analysis results of
PCR-DGGE, DON/DOC loss from rice field and rice
yield, under the premise that rice yield and quality were
not reduced or even increased, MT+ was the most effective treatment as source control, and also the only one to
reduce DON and DOC loss in both runoff and leaching.
Microbial inoculants application could be an effective
way as source control to limit DON and DOC loss from a
rice field, but a proper ratio of microbial inoculants,
chemical and organic fertilizer application still needs a
further testing study.

3.4 Rice yields

Microbial inoculants were a new type of fertilizer,
containing a large number of microorganisms. They could
not only improve crop nutrient conditions and growth
environment, but also stimulate crop growth and development to improve the yield [28, 29]. The results of Wang
[30] showed that, when organic fertilizer, microbial inoculants and chemical fertilizer were applied together, the
effect on crop yield was better than using only one fertilizer. In our study, all the microbial inoculant applications
significantly increased the grain yields of rice, and the
grain yields under CT++, MT+ were significantly higher
than in the other 4 treatments (Table 6), which were 18.3
and 26.9% higher than CT and MT, respectively. This
was consistent with previous reports. However, the results
of economic coefficient (economic coefficient = grain
yield/ grain yield +straw yield) showed that economic
coefficients under MT++ and CT++ were significantly
lower than for the other 4 treatments. Therefore, excessive
microbial inoculants could stimulate more rice straw
growth, and have a negative impact on rice production.
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ABSTRACT
Given resource depletion and environmental protection, the resource utilization of wastewater has attracted
intensive attentions. In this study, cane molasses
wastewater was used to produce 2-phenylethanol (2-PE)
that is an important raw material in the fragrance industry.
Repeated batch cultivations were conducted to screen and
adapt the microbial- mixed culture for 2-PE production.
The microbial-mixed culture endured 6 g/L 2-PE with a
highest biomass of 1.7 g/L. The optimized parameters
(35 °C, pH 7.0 and 0.8 vvm air flow-rate) in batch culture
obtained the highest 2-PE production of 988 mg/L. Subsequently, the continuous 2-PE production was carried out
in an internal airlift loop bioreactor. A highest 837.5 mg/L
2-PE production with a yield of 8.4 mg/g-COD was
achieved at hydraulic retention time of 4 days. The main
metabolic byproducts included acetate, lactate and ethanol. Finally, the community composition was analyzed
using denaturing gradient gel electrophoresis. The dominant microorganisms were identified to be Bacillus sp.,
Pseudomonas sp., Candida tropicalis, Aspergillus niger,
Saccharomyces cerevisiae, Kluyveromyces hubeiensis,
Rhodotorula glutinis and Pichia kudriazevi. This work
proposes that mixed culture biotechnology is suitable
to continuously produce 2-PE from wastewater.
KEYWORDS: 2-phenylethanol; cane molasses wastewater;
microbial-mixed culture; community composition; DGGE

1. INTRODUCTION
The aromatic alcohol, 2-PE, imparts a rose-like odor
and is an important raw material in the cosmetics, perfumery, and food industries [1]. Presently, the world annual production of 2-PE is estimated to be approximately
10,000 tons, and most 2-PE is obtained using chemical synthesis with a price of approximately 5 US $/kg [2]. Nota-

bly, chemical synthesis requires high temperature, high
pressure, and strong acid or alkali conditions, and is often
environmentally unfriendly. In contrast, whole-cell microbial transformation exhibits several advantages, such
as mild reaction conditions, and high substrate selectivity,
and is considered to be a promising strategy for the production of high-valued compounds [3]. Currently, all biocatalytic processes of 2-PE are based on pure culture fermentation, and take high operating costs for refined substrate and sterilization [4]. In order to reduce the production
costs, low value waste feedstocks and microbial-mixed
culture (MMC) are being paid much attention to produce
added value products [5, 6]. In this work, waste feedstocks were used to produce 2-PE by open MMC.
As a low value waste feedstock, cane molasses
wastewater (CMW) is the residual liquid waste in sugar
refining and alcohol production, and poses a serious threat
to water quality due to its high organic load, dark-brown
color and unpleasant odor [7]. Various physicochemical
methods, such as adsorption, coagulation/precipitation, oxidation and membrane filtration, have been applied to treat
CMW; however, these methods only reduce rather than
reuse the contaminants [8]. CMW contains considerable
nutrients in terms of glucose, fructose, and sucrose as
well as large amounts of micronutrients including nitrogen, phosphorous, and potash. An emerging opportunity
in distillery waste management involves CMW exploitation for the microbial production of various value-added
products, such as xylanase [9] and biosurfactants [10].
Therefore, CMW was chosen as the substrate for 2-PE production in this work.
Compared with pure cultures based on industrial biotechnology, the specific advantages of MMC include: no
sterilization requirements, high adaptive capacity owing
to microbial diversity, excellent capacity to use mixed
substrates, and possibility of a continuous process [11]. As
shown in Fig. 1, 2-PE can be produced by de novo synthesis via shikimate pathway, or by bioconversion of Lphenylalanine (L-Phe) through Ehrlich pathway. A multitude of fungal species are considered as 2-PE producers
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[12]. Thus, the fungi in the soil collected from sugar in-

dustry effluent site and orchard were used as the inoculum

FIGURE 1 - The pathway for 2-PE biosynthesis.

to enrich the MMC for 2-PE production. Additionally, the
main obstacle for 2-PE biosynthesis is the tolerance of the
microorganisms [4]. Therefore, the selection and adaption
of MMC were carried out to enhance the 2-PE production.
The parameters, such as temperature, pH and air
flow-rate, have an important effect on 2-PE production by
changing the microbial growth, the key enzyme activity,
or the microbial community structures [13]. An internal
airlift loop bioreactor (IALR), which is characterized by
many advantages, such as mechanical simplicity, good
mixing behavior, low shear rate, high capacity, and low
operation cost, was used as reactor type for 2-PE production [14]. As a qualitative molecular method, PCR-DGGE
(denaturing gradient gel electrophoresis) was used to provide valuable information about the dominant microbial
phylotypes in the IALR reactor [15].
The aims of this study are to develop an economical
bioprocess to produce 2-PE from CMW by a selected
MMC. Firstly, the MMC for 2-PE production was screened
and adapted using potato dextrose broth, CMW and soil
inoculum. Secondly, the effects of temperature, pH, and
air flow-rate on 2-PE production were evaluated in batch
experiments. Subsequently, the continuous 2-PE production from CMW was conducted in a laboratory-scale IALR
at optimal conditions. Finally, the community structures of

MMC for 2-PE production were analyzed using DGGE
technology.
2. MATERIALS AND METHODS
2.1. Materials

CMW was obtained from Nanning sugar industry,
Guangxi province, China. The physicochemical properties
of CMW are listed in Table 1. All the CMW used in this
work was supplemented with (NH4)2SO4 and NaH2PO4
(COD/N/P ratios of 100/3/1), and 6 g/L L-Phe as a substrate for 2-PE production.
TABLE 1 - The characteristics of the CMW.
Parameters
Values
Color
Dark brown
pH
4.8±0.3
COD (g/L)
130±5
BOD5 (g/L)
85±5
TSS (mg/L)
5000±250
TDS (g/L)
75±5
Total sugar (g/L)
42±3
TN (g/L)
1.8±0.1
NH3-N (g/L)
0.25±0.05
TP (g/L)
0.3±0.02
Data expressed as average values of three determinations.
2.2. Screening and adaptation of MMC for 2-PE production
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The MMC for 2-PE production was firstly screened
by repeated batch cultivations in 250-ml shake flasks. The
orchard soil (5 g) and the soil (5 g) located at sugar industry effluent mixed with 100 ml distilled water were incubated in orbital shakers at 30 °C and 200 rpm for 1 h.
After 30 min stationary clarification, 10 ml supernatant
was mixed with 100 ml potato dextrose broth (PDB) (20 g
potato, 2 g glucose and 100 ml distilled water) without 2-PE,
and then, cultured until the late logarithmic growth phase.
Repeated transfer was conducted three times, and then, 10 ml
mixture culture of the highest biomass concentration was
transferred to 100 ml PDB with different concentrations
of 2-PE (1, 2, 3, 4, 5, and 6 g/L) to screen the MMC with
high 2-PE tolerance. Experiments at each concentration
level were carried out in duplicate. At the end of screening,
5 ml MMC with the highest biomass concentration was
mixed with 45 ml wastewater in a 250-ml shake flask to
investigate the capacity of MMC adapting wastewater. The
initial pH value of the mixture was adjusted to 5.0, with
2 mol/L NaOH solution. Batch experiments were carried
out in a rotary shaker at 30 °C and 200 rpm. Experiments
at each batch were carried out in duplicate. The culture
was treated until no more 2-PE increase, and repeated
transfer was stopped when no 2-PE production increase
was observed.

flow-meter for temperature and pH studies. The temperature was maintained at 35 °C using the automatic temperature control unit for pH and air flow-rate study. The pH
was controlled at 7.0 ± 0.1 for the air flow-rate study.

2.3 Configuration and operation of the reactor

2.4. Analysis methods

2.3.1. Bioreactor configuration

IALR was used in the present study. For parameter
optimization, the IALR with an effective volume of 1 L
consisted of a cylindrical column (height 500 mm; inner
diameter 46 mm) and a draft-tube (height 400 mm; inner
diameter 30 mm). To start continuous operation experiment, the IALR with an effective volume of 2 L consisted
of a cylindrical column (height 650 mm; inner diameter
60 mm) and a draft-tube (height 520 mm; inner diameter
35 mm). The 10 g/L activated carbon carrier that had pore
holes with 2×2 mm cross-section was added into the reactor to enhance the attachment of the biofilm. CMW was
fed into the reactor in an upward direction at the required
rate using a peristaltic pump. The end of the sparger tube
(single-point-type) was made narrow in order to ensure
the generation of small air bubbles, thereby enhancing the
gas-liquid mass transfer rates. The cylindrical column was
connected to a settling tank (volume 2 L; surface area
0.5 dm2) where the displaced mixed liquor was collected.
Probes for monitoring temperature and pH were placed on
the top of the column reactor.
2.3.2. Optimization of process parameters

Process parameter optimization was carried out in a
1-L IALR with a working volume of 0.4 L operated in
batch mode. The enriched culture (0.04 L), collected from
the end of the adaption phase with the highest 2-PE production, was inoculated into the reactor. The reactor pH
was controlled at 5.0 ± 0.1 using an automatic pH control
unit for temperature studies. The air flow-rate was controlled at 0.4 vvm (volume per volume per min) by an air

2.3.3. Continuous operation of reactor

At the end of parameter optimization, 0.2 L MMC
with the highest 2-PE production and 1.8 L CMW were
placed in an IALR. After the establishment of active
biofilm, the reactor was operated by continuous feeding of
the raw CMW. During continuous operation, the HRT
(hydraulic retention time) was equal to the sludge retention time. Part of the settled sludge was recycled from the
settling tank with a flow-rate always equal to 1/3 of the
feeding flow-rate. The remaining excess sludge was regularly purged and evacuated once a week. The working
volume and temperature were maintained at 2 L and 35 °C,
respectively. The reactor pH was controlled at 7.0 ± 0.1
and air was supplied at a rate of 0.8 vvm. HRT of the
reactor controlled by a peristaltic pump was firstly operated at 5 days' HRT, and then, the HRT was shortened to
4 and 3 days to investigate whether higher 2-PE production rates could be obtained. Reactor performance data
were recorded during the steady state conditions of respective HRT, and represented by average value (n = 3).
The reactor was operated continuously for 80 days.

The physicochemical parameters of samples were analyzed according to the standard methods [16]. Biomass
concentrations were measured by collecting 10-ml samples in triplicate. The cells were collected on pre-weighed
paper by vacuum filtration, washed twice using distilled
water, and dried at 105 °C to constant weight. To analyze
the fermentation culture, liquid samples taken from the
shake flask and bioreactor were centrifuged at 10,000 g
for 10 min, and the supernatant was filtered through a
0.22-µm syringe filter for the following analyses. Ethanol
and 2-PE were quantified by a gas chromatograph (GC
9800, Shanghai Kechuang, China) equipped with hydrogen flame ionization detector. The column (AQUATIC-2,
30 m length, 0.25 mm diameter, 25% diphenyl 75% dimethylpolysiloxane stationary phase, 1.4 µm film thickness),
temperature, injection temperature and detector temperatures were set at 210, 240 and 210 °C, respectively. Nitrogen was used as carrier gas with a flow-rate of 90.0
ml/min. Hydrogen and air flow-rates were fixed at 500
ml/min and 50 ml/min, respectively. Acetate and lactate
were analyzed using an Agilent 1100 HPLC (Agilent
Technologies, USA) equipped with a SB-C18 column
(Agilent Technologies, USA) and UV detector (210 nm).
The removal of COD in the effluent was calculated
using Eq. (1):
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The OD was measured at 475 nm, and the decolorization was calculated using Eq. (2):
% Decolorization = (Initial OD- Final OD)*100/ (Initial OD)
(2)
2.5. Microbial community composition analysis

The microbial compositions were analyzed in stability experiments. Total DNA of MMC was extracted as
described by Zhu et al. [17]. For bacteria community
analysis, the V3 region of 16S rRNA gene corresponding
to positions 338-518 of Escherichia coli was partially
amplified [18]. For fungal community analysis, a partial
sequence of 18S rRNA gene was amplified using NS1
and specific primer GCfung [19]. DGGE was performed
with the DCode system (Bio-Rad Laboratories, Hercules,
CA, USA) as described by Haruta et al. [20]. The PCRamplified product was loaded on 1-mm-thick 8% polyacrylamide (ratio of acrylamide to bisacrylamide, 37.5:1)
gels containing linear denaturant gradients of 15-45% for
bacteria and 30-60% for fungi. Urea (7 M) and formamide
(40%) were employed as 100% denaturant. Nearly 100 ng
of PCR product from cultures was applied to each lane in
the gel. Gel electrophoresis was carried out in 1× TAE
buffer (40 mM Tris-acetate, 1 mM Na-EDTA; pH 8.0) at
60 °C and 200 V for 4 h. After electrophoresis, the gel
was stained by ethidium bromide for 15 min and viewed on
a BioRad Gel Documentation system (BioRad). Prominent
bands were then excised from the gel. After cleanup treatment, the recovered DNA was re-amplified, purified, and
cloned to pMD19-T vector (TaKaRa, Japan). The recombinant plasmids were transformed into the competent Escherichia coli (strain DH5a), and then, colonies containing
the plasmid were screened on LB-based agar plates with
ampicillin, X-gal, and IPTG. The samples were sent to a
genetic analysis service company (Beijing Genomics Institute, China) for analyzing DNA sequences. Searches in
GenBank with BLAST were performed to determine the
closest known relatives of the partial ribosomal DNA
sequences obtained. The species were classified as the
same genus when the sequence homology exceeded 95%.
3. RESULTS AND DISCUSSION
3.1. Screening and adaption of MMC for 2-PE production

MMC for 2-PE production was enriched using the
soil with abundant fungi as initial inoculum, and PDB as
medium. As presented in Fig. 2, a highest biomass concentration of 4.8 g/L was achieved after being transferred
3 times. According to the previous report, high concentrations of 2-PE have toxicity to microorganisms, and concentrations from 2 to 3 g/L can inhibit the growth of several species of bacteria and fungi [21]. Thus, the worse
tolerance of microorganisms led to the low product concentrations of 2-PE. In order to enhance the tolerance of
MMC, the MMC was further screened by adding different
concentrations of 2-PE to PDB. As shown in Fig. 2, the
biomass only decreased by 22% when 2-PE increases

from 1 to 5 g/L. The results indicated that the MMC has a
good tolerance to 2-PE below 5 g/L level. When 2-PE
was further increased to 6 g/L, the highest biomass decreased to 1.7 g/L (59% decrease). At 7 g/L 2-PE, only
0.8 g/L highest biomass was obtained (decrease 80%)
compared to 1 g/L 2-PE. Therefore, the selection stopped
at 6 g/L 2-PE concentration. Compared to the pure culture
that was selected by mutation, selection, or genetic recombination with highest 5.6 g/L 2-PE tolerance [22], the
MMC tolerates 6 g/L 2-PE with a highest biomass of 1.7 g/L
in this study.

FIGURE 2 - The maximum biomass (dry weight) VS 2-PE concentrations (Data expressed as average values of three experiments).

In order to enhance the capacity of MMC adapting
CMW to produce 2-PE, a repeated transfer test was carried
out. Figure 3 shows the time profiles of biomass growth
and 2-PE fermentation from CMW in batch culture. The
results indicated that repeated batch culture was suitable for
MMC enrichment and 2-PE accumulation. The accumulation of 2-PE increased with the increase of cell biomass.
The highest concentration of MMC (7.9 g/L) and the highest production of 2-PE (494.5 mg/L), obtained from batch 6
at 96 h, were 4.2-fold and 4.9-fold higher than that obtained
from batch 1 at 120 h, respectively. In addition, there was
an obvious delay in biomass growth and 2-PE production
before 32 h in batch 1 and batch 2, which is probably
caused by the existence of inhibitory compounds in CMW
[7]. However, the lag phase was shortened to 24 h in batches 3 and 4, and to 16 h in batches 5, 6 and 7. The whole
fermentation process was also shortened to 96 h in batch 7
compared to 120 h in batch 1. These results implied that the
MMC was already adapted to the inhibitory compounds of
CMW, and then, efficiently utilizing the fermentable
sugars and other organic nutrition in CMW, such as sucrose, glucose and fructose. In summary, repeated batch
culture improved 2-PE production effectively by enriching the MMC for 2-PE production, adjusting the community structure transformation of the MMC, and en-hancing
the MMC adaption to wastewater.
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3.2. Optimization of the parameters for 2-PE production

Cultivation temperature affected the composition of
aromatic compounds produced by microorganisms [23].
Therefore, the influence of temperature on MMC for 2-PE

3.2.1. Effects of temperature

FIGURE 3 - Adaption of MMC for 2-PE production (initial pH 5.0, temperature maintained at 30 °C, rotating speed 200 rpm; data expressed as average values of three experiments).

production was studied by varying temperatures from 20
to 40 °C while pH 5 and air flow-rate 0.4 vvm were maintained constant. As presented in Fig. 4a, there is an obvious increase in the biomass and 2-PE production from 20
to 35 °C. The highest biomass (8.1 g/L) and the highest 2PE production (516.1 mg/L) were obtained at 35 °C. Biomass growth (4.0 g/L) and 2-PE production (245.4
mg/L) were the lowest at 20 °C. The results indicate that
high temperature available for 2-PE production is below
35 °C. However, when the temperature further increased
to 40 °C, the highest biomass and 2-PE production decreased by 32.1% and 36.8%, respectively, compared to
the results at 35 °C. It is probable that the higher temperature caused the denaturing of the key enzymes for 2-PE
biosynthesis [24]. Therefore, 35 °C is the suitable temperature for 2-PE production. Fig. 4b shows the time profiles
of biomass growth, pH changes and 2-PE fermentation
from CMW in the shake flask at 35 °C during the whole
batch culture. The pH appeared to temporarily de-cline at
the beginning of the fermentation, which could be caused
by the shortage of dissolved oxygen, and the accumulation of organic acids. When the pH dropped to 4.5, MMC
entered the logarithmic growth phase and 2-PE production presented a substantial increase, and then, the pH
began to rebound with a final value of 5.3. The results
suggest that the decrease of pH is suitable for MMC fast

growth, while the increase of pH is favorable for 2-PE
production.
3.2.2. Effects of pH

The pH is expected to affect the enzyme activity in
the formation of 2-PE from L-Phe by microbial transformation [1]. The effects of pH 4-8 on 2-PE production were
studied, while the optimum temperature (35 °C) and air
flow-rate (0.4 vvm) were maintained as constants. As
presented in Fig. 4c, when the pH increased from 4 to 8,
the highest biomass only decreased by 10% to 7.6 g/L,
while the highest production of 2-PE increased approximately by 43% to 741.1 mg/L. The results indicate that
low pH is relatively favorable for cell growth but unfavorable for 2-PE production. An increase of 2-PE production at high pH was probable because high pH enhanced
the activity of the enzymes involved in the formation of
2-PE. Similar results were reported for Pichia fermentans
producing 2-PE in batch studies with the optimal pHs
ranging from 7 to 8.5 [13]. The highest 2-PE production
had no significant differences between pH 7 and 8. Since
more power would be needed for a higher level of pH
maintenance, pH 7 was considered to be the optimum pH
in this study.
3.2.3. Effects of air flow-rate
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Different air flow-rates of 0.2, 0.4, 0.6, 0.8 and 1 vvm
were optimized at the temperature of 35 °C and pH 7. As
presented in Fig. 4d, the biomass and 2-PE production

of the MMC increased with the air flow-rates from 0.2 to
0.8 vvm. The highest biomass (10.3 g/L) and 2-PE production (988.1 mg/L) was obtained at 0.8 vvm. In contrast,

FIGURE 4 - Effects of temperature (a), pH (c) and air flow (d) on 2-PE production and biomass growth of MMC. 2-PE production, biomass
growth and pH changes of MMC at 35 °C (b) (data expressed as average values of three determinations).

the biomass (6.3 g/L) and 2-PE production (500.5 mg/ L)
were the lowest at 0.2 vvm. According to a previous report,
a high air flow-rate significantly enhanced the dissolved
oxygen concentration, and the dispersion of macromolecules play an important role in the substrate utilization, cell
growth and 2-PE production [25]. Therefore, oxygen limitation could be the reason for the reduction of cell mass and
2-PE production at the low air flow-rate of 0.2 vvm. However, Fig. 4d shows that air flow-rate 1.0 vvm inhibits the
highest biomass growth and 2-PE production of MMC. It is
probable that the shearing effect induced by the higher air
flow-rate caused the cell damage that, in turn, led to enzyme inactivation and 2-PE production decrease. The results were consistent with the reports that alcohol production from microorganisms was affected by aeration rate
[23]. Thus, the optimized air flow-rate was 0.8 vvm herein.

under optimized results of temperature 35 °C, pH 7.0, and
air flow-rate 0.8 vvm. The performance of IALR with different HRT values is described in Fig. 5.
As shown in Fig. 5a, 2-PE production (492.7 mg/L)
with a 7.3 mg/g COD yield is obtained after 8-days operation at 5-days HRT, and then, the corresponding values
decreased to 451.5 mg/L and 6.8 mg/g-COD at 20 h, respectively. This phenomenon occurred because that long
HRT reduced the organic loading rate. The reduction of organic loading rate decreased biomass concentration, mean
size of granules, and settling ability of granules, and oxygen uptake rate in reactor, leading to the accumulation of
organic acids and the decrease of 2-PE production [26].
The results were also verified by the higher accumulation
of organic acids including 2.0 g/L acetate and 2.7 g/L
lactate at 20 h as presented in Fig. 5b.

3.3 Continuous operation of IALR under optimal conditions

When the HRT decreased to 4 days from day 22 to
40, 2-PE production increased to the highest production
of 832.1 mg/L at day 28 with a 2-PE yield of 8.3 mg/gCOD. The decrease in HRT brought up a bigger volumetric

Continuous 2-PE production from CMW was successfully demonstrated in IALR using MMC enriched in
the repeated batch experiments. The IALR was operated
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organic loading (more food was supplied to microorganisms) that made a more sufficient absorption, and led to the
enhancement of 2-PE production [27]. The results were also

confirmed by the higher COD removal efficiency (76.7%)
and a lower residual sugar concentration (7.3 g/L) at 28 days.
At the same time, lower byproduct concentrations were

FIGURE 5 - Profiles of IALR performance at 35 °C, 5-days HRT (day 0-20), 4-days HRT (days 21-40, 61-80) and 5-days HRT (day 41-60)
(pH is 7.0 ± 0.1, air flow 0.8 vvm, data expressed as average values of three determinations).

obtained, such as acetate of 1.3 g/L, lactate of 1.9 g/L and
ethanol of 0.51 g/L.
When the HRT was further decreased to 3 days from
day 42 to 60, 2-PE production sharply dropped to 619 mg/L,
with lower 2-PE yield of 7.6 mg/g-COD at day 50. An
explanation for this trend was that a lower 3-day HRT decreased the contact time of microorganisms with organic
matters in wastewater, and then, the insufficient reaction
time resulted in a lower 2-PE production [28]. Lower

COD removal efficiency (63%) and higher residual sugar
content (9.9 g/L) also verified the above results. Compared
to the production at HRT 4, the highest concentrations of
acetate (1.5 g/L) and lactate (2.2 g/L) were increased by
12% and 15% in stable operation phase, respectively. In
order to avoid the failure of 2-PE fermentation due to
overload, the HRT of IALR was prolonged to 4 days. The
production of 2-PE gradually increased to about 8.4 mg/gCOD after 8 days (day 62-68). Compared to the batch
mode, the lower 2-PE production (837.4 g/L) with a yield
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of 8.4 mg/g-COD was probably due to the higher sugar
residuals and the generation of microbial biomass during
continuous mode. In addition, removal of color was also
investigated and the results are showed in Fig. 5a. The
decolorization decreased with HRT increase, and removal
efficiencies of color were above 18% in 4-day HRT. In
general, a remarkable COD and a relative high level 2-PE
recovery were achieved in the experiment-scale IALR at
optimal conditions.
3.4 Microbial community composition

Though an effective MMC of 2-PE production was
obtained, the composition and function characteristics of
the MMC were not clear. Therefore, the composition of
MMC at the end stage of adaption, and at the stable operation phase of IALR, was firstly analyzed by rDNA
PCR-DGGE technique. The results showed that the MMC
at two different stages had a substantially uniform community composition, indicating that the MMC obtained in
this work had a good composition stability and environmental adaptability. To understand the functional characteristics of microorganisms in MMC, the dominant bands
in each lane are excised for sequence analysis as the
bands 1-8 in Fig. 6. The detailed information of bands is
presented in Table 2.
The sequence derived from band 1 showed 100%
similarity to the sequence of Bacillus sp. As a grampositive bacterium, Bacillus sp. dedicated 10% of its
genome to produce the molecules interacting with its
environment, and then, provided a global response to the
imposed stress [29, 30]. In addition, Bacillus sp. produced
and secreted different kinds of enzymes, such as proteases, cellulases, xylanases, amylases and laccases that had
an important role in COD and color removal rates [31, 32].
The sequence of band 2 was affiliated to Pseudomonas sp.
(100% sequence similarity). Pseudomonas sp., as a color
remover of the wastewater, is commonly presented in the
soil from disposal site of distillery [33]. Therefore, the
above two bacteria were assumed to be related to stress
resistance and wastewater decolorization.

FIGURE 6 - DGGE profiles of bacterial communities (B1-2) and
fungal communities (F3-8).
TABLE 2 - DGGE bands and their closely related sequences.
Band
ID
1
2
3
4
5
6
7
8

Closely related sequence
from GenBank
Bacillus sp.
Pseudomonas sp.
Candida tropicalis
Aspergillus niger
Saccharomyces cerevisiae
Kluyveromyces hubeiensis
Rhodotorula glutinis
Pichia kudriazevi

Accession No.

