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POPULATION STRUCTURE ANALYSIS OF RED BARRACUDA,
SPHYRAENA PINGUIS (PERCIFORMES, SPHYRAENIDAE)
IN THE NORTH-EASTERN MEDITERRANEAN SEA USING
MORPHOMETRIC AND MERISTIC CHARACTERS
Deniz Yaglioglu1,*, Cemal Turan2 and Mevlut Gurlek2
1
2

Department of Biology, Faculty of Arts and Science, Duzce University, 81620, Duzce, Turkey
Marine Science and Technology Faculty, Mustafa Kemal University, Iskenderun, Hatay, Turkey.

ABSTRACT
Population structure of red barracuda, Sphyraena pinguis, in north-eastern Mediterranean waters was investigated using morphometric and meristic characters. In discriminant function analysis, first, second and third discriminant functions explained 48.6%, 30.2% and 21.2% of the
between-group variation respectively. Plotting first and
second discriminant functions explained 81.1% of the between-group variation, and revealed the existence of four
morphologically distinct populations of S. pinguis in the
north-eastern Mediterranean coastal waters. A correct classification of individuals into their original population was
ranged from 93.3% to 96.7%, and the overall random assignment was high (96.7%). The proportion of correctly
classified individuals into their original group was the same
and greatest (96.7%) for the Iskenderun Bay and Syrian
samples. In hierarchical cluster analysis, the Mersin Bay
sample was clustered as the first clade, while the Iskenderun Bay and Syrian samples were in the neighbouring clades,
and the Antalya Bay sample was clustered as the most divergent. Examination of the contribution of each morphometric and meristic character to the first and second principal
components revealed that the observed differences were
mainly from the characters associated on head length and
eye diameter, indicating that these characters are important
in the detected differentiation of the populations.
KEYWORDS: Red barracuda, population structure, North-eastern
Mediterranean, morphometric, meristic

1. INTRODUCTION
The opening of the Suez Canal in 1869 connected the
Red Sea to the Mediterranean Sea and allowed the intro* Corresponding author

duction of Indo-Pacific species to the Mediterranean [1, 2].
Sphyraena pinguis (Günther, 1874) was recorded first in
Palestine waters as a misidentification of Belone acus [3]
in the Mediterranean Sea. S. chrysotaenia is considered a
synonyms of S. pinguis after the studies of Doiuchi and
Nakabo [4, 5].
S. pinguis has a wide distribution and distributed from
the Indo-Pacific, Red Sea, Persian Gulf and East Africa
throughout the Indian Ocean to Australia and Japan [6]. So
far this species has been recorded in the Mediterranean Sea
off the coasts of Turkey [7, 8], Lebanon [9], Lybia [10],
Malta [11], and in the Adriatic Sea [12] and the Gulfs of
Gabes and Tunisia [13]. This species now constitutes an
important component of the inshore fisheries in the eastern
Mediterranean [14-17]. S. pinguis is a bentho-pelagic species, inhabiting shallow waters not exceeding 50 m depth
[2-17]. Its eggs and larvae are planktonic, and juveniles are
often observed in very shallow waters. This species is carnivorous and feeds with other pelagic species, such as clupeids and anchovy.
Effective management of exploited fish resources requires information on population structure of a species. So
far no information is available for the population structure
of the lessepsian S. pinguis. Such information facilitates
our understanding of management strategies for conserving biodiversity. Ineffective understanding of the fish and
fishery management can lead to dramatic changes in the
biological attributes and productivity of a species [18-21].
Morphological variation between fish populations is influenced by a mixture of environmental and genetic factors
[21-26]. When morphological variation is found between
stocks it is not certain that there are genetic bases in the
variation. However that variation is useful for initial understanding of status of stocks due to its simplicity and lowcost. Studies of morphologic variation among populations
continue to have an important role to play in stock identification [27]. Morphometric and meristic characters have
been most frequently used to delineate stocks of a variety
of exploited fish species [28-31]. Morphometric characters
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are continuous characters describing aspects of body
shape. Meristic characters are the number of discrete, serially repeated, countable structures that are fixed in embryos or larvae [31].
The aim here is to investigate the population structure
of the Indo-Pacific immigrant S. pinguis in the eastern
Mediterranean Sea based on morphometric characters and
meristic characters.

2. MATERIALS AND METHODS
Sphyraena pinguis were collected by commercial fishing vessels from four fishing areas, comprising Iskenderun
Bay, Mersin Bay, Antalya Bay (Turkey) and Lattakia Port
(Syria Coast) in the north-eastern Mediterranean Seas (Ta-

ble 1, Fig. 1). Taxonomic identification of the samples was
carried out according to Turan (2007) [32]. Abbreviations
of the sampling areas, sampling size and relevant information for the collected samples are given in Table 1. Following capture, samples were placed individually into
plastic bags and were kept on ice until transportation to the
laboratory.
The truss network system described for fish body morphometrics [33] was used to construct a network of 14 landmarks determining 28 distances produced and measured as
illustrated in Fig 2. After collection of samples from different areas digital images from thawed samples were taken.
MorFISH [34], the image processing tool specially developed for morphometric measurements and analysis of fish
populations, was used for morphometric analysis. The
MorFISH automates the measurements of distances and

FIGURE 1 - The map of the sampling of S. pinguis. ● indicates sampling location.

TABLE 1 - Sampling details of S. pinguis used in this study. MSL, mean standard length (cm). Standard deviations of MSL are given in
brackets.
Sampling area

Abbreviation

Iskenderun Bay

NMS2

Sample size
30

Mersin Bay

NMS3

30

Antalya Bay

NMS4

30

NMS1

30

Syrian Coast
(Lattakia Port)

Sampling Area Coordinates
360 36 29 N
350 59 18 E
360 30 20 N
340 32 47 E
360 14 39 N
310 10 25 E
350 27 10 N
350 38 35 E
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MSL

Collection date

21.67 (1.75)

20.10.2011

21.94 (1.57)

25.10.2011

20.95 (1.23)

19.01.2011

22.33 (1.27)

01.10.2011
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accumulates them in a project file for each population and
is capable of carrying out the statistical analysis for allometric eliminations [35]. The standardized truss measurements showed no significant correlation with standard
length. Therefore, the size effect has been successfully removed with the allometric transformation. Additional data,
such as head length (HL), eye diameter (ED), lengths of
anal fin (AL), first dorsal fin (DL1), second dorsal fin
(DL2), pectoral fin (PL) and ventral fin (VL) were also recorded. Only head width (HW) was manually measured.
Only undamaged fish were included in the analyses.

films of fish. Forward stepwise discriminant function analysis (DFA) based on the generalized Mahalanobis distance
was used to determine the similarity between populations
[36]. Population centroids with 95% confidence ellipses
derived from the DFA were used to visualize relationships
between the groups. The resultant discriminant functions
were used to assign individuals into the samples. The classification success rate was evaluated based on the percentage of individuals correctly assigned into the original sample. The Mahalanobis distance for the morphometrics and
meristics was compared to geographic distance using the
Mantel (1967) [37] test to determine whether there was
any correlation between morphologic and geographic distances. All statistical analyses were performed using SPSS
v12 and SYSTAT v10.
3. RESULTS

FIGURE 2 - Locations of the 14 landmarks defining the truss network
on S. pinguis.

Meristic characters were examined under a binocular
microscope using the number of first dorsal soft and hard
fin rays (DFSR1 and DFHR1), second dorsal soft and hard
fin rays (DFSR2 and DFHR2), ventral fin soft and hard
rays (VFSR and VFHR), anal fin soft and hard rays (AFSR
and AFHR), pectoral fin rays (PFR), gill rakers (GR), number of intestinal villi, (IV) and scales in the lateral line (LS).
Vertebrae numbers (VN) were counted after taking X-ray

Univariate statistics (ANOVA) showed that all of the
34 morphometric measurements, excluding 7-10, head length
and eye diameter, and 12 meristic characters were significantly different between the samples (P < 0.001). ANOVA
also revealed no statistical differences between males and females for morphometric and meristic variables (P > 0.05).
In discriminant function analysis, three discriminant
functions (DFs) were produced: the first (DF1) accounted
for 48.6%, the second (DF2) accounted for 30.2% and the
third (DF3) accounted for 21.2% of the between group variability among populations.

FIGURE 3 - Contribution of morphometric and meristic variables to the discriminant functions.
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TABLE 2 - Correct classification results of populations. 94% of cross-validated grouped cases correctly classified. The sample abbreviations
are given in Table 1.
Populations

NMS1

NMS2

NMS3

NMS4

Total

NMS1

96.7

0

3.3

0

100

NMS2

3.3

93.3

3.3

0

100

NMS3

3.3

3.3

93.3

0

100

NMS4

3.3

3.3

0

93.3

100

NMS1

29

0

1

0

30

Individual

NMS2

1

28

1

0

30

number

NMS3

1

1

28

0

30

NMS4

1

1

0

28

30

Percent %

The contribution of variables to the first discriminant
function was mostly from morphometric measurements (511, 5-10, 3,11, 6,11, 11,12) . Besides examination of the
contribution of each variable to the second discriminant
function showed high contributions from measurements
DFHR2, 2-3, 12-13, 8-9 and 6-7 (Fig. 3).
A correct classification of individuals into their original population varied between 93.3% and 96.7% by classification results (Table 2). The proportion of correctly classified Syria (NMS1) samples into their original group was
greatest (96.7%) among the samples.

showed a clear between-sample differentiation (Fig. 4). In
the discriminant space, all the samples were clearly distinct
from each other. Remarkably, the Iskenderun Bay (NMS2)
and Syria (NMS1) samples were close to each other, and
the Antalya Bay and Mersin Bay samples were mostly isolated from each other and from all other samples.
The morphologic relationship between samples based
on Mahalanobis distance is summarized in the form of a
neighbor joining tree (Fig. 5). In the first group, Mersin
Bay population (NMS3) was most isolated and the Iskenderun Bay (NMS2) and Syrian samples (NMS1) clustered
in the neighbouring clades, while the Antalya Bay population (NMS4) clustered in another group as the most divergent (Fig. 5). High bootstrapping values were detected for
each node on the neighbour joining tree. The correlation
between geographic distance and Euclidean distance of
meristic and morphometric characters of S. pinguis was
also significant.

FIGURE 5 - Neighbour joining tree phenogram of morphologic relationships among populations of S. pinguis. The sample abbreviations
are given in Table 1.