Identity (%)

KC197028.1
KC108953.1
EU034726.1
EU884135
JN938990.1
AY325966.1
HQ420261.1
AY964117.1

100%
100%
100%
99%
99%
98%
97%
99%

Table 2 shows that the MMC is dominated by fungi
included in bands 3-8, among which five bands are affiliated to yeast. The closest known sequences to bands 3-8
were Candida tropicalis (100% similarity), Aspergillus niger
(99% similarity), Saccharomyces cerevisiae (99% similarity), Kluyveromyces hubeiensis (98% similarity),
Rhodotorula glutinis (97% similarity) and Pichia kudriazevi (99% similarity), respectively. According to previous reports, all the fungi in this study were proposed as
the main 2-PE producers [34,35]. In addition, Tiwari et al.
[36] suggested that Candida tropicalis isolated from soil
samples near-by distillery sites exhibited highest 75%
decolorization. Hatano et al. [37] reported that Saccharomyces cerevisiae was able to remove up to 33% of color
from the molasses spent wash. Tondee et al. [38] pointed
out that Pichia kudriazevi isolated from fruit samples
showed 60% melanoidin decolorization at 30 °C within 7
days under aerobic conditions. According to Pal et al. [39],
Aspergillus niger also reduced 52.5% coloration from contaminated effluents. Therefore, all the fungi also have an
important role in the decolorization of CMW. The functions of MMC in wastewater substrate utilization and product formation had been preliminarily disclosed in this
work. The results pave the direction for further revealing
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the synergy mechanisms of MMC to produce 2-PE from
the system level, and lay a foundation for further adjusting the cooperation effect to enhance the 2-PE production.
4. CONCLUSIONS
CMW as an excellent substrate was successfully used
to produce 2-PE. After optimization of the operational
parameters, 2-PE production was up to 837.5 mg/L with a
yield of 8.4 mg/g-COD at 4-days HRT in an IALR reactor.
At the same time, the composition and function characteristics of the MMC were analyzed by rDNA PCR-DGGE
technique, demonstrating that MMC was mainly composed
of several bacteria and some fungi. The resource utilization
of CMW with complex microbial community matches the
requirements of environmental protection and sustainable
development.
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ABSTRACT
In this study, veterinary drugs, polychlorinated biphenyls (PCBs) and organochlorine pesticide (OCP) residues, colour, texture profile, nutritional value, and chemical composition of sea bass and sea bream cultured in
Turkey were examined. The levels of veterinary drug residue, PCB, OCP and heavy metal concentrations found in
sea bass and sea bream samples were lower than the maximum residue limits set by the European legislation.
While the colour and texture profile of sea bream and sea
bass did not differ, differences were obtained in the nutritional composition and macro-mineral content of the fishes.
The contents of polyunsaturated fatty acids (PUFAs), n-3
and n-6 fatty acids in cultured fishes were found to be in
the range of 28.4-32.6%, 17.0-22.1% and 8.6-14.6 for sea
bass, but 27.7-35.5%, 13.2-19.6% and 9.7-22.4% for sea
bream.
KEYWORDS: sea bass, sea bream, nutrition composition, PCBs,
OCPs, veterinary drug residues

1. INTRODUCTION
The amount of world fish production is 149 million
tons (capture 89 million tons and farmed 60 million tons
of production) in 2011. Aquaculture of sea bass (Dicentrarchus labrax) and sea bream (Sparus aurata) are of major
importance for the economy of the Mediterranean region.
The first efforts to breed sea bass were made in the late
1970s and early 1980s, in France and Italy. Production increased rapidly during the 1990s. Sea bass is produced in
* Corresponding author

most countries bordering the Mediterranean Sea. The main
producers are Greece, Turkey, Spain, Italy and France,
which in 2002 accounted for 90 % of production. Smaller
producers are Portugal, Croatia, Cyprus, Israel, Malta, Egypt,
Tunisia and Morocco. Sea bass productions of the European countries were almost doubled between 2002 and
2010, increasing from approximately 58000 tons/year in
2002 to 111000 tons/year in 2010. Gilthead sea bream
(Sparus aurata) is the second most produced farmed ﬁsh
species in the European countries with an estimated production of 138,958 tons in 2010 [1]. Sea bass and sea
bream are high-value products that are very popular in
Turkey. Turkey is the second largest producer of both sea
bream and sea bass, after Greece. Total fishery production
of Turkey is approximately 700,000 tons of which aquaculture accounts for 188,790 tons. Production of cultured
sea bass and sea bream were 65512 t and 30743 t in 2012
(TUIK [2]). Accurate information about chemical composition and quality parameters of commercially important
ﬁsh species are of major importance as they influence postmortem deterioration and changes of the nutritional value
of cultured fish. Environmental contamination by polychlorinated biphenyls (PCBs) and organochlorine pesticides
(OCPs) is a global concern because these compounds can
be accumulated and ampliﬁed through the food web, and
can cause adverse health effects, such as development of
neurotoxicity, cancer, and endocrine disruption. There is,
however, little information on PCB and OCP concentrations and their potential health risks in cultured fish from
Turkish farms. The main objective of the first part of this
study was to determine veterinary drug residues, PCBs OCPs and heavy metal levels of cultured sea bass and sea
bream. In the second part of the study, the colour and
texture profiles, macro-mineral contents, fatty acids, and
amino acid compositions in these sea bass and sea bream
samples from different Turkish farms are discussed.
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2. MATERIALS AND METHODS
2.1. Samples

Samples were obtained from four different large exporter fish farms. Sixty-four cultured sea bass and sixtyfour cultured sea bream samples were collected in two
different times, April and May 2011. These samples were
randomly purchased from farms located at the west coast
of Turkey within the province of Muğla (Aegean Sea,
Turkey). In four farms, specimens were reared in net cages
in the sea, fed with commercial diets and harvested at
about 16 months old. Fish samples were gutted, filleted
and washed after biometric measurements.
2.2. Biometric measurements

Upon arrival at the laboratory, the ﬁshes were individually weighted (TW) and measured to determine
standard length (SL) (Table 3).
2.3. Analysis of veterinary drug residues

The veterinary drug residues of the fish ﬁllets were
determined according to the method described by the
European Union Reference Laboratory [3] using a LCMS/MS combination. For LC-MS/MS analysis, an Applied
Bio systems/MDS Scitex API 4000 QTRAP mass spectrometer (Toronto, Canada) operating with Analyst software (version 1.6.1) for acquisition and peak integration
and interfaced with a Shimadzu LC model 20-AD and
SIL 20A HT model auto sampler were used. All 25 reference standards (ciprofloxacin, clindamycin, chlortetracycline, danofloxacin, difloxacin, doxycycline hydrate,
flumequine, josamycin, lomefloxacin, orbifloxacin, oxolinic
acid, oxytetracycline, rifampicin, sarafloxacin, sulfachloropyridazine, sulfaquinoxaline, sulfadiazine, sulfamerazine,
sulfathizaole, sulfamethazine, sulfadoxine, sulfapyridine,
sulfaclozine, sulfamethoxazole, tilmicosin) were purchased from Sigma Aldrich (purity > 90%. HPLC gradient grade methanol and formic acid were obtained from
Merck KGaA, Darmstadt, Germany. Chromatographic
separations of compounds were performed on a Prodigy
column 3 µm ODS3 100A, 150 mm x 4.60 mm (Phenomenex, USA). The flow-rate was 0.4 ml/min.
2.4. Analysis of polychlorinated biphenyl (PCB) and organochlorine pesticide (OCP) residues

The PCB and OCP residues of the ﬁllets were GC/MSdetermined according to the methods described by Lehotay
[4] and TS/EN [5], respectively. A gas chromatograph, Trace
GC Ultra (Thermo Electron Corporation, USA) equipped
with a programmable temperature vaporizing (PTV) inlet,
an AS 2000 Auto sampler (Thermo Quest, USA) and an
ion trap mass spectrometric detector POLARIS Q (Thermo
Electron Corporation, USA) was used for identification
and quantification of PCBs. The analytical column used
for separation of PCBs and OCPs was a HP-5MS (30 m ×
0.25 mm id × 0.25 µm df). Helium was used as carrier gas
with a flow-rate of 1.3 ml/min. GC−MS analyses of OCPs
were conducted on a Perkin-Elmer Clarus 680 GC equipped

with Clarus 600T MS. The column temperature was held
initially at 80 °C for 3 min, increased to 280 °C at 5 °C/min,
and held there for 10 min. PCB 198 and PCB 209, were used
as internal standards. PCB and OCP standards were obtained from Dr. Ehrenstorfer (purity >%99). Sodium sulphide, aluminium oxide 60 and silicagel 60 (70-230 mesh)
were purchased from Merck, Germany. Extraction solvents
hexane, dichloromethane, acetone and petroleum ether were
all of organic residue grade and obtained from Merck (purity >%99). The limits of quantification of veterinary drug,
PCB and OCP residues are presented in Table 1.
2.5. Analysis of colour

The colour of the fish samples was determined with
the help of a Konica Minolta chromo meter (model CR
400/410; Minolta, Osaka, Japan). The colorimeter was
calibrated using white references (CR-A44). Colour and
texture measurements (3 measurements for each fillet) were
performed on the dorsal parts of fish fillets.
2.6. Analysis of texture profiles

Textural analyses of the fillets were performed by a
Brookfield CT3-1500 Texture Analyzer (Brookfield Engineering Laboratories, Midlleboro, MA, USA) equipped
with a load cell of 1.5 kg.
Test type: Texture profile analysis (TPA) with compression; Test target: load, Target value: 2.000 N, Hold time:
5 s, Trigger load: 0.020 N, Test speed: 1.00 mm/second,
Probe type: TA 50. Texture parameters: hardness, fracture
ability, adhesiveness, resilience, cohesiveness, springiness,
gumminess, chewiness.
Test type: Texture profile analysis (TPA) with shear
force test; Test target: distance, Target value: 4.0 mm,
Trigger load: 0.020 N, Test speed: 1.00 mm/second, Probe
type: TA 52, Dimension of probe: 3x3x3 cm. Texture parameters: hardness, fracture ability, adhesiveness, resilience,
cohesiveness, springiness, gumminess, chewiness.
Three measurements were run on each fillet just
above the mid-line.
2.7. Analysis of proximate composition

Fat content of the fish samples was determined according to the method described by Erkan and Özden [6].
The total nitrogen content was determined by the Kjeldahl
method, and the result multiplied by 6.25 to obtain crude
protein. Moisture content was determined by drying an
accurately weighed minced fish sample in an oven
(Wisenven, WON-105, Seoul, Korea) at 105 ±2 ºC for 3
h. The ash content was obtained by heating the samples to
a temperature of 550 ºC in an ash oven for 3 h (Nüve, MF
100, Ankara, Turkey) [7].
2.8. Analysis of macro and toxic minerals

The determinations of macro and toxic mineral analyses were conducted in a Thermo Electron X7 inductively
coupled plasma mass spectrometry (ICP-MS), (Model X
series, Winsford-Cheshire UK). Mineral analysis was
according to the EPA [8].
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2.9. Analysis of fatty acids

Lipid extraction was done according to [9]. Methyl
esters were prepared according to [10]. Esteriﬁed samples
were analysed using a Perkin Elmer model Clarus 500 GC
(Perkin Elmer, California, USA).
2.10. Analysis of amino acids

HPLC amino acid analysis was performed using a
Shimadzu LC-10 VP (Kyoto, Japan) [11]. All chemicals
used were of analytical grade.
2.11. Statistical analysis

All analyses were performed at least in triplicate. Results are reported as mean values ± standard deviation (SD).
Significant differences between samples were calculated
with Excel XP 2003 by one-way ANOVA using a significance level of P < 0.05 by Tukey’s honestly significant
difference (HSD) test.
3. RESULTS AND DISCUSSION
3.1. Veterinary drug residues, polychlorinated biphenyls
(PCBs), organochlorine pesticides (OCPs) and heavy metals

In recent years, both legislators and consumers have
shown increased interest in the safety of food products.
Events such as the appearance of drug residues in food of
animal origin have impelled governments in the United
States, the European Union, Japan, and many other coun-

tries in the world to set up monitoring programs [12]. Herein, sulfonamide, tetracycline, quinolone and macrolide
contents in sea bass and sea bream samples were measured
under the limit of quantification. These values were far
below the maximum residue limit established by the Turkish
Food Codex [13] (100 µg/kg for sulfonamides and tetracyclines, 200 µg/kg josamycin, 50 µg/kg tilmicosin from macrolides, 100 µg/kg for ciprofloxacin, danofloxacin, difloxacin, oxolinic acid, 600 µg/kg for flumequine, 30 µg/kg
for sarafloxacin from quinolones). Our findings showed
that levels of veterinary drug residues did not constitute a
risk to human health.
Polychlorinated biphenyls (PCBs) and organochlorine
pesticides (OCPs) are representative compounds of persistent organic pollutants (POPs). PCBs and OCPs have
been widely used during the past several decades. Due to
their persistence in the environment, bioaccumulation in
tissues through food chain, and adverse effects on wildlife
and humans, the production and use of PCBs and OCPs
have been banned since the 1980s [14]. In recent years, an
important number of studies has been focused on contaminants in several edible marine species from several areas
in Europe. A very recent study, documented the bioaccumulation of some PCBs in farmed gilthead sea bream
reared in different aquaculture farms of the Mediterranean
area, revealed important differences between inland and
in-shore sea farms, suggesting that commercial feed is an
important source of PCBs [15]. In other researches, high
variation in contamination was observed

TABLE 1 - Limits of detection (LOD) and of quantification (LOQ) for veterinary drug residues, PCBs and OCPs.
Veterinary drugs
(Sulfonamides)
Sulfachloropyridazine
Sulfaquinoxaline
Sulfadiazine
Sulfamerazine
Sulfathizaole
Sulfamethazine
Sulfadoxine
Sulfapyridine
Sulfaclozine
Sulfamethoxazole
Veterinary drugs
(Quinolones)
Ciprofloxacin
Danofloxacin
Difloxacin
Flumequine
Lomefloxacin
Orbifloxacin
Oxolinic Acid
Sarafloxacin
Veterinary drugs
(Tetracyclines)
Chlortetracycline
Doxycycline hydrate
Oxytetracycline

LOD (µg/kg)

LOQ (µg/kg)

13
8
7
5
4
10
11
6
5
7
LOD (µg/kg)

26
16
14
10
8
20
22
12
10
14
LOQ (µg/kg)

10
13
11
12
11
9
13
7
LOD (µg/kg)

21
24
22
24
21
18
26
13
LOQ (µg/kg)

11
10
13

Veterinary drug
(Macrolides)
Clindamycin
Josamycin
Rifampicin
Tilmicosin
PCBs
PCB 28
PCB 30
PCB 52
PCB 101
PCB 118
PCB 138
PCB 153
PCB 180
OCPs
Aldrin
Alfa endosulfan
44dde
24ddt
44ddd
44ddt

22
20
26
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LOD (µg/kg)

LOQ (µg/kg)

12
10
11
12
LOD (µg/kg)
1.5
2.5
0.6
1.4
2.1

24
20
22
24
LOQ (µg/kg)
5
8
2
5
7
6

1.7
0.8
1.2
LOD (µg/kg)
1.6
4.8
1.5
1.4
2.0
1.3

3
4
LOQ (µg/kg)
5
16
5
5
7
4

© by PSP Volume 23 – No 6. 2014

Fresenius Environmental Bulletin

within rearing locations, within each season, which were
probably due to different feeding regimes and different
water temperatures between the different countries [16].
In the study, PCPs and OCPs in sea bass and sea bream
samples were measured under the limits of quantification
(presented in Table 1). The European Union (EU) set a
maximum residue limit (MRL) of 75 ng/g (wet weight)
for ΣPCBs (PCB 28, 52, 101, 138, 153 and 180) in fish
flesh and aqua-cultured products [17]. Our data does not
constitute a risk to human health. Residue analyses of
aqua-cultured fish were found not too much about the
scientific data. Çelik Çakıroğulları et al. [18] studied polychlorinated dibenzo-p-dioxin, dibenzo-p-furans and polychlorinated biphenyls in farmed sea bass and sea bream
obtained from four different ﬁsh farms in Turkey during
2008–2009, and concentrations of PCBs were found below the EU regulation limits. Similarly, Trocino et al.
[19] examined the levels of dioxin-like polychlorinated
biphenyls (DL-PCBs) and metals in European sea bass
from ﬁsh farms in Italy. Lower contamination levels were
reported for fresh sea bass and sea bream from the Slovenian [20] and Greek market [21]. More detailed scientific
studies are needed in this regard.
Heavy metals include a group of pollutants that are
persistent in the environment, bioaccumulative, and also
toxic for humans and wildlife. Heavy metals are ubiquitous environmental pollutants and now represent a global
contamination problem [22]. This paper presents the first
results of analysis of farmed sea bass and sea bream samples in Turkey for mercury, lead and cadmium. They are
all toxic heavy metals released into the environment from
both natural and anthropogenic sources. It is of great interest to consumers as to whether it can cause harmful effects
at low dose levels. Levels of heavy metal in fish vary depending on factors, such as: trophic level in the food chain,
size, and habitat location [22]. Mercury levels in all the
sea bass and sea bream samples were measured as <0.001
mg/kg. The lead concentrations of sea bass and sea bream
were measured from 0.024 to 0.059 mg/kg and from <0.001
to 0.003 mg/kg. Cadmium levels of sea bass were 0.017,
0.039, 0.058 and 0.047 mg/kg for farms A, B, C and D. The
cadmium levels of sea bream ranged from <0.001 to 0.002
mg/kg (Table 3). The limits of the European Communities
are for Hg 0.5 mg/kg in fishery products, for Pb 0.3 mg/kg
in fish, and for Cd 0.05 mg/kg in lean fish [23]. The legal
limits were not exceeded in sea bass and sea bream samples examined. These results are similar to those reported
by Cardinal et al. [16] for sea bream (<0.047 mg/kg Hg,
<0.035 mg/kg Pb, <0.002 mg/kg Cd). Alasalvar et al. [24]
found samples of sea bass to contain 0.27 µg Cd/g and
1.03 µg Pb/g.
3.2. Colour and texture profiles

Colour is an important quality attributes in food and
bioprocess industries; it influences consumer’ choices and
preferences. Food colour is governed by the chemical,
biochemical, microbial and physical changes which occur
during growth, maturation, postharvest handling and pro-

cessing [25]. Lightness (L*) values of the sea bass samples ranged from 43.04 to 46.68, and the values of red and
yellow colour, a* and b*, ranged from -1.16 to 2.63 and
from -2.58 to 0.85, according to the farms (Table 2). A
similar result was reported in gilthead sea bream and sea
bass [26, 16]. In another study, the muscle lightness (L*)
and yellow colour (b*) were higher (60.28 and 12.12) in
farmed sea bass than our results [27].
The texture of fish is an important other quality characteristic, and soft fillets are a problem for the fish industry [28]. Depending upon storage time and nutritional
state, among other factors (stock density), ﬁsh ﬂesh can
vary in ﬁrmness. Generally, consumers prefer ﬁrm and
elastic ﬁsh ﬂesh. Fat content was related with texture profile [29]. Texture findings of sea bass and sea bream samples are presented in detail in Table 2. In this study, there
were no differences between the groups in the texture
profile of sea bream and sea bass samples. Little data
were found to be compared in the texture profile of farmed
fish. Periago et al. [29] determined sea bass sample data as
2.07 cm springiness, 48.47 N hardness, 0.34 cohesiveness,
36.03 N.cm chewiness, and 16.88 N gumminess. The
differences from our findings may be related to the
thickness of the fish meat and the model of texture profile
analyser. The colour and texture profile of cultured fish
can affect feed formulation and stocking density in rearing systems [30, 29].
3.3. Proximate composition

Proximate composition is also important as an aspect
of quality of raw fish material, sensory attributes and
storage stability, and gives an idea of sexual stage [31].
Proximate composition of sea bass and sea bream samples
is shown in Table 3. While the lipid content of sea bass
species ranged from 6.11 ± 0.28% for farm A to 10.49 ±
0.92 % for farm B, the lipid contents of sea bream species
were between 6.14 ± 1.31% for farm C to 16.29 ± 5.84%
for farm D. The lipid content of cultured ﬁsh varies related to species, diet, gender, geographical origin, nutrient
content of water, and season [32]. Similar results were
reported by Erkan and Özden [33], Erkan [34] and Özden
and Erkan [35] in cultured sea bass, and by Grigorakis et
al. [36] in cultured sea bream. Other studies have reported
a lower fat content for cultured sea bass and sea bream
[24, 32, 37-39]. Moisture content is inversely related to its
lipid content [31]. The higher moisture contents in sea bass
were determined as farm A (68.45± 0.80%) and farm D
samples (67.82±2.51 %), while the lowest moisture of sea
bream was determined in farm D samples (60.87±4.51%).
Protein contents of the sea bass and sea bream samples
ranged from 21.97 (D) % to 23.33 % (A), and from 21.14
(D) % to 22.64 % (A); the contents of ash of sea bass and
sea bream ranged, respectively, from 2.01 % (C) to 2.34
% (D) and from 1.60 % (D) to 2.11 % (C), according to
the farms. Protein and ash values of sea bream and sea
bass samples were found not to be signiﬁcantly diﬀerent
(p > 0.05) according to the farms.
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The main reason of different proximate composition
of sea bream and sea bass from different farms is due to
differences in feed composition. The chemical composition of ﬁsh muscle varies greatly from one species and one
individual to another depending on age, sex, environment
and season [31]. The most important factors affecting the
chemical composition of aquaculture fish feed composition/feed intake, are the chemical characteristics of the
water in rearing systems [40].
3.4. Macro-mineral profile

Sodium, magnesium, phosphorus, potassium, and
calcium are all considered to be macro elements, which
are present in the fish muscle as mg/kg or g/kg quantities
[41]. Na contents of the sea bass samples ranged from 732
to 1006 mg/kg, and the contents of Mg and P ranged, respectively, from 340 to 441 and from 2589 to 4962 mg/kg, according to the farms. The P and Ca contents measured on

the sea bass samples were signiﬁcantly lower in farm C
samples than in farm A, B and D samples (Table 3).
Erkan and Özden [6] found in cultured sea bass 773 mg/kg
Na, 326 mg/kg Mg, 3736 mg/kg P, 4597 mg/kg K, and
636 mg/kg Ca. These results were similar to the Na (775 mg/
kg), Mg (325 mg/kg), P (3749 mg/kg), K (4601 mg/kg) and
Ca values (616 mg/kg) of cultured sea bass described by
Özden and Erkan [35]. Lower amounts of Na (250-280 mg/
kg), Mg (110-80 mg/kg), P (370-290 mg/kg), K (173134 mg/ kg) and Ca (200-100 mg/kg), in farmed sea bass
from Greek and Spanish farms, have been reported to
arise from their dominance in the commercial diet [39].
The Na contents of sea bream were about 727, 748, 762
and 963 mg/kg respectively. The Mg concentrations of
sea bream were measured from 352 to 486 mg/kg. Farm B
samples had the lowest Mg values, whereas farm A samples
had the highest. The P and K contents of sea bream samples varied from 3100 to 8300 mg/kg and from 4061 to

TABLE 2 - Colour and texture profiles of cultured sea bass and sea bream samples.

Colour
L*
a*
b*
Texture
Compression test
Hardness (N)
Fracture ability (N)
Adhesiveness (N.mm)
Resilience
Cohesiveness
Springiness (mm)
Gumminess (N)
Chewiness (N.mm)
Shear force test
Hardness (N)
Fracture ability (N)
Adhesiveness (N.mm)
Resilience
Cohesiveness
Springiness (mm)
Gumminess (N)
Chewiness (N.mm)

A
Sea bass
45.74
±2.77
-1.16
±8.79
-2.50
±1.29
A
Sea bass

B
Sea bass
43.04
±3.16
1.39
±1.36
-2.13
±1.47
B
Sea bass

C
Sea bass
46.26
±4.17
2.63
±2.06
0.85
±1.70
C
Sea bass

D
Sea bass
46.68
±4.71
0.28
±1.10
-2.58
±1.94
D
Sea bass

A
Sea bream
45.74
±2.76
-1.16
±1.79
-2.50
±1.29
A
Sea bream

B
Sea bream
45.98
±2.19
1.02
±1.79
-1.73
±1.59
B
Sea bream

C
Sea bream
46.17
±3.00
0.89
±1.63
-1.00
±1.72
C
Sea bream

D
Sea bream
46.21
±3.03
0.05
±1.42
-2.57
±1.38
D
Sea bream

0.65
±0.30
0.83
±0.30
0.02
±0.00
0.21
±0.03
0.40
±0.05
3.16
±2.20
0.31
±0.10
1.00
±0.00

0.73
±0.20
0.92
±0.30
0.01
±0.00
0.25
±0.10
0.40
±0.08
3.48
±1.80
0.34
±0.10
1.00
±0.00

0.86
±0.30
1.08
±0.30
0.01
±0.00
0.21
±0.04
0.17
±0.05
2.59
±1.50
0.41
±0.10
1.00
±0.00

0.75
±0.30
0.93
±0.40
0.01
±0.00
0.24
±0.04
0.44
±0.06
3.74
±2.60
0.39
±0.10
1.00
±0.00

0.76
±0.20
0.96
±0.30
0.01
±0.00
0.20
±0.05
0.39
±0.07
3.78
±2.90
0.35
±0.08
0.001
±0.00

0.56
±0.20
0.73
±0.30
0.02
±0.00
0.15
±0.04
0.35
±0.07
3.87
±2.40
0.24
±0.08
0.001
±0.00

0.68
±0.30
0.89
±0.40
0.02
±0.00
0.16
±0.06
0.33
±0.09
3.14
±2.50
0.27
±0.09
0.001
±0.00

0.49
±0.10
0.61
±0.20
0.01
±0.00
0.17
±0.04
0.40
±0.06
2.55
±1.30
0.24
±0.08
0.001
±0.00

0.63
±0.01
0.80
±0.10
0.05
±0.00
0.20
±0.04
0.42
±0.06
5.41
±2.20
0.33
±0.08
1.00
±0.00

0.65
±0.20
0.78
±0.03
0.02
±0.00
0.22
±0.05
0.46
±0.05
4.42
±3.78
0.30
±0.10
1.00
±0.01

0.74
±0.20
0.85
±0.30
0.05
±0.00
0.23
±0.10
0.45
±0.10
5.56
±3.70
0.35
±0.08
1.00
±0.01

0.73
±0.30
0.91
±0.40
0.03
±0.00
0.20
±0.04
0.43
±0.07
5.81
±3.70
0.37
±0.10
2.00
±0.01

0.42
±0.10
0.54
±0.20
0.04
±0.00
0.15
±0.04
0.38
±0.05
3.43
±1.80
0.20
±0.07
0.001
±0.00

0.47
±0.20
0.58
±0.20
0.06
±0.00
0.15
±0.03
0.42
±0.03
4.25
±2.30
0.24
±0.09
0.001
±0.00

0.41
±0.10
0.51
±0.10
0.06
±0.00
0.13
±0.03
0.42
±0.05
5.97
±4.50
0.21
±0.05
0.001
±0.00

0.45
±0.10
0.57
±0.20
0.03
±0.00
0.16
±0.04
0.40
±0.07
5.80
±4.10
0.22
±0.07
0.003
±0.00
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TABLE 3 - Chemical composition of cultured sea bass and sea bream samples.
Biometric
measurements
Total weight (g)
Length (cm)
Proximate composition
(%)
Fat
Moisture
Protein
Ash
Carbohydrate
Mineral composition
(mg/kg)
Na
Mg
P
K
Ca
Toxic minerals (mg/kg)
Hg
Pb
Cd
Fatty acids
(% of total fatty acids)
Total SFA
Total MUFA
Total PUFA
PUFA/SFA
Total n-6
Total n-3
n-6/ n-3
n-3/n-6
DHA+EPA
Amino acids (%) g/100g
wet weight
EAA
NEAA

A
Sea bass
454.22
±73.87
34.09
±1.61
A
Sea bass
6.11
±0.28 b
68.45
±0.80 a
23.33
±0.89 a
2.03
±0.11 a
0.08
±0.01 a
A
Sea bass
732
±8.47 a
383
±7.87a
4912
±76.07 a
4163
±29.20 a
8551
±46.23 a
A
Sea bass
<0.001
±0.00 a
0.050
±0.001 a
0.002
±0.001 a
A
Sea bass
27.87
±0.03 a
37.03
±0.14 d
30.61
±0.06 c
1.10
8.55
±0.01 d
22.06
± 0.06 a
0.39
2.58
19.72
±0.12
A
Seabass
41.97
±0.10 c
58.02
±0.16 a

B
Sea bass
325.28
±26.59
31.31
±0.90
B
Sea bass
10.49
±0.92 a
63.74
±2.31 a
23.31
±1.21 a
2.16
±0.21 a
0.30
±0.03 b
B
Sea bass
1006
±9.21b
441
±6.16 b
4914
±135.8 a
4206
±64.84 a
8977
±97.81 a
B
Sea bass
<0.001
±0.00 a
0.059
±0.001 b
0.003
±0.001 a
B
Sea bass
25.82
±0.15 d
38.73
±0.11 b
32.61
±0.15 a
1.26
14.62
±0.11 a
17.99
±0.03 c
0.81
1.23
14.92
±0.08
B
Sea bass
42.96
±0.11 b
57.30
±0.28 b

C
Sea bass
282.85
±24.94
31.19
±0.92
C
Sea bass
10.46
±1.95 a
64.96
±3.34 a
22.25
±1.17 a
2.01
±0.65 a
0.32
±0.02 b
C
Sea bass
818
±5.64 c
340
±3.91 c
2589
±38.76 b
4908
±15.67 b
1778
±10.15 b
C
Sea bass
<0.001
±0.00 a
0.046
±0.001 c
0.003
±0.001 a
C
Sea bass
26.85
±0.01 b
40.41
±0.12 a
28.35
±0.01 d
1.06
11.35
±0.03 c
17.00
±0.04 d
0.67
1.50
14.34
±0.04
C
Sea bass
44.43
±0.17 a
55.56
±1.20 c

D
Sea bass
378.88
±78.18
31.73
±2.32
D
Sea bass
7.70
±3.33 ab
67.82
±2.51 a
21.97
±0.59 a
2.34
±0.31 a
0.17
±0.02 c
D
Sea bass
836
±15.49 c
414
±6.57 d
4962
±106.7 a
4168
±72.74 a
8061
±220.9 a
D
Sea bass
<0.001
±0.00 a
0.024
±0.001 d
<0.001
±0.00 b
D
Sea bass
26.54
±0.05 c
38.24
±0.11 c
31.33
±0.05 b
1.18
12.26
±0.01 b
19.07
±0.06 b
0.64
1.56
16.38
±0.06
D
Sea bass
41.88
±0.23 c
58.12
±0.40 a

5114 mg/kg. Farm A samples had the highest Mg values,
whereas farm B samples had the lowest (Table 3). The Na,
Mg, P, K and Ca contents of sea bream were reported as
289, 222, 3560, 3938 and 192 mg/kg, respectively [6]. This

A
Sea bream
352.12
±27.38
26.76
±0.61
A
Sea bream
10.69
±1.55 a
64.83
±1.65 b
22.64
±0.75 a
1.74
±0.94 a
0.10
±0.01 c
A
Sea bream
748
±8.99 b
486
±3.09 a
8300
±125.1a
4061
±32.99 d
6100
±226.3 a
A
Sea bream
<0.001
±0.00 a
0.017
±0.001 d
<0.001
±0.00 c
A
Sea bream
27.14
±0.27 b
37.68
±0.08 c
29.28
±0.12 b
1.08
9.65
±0.08 d
19.63
±0.04 a
0.49
2.03
17.07
±0.09
A
Sea bream
42.60
±0.09 b
57.42
±0.19 b