4. DISCUSSION
FIGURE 4 - 95% confidence ellipses of DFA scores for morphologic
analysis.

The discriminant function 1 (DF1) and discriminant
function 2 (DF2) were plotted to allow visual examination
of the distribution of each sample along the DF axis that

Morphometric and meristic data showed that there are
discrete populations of S. pinguis in eastern Mediterranean
waters. Morphometric and meristic data revealed four populations of S. pinguis along the Turkish and Syrian coasts.
The present morphometric study revealed evidence of
highly significant morphometric heterogeneity among S.
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pinguis populations. Only the neighbouring populations
NMS2 and NMS1 showed a morphologically closer relationship than that of the others (Fig. 4, Fig. 5). This distance indicates that geographic proximity is playing a role
between Mersin and Antalya populations. The isolation by
distance model was supported for population differentiation of S. pinguis since the correlation between geographic
distance and Euclidean distance of the meristic and morphometric was significant.
The close morphological relationship of the NMS2 (Iskenderun Bay population) and NMS1 (Syrian population)
samples in DFA may suggest a limited degree of immigration between these populations. Also, S pinguis may have
immigrated to the Iskenderun bay from the Syrian coast
and there has been not enough time to generate high phenotypic differentiation among populations since these
coasts have similar environmental conditions. Interestingly
there were clear differences between the Iskenderun, Mersin and Antalya populations. These morphometric differences may be attributed to the fact that the S. pinguis population along the Antalya shore does not only come
through Mersin Bay. Since the lessepsian migration from
the Red Sea to the Mediterranean generally takes place on
the Syria-Iskenderun Bay-Mersin Bay route [8-38-39].
Moreover the Antalya Bay population is self-recruiting and
independent from the other populations. On the other hand
the detected difference may be due to only environmental
differences, since the Antalya, Mersin and Iskenderun
Bays have different topographic and benthic structures.

S. pinguis in the north-eastern Mediterranean coastal waters. The detected significant morphological differences do
not necessarily prove restricted gene flow between populations, but do suggest that fish in each group do not mix extensively. Therefore, the detected high morphometric and
meristic differentiation may indicate reproductive isolation
between the populations of S. pinguis in the northeastern
Mediterranean. Genetic basis of observed morphologic differentiation between the samples should be investigated
with molecular genetic markers such as mtDNA and/or
nDNA markers.

The detected body shape differences between the populations may be related to different habitat characteristics,
such as temperature, turbidity, food availability, water
depth and flow. For example, differences in the landmarks
of 5-11, 2-3, 12-13 and second dorsal fin hard rays
(DFHR2) may be attributed to water flow and food availability. Antalya bay has different environmental conditions
compared to Iskenderun Bay, and such environmental differences may cause morphological differences among S.
pinguis populations. The surface water salinity in the east
Mediterranean is 38,5‰ and the temperature varies between 16- 27 °C [38]. These values are greater in İskenderun Bay, resulting in extreme salinity and temperature values of, respectively 39.5‰ and 29.3°C [40]. In addition,
the topographic structure and food availability in the Mersin and Iskenderun Bays are different and have an unusual
character of shoaling and expansion tendencies simultaneously [41].

The authors have declared no conflict of interest.
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ABSTRACT
Satellite imagery is vital for assessing river riparian
conditions in areas that are inaccessible or rarely visited by
scientists. The lower Evros/Meriç River, shared by Greece
and Turkey, is one of the most heavily militarized river
borders in Europe and access to the river corridor is strictly
restricted. This 218 km proposed green-belt conservation
area has never been completely surveyed for its riparian biodiversity values. Here we provide an assessment and evidence for green-belt conservation justification for the entire portion of the Greek-Turkish river corridor for the first
time. We employ satellite imagery to assess riparian corridor conditions and the distribution of natural habitat refuge
environments focusing on riparian woodlands and river islands. The analysis found that nearly half of the area of the
riparian green-belt is under cultivation; approximately
22% of the riparian zone is wooded, while some of these
woodlands are taken over by artificial poplar plantations.
The natural woodland areas are severely fragmented and
usually small in extent and width being affected by frequent logging and clearing. The most extensive remaining
woodlands are mapped; most of the 12 largest contiguous
natural woodland are in the northern half of the river valley. Important natural habitat refuges are the river’s islands; 219 such island features are mapped from recent satellite images, and most are heavily wooded, again most are
found in the northern half of the river valley. Based on bestavailable information we interpret these patterns and encourage an international green-belt conservation initiative.
KEYWORDS: remote sensing, green-belt conservation, transboundary river, Greece, Turkey

tween Greece and Turkey. This 218 km frontier is one of
the most heavily militarized river borders in Europe and a
notorious hotspot of irregular immigrant movement [1].
Much of the riparian area is off limits to scientists and consequently baseline knowledge of the river and riparian area
is incomplete. Serious gaps in aquatic biodiversity research
are shown by several new faunal discoveries in recent years
[2,3]. However, the entire river border area was proposed
as a green-belt conservation area in IUCN publications
since the late 1980s [4] and there is an ongoing reference
to its trans-frontier biodiversity conservation importance
[5]. The wider Evros/Meriç valley’s international value for
wildlife, especially for birds, is remarkable and rather well
documented [6,7]. Two national parks in Greece and one
in Turkey on the river valley as well as a Special Protected
Area along the riparian area in the Greek northern part of
the valley are all designated due to their outstanding ornithological and biodiversity values. The main reasons for
the Evro’s/Meriç’s rich biodiversity is the position of this
river valley on the Thracian land-bridge; a biological crossroads between two continents and, the extensive aquatic
and riparian habitats associated with this large Balkan river
system and its delta [7,8]. The management of trans-boundary zones raises many challenges due to different approaches in strategic planning and decision making. Especially at the river basin area level, where the countries involved are not all member states of the European Union,
the challenges are even more complex. Few remote sensing
applications have been conducted at the wider region of the
Evros river, with most of them concerning flood monitoring [9,10], groundwater and surface water quality [11, 12]
and land uses [13]. In this study, we apply the first rapid
assessment of the condition of its riparian and river island
features primarily through a remote sensing application.

1. INTRODUCTION
The river Evros (Maritsa in Bulgarian and Meriç in
Turkish) is the second largest river basin in the Balkans
with a total main-stem river length of about 528 km. The
lower part of the Evros/Meriç river delimits the border be* Corresponding author

2. MATERIALS AND METHODS
Despite initial difficulty of access to the riparian zone,
many on-site field observations by the authors of this paper
have recently been accomplished in related projects for water monitoring and impact assessment [14, 15]. On these
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surveys, important aquatic and riparian habitat areas (i.e.
large woodland plots) have been identified. With the background knowledge of the topography and local conditions,
specific satellite imagery was acquired to analyze the conditions of the general riparian zone.
2.1 Satellite imagery manipulation

Riparian land cover classification of the Evros/Meriç
was conducted through satellite images from Ikonos and
Landsat 5 remote sensors. Seven Ikonos imageries of
06/09/2007 and two Landsat of 17/07/2009 with cell size
(x,y) 4 m and 30 m respectively, were used from the European Satellite Agency (ESA) and the United States Geological Survey (USGS). The imagery used in this study has
been selected so as the acquisition date was in the summerautumn season, when the vegetation cover in the study area
is dense (growing season). Unfortunately, recent Ikonos
imageries cover only a specific part of Evros/Meriç river;
Landsat imageries were used to map riparian land uses in
the northernmost and southernmost parts of the river corridor. These poorer resolution images concern the northern
part of the study area where the tri-point of Bulgaria, Greece
and Turkey, and the Evros/Meriç Delta in the extreme south.
The data manipulation and analysis was conducted in
ESRI’s ArcGIS 10.1 software while for the analysis of the
satellite imagery, ENVI 5.0 software was used. After selecting the study area scenes and the appropriate dates, the digital data were submitted to the following procedures:
a) Georeferencing of the imageries and geographical
conversion from WGS’84 to EGSA ’87 coordinate
system (National Datum) were performed using Beam
4.7 software.
b) Radiometric correction for the conversion of actual radiance values.
The formula used in this process is as follows:
Lλ = {(LMAXλ - LMINλ) / (QCALMAX - QCALMIN )}*
(QCAL – QCALMIN) + LMINλ [16] Where Lλ is the cell
value as radiance
QCAL is the digital number
LMINλ is spectral radiance scales to QCALMIN
LMAXλ is spectral radiance scales to QCALMAX
QCALMIN is the minimum quantized calibrated pixel
value (typically = 1)
QCALMAX is the maximum quantized calibrated pixel
value (typically = 255)
c) Atmospheric correction through the darkest-pixel subtraction technique [17, 18] via the relevant ENVI 5.0
software tool. This method is one of the oldest and
widely used procedures for adjusting digital remote
sensing data for effects of atmospheric scattering. The
method's limited capabilities, relative to more sophisticated methods, are at least partially offset by its wide
applicability, due its requirement for little information
beyond the image itself.
d) Satellite bands of each imagery with the same spatial
resolution were joined in a single layer (layer stacking) and saved in image format (Tiff, Geotiff).

2.2 Riparian land-use classification

K-MEANS Classification algorithm was used to detect
the basic land cover types [19-21] and the results were
compared with recent land use maps (Corine 2000 database) to assess their accuracy. This process was repeated
by altering the number of classes until the output to be accurately classified according to the aforementioned supplementary data (Corine 2000 Land Cover). K-MEANS classification algorithm has been selected after several trials
with the appropriate imagery and comparison with the results of Iterative Self-Organizing Data Analysis (ISODATA). The classification result was a land cover map
(LULC), in a raster format which was converted to a shape
file. Then, the extent of the land uses were quantified in
hectares (ha) and percentages of the total riparian zone area
under study. Land cover map categories comprised of the
following four major generic features: water body, agricultural land, woodland vegetation, and low scrub vegetation.
2.3 River islands detection and classification

After the delineation of riparian land cover units in the
riparian corridor, the next step was to detect the major stable islands which appear within the river. The classification
of the riparian land uses resulted in a shape file with four
attribute-classes, of which one was water body (i.e. the Evros/Meriç River). Through processing in ArcGis 10.1, the
river water body was extracted as a separate shapefile from
the previous complete file of landuses. Further corrections
were conducted in order that riparian attributes, which were
not islands but represented some individual pixels of other
classes, were extracted. Ikonos images though supplied no
information about the islands that are located near the tripoint frontier of Greece, Bulgaria and Turkey and at Evros/
Meriç Delta. These islands located at the northern and southern parts of Evros/Meriç were digitized by using Google
Earth images and were transferred into ArcGis 10.1.