B
Sea bream
347.98
±46.00
27.05
±1.33
B
Sea bream
12.03
±4.03 a
63.81
±2.62 b
22.04
±1.34 a
1.87
±0.41 a
0.25
±0.02 b
B
Sea bream
762
±5.48 b
352
±3.22 c
3100
±16.17 d
4673
±11.62 b
3110
±96.52 d
B
Sea bream
<0.001
±0.00 a
0.039
±0.001 c
0.002
±0.00 a
B
Sea bream
25.82
±0.22 c
43.33
±0.46 a
27.68
±0.20 d
1.07
13.68
±0.01 b
14.00
± 0.18 c
0.98
1.02
11.35
±0.10
B
Sea bream
44.30
±0.12 a
55.70
±0.21 c

C
Sea bream
274.29
±18.86
26.29
±0.78
C
Sea bream
6.14
±1.31 b
69.54
±1.77 a
21.76
±1.24 a
2.11
±0.43 a
0.45
±0.01 a
C
Sea bream
963
±9.04 a
389
±4.92 b
3449
±59.19 c
5114
±26.17 a
3767
±76.84 c
C
Sea bream
<0.001
±0.00 a
0.058
±0.001 a
0.002
±0.00 a
C
Sea bream
28.46
±0.06 a
38.55
±0.10 b
28.06
±0.17 c
0.99
10.91
±0.20 c
17.14
±0.03 b
0.64
1.57
14.70
±0.04
C
Sea bream

D
Sea bream
343.69
±43.94
26.70
±1.12
D
Sea bream
16.29
±5.84 a
60.87
±4.51 b
21.14
±0.59 a
1.60
±0.31 a
0.10
±0.01 c
D
Sea bream
727
±8.49 b
376
±6.76 b
3802
±90.76 b
4270
±82.82 c
5059
±92.91 b
D
Sea bream
<0.001
±0.00 a
0.047
±0.002 b
0.001
±0.00 b
D
Sea bream
22.74
±0.00 d
37.53
±0.05 c
35.53
±0.08 a
1.56
22.35
±0.03 a
13.17
±0.12 d
1.70
0.59
9.56
±0.07
D
Sea bream

44.44 ±0.06 a 42.05 ±0.06 c
55.56 ±0.46 c 57.93 ±0.09 a

result is similar to macro-mineral contents of trout described
by Özden and Erkan [35] (291 mg/kg Na, 219 mg/kg Mg,
3507 mg/kg P, 3911 mg/kg K, 195 mg/kg Ca). The variation in the mineral concentrations of marine foods is
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closely related to seasonal and biological differences
(species, size, dark/white muscle, age, sex and sexual
maturity), area of catch, processing method, food source
and environmental conditions (water chemistry, salinity,
temperature and contaminants) [24, 41]. Within an individual organism, the mineral concentrations may vary
from tissue to tissue, and with age [42]. The safe and
adequate daily intake of an adult person is about 500 mg
for Na, 280-350 mg for Mg, 800-1200 mg for P, 2000 mg
for K, and 800-1200 mg for Ca [41]. Accordingly, approximately 100 g of sea bass/ sea bream cultured in Turkish
farms may provide almost 10% of daily magnesium requirement, and 20% of both daily sodium and potassium
requirements of a human. Likewise, consumption of 100 g
of fish portion may provide almost half of daily phosphorus
and calcium requirements of a human body.
3.5. Fatty acids and amino acids profile

The nutritional importance of ﬁsh consumption is, in
great extent, associated with its advantageous fatty acid
proﬁle. The signiﬁcance of the long-chain polyunsaturated
fatty acids (n-3 fatty acids) has gained attention because of
the prevention of human coronary artery disease and improvement of retina and brain development, and also decreased incidence of breast cancer, rheumatoid arthritis,
multiple sclerosis, psoriasis and inﬂammation [43]. In
particular, n-3 fatty acids eicosapentaenoic acid (EPA)
and docosahexaenoic acid (DHA) display several properties beneﬁcial for human health [44]. Fatty acid content of
cultured sea bass and sea bream samples is shown in
Table 3. Total SFA (saturated fatty acid) contents of the
sea bass samples ranged from 25.82 to 27.87 %, and the
contents of MUFAs (monounsaturated fatty acids) and
PUFAs (polyunsaturated fatty acids) ranged, respectively,
from 37.03 to 40.41 % and from 28.35 to 32.61 %, according
to the farms. Total SFA contents of the sea bream samples
ranged from 22.74 to 28.46 %. The highest and lowest
MUFA contents of sea bream were determined in farm B
(43.33 %) and farm D (37.53%) samples. PUFA contents
in sea bream were found between 27.68% (farm B) 35.53% (farm D). Commonly, the high content of SFA
observed in farmed fish is due to the manufactured diet
usually containing high SFA and MUFA, but being deficient in n-3 PUFA [45]. Similar results as in our study
were reported by Fuentes et al. [39] in sea bass from
Greek and Spain farms, whereas Bhouri et al. [42]; Trocino et al. [46]; Grigorakis et al. [36] and Lenas et al. [47]
reported very high PUFA results for cultured sea bass and
sea bream from Tunisia, Italy and Greek farms. The fatty
acid composition of fish may also be influenced by intrinsic (fish species, size and sexual maturity) and extrinsic
(season, water salinity, temperature, photoperiod, spawning etc.) factors [42]. The lipids of marine livestock contain high levels of polyunsaturated fatty acids, especially
EPA (eicosapentaenoic acid, C20:5 n-3) and DHA (docosahexaenoic acid, C22:6 n-3). General recommendations for daily dietary intakes of DHA+EPA are 0.5 g for
infants and an average of 1 g/day for adults and patients

with coronary heart disease [48]. The samples containing the
highest levels of DHA+EPA were from farm A for sea bass
and sea bream (19.72 and 17.07%), whereas the lowest levels were observed in farms C and D for sea bass and sea
bream (14.31 and 9.56%). These results are similar to
DHA+EPA contents of cultured fish described by Alasalvar
et al. [24], Grigorakis et al. [36] and Özden, and Erkan [35].
Essential amino acid (EAA) and non-essential amino
acid (NEAA) contents of cultured sea bass and sea bream
samples are listed in Table 3. The EAA contents of sea
bass and sea bream reared in different farms varied from
41.88 to 44.43 % and from 42.05 to 44.44%. Amongst
essential amino acids, lysine, leucine, isoleucine, and
phenylalanine presented the highest percentage of total
amino acids. Among non-essential amino acids, glutamic
acid and aspartic acid levels were the highest. The NEAA
contents of sea bass and sea bream reared in different
farms varied from 55.56 to 58.12 % and from 55.56 to
57.93 %. Valente et al. [49] have reported EAA and NEAA contents for cultured sea bream to be 43.88 % and
56.11%, respectively, and EAA/NEEA ratio as 0.78. In
another study, Cardinal et al. [16] found EAA and NEAA
values of 42.5 and 57.5%, respectively, and EAA/NEEA
ratio of 0.70 for cultured sea bream. The amino acid composition of the sea bass flesh is quite variable since it
depends on the dietary protein sources.
4. CONCLUSIONS
Colour and texture profile, nutritional value, chemical
composition, veterinary drugs, polychlorinated biphenyl
(PCB) and organochlorine pesticide (OCP) residues of
cultured sea bass and sea bream from different exportoriented farms in Aegean Sea, Turkey were studied. Colour and texture profile of sea bream and sea bass samples
did not differ among the fish farms; differences were
observed in nutritional composition and macro-mineral
contents of fishes. The sea bass and sea bream fillet fatty
acid profiles varied significantly, depending on the fatty
acid profile of their diets. Cultured fish showed a higher
content of monounsaturated fatty acids but lower ones of
saturated and polyunsaturated fatty acids.
Within the PUFA group, n-3 fatty acids were predominant in sea bass and sea bream, while n-6 ones were
more abundant in one sea bream farm. The essential and
non-essential amino acid contents varied significantly
depending on the protein content of the fish diets. All sea
bass and sea bream samples presented far lower veterinary drug residue, PCB, OCP and heavy metal concentrations than the maximum limit levels set by EC Regulations, being totally safe for human consumption.
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ABSTRACT
The capacity of ethanolic extracts of Haloxylon scoparium Pomel, Corrigiola telephiifolia Pourr., Ammodaucus leucotrichus Cosson & Durieu subsp. leucotrichus,
Chamaerops humilis L., Sideritis arborescens Salzm. ex
Benth., Ammi visnaga (L.) Lam., Vitex agnus castus L.,
Retama raetam (Forssk.) Webb & Berthel., Berberis
vulgaris L., Viscum album L., and Equisetum arvense L.
from Morocco to prevent lipid peroxidation, scavenging
free radicals, inhibiting lipoxygenase and acetylcholinesterase activities, were evaluated and compared to those
reported in the literature. As far as we know, the present
work was the first reporting on the antioxidant ability of
S. arborescens. The results showed that Equisetum arvense and Sideritis arborescens (stems) possessed the highest
concentrations of total phenols and flavonoids, respectively, and the extracts of Berberis vulgaris and Viscum album were the most promising as antioxidants as well as
anti-inflammatory and acetylcholinesterase (AChE) inhibitors. In some cases, the activities of B. vulgaris extracts
were not significantly different from those found for positive control (e.g. capacity for scavenging free radicals,
and capacity for inhibiting AChE).
KEYWORDS: Free radicals, lipoxygenase, acetylcholinesterase,
wild plants, Morocco

INTRODUCTION
The history of medicinal and aromatic plants is associated with the development of civilizations. China (birthplace of herbal medicine), India, the Middle East, especially the Arabo-Muslim world, Egypt, Greece, and Rome
represent civilizations in which aromatic and medicinal
plants had an important role [1].
According to the World Health Organization (WHO)
in 2008, more than 80% of the world's population relies on
* Corresponding author

traditional medicine for their primary healthcare needs.
Herbal-derived compounds are the basis for a large proportion of the commercial medications used today in developing countries for treatment of several diseases [2-4].
Haloxylon scoparium Pomel [syn. Hammada scoparia (Pomel) Iljin.; Arthrophytum scoparium (Pomel)
Iljin.; Salsola articulata Cav.; Haloxylon articulatum
(Cav.)], (Chenopodiaceae) can grow wild in south-east
Spain, North Africa, parts of Iran, Turkey, Iraq and Syria
[5]. This plant is known in Morocco as “âkenoud”, “Rremt”
and “âssây”. In this country, H. scoparium (whole plant) can
be used as cicatrizing agent, to treat headaches, for antidiabetic medications, or in the treatment of hypertension [6, 7].
Corrigiola telephiifolia Pourr. (Caryophyllaceae) is a
Moroccan medicinal plant called “sarghina”. This species
is found in Southern Europe and North Africa. The root is
used to treat flu, dermatological diseases, inflammation,
ulcer, cough, jaundice and diuretics [8]. Root decoction
has been reported to be used in Morocco in the treatment
of cancer (digestive and liver); however, there are studies
showing that extracts of Corrigiola telephiifolia present
toxicological effects [9-11].
Ammodaucus leucotrichus Cosson & Durieu subsp.
leucotrichus (Apiaceae) grows wild in maritime sands of
Morocco, Algeria and Tunisia, extending to Egypt and
tropical Africa [12]. In Morocco, this species is known as
“kamounte ben şofa, kammoun Şofi”. Moroccan people use
the fruits either as a powder or in decoction to treat gastricintestinal pain and indigestion. As infusion, this species is
used for some child diseases: nausea, regurgitation, and
vomiting [13]. Other authors also refer that the leaves of
this plant are used by Moroccan people in cases of dehydration, cooling and excessive secretion of urine [14]. The
seeds are used as substitute for ordinary cumin [15, 16].
Chamaerops humilis L. (Arecaceae) (dwarf fan palm,
European fan palm) is known in Morocco as “doum”.
This species is native to the Mediterranean coast, growing
wild, mainly along the Moroccan coast. Fruits are eaten in
Morocco, and an aqueous concoction made from the palm
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leaves of this plant, is also used to treat diabetes in this
country [17, 18].
The genus Sideritis (Lamiaceae) comprises more than
150 perennial and annual vegetal species distributed in the
Mediterranean area, including Canary and Madeira islands.
Due to the high number of hybridizations that occur between species, the taxonomical classification is complex
[19]. Sideritis arborescens Salzm. ex Benth. subsp. arborescens is endemic to Iberian Peninsula, whereas Sideritis
arborescens Bentham subsp. ortonedae (Labiatae) (Font
Quer & Pau) Maire is endemic to Morocco [20, 21].
Sideritis species have been traditionally used as teas
for feeding, flavouring agents, and in folk medicine as
antiinflammatory, antiulcerative, antimicrobial, vulnerary,
antioxidant, antispasmodic, anticonvulsant, analgesic and
carminative agents [19]. In Morocco, Sideritis spp. has
also been used in folk medicine to treat diabetes [6].
Ammi visnaga (L.) Lam. belongs to the Apiaceae family and grows wild in the Mediterranean region. In Europe,
this species is known as toothpick herb or Bishop’s weed,
whereas the Arabic name is “khella” and that in Morocco is
“bachnikha” [6, 22-24]. In Morocco, fruit decoction of this
plant is used for hypoglycaemic, diuretic, hypotensive,
hair-care, anthelmintic, antispasmodic, antirheumatic, antiseptic, tonic, and dental hygiene treatments, as well as
against vertigo and for nephritic colic symptoms [6, 23].
Vitex agnus castus L. (Verbenaceae), with the common name chastetree, is known in Morocco as “shajarat
mariam”, and is a deciduous shrub that is native to Mediterranean Europe and Central Asia. This plant, particularly its fruit extract, has been used in the treatment of menstrual disorders, including premenstrual symptoms and
spasmodic dysmenorrhoea, for some menopausal conditions, for insufficient lactation, and for the treatment of
acne [25-27]. It was also described as emmenagogue (herb),
carminative, anthelmintic and anti-inflammatory drug [25].
The aromatic leaves are used as a spice [28]. In the Imouzzer
Ida Outanane region, Vitex agnus castus is used for burns,
colds, headache (leaves, seeds) and as fumigant. In this
region, this species is known as “angarf-lkrwaa” [29].
Retama raetam (Forssk.) Webb & Berthel. (Fabaceae), commonly known as ‘raetam’, is a desert shrub native
to several countries of North-Africa (Algeria, Egypt, Libya,
Morocco and Tunisia), temperate Asia (Israel, Jordan,
Lebanon, Palestine and Syria), and south-eastern Europe (Sicily in Italy) [30]. In Morocco, it is largely spread
in desert regions and Middle Atlas. Ethnobotanical studies made in south-eastern region of Morocco (Tafilalet)
revealed that R. raetam is used for diabetes and hypertension control [7]. In Morocco, the stems and leaves are
also used after being crushed and mixed with honey as an
emetic. A decoction of the leaves is given as purgative
and anthelmintic. The powdered leaves and flowers are
used to heal circumcision wounds and as antiseptic for
wounds, skin rash and pruritus [13]. An ethnobotanical
survey made by [31] also revealed that a decoction obtained from leaves and flowers of R. raetam is used

against skin diseases in Taounate province of Northern
Morocco.
Berberis vulgaris L. (Berberidaceae), known as barberry, grows in Asia and Europe [32]. Berberis is the
Arabic name of the fruit that means a shell [33]. Diverse
parts of this plant have been used to treat diarrhea,
gallbladder and liver disfunctions, malaria, leishmaniasis,
stomach problems, and urinary tract disease [24, 33].
Imanshahidi and Hosseinzadeh [32] reviewed the pharmacological and therapeutics effects of B. vulgaris L. and
its protoberberine alkaloid (berberine), one of the isoquinoline alkaloids present in this plant. In the southeastern Morocco, seeds, fruit and leaves of this plant,
known as “hamida”, are used in folk medicine for the
treatment of hypertension and cardiac disease [7].
Viscum album L. (Loranthaceace) is a semiparasitic
plant, commonly known as European Mistletoe, that can be
found from northern Europe to northwest Africa, going east
from Europe, through Southwest and Central Asia to Japan
[35, 36]. Several therapeutic applications in folk medicine
of V. album have been reported, such as diabetes mellitus,
chronic cramps, stroke, stomach problems, heart palpitations, to lower blood pressure, difficulties in breathing, and
hot flushing in menopause, asthma, vertigo, lumbago, epilepsy, atherosclerosis, and cancer [35-37]. The aerial parts
of V. album, known in the south-eastern Morocco as
“dbake”, have been reported to be useful in the treatment of
cardiac diseases and hypertension [7].
Equisetum arvense L. (Equisetaceae) is a European
herb but also commonly found in America, Northern Africa
and Asia [38]. The ancient Greeks used E. arvense in the
treatment of wounds, whereas the Romans used it as a
vegetable, an animal feed and a medicine [39]. E. arvense
is used in traditional medicine as a diuretic, and in treatments
of urethritis, jaundice, hepatitis, stomach diseases, internal
bleeding, and respiratory tract infections [40]. Other authors
also referred that E. arvense has been recommended by
herbalists as haemostatic [41]. According to Eddouks et
al. [7], the aerial parts of E. arvense (“Dnab l’khil” have
also been used by populations of the south-east region of
Morocco in cardiac diseases and as hypotensor.
The current work intends to evaluate the antioxidant
(in vitro) capacities, the anti-inflammatory effects, through
the ability for inhibiting in vitro lipoxygenase, and also the
capacities for inhibiting acetylcholinesterase of these plants
collected in Morocco. Some of them are already known to
possess antioxidant ability (Tables 2, 3 and 4). In this case,
comparisons will be performed. Due to the fact that herein
work other techniques were performed, the data obtained
will complement those found in other works.
2. MATERIALS AND METHODS
2.1 Plant material

Aerial parts of the plants were harvested in Morocco,
and identified and authenticated by Prof. M. Fennane of
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the Scientific National Institute (Rabat, Morocco). Voucher
specimens are kept at the Herbarium of the Faculty of
Science Dhar Mahraz (Acronym: C3).
2.2 Extraction of phenols

Extraction of phenols was performed by sonication
on an ice-bath for 6 min using a VC300 Vibracell sonicator (Sonics and Materials, USA) with a 20 kHz frequency. One gram of dried powder in 10 ml of a hydroalcoholic solution (70%) was used. After sonication, the
samples were centrifuged for 5 min at 2000 g and 20 °C,
and the supernatant was removed and kept at −20 °C until
determination of total phenols.

were made at 517 nm (Shimadzu 160-UV spectrophotometer, Tokyo, Japan) after 60 min of reaction at room temperature. The values of IC50 were determined as reported above. Tests were carried out in triplicate, and BHT
was used as positive control.
2.8 Chelating metal ions

The degree of chelating ferrous ions by samples was
evaluated according to the method described by Boulanouar et al. [42]. Tests were carried out in triplicate.
Sample concentration providing 50% inhibition (IC50) was
obtained plotting the inhibition percentage against sample
concentrations. EDTA was used as positive control.

2.3 Determination of total phenols (Folin-Ciocalteau)

2.9 Hydroxyl radical scavenging activity

The total phenol contents of extracts were determined
using the Folin-Ciocalteau reagent and gallic acid as
standard (described by Boulanouar et al. [42]). Tests were
carried out in triplicate.

The assay of OH scavenging activity was developed
according to Boulanouar et al. [42]. The OH-scavenging
activity (%) was calculated using the following equation:
Inhibition (%) = [(Ao−A1)/Ao]×100, where Ao is the
absorbance of the control (without sample) and A1 is the
absorbance in the presence of the sample. Tests were carried out in triplicate. The sample concentration providing
50% inhibition (IC50) was obtained by plotting the inhibition percentage against extract concentrations. Mannitol
was used as positive control.

2.4 Flavone and flavonol contents

Flavone and flavonol contents were quantified as described by Boulanouar et al. [42]. Briefly, 0.5 ml of 2%
AlCl3-ethanol solution was added to 0.5 ml of sample or
standard. After 1 h at room temperature, the absorbance
was measured at 420 nm. Quercetin was used as standard
for the construction of calibration curves.
2.5 Thiobarbituric acid reactive species (TBARS)

The ability of samples to inhibit malondialdehyde formation and, therefore, lipid peroxidation, was determined by
using a modified thiobarbituric acid reactive species
(TBARS) assay. Egg yolk homogenates were used as a
lipid-rich medium obtained as described by Boulanouar et
al. [42]. All of the values were based on the percentage
antioxidant index (AI %), whereby the control was completely peroxidized, and each oil demonstrated a degree of
change. The percentage inhibition was calculated using
the formula [(Ao−A1/Ao)×100], where Ao is the absorbance of the blank sample and A1 is the absorbance of the
sample. It was plotted against sample concentrations and
IC50 was determined (concentration of extract able to
prevent 50% of lipid oxidation). Butylated hydroxytoluene (BHT) was used as positive control.
2.6 ABTS free radical-scavenging activity

The determination of ABTS•+ radical scavenging was
carried out as reported by Boulanouar et al. [42]. The
values of IC50 were determined as reported above. Tests
were carried out in triplicate. BHT was used as positive
control.

2.10 5-Lipoxygenase assay

The 5-lipoxygenase assay followed the procedure described by Boulanouar et al. [42]. The percentage inhibition of enzyme activity was calculated by comparison with
the negative control: % = [(Ao−A1)/Ao]×100, where Ao is
the absorbance of the blank sample and A1 is the absorbance of the sample. Tests were carried out in triplicate.
Sample concentration providing 50% inhibition (IC50) was
obtained plotting the inhibition percentage against sample
concentrations. Nordihydroguaiaretic acid (NDGA) was
used as positive control.
2.11 Acetylcholinesterase inhibition

The acetylcholinesterase inhibition assay was performed according to that reported by Boulanouar et al.
[42]. The percentage inhibition of enzyme activity was
calculated by comparison with the negative control: % =
[(Ao – A1) / Ao]x100, where Ao is the absorbance of the
control without extract and A1 is the absorbance of the
sample. Tests were carried out in triplicate. Sample concentration providing 50% inhibition (IC50) was obtained
plotting the inhibition percentage against sample (essential oil or extract solution) concentrations. Galantamine
was used as positive control.
2.12 Statistical analysis

2.7 Free radical scavenging activity (DPPH)

A methanolic stock solution (50 µl) of each sample at
different concentrations was placed in a cuvette, and 2 ml
of 60 µM methanolic solution of DPPH (2,2-diphenyl-1picrylhydrazyl) was added [42]. Absorbance measurements

Statistical analysis was performed with the SPSS 18.0
software (SPSS Inc.). Statistical comparisons were made
with one-way ANOVA, followed by Tukey`s multiple
comparisons. The level of significance was set at p<0.05.
Correlations between phenol or flavonoid content and
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antioxidant activity were achieved by the Pearson correlation coefficient (r) at a significance level of 99% (p<0.01)
and 95% (p<0.05).
3. RESULTS AND DISCUSSION
Table 1 depicts the total phenol and flavonoid contents as well as the antioxidant activities of the extracts
obtained from plants harvested in Morocco. The lipoxygenase and acetylcholinesterase inhibition activities are
also presented in Table 1. Tables 2-4 review the antioxidant activities found in the literature of those plants referred in the Introduction, as well as the capacities for
inhibiting lipoxygenase and acetylcholinesterase activities
in vitro. Some methods in these tables were not performed
by us; nevertheless, they were compiled therein, independent of their citations, or not along with the Results
and Discussion section.
3.1 Phenols

Equisetum extracts had significantly higher amounts
of phenols than the remaining samples, immediately followed by the extract of Chamaerops humilis. Haloxylon
scoparium extract along with Ammodaucus leucotrichus
had the lowest concentrations of phenols (Table 1). This
species had also the lowest amounts of total flavonoids
along with two other extracts, Sideritis arborescens (stems)
and Ammi visnaga. In contrast to the lowest concentrations of flavonoids found in the stems of S. arborescens,
the leaves presented the highest concentration of flavonoids among the samples surveyed (Table 1). Comparing
the phenol content found for Equisetum in the present
work with those reported by other authors (see Table 2), it
was within the range found by some authors [43, 44], but
significantly inferior to those reported by Milovanović et
al. [45] and Kurkić et al. [46], which may be attributed to
several factors divided in two major groups [47]. One
group is in relation with the extraction and isolation of

phenols (plant parts used, extraction time, temperature,
solvent-to-sample ratio, the number of repeated extractions of the sample, solvent type, particle size), and the
second group is related to the plant: genetic heritage,
growth phase as well as soil and climatic conditions at the
growth area [48]. Differences of phenol content depending
on the different parts of the plant used were also observed
herein with S. arborescens. In this case, a significant difference was observed between leaves and stems, and such
dissimilarity was more significant in flavonoid content than
in total phenols (Table 1). For other plants, some authors
also reported higher concentrations of flavonoids in leaves
than in other plant parts (for example, stems) [49].
The concentration of flavonoids in E. arvense extracts
found in the present work was substantially superior to
those observed by Štajner et al. [39] (Table 2).
3.2 Antioxidant activity
3.2.1 Lipid peroxidation

The capacity for preventing lipid peroxidation, evaluated by the method of TBARS, showed that all samples
had such a capacity; nevertheless, it was significantly
inferior to that of the positive control (BHT) (Table 1).
Berberis vulgaris extract was the best extract for preventing lipid oxidation of egg yolk, in contrast to the extracts
obtained from the following plants: Haloxylon scoparium,
Ammodaucus leucotrichus, Chamaerops humilis, Equisetum arvense and Sideritis arborescens (leaves). Other
authors also reported lipid peroxidation capacity for some
plants studied herein, although using different techniques,
lipidic sources and unities (Table 3). Such facts make it
difficult to compare results.
Two works were found in which the unities for presenting antioxidant activity (Table 3) were IC50 values as
presented herein (Table 1). In both cases, the values reported by the authors [50, 51] for Vitex agnus-castus fruits and
Equisetum arvense stems, respectively, were significantly
inferior to our values, which means higher activity

TABLE 1 - Phenol and flavonoid contents (mg/g, dry weight), and antioxidant activities, lipoxygenase and acetylcholinesterase inhibition
activities of extracts of Moroccan plants, expressed as IC50 (mg/ml).
Plant
Phenols*
Flavonoids**
TBARS
ABTS
DPPH
Hydroxyl
Chelating
Lipoxygenase Acetylcholinesterase
Haloxylon scoparium
12.338±0.942f
4.500±0.215de 1.925±0.120a 1.018±0.079a
1.867±0.061a
0.3492±0.0040b 0.034±0.013h
1.911±0.030a 4.169±0.080a
Corrigiola tolephiifolia
14.593±0.942def 3.843±0.215e
1.154±0.120b 0.737±0.079ab
0.673±0.061b
0.1792±0.0040e 0.287±0.013b
1.523±0.030c Ammodaucus leucotrich- 12.947±0.942f
2.255±0.215f
2.254±0.120a 0.524±0.079bc
0.658±0.061b
0.1614±0.0040f 0.261±0.013bc
0.621±0.030f us
Chamaerops humilis
30.864±0.942ab
5.966±0.215c
2.163±0.120a 0.035±0.079e
0.035±0.061d
0.4220±0.0040a 0.217±0.013cde 0.616±0.030f Sideritis arborescens
26.806±0.942c
9.285±0.215a
1.822±0.120a 0.110±0.079de
0.104±0.061d
0.2226±0.0040d 0.256±0.013bcd 0.932±0.030d (leaf)
S. arborescens (stem)
13.625±0.942ef
2.076±0.215f
0.541±0.120cd 0.289±0.079cde 0.378±0.061c
0.2636±0.0040c 0.368±0.013a
1.908±0.030a Retama reatam
27.819±0.942bc
4.428±0.215de 1.054±0.120b 0.237±0.079cde 0.477±0.061bc
0.1438±0.0040g 0.134±0.013g
0.421±0.030g Ammi visnaga
15.107±0.942def 2.705±0.215f
0.871±0.120bc 0.268±0.079cde 0.129±0.061d
0.1828±0.0040e 0.214±0.013de
0.262±0.030h 2.126±0.080c
Viscum album
28.141±0.942abc 5.998±0.215c
0.575±0.120cd 0.038±0.079e
0.046±0.061d
0.0586±0.0040h 0.241±0.013bcd 0.236±0.030h 1.712±0.080d
Berberis vulgaris
16.923±0.942de
6.974±0.215b
0.426±0.120de 0.049±0.079e
0.111±0.06d
0.0061±0.0040i 0.188±0.013ef
0.266±0.030h 0.013±0.080e
Vitex agnus castus
17.133±0.942d
3.908±0.215e
1.145±0.120b 0.340±0.079cd
0.467±0.061bc
0.266±0.013b
0.689±0.030b ND
Equisetum arvense
31.386±0.942a
4.885±0.215d
2.206±0.120a 0.065±0.079de
0.049±0.061d
0.168±0.013fg
0.787±0.030e 3.134±0.080b
BHT
ND
ND
ND
ND
0.097±0.120e 0.004±0.079e
0.089±0.061d
Mannitol
ND
ND
ND
ND
ND
0.0007±0.0040i ND
EDTA
ND
ND
ND
ND
ND
ND
0.061±0.013h
NDGA
ND
ND
ND
ND
ND
0.020±0.030i ND
Galanthamine
ND
ND
ND
ND
ND
ND
0.003±0.080e
* Concentration in mg GAE (gallic acid equivalents)/g; ** concentration in mg QE (quercetin equivalents)/g; values in the same column followed by the same letter are not significantly different by
the Tukey’s multiple range test (p<0.05); data are the means of at least three replicates.
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TABLE 2 - Review of the phenol contents found for the plants studied in the present work.
Plant
Haloxylon scoparium (1)
Haloxylon scoparium (1)
Haloxylon scoparium (1)
Corrigiola tolephiifolia (2)