3. RESULTS
3.1 Riparian land uses classification

Land use classification was executed in the immediate
riparian zone along the main stem of the river with high
and medium analyses (spatial resolution 4 m and 30 m).
The primary aim here focused on the detection of all riparian woodland vegetation cover, accurately delineated and
quantified in the river’s immediate riparian zone. The riparian band width studied in detail was arbitrarily placed
at approximately 10 km width along the river; the area this
covers is 112,448.21 ha in total. This riparian zone breadth
is at least 10 times the river channel’s wetted width and is
deemed adequate for an initial screening of riparian conditions in an agriculturally developed and embanked river
corridor [22]. The derived land use map shows that there
were relatively few errors after it was compared carefully
with the background of the satellite image. In a small percentage (less than 1%) confusion was observed between agriculture and natural vegetation, especially in cases where
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crops were at the peak of their development and demonstrated similar optical properties to the neighbouring riparian woodland, wetland or scrub vegetation according to the
satellite images (09 / 2007). Examples of these delineations
are presented here in three areas on the Evros/Meriç (Figure 1; see three sites a,b,c); the exemplar land-use maps are
depicted in Figure 2.
Table 1 provides the quantitative areal cover results
from the land use delineations. The most important woodland sites are also shown on the orientation map (Figure 1)
and tabulated in terms of their location and areal extent in
Table 2. As aforementioned, agricultural land is the dominant land use in the riparian zone of Evros/Meriç river
while woodland vegetation covers approximately 22% of
riparian corridor under study (Table 1). Concerning woodland vegetation class in general, natural forests dominate
but areas of natural high scrub-woodland pastures, including regenerating degraded woodlands and high tamarisk
and artificial poplar plantations are also included in this initial screening level category. The distribution of these
woodlands, natural, semi-natural and artificial plantations,
is extremely fragmented. What remains today as riparian
woodland vegetation covers a small section of both sides
of the river with a width which typically ranges from 0 –
250 m.
TABLE 1 - Evros/Meriç riparian land use areal coverage and areal
percentages derived from the Ikonos imagery combination of
06/09/2007 and 17/07/2009.
Land use category

Area (ha)

% cover

Agricultural land

52587.6

44.7

Woodland vegetation

25790.2

21.9

Low scrub vegetation

33041.2

28.1

Water bodies

6167.8

5.3

FIGURE 1 - The lower Evros/Meriç river study area with site classification areal exemplars in red letters (see Fig 2) and the 12 most
important surviving woodland sites (green patches with green numerals). Existing protected area locations are shown by the ‘tree
symbol’ and named in dark green.

TABLE 2 - Twelve significant woodland patches as delineated using recent 2013 Google Earth images (numeric codes are designated on the
Map in Figure 1).
Code

Lat

Lon

Nearest habitation

Area (ha)

1

40°49'27.76"

26°12'8.90"

Monastiraki-Yenikarpuzlu

94.4

2

41° 1'24.60"

26°21'40.76"

Tichero-Balabancik

85.8

43

3

41°10'5.93"

26°18'42.27"

Kornofolea-Kadidondurma

43.8

54.8

4

41°11'32.23"

26°19'27.69"

Soufli-Umurca

34.2

57.5

5

41°14'57.67"

26°21'49.78"

Lavara-Alibey

36.9

65.5

6

41°20'11.64"

26°31'56.13"

Didimoticho-Gemici

95.9

80.3

7

41°27'58.55"

26°36'23.98"

N. Chimonio-Elcili

204.3

97.8

8

41°29'58.42"

26°36'8.29"

Orestiada-Doyran

39.7

99

9

41°36'28.01"

26°35'31.73"

N. Vissa-Tayakadin

171

106.7

10

41°39'46.52"

26°32'26.29"

Andrianoupoli-Karaagac

38.6

113.4

11

41°39'31.80"

26°29'38.13"

Kastanies-Rizia

354.6

108.4

12

41°42'32.40"

26°21'39.16"

Dilofos-Kemal

109.7

111.6
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FIGURE 2 - Evros/Meriç riparian land uses at selected areas (as shown in Figure 1 at respective locations: a, b and c)
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3.2 Important woodland sites

Despite the fragmented nature of remaining woodland
formations, there are several notable exceptions where the
riparian forest seems almost untouched in recent decades
by human activities. These patches were easily apparent in
the initial satellite screening and they were carefully delineated on the most recent Google Earth images (2013 images). In these delineations the large river tributary confluence area of the Ardas-Evros is also included. The resulting
delineations identify the largest surviving forest patches;
these are extremely important because they maintain true
‘inner forest’ attributes and higher longitudinal continuity
along the river. The width of these forested corridor
patches usually ranges from 50 to 350 m (from bank to inland). The most extensive such forest site is on the Ardas
tributary near its confluence with the Evros (in Greek territory), covering an area of 800 hectares. A tally of the allocated forests shows approximately 3,300 hectares of remaining riparian forest of significant width within Greek
territory. On the side of Turkey there are slightly smaller
areas of riparian forest of significant width (approximately
2,500 hectares). Apart from these larger patches, it is remarkable that along most of the river the riparian forest
strip is usually very narrow. 90% of the satellite calculated
vegetation in the riparian zone covers narrow aspects of
vegetation (from the river bank up to 50 m of both sides of
the river). On both the Greek and Turkish sides the largest

and least fragmented forests strips are in the northern half
of the valley.
3.3 River island detection and land-use classification

The largest islands and most islands are present mainly
at the northern part of Evros/Meriç main stem. All islands
are mapped and presented according to their location and
area (Figure 3). Our inventory based on the available summer-period images defines 219 islands with a total area of
277.5 ha and total perimeter 90902.4 m (Table 3). 33.8%
of the islands are very small, with an area between 47.3 and
1000 m2; 31.1% islands are between 1000 and 5000 m2;
11.4% between 5000 and 10000 m2; 14.1% between 10000
and 30000 m2; and 9.6% are much larger than 30000 m2.
TABLE 3 - Classification of Evros/Meriç’s islands (N: 219) according
to areal size categories.
Area (m2)
47.3-1000
1000-5000
5000-10000
10000-30000
>30000

Number of islands
74
68
25
31
21

TOTAL
TOTAL PERIMETER (m)
TOTAL AREA (ha)

219
90902.4
277.5

FIGURE 3 - The Evros/Meriç river valley with all island locations (left) and their areal class size classification (right).
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An attempt was made to visually assess, via recent
Google Earth (2013) imagery, the percentage of woodland
that covers each island. It was decided that only the islands
with area greater than 1000 m2 would be reliably assessed
because it is quite difficult to visually define substantial
“woodland” conditions on the really small islets. The islands to be assessed were 145. Three levels of woodland
cover classes are visually estimated: from 0% to 30%; 30%
to 80 %; and more than 80 % of woodland cover, respectively (see Table 4). Figure 4 shows that the distribution of
the most wooded islands is scattered throughout the north
and mid-section of the river’s main stem. Interesting very
few sand bars or beaches exist with a main exception being
immediately after the confluence of the Tundza and Ardas,
where we observe a concentration of islands with low percentages of woodland cover.
TABLE 4 - Island woodland cover classification pertaining to islands
with areal extent greater than 1000 m2 (N: 145). Three classification
categories are defined based on percentage of woodland cover.
Woodland
classification
1
2
3

Percentages (%)

Number of islands

0-30
30-80
>80

32
46
67

FIGURE 4 - River islands categorized in three woodland cover classes.

4. DISCUSSION
4.1 The screening process evaluation

Riparian zones host complex vegetation patterns and
often change rapidly under human land-use pressures creating a state of “perpetual succession” [23]. The natural
complexity and varied anthropogenic disturbance on vegetation patterns along the corridor led us to define and map
only four generic land use categories, and these subsume
various riparian habitat formations. The woodland category necessarily includes mature hybrid poplar plantations
which in many cases are planted among natural native riparian forest. Agricultural land includes the land uses of
permanently irrigated and non-irrigated arable lands. Since
extensive rice paddies are present in the Turkish portion
and large floods frequently take place beyond the older embankments in both countries, determination of natural wetlands is especially challenging and should be done in a separate application. The water body category includes only
the Evros/Meriç River channel and major deep-water canals. The low scrub vegetation category includes a variety
of habitat formations many of which are in transitional vegetation succession stages: low degraded scattered riparian
shrubland, previously cultivated patches, grazed scrub,
rock and gravel deposits, sand-mud flats, bars and beaches,
and sparse artificial constructions. Despite the limited
number of categories used and the necessary breadth of the
definitions, the results of this screening process are considered as highly accurate delineations.
In its natural state the Evros/Meriç corridor would
have been covered with extensive riparian forests, floodplain wetlands and river islands as documented in reference
sites on the nearby Nestos river [24] and other Balkan rivers [7, 25]. However, the Evros/Meriç has changed considerably since the beginning of the 20th century when it was
navigable up to the town of Soufli [6]. The river flow regime has been degraded by extensive water over-exploitation and upstream dam development, one of the prominent
aspects of hydrological change [14]. The expansion of
crops and the simultaneous deforestation of the riparian
zone intensified in the 1960s and continued with declining
rate after 1986 [26]. In localized situations a vigorous regeneration of riparian woodland patches near the river and
in drainage ditch banks was observed (e.g. near Orestiada,
in the northern part of the corridor). However Google Earth
historic satellite photos (2002-2010) also show that extensive and frequent woodland clear-cutting still occurs near
the river and this may be for crop expansion, local logging,
and military reasons. Today deforested conditions on and
embanked river may also affect hydromorphological qualities. Woodland vegetation plays an active role in developing heterogeneous and natural channel forms through both
biotic processes (vegetative regeneration) and abiotic effects such as increasing flow resistance affecting sedimentation, protection from bank erosion and sediment transport
dynamics [23, 27, 28].
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4.2 Interpreting riparian forest and river island condition