Plant part used
Leafy stems
Aerial parts
Aerial parts
Aerial parts

Phenols
110.92 mg GAE/g
4.34-37.31 mg GAE/g
108.41 mg/GAE/g
ND

Tannins
ND
ND
ND
ND

o-diphenols
ND
ND
ND
ND

Flavonoids
38.90 mg CE/g
0.004-12.3 mg RE/g
15.58 mg QE/g
ND

Anthocyanins
ND
ND
ND
ND

References
[72]
[73]
[42]
[74]

Ammodaucus leucotrichus (3) Aerial parts
Chamaerops humilis (4)
Leaves

46.77 mg GAE/g
26.8 mg GAE/g*

ND
ND

ND
ND

15.48 mg CE/g
38.1 mg CE/g*

ND
ND

[72]
[55]

Sideritis arborescens (leaf) (5) Sideritis arborescens (stem) (5)
Retama reatam (6)
Roots-stems
Flowers
Retama reatam (6)
Flower (essential oils)
Retama reatam (6)
Flowers

-

-

-

-

-

-

11.11-25.19 mg GAE/g
ND
51.68 mg GAE/g
ND
ND
129.49-220.81 mg CE/g** 303.94-379.12 97 mg
CE/g**
ND
ND
ND
ND
ND
ND

ND

ND

ND

[75]

ND
ND

ND
41.58-54.97 mg CE/g**

ND
ND

[76]
[77]

ND
ND
-

ND
ND
-

ND
ND
ND

[78]
[79]
[60]

114.57-134.18 mg GAE/g ND
31.32-200.51 mg GAE/g ND
27.96-189.77 mg GAE/g

ND
ND

ND
ND

ND
ND

[52]
[53]

ND

ND

ND

ND

[80]

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
ND
9.72 µg QE/g
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
506.7-803.6 mg
Cy-3-Glu/L
ND

[81]
[82]
[64]
[83]
[58]
[84]
[56]
[35]
[57]
[37]
[65]
[54]

Retama reatam (6)
Retama reatam (6)
Ammi visnaga (7)

Leaves-seeds
Whole plant
Aerial parts

Viscum album (8)
Viscum album (8)

Leaves and stems
Leaves

Viscum album (8)

Stems
Leaves

Viscum album (8)
Viscum album (8)
Viscum album (8)
Viscum album (8)
Viscum album (8)
)Viscum album (8)
Viscum album (8)
Viscum album (8)
Viscum album (8)
Viscum album (8)
Berberis vulgaris (9)
Berberis vulgaris (9)

Leaves
Fruits
Aerial parts
Whole plant
Lectins
Aerial parts
Leaves
Leaves, stems, fruits
Leaves
Plant material
Root bark
Fruits

Hydrophilic: 0.44-0.65 mg
GAE/g
Lipophilic:
0.0030.006 mg GAE/g
Hydrophilic: 0.40-0.55 mg
GAE/g
Lipophilic:
0.002-0.015 mg GAE/g
ND
ND
6.33 mg CAE/g
ND
ND
19.43 mg GAE/g
160-182 mg TAE/100 g
ND
ND
ND
ND
2512-3629 mg GAE/L

Berberis vulgaris (9)

Root
Twigs
Leaves
Leaves, stems
Fruits
Leaves, fruits

10.34 mg GAE/g
12.53 mg GAE/g
52.54 mg GAE/g
273.1.2 mg/g
178.1 mg/g
ND

ND

ND

ND

ND

0.24 mg QE/g
0.50 mg QE/g
4.23 mg QE/g
ND

ND

[69]

ND

ND

ND

ND

[85]

Leaves
Seeds
Roots
Leaves
Fruits
Leaves
Aerial parts
Fruits

46.85 mg CAE/g
25.87 mg CAE/g
8.81 mg CAE/g
ND
ND
48.05 mg GAE/g
ND
21.73 µg GAE/g (hexane)112.46 µg GAE/g (water

ND

0.38 mg ME/g
0.60 mg ME/g
0.52 mg ME/g
ND
ND
ND
ND
ND

ND
ND
123.9 mg GAE/g
114.5 mg GAE/g
ND

ND
ND
ND

ND
ND
ND

ND
ND
ND

[50]
[67]
[90]

Vitex agnus castus (10)

Fruits
Aerial parts
Leaves
Fruits
Flowers, leaves and twigs

ND

ND

ND

[91]

Equisetum arvens (11)
Equisetum arvens (11)
Equisetum arvens (11)
Equisetum arvens (11)
Equisetum arvens (11)
Equisetum arvens (11)
Equisetum arvens (11)
Equisetum arvens (11)
Equisetum arvens (11)

Leaves
Stems
Plant material
Aerial parts
Stems
Stems
Stems
Aerial parts
Plant material

20.49-182.80 mg GAE/g
355.80 mg GAE/g
ND
1.73-96.4 mGAE/g
ND
92 µmol ChlE/g
ND
ND
ND

ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
ND
ND
ND
ND
ND
ND
ND
ND

42.29 mg CE/g
16.00 mg CE/g
2.92 mg CE/g
ND
ND
27.45 mg QE/g
ND
7.12 µg QE/g (ethyl acetate43.5 µg QE/g (dichloromethane)
ND
ND
Vitexin: 0.252%
Vitexin: 0.342%
Isoorientin
2’’-O-transcaffeoylisoorientin
6’’-O-transcaffeoylisoorientin
Luteolin-7-O-glucoside
ND
ND
0.905 mg/g
ND
4.89-135.01 mg RE/g
ND
ND
ND
ND

[86]

ND
ND
ND
ND
ND

43.44 mg CAE/g
18.42 mg CAE/g
6.45 mg CAE/g
ND
ND
ND
ND
ND

ND
ND
ND
ND
ND
ND
ND
ND
ND

[44]
[46]
[39]
[43]
[51]
[45]
[92]
[61]
[63]

Stems

Berberis vulgaris (9)
Berberis vulgaris (9)
Vitex agnus castus (10)
Vitex agnus castus (10)
Vitex agnus castus (10)
Vitex agnus castus (10)
Vitex agnus castus (10)
Vitex agnus castus (10)
Vitex agnus castus (10)
Vitex agnus castus (10)

[59]

[87]
[88]
[89]
[26]

AAE: ascorbic acid equivalents; Cy-3-Glu: cyanidin-3-glucoside; GAE: gallic acid equivalents; CE: catechin equivalents; RE: rutin equivalents; QE: quercetin equivalents; ME: malvidin equivalent;
TAE: tannic acid equivalent; ND: not determined; -: not found.
* The values of flavonoids are superior to those of total phenols according to the results of the authors. The sum of tannins and flavonoids is higher than the total phenols according to the results of the
authors. Letters in parenthesis correspond to the reference which will be cited in the following Review Tables. Numbers in parenthesis correspond to the name of the plant which will be cited in the
following Review Tables.
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TABLE 3 - Review of the capacity for preventing lipid peroxidation, inhibiting some enzymes and chelating activity found for the plants
studied in the present work.
Plant

Plant part used

β-carotene
bleaching test

Inhibition of lipid
peroxidation
(lipid source)

Levels of GSH
(glutathione)

Xanthine
oxidase
(inhibition)

Lipoxygenase
(inhibition)

1
1

Leafy stems
Aerial parts

ND
ND

ND
ND

1
2
3
4
5 (leaf)
5 (stem)
6

Aerial parts
Aerial parts
Aerial parts
Leaves
Roots-stems

+ (TLC)
23.69-39.02%
(100 µg/ml)
ND
ND
+ (TLC)
ND
ND

ND
ND
ND
ND

ND
ND
ND
ND
ND
ND
ND

ND
1.85-26.11 %
(100 µg/ml)
ND
ND
ND
ND
ND

6
6

Flowers
Flower (essential oils) ND
Flowers
ND

ND
ND

6

Leaves-seeds

ND

6
7
8

ND
ND
ND
ND

8
8

Whole plant
Aerial parts
Leaves
stems
Leaves
Stems
Leaves
Stems
Leaves
Fruits

8
8
8

Aerial parts
Whole plant
Lectins

ND
ND
ND

8
8
8

Aerial parts
Leaves
Leaves

82.23%
ND
ND

8
8

Chelating
activity

Ref.

ND
ND

Acetylcho- Myeloperoxilinesterase dase-catalysed
(inhibition) guaiacol
oxidation
(inhibition)
ND
ND
ND
ND

ND
ND

[72]
[73]

ND
ND
ND
ND
ND

ND
ND
ND
ND
ND

ND
ND
ND
ND
ND

ND
ND
ND
ND
ND

[42]
[74]
[72]
[55]
[75]

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

[76]
[77]

ND

ND

ND

ND

ND

ND

[78]

ND

ND
ND
ND

ND
ND
ND

ND
ND
ND

ND
ND
ND

ND
ND
ND

ND
ND
ND

[79]
[60]
[52]

ND

ND

ND

ND

ND

ND

ND

[53]

ND

ND

ND

ND

ND

ND

ND

ND

[80]

ND
ND

ND
(MDA in peripheral
blood lymphocytes) +
ND
ND
TBARS (LLC-PK1
renal epithelial cells) +
ND
ND
TBARS:
98.7% (1.65 mg/ml)
(liver homogenate
Wister albino rats)

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

[81]
[82]

ND
ND
ND

ND
ND
ND

ND
ND
ND

ND
ND
ND

ND
ND
ND

54.68%
ND
ND

[83]
[67]
[58]

ND
ND
ND

ND
ND
ND

ND
ND
ND

ND
ND
ND

ND
ND
ND

ND
+
ND

[84]
[56]
[35]

ND

ND

ND

ND

ND

ND

[57]

+ (liver, kidney, heart
tissues)
ND
ND
ND

ND

ND

ND

ND

ND

[37]

ND
ND
ND

ND
ND
ND

ND
ND
ND

ND
ND
ND

ND
ND
ND

[65]
[54]
[59]

+ MDA
ND
ND

ND
ND
ND

+
ND
ND

ND
ND
ND

+
ND
ND

+
ND
ND

ND
ND
ND

[69]
[85]
[86]

ND

ND

ND

ND

ND

ND

ND

ND

[87]

ND
ND

ND
ND
ND

ND
ND
ND

ND
ND
ND

ND
ND
ND

ND
ND
ND

+
ND
ND

[88]
[89]
[26]’

IC50=14-125 µg/ml (rat ND
brain homogenate)
Casticin:
IC50=0.049 mM (rat
brain homogenate)
ND
ND

ND

ND

ND

ND

ND

[50]

ND

Artemetin: IC50=54.6 µM ND
Casticin: IC50=26.0 µM
3,3′-Dihydroxy-5,6,7,4'tetramethoxy flavone: IC50>400 µM
Penduletin: IC50>400 µM
Methyl 4hydroxybenzoate: IC50>400 µM
p-Hydroxybenzoic
acid: IC50=197.37 µM

ND

ND

[67]

Stems
Fruits

8

Leaves

ND

8

Plant material

ND

9
9
9

Root bark
Fruits
Root
Twigs
Leaves
Fruits
Leaves, fruits
Leaves

ND
ND
59.99%
73.00%
89.26%
ND
ND
ND

9
9
10

10
10
10

Seeds
Roots
Leaves
Fruits
Leaves
Aerial parts
Fruits

10

Fruits

ND
ND
18.10% (ethyl
acetate)
(0.4 mg/ml)94.07% (water)
(2.0 mg/ml)
ND

10

Aerial parts

ND

10

ND
ND
75.53-81.47% (linoleic
acid emulsion)
0.078-0.250% (liposomes)

90.5% (1.65 mg/ml)
(liver homogenate
Wister albino rats)
89.9% (1.65 mg/ml)
(liver homogenate
Wister albino rats)
+ Ferric thiocyanate
(linoleic acid)
+ TBA
+ TBA (liver, kidney,
heart tissues)
ND
ND
ND
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10
10
11
11
11
11
11

Leaves
Fruits
Flowers, leaves and
twigs
Leaves
Stems
Plant material
Aerial parts
Stems
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ND

ND

ND

ND

Methyl 3,4dihydroxybenzoate: IC50>400 µM
5-Hydroxy-2methoxybenzoic acid: IC50>400 µM
Vanillic acid: IC50=85.59 µM
3,4-Dihydroxybenzoic
acid: IC50>400 µM
ND

ND

ND

ND

ND

ND

ND
ND
ND
ND
ND

ND

ND

ND

[90]

ND

ND

ND

[91]

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
IC50=14.50ND
ND
ND
ND
ND
ND
>192.31 µg/ml
(liposomes)
11
Stems
ND
ND
ND
ND
ND
ND
ND
ND
11
Stems
ND
+ TBARS (brain of
ND
ND
ND
ND
ND
ND
Naïve Wistar rats)
11
Stems
ND
ND
ND
ND
ND
ND
ND
ND
11
Plant material
ND
ND
ND
50-79%
ND
ND
ND
ND
MDA: malonaldehyde; ND: not determined; -: not found; TBA: thiobarbituric acid; TBARS: thiobarbituric acid reactive species; TLC: thin layer chromatography; +: positive activity

than the extracts of the present work. The lipidic source
and the parts of plant used were different which may
partly explain these differences. Unfortunately, there were
no references for the total phenol content in the extracts
which could help to clarify these differences. In E. arvense extracts, Mimica-Dukic et al. [51] reported a range of
activities depending on the type of solvent used for the
extraction of bioactive compounds. The concentrations of
flavonoids found in these extracts were also different, and
the highest activity found in one extract was attributed to
the higher levels of flavonoids in the extract. This may
also explain the lower antioxidant activity of our extracts
of E. arvense (Table 1), since the content of flavonoids
found in the extracts was inferior to those reported by
Mimica-Dukic et al. [51] (Table 3), although we did not
find a correlation between phenol or flavonoid concentration and the capacity for preventing the lipid peroxidation
of egg yolk (Table 5).
3.2.2 Capacity for scavenging free radicals

The capacity for scavenging free radicals of extracts
was examined by three methods: the capacity for scavenging ABTS, DPPH and hydroxyl-free radicals (Table 1).
The extracts of Chamaerops humilis, Viscum album
and Berberis vulgaris presented the highest capacity for
scavenging ABTS free radicals. Such ability was not significantly different from that of BHT, the positive control
(Table 1). These extracts were also good scavengers of
DPPH radicals along with the extracts of Sideritis arborescens (leaves), Ammi visnaga and Equisetum arvense
(Table 1). Herein, all of these extracts presented a good
antioxidant capacity, with regard to the positive control
(BHT) (Table 1).
For Chamaerops humilis, references about the capacity of extracts of this species for scavenging ABTS radicals were not found (Table 4). For Viscum album [52, 53]
and Berberis vulgaris [54], ABTS scavenging ability was
presented as Trolox Equivalent but herein as IC50 value.

[44]
[46]
[39]
[43]
[51]
[45]
[93]
[61]
[63]

This fact does not permit to compare the results. For Viscum album extracts, Vicaş et al. [52, 53] reported on the
importance of collection season, host trees from which
samples were harvested, and plant parts used. In B. vulgaris fruits, Özgen et al. [54] showed that different fruit
accessions possessed diverse antioxidant abilities. In this
case, the authors found a correlation between total phenols, flavonoids, and particularly, anthocyanins when examining the capacity of samples for scavenging free radicals. In the present work, a correlation was also found
between the concentration of total phenols, flavonoids and
the capacity for scavenging ABTS free radicals (Table 5).
The capacity for scavenging DPPH of Chamaerops
humilis extracts was reported by Benahamed-Bouhafsou
[55], and the IC50 value found was 180.71 µg/ml (Table 4),
being higher than in our sample (35 µg/ml) (Table 1) and,
therefore, with lower activity. For Viscum album, several
authors [52, 53, 56, 57] assayed the capacity of their samples for scavenging the DPPH free radicals, but only Kim
et al. [58] presented their results as IC50 values for lectins,
closer to our results.
Different parts of Berberis vulgaris possess different
IC50 values according to the work of Končić et al. [59];
they observed that the leaf extracts were most active (IC50
value 65 µg/ml) (Table 4), close to B. vulgaris extract
obtained from the aerial parts herein (49 µg/ml) (Table 1).
According to the results reported by Bencheraiet et
al. [60], the aerial parts of Ammi visnaga had higher ability for scavenging DPPH radicals (8.77 µg/ml) than our
sample (0.129 µg/ml), which may partly be explained by
the different types of solvents used for the extraction and,
therefore, different types of compounds isolated. A great
difference was also detected between the activity found in
the current work for E. arvense extract (Table 1) and
those reported by other authors [46, 51] (Table 5), possibly caused by the higher amounts of phenols and flavo-
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noids found by these authors (Table 2) compared to

our

TABLE 4 - Review of the capacity for scavenging free radicals and reducing power found for the plants studied in the present work.
Plant

ABTS

DPPH

1
1

Plant part
used
Leafy stems
Aerial parts

ND
ND

+ (TLC) (IC50=54.53 µg/ml) ND
ND
IC50=8.78-133.78 µg/ml

1
2
3
4

Aerial parts
Aerial parts
Aerial parts
Leaves

IC50=0.027 mg/ml
ND
ND
ND

IC50=0.044 mg/ml

5 (leaf)
5 (stem)
6

Roots-stems
Flowers
Flower
(essential
oils)
Flowers
Leaves-seeds
Whole plant
Aerial parts
Leaves
stems
Leaves

ND

6
6
6
6
7
8
8

Stems
8

ORAC

ND
ND

Nitric
oxide
ND
ND

ND
ND
ND
ND

ND
ND
ND
ND

ND
ND
ND
ND

ND
ND
ND
ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND
ND
ND
ND
ND

ND
ND
ND
ND
ND

ND
ND
ND
ND
ND

ND

ND

ND

ND
ND
ND
ND
0.17-9.64 mM
TE/g
1.87-9.97 mM
TE/g
1.52-9.79 mM
TE/g

ND

ND

ND

ND
ND
7.20%

34.44%

16.66%

28.43%
ND

ND

+
ND
ND
ND

ND
ND
ND
ND

ND

IC50=10.53-12.06 µg/ml
+ (TLC) (IC50=45.73 µg/ml)
+ (TLC);
IC50=180.71 µg/ml
4.20-14.06% (1000 mg/l)
11.96% (1000 mg/l)
IC50=0.8 mg/ml

ND
ND
ND
ND
1.7 mM TE/g

IC50=400-550 µg/ml
IC50=0.059-0.122%
78.1-80.2% (100 µg/ml)
IC50=8.77 µg/ml
10.97-77.19%

215.28-678.72 mM
2.22-70.19%
TE/g
Without activity
209.59-577.94 72 mM
TE/g
ND
ND

Hydroxyl

Superoxide

ND
ND

Leaves

Stems

Scavenging H 2O 2

Ref.

ND
IC50=11.24-53.18 µg/ml

[72]
[73]

ND
ND
ND
ND

[42]
[74]
[72]
[55]
[75]

ND

24.64% (1000 mg/l)
54.44% (1000 mg/l)
ND

ND
ND
ND
ND
ND

ND
ND
ND
ND
ND

[77]
[78]
[79]
[60]
[52]

ND

ND

[53]

FRAP:
Hydrophilic:0.080.14 AAE/g
Lipophilic:
0.0030.012 AAE/g
Hydrophilic:0.130.14 AAE/g
Lipophilic:
0.0050.012 AAE/g
FRAP: +
ND
0.10 Equiv
1 mM FeSO 4
ND

ND

[80]

ND
ND
0.37%

[81]
[82]
[64]

ND

[83]

ND
ND
ND
+ phosphomolybdenum
+ Ferric
thiocyanate
ND
ND

ND
ND
ND
ND

[58]
[84]
[56]
[35]

ND

[57]

ND
ND

[37]
[65]

ND

[54]

ND

[59]

ND
ND
ND

[76]

8
8
8

Leaves
Fruits
Aerial parts

ND
ND

8

Whole plant

ND

ND

ND

8
8
8
8

ND
ND
ND

IC50=42.6 µg/ml
ND
+
ND

+
ND
ND
ND

8

Lectins
Aerial parts
Leaves
Leaves,
stems, fruits
Leaves

3-(4-acetoxy-3,5dimethoxyphenyl2-E-propenyl-βDglucopyranoside:
IC50=211.69 µM
4’,5-dimethoxy-7hydroxyflavanone:
IC50=58.36 69 µM
+
ND
ND
ND

ND

+

ND

ND

ND

ND

8
9

Plant material ND
Root bark
ND

ND
ND

ND
ND

ND
ND

ND
ND

9

Fruits

41.1-49.3 TE mmol/L

ND

ND
N-(p-trans-coumaroyl)tiramine: IC50>40 µg/ml
Cannabisin G:
IC50=2.7 µg/ml
(±)-lyoniresinol:
IC50=1.4 µg/ml
ND

ND

ND

ND

9

Root
Twigs
Leaves

ND

IC50=1293 µg/ml
IC50=692 µg/ml
IC50=65 µg/ml

ND

ND

ND

ND

FRAP: 41.057.4 TE
mmol/l
+

9
9
10

Fruits
ND
Leaves, fruits ND
Leaves

+
+
Anti-radical power:
178.5 µL/µg DPPH

ND
ND
ND

ND
ND
ND

ND
ND
ND

ND
ND
ND

ND
ND
ND

ND
ND
ND

[69]
[85]
[86]

0.27-2.5 mM Trolox
ND
ND
0.097-2.27 mM Trolox
ND
ND
ND
ND
Casticin 1 mM: 24.27%
Penduletin 1 mM: 48.75%
Methyl-3,4-dihydroxy
benzoate 1 mM: 89.34%
Vanillic acid 1 mM: 43.38%
3,4-dihydroxybenzoic acid
1 mM: 94.73%
ND
0.51% (essential oil)
ND
(0.2 mg/ml)-82.72% (water)
(1 mg/ml)

ND

ND

ND

ND

ND

[87]

ND

ND

ND

+ (CUPRAC)
ND

93.5%
ND

[88]
[89]

ND

ND

ND

ND

ND

ND

ND

Absorbances at ND
700 nm: 0.021
(hexane)
(0.4 mg/ml)0.751 (water)
1 mg/ml
ND
ND

10
10

Seeds
Roots
Leaves
Fruits
Leaves
Aerial parts

10

Fruits

10

Fruits

10

IC50=68-3643 µg/ml

ND
ND

Reducing
power
ND
6.27-90.89%
(100 µg/ml)

ND

1386
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10
10

Aerial parts
Leaves
Flowers
Flowers,
leaves and
twigs

ND
ND

11

Leaves

11

Stems

292.75-1270.79 µM
TE/mg
ND

11

10

ND
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Casticin: without activity
ND
ND
IC50=0.449 mg/ml
ND
IC50=0.612 mg/ml)
Isoorientin: IC50=16.9 µg/ml ND
2’’-O-transcaffeoylisoorientin:
IC50=23.6 µg/ml
6’’-O-transcaffeoylisoorientin:
IC50=23.4 µg/ml
Luteolin-7-O-glucoside:
IC50=21.8 µg/ml
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

[67]
[90]

ND

ND

ND

ND

ND

[91]

ND

ND

ND

ND

ND

[44]

FRAP:
28.7 mM
Fe(II)/g
FRAP:
2.85*100 µM
Fe(II)
ND

ND

[46]

ND

[43]

ND

ND

[51]

ND

[45]

ND

10487 µmol
TAE/g
(molybdate
ammonium)
ND

ND

[92]
[61]

ND

ND

ND

[63]

IC50=13.5 µg/mL

ND

ND

ND

ND

Plant material ND

ND

73.5%

ND

ND

ND

11

Aerial parts

ND

IC50=0.64-2.27 mg/g
Protocatechuic acid:
IC50=0.04*10-3 mg/g
Vanilic acid:
IC50=1.72 mg/g
Caffeic acid:
IC50=0.01*10-3 mg/g
Syring acid:
IC50=0.05*10-3 mg/g
(-)Epicatechin:
IC50=0.09*10-3 mg/g
p-Coumaric acid:
IC50>2.5 mg/g
Ferulic acid:
IC50=0.09*10-3 mg/g
Rutin: IC50=0.07*10-3 mg/g

ND

ND

ND

11

Stems

ND

IC50=2.37-37.20 µg/ml

IC50=0.74-3.29 mg/g
Protocatechuic acid:
IC50=0.05*10-3 mg/g
Vanilic acid:
IC50=2.08 mg/g
Caffeic acid:
IC50=0.02*10-3 mg/g
Syring acid:
IC50=0.07*10-3 mg/g
(-)Epicatechin:
IC50=1.02 mg/g
p-Coumaric acid:
IC50>2.5 mg/g
Ferulic acid:
IC50=1.21 mg/g
Rutin:
IC50=0.09*10-3 mg/g
ND

ND

11

Stems

ND

ND

ND

ND

IC50=90.07- ND
>333.33 µg/
ml
ND
ND

11
11

Stems
Aerial parts

ND

ND
ND
Onitin: IC50=35.8 µM
Onitin-9-O-glucoside:
IC50=>100 µM
Apigenin: IC50=>100 µM
Luteolin: IC50=22.7 µM
Kaempferol-3-O-glucoside:
IC50= >100 µM
Quercetin-3-O-glucoside:
IC50=91.8 >100 µM

11

Plant material ND

20-49%

ND
ND
Onitin:
IC50=35.3 µM
Onitin-9-Oglucoside:
IC50=>100 µM
Apigenin:
IC50=>100 µM
Luteolin:
IC50=5.9 >100 µM
Kaempferol-3-Oglucoside:
IC50=>100 >100 µ
M
Quercetin-3-Oglucoside:
IC50=11.2 >100 µ
M
>80%
ND

50-79%

[39]

ABTS: 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid); CUPRAC: cupric reducing antioxidant capacity; DPPH: 2,2-diphenyl-1-picrylhydrazyl; FRAP: ferric reducing antioxidant power; ND:
not determined; -: not found; ORAC: oxygen ; TAE : α-tocopherol acetate equivalents; TE: Trolox equivalents; +: positive activity

samples (Table 1). In fact, our results showed the existence of a correlation between the capacity for scavenging
DPPH free radicals and the contents of phenols and flavonoids (Table 5). In addition, other authors were able to
identify the components present in the extracts of E. arvense with the best activity [43], namely, protocatechuic
acid, caffeic acid, syringic acid, epicatechin, ferulic acid,
and rutin. However, the IC50 values found for these compounds were significantly inferior to those found in the
extracts. The same authors also reported on the importance of extraction solvent to determine the content of
phenols and antioxidant activity. Onitin and luteolin were
two other compounds detected in extracts of E. arvense
by Oh et al. [61], with higher activity than some other
phenols identified in the same extract (glucosides of onitin,
kaempferol and quercetin, apigenin).

A strong correlation was found between the activities
obtained by DPPH and ABTS methods (Table 5), which
means that the mechanisms involved in both methods are
practically the same: electron transfer from the components of the extracts to ABTS or DPPH radicals [62].
Two plant extracts did not present a capacity for scavenging hydroxyl radicals: Vitex agnus-castus and Equisetum arvense (Table 1). B. vulgaris extract with the lowest
IC50 value was closest to the positive control (mannitol)
(Table 1). The absence of activity of E. arvense extract is
in contrast to that reported by other authors [39, 43, 63].
Canadanović-Brunet et al. [43] also assayed some individual components present in the extract of E. arvense,
and they concluded that protocatechuic acid, caffeic acid,
syringic acid and rutin presented the best activities, even
better than that of the extract.
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V. album extract and its lectins also had capacity for
scavenging hydroxyl radicals as reported by Papuc et al.
[64] and Kim et al. [58], respectively. Cannabisin G and

lyoniresinol present in the root bark of B. vulgaris had also
such a capacity according to some authors [65] (Table 4).