Identifying remaining woodland cover is important because this is the natural vegetation along the riparian corridor in the northern Mediterranean [25] and in most southeastern European perennial rivers [23]. The regenerative
power of this type of forest cover is affected by anthropogenic disturbance, river processes and local watershed conditions. Limiting factors that may effect forest cover include salinity. In the delta of Evros/Meriç extensive tamarisk (Tamarix spp.) shrublands dominate because they tolerate saline soil conditions which have increased and expanded due to ground water degradation by anthropogenic
aquifer over-abstraction [29]. In the upper delta though,
there are in some places riverside tree-stands with high willows (Salix alba) but tree species diversity is lower than
further upstream. Apart from river flooding disturbances
and water-logged wetland conditions only direct anthropogenic disturbance limits forest cover upstream of the delta.
Islands are characteristic biogeomorphic features of
large rivers and are often created by woody debris which
has its source in riparian forests [30]; they are important for
lowland river functioning and have been effectively used
to monitor hydromorpholgical status [31]. River reaches
with vegetated islands have high in-stream habitat diversity
[27]. Most islands, islets and bars, including the largest islands, are located in the northern half of the Evros/Meriç
river corridor which coincides with the area where the largest and most extensive riparian woodlands are located. Important areas with large floodplain and island formations
are near the river confluences of the Tundza, Ardas and
Erythropotamos. It is remarkable that the southern half of
the Evros/Meriç has very few islands, even though there is
a major river confluence (Ergene Tributary) and the large
river meanders in former floodplains. This nearly ‘islandless’ condition may be due to the more intensive river engineering efforts to drain floodplains, straighten and embank the river near this sensitive part of Greek-Turkish border-crossing. Significant changes due to water abstraction,
embankment building and severe hydro-peaking floods
(from upstream dams) may have degraded island conditions in the river as well [27]. The ecological history of the
river’s changes has been poorly studied [6] and more research is needed to better interpret the pattern of floodplain
formations and river island conditions.
4.3 Conservation implications

Biodiversity conservation has focused for many years
on protection of specific show-case parks and not on the
wider environment or on large-scale restoration initiatives.
In conservation terms, the Evros/Meriç valley lies in the
‘shadow’ of three high-level protected areas, Dadia National
Park, Evros Delta National Park and Gala Lake National
Park. The wider riparian zone of this large lowland river has
not been given due conservation attention. With the exception of a recently enacted Natura 2000 site in the northern
part of the riparian corridor in Greece [32], very little is ever
reported on aquatic and riparian values along the main-stem

of the river. Limited access to scientists and conservationists
mainly due to the military zone restrictions has impeded
aquatic and riparian biodiversity surveys, and this is also a
barrier to wider conservation proposals.
An outstanding feature of the Evros/Meriç is that this
lower segment of a large lowland river maintains an absence of dams or any artificial barriers in its longitudinal
connectivity. This condition is very rare in lowland European rivers and it is important for giving the river outstanding ichthyological value [14]. Compared to other rivers in
Greece, the Evros/Meriç holds a remarkable area of high
quality and extensive riparian woodland [7, 24, 33]. The
wildlife values of the entire river are also apparent in studies
concerned with the isolated existing protected areas [6, 8,
32]. Because of its position on an international border the
corridor is well suited as an area where semi-natural river
and riparian conditions can be preserved for their biodiversity at relatively low cost (i.e. no navigation issues, no dams
etc). But could this river corridor become important for conservation as a riparian green-belt, similar to other borders in
Eastern Europe since the end of the Cold War?
Mention of the opportunity for a trans-frontier protected area between Greece and Turkey was promoted at
an IUCN conference in 1988 [4] and the international interest in a green-belt protected area is well documented, the
Evros/Meriç has often been repeatedly cited as an important green-belt opportunity [5, 33, 34]. Other successful
approaches to international green-belt cooperation and
planning in the immediate vicinity have shown effective
conservation cooperation between Greece and neighbouring Bulgaria [35,36]. However, despite these preliminary
proposals, no lasting cooperative initiatives and any policy-based biodiversity conservation on this border exist between Greece and Turkey [1, 36, 37].
For Turkey and Greece, the Evros/Meriç river is an
area of important flood protection issues [37], while quality
and quantity of waters are also deemed of outstanding importance [36, 38]. Unfortunately, biodiversity values have
not been considered in this area’s trans-boundary water
management issues. This border zone is an area of international border friction, so sensitive multidisciplinary approaches are needed if conservation initiates are to be developed in serious long-term investments by both countries
[37, 38]. Ecosystem and biodiversity conservation along a
proposed river green-belt is an initiative that emphasizes a
unique identity for the Evros/Meriç corridor and this may
provide the enabling environment for dialogue on ecosystem-based management, as has been done in many other
Eastern European borders [39]. The example of Dadia National Park, as a focus for eco-development and ecotourism
in the Greek part of the Evros valley which has supported
ecosystem-based conservation, is of global importance [8,
40, 41] and is immediately adjacent to the Evros/Meriç proposed green-belt. A coordination structure including the
creation of a panel of international experts of the Evros’
three riparian countries may be considered as an initial step
for green-belt conservation planning.
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An important issue in the Evros/Meriç is an opportunity for ecological restoration that may benefit flood protection, water body ecological quality, biodiversity conservation and international cooperation. The EU Water
Framework Directive also demands these international cooperation efforts. If a strategic plan is promoted that will
include biodiversity conservation, a golden opportunity for
restoring sensitive habitats such as woodlands and islands
can be initiated beyond routine river engineering and flood
protection which threatens to further degrade the natural
integrity of this lowland river [32].

following ad hoc structural solutions (e.g. anthropocentric
management approaches). Special attention to riparian
zone conditions and promoting forest and wetland conservation in floodplains can mean a more integrative conservation approach that would assist in applying EU policyrelevant conservation and water management frameworks.
The authors have declared no conflict of interest.
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AND GROWTH RESPONSES OF MAIZE SEEDLINGS
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ABSTRACT

1. INTRODUCTION

Phytotoxicity is defined as the detrimental effects of
chemical products used for pest eliminating or growth regulating purposes on some morphological, anatomical and
physiological processes of plants. We examined the effects
of pyriproxyfen, which is used to protect crops against
whitefly, to determine whether it adversely affects maize
plants. For this purpose, maize (Zea mays L. saccharata
Sturt.) seeds were treated with several pyriproxyfen concentrations (0.0, 0.1, 0.2, 0.4, and 0.6 ppm) for 72 h under
controlled conditions. The results showed that, while low
concentrations of the insecticide had little effect on the
growth of maize seedlings, increasing the concentration
gradually had harmful effects on the growth. The highest
insecticide concentration led to a remarkable decrease in
all the growth parameters of maize seedlings. It was found
that maize growth was significantly inhibited by increasing
the concentration of pyriproxyfen, which adversely affected seed germination and seedling growth. Stomata index decreased in both adaxial and abaxial surfaces of
leaves treated with increasing concentrations compared
with the control group. The adaxial surfaces of maize
leaves always had fewer stomata than the abaxial surfaces.
As insecticide concentration increased, photosynthetic pigment contents decreased except for anthocyanin, but the
proline accumulation increased as an adaptation to toxic
treatment. This work suggests that excessive and uncontrolled usage of pesticide pyriproxyfen results in phytotoxic effects by inducing some morphological, anatomical,
physiological and metabolic processes. In addition, as
chemical compounds accumulate, pyriproxyfen is thought
to adversely affect all living beings feeding on plants that
are exposed to chemicals, and also negatively affects the
environmental factors such as, soil, air and water.
KEYWORDS: Insecticide, photosynthetic
pyriproxyfen, maize, stomatal index
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pigment,

proline,

Pesticides are chemical substances that are used to eliminate or remove pests which damage agricultural products
during production, consumption and storage of nutrients,
causing product loss [1-3]. Chemical control of harmful organisms is being strictly managed. Pesticides are applied to
crops throughout the world, but extensive application in agricultural areas, horticulture and home gardens leads to environmental pollution, especially in soil, water and air. Pesticide residue, left after treatment, may penetrate into plant
tissues, and can cause various deformations in their structures [4-7]. More importantly, the involvement of pesticide
into the food chain may have adverse effects on human and
other species [8], and especially the accumulation of pesticide
residues is known to have potential cancerogenic effects [9].
Insecticides have become more widespread as a new
way to harvest more crops. As a result, living things have
been exposed to a wide variety of insecticides lately.
Pyriproxyfen [4-phenoxyphenyl (RS)-2-(2-pyridyloxy)
propyl ether] is an influential insecticide used to protect
crops against whitefly [10]. It is a pyridine-based pesticide
which easily dissolves in water, and harms both animals
and plants in aquatic systems [11]. Thus, it is readily translocated in plant tissue. Pyriproxyfen prevents larvae from
developing into maturity (inhibits insect maturation process from cell division to elongation) and thus their replication is inhibited [12, 13], but its activity against non-target organisms such as plants has not been tested. However,
it is known that the presence of certain functional groups (COOR, -CO.NH2, -NH2, -NHR, -NR3, -0H,) in the chemical structure of the pesticides further facilitate adsorption
of the soil humus [14]. Pesticide residues dissolved in water reduces nutrient uptake from soil [15, 16] and depolarizes the plasma membrane of the root cells [17]. This can
cause abnormalities in different growth parameters [1821]. Therefore, it is necessary to consider the possible hazardous effects of these insecticides used extensively in agriculture on ecological balance.
In the present work, the adverse effects of different
concentrations of pyriproxyfen have been evaluated on
growth parameters (morphological, anatomical and physiological) of maize seedlings. In this way, ecotoxicological
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profiles of pyriproxyfen can be determined in relation to
the structural modification of pyriproxyfen.

2. MATERIALS AND METHODS
2.1 Plant material and chemicals

Uniform-sized seeds (n=25) of a commercial variety of
maize (Zea mays L. saccharata Sturt.) were used as the test
plant. The Pyriproxyfen was obtained from Bayer. Other
chemicals were purchased from Sigma (USA) and Fluka
AG (Buchs, Switzerland).
2.2 Germination test

Seeds of maize were surface sterilized with 0.5% sodium hypochlorite for 10 min, followed by extensive washing in sterile distilled water. Treatment concentrations
were prepared using control (distilled water) and 0.1, 0.2,
0.4, and 0.6 ppm of original insecticide solution. The application doses were prepared as recommended by the
manufacturing company on the label. Uniform-sized seeds
were placed into a clean 50 ml glass beaker and were pretreated with the pyriproxyfen concentrations for 72 hours.
At the end of 72 h, seeds of maize were sown in 12 cm petri
dishes lined with two layers of filter paper (Whatman 1)
moistened with 10 ml of the distilled water, and maintained
in an incubator at 25°C for 7 days. The experiment was
replicated three times at each concentration of Pyriproxyfen.
Seeds were considered to be germinated with the emergence of the radicle. At the end of the 7th day, the radicle
and coleoptile lengths of seedlings were measured with a
millimetric ruler and germination percentages were calculated according to Khan and Ungar [22].
2.3 Anatomical parameters

The seedlings of each application were placed in 4-L
pots with perlite containing Hoagland’s nutrient solution.
Plants were cultivated in a climate chamber with controlled
conditions (photoperiod 12-h, temperature 25±2°C, relative humidity 60±5%, light intensity 160 μmol m-2 s-1) for
45 days. Seedling growth was provided with the nutrient
solution added on a regular basis. Epidermal tissue was
stripped from the adaxial and abaxial surfaces of leaf lamina pieces to determine leaf stomatal density, expressed as
the number of stomata per unit leaf area, mounted on a
glass slide, immediately covered with a cover slip, and then
lightly pressured with fine-point tweezers. For each independent measurement, numbers of stomata (s) and epidermal cells (e) for each film strip were counted from both the
adaxial and abaxial surfaces. The leaf stomatal index was
calculated using the formula [s / (e + s)]×100, as defined
by Meidner and Mansfield [23]. Stomatal size was defined
as width and length in micrometres.
2.4 Physiological parameters tested