TABLE 5 - Pearson correlation coefficients among compounds and activities, and among the activities.
Phenol
Flavonoid TBARS ABTS
DPPH
Hydroxyl Chelating Lipoxygenase
Phenol
1
0.623**
-0.804** -0.765** -0.380*
Flavonoid
0.623** 1
-0.675** -0.597**
-0.402*
TBARS
1
0.551**
ABTS
-0.804** -0.675**
1
0.936** 0.616**
DPPH
-0.765** -0.597**
0.936** 1
0.491*
Hydroxyl
0.551** 1
0.691**
Chelating
-0.402*
1
Lipoxygenase
-0.380* 0.616** 0.491** 0.691**
1
Acetylcholinesterase
-0.668**
0.879** 0.700** 0.930**
-0.689** 0.725**
–: Not significant; * correlation is significant at the P < 0.05 level; ** correlation is significant at the P < 0.01 level

As reported for TBARS, the capacity for scavenging
hydroxyl radicals did not correlate neither with phenols
nor flavonoids (Table 5).
3.2.3 Capacity for chelating metal ions

Haloxylon scoparium extract was the best for chelating metal ions in contrast to that of S. arborescens (stem
extract). The chelating activity of H. scoparium was as
good as the positive control (EDTA) (Table 1). This ability
was already reported by Boulanouar et al. [42] for ethanolic extracts of H. scoparium collected in Algeria, although
with lower activity. This property was also reported for V.
album [56, 64] (Table 3).
3.2.4 Capacity for inhibiting lipoxygenase

Lipoxygenase catalyses the addition of molecular oxygen to fatty acids containing a cis,cis-1,4-pentadiene
system originating from unsaturated fatty acid hydroperoxides. Due to the production of these peroxides, compounds which are able to inhibit that enzyme can be considered as antioxidants. At the same time, those products
are converted into others that play a key role in inflammatory processes [66]. Therefore, such compounds, which
are able to inhibit this enzyme, also possess antiinflammatory properties.
The extracts obtained from A. visnaga, V. album and
B. vulgaris had the best capacity for inhibiting lipoxygenase, due to the lowest IC50 values found (Table 1). In
contrast, the extracts with the weakest ability included
those obtained from H. scoparium and S. arborescens
(stems) (Table 1). Despite de highest activity found for
those samples, they were significantly inferior to that
detected for the positive control (NDGA).
According to Choudhary et al. [67], the capacity of
Vitex agnus-castus extracts for inhibiting lipoxygenase is
due predominantly to two compounds, artemetin and
casticin (Table 3). For the other plants, references about
the inhibition of lipoxygenase were not found.

Acetylcholinesterase
-0.668**
0.879**
0.700**
0.930**
-0.689**
0.725**
1

free radicals assayed (ABTS, hydroxyl and DPPH)
(Table 5). Only phenol content correlated with the capacity of extracts for inhibiting lipoxygenase. A positive
correlation was found between lipoxygenase inhibition
and acetylcholinesterase inhibition (Table 5).
3.2.5 Capacity for inhibiting acetylcholinesterase

Acetylcholine (ACh) is delivered in the synapses and
rapidly hydrolyzed into choline and acetate by acetylcholinesterase (AChE). The deficit of ACh causes diseases
that are treated with AChE inhibitors [68]. Only H. scoparium, A. visnaga, V. album, B. vulgaris and E. arvense
extracts had ability for inhibiting acetylcholinesterase
(Table 1). B. vulgaris extract was the most active among
the extracts studied whereas that of H. scoparium was the
worst (Table 1). This property has been already previously reported for B. vulgaris extracts [69], but only in qualitative terms. For the remaining plants, not any information was found (Table 3).
Flavonoids may have an important role in the acetylcholinesterase inhibition because a negative correlation
was found between the amount of flavonoids and the IC50
values (Table 5). Uriarte-Pueyo and Calvo [70] referred to
the AChE inhibitory activity of flavonoids which can be
potential natural compounds for treating Alzheimer’s
disease, since the therapy for this illness involves the
increasing of acetylcholine levels.
A very strong correlation was also found between the
AChE inhibition and the capacity for scavenging hydroxyl free radicals as well as the capacity for preventing lipid
peroxidation (Table 5). This correlation may strengthen the
results obtained by some authors [71] for ginger extracts.
Ginger has been reportedly used for the management or
treatment of Alzheimer's disease in folklore medicine;
according to these authors, a possible mechanism could
be through the inhibition of acetylcholinesterase activities
and prevention of lipid peroxidation in the brain.

The inhibition of lipoxygenase promoted by the extracts correlated well with the capacity for scavenging all
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4. CONCLUSION

glycosides from the leaves of Hammada scoparia (Pomel)
Iljun. Chem. Pharm. Bull. 50: 1268-1270.

Equisetum arvense and Sideritis arborescens (stems)
possessed the highest concentrations of total phenols and
flavonoids, respectively.
Among the extracts studied, Berberis vulgaris and
Viscum album were the most promising as antioxidants,
anti-inflammatory and acetylcholinesterase inhibitors.
In some cases, the activities of B. vulgaris extracts
were not significantly different from those found for the
positive controls (e.g. capacity for scavenging free radicals, and capacity for inhibiting AChE).
The capacity for scavenging ABTS and DPPH free
radicals of V. album and Chamaerops humilis extracts
were also not significantly different from those of the
positive controls. Viscum album extract had also an important capacity for scavenging hydroxyl radicals.
The capacity of the samples for scavenging DPPH
and ABTS are mainly due to the phenol and flavonoid
contents, whereas the inhibitions of lipoxygenase and
AChE are mainly due to the phenol and flavonoid contents, respectively, and also due to the correlations observed between these variables.
Those properties, observed for B. vulgaris, V. album
and C. humilis, can constitute a good source of natural
antioxidants. In addition, due to the correlation between
flavonoid content with antioxidant and AChE inhibitory
activities could make this group of compounds to be useful for treatment of Alzheimer’s disease as well as those
illnesses with cognitive decline and mental deterioration
symptoms, in which the increase of ACh levels is the
determinant.
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ABSTRACT
The performance of one stage and two parallel-shaft
pumice coated rotating biological disc reactors was investigated for the removal of phenol and chemical oxygen
demand (COD) from synthetically prepared wastewater,
at various volumetric loadings (range 90-8640 g phenol/m 3.day and 216-20736 g COD/m3.day). Higher removal efficiencies were achieved at 360 g phenol/m3.day
(97.99%), at 810 g phenol/m3.day (97.36%), at 1080 g
phenol/m 3 .day (94.00%) and at 1620 g phenol/m 3 .day
(90.00%). Similarly, COD removal rates were also higher.
At the volumetric loadings of 864, 1944 and 3888 g
COD/m3.day, removal rates were observed to be 91.81,
87.01 and 85.65% respectively. At the highest loading,
removal rates were observed as 35.31% for phenol and
31.05% for COD. Disc surface area in total was increased
from 0.756 m2 to 593.46 m2 due to the disc coating technique with pumice. Thus, higher area loading rates decreased removal nearly by 800 times at the same initial
phenol concentration and flow-rate conditions (e.g., from
45714.29 to 58.23 g phenol/m2.day).
KEYWORDS:
Pumice, phenol, rotating biological disc

1. INTRODUCTION
Phenol and its derivatives are toxic compounds originating from a wide variety of daily use, and typically found
in many industrial effluents including wood preservation,
pulp and paper, plastics and synthetic polymer, pesticide
and petroleum refining industries [1]. It can be found in
concentrations between 100-1000 mg/L depending on the
industrial activity types. Phenol has been classified as a
remarkable pollutant by the United States Environmental
Protection Agency (USEPA) because of its high toxicity
and persistence in soil and water [2, 3].
Long-term exposure to phenol at work has been associated with cardiovascular disease, but the workers were
* Corresponding author

also exposed to other chemicals at the same time. Ingestion of liquid products containing concentrated phenol can
cause serious gastrointestinal damage, and even death.
Application of concentrated phenol to the skin can cause
severe skin damage [4].
A great variety of treatment systems to remove phenol
and COD from water or wastewater has been described in
literature [5-10]. But some of these treatment systems are
designated as disadvantageous because of their high costs,
production of toxic compounds, and low treatment efficiencies [3].
Among the biological phenol treatment systems, considerable amounts of suspension growth cultures of microorganisms are to be found. Loading rates of these systems
are generally smaller than 1500 g phenol/m3.day, or 3500 g
COD/m3.day [11-16]. The other biological systems to remove phenol or COD from wastewater are attached growth
systems, such as trickling filters and rotating biological
contactors [17-21].
It can be said that the surface properties, such as surface area and porosity, or the stability and cheapness of the
support materials are important parameters related with a
biofilm system’s maintenance-operational costs and removal
efficiencies. Therefore, many substances have been already
experienced as support materials, such as glass particles,
diatomite, sand and carbon [22], glass and Teflon cylinders
[23], ground tire and polyethylene terephthalate (PET) [24],
blast furnace cinders, polyurethane foam, and crushed stones
[25].
2. MATERIALS AND METHODS
2.1 Experimental setup

Disc surfaces are covered with granular pumice (average diameter 1.5 mm) to ensure the development of a
biofilm. A synthetic, non-corrosive and non-toxic bonding agent is used for fixing the pumice granules to the
surface of discs.
Pumice is used as a biofilm support material in water
and wastewater treatment because of its high porosity and
large surface area. It is a light and porous volcanic rock
material formed during explosive eruptions. Pumice is rid-
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dled with pores of irregular or oval shape, which are usually not connected to each other. Turkey and Italy are the
leading producers of pumice and pumicite, followed by
Iran, Greece, Syria, and Chile [26]. The chemical composition of the pumice used herein was obtained from an
Electron Probe Microscopic Analyser (EPMA), and is
given in Table 1.
TABLE 1 - The authentic characteristics of pumice used in this
study [27].
Parameters
Chemical compound (%)
SiO2
AlO2
Fe2O3
Na2O
K2 O
TiO2
Uniformity coefficient (D60/D10)
Effective grain size, D10 (mm)
Porosity (%)

Values

2.2 Wastewater composition

72.07
13.50
1.21
1.60
11.27
0.35
1.35
0.59
69.24
3

Density (0.5–1.0 mm grain size) (g/cm )

be reduced by half, after fixing to the disc. As a result,
increased disc coated surface area was obtained (593.46
m2 in total). The rotational speed of discs was regulated
with an adjustable engine coupled with GKH series H
model speed controller, within the range of 10-100 rpm.
The reactor system, which has a working volume of 4 L,
was fabricated using 1-cm thick PVC at the Laboratory of
Environmental Engineering Department of Ataturk University. An isometric view of the bench scale single stage
reactor system is shown in Fig. 1.

The wastewater used throughout the studies, containing different phenol and COD concentrations, was prepared synthetically for each experiment, in proportion to
quantities given in Table 2.
TABLE 2 - Composition of wastewater.
Constituents
C6H5OH
CO(NH2)2
MgSO4
CaCl2
KH2PO4
K2HPO4
FeCl3

0.689

The diameter of rotating biological reactor discs
made of fiber glass was 12 cm. The pumice-coatable
surface area for both sides of each disc before the covering procedure (uncoated surface area) was 0.021 m2 and
40% immersed in water. The multi-point BET surface area,
pore volume and average pore diameter of pumice were
found to be 2.198 m2/g, 4.565 cm3/g and 8.307 nm, respectively, by the Marmara Research Centre Material Institute of Scientific and Technological Research Council of
Turkey (TUBITAK-MAM).
PCRBC system had two parallel shafts placed across
the width of the tank containing 36 discs resulting in a
total uncoated disc surface area of 0.756 m2. Approximately 15 g pumice was utilized for coating both surfaces
per disc. By the reason of clogging with bonding agent,
pumice surface area and pore volumes were estimated to

Concentrations (mg/L)
125
25
0.5
0.25
2
2
0.5

2.3 Experimental procedure

At start-up period, the PCRBD reactor was filled with
4 L synthetic wastewater and inoculated with secondary
clarifier’s settled sludge of the municipal wastewater
treatment plant of Erzincan City. It was operated in batchwise modus for two months. To provide the acclimation
of micro-organisms to the phenolic wastewater and the
biofilm development on the discs, phenol and COD concentrations increased slowly per week from 10 to 1000 mg/L
until the biofilm reached 1-mm thickness. The pH of
reactor content was kept between 6.5 and 7.5, by addition
of sulphuric acid when required. The temperature was set to

FIGURE 1 - View of the reactor system.
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20 °C for all experiments by using a temperature controller. Disc rotational speed was fixed at 10 rpm during this
period.
At the end of the start-up period, the continuous flow
mode was started. Inflow wastewater was cut into 6 parts
with inlet pipes placed at the inlet zone of the PCRBD
reactor so as to ensure better width-wise distribution in
continuous mode. It was fed to the reactor by a Masterflex
L/S 7523-70 model peristaltic pump within the range of
0.00288 to 0.04608 m3/day flow-rates. Treated effluents
were taken from a rectangular weir placed at the end of
the reactor.
Phenol and COD analyses were accomplished according to the Standard Methods [28]. Values of pH, temperature and dissolved O2 were measured with a WTW Multi
340i model multi parameter measurement apparatus. Thermal processes of COD analyses were made by the aid of a
WTW CR3200 model thermo reactor, and phenol and
COD concentrations were estimated by using a Shimadzu
UV-160A model spectrophotometer at 510 and 600 nm,
respectively.
3. RESULTS AND DISCUSSION
Each experiment related to different loadings was
continued at least for two days, regardless of hydraulic
retention times, to verify the system stabilities for each
loading. Initial phenol and COD concentrations of
wastewater and volumetric phenol and COD loading rates
are given in Table 3. Loading rates below 3000 g phenol/m3.day or 7000 g COD/m3.day were accepted as lower
loadings in this study.

The PCRBD reactor exhibited satisfying performances,
even at higher organic phenol and COD loading rates.
Phenol concentrations and removal efficiencies versus time
for different phenol loading rates are shown in Fig. 2.
Similarly, COD concentrations and removal efficiencies
versus time for different COD loading rates resulting from
these phenol loadings specified in Fig. 2 are given in Fig. 3.
As seen from Fig. 2-a, phenol concentrations dropped
sharply after the first hour, but then remained under the
level of 10 mg phenol/L. For these effluent concentrations,
phenol removal rates were calculated as ≥95% (97.99 and
97.36% for 360 and 810 g phenol/m3.day, respectively)
(Fig. 2-b). At phenol loadings up to 2700 g/m3.day, acceptable removal rates were also achieved with PCRBD
reactor system. At the loadings of 1080 and 2700 g/m3.day,
the influent concentrations of 125 and 500 mg/L were decreased to the levels of 8 and 157 mg/L, respectively.
Therefore, the removal rates of these loadings were determined to be 94% and 69%. As the phenol loadings exceeded
the initial point of higher loadings (3000 g/m3.day), removal
rates began to drop somewhat and occurred as 48.47,
37.35 and 35.31% for 4050, 6480 and 8640 g/m3.day
loading rates, respectively. These inferences can also be
derived from Fig. 3.
PCRBD reactor behaviours for COD concentrations
and removal rates under these loading conditions were
similar. Removal rates of lower removal loadings were decreased partially from about 95% to 80%, and below. But,
even at the highest loading herein (20736 g COD/m3.day),
a COD removal rate of 31% was achieved. Some of the
other results were 91.50, 85.65 and 70.64% for 648, 3888
and 6480 g COD/m3.day loading rates, respectively (Figs.
4-a, 4-b and 5).

Flow-rates
(m3/day)

Initial
Phenol
conc.
(g/ m3)

Initial
COD
conc.
(g/ m3)

Volumetric
phenol
loading
(g/m3.day)

Volumetric
COD
loading
(g/m3.day)

Areal
phenol
loading
(g/m2.day)

Areal
COD
loading
(g/m2.day)

Coated disc
areal phenol
loading
(g/m2.day)

Coated disc
areal COD
loading(real)
(g/m2.day)

Lower
loadings

0.00288
0.00576
0.00864
0.00576
0.01296
0.00864
0.01296
0.03456
0.01296
0.03456
0.02160

125
125
125
250
125
250
250
125
500
250
500

300
300
300
600
300
600
600
300
1200
600
1200

90
180
270
360
405
540
810
1080
1620
2160
2700

216
432
648
864
972
1296
1944
2592
3888
5184
6480

476.19
952.38
1428.57
1904.76
2142.85
2857.14
4285.71
5714.28
8571.42
11428.57
14285.71

1142.86
2285.71
3428.57
4571.43
5142.86
6857.14
10285.71
13714.29
20571.43
27428.57
34285.71

0.6066
1.2132
1.8198
2.4264
2.7297
3.6397
5.4595
7.2793
10.9190
14.5587
18.1984

1.46
2.91
4.37
5.82
6.55
8.74
13.10
17.47
26.21
34.94
43.68

Higher
loadings

TABLE 3 - Variation of PCRBD reactor operating parameters in the study.

0.02160
0.03456
0.04608

750
750
750

1800
1800
1800

4050
6480
8640

9720
15552
20736

1428.57
34285.71
45714.29

51428.57
82285.71
109714.29

27.2975
43.6760
58.2348

65.51
104.82
139.76
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700

Phenol conc. (g/m3)

600

500
400
300
200

a

100

80
60
40
20

Volumetric Phenol Loadings (g/m3.d)
180,00
270,00
360,00
405,00
540,00
1620,00
2160,00
2700,00
4050,00
6480,00

90,00
1080,00

0
0

1

2

3

4

5
Time (Hours)

6

7

810,00
8640,00

8

9

b

10

FIGURE 2 - Phenol concentrations (a) and removal efficiencies (b) versus time.
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FIGURE 3 - Phenol removal efficiencies for various volumetric phenol loadings.
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1800

COD conc. (g/m3)

1600
1400
1200
1000
800
600
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a

200

80
60
40
20
216,00
2592,00

0
0

1

432,00
3888,00
2

3

Volumetric COD Loadings (g/m3.d)
648,00
864,00
972,00
1296,00
5184,00
6480,00
9720,00
15552,00
4

5
6
Time (Hours)

7

8

b
1944,00
20736,00
9

10

FIGURE 4 - COD concentrations (a) and removal efficiencies (b) versus time.
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FIGURE 5 - COD removal efficiencies for various volumetric COD loadings.
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FIGURE 6 - Phenol and COD removal performances of the PCRBD reactor at various areal loadings.

FIGURE 7 - SEM picture of pumice taken from PCRBD reactor before (a, b) and after (c) operations (magnification: a=25 x, b=1000 x, c=
1000 x).

The performances of the PCRBD reactor for 75 daysoperating time of phenol and COD removals are summarized graphically in Fig. 6. As seen in this figure, reactor
performances are sufficiently high up to 20 g phenol/m2.day,
or 70 g COD/m2.day coated disc areal loadings. From these
loadings mentioned as higher levels, removal rates began to
drop relatively. PCRBD reactor showed parallel performances in phenol and COD removing (Fig. 6). Real areal
loadings were determined by using a pumice-coated total
disc surface of 593.46 m2. The real areal loadings of 20 g
phenol/m2.day and 70 g COD/m2.day would be 15700 g
phenol/m2.day and 54950 g COD/m2.day respectively, if
they were determined by using the total uncoated disc
surface of 0.756 m2. The areal loadings at various volumetric loadings are summarized in Table 3.
4. CONCLUSIONS
The following conclusions can be addressed from this
study:

It is thought that pumice can be used as biofilm support material on bio discs because of its large surface area
and inexpensiveness.
The PCRBD reactor, mentioned herein, removed phenol and COD successfully from wastewater up to loading
rates of 3000 g phenol/m3.day and 7000 g COD/m3.day.
Moreover, above these loadings, remarkable removal
efficiencies were obtained (48.47, 37.35 and 35.31% for
4050, 6480 and 8640 g phenol/m3.day, respectively, and
49.17, 42.15 and 31.05% for 9520, 15552 and 20736 g
COD/m3.day, respectively).
One of the main reasons of relatively higher loading
rates applied to the PCRBD reactor systems is the huge
number of micro-organisms attached in the reactor (Fig. 7).
The total uncoated disc surface area of 0.756 m2 was increased to 593.46 m2 in total by the way of pumice coating. Thus, the reactor volumes and the operating costs can
be reduced.
Furthermore, the actual (real) areal loading rates of
rotating discs were increased by force of the pumice coat-
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ing technique, and hence, relatively higher phenol and
COD removal efficiencies were archived at relatively
higher volumetric loadings.
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INACTIVATION OF E. COLI AND B. SUBTILIS BY SOLAR
AND SOLAR/H2O2 PROCESSES IN HUMIC SURFACE WATERS
Sevil Çalışkan Eleren*, Ufuk Alkan and Arzu Teksoy
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ABSTRACT
The aim of the present study was to evaluate enhancing effects of H2O2 on the solar disinfection process of
humic waters. Inactivations of E. coli and B. subtilis spores
were determined in water samples containing various concentrations (0, 2 and 6 mg L-1) of fulvic acid (FA), which
were exposed to the solar radiation in absence and presence
of H2O2. Disinfection efficiencies of the solar and the solar/H2O2 processes were compared. The log reduction values varied between 3.6 and 6.5 for E. coli and 3.3 and 4.0
for B. subtilis spores, under all experimental conditions.
B.subtilis spores appeared to be more resistant than E.coli
against the solar and the solar/H2O2 disinfection processes.
Although H2O2 with the solar radiation showed a synergistic effect on E. coli inactivation, a negligible effect was
observed on the inactivation of B. subtilis spores. Fulvic
acid was found to be more effective in protecting E. coli
from solar and solar/H2O2 processes.
KEYWORDS: B. subtilis spores, E. coli, fulvic acid, hydrogen
peroxide, solar disinfection

INTRODUCTION
Drinking water safety is an important issue for the
public health. The World Health Organization (WHO)
estimates that 3.575 million people die from hygienerelated illnesses every year [1], and this problem is not
limited to developing countries. If no action is taken to address basic human needs for water, as many as 135 million
people will die from these diseases by 2020 [2]. Economical,
effective and practical methods are required for the inactivation of waterborne pathogens. Solar disinfection of
drinking water has emerged as an alternative method to
the conventional methods, especially in developing countries due to its sustainability, simplicity and low-cost [3-5].
Solar disinfection method has been shown to be successful for a wide range of microorganisms, such as Escherichia coli, Vibrio cholerae, Salmonella typhimurium,
Salmonella sp., Shigella dysenteriae Type I, Pseudomonas
* Corresponding author

aeruginosa, Candida albicans, Clostridium perfringens
spores and vegetative cells, Fusarium solani, and also
spore-forming bacteria [6-17].
Bacterial inactivation rate of sunlight is dependent on
several environmental factors, such as absorbance, dissolved oxygen (DO), organic compounds, temperature,
salinity, pH, water turbidity and light intensity etc. [1821]. Most surface waters contain humic substances such
as humic and fulvic acids that are known to absorb UV
light [22, 23] and negatively affect the inactivation efficiencies of bacteria and viruses [24, 25].
Although H2O2 is used for the disinfection of water
[26, 27], its bactericidal effect is low [28]. Therefore, it is
usually combined with germicidal UV-C radiation and
ozone in order to improve the bactericidal efficacy [29,
30]. H2O2 and near-ultraviolet (UV-A) radiation is another
combination that may enhance the damaging effect on
microorganisms [6, 31]. The synergy between near UVlight and H2O2 leading to improved killing was firstly
reported by Anathaswamy and Eisenstark [32].
Past studies on the water disinfection by the solar radiation were conducted to determine mainly the effect of
the environmental factors and water quality parameters,
such as pH, inorganic ions, catalysis concentration, light
intensity, growth states of bacteria, rear surface, turbidity,
and exposure time on disinfection efficiency [3, 35-38].
Several studies reported on the synergistic effect of hydrogen peroxide concerning solar inactivation of E. coli
[33-35]. The results varied widely, being influenced not
only by above-mentioned parameters but also by other
factors, such as the design of photoreactor (CPC, batch
bottle reactor with glass cover etc.), the source of light
(sun, solar simulator or UV lamps), height of disinfected
water, irradiated surface area, the origin of the microorganisms (native or lab growth), and also strains of bacteria (e.g. E. coli ATCC 23631 and E. coli ATCC 23716).
An investigation on the solar/H2O2 disinfection of waters
containing light absorbing materials like humic substances will provide a significant contribution to the area of
advanced disinfection processes of drinking water. The
main objective of the present study was to evaluate enhancing effect of H2O2 in the solar disinfection process of
humic waters by determining the inactivation of E. coli
and B. subtilis spores.
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2. MATERıALS AND METHODS
2.1 Preparation of microorganism cultures

Cultures of E. coli (ATCC 25922) and B. subtilis
(ATCC 6633) were purchased from the American Type
Culture Collection. E. coli was cultured in tryptic soy
broth (Oxoid) for 16 h at 37± 0.5 oC in an orbital incubator. An aliquot of the 16-h culture was transferred to sterile tryptic soy broth (Oxoid). The bacterial growth was
controlled during the incubation period by measuring the
optical densities (OD 595). Bacteria were collected from
the culture at their stationary phase which were less readily inactivated than those taken at exponential growth
phase [41]. A culture of B. subtilis was inoculated to tryptic
soy broth (Oxoid) and incubated at 35 oC for 24 h in order
to prepare a late log phase suspension of vegetative cells of
B. subtilis. A 3-ml aliquot of the diluted suspension was
poured on top of R2A (Oxoid) medium to form a thin
layer. The vegetative bacteria were allowed to incubate at
35 o C for 7 days until 95% of the microorganisms had
sporulated. After harvesting of spores, the suspension was
filtered using a 10-mm glass fiber filter in order to remove
spore clumps [39]. Cultures of E. coli were transferred onto
slanted nutrient agar (Oxoid) for maintenance. B. subtilis
spores were maintained on R2A agar plates. Isolates were
stored at 4 oC, and subcultures to fresh media were made
monthly.
2.2 Preparation of fulvic acid solution

Fulvic acid (FA) was extracted from soil samples that
were collected from the catchment area of Doğancı Dam
in Bursa City. Extraction procedure has been presented in
detail elsewhere [28]. Dissolved organic carbon (DOC)
concentration of the solution was determined by a Shimadzu TOC-VCPH 5000A total carbon analyzer.
2.3 Enumeration of microorganisms

E. coli was enumerated by pour plate method using
PCA (Plate Count Agar; Merck) as non-selective medium
[41]. The plates were incubated at 37 oC for 24 h, after
which time shade of white colonies were counted. Then,
some of typical colonies were inoculated into tubes of EC
broth (Oxoid, Hampshire, UK) and incubated for 24 h at
44.5 oC ± 0.2. Gas production and turbidity in tubes confirmed E. coli occurrence [40]. Detection and enumeration of viable spores of B. subtilis was done using Tryptic
Soy Agar Broth containing 1% tetrazolium trichloride [41].
The tetrazolium trichloride dye turned the spores red as
they germinated, and ultimately formed red pin-head
(slightly larger) colonies, aiding in the counting of microorganisms. The plates were then wrapped in water/air tight
plastic bags and placed in a 75 oC water-bath for 15 min,
after which they were placed in a 37 oC incubator for 24 h,
and then counted. Results were recorded as CFU per ml [39].
2.4 Experimental procedure

Solar irradiation experiments were performed in 200-ml
glass beakers with a diameter of 6.5 cm and a hight of

6.5 cm. Solar irradiation was simulated by a Honle UV
technology SOL-2000 lamp unit. The lamp has a spectral
distribution between 295-3000 nm (UVA+UVB+VIS+IR).
Each test sample was exposed to the simulator that had
average UV irradiance (UVA+UVB) of 20 W m-2, average
VIS irradiance of 108 W m-2 (400-1050 nm). All irradiation
experiments were performed at room temperature (23±2 oC).
Before each exposure, a Honle SOL 2000 unit was turned on
for at least 10 min to ensure a uniform lamp output.
After the addition of specific amounts of FA to the
bottled water, bacteria were inoculated in required numbers (i.e. 106 CFU ml-1), mixed thoroughly with a magnetic bar, and finally, H2O2 was added in required concentrations. Water samples containing specific amounts of FA (0,
2, 6 mg L-1) and hydrogen peroxide (0, 10 and 50 mg L-1)
were placed under the solar simulator and exposed to the
light for 120 to 150 min. Samples were taken from the
glass beakers and mixed with appropriate amounts of sodium
sulfide (20 mM) to prevent further inactivation effect of ·OH
and residual H2O2 [42].
Samples (at 0, 5, 30, 60, 90, 120 and 150 min) were
collected for the analyses of E. coli and Bacillus subtilis
spores, and pH. Experiments were carried out in duplicate
(also two samples were taken at each selected time; n=4)
and separately for E. coli and B. subtilis spores. Blank experiments without H2O2 and light exposure were carried
out in order to determine inactivation of bacteria at dark
conditions. Experiments with only H2O2 were also carried
out in order to determine inactivation of bacteria in the
presence of H2O2 at dark conditions.
2.5 Chemical and physical analyses

Radiation intensity was determined by a DELTA
OHM (DO 9847K) multifunction meter. DOC concentrations were determined by a Shimadzu TOC-V CPH 5000A
total carbon analyser (Shimadzu, Kyoto, Japan). UV absorbance and OD were measured at 254 nm and 595 nm,
respectively, by a Jenway UV/VIS spectrophotometer
(Barloword Sci. Ltd., Felsted, UK), and pH was measured
by a Metrohm 704 pH-meter.
3. RESULTS AND DıSCUSSıON
The solar and the solar/H2O2 disinfection processes
were performed in humic waters for the inactivation of E.
coli and B. subtilis spores. Figures 1 and 2 show inactivations of E. coli and B. subtilis spores, respectively, in varying
experimental conditions regarding FA and H2O2 concentrations.
Figures 1 a, b and c display the effect of H2O2 concentration on E. coli inactivation in non-humic and humic
waters. It is clearly seen from Figs. 1b and c that increasing concentrations of H2O2 did not show any effect on E.
coli inactivation in humic waters during the first 5 min of
solar exposure.
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FIGURE 1 - Inactivation curves of Escherichia coli exposed to solar radiation and solar/H2O2 processes: a) FA =0 mg L-1, b) FA =2 mg L-1, c)
FA = 6 mg L-1;
H2O2 =0 mg L-1
H2O2 =10 mg L-1
H2O2 =50 mg L-1
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FIGURE 2- Inactivation curves of Bacillus subtilis spores exposed to solar radiation and solar/H2O2 processes: a) FA =0 mg L-1, b) FA =2 mg
L-1, c) FA = 6 mg L-1
H2O2 =0 mg L- 1
H2O2 =10 mg L-1
H2O2 =50 mg L-1;
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The 30th min was selected as a baseline in order to
evaluate the effect of different experimental conditions on
E. coli inactivation. Figure 1a displays the effect of H2O2
concentration in non-humic water samples. Reduction of
E. coli was approximately 4.3 log after 30 min of the solar
exposure without H2O2, whereas 5.5 log reduction was
achieved with 50 mg L-1 of H2O2. When using 50 mg L-1
of H2O2, the solar radiation was shown to enhance the log
reduction of E. coli by 28%.
Figures 1b and c indicate that inactivation rate of E.
coli decreased in waters with FA due to light absorption.
Log reduction value of 4.3 for non-humic water processed by
only the solar radiation without H2O2 decreased to 3.9 log
and 2.8 log for waters with 2 mg L-1 and 6 mg L-1 FA,
respectively. The corresponding decreases were from 5.5
log to 4.1 log and 3.6 log when 50 mg L-1 of H2O2 was
also used in association with the solar radiation.
When only the solar radiation was applied without the
addition of H2O2, the log reduction of E. coli decreased by
9.8% and 34.8% (at 30th min) in waters with 2 mg L-1 and
6 mg L-1 FA, respectively, in comparison with non-humic
water. The corresponding declines due to FA in log reduction were 25.4% and 34.5% for 50 mg L-1 H2O2. The declines of the inactivation efficiency of bacteria decreased to
the levels of 11.6% and 15.7% at 60th min for both 2 mg
L-1 and 6 mg L-1 FA. Declines of disinfection efficiency
caused by increasing FA concentration was diminished after
60 min of exposure time. This indicated that the adverse effect of FA has been eliminated by the use of H2O2 in
association with the solar radiation in humic waters. Disinfection efficiency for humic waters reached the level of
that for non-humic waters by coupling of H2O2 to the
solar radiation.
Figure 2 illustrates the inactivation curves of B. subtilis spores. The 30th min was selected as a baseline in order
to evaluate the effect of different experimental conditions.
Figure 2 shows that only a slight additional effect was
obtained with the addition of H2O2 during solar exposure
on the inactivation efficiency of B. subtilis spores in all
types of water. However, Fig. 2 also indicates that B.
subtilis spores exhibited different behaviour in response to
the increasing FA concentrations. Increasing concentration of FA provided reduced inactivation of B. subtilis
spores in all types of water, with or without H2O2.
Reduction of B. subtilis spores was approximately
3.2 log at 30th min when H2O2 concentration was 50 mg L-1
in non-humic water whereas 2.4 log reduction was achieved
in moderately humic water (i.e. 2 mg L-1 FA). Log reduction of B. subtilis spores decreased to 1.7 when water
contained 6 mg L-1 FA. When only the solar radiation was
applied, without the addition of H2O2, the log reductions
of B. subtilis spores decreased by 6.7% and 41% in waters
with 2 mg L-1 and 6 mg L-1 FA, respectively, in comparison with non-humic water. The corresponding declines in
log reduction were 26% and 47% when 50 mg L-1 H2O2
was also used during solar exposure.