The proline content was determined using to the
method of Bates et al. [24]. Proline was extracted from leaf

samples of 100 mg FW with 2 ml of 40% methanol. 1 ml
extract was mixed with 1 ml of a mixture of glacial acetic
acid and orthophosphoric acid (6 M) (3: 2, v/v) and 25 mg
ninhydrin. After 1 h incubation at 100 °C, the tubes were
cooled and 5 ml toluene was added. The absorbance of the
upper phase was spectrophotometrically determined at 528
nm and total proline amount was calculated with the help
of standard curve and expressed as µg proline g-1 FW.
For Chlorophyll a, chlorophyll b, total chlorophyll, carotenoids and anthocyanin measurement, the tissue samples (1.0 cm2 in most cases) were ground in 2 ml cold acetone/Tris buffer solution (80:20 vol:vol, pH = 7.8), centrifuged to remove particulates, and the supernatant was diluted to a final volume of 6 ml with additional acetone/Tris
buffer. The absorbance of the extract solutions was measured with the spectrophotometer (Jenway 6300) using an
external cuvette holder [25].
2.5 Statistical analysis

The statistical analysis of variance (ANOVA) was performed on all of the experimental data reported in the present paper and statistical significance (P < 0.05) of means
of at least two independent assays with three replicates was
judged by the Duncan’s New Multiple Range Test using
SPSS software 13.0. All data were expressed as means ±
S.D.

3. RESULTS
3.1 Seed germination and seedling growth responses

There was a clear propensity that the growth of plant
decreased with increasing dosage level of pyriproxyfen
(Table 1). Statistical analysis showed that the germination
and seedling growth of the seeds treated with pyriproxyfen
was rather different from the control group (P<0.05), especially at the highest concentration of pyriproxyfen. For example, the germination percentage of maize seeds treated
by 0.1, 0.2, 0.4 and 0.6 ppm of pyriproxyfen were decreased by 2%, 8%, 16% and 40% respectively, and were
dose-dependent. Plants were highly damaged at the concentration of 0.6 ppm. The elongation of radicle depended
on the pyriproxyfen concentration involved. The highest
level of its dose (0.6 ppm) almost totally inhibited the radicle length. Similarly, the highest concentration of
pyriproxyfen on coleoptile length and radicle number were
observed, and at day 7 they declined by 36% and 21%, respectively, compared with the control.
3.2 Anatomical responses

Maize plants treated with pyriproxyfen on leaf epidermis had lower stomata cell counts than untreated ones (Table 2). This pattern was observed on both adaxial and abaxial surfaces of maize leaves treated with an increasing
dose. Stomata index for adaxial and abaxial surfaces of leaf
were found to be lower than those of the control group in
treated plants. Maximum decrease in stomata index was
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found on adaxial surface (68%) of leaf of maize plant treated
with 0.6 ppm of pyriproxyfen. It suggests that pyriproxyfen
decreased the number of stomata and epidermis of maize
seedlings mainly by reducing stomata index. Besides, stomata length and width for adaxial and abaxial surfaces of
leaf treated with an increasing dose showed significant differences from the control group (P<0.05). This difference
was due to a decrease in stomata size. For example, stomata
length on upper surface of maize leaves treated with 0.1,
0.2, 0.4 and 0.6 ppm of pyriproxyfen declined by 14%,
26%, 48% and 73%, respectively, compared to the control.
Similarly, observed effects of pyriproxyfen on stomata
length on the lower surfaces were dependent on concentration of treatment. Moreover, stomata width on both upper
and lower surfaces decreased with increasing dosage level
of pyriproxyfen.

control group (Figure 1). The proline content was increased
significantly with increasing pesticide concentrations
(P<0.05). For example, proline content was raised by 28%,
40%, 54% and 65% when exposed to 0.1, 0.2, 0.4 and
0.6 ppm of pyriproxyfen respectively, compared to the control.

3.3 Physiological responses

Proline content showed a significant increase with increasing concentration of pyriproxyfen as compared to the

FIGURE 1 - Variation in proline content of maize leaves treated with
different concentrations of pyriproxyfen. Different letters indicate
statistically significant difference (one-way ANOVA, P < 0.05).

TABLE 1 - Effect of different concentration of pyriproxyfen on germination and seedling growth
Pyriproxyfen
(ppm)

Germination
Percentage (%)

Radicle length
(mm)

Coleoptile length
(mm)

Radicle number

0

100±0.0a

9.2±4.8a

11.4±1.4a

4.4±0.6a

0.1

98±0.0a

8.9±3.8a

10.0±2.0a

4.2±1.1a

0.2

92±1.8b

8.3±4.6a

9.7±2.1a

3.8±0.7a

0.4

84±2.0c

7.1±3.5ab

8.5±1.8a

3.6±0.8a

5.5±2.0b
7.3±2.1b
0.6
60±2.1d
*The values that are followed by the same letter do not differ statistically at a significance level at 0.05

3.5±0.7a

TABLE 2 - The structure of adaxial and abaxial epidermis in leaves of maize plants treated with different concentrations of pyriproxyfen

Adaxial

Abaxial

Pyriproxyfen
(ppm)

Stomata
(number mm2)

Epidermal cells (number mm2)

Stomata
width (µm)

Stomata
length (µm)

Stomatal index

0.0

*10.5±0.4a

66.4±0.7a

11.6±0.5a

29.4±0.8a

13.72±0.5a

0.1

9.2±1.1b

63.8±0.8ab

10.4±0.6ab

25.5±0.4b

12.82±0.7ab

0.2

8.2±0.5bc

61.3±0.2bc

8.6±0.4b

21.8±0.6bc

11.95±0.4bc

0.4

4.8±0.8c

45.2±0.6c

5.6±0.5c

15.3±0.5c

9.63±0.4c

0.6

1.3±0.8d

27.4±0.2d

2.2±0.7d

8.2±0.9d

4.52±0.1d

0.0

16.5±0.2d

68.5±0.6d

13.5±0.9c

32.8±0.3d

19.41±0.4a

0.1

15.4±0.8d

67.2±0.8cd

12.8±0.4c

26.6±0.5c

18.64±0.7ab

0.2

13.1±0.8c

65.7±0.3ab

9.2±0.5b

23.8±1.2b

16.62±0.5abc

0.4

9.3±0.3b

58.8±0.9ab

5.8±0.8b

17.6±0.8a

13.65±0.4c

0.6

4.9±1.2a

51.5±0.4a

2.5±0.5a

12.2±0.8a

8.53±0.8d

*The values that are followed by the same letter do not differ statistically at a significance level at 0.05
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TABLE 3 - Effects of different concentration of pyriproxyfen on leaf pigments contents
Total Chlorophyll content
(µmol m-1 fw)

Chlorophyll a
(µmol m-1 fw)

Chlorophyll b
(µmol m-1 fw)

Carotenoids
(µmol m-1 fw)

Anthocyanin
(µmol m-1 fw)

0.0

*0.0078±0.0001a

0.0047±0.0009a

0.0031±0.0008a

0.0019±0.0001a

0.0003±0.0001d

0.1

0.0067±0.0002ab

0.0042±0.0007ab

0.0025±0.0004ab

0.0017±0.0002ab

0.0007±0.0007c

0.2

0.0052±0.0002b

0.0032±0.0002bc

0.0020±0.0001bc

0.0013±0.0001bc

0.0011±0.0001bc

0.4

0.0032±0.0004

c

c

c

c

0.0015±0.0005b

0.6

0.0017±0.0004d

0.0003±0.0006d

0.0023±0.0003a

Pyriproxyfen
(ppm)

0.0021±0.0008

0.0011±0.0006

0.0015±0.0002c

0.0002±0.0002d

0.0008±0.0001

*The values that are followed by the same letter do not differ statistically at a significance level at 0.05

The effects of pyriproxyfen on photosynthetic pigment
contents in leaves of maize seedlings demonstrated significant differences with increasing concentration, compared
with the control (Table 3). While chlorophyll a, chlorophyll
b, total chlorophyll, carotenoids contents declined with increasing dosages, anthocyanin content increased all the
treatment with respect to the control. The rise in anthocyanin content was 58%, 73%, 80%, and 87% with 0.1, 0.2,
0.4, and 0.6 ppm of pyriproxyfen, respectively, compared
with control. However, the lowest dose of pyriproxyfen increased the contents of chlorophyll a, chlorophyll b and carotenoids in leaves of maize seedlings. Moreover, under
pyriproxyfen stress, the amount of chlorophyll b content of
leaves was more affected than chlorophyll a and carotenoids content, compared to the control. On the other hand,
pyriproxyfen applied at the highest concentration significantly decreased their content. The chlorophyll a, chlorophyll b and carotenoid contents of maize seedlings decreased approximately by 69%, 94% and 85%, respectively
at the highest pyriproxyfen dosage. The negative relationship between the pigments content and the pesticide concentration was statistically supported for chlorophyll a, b
and carotenoids contents (P<0.05).
4. DISCUSSION
There are only a few reports about the toxic effects of
pyriproxyfen, especially on rats and dogs [26, 27]. It causes
toxic effects through stimulation of the free radicals in sensitive plants, and also causing chromosomal abnormalities
[28] and oxidative stress [29] in living cells. To our
knowledge, there are no data about their phytotoxicological effects on target plants, non-target plants and human
health. The present study determined for the first time the
morphological and physiological impacts of pyriproxyfen
on living organisms. In our study, pyriproxyfen was found
to adversely affect seed germination and seedling growth
of maize. It is clear from our results that even low concentrations of pyriproxyfen decreases seed germination and
seedling growth (Table 1). However, maize growth was
significantly inhibited by the increasing concentration of
pyriproxyfen, which is in agreement with previous experiments with thiamethoxam and thiophanate-methyl on
wheat seedlings [30] and three insecticides (alpha-cyper-