Blank experiments (with and without H2O2) were also
carried out at room temperature in the dark for 60 min in
order to determine possible inactivation of E. coli and B.
subtilis spores caused by only H2O2 exposure. Results of
these experiments showed that E. coli was not affected
significantly during exposure to 10 mg L-1 H2O2 in dark
conditions. 0.83 log reduction was obtained with the addition of 50 mg L-1 H2O2 in non-humic water whereas 0.42
and 0.57 log reductions were obtained in humic waters
with 2 and 6 mg L-1 FA, respectively. These results are in
good aggreement with literature [43]. The harmful effect
of H2O2 on E. coli diminished in humic waters due to
consumption of H2O2 in the oxidation of humic substances [48]. Blank experiments for B. subtilis spores showed
negligible decreases, even in the presence of 50 mg L-1
H2O2 in all water types.
Log reduction values at 60th min of E. coli and B.
subtilis spores were compared in order to evaluate the
efficiencies of the solar and the solar/H 2O 2 processes
(Fig. 3). B. subtilis spores appeared to be more resistant
than E. coli against the solar and the solar/H2O2 disinfection
processes in all experimental conditions. Reduction of E.
coli increased from 4.8 log (H2O2 = 0 mg L-1) to 6.5 log
with the addition of 50 mg L-1 H2O2 in non-humic water.
Similarly, Mamane et al. [33] stated that there was a slight
additional inactivation effect on E. coli under UV/H2O2
process when H 2O 2 concentration increased from 10 to
25 mg L-1. Rincón and Pulgarin [35] showed that E. coli
K12 (ATCC 23716) was inactivated by 3 log after 180 min
of exposure to solar simulator with 10 mg L-1 of H2O2 in a
glass bottle with small irradiated surface area. Figure 3a
also indicates that log reduction of E. coli in non-humic
waters increased by 35% with increasing H2O2 concentration from 0 to 50 mg L-1. Similarly, it increased by 39%
and 41% when H2O2 concentration was elevated to 50 mg
L-1 in waters containing 2 and 6 mg L-1 FA, respectively.
This situation may be attributed to the fact that reducing
effect of UV absorbance caused by FA on log reduction
of E. coli was counteracted by the oxidative effect of
H2O2 on FA (i.e. reduction in UV absorbance) [45]. In
view of these findings, it may be concluded that the addition of H2O2 is required at certain concentrations in order
to eliminate counteracting effect of fulvic acid against the
lethal effect of the solar radiation to the bacteria.
Although H2O2 with the solar radiation showed a synergistic effect on E. coli inactivation, a negligible effect
was observed on the inactivation of B. subtilis spores by
addition of H2O2 under all experimental conditions (Fig.
3b). Reduction of B. subtilis spores increased from 3.5 log
(H2O2= 0 mg L-1) to 4.0 log with the addition of 50 mg L-1
H2O2 in non-humic water. It increased from 3.3 log to 3.6
log in water with 2 mg L-1 whereas it remained at the
same level in water with 6 mg L-1 FA due to strong absorption of light. This finding indicates that negligible
increases occur on the inactivation of B. subtilis spores,
even in the presence of 50 mg L-1 H2O2 in humic waters.
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FIGURE 3- Comparison of log reduction at 60 min for bacteria or spores exposed to solar radiation and solar/H2O2 processes: a) E. coli, b)
Bacillus subtilis spores .

FA = 0 mg L-1,

FA = 2 mg L-1,

FA= 6 mg L-1
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Experimental results indicated that B. subtilis spores
were more resistant than E. coli to the solar and the solar/
H2O2 disinfection processes under all experimental conditions. It is clearly seen from Figs. 1 and 2 that inactivation
rate of E. coli accelerates more significantly with time
than B. subtilis spores.
E. coli and B. subtilis spores were affected by increasing H2O2 concentration at different levels. It was found
that the increases in the log reduction of E. coli and B. subtilis spores were 1.67 log and 0.5 log, respectively, when
H2O2 concentration was elevated to 50 mg L-1 in nonhumic waters. Increases in the concentration of H2O2 did
not exhibit an apparent contribution to the inactivation of
B. subtilis spores (Fig. 3b). The spore coat layers are
expected to protect the B. subtilis spores against the attack
by OH• whereas these radicals played a major role in the
inactivation of E. coli, mainly by destroying cell membrane or wall [33] as indicated herein.
Experimental results strongly suggested that the harmful
effect of the solar radiation to microorganisms was diminished in humic waters due to absorption of the solar light.
The results of the present study revealed that the organisms
were affected by the increase of FA but to different extents.
Although the log reduction of E. coli was higher than that
of the B. subtilis spores, it was reduced to higher extent by
the increase of FA concentration.
Comparison of the solar and the solar/H2O2 processes
indicated that much stronger disinfection performance
was achieved by the solar/H2O2 (50 mg L-1) for all types
of water (Fig. 3). In view of these findings, it may be
concluded that the addition of H2O2 is required at certain
concentrations in order to eliminate counteracting effect
of FA.
Results of the present study showed that inactivation
of B. subtilis spores (produced by solid cultivation technique) reached a level of 3.5-4.0 log units. In another
study [46], 3.2 log reduction value of spores produced by
a liquid cultivation technique increased to 4.5 log when
solid cultivation technique was used. The diversity on
cultivation technique of B. subtilis spores [46] and composition of the sporulation medium [47] significantly affect
inactivation degree of spores. Spores cultivated on solid
medium appear to be less resistant to UV254 than liquidcultivated spores [46].
Although there are numerous studies on the inactivation of E. coli with solar/H2O2 [13, 34-37], there are no
studies examining the effect of humic substances on water
disinfection with solar/H2O2. In literature, it is difficult to
compare studies investigating disinfection of E. coli with
solar/H 2O 2 due to numerous factors affecting results.
Studies in the area differentiate between each other regarding reactor type, water volume, water depth, irradiated surface area, light source and intensity, water type, and
the origin of the microorganisms (native or lab growth).
Past studies used reactors with smaller volumes (50-100 ml
etc.) and surface area [34-37], compared with the higher
values of water depth and irradiated surface area herein. On

the other hand, the most important fundamental difference
was the presence of humic substances in water samples.
Adverse effect of humic substance on the efficiency of
disinfection was determined. It was observed that removal
level of E. coli was decreased by 1 log in highly humic waters. In highly humic waters, 3.7 log reduction with solar/10
mg L-1 H2O2 was achieved whereas the reduction level
reached 5.5 log with solar/50 mg L-1 H2O2 application.
Past studies on the inactivation of B.subtilis spores
were mainly carried out by using Petri dishes [33, 48-50,
or polyethylene terephthalate (PET) bottles [9]. UV radiation was used in most of the past studies on B.subtilis
disinfection [9, 37, 52-54]. Lonnen et al. [51] carried out
a study on the disinfection of B.subtilis spores by solar
radiation (UV+VIS) and reported significant inactivation
of the spores. Past studies also investigated the synergistic
effect of H2O2 on the light disinfection of B. subtilis spores
by using UV-C and UV-A+UV-B light sources [33, 5658]. In studies with UV-C, a significant synergistic effect
of H2O2 on the inactivation of B. subtilis spores was observed [52-54]. However, insignificant inactivation levels
of B. subtilis spores were reported when UV-A+UV-B (7.8
W m-2) light source was used in the presence of H2O2 [33].
On the other hand, in the present study, significant inactivation levels of B. subtilis spores occured under solar light
(UVA+UVB+VIS) but the presence of H2O2 did not show
any additional effect on the inactivation levels. It may be
concluded from above-mentioned studies that a synergistic effect of H2O2 may occur when used in association
with UV-C light rather than UV-A, UV-B, visible light
for the disinfection of B. subtilis spores.
Overall evaluation of the experimental results indicates that E. coli inactivation was reduced by 19, 20 and 15%
when FA concentration was increased from 0 to 6 mg L-1 in
waters treated with 0, 10, and 50 mg L-1 H2O2, respectively.
Although E. coli inactivation appeared to be enhanced significantly by the addition of H2O2, inactivation of B. subtilis
spores did not exhibit any significant variation. The test
organisms were affected by the increase of FA to different
extents. Calculated log reductions at 60 min showed that
FA was more effective in protecting E. coli from the solar
and the solar/H2O2 processes compared to B. subtilis
spores. The removal of B. subtilis spores occurs mainly
by the solar radiation, and addition of H2O2 or FA does
not exert any significant effect.
4. CONCLUSıONS
An overall evaluation of the present study showed
that the log reduction of E. coli and B. subtilis spores at
60th min varied between 3.6-6.5 and 3.3-4.0, respectively,
in all experimental conditions. The solar/H2O2 process
was found to be significantly effective on the inactivation
of E. coli, whereas association of H2O2 to the solar radiation showed only little or no appearent contribution to the
disinfection efficiency of B. subtilis spores. Humic sub-
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stance was determined to protect E. coli compared to B.
subtilis spores against the disinfection effect of the solar
and the solar/H2O2 processes. Performance of the solar
disinfection process when applied in combination with 10
mg L-1 H2O2 may not be enhanced for treating waters with
or without FA. However, the addition of H2O2 at a higher
concentration (i.e. 50 mg L-1) may potentially enhance the
efficiency of the solar disinfection process.
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VARIATIONS OF PHYTOPLANKTON COMMUNITY STRUCTURE
RELATED TO WATER QUALITY IN A DEEP DAM LAKE
Didem Gökçe*
Department of Biology, Limnology Research Laboratory, Faculty of Arts and Science, Inonu University, Malatya, Turkey

ABSTRACT
Nutrient concentrations and phytoplankton biomass
were monitored in the upper Euphrates River. The purpose
of this study was to obtain detailed information about the
composition variations in the phytoplankton community,
and to determine the driving force for the succession of the
dominant genera. Cyanobacteria were predominant with
76.88 % of the total abundance in the Karakaya Dam
Lake. Chlorophyta (7.81 % of the total abundance) was
the most abundant group, followed by Bacillariophyta
(7.72 %), Dinophyta (7.56 %), and Euglenophyta (0.03 %).
The phytoplankton seasonal sequence was mainly correlated with environmental factors. Unimodal species distribution was shown in UPGMA cluster analysis, classified into the two cluster groups. RDA was used to examine relationships between measured environmental variables and phytoplankton populations of the study area.
Eigenvalues of axes explained 100 % of the cumulative
variance in species data and 99.6 % of the relationship
between species and environmental data. According to
water quality, DIN: SRP ratio was >16:1. Water temperature and conductivity were main driving forces for the
seasonal succession of the abundance. Based on RDAPearson correlation analysis, the results showed that the
phytoplankton abundance and biomass were positively
correlated with the changes of environmental factors (p<
0.01, p<0.05). Except for DO, Secchi, SRP, nitrogen, and
pH, there were no correlations with the phytoplankton
abundance and biomass. It is important to control the exogenous nutrient in order to maintain ecosystem healthiness
of Karakaya Dam Lake.
KEYWORDS: Phytoplankton community, RDA, UPGMA, water
quality, Karakaya Dam Lake, upper Euphrates River

1. INTRODUCTION
Phytoplankton communities comprise a dynamic, highly
diverse multispecies mixture exhibiting rapid successional
* Corresponding author

shifts in response to environmental changes. The diversity,
dynamics, and distribution of phytoplankton populations
are continually changing in return for a complex interplay
of physical, chemical, and biological factors in their habitat. Furthermore, the phytoplankton plays an important
role in reflecting the increase in temperature degree due to
climatic fluctuation [1-3].
The qualitative samples and community analyses of
phytoplankton are useful in order to monitor the lake. Majority of the interannual differences in seasonal dynamics of
phytoplankton, from oligotrophic oceans [4] to eutrophic
lakes [5], can be caused by environmental factors, morphometry, and climate. There are modest interannual variations
that may affect the numbers, relative abundance and occasional dominance changes of the phytoplankton in successive years.
It results in significant variation of the driving constraints, which are sufficient to evoke a series of population responses. In aquatic ecosystems, changes in phytoplankton composition of small and rapidly reproducing
organisms have been considered to be among the earliest
and most sensitive ecosystem responses to anthropogenic
stress.
It is known that the phytoplankton consists of sensitive aquatic organisms and that their community characteristics are driven by physical environmental variations on
a short time-scale [6, 7]. The structure, distribution, and
diversity of phytoplankton communities are often used to
assess the effect of large-scale dams on aquatic ecosystems
[8]. In this study, physicochemical and phytoplankton characteristics of a dam lake were surveyed. The purpose of this
study was to examine water quality of Karakaya Dam Lake
on the upper Euphrates River by using multivariate techniques in order to determine relationships between physicochemical variables and phytoplankton assemblages.
This paper investigated the spatio-temporal variation
of the phytoplankton community and environmental variables over a 1-year period throughout Karakaya Dam Lake
in the ecosystem of the upper Euphrates river. The objectives of this study were to (i) describe the distribution patterns in the species composition and biomass of phytoplankton; (ii) study the relationships between phytoplankton and environmental variables, and establish which fac-
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tors predominantly structure phytoplankton communities;
(iii) identify algal species that could potentially be used as
indicators of specific water chemistry conditions in this
area.
Water polities are monitored using phytoplankton indicators which are widely accepted and can be compared
between countries and over time [2]. Data of this study is
important to provide a conceptual framework for monitoring the progress in accordance with water policy objectives at an international scale in the basin of transboundary upper Euphrates River.
2. MATERIAL AND METHODS
2.1. Field, sampling and analysis methods

The Euphrates River is one of the most important transboundary rivers in the world; and it is formed from the
Karasu and Murat tributary rivers in eastern Turkey. This
river, which has a length of 2800 km, originates in Eastern
Anatolia, flows through Syria, then joins with the Tigris
River in Iraq, and flows into the Persian Gulf. In Karakaya
Dam Lake, on the upper Euphrates River, freshwater flux
through the dam lakes takes place preferentially through a
main channel, which flows in the NW to SE direction.
Samples were taken from six stations by selecting with
regard to morphometry, depth, and location of tributaries
(Table 1).
TABLE 1 - Global Positioning System (GPS) coordinates for each
sampling station in the Karakaya Dam Lake.
Sampling stations
Station 1
Station 2
Station 3
Station 4
Station 5
Station 6

GPS coordinates
N 38° 28".866
E 38° 23".498
N 38° 28".742
E 38° 27".749
N 38° 29".315
E 38° 26".744
N 38° 29".680
E 38° 21".353
N 38° 30".618
E 38° 24".861
N 38° 34".075
E 38° 21".744

Samplings in selected stations were performed monthly
during October 2005 and November 2006. Sampling was
conducted between 10:00 and 15:00 h. For physical and
chemical analysis, the water samples were taken from
surface to bottom with 5-m intervals in the water column
using a Ruttner water sampler (Hydro-bios, 2 L) [9]. Temperature (T °C), DO (dissolved oxygen, YSI-55), EC25
(specific electrical conductivity, YSI-30) and pH (YSI- 60)
were determined in situ. Secchi transparency was measured
using a Secchi disk (Hydro-bios). Ammonium (NH4-N;
DIN38 406-E5–1 standard method), nitrite (NO2-N; DIN38
405-D10 standard method), nitrate (NO3-N; DIN38 405D9-2 standard method) and soluble reactive phosphate
(SRP; DIN38 405-D11-1 standard method) were analysed

from water samples filtered in the lab using Whatman
GF/C glass-fiber filters [9]. Magnesium (Mg) and calcium
(Ca) concentrations were analysed by titration methods
for water hardness [10].
Phytoplankton samples for qualitative identification
were collected from the subsurface water samples using a
plankton net (20 µm mesh size, Hydro-bios) and immediately fixed in lugol’s iodine solution. Quantitative analyses and identification of the phytoplankton taxa at species level should be carried out using sedimentation
chambers (Hydro-bios) with an inverted microscope
(Leica DM-IL) [11, 12]. For chlorophyll a (Chla) determinations, a certain volume of surface water was filtered
through Whatman GF/C filters, and was determined spectrophotometrically by applying 90% acetone extraction in
the laboratory, according to [13].
2.2. Statistical analysis

The Shannon-Weaver diversity index (H´) and dominance were calculated using phytoplankton taxa community parameters. With environmental variables in the analysis, an ordination diagram uses them to explain the species
data.
To find the relationship between phytoplankton composition and environmental conditions, a redundancy analysis (RDA) was performed. RDA is the canonical technique
selecting the linear combination of environmental variables
that give the smallest total residual sum of squares [14].
To guard against interpretation of spurious axes, the statistical significance of the first and all the ordination axes
was tested by Monte Carlo permutation test. In the RDA
ordination diagram, the species points and environmental
arrows jointly approximate the covariance between species and environmental variables [14].
The UPGMA (unweighted pair group method using
arithmetic averages) cluster was used in order to illustrate
differences between phytoplankton communities of waterbodies, to make qualitative comparison with the groups and
classify for similar sampling points based on phytoplankton
species [15]. All statistical analyses were made with
log10(x+1) transformed variables in order to improve linearity, as well as normality and homogeneity of variances
[16]. The RDA and UPGMA analyses were performed by
using CANOCO 4.5 and NTSYS 2.0 software programs
for Windows.
3. RESULT AND DISCUSSION
3.1. Water quality parameters

Nitrogen and phosphorus ions are main limiting
factor as vital importance of nutrient salts on plankton.
Therefore, water quality of the Karakaya Dam Lake
was assessed in terms of NO 3-N, NO2-N, NH4-N and
SRP values. Figure 1 demonstrates the average values
of physical and chemical parameters according to temporal variations.
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FIGURE 1 - Temporal variations of (a) water and clarity depth (Secchi depth - m), (b) temperature (°C) and EC25 (µS cm-1), (c) DO (mg L-1)
and chl a (µg L-1), (d) nitrogen (NO3-N, NO2-N, NH4-N, mgL-1) and SRP (µgL-1), between October 2005 and November 2006 (each dot representing the mean of 6 sampling stations).
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Generally, Secchi disk (transparency) depths varied
due to rain and water circulation periods in the Karakaya
Dam Lake. Secchi disc depth was measured as 1.00-5.62 m
(March, April and December, respectively, average of
6 sampling stations). The pH value was found to be at
alkali level (pH 7.70- 9.17 in December and May, respectively).
Dissolved oxygen amount was high in every season.
According to mean value of DO, the concentration changed
between 6.715 and 11.13 mg L-1 (October and March, respectively, Fig. 1). DO values increased according to the
result of lake water circulation during spring season. On the
other hand, DO concentrations in the surface layers were
high, decreased rapidly at bottom, and reached extremely
low values of DO as anoxic level (2.68 and 1.31 mgL-1) at
station 4 in July and September [9].
Assessing the amounts of nitrogen, such as NO3-N,
NO2-N, NH4-N and SRP, these nutrients were seen at low
concentration, especially in the surface water. NO3-N
values were measured to be 0.001- 0.304 mg L-1 (in June
and October), NO2-N values as 0.003-0.032 mg L-1 (in
April, July and February) and NH4-N values as 0.0040.105 mg L-1 (in July and October). Also SRP concentra-

tions were analysed between 0.500 and 0.012 µg L-1 (in
July and December, respectively) (Fig. 1).
According to Redfield [17], the stoichiometric ratio
of 16N/1P is a widely used criterion in determining the
nutrient limitation in aquatic ecosystems [18]. This idea
accepts that phosphorus is the potential limiting factor
where N:P > 16:1, whereas nitrogen will be the potential
limiting factor when N:P < 16:1. Ye [19] reported that
dissolved inorganic nitrogen (DIN) is the sum of NH4-N,
NO2-N, and NO3-N. In the Karakaya Dam Lake, the ratio
was found as DIN:SRP > 16:1 (by atomic mass).
3.2. Phytoplankton composition

During the study, a total of 92 phytoplankton taxa
(mostly to species levels) were identified. Six phytoplankton groups were represented; Chlorophyta (45 taxa), Bacillariophyta (26 taxa), Cyanobacteria (11 taxa), Dinophyta (7 taxa), and Euglenophyta (3 taxa) (see Table 2).
Cyanobacteria were predominant with 76.88 % of the total
abundance in the Karakaya Dam Lake. Chlorophyta (7.81 %
of the total abundance) was the most abundant group, followed by Bacillariophyta (7.72 %), Dinophyta (7.56 %) and
Euglenophyta (0.03 %) (see Fig. 2).

TABLE 2 - Phytoplankton taxa during the study period in the Karakaya Dam Lake.
Phyla

Genera

Species

Cyanobacteria

Anabaena
Aphanocapsa
Coleospharium
Chroococcus
Gomphoshaeria
Merismopedia
Mycrocystis
Oscillatoria sp.

A.flos-aquae, A.affinis, A.spiroides
A.pulchra
C.dubium
C.turgidus, C.limneticus
G.lacustris
M.glauca
M.aeruginosa
Oscillatoria sp.

Chlorophyta

Ankistrodesmus
Asteriococcus
Cerasterias
Chlorella
Chodatella
Closteridium
Coelastrum
Cosmarium
Echinosphaerella
Eudorina
Lagerhemia
Micractinium
Microasterias
Oocystis
Pediastrum
Planktosphaeria
Tetraedron sp.
Scenedesmus
Selenastrum
Sphaerocystis
Spirogyra
Staurastrum
Xanthidium

A.falcatus
A.limneticus
C.staurastrum
C.vulgaris
C.longiseta, C.subsalsa
C.kützingii, C.lunula, C.pronum
C.microporum, C.sphaericum
C.formosulum, C.palangula
E.limnetica
E.elegans
L. longiseta
M.pusillum, M.quadrisetum
Microasterias sp.
O.crassa, O.lacustris
P.boryanum, P.dublex, P.integrum, P. sculptatum, P.simplex, P.tetras
P.gelatinosa
Tetraedron sp., T.hastatum, T.limneticum, T.lobulatum, T.minimum, T.regulare
S.acuminatus, S.arcuatus, S.dimorphus, S.obliquis, S.quadricauda
S.westii
S.schroeteri
Spirogyra sp.
S.tetraceru, S.polymorhum
Xanthidium sp.
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TABLE 2 - continued
Phyla

Genera

Species

Bacillariophyta

Amphora
Asterionella
Cocconeis
Cyclotella
Cymbella
Diatome
Epithemia
Fragilaria
Gomphonema
Melosira
Navicula
Nitzschia
Tabellaria
Stephanodiscus
Surirella
Synedra

A.ovalis
A.formosa
Cocconeis sp., C.placentula
Cyclotella sp.,C.bodonica, C.comta,
Cymbella sp., C.helvatica
D.vulgare
E.adnata
F.crotonensis
G.acuminatum, G.ventricosum
Melosira sp.
Navicula sp.
N.acicularis, N.sigmoides
T.fenestra
Stephanodiscus sp., S.astraea
S.linearis, S.ovata, S.robusta
S.ulna,S.affinis

Dinophyta

Ceratium
Dinobryon
Glenodinium
Gymnodinium
Peridinium

C.hirudinella
D.divergens, D.stipitatum
G.cinctum, G.quadridens
G.fuscum
P.tabulatum

Euglenaphyta

Euglena
Phacus

E.oxyuris, E.sanguinea
Phacus sp.

FIGURE 2 - Temporal variations of phytoplankton in different phyla of Karakaya Dam Lake (each dot representing the mean of 6 sampling
stations).
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100%

90%

Phytoplankton abundance

80%
70%

Cyanobacteria

60%

Euglenaphyta
Dinophyta

50%

Bacillariophyta

40%

Chlorophyta

30%
20%

10%
0%

FIGURE 3 - Total phytoplankton abundance (%) and temporal variation of phytoplankton community (%) in Karakaya Dam Lake (each
dot representing the mean of 6 sampling stations).

FIGURE 4 - The spatio-temporal dynamics of chlorophyll a (µg L-1) in Karakaya Dam Lake during the study period.
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The dominant species were selected according to total abundance of all stations. Among the Cyanobacteria,
there was a great dominancy of Mycrocystis aeruginosa
(67.65 %), with regard to the other phytoplankton. Clostridium pronum (Chlorophyta) with 3.73 % dominancy,
Ceratium hirudinella (Dinophyta) with 3.33 % dominancy,
Fragilaria crotonensis (Bacillariophyta) with 2.77 % dominancy, Glenodinium quadridens (Dinophyta) with 2.67 %
dominancy, and Cyclotella comta (Bacillariophyta) with
1.95 % dominancy were the other dominant species in the
study area (Fig. 3). Maximum abundance of temporal phytoplankton occurred as interannual during two major growth
periods. One of the major periods was the period from
late winter (February) to spring (May). The highest total
abundance was recorded in April. The other period was
the period from summer (June) to late autumn (November).
The second higher abundance was in July (Figs. 2 and
3). In late autumn and winter, the dominant species were
most of the species of Bacillariophyta and Chlorophyta,
but in spring, summer and early autumn, the species of
Cyanobacteria and Dinophyta dominated (Fig. 3).
October and November (2005) months had higher
Chla concentration than the other months (5.26 µg L-1 and
5.10 µg L-1). In the months (e.g. April) when phytoplankton abundance was higher, Chla was measured at very high
concentration at station 1 (7.107 µg L-1; Fig. 4). Secchi
disk measures of this period were low due to turbidity
increasing the plankton abundance (1 m in March and
April, station 1, Fig. 1). DO and Chla concentrations increased in the same periods (Fig. 1). Being the second
phytoplankton peak in July, SRP concentration increased.

This situation was closely followed by short-term eutrophication (M. aeruginosa abundance). On the other
side, nitrogen salts decreased in this period according to
Tian et al. [20]. Pursuant to Kasprzak et al. [21], the chla
value was affected by the phytoplankton community
structure: Chlorophyta and Cyanobacteria had a higher
impact compared to Bacillariophyta and Dinophyta.
Diversity index, which is depending on the relationship between the number of species and individual, is a
different scale with abundance in the study area. While
April had more abundance due to M. aeruginosa, Chroococcus limneticus, F. crotonensis and C. comta, the diversity index was measured at low level (mean H´= 1.505).
While September had the highest diversity (mean H =
2.473), December had the stations 1 and 4, which contained the lowest diversity of species (mean H = 1.462,
Fig. 5). Maximum diversity (H = 2.872) was observed
at station 2 in November. Water quality parameters had
effects on phytoplankton data, and Table 3 illustrates the
correlation between nutrients and phytoplankton data, which
supported this finding. In the UPGMA cluster dendrogram,
due to distribution of species, sampling points were classified in the two main groups (Fig. 6). The first group was
divided into two sub-clusters. In the first sub-cluster,
stations 1 and 4 have the same similarity coefficient but
station 3 was a very close sampling point to them. Station
2 was in the second sub-cluster. Nutrient concentration
and phytoplankton abundance resulted in this situation.
According to their coefficient of similarity, stations 5 and
6 were included in the second group (Fig. 6).