methrin, chlorpyriphos and pirimicarb) on tomato seedlings [31]. The obtained results indicate that plant growth
is a sensitive variable for determining the toxic effects of
pyriproxyfen in seed germination. The toxic effects of
pyriproxyfen caused an inhibition in root growth of maize.
The plants investigated were substantially damaged during
germination, they were sensitive to environmental conditions most and it was significantly delayed after pyriproxyfen application. The effects of pesticide on seed germination inhibit the growth process of plant, depending on
the concentration of the treatment solution [32]. However,
the reduction in the growth and the seed germination rate
may inhibit cell division, as reported in maize plants exposed to pesticide stress [33]. On the other hand, radicle
and coleoptile lengths also decreased significantly by the
addition of pyriproxyfen as stated by the reduction of radicle number. The reduction of the radicle length has already
been noted for the roots of soybean with different concentrations of some pesticides which caused serious damage
to the growth of root [34].
Stomata densities may vary in response to several environment stresses like drought, light intensity and atmospheric levels of carbon dioxide [35]. Therefore changes in
the density and the morphology of the stomata on a leaf
surface may be considered as a bioindicator of different environmental factors. Moreover, the interaction between
plant and pesticide concentrations occurs mainly via stomata changes. After the treatment with different concentrations of pyriproxyfen, we observed that stomata movements decreased in parallel with the increase in concentrations (Table 2). It was found that pyriproxyfen reduced stomatal index of especially the upper and lower surfaces of
leaves with increasing concentrations with respect to the
control. The adaxial surfaces of maize leaves always had
fewer stomata than the abaxial surfaces. These results support previous findings that plants express negative correlation between stomata index and pesticide concentration
[36]. The reduction in stomata density can be explained by
the cell division which decreased with increasing concentrations of sulcotrione [37] and diclofop-methyl and lindane [38]. On the other hand, stomata size has shrunk with
increasing doses, compared to control. Stomata play vital
roles in CO2 diffusion pathway in leaves. The reduction in
the number and the size of stomata, which provide the dif-
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fusion of atmospheric CO2 [35], will adversely affect photosynthesis and respiration, determining plant growth and
development rate [39, 40]. This incident can be evaluated
as an adaptation to stress conditions.
Proline levels can increase substantially in plant tissues under stress conditions such as drought, low temperatures and high salinity [41, 42]. In normal conditions, the
content of proline in plants is low. The effects of pesticide
stress on the proline content in maize leaves was investigated and the results showed that the proline content increased substantially in relation to the concentration of insecticide stress (Figure 1), and were significantly higher in
the pyriproxyfen treatments than in the control. Proline is
known to act as an osmolyte for osmotic adjustment, and
affects the solubility of various proteins [43]. However,
proline can protect plant cells from stress conditions by
maintaining the integrity of cell membranes [44]. The present observations show a positive relationship between increasing insecticide dose and proline accumulation. This
accumulation could be due to a protective role of blocking
protein denaturation under pyriproxyfen stress.

throughout the life cycle. Although the highest concentrations of pyriproxyfen are not generally found in the environment, uncontrolled or accidental application of it may
suppress the growth and development of non-target beings.
Therefore, it is essential to test the toxic effects of insecticides on plants and other organisms before using them for
agricultural purposes. In addition, insecticides may have
toxic effects on farmers and humans who consume the
plants exposed to insecticides. This information also encourages further studies to determine the impact of heavy
pyriproxyfen contamination on soil and water.

The contents of the photosynthetic pigments in the
plants subjected to pesticide stress are known to decline [3,
45]. After the treatment with different concentrations of
pyriproxyfen, we observed that photosynthetic pigment contents decreased in parallel with increasing insecticide concentrations (Table 3). This may be due to the destruction of
the chloroplast structure of the maize leaves which causes
reduction in the lamellar content of the light harvesting pigments. Photosynthetic pigments harvest the light energy and
convert them to chemical products, and they are of great importance as indicators for determining photosynthesis rate.
On the other hand, the decrease in the pigment content led to
adverse effects on PS II and photosynthetic electron
transport activities [46]. Maize seedlings treated with the
pyriproxyfen underwent drastic changes in the photosynthetic pigment content, thereby raising the probability of
greater damage and ultimately resulting in the reduction of
growth. However, the increasing concentrations of pyriproxyfen also increased accumulation of anthocyanin in
maize leaves. These substances accumulate under the influence of various environmental stresses [47]. The major function of anthocyanin seems to be its photoprotective role [48,
49]. This function might explain the increasing anthocyanin
level under high doses of insecticides.

5. CONCLUSION
The stress-induced changes lead to a decline in all
growth parameters [50]. Based on the results presented, it
is clearly indicated that the effects of pyriproxyfen on all
growth parameters (germination, plant growth and development) of maize plant depend on its dose, and they can be
considered as a sensitive indicator for pyriproxyfen toxicity. Reduction in growth caused by accumulative effects
of increasing pyriproxyfen concentrations is manifested
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ABSTRACT
The present study examined dust deposition on single
leaves of Populus alba var. pyramidalis (Bunge) at various
heights (1m, 2m, and 4m), analyzed dust particle size distribution and its contents in arid oasis city Aksu, Northwest
China. The results showed that the amount of dust retained
per leaf area of P. alba var. pyramidalis (Bunge) differed
significantly between sites, as follows: CTA> IA> P> RA>
SFA; Leaves at a height of 1 meter retain the most dust
compared to other two heights, as follows: 1m > 2m > 4m;
Dust particles larger than PM10 account for more than 90%
of all dust particles in all sites and the dust accumulated on
tree leaves is mainly of local urban origin; The variation of
heavy metal concentrations in different sites is significant.

KEYWORDS: Oasis Cities, Dust retention effect, Heavy metal concentrations, Populus alba var. pyramidalis (Bunge)

1. INTRODUCTION
Air pollution poses a long-term threat to the health and
quality of life for urban residents. In particular, dust pollution in oasis cities located in arid areas is a contributing
factor of reduced life expectancy. The adverse effects of
anthropogenic particulate matter (PM) on human health
have been widely documented in the recent literature [1-4],
but so far very little attention has been given to the possible
adverse effects on human health of naturally occurring particulates (such as PM emanating from dust storms) that are
the major atmospheric pollutants in many cities around the
world [5-6]. As one of the naturally occurring forms of atmospheric pollution, dust mainly exists in three forms: dustfall (diameter ≥ 10 μm), total suspended particles or TSP (diameter ≤ 100μm) and repairable particles or PM10 (diameter ≤ 10 μm). China's Daily Air Quality Report monitors
* Corresponding author

PM10 and calculates Air Pollution Index (API) in accordance with the national standards [7]. It was shown that the
mean daily concentrations of particulate matter (PM) with
the size ranging from 84 μgm−3 to 600 μgm−3 seem to be
closely associated with human health [8]. Dust events were
found to be a high risk factor for respiratory and cardiovascular diseases in central China [9]. It was also shown that
reduced visibility caused by increased Saharan dust input
was closely associated with an increased daily hospital admission rate in the Caribbean Island of Trinidad [10]. A
more recent study showed that pediatric hospital admissions remained at high rate for up to 7 days following a
peak atmospheric dust concentration [11].
To reduce the health risks for urban population, we
should control pollutant sources and reduce their effects.
Vegetation, as the lung of the city, can absorb particulate
matter (PM) through adhering PM to leaf surfaces, thereby
reducing the adverse effects of air pollution on people [1214]. Trees are particularly effective in absorbing PM because of their larger leaf areas and the air turbulence created by their vertical structure [12]. Particularly, the hairy
and sticky leaf surfaces of trees can filter dust pollutants by
interception and absorption [7, 15-17]. However, the dust
retention of tree leaves is usually affected by rainfall,
winds, and dust storms. Therefore, dust retention of plant
leaves is cyclical, being dependent on weather cycles (e.g.,
rainfall, winds, and dust storms) [18, 19].
This study examined dust deposition on single leaves
of P. alba var. pyramidalis (Bunge) at various heights (1m,
2m, and 4m) to estimate the quantity of dust deposited on
an entire tree. The characteristics of the removed dust particles were analyzed to evaluate the effectiveness of P. alba
var. pyramidalis (Bunge) in removing atmospheric dust in
urban areas. The study addressed the following questions:
How much dust can one unit leaf area of P.alba var. pyramidalis (Bunge) remove under natural conditions? How
does this vary with site and leaf height? Where does the
dust come from? We hope that the results can be used as
references in future ecological design and optimized configuration of urban tree species in arid oasis cities, Northwest China.
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2. MATERIALS AND METHODS
2.1. Field conditions and plant material

Aksu (41°10′N, 80°15′E, 1115 m above sea level), one
of the typical oasis city in arid northwest China, is situated
in the northern edge of the Taklimakan Desert (Fig. 1). The
mean annual temperature is 9.9–11.5°С and the mean annual precipitation is 43.9–65.3mm with a potential annual
evaporation of over 2000 mm. Scarce precipitation and
strong wind are the perfect mechanisms to incur dust
storms in this oasis city. We selected P. alba var. pyramidalis (Bunge), one of the most popular tree species planted
in the city, as the object of this study. P. alba var. pyramidalis (Bunge) is a variant of P. alba and a native in arid
areas due to its drought tolerance. The front side of leave
is smooth and back side is hairy with shape being oval or
elliptical [20].
2.2. Field sampling and laboratory analyses

Five sites were selected in Aksu urban area and the surrounding Kökyar shelterbelt forest area (Fig. 1) and each
site was plotted in relation to the various functional areas
(industrial area, commercial transportation area, residential
areas, parks, suburban shelter, and forest area) and also to
greening types. The five sites are: 1) Urban basins center

(i.e., No. 8 Xi Da Jie Road), as a representing Commercial
Transportation Area (CTA); 2) Aksu TV station courtyard
(No. 5 Jiao Yu Road), as a representing Residential Area
(RA); 3) Cement factory (No. 9 Nan Jiao Road), as a representing Industrial Area (IA); 4) Dolan Park (Xi Da Jie
Road), as a representing Park Area (PA); and 5) Kökyar
Forest management station, as a representing Suburban
Forest Area (SFA). Sampling began in 04.05.2013 and finished in 03.06.2013. At each site, 2 to 3 P. alba var. pyramidalis trees were selected and leaf samples were collected from each tree at heights of 1m, 2m, and 4m. The
fieldwork was conducted on sunny mornings with little
wind, and metrological parameters were recorded by a
portable meteor graph (M307592/NK4000).
We collected healthy and lookalike leaf samples from
trees and dust samples from non-vegetated areas near the
selected tree with iron containers. The samples were stored
in plastic bags (for leaf) and iron containers (for dust) at
room temperature in a laboratory. Dust was washed from
the leaf surfaces with distilled water, according to the reported method [21]. Filters were weighed before and after
filtration by electronic scales with an accuracy of 1μg
(PTX-FA-210, Shanghai). The dust-collecting potential of
each individual leaf was measured according to surface
area, using a laser leaf area meter (CI-203, USA). The ave-

FIGURE 1 - Sketch map of field measurement sites in Aksu City and the relative location of Aksu within the context of China (upper right
inset) and the Xinjiang autonomy region (lower right inset)
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rage weight of dust retained per unit leaf area was calculated as the ratio of dust removed from leaves over the total
leaf area. The sediment washed from the leaves and the
dust samples collected from the non-vegetated sites were
analyzed by a laser particle size analyzer (Microtrac
S3500, USA).

3.2. Height differences

Table 1 and Figure 3 show that the dust retention is dependent on the sampling heights. In any case (RA, CTA, IA,
SFA, PA) the leaves at 1m height retain the most dust and
the leaves at 4m height retained the least dust with the 2m
height being the intermediate. For example, at the CTA site,
the weight of dust per unit leaf area was 12.46 g/m2 at 1m
height, 10.37 g/m2 at 2mheight and 8.6 g/m2 at 4m height.

3. RESULTS
3.3. Dust particle distribution

Foliar dust - retention amount（g/m2）

The average dust concentration on the sampled leaves
was heavily dependent on the sampling sites. As shown in
Figure 2, the trees located in the commercial-transportation
area (CTA) retained the highest amount of dust per unit leaf
area and the second highest was the industrial area (IA).
The park area (PA) and the residential area (RA) are more
or less similar in retaining the dust and the suburban forest
area had the lowest retention of dust. It is apparent that the
commercial-transportation area (CTA) is the most severely
dust-polluted area and the suburban forest area is the least
dust-polluted area.

The particulate matter (i.e., dust) washed from the leaf
samples was classified into three categories based on their
sizes: 1) smaller than PM10 (<10 μm); 2) PM10 (=10 μm);
and 3) larger than PM10 (>10 μm). Unexpectedly, the percentage of >10 μm was much higher than other two categories (Fig. 4), reaching over 90% at all sites including the
suburban forest area (SFA). But, the detailed curve of the
particle size distribution demonstrates a distinguishable
feature among different sites. Specifically, suburban forest
area (SFA) has the finest size with a peak spanning from
13 to 74 μm and the industrial area (IA) has coarsest size
with a peak spanning from 31 to >1000 μm (Fig. 4). The
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3.1. Site differences
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FIGURE 2 - Average dust weight retained per unit leaf area at different sites. DL = Dust Loading; IA = industrial area; CTA = commercialtransportation area; RA = residential area; SFA = Suburban forest area; PA = park area.

TABLE 1 - Average weight of dust retained per unit leaf area at different heights and sites
1m
Residential areas (RA)
8.14±0.25a
Commercial transportation area (CTA)
12.46±0.66a
Industrial area (IA)
13.48±0.31a
Suburban forest area (SFA)
4.99±0.16a
Park area (PA)
5.47±0.24a
Letters a–c indicate significant differences between three different heights, P<0.05
Differences are statistically significant between different heights.
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2m
5.27±0.22b
10.37±0.57b
9.74±0.49b
3.21±0.18b
4.35±0.19b

4m
4.14±0.14c
8.6±0.60c
1.46±0.29c
0.78±0.08c
1.27±0.45c
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FIGURE 3 - Dust particle size distribution at different sites
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FIGURE 4 - Frequency and cumulative probability curve of dust particle size distribution at different sites

TABLE 2 - Comparison of heavy metal contents of foliar dust in different size (mg /kg)
Sites / Heavy metals

Cu

Pb

Zn

Cd

No. Samples

20

19

20

18

Industrial area (IA)

9 ± 1.3

43.2 ± 5.2

161.2 ± 12.3

1.941 ± 0.2

Commercial transport area (CTA)

11.5 ± 1.8

48.4 ± 4.6

236.0 ± 22.1

1.920 ± 0.3

Residential area (RA)

6.5 ± 0.9

43.2 ± 3.9

111.5 ± 11.3

1.670 ± 0.1

Shelterbelt forest area (SFA)

4.5 ± 0.6

35.9 ± 4.5

23.6 ± 2.4

1.655 ± 0.1

Park area (PA)

5.6 ± 0.8

45.8 ± 5.3

11.2 ± 1.6

1.780 ± 0.2

23.6

25.4

102.6

0.097

Soil Background Value*
* China Environmental Monitoring Station, 1990 [28].

rest three (i.e., RA, PA. and CTA) have similar peaks spanning from 13 to 42 μm.
At the CTA, IA, RA, PA, and SFA sites, the curve representing the dust particle size distribution peaked at
248.9μm, 296.0μm, 296.2μm, 296.0μm, and 31.11μm, accounting for 10.61%, 6.73%, 7.66%, 8.57%, and 11.05%

of all dust measured, respectively. The distribution curves
for the CTA, RA, and PA sites are bimodal, with the first
mode of 74~150μm, accounting for 4~7%; and the second
mode of 209~352μm accounting for 6~10% of the content.
The SFA site has only one mode, in the range 22~37μm,
representing 9~11% of the total dust volume. The two
modes of the distribution curve for the IA site are greater
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than the corresponding values for CTA, RA, and PA: the
first at 104~296μm, 3%~6%; the second at 591~995μm,
6~7%.

the framework of the Sino-German joint research projectSuMaRiO (Grant-No.: 01LL0918C).
The authors have declared no conflict of interest.

3.4. Element distribution

We have also analyzed the heavy metals (including Cu,
Pb, Zn, Cd) and the results are listed in Table 2. It can be
seen that Pb and Cd concentrations at all functional areas
(i.e., sampling sites) are larger than soil background values
and Cu concentration is smaller than soil background value.
It is also notable that the concentrations of Cu, Zn, Pb are the
highest in the commercial-transportation area (CTA) and the
lowest in the suburban forest area (SFA).
4. DISCUSSION AND CONCLUSIONS
It is apparent that the commercial-transportation area
(CTA) is most severely dust-polluted area and the suburban forest area is the least dust-polluted area. The greatest
amount of dust in CTA means that a greater amount of atmospheric pollutants was emitted in the commercial-transportation area where more in-situ dust was locally generated. The smallest amount of dust in SFA means that the
dust generated from the urban settings did not significantly
affect the suburban area and also lends a support that the
dust was not from large-scale atmospheric processes. Our
results are in agreement with reports showing a positive
correlation between traffic flow and dust load [23, 24]. Our
results also show that in any case (RA, CTA, IA, SFA, PA)
the leaves at 1m height retain the most dust and the leaves
at 4m height retained the least dust and also lent a support
to the report by Liu [19] who found a negative correlation
between dust load and tree height.
Being similar with the dust load differences among the
different functional areas (i.e., sampling sites), the concentrations of Cu, Zn, Pb are the highest in the commercialtransportation area (CTA) and the lowest in the suburban
forest area (SFA).
Being different from the dust load differences among
the different functional areas (i.e., sampling sites), a detailed curve of the particle size distribution demonstrates
that suburban forest area (SFA) has the finest size and the
industrial area (IA) has coarsest size. It implies that the industrial activities in Aksu City locally generate more
coarse dust than other activities including the commercial
and transportation.
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ABSTRACT
The adverse health effects on the endocrine function of
endocrine-disrupting chemicals (EDCs) have attracted
worldwide attention. The present study reports the adsorption of EDCs from the perspective of choosing constructed
wetland substrates to help achieve a high removal efficiency of EDCs. Batch studies were performed for the contact time, initial concentration, temperature and particle
size of the substrates. The results demonstrated that the adsorption capacity (qe) increased with an increase in the temperature from 278 K to 308 K and a decrease in the substrate diameter from 75 to 590 μm. Along with the increase
of initial concentration of estrone (E1) (from 100 μg/L to
2000 μg/L), qe increased, while the removal efficiency decreased. The equilibrium adsorption data were analyzed
using two isotherm models (Langmuir and Freundlich) and
three kinetic models (pseudo-first-order, pseudo-secondorder and intra-particle diffusion models). The Freundlich
model provided a better fit to the data, and the pseudo-second-order kinetic model may be the best description of the
adsorption process. The FTIR spectra of three substrates
before and after adsorption of estrone revealed that the adsorption was physical. Based on these results, it can be concluded that ceramsite is an effective constructed wetland
substrate for use in the removal of estrone.

KEYWORDS:
Estrone; Adsorption; Constructed wetland substrates.

1. INTRODUCTION
There is an increasing concern over the endocrinemodulating characteristics of some chemicals (EDCs). The
adverse health effects of EDCs on endocrine receptors, or
its progeny, especially on endocrine function, have attracted worldwide attention. Colborn observed that various
disturbing consequences were related to the alteration and
disturbance of endocrine functions in humans and wildlife [1],
* Corresponding author

while others have reported that 17β-estradiol (E2) and estrone (E1) caused roaches to be intersexual and promoted
vitellogenin induction in rainbow trout [2], and PCBs
caused harpacticoid copepods near sewage discharge to be
in abnormal sex ratios in the Firth of Forth [3].
Most EDCs are man-made chemicals, including industrial chemicals, crop protection products, antifouling compounds, personal care products and pharmaceuticals [4]. In
addition, EDCs can be naturally produced in the environment. For example, E1, a ubiquitous estrogen in the aquatic
environment, is not only a natural female hormone but is
also excreted by women. E1 is one of the most potent steroid estrogens that can cause adverse effects on fish near the
sewage effluent.
The removal of EDCs, such as estrone, has been widely
studied. Many processes have been studied to remove these
estrogenic compounds at trace concentrations in water,
such as advanced oxidation [5-7], biological process [8, 9],
membrane retention [10], and adsorption [11-14]. Adsorption is considered to be one of the preferred choices for the
removal of trace concentrations of contaminants in water
streams at high efficiency generally. Constructed wetland
(CW) is widely used for the removal of endocrine disruptors [15-17] as an inexpensive environmentally friendly
water treatment process. The mechanisms of CW include
the accumulation of plants and microorganisms [18], the
degradation of the roots of plants and microorganisms and
also their synergistic effects [19], some light degradation
[20], in addition to the adsorption of the substrates. The
function of the substrates in phosphorus removal is quite
widespread [21-23]; nevertheless, research studies on estrogens sorbed by CW substrates have been very limited.
The present study, to the best of our knowledge, is the
first of its kind to focus on the adsorption of EDCs from
the point of choosing the CW substrates to help achieve a
high removal efficiency of EDCs. The commonly used CW
substrates, including ceramsite, zeolite and slag, were applied to the removal of EDCs (setting E1 as an example)
from aqueous solution as a function of contact time, initial
estrone concentration, temperature and particle size. E1
was selected as the target compound, due to its widespread
presence in wastewater effluents as a result of its relatively
low removal rate in sewage treatment plants and because it
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is a major and relatively persistent biotransformation product of E2. The equilibrium of this study was modeled using
Langmuir and Freundlich isotherm models, with the kinetic studies matched using pseudo-first-order, pseudosecond-order and intra-particle diffusion kinetic models.