FIGURE 5 - Phytoplankton diversity due to spatial and temporal variation in Karakaya Dam Lake.
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TABLE 3 - Canonical coefficients and interset correlations of environmental variables with axes of RDA for phytoplankton data.

Secchi
Temperature
DO
pH
EC25
Salinity
NO3-N
NO2-N
NH4-N
SRP
SO4

Axis 1
(λ1=0.996)

Axis 2
(λ2=0.003)

Axis 3
(λ3=0.001)

Axis 4
(λ4=0)

-0.692
0.860
0.395
0.255
0.861
0.315
0.387
0.320
0.372
0.240
0.164

0.106
-0.174
0.094
-0.092
-0.186
-0.139
-0.051
-0.207
-0.063
-0.335
-0.964

-0.680
0.296
0.340
0.803
0.436
0.783
0.547
0.756
0.778
0.814
0.048

0.209
-0.222
-0.797
-0.530
-0.167
-0.516
0.528
-0.529
-0.500
-0.397
0.170

st = station
FIGURE 6 - Tree diagram resulting from average linkage clustering using UPGMA method on the phytoplankton community data reported
during the study period.

3.3. Relationship between the phytoplankton composition
and water quality

In this study, the effect of water quality was examined on phytoplankton and diversity in the Karakaya Dam
Lake. Relationships between measured environmental
variables and phytoplankton populations of the study area
were revealed by using RDA. Eigenvalues of axes explained 100 % of the cumulative variance in species data,
and 99.6 % of the relationship between species and environmental data (Table 3). In the axis 1 (λ1 = 0.996), temperature and EC25 were located with high correlation.
Based on the RDA and Pearson correlation analysis,
there were very high correlations between temperature
and EC25 (P < 0.01); DO and NO2-N, NH4-N, SRP, salinity (P < 0.01 and 0.05); NO2-N and NH4-N, SRP (P <

0.01); salinity and NO2-N, NH4-N, SRP (P < 0.01), (see
Table 4). In RDA triplot diagram, stations 1 and 4 were
very close located according to UPGMA while stations 5
and 6 having similar coefficient were closely located,
station 3 was independently positioned (Fig. 7). According to seasonal succession, temperature and EC25, that
were positioned as stations 1 and 4, were one of the most
effective factors influencing the phytoplankton composition and distribution. It is clearly seen that phytoplankton
composition has a broad-spectrum distribution in the triplot. Cyanobacteria constitute a large part of the total abundance (r = 0.997, P < 0.01). EC25 and temperature by environmental factors had a limiting effect on phytoplankton
seen in the correlation analysis (Table 4). EC25 had an
effect on Cyanobacteria and total abundance (r = 0.864 and
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FIGURE 7 - RDA ordination diagram of the phytoplankton in Karakaya Dam Lake with environmental variables (variables represented by
arrows; divisions are depicted by points; the numbers illustrate sampling stations; : Cyanobacteria; : Chlorophyta ; : Bacillariophyta;
: Dinophyta ; : Euglenaphyta).

TABLE 4 - Correlation among environmental and nominal variables used in redundancy analysis (abbreviations: Cyano, Cyanobacteria;
Chlo, Chlorophyta; Eugl, Euglenophyta; Bacil, Bacillariophyta; Dino, Dinophyta; T.Ab., Total abundance; ind. L-1) *p<0.05; **p<0.01.
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0.834, P < 0.05, respectively). According to Tian et al.
[22], water temperature was one of the most important
environmental factors influencing the growth of phytoplankton. Temperature was the limiting factor of Cyanobacteria and Euglenophyta abundance in the Karakaya Dam
Lake (r = 0.843 and 0.865, P < 0.05, respectively). SO4 was
asffecting Euglenophyta (r = 0.818, P< 0.05). Most abundant species were significantly correlated positively with
NO3-N, NO2-N, NH4-N, and SRP, but negatively with
Secchi disc according to Tian et al. [20]. C. vulgaris, C.
limnetica, and Synedra ovate were characterised with DO.
NO3-N and DO were influenced by Aphanocapsa pulchra,
Micractinium pusillum, M. aeruginosa, Scenedesmus
quadricauda, and Scenedesmus arcuatus.
The changes in conductivity provided different ecological conditions for seasonal species composition in the
lake [23, 24]. The thermal conductivity of lake water played
a vital role in the development of phytoplankton. For that
reason, EC25 was widely used for water monitoring. Because EC25 was dependent on temperature, its values
changed at various temperatures [24, 25]. There was a
very high correlation between temperature and EC25 (r =
0.967; P < 0.002) in the Pearson correlation. On the other
hand, the relationship between temperature and EC25 did
not illustrate a linear curve (Fig. 1). The results of temperature and EC25 regression, based on the annual data
(mean value of 6 sampling stations), illustrated that the
regression was analysed (y = -5.101x + 495.05, r² =
0.437; P < 0.001). The coefficients of regression have
variation with increasing temperatures. Conductivity’s
variations with temperature depended on nutrients and the
other salts (Fig. 1).

April and September, stations 1 and 4; Figs. 2 and 3) caused
no toxic effect on lake as fish deaths. On the other hand, it
is still required to improve water environmental monitoring, control, and emergency system, and to implement the
water pollution control measures, such as constructing the
wetlands system, wastewater reuse, and non-point source
pollution control [27]. Then, by comparing these phytoplankton trends with other measurements, such as temperature, further studies can be conducted about how phytoplankton may be contributing to, and affected by climatic
and environmental changes. Abiotic factors, influenced by
climatic conditions and trophic state, are the primary
drivers of phytoplankton succession in spring [28, 29].
In conclusion, phytoplankton is increasingly used to
monitor the ecological quality and health of the water environment, and also to measure the effectiveness of management or restoration programmes, or regulatory actions.
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Conductivity was an indirect measure of the salinity
of the water. Aquatic organisms such as plankton that live
in freshwater could not tolerate large increases in the salinity of the water [25]. Climate change may increase the salinity of freshwater lakes if warmer conditions increase evaporation. This could result in stress to aquatic organisms that
live in the water. Pollution can also increase conductivity
of lakes and rivers because industrial and human
wastewaters often have high conductivity.
Pursuant to DIN:SRP ratio [18, 19], generally, phosphorus has been considered to be the primary nutrient limiting phytoplankton growth (DIN:SRP > 16:1) in the Karakaya Dam Lake. On the other side, according to Huber and
Adrian [26], there were positive effects of increasing temperatures but negative effects of decreasing nutrient concentrations on phytoplankton growth in the study area.
The effect of climate warming on the phytoplankton spring
bloom can be counteracted by decreasing nutrient concentrations [26].
The redundancy analysis demonstrated that the variation of phytoplankton was mainly affected by ecosystem
quality factors. Phytoplankton composition grew or diminished rapidly in response to changes in its environment.
The blooms of M. aeruginosa in the short periods (March,
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THE EFFECTS OF FOUR PESTICIDES ON
THE GROWTH OF CHLORELLA VULGARIS
Nur Agirman, Gokce Kendirlioglu and A. Kadri Cetin*
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ABSTRACT
In this study, the effects of pesticides (diazinon, dichlorvos, trifluralin, paraquat) on the growth of Chlorella
vulgaris were examined. In laboratory studies, it was observed that growth of Chlorella vulgaris (microalgae)
decreased with increasing concentrations of the above
pesticides and exposure time for 1-6 days whereas in all
corresponding control cultures, the growth rate of Chlorella
vulgaris was always positive. Results demonstrated that C.
vulgaris microalgae had different sensitivities towards dichlorvos, diazinon, trifluralin and paraquat but their effects
on growth were quite similar. These results demonstrated
adverse effects of dichlorvos, diazinon, trifluralin and
paraquat upon freshwater algae; thus, the application of
these pesticides in agricultural practices must be done
carefully, since any disturbance affecting algae with similar
or higher sensitivity will have severe repercussions on
higher trophic levels.
KEYWORDS: Chlorella vulgaris, algal sensitivity, diazinon, dichlorvos, trifluralin, paraquat

1. INTRODUCTION
Chemical pollution has been one of the most serious
environmental problems. The increasing use of synthetic
chemical pesticides is causing world-wide pollution. The
industrialized world is using large amounts of pesticides,
which may enter aquatic ecosystems and impose undesirable
side effects on biological and functional properties. Nowadays, more than 10.000 chemicals are currently used in
industrial and agricultural applications. Some of these
chemicals have unpredictable effects when discharged into
aquatic ecosystems. Our water resources are interconnected,
and pollution at one point can spread widely, even globally.
Consequently, there is enormous interest in estimating
these effects before contamination occurs [1]. Although the
instructions for use of these chemicals aim at minimizing
the risk of contamination to aquatic environments, residuals
of pesticides can be detected in water courses draining

* Corresponding author

agricultural areas. Even though pesticides are designed
specifically to destroy unwanted target organisms, their
application may cause many diverse problems to non-target
organisms like algae, fish, birds, and even human beings.
Algae are essential components of aquatic ecosystems. They
produce oxygen and organic substances on which most
other life forms depend; they provide food for other
organisms, including fish and invertebrates.
The effects of pesticides on the aquatic environment
were frequently evaluated using organisms, such as algae, fish and water fleas [2]. Effects of pesticides in the
ecosystems do not remain restricted to target organisms
but rather extend to non-target organisms, such as algae
which play an important role in the primary production
of the aquatic ecosystems [3]. Chemical effects on algae
can directly affect the structure and function of an ecosystem, resulting in oxygen depletion, decreased primary
productivity, increased surface runoff and soil erosion, and
degradation [4, 5]. Toxicity of some pesticide on algae is
higher than that reported by several authors on organisms
like zooplankton, filter-feeding invertebrates, and fishes
[6].
Algae are known to be comparatively sensitive to many
chemicals, and the inclusion of these organisms in test
batteries has been shown to improve the capacity of the
battery to predict the most sensitive ecosystem responses.
Furthermore, the importance of these organisms as dominating primary producers in most aquatic ecosystems
argues for their use in test batteries for environmental
hazard assessment [7-11].
The aim of this study was to test the effects of four
significant agricultural pesticides (diazinon, dichlorvos,
paraquat, trifluralin) on the environmentally tolerant
Chlorella vulgaris. It is hoped that the results of the present research would provide useful references for the
usage and environmental control of pesticides.
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2. MATERIAL AND METHODS
Diazinon is an organophosphorus substance, and a
synthetic chemical also commercially known as bazudin.
Its chemical name is phosphorothioate (O2O-diethyl O-(2isopropyl-6-methyl-4-pyrimidinyl). Diazinon is widely used
in developing countries, such as Turkey, to control pests.
Dichlorvos is also an organophosphate compound used to
control households, public health, and stored product
insects. It is effective against mushroom flies, aphids, spider mites, caterpillars, and white flies in greenhouses,
outdoor fruit, and vegetable crops. Dichlorvos (DDVP) is
used to treat a variety of parasitic worm infections in
dogs, livestock, and humans.
Paraquat is the most highly toxic herbicide to be marketed over the last 60 years. But, it is the third most widely used herbicide in the world. In most countries where it
has been registered, it can be used without restriction. It is
used on more than 50 crops in more than 120 countries.
Paraquat has been banned or restricted in 13 countries,
mainly for health reasons [12, 13]. There is scarce information about the toxic effects of paraquat in microalgae.
Trifluralin (α,α,α-trifluoro-2.6-dinitro- N,N-dipropyl-ptoluidine) is used as a test chemical; it is a dinitroaniline herbicide used to control a wide spectrum of annual
grasses and broadleaf weeds in agriculture, horticulture,
viticulture, amenity and home gardens.
Diazinon, dichlorvos, trifluralin and paraquat are widely
used in developing countries such as Turkey. Therefore,
in the present study, a green alga, Chlorella vulgaris, has
been studied in an axenic culture exposed to different concentrations of these pesticides. Chlorella vulgaris dominate
the local aquatic environments. This study reports on the
effects of diazinon, dichlorvos, trifluralin and paraquat at
different concentrations upon population growth of Chlorella
vulgaris.
The green alga Chlorella vulgaris was isolated from
plankton samples in a fishpond. This alga was grown in
sterilized Jaworski’s medium. The medium was composed
of distilled water and the following chemical ingredients:
Ca(NO3)2 4 H2O, KH2PO4, MgSO4 7 H2O, NaHCO3, EDTA
FeNa, EDTA Na2, H3BO3, MnCl2. 4 H2O, (NH2)6Mo7O2
H2O, NaNO3, Na2HPO4, cyanocobalamin, thiamine, and
biotin. The culture medium (1.05 kg cm-2) was sterilized at
121 °C, for 30 min. Single species experiment was carried
out to know the change in total cell number. C. vulgaris

was exposed to various concentrations of diazinon, dichlorvos, trifluralin and paraquat. The incubation time
chosen to investigate the effects of these pesticides on
growth of C. vulgaris was 6 days (144 hours), which is
comparable to previous studies on the effects of other
chemicals on algal growth. The stock and experimental
cultures were grown in the same liquid medium at a temperature of 23± 1 ºC and a light intensity of 1000 lux (16-h
light/8-h dark photoperiod). The inocula were prepared
from these cultures to provide an initial cell density of
10240 cells/mL of C. vulgaris in treated and control cultures. The pesticides were added to the C. vulgaris culture
just after inoculum. Control cultures were incubated in the
same medium without pesticides. The experimental sets
were run in triplicate, and all cultures were hand-shaken
twice daily. After the cultures were incubated, C. vulgaris
cells were counted with an inverted microscope at 0, 24,
48, 72, 96, 120 and 144 h (1, 2, 3, 4, 5 and 6 days).
3. RESULTS AND DISCUSSION
The effects of diazinon, dichlorvos, trifluralin and
paraquat were investigated when alga C. vulgaris has
been exposed to various concentrations for 1, 2, 3, 4, 5
and 6 days. Control cultures with the same cellular density as the treated ones were prepared, in order to determine
the effects of diazinon, dichlorvos, trifluralin and paraquat
on population growth of C. vulgaris. This green alga was
affected in a different manner from each concentration of
these pesticides. The growth of C. vulgaris was significantly inhibited in all treatments when compared with
controls (Fig. 1). Figure 1 shows the population growth
of the cultures exposed to different concentrations of
diazinon. The observation of toxic effects of diazinon on
C. vulgaris indicated a significant decrease in population
growth with respect to the control in the treated cultures,
at all assayed concentrations on the first day. C. vulgaris
in treated (1, 3, 7, 10, 15 and 20 µg/L of diazinon) and
control cultures was counted as 10240 cells/mL respectively. At the second day, C. vulgaris was counted
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FIGURE 1 - Effect of different concentrations of diazinon to population growth of Chlorella vulgaris.

FIGURE 2 - Effect of different concentrations of dichlorvos to population growth of Chlorella vulgaris.

in control culture as 15360 cells/mL, and a non-significant
increase of C. vulgaris growth in 1, 3 and 10 µg/L-treated
cultures could be observed, when compared to control
(Fig. 1). The effects of diazinon on C. vulgaris were noticed when growth ratio of some treated cultures decreased
significantly with respect to control at 72-h exposition.
Especially, there was a significant inhibition of growth with
respect to the control in the cultures exposed to >20 µg/L
at 72 h. At the 4th day, growth decrease of C. vulgaris was
continued in treated cultures but green algae were significantly increased in control culture. On the 5th day, population growth of C. vulgaris was significantly decreased in
treated cultures with diazinon at concentrations of 1-20 µg/L
diazinon. (Fig. 1).
Chlorella vulgaris was affected in a different manner
from each concentration of dichlorvos as shown in Fig. 2.
At the 2nd day of inoculation, all concentrations of the
toxicant including the lowest ones exhibited significant
reduction in culture growth with respect to control. The
effects of dichlorvos on C. vulgaris were noticed, when
the growth of all exposed cultures significantly decreased
at the 6 th day. C. vulgaris count in control culture was

40960 cells/mL but a significant inhibition of growth with
respect to control was observed in cultures exposed to
>20 µg/L.
Figure 3 shows the population growth of the cultures
exposed to different concentrations of paraquat. C. vulgaris
in control culture was 20480 cells/mL. After 48 h, paraquat
has no significant effect on growth rates of C. vulgaris in
control as well as 1 and 3 µg/L-treated cultures but a
significant inhibition of growth with respect to control
was seen in the cultures exposed to >20 µg/L. At the last
day, C. vulgaris in control culture was 40960 cells/mL but
at concentrations of 1, 3 and 7 µg/L paraquat, C. vulgaris
was counted in cultures as 10240 cells/mL. However, there
was a significant inhibition of growth with respect to control in all cultures exposed to >10 and >20 µg/L after 6days exposure (5120 cells/mL).
Figure 4 shows trifluralin toxic effects on C. vulgaris.
At the 1st day, C. vulgaris in control culture was counted
as 20480 cells/mL. At 48 h, trifluralin has no significant
effect on growth rates of C. vulgaris in both control and
treated cultures. The effects were noticed, when the growth
of all exposed cultures significantly decreased at the 5th
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FIGURE 3 - Effect of different concentrations of paraquat to population growth of Chlorella vulgaris.

FIGURE 4 - Effect of different concentrations of trifluralin to population growth of Chlorella vulgaris.

day. There was a significant inhibition of growth with
respect to control (40960 cells/mL) in cultures exposed to
above 15 and 20 µg/L after 120 h (5120 cells/mL). The
same significant inhibition of growth with respect to control was observed in cultures exposed to above 3-20 µg/L
at the last day, too.
The relationship between microalgal growth rate and
pesticide concentrations has been investigated in some
studies. Several authors refer to this relationship. Different sensitivity of the green algae to the compounds could
induce species shifts within communities [14]. Investigations with different green algal species have shown that
algae vary greatly in their response to chemicals. The
effects of different pesticides on growth, reproduction,
photosynthesis, and other metabolic activities of algae
were investigated by different workers [14-16].
The results of this study indicate that sensitivities to
diazinon, dichlorvos, paraquat and trifluralin of C. vulgaris began at the first day of inoculation, and with time, the
algae were continuously decreased in treated cultures with
the pesticides. On the contrary, growth rates of C. vulgaris were always high between 0 to 6 days in control cultures. In general, the growth rate of C. vulgaris was found

to be negatively correlated with high concentrations of the
pesticides. Because of the above results, the use of diazinon, dichlorvos, paraquat and trifluralin would cause
both acute and chronic damages to natural green algal populations, commonly in aquatic environments. This would
also affect the development of non-target organisms, closely connected by means of their food relationships.
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ABSTRACT
The present study investigated possible correlations
between fluctuations of air temperature and precipitation
from 1945 to 2008 and the variability of hydrological processes due to climate changes from 1945 to 2010 in the
Talas River Basin, Kyrgyzstan, Central Asia. Features and
trend variations of annual average runoff precipitation and
temperature at the Talas River were analyzed by applying
the Mann-Kendall test method using meteorological and
hydrological data gleaned from the Talas River Basin. We
found a strong relationship between air temperature, precipitation, and stream-flow. The obtained results in this investigation showed that air temperature had significantly
increased by 1.8 °C. Although precipitation in the upper
portion of the basin was not significantly changed during
the observed time, precipitation in the lower portion
slightly decreased. Furthermore, Talas River runoff trends
exhibited an upward tendency over the past several decades. Increases in air temperature and precipitation led to
increasing river runoff volume across the entire river. In
addition, with rising air temperatures, the intensity of glacial melting increased, leading to increased runoff volume
into the Talas River. The results of this study showed that
the hydrological processes of the Talas River Basin in
Central Asia are highly sensitive to climate variability and
changes, and that this sensitivity will likely become more
pronounced in the future.

KEYWORDS: Climate change, Mann-Kendall test, temperature,
precipitation, Talas River, Kyrgyzstan, Central Asia

1. INTRODUCTION
Lack of water is a global problem that is growing increasingly widespread due to global warming and other
environmental changes [1]. At the same time, extreme
events, such as floods, are becoming common occurrences
worldwide [2]. Some scholars have investigated how indus* Corresponding author

trial over-development can play a significant role in changing Earth’s climate. Today, its effects are confirmed through
the global warming phenomenon, and the amount and
type of precipitation falling to Earth. On the other hand,
the use of surface water has increased because of expanding agricultural activity, industrialization, and population
growth [3]. Some researchers have discovered that climate
changes in different regions and their impacts on river
runoff are not consistent [4]. Nevertheless, most researchers agree that decreasing average annual flows, reduction
of glaciers, and more rapidly melting snow are now common occurrences. Not fully understood, however, is whether
different basins will respond differently to climate warming, how characteristics of individual river basins may react
to future impacts, and how different impacts relate to existing human demands, such as water storage capacity, hydropower generation, and ecosystem services [5].
Investigations of climate change impacts on available
water resources are beneficial for the improvement of water
resources management. Estimating the possible effect of
climate change on hydrological processes and water resources is particularly important for any work connected
with sustainable management and long-term planning of
water resources [6]. The main driving factors of river runoff volume changes include climate changes and human
intervention [7]. Water resources play an important role in
the sustainable development of society and economic growth
in arid and semiarid areas, which have a vulnerable ecoenvironment [8].
The scarcity of freshwater resources is the most urgent current issue of all environmental problems, as most
rivers, including those in Central Asia, are key resources
for agriculture [9]. Climatic change is the reason for real
and potential reductions in mountain river runoff in the
Kyrgyz Republic. Agriculture is the main force driving
economic development in this country, and it depends on
large amounts of water for irrigation, which correlates with
river volumes. As mountain rivers provide the main water
resources for irrigation in arid areas, any continuous unfavorable changes in climate would likely decrease the
river discharge, leading to reductions in the food supply
and the social security of the entire country [10]. The current scarcity of surface water resources provides a motivation for increasing the irrigation system [10].
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FIGURE 1 - A map of the basin of Talas River water net.

The Talas River Basin is the third largest river basin
in the Kyrgyz Republic. Changes in precipitation in and
around the Talas River Basin have led to changes in the
amount of river discharge, which could have important
effects on agriculture, especially for small farmers. This is
why it is necessary to analyze temperature and precipitation changes in different regions and their impact on river
runoff. Our aim herein is to determine whether, and to what
extent, global warming or other factors have any impact on
the surface water runoff of the Talas River. Accordingly,
this study focuses on the differential hydrologic response
of the Talas River Basin to climate warming within the
Kyrgyz Ala Too and Talas Ala Too mountains of Tien
Shan. Meteorological and hydrological variables, such as
temperature and precipitation, are highly sensitive to climate change. Estimating the total reduction of the surface
stream-flow of the Talas River Basin is important for estimating future water supplies as well as the protection of
aquatic ecosystems at the regional and watershed levels.
2. MATERIALS AND METHODS
2.1 Study area

The Talas River Basin (43°55’ 00’’N. 70°30 00’’E) is
situated between the Kyrgyz Ala Too and Talas Ala Too
ranges of the Tien Shan (Fig. 1) and is made up of mountains and plains [11].
The total basin area is ∼ 52.700 km2, ∼ 9.240 km2of
which are located in the Kyrgyz Republic. The basin
features 281 glaciers with a total area of 164.7 km2.The
length of the Talas River is ∼ 661 km; a 148 km long stretch
(Table 1) is situated in Kyrgyzstan with many researchers
arguing that “about 80 percent” of the runoff is formed in
Kyrgyzstan [12]. The average elevation of the river basin
varies from 2.500 to 2.700 m above sea level [13, 14].

TABLE 1 - Coverageof the Talas River Basin.
Basin of river Talas
Square
Country
The share of the country
52.700 km2
Kazakhstan
41.270 km2
78.3%
Kyrgyzstan
11.430 km2
21.7%
Source:Joint Communicationof the Ministries of Environment of Kazakhstan and Kyrgyzstan [12, 14]

The main distinctive features and physical geographic
conditions of this basin are the lofty peaks and powerful
folds of the Tien Shan Mountains. Tien Shan is one of the
longest and highest mountain ranges in Central Asia [15].
The Talas River Basin’s climate is continental. In the
winter time, the basin is under the influence of a high
pressure area, which generates cloudless weather with
high temperature inversion. Spring and summer are characterized by intrusions of western and north-western air
masses, which lead to rapid changes in temperature and
precipitation. The second half of the summer is characterized by hot and dry weather [16]. The average annual
temperature varies widely, depending on the altitude, and
annual rainfall amounts rise with elevation. On the plain
area of the basin, spring and autumn precipitation is dominant, peaking in April. The second precipitation peak
typically occurs in October and November [11].
For mountain slopes up to an elevation of 2.500 masl
(above sea level), precipitation is observed in April-July,
peaking in May. Autumn precipitation is negligible. For
the alpine zone (above 2.500 masl), summer precipitation
occurs mostly in May-July, peaking in June [13].
The average snow cover is 13-19 cm in the Talas valley plain. In the highest parts of the Talas Ala Too and
Kyrgyz Ala Too ridges, the snow cover reaches 60-80 cm.
or even up to 1 min some places. In high mountain areas,
the snow cover is distributed unevenly due to the effects
of evaporation and wind transportation [17].
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The volume of water storage in snow cover and glaciers is massive, particularly in the highest parts of the
Talas Ala Too Range, where the springheads of the main
tributaries of the Talas River (Beshtash, Urmaral, Kalbaand Kurkuro rivers) are formed [18]. Especially high
water content is observed in the ice cirques glaciers at an
elevation of 3.300 masl [19, 20].
In areas lower than 2.500 masl. The snow cover melts
completely after the above-freezing air temperatures become stable. However, even in negative average daily air
temperatures, the snow cover melts due to evaporation
and frequent winter thaws. In high mountain areas, snow
cover melts from the intensive solar radiation [11, 16].
The Talas River begins at the confluence of two rivers,
the Karakol and the Uch-Koshoy. The Karakol River is
formed on the southern slope of the Kyrgyz Ala Too Ridge
(Fig. 1) and flows westward through a narrow valley,
branching into a few short tributaries. At the village of
Kopuro-Bazar, the valley widens to 2-3 km. The UchKoshoy River forms on the northern slope of the Talas
Ala Too Range [21]. From the confluence of the Karakol
and Uch-Koshoy rivers to the village of Kirov, the Talas
River flows through inter-mountainous terrain and wide
valleys, and into the Kirov water reservoir. The main leftside tributaries of the Talas River (Kalba, Beshtash, Urmaral, Kumushtak and Kara Buura rivers) flow from the
north slope of the Talas Ala Too range, while the rightside tributaries (Kenkol and Nyldy rivers) flow from the
south slope of Kyrgyz Ala Too. Also feeding the Talas

River are the Kirov, the Chymkent, and other rivers fed
from groundwater supplies. The Talas River flows through
the Kirov water reservoir, emerging from the city of Taraz
onto the plains [12, 18].
Water and land resources of the mountain areas are
used as pasture, and the foothill zone is used for crop production (Fig. 2) [20, 22].
2.2 Materials

In this paper, the object of research is the TalasRiver
and tributaries. To minimize the impact of human activities
on our results and make the regional climate changes more
clear, all meteorological and hydrological posts were installed on the top part of the mountain of each river’s tributaries. The mean values of weather and hydrological stations data are used to represent runoff, temperature, and
precipitation.
We studied the sensitivity of the TalasRiver and tributaries to changes in current climate content. For this purpose, data about surface water runoff (Table 2) were collected from Manas, Bakai Ata, Kara Buura and Talas
DDWRs (District Department of Water Resources), and
meteorological data from weather stations (WS) (Table 3)
from 1945 to 2008 (there are only 2 WS: Talas and Kyzyl
Adyr). According to a 2012 report from the Ministry of
Water Resources in Kyrgyzstan, there were 24 hydro posts
(HP) in the valley in 1980 and 15 in 1992. However, by
2010, there were only 13 (Fig. 3), and 3 of them (Bakyian, Chimkent, and Kirov springs) were not working.

FIGURE 2 - TalasRiver, its tributaries and irrigated area.

TABLE 2 - Characteristics of hydrological stations.
Rivers-posts
TalasRiver- gorge Ak-Tash
Talas River- Kara-Oi at 2.6 km
below from estuary of Uch-Koshoi river
Talas River-village Kluchevka

Catchment area
(km2)

Opened years

Type of feeding the
rivers

553
2450

Elevation of hydro post
(asl)
(m)
2 113
1 462

1956-2010
1929-2010

ice-snow-fed river
ice-snow-fed river

5140

954

1975-2010

ice-snow-fed river
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TABLE 3 - Characteristics of meteorological stations.
Weather stations
WS Talas
WS KyzylAdyr

Elevation of weather
station (asl) (m)
1280
1050

Opened year
1928-2008
1943-2008

FIGURE 3 - Hydrological stations of rivers in the TalasBasin. Kyrgyzstan and Kazakhstan.

We collected databases (water discharge) from the
following hydrological posts (HP): Ak-Tash HP, which
had data for 54 years (1957-2011); Kluchevka HP, which
had data for 36 years (1975-2011); and Kara-OiHP, which
had data for 82 years (1929-2011).
In the Talas Valley, there were 2 weather stations
(WS): Talas WS (data for 80 years. 1930-2010) and Kyzyl Adyr WS (data for 67 years. 1943-2010). We collected data based on monthly, annual, and decade-long readings for temperature and precipitation. All figures are
shown in Figs. 6-8, but the time series are not the same
because our trend calculations depended on the opening
dates of the WSs and HPs. In other words, if we calculated data from the opening year of each WS and HP, the
trends would be very short and incorrect. and short-term
trends do not clearly explain a situation or changes.

by employing the nonparametric Mann-Kendall monotonic test.
The Mann-Kendall test statistic (S) is usually calculated as follows:

$ (S − 1) var(S ) S > 0
!
Z =#
0
0
!
" (S + 1) var(S ) S < 0
n−1

S = ∑ ∑ sgn(x j − xi )
i =1 j =i +1

We performed analyses of hydrological (runoff discharge) and climate data for the period 1945-2010 using
the Mann-Kendall nonparametric test. The Mann-Kendall
test method is widely used for hydrological trend detection [3, 6, 23-25].
The nonparametric statistic Mann-Kendall test is often applied to determine the historic stream runoff trend
and abrupt changes when the data of a temporal series do
not meet the normality of their distribution [3, 8, 26-29].
In the trend test, the null hypothesis, H0, means that there
are no abrupt changes and the alternative hypothesis. H1.
means that there is an abrupt change and an obvious trend
in the record. Trend analyses in this study are conducted

(2)

$+ 1, θ > 0
!
sgn(θ ) = #0, θ = 0
!− 1, θ < 0
"

2.3 Methods

(1)

n

(3)

&
#
var(S ) = $n(n − 1)(2n + 5) − ∑ t (t − 1)(2t + 5)! 18
t
%
"

(4)

The minimum values of n with which these four significance levels can be reached are derived from the probability table for S (see Table 4).
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Significance level P
0.1
0.05
0.01
0.001

Required n
≥4
≥5
≥6
≥7
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The significance level 0.001 means that there is a
0.1% probability that the values xi are from random distribution. Thus, a significance level of 0.001 means that
the existence of a monotonic trend is very probable,
whereas a significance level of 0.1 means that there is a
10% probability that a mistake will be made when rejecting H [26].
2.4 Correlation analysis

1) Gray correlation analysis is a method for determining the correlation degree among factors that are related
and mutually affected. The more similar the trends of
factors are, the greater the correlation degree is, and vice
versa (Ling et al. 2011 [8]).
2) Coefficient correlation of Pearson. In general, the
formula for calculating the correlation coefficient is as
follows:
(5)
These methods, which predict possible climate
changes under various scenarios of increasing greenhouse
gases and aerosols, will allow us to assess the possible
impact of changing climate conditions on river flow and
temperature. Therefore, in this paper, a nonparametric
approach based on the statistical theory and events was
used in order to detect and analyze the temperature, precipitation and water discharge of stream-flow trends in the
TalasRiver Basin. Kyrgyzstan. Central Asia.

3. RESULTS
3.1 Monotonic Mann-Kendall test results

The Mann-Kendall statistical test revealed a significant rising trend in the air temperature of the Talas River
Basin, northwest Kyrgyzstan. The results of a MannKendall test for the monotonic trends of their time series
are given in Tables 5-7.
The nonparametric test rejected the hypothesis H0 for
runoff of HP Ak-Tash, and for air temperature of Talas
WS. This means that there were significantly increasing
trends in the watershed of the Talas River during the
studied period. The trend of annual runoff at the Ak-Tash
HP increased significantly (Z0 = 3.16,P <0.05). Similarly,
the trends of air temperature at the Talas WS also increased (Z0=3.52, P <0.05). In the Kyzyl Adyr WS, temperature was not significant and precipitation decreased
not significantly (Z0=-0.28, P <0.05). Tests at other stations showed no significant trends, except for a slow
increase (Tables 5-7).
3.2 Relationship between long-term trends of air temperature
and precipitation time series

The regional potential changes of air temperature,
precipitation, and runoff are given in Figs. 4-8. The results of the statistical analyses indicated that significant
changes (increases) of air temperature could be expected
across the Talas River Basin.
The spatial trend changes in air temperature continually increased from period to period (Fig. 4). At the same

TABLE 5 - Mann-Kendal test for temperature and precipitation of Talas WS.
Item

Time series

Mean value (max)

Mean value (min)

Z0

Trend H0

1945-2008

Length of
record
63

Temperature (°C)

9.5 (2004-06)

6.1 (1951)

3.52

significant

Precipitation (mm)

1945-2008

63

534.2 (1988)

168 (1945)

0.37

not significant

Significant level is P<0.05

TABLE 6 -Mann-Kendal test for temperature and precipitation of KyzylAdyr WS.
Item

Time series

Mean value (max)

Mean value (min)

Z0

Trend H0

1945-2008

Length of
record
63

Temperature (°C)

9.8 (2004)

5.6 (1954)

1.89

not significant

Precipitation (mm)

1945-2008

63

515 (1969)

184.8 (1996)

-0.28

decrease

Significant level is P<0.05

TABLE 7 - Mann-Kendal test for annual average runoff of Ak-Tash. Kluchevka and Kara-Oi hydro posts.
Item

Time series

Mean value
(max)
14.1 (2002)

Mean value (min)

Z0

1957-2010

Length of
record
53

HP Ak-Tash (m3)
HP Kluchevka (m3)
HP Kara-Oi (m3)

5.10 (1961)

3.16

significant

1976-2010

34

38.7 (2002)

13.6 (1986)

1.14

not significant

1945-2010

65

27.4 (2002)

10.6 (2008)

-0.3

not significant

Significant level is P<0.05
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FIGURE 4 - Relationship between trends - annual average air temperature and precipitation of WS Talas for 1929-2008.

FIGURE 5 - Relationship between trends - annual average air temperature and precipitation of WS KyzylAdyr, 1944-2008.

time, the amount of average precipitation increased around
40 mm during the observation period. Study findings
indicated that river runoff also increased.
According to preliminary database analyses, we found
an increasing trend in rising air temperature of approximately 2 °Cover a 78-years period (Talas WS). However,
the Kyzyl Adyr WS database (1943-2008) indicated that
as the air temperature increased, the average annual precipitation quantity decreased (Fig. 5). The average air temperature of the entire Talas Basin rose by 1.8 °C during
the studied period.

3.3 Relationship between long-term runoff trends of the Talas
River and precipitation trends

The time series of the entire HPs demonstrated an obvious upward trend. As shown in Fig. 7, the annual average
runoff volume of Kara-OiHP, located on Uch-Koshoi’s
main tributary inflow of the Talas River, gradually increased by 2 m3/sec from 1939 to 2010. HP Ak-Tash (Fig. 6)
also showed an increasing trend of 3 m3/sec during the
1957-2010 time frame. The rising rate of runoff was the
highest in the HP Kluchevka, where it reached 7 m3/sec
(Fig. 8). The average increasing rate of the entire Talas
River runoff was 3-4m3/sec.
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FIGURE 6 - Relationship between annual average runoff of HP AkTash - River Talas and annual average precipitation of WS Talas, 1957-2011.

FIGURE 7 - Relationship between annual average runoff of Kara-OiHP and precipitation of WS Talas, 1939-2011.

FIGURE 8 - Relationship between annual average runoff of HP Kluchevka, Talas River and precipitation of WS Kyzyl-Adyr, 1976-2011.
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4. DISCUSSION
In our study, climate and hydrological data were analyzed to ascertain changes in the Talas River Basin. We
analyzed the data of 3 hydro posts located at the top,
middle, and lower portions of the basin in order to examine different basin responses within this region. These
results were also used to explicitly simulate intra-basin
hydrologic dynamics and understand localized sensitivity
to climate warming. Our analysis of the mean air temperature and runoff from 1945-2010 period shows a significant rising trend in the study region. Runoff, air temperature, and precipitation have increased in the Talas River
Basin in the past approximate 70 years. In our study, we
found the average increase of air temperature in the Talas
River Basin to be 1.8 °C during the observation period.
Accordingly, the rise of air temperature promoted a marked
increased in precipitation which averaged approximately 40 mm for Talas WS during the study time.
The influence of climate in the Talas River Basin is
expected to be more serious in the coming decades. Like
most previous climate change impact studies in other
countries, our results confirm that the main influence
factor to volume of hydrological processes is climate, i.e.
changes in air temperature [30. 31]. According to time
series analysis, global warming is stronger in Central Asia
than the global average. While global mean annual temperature has increased by 1.8 °C/100 yrs from 1970 to 2000, in
Central Asia it increased by 3.1 to 4.8 °C/100 yrs [9]. Recent researches have shown that even small-scale natural climate fluctuations have had enormous impacts on
glaciers over the past 100,000 years. Research also shows
that hydrological regimes of snow and glacial melt-driven
rivers will be impacted by a warming climate [32, 33].
The long-term trends of hydrological processes are
highly sensitive to climate changes, such as changes in
temperature and precipitation. Meteorological data of the
mean annual air temperature and mean annual precipitation data from 1945 to 2008 and mean annual runoff data
from 1945 to 2010 years were analyzed to identify longterm trends. Determining the long-term trends of climate
factors clarified the change in the hydrological processes
of the TalasRiver Basin. Due to uncertainty when regarding future precipitation change, we assume a historic hydrology and focus rather on hydrologic response to climate
warming. This is owing to uncharacteristic increases in air
temperature and precipitation increasing the volume of
runoff instead of accumulating it as glaciers, as was done
previously. The rising air temperature hinders the glaciation process; then, moisture either evaporates or melts,
and forms stream-flows. As shown in Figs. 6-8, to find
out the interrelation between precipitation and runoff
trends, we combined the databases and attempted to calculate the interaction of these two factors. The databases
of WS and HP are located very close to each other, being
useful for obtaining accurate interrelations results.

Owing to increased precipitation trends, river runoff
volume is rising year by year. Many observers in Central
Asia anticipate worse to come, as a significant increase of
this trend coefficient in the 21st century is expected. This
brings with it considerable climate uncertainty and unknown consequences on water availability [33, 34]. In
long-term analyses, the main problem inherent in climate
change is the melting of glaciers. The sources of river
water are primarily melted water from snow and glaciers
depending on runoff. Even now, rivers fed by glaciers and
snow are experiencing increases in runoff and discharge,
along with corresponding reductions in low-hill regions.
This is due to the intensity of deglaciation and reduction
of snow areas. The current average rate of glacial retreat
is about 6-8 m per year. The continuation of this retreat
process will result in decreasing stream-flow that will
become appreciably notable [10].
A major consequence of warming is the irretrievable
loss of freshwater resources stored in the ice of the glaciers. Since the 1970s, the melting processes have become
more intense due to climate warming [35-38]. According
to a report by the Department of Water and Melioration of
the Kyrgyz Republic [39], the dynamic quantity of the
shrinking processes of glaciers in the Talas River Basin
has reduced from 1977 (281) to 2000 (177). The total
reduction of glaciers in the river basin was recently estimated to be 37%. This indicates the influence of increasing air temperature on glaciers, and its impact on water
resources in the Talas River Basin.
However, despite increasing air temperatures, the
quantity of precipitation has not changed but the local
climate is getting drier day by day. This results in losses
of water sources through, for instance, irrigation, evaporation, and infiltration.
Runoff is a result of basin processes and is affected by
numerous factors. Changes in any of these factors, whether
due to natural and/or human activities, may result in changes
of runoff [40]. Checking historical trends in these processes
can help to determine changes in runoff. Undoubtedly,
changes in air temperature have an impact on the volume and stream-flow of the Talas River. Warming climates will likely further stress water resources, which have
already undergone extensive losses and land-use changes in
the Talas Basin. The consequences of this situation are that
all glaciers are melting. As a result, most incoming precipitation simply flows away, and previously glacier-fed
semiarid zones increase. If these changes in climate continue along the same process, new problems will be generated (disappearance of glaciers, lack of drinking water,
droughts, shortage of irrigation lands, scarcity of food).
Similarly, in other river basins, human activities such as
deforestation and changes in land-use as well as irrigation
constructions have had significant influences on the characteristics of the Talas River stream-flow. Insights presented herein are intended to help guide local adaptation
strategies by highlighting regional and basin-specific trends
in the quantity and timing of water resources under re-
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gional climate warming, and to illustrate that the basin is
intrinsically vulnerable to climate warming.

[2]

Xu, Z.X., Chen, Y.N., and Li, J.Y. (2004) Impact of climate
change on water resources in the TarimRiver Basin. Water
Resources Management. (18): 439-458.

[3]

Ramazanipour, M. and Roshani, M. (2011) Test and trend
analysis of precipitation and discharge in the north of Iran
(case study: PolroudBasin). World Applied Sciences Journal.
14 (9): 1286-1290.

[4]

Li, B.F., Chen, Y.N. and Chen, Zh. and Li, W. (2012) Trends
in runoff versus climate change in typical rivers in the arid
region of northwest China. Journal Elsevier.Quaternary International. 282: 87-95.
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Null, S., Viers, J.H. and Mount, J.F. (2010) Hydrologic response and watershed sensitivity to climate warming in California’s Sierra Nevada. PloS ONE. 5(4): e9932.doi:10.1371.
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Chen, Y.N., Li, W., Xu, Ch. and Hao, X. (2007) Effects of
climate change on water resources in TarimRiver Basin.
Northwest China. Journal of Environmental Sciences. 19:
488-493.

[7]

Li, B.F., Chen, Y.N. and Shi, X. (2012) Why does the temperature rise faster in the arid region of northwest China?
Journal of Geophysical research. 117. D16115. doi: 10.
1029/2012JD017953.

[8]

Ling, H., Xu, H., Shi, W. and Zhang, Q. (2011) Regional
climate change and its effects on the runoff of ManasRiver.
Xinjiang.China. Environment Earth Science. (64): 22032213.

[9]

Sehring, J. and Giese, E. (2011) Global environmental
change and conflict potential in Central Asia. In: Brauch.
H.G. et al. (eds.) Coping with Global Environmental Change.
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5. CONCLUSIONS
Using several methods, we showed that climate variability has significantly affected the runoff of the Talas
River in Kyrgyzstan. Central Asia. The following conclusions can be drawn from our analysis.
The climate variability of the Talas River Basin has
increased temperature by 1.8 °C. Furthermore, precipitation at the top side of the basin has risen but the precipitation at the lower side of the valley was slightly decreased.
The expected increase in air temperature and precipitation
into the future may have significant effects on runoff and
the overall environment in the Talas River, and water reservoir construction. Land-use is another major factor that seriously affects Talas River runoff. Therefore, new water resources planning and management as well as better controls and strategies promoting water conservation practices in the future are urgently needed.
Basin runoff is highly sensitive to changes in precipitation and air temperature, and is influenced by the glaciers on the Talas Ala-Too Range. Consequently, Talas
River runoff is increasing year by year. In the coming
decades, as climate change affects existing water resources
management in mountain regions, attention needs to focus
on how to adapt resources use. This study helps to shed
light on the types of changes occurring within the basin,
and the potential effects of these changes on highly populated downstream areas.
However, our investigations and research are not sufficient to know the full scope of the consequences of runoff
changes that are occurring throughout the entire basin due
to intensive water withdrawal for irrigation and water
consumption. More studies are needed to investigate the
comprehensive effects of climate change and human activities on river runoff in the Talas River Basin.
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ABSTRACT
Over the years, researchers have been developing lowcost bio-adsorbents as alternative materials to conventional
activated carbons for water treatment. New materials are
used either ‘as is’ or slightly chemically or physically
modified. Their efficiency is mostly characterized in batch
experiments with parameters like (i) adsorption capacity
(mg/g), (ii) fitting of adsorption isotherms (e.g. Langmuir)
and/or kinetics (e.g. first order models), (iii) optimal experimental conditions (e.g. pH value, duration), (iv) reaction
mechanism (e.g. adsorption vs. bioreduction), and (v) removal efficiency (%). The suitability of this approach is
questioned in this communication using green walnut shell
as adsorbent and CrVI as a model contaminant. It is shown
that results from such experiments are highly qualitative
and not comparable with each other. The two main reasons
are (i) the lack of a reference material and (ii) the lack of a
standard experimental procedure. Based on the Bernoulli's
principle, tools for more comparable results are discussed.
The Bernoulli's principle suggests that batch experiments
should be designed at constant solution pressure on adsorbing particles.
KEYWORDS: Adsorption process, Bernoulli's principle, green
walnut shell; low-cost biomass, water treatment.

1. INTRODUCTION
Water treatment with adsorption processes is an ongoing research area [1-5]. Tested adsorbing materials
include activated carbon, biosorbents, carbon nanotubes,
chitosan, clays, fly ash, food waste, metal oxides, natural
minerals, peat moss, polymers, silica gel, zeolites and
zero-valent metals [4-11]. Chromium has been one of the
* Corresponding author

most common model contaminants for testing the suitability of conventional and alternative water treatment adsorbents [7, 12-16]. Biosorbents from walnut (e.g. hull, shell)
are gaining increasing importance [11, 17-20]. These
materials are used as raw materials for the manufacture of
activated carbons as well [8]. The present communication
is focused on characterization methods for biosorbents in
wastewater treatment. Biosorbents are biologically dead
masses in which lignin and cellulose are of key importance for the adsorption of heavy metals.
1.1 The problem

Activated carbons (ACs) are considered to be the
standard adsorbing materials for water treatment. The
efficiency of alternative materials should be compared to
that of ACs. A conventional approach for the characterization of ACs is the determination of their surface area
and pore size distribution via adsorption capacities for
various standard species (e.g. iodine, methylene blue, N2).
Long years of experience with such parameters has cumulated in the selection of ACs for special application based
on one or two parameters (e.g. iodine number, phenol
number or methylene blue adsorption capacity). For example, an AC for wastewater treatment should exhibit a
methylene blue removal capacity ≥ 200 mg/g [21]. For
alternative adsorbing materials, including biosorbents, no
such parameters are yet available.
For example, Sartape et al. [7] summarized the efficiency of various biosorbents for CrVI as follows: (i) dried
roots of water hyacinth revealed a very high degree of
removal efficiency (almost 100 %) (statement 1), (ii) beech
sawdust had shown 100 % as maximum adsorption efficiency at pH 1 (statement 2), (iii) the CrVI adsorption
capacities of walnut, hazelnut and almond were 8.01, 8.28
and 3.40 mg/g, and percentage removals were 85.32, 88.46
and 55.00 %, respectively (statement 3). Rigorously,
statements 1-3 are highly qualitative and only valid for
the specific experimental conditions of individual studies.
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In other words, an adsorption capacity for walnut of 8.01
mg/g (statement 3) corresponding to a percentage removal
of 85.32 % is only valid for given specific operational
conditions (including the geometry of the used vessels).
Relevant operational conditions include: (i) walnut pretreatment (e.g. activation with NaOH), (ii) pH value, (iii)
walnut mass loading, (iv) volume of CrVI solution, and (v)
CrVI initial concentration. Sartape et al. [7] have not specified the experimental conditions of statement 3. The
approach of comparing published results without considering the related experimental procedures is unfortunately
the rule in scientific literature [22-25].

2.4 Analytical procedure

CrVI determination was carried out by colorimetric
method using a UV-Visible Spectrophotometer (UNICO SQ-4802) at λmax = 540 nm [27]. The solution pH
values were recorded with a Metrohm 780 pH-meter.
2.5 Expression of experimental results

The extent of CrVI removal (P in %) is given by Eq.
(1):
P = 100 *(1 - C/C0)
(1)
C0 is the initial CrVI concentration and C its residual
concentration.

1.2 Objectives

2. MATERIAL AND METHODS
2.1 Solutions

Analytical grade chemicals (Merck) were used. A
stock CrVI solution was prepared by diluting appropriate
amounts of chromium trioxide (CrO3) in deionized water.
Working solutions with initial CrVI concentrations varying
from 10 to 40 mg L-1 and the initial pH of 3.6 were prepared from the stock solution. NaNO3 was used for ionic
strength adjustment. The solution pH was adjusted with
concentrated HCl or NaOH.

3. RESULTS AND DISCUSSION
3.1 Effects of the pH value

Figure 1 summarizes the extent of Cr removal (%) by
green walnut shell (GWS) as function of the time for three
different pH values (2.3, 3.6 and 6.7). Figure 1 implies
that the adsorption kinetics for GWS was rapid for the
first 5 min, followed by a plateau. It is clear that 10 min
was an adequate experimental duration to achieve a pseudoequilibrium under experimental conditions. Results also
imply that CrVI removal was optimal at pH 2.3. This behavior is satisfactorily rationalized by reduction of CrVI to less
soluble CrIV species and biosorption of CrIV [11, 15].
100

80

Cr removal / [%]

Recent results of Iranian green walnut shells (GWS)
for aqueous CrVI removal are used to challenge the suitability of the current approach to booster the application of
the adsorption technology for water treatment. The percent CrVI elimination is the sole criterion for the characterization of the evolution of tested systems. Based on the
Bernoulli's principle, tools for more comparable results
are presented.

Green walnut shell (GWS) was collected from walnut
trees in Shiraz (Iran). The biomass was washed with deionized water to remove extraneous materials, and then
air-dried for a week. The air-dried biomass was crushed
and sieved. The particle size fraction of 0.105-0.210 µm
was used.

VI
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2.3 Cr removal

CrVI removal was initiated by contacting an appropriate amount of GWS with 50 mL CrVI solution at room
temperature (22–28 ºC). The initial pH value and the ionic
strength were properly adjusted. Based on literature data
[23, 24, 26] and preliminary studies, a stirring speed of
250 rpm was selected to maintain the GWS particles in
suspension. At pre-determined times; 1 mL of the supernatant was extracted for Cr analysis. GWS particles were
separated by filtration. The effect of pH on CrVI removal
was investigated using a 10 mg L-1 CrVI solution, 0.1 g
GWS (2 g L-1) and an ionic strength of 0.1 M NaNO3. The
pH of CrVI–GWS suspension was adjusted to the values
2.3, 3.7, and 6.7.

FIGURE 1 - The effect of initial solution pH on the extent of CrVI
removal by green walnut shell (GWS). The used fraction of GWS
was 105 to 210 µm. The lines are not fitting functions, but they
simply connect points to facilitate visualization.

The major lesson from these results is that before
comparing adsorption capacities from independent results,
care must be taken on the closeness of operational pH
values. Figure 1 suggests that for an experimental duration larger than 7.5 min, results for pH 3.6 and 6.7 could
be compared to each other. For a better comparison, however, all other experimental parameters should be comparable. A particular case is the ‘adsorption site’ to ‘adsorbate amount’ ratio. As adsorption is an equilibrium pro-
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cess, the most important information on the efficiency of
a given adsorbent is provided by the characterization of
the extent of accumulation of the adsorbate at the surface
of the adsorbent.
There are several ways to investigate the impact of
the ‘adsorption site’ to ‘adsorbate amount’ ratio: (i) varying the initial adsorbate concentration at constant adsorbent loading, (ii) varying the adsorbent loading at constant adsorbate concentration, and (iii) varying the particle
size of the adsorbent at constant adsorbent loading and
adsorbate concentration. The first path is tested in this
study.
VI

3.2 Effects of the Cr initial concentration

Figure 2 depicts the results of the evolution of CrVI
removal as a function of the initial CrVI concentration at
GWS loading of 2.0 g L-1. The clear trend of decreasing
removal extent with increasing initial concentration is
confirmed [11, 15]. However, this observation alone is
not knowledge acquisition but a simple validation of the
suitability of the experimental design. For example, Fig. 2
reveals no significant difference for the experiments at
[CrVI]0 20 and 30 mg L-1. This observation is only valid
under the specific conditions of this work (e.g. [GWS] =
2.0 g L-1 at pH 3.6). In other words, claiming that there is
no difference between [CrVI]0 20 and 30 mg L-1 would be
an absurdity. This example underlines the necessity of a
standard experimental protocol for testing and/or characterizing new adsorbents in water treatment. Only such a
common protocol would enable comparable results.
70
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[GWS] = 2 g/L
I = 0.1 M, NaNO3
pH0 = 3.6
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Cr removal / [%]
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FIGURE 2 - Effect of CrVI initial concentration on the extent of CrVI
removal by green walnut shell (GWS). The used fraction of GWS
was 105 to 210 µm. The lines are not fitting functions, but they
simply connect points to facilitate visualization.

Given the huge number of parameters which have
been reported to significantly influence adsorption processes [22, 28, 29], one could wonder how to rationally
agree on such a relevant protocol. Experience from studies with metallic iron (a reactive material) for contaminant
removal has suggested that non-disturbed batch experi-

ments are the most reproducible designs [24]. Additionally, for more comparable results, vessels of similar geometries and sizes should be used and should contain the same
volume of the solution to be tested. In this design, the
same water pressure is applied on individual iron particles.
Using the Bernoulli's principle, the next section will generalize this approach.
3.3 Discussion

Bernoulli's principle (or Bernoulli's equation) stipulates that, in an ideal state, pressure and density of fluids
(liquid and gas) are inversely related. Accordingly, a slowmoving fluid exerts more pressure than a fast-moving fluid.
In other words: the slower the rate of flow, the higher the
pressure (or the faster the rate of flow, the lower the pressure). This principle has somewhat been properly applied in
environmental research while designing column experiments and modeling achieved results. An interesting example is the rationalization of the occurrence of preferential
flow due to local clogging [30-32]. By correcting mass
balance equations for all species involved, the flow is noninertial. No acceleration occurs and Bernoulli is irrelevant
[33-35]. In addition, the Bernoulli equation is used to determine physical parameters of flow-rate inside a pipe
under conditions far from those encountered in porous
media (e.g. millions of microscopic pipes interconnected
with different geometric characteristics). However, in designing, batch experiments, the Bernoulli's principle has
been widely ignored.
The Bernoulli's principle suggests that, for comparable results to be obtained, experiments should be performed under conditions allowing comparable water pressure on tested adsorbing materials. Only under such conditions the interactions between solutes and adsorbents
can occur at comparable extents. In other words, only
when water pressures on tested adsorbents are comparable, the extent of contaminant removal as influenced by
all other operational parameters could be properly discussed. Relevant operational conditions include: (i) adsorbent mass loading, (ii) adsorbent particle size, (iii)
initial contaminant concentration, (iv) experimental duration or contact time, (v) ionic strength, (vi) mixing type
and mixing intensity, (vi) solution pH, (vii) adsorbent’s
pre-treatment, (viii) room temperature, and (ix) volume
and geometry of the used experimental vessels.
How can all these operational parameters be properly
considered for proper experimental design? The first idea
is to consider the density of the adsorbing material of
concern. It is intuitive to consider that for each particle
(size); a mixing intensity (e.g. shaking speed) exists enabling a uniform pressure P on each particle. The challenge
for all other particles is to find out the mixing intensities
yielding to the same pressure (P). For the same material
(constant density) available in several particle sizes (diameters), it is intuitive to consider that the larger the particle diameter, the higher the mixing intensity. In fact, the
heavier a particle, the higher the shaking speed to suspend
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it. The higher the mixing intensity, the lower is the pressure on individual particles.
For each ‘particle size’/’mixing intensity’ couple, an
optimal contact time (experimental duration) exists for
which adsorption equilibrium is achieved. The influence of
all other experimental parameters could be properly investigated for the optimal experimental duration. There is no
doubt that the proposed approach will yield comparable
results from independent investigations. All what is required, is a reference material which should be readily
accessible (e.g. a commercial granular activated carbon).
Even in the absence of such a reference material, individual
research groups could properly document the densities and
the particle sizes of tested materials, and the used mixing
types (e.g. shaking, stirring) and mixing intensities.

al research groups, some ‘concerted’ rules of thumb for
filtration designs could be adopted.
The authors have declared no conflict of interest.

The presentation above clearly shows that available
results are not really comparable with each other. Even
though the mixing type, mixing intensity, experimental
duration and particle size may be documented and the
material density sought in the literature, available results
are from experiments at different pH values, different ionic
strengths and different material pre-treatments. Because the
solution pressure on adsorbents was not considered, controversial results are not surprising. Available results could
be collectively regarded as highly qualitative.
4. CONCLUSIONS
The present work has confirmed that green walnut
shells (GWS) are relevant adsorbing materials for water
treatment. Testing of the impact of selected conventional
operational conditions has revealed all expected trends.
However, this result is not really knowledge acquisition.
In fact, the properties of GWS making them suitable for
water treatment (e.g. lignin and cellulose contents) are
known for decades. Knowledge acquisition would have
consisted in identifying the specificity (if any) of GWS
for water treatment. Knowledge acquisition would certainly also consist in quantitatively comparing the efficiency of GWS to other tested adsorbents (including other
biosorbents from walnut trees). For this effort to be successful, common characterization experimental protocols
for (novel) adsorbents are needed.
An ideal experimental protocol could be based on the
Bernoulli's principle. Similarly as for activated carbon,
the adsorption capacity for selected species (e.g. iodine
number, methylene blue adsorption capacity, phenol number) could be adopted. To additionally consider the fact that
biosorbents are mostly needed in developing countries,
novel materials could be tested by methylene blue (a cationic dye) and an anionic dye like methyl orange [36, 37].
The advantage of using these organic dyes is two-fold: (i)
they have been intensively used for adsorption studies and
partly for the characterization of adsorbents, and (ii) only a
spectrophotometer is needed for their analytical determination. Once such model contaminants are tested by sever-
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