2. MATERIALS AND METHODS
2.1. Preparation and characterization of the adsorbents

The constructed wetland substrates, ceramsite, zeolite
and steel slag were chosen in present study for absorbing
the estrone. The wetland padding was obtained from the
Yusong water supply and the drainage equipment factory
in Gongyi, Henan province, People’s Republic of China,
and then washed using tap-water and deionized water several times to remove all of the loose materials from the wetland packing surface. The substrates were then air-dried at
a temperature of approximately 298 K for 2-3 days. After
drying, the wetland padding was pulverized. Uneven diameters of the wetland substrates were sieved by different dimensions of meshes to obtain particles of the diameter
from 75 to 590 μm and the powder was later used in the
estrone removal experiment. In the present study, #30 represents the substrate powder with particle diameters between 250 μm and 590 μm, #60 represents particle diameters between 149 μm and 250μm, and #100 represents particle diameters between 75 μm and 149μm, which are all
according to the ASTM standard [24].
The physical properties of three substrates (#30) were
measured by using automatic specific surface area and porosity analyzer and the results were shown in Table 1.

2.3. Batch study

The batch adsorption experiments were conducted in
a water-bathing orbital shaker, experimental variables,
such as contact time (0.25, 0.5, 1, 6, 12, 24, 36, and 48 h),
initial estrone concentration (100, 200, 400, 1000, 1500,
and 2000 μg/L), temperature (278, 288, 298 and 308K),
and particle size (#30, #60, #100) were used for the adsorption of E1 onto constructed wetland substrates. The adsorption experiments were performed by mixing 50 mL of solution with 2 g of substrate powder at natural pH in flasks
and shaken at 150 rpm in the shaker for a specified period
of time interval (equilibrium contact time). As a control,
estrone solution was shaken during the experimental period
in the absence of the constructed wetland substrates. After
agitation, the substrate-E1 mixture solution was filtered
through 0.45-μm Whatman glass fiber papers. The filtrates
were analyzed for the final estrone concentration by using
an HPLC with a UV detector fitted with an Agilent ExtendC18 reverse-phase column (4.6 μm × 250 μm × 5 μm), and
20 μL of the water was analyzed by HPLC at a wavelength
of 200 nm. The mobile phase contained deionized water
and acetonitrile with the 55/45 (v/v) ratio at the first 5 min,
and it was adjusted to 50/50 (v/v) from 5 min to 10 min,
and at this time the flow rate was 0.8 mL min-1 and the column temperature was 30 . The method has a limit of
quantification of 10 μg/L under these conditions. All of the
tests were repeatedly performed three times in this study.
The amount of E1 adsorbed per unit substrate (q,
μg/kg) and the removal efficiency (R,%) of E1 were calculated from Eqs. (1) and (2), respectively:

q

C0  Ct
V
m

(1)

R

C0  C t
 100%
C0

(2)

TABLE 1 - The physical properties of the substrates.
BET
（m2/g）

Pore Volume
（cm3/g）

Pore Radius
（nm）

Ceramsite

2.1

9.2×10-4

11.8

Zeolite

0.7

3.9×10-4

8.7

Slag

0.1

1.6×10-4

2.3

Substrates (#30)

where C0 is the E1 initial concentration (μg/L), Ct is the
concentration at time t (μg/L), V is the volume of the E1 solution of 50 mL, and m is the weight of adsorbent of 2 g.

2.2. Stock solution

Estrone was obtained from Sigma-Aldrich located in
St. Louis, MO, USA. The main physical-chemical properties were listed in Table 2 below. The stock solution of
E1(100mg/L) was prepared in an HPLC grade acetonitrile
because it has limited solubility in water. When it was necessary, the stock solution could be diluted to different concentrations with distilled water. All solutions contained
0.01 M CaCl2 background electrolyte and 100 mg L-1 NaN3
acting as a biocide to prevent microbial degradation.
TABLE 2 - The main physical-chemical properties of estrone
Properties

Molecular
Formula

Solubility
in water

Octanol-Water
Partition Coefficient

E1

C18H22O2

0.03g/L

3.43

2.4. Kinetic studies

In the kinetic study, 50 mL of 1000 μg/L E1 solution
was mixed with 2 g of the #30 wetland substrate with rotary
agitation at 298 K natural pH surroundings. The aqueous
samples were withdrawn at a certain time from 15 min to
48 h and the E1 concentration was identically measured as
previously described.
2.5. FTIR spectroscopy analysis

Three substrates before and after adsorption of estrone
were characterized using FTIR spectroscopy to determine
the adsorption mechanism. The FTIR spectrophotometer
was made by Thermo Nicolet Company and the model was
IR200. The dried substrates (before and after adsorption)
prepared as KBr discs were analyzed in the wavenumber
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range from 4000 to 400 cm-1 using a Fourier transform infrared (FTIR) spectrophotometer.

3. RESULTS AND DISCUSSION
3.1. The effect of contact time

The effect of contact time on the adsorption of estrone
(E1, 1000 μg/L) on the three different constructed wetland
substrates considered in this study are presented in Fig. 1.
It can be observed from Fig. 1 that ceramsite exhibited the
maximum adsorption capacity, followed by zeolite and
slag in turn. At the beginning of the adsorption, the system
showed an instantaneous adsorption, it was due to the high
concentration disparity between the solution and the surface of the substrates and the high mass transfer power. In
the first 15 min, the adsorption amount of three substrates
were relatively high (approximately 60%-80% of the maximum adsorption amount), while between 15 and 60 min,
the adsorption amount were decreased, and the adsorbed
E1 desorbed back into the aqueous solution. The adsorption amount decreased to 17372μg/kg for ceramsite,
359μg/kg for zeolite and 312μg/kg for slag. The possible
reason for the decreasing might be that at the beginning of
adsorption, the adsorbing force between the adsorbed E1
and the substrate was weak, but the rotation speed was relatively high, which resulted in the bound E1 returning back
into the aqueous solution. After 60 min, the amount of each
substrate adsorption increased rapidly, and then the adsorption rate became slower, to the point where intra-particle
diffusion was the rate limiting step [25]. This stage oc-

curred after the external surface adsorption occurred [26].
The equilibrium was achieved (approximately 24 h), and
the adsorption system remained nearly constant until no
further considerable adsorption was noted. The maximum
adsorption amount was 21494μg/kg, 971μg/kg and
527μg/kg for ceramsite, zeolite and slag, respectively. Four
steps that occurred in the adsorption process could be seen
in Fig. 1. An initial instantaneous adsorption step, which
lasted for 15 min, followed by the desorption step, which
lasted for approximately 45 min, and then a rapid adsorption step, which lasted for approximately 6 h, followed by
the slower fourth phase, which continued until the equilibrium was reached within 24 h. A further increase in the
contact time did not exhibit any increase in adsorption. The
adsorption rate decreased in the third stage might be due to
the intra-particle diffusion dominating over adsorption
[27], while the surface pores were occupied in the previous
stages. The rate of percent estrone removal was higher in
the beginning, due to a larger surface area of the adsorbents
being available for the adsorption of E1.
3.2. The effect of the initial estrone concentration

The effect of the initial E1 concentration on the adsorption amount and the removal efficiency is presented in Fig. 2.
The adsorption amount of E1 on the substrate increased by
increasing the initial estrone concentration in the range of
100 to 2000 μg/L, but the removal efficiency was decreased. The adsorption capacity increased from 2391 to
38178 μg/kg, while the removal efficiency decreased from
95.6% to 76.4% for ceramsite adsorbing E1 by increasing
the E1 concentration from 100 μg/L to 2000 μg/L. With

Adsorbed amount of E1 on adsorbent (μg/kg)
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FIGURE 1 - The relationship between the E1 adsorption amount and the time. 2 g of #30 substrates, 1000 μg/L E1 and the temperature of
298K were used in this experiment. All of the tests were repeated three times. Experimental errors < 5%.
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FIGURE 2 - Effect of initial concentration on E1 adsorption. The dashed line stands for removal efficiency of E1, and the real line for the
amount of E1 adsorbed per unit of substrate.2 g of #30 substrates and the temperature of 298K were used in this experiment. All of the tests
were repeated three times. Experimental errors < 5%.
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FIGURE 3 - Effect of temperature on E1 adsorption. 2 g of #30 substrates and the concentration of 1000 μg/L were used in this experiment.
All of the tests were repeated three times. Experimental errors < 5%.
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regard to the other two substrates, zeolite and slag, a similar
trend was observed, while the adsorption capacities and the
removal efficiencies were much lower than that of ceramsite. This result was due to the higher initial concentration
of E1, the larger number of moles available to the surface
area, i.e., the adsorption characteristics indicated that the
surface saturation was dependent on initial concentration
[28]. The initial concentration provided the driving force to
overcome the resistance of the aqueous and solid phases.
At lower E1 concentration, the ratio of the surface active
sites of substrates might be high and the E1 molecules were
easily restrained by the adsorbent and removed from the
solution.
The ceramsite exhibited the highest efficiency for the
removal of E1, and we supposed that it was concerned with
the physical properties. From Table 1, the physical properties, including the BET, which is an important property for
adsorption, the pore volume and the pore radius, indicated
that ceramsite had the maximum BET, which was 3 times
the value of zeolite BET, and 16 times the value of slag
BET. And the pore volume and the pore radius followed
the order of ceramsite > zeolite > slag. A positive correlation was found between adsorption capacity and the physical properties of the substrates.
3.3. The effect of temperature

The effect of temperature upon E1 adsorption of the
three constructed wetland substrates was investigated in
this study. As noted above, four temperatures were used.
Fig. 3 showed that as the temperature increased from 278K

a

to 308K, the E1 removal efficiency for ceramsite also increased from 64.0% to 89.7%, and the removal efficiency
for zeolite and slag increased by 1.7% and 1.0%. It can be
concluded that the temperature can affect the E1 adsorption
on ceramsite significantly. As the temperature goes up, the
energy of the system increased, and the ratio of the active
site on the surface of adsorbent became higher, which led
to an increased percentage of effective collision between
E1 and active site, so the removal efficiency of E1 increased. When the temperature grows above 298K, the
growth increased not remarkable and the growth rate
slowed down. It was probably because all of the active sites
had sufficient energy to satisfy the activation energy for the
adsorption and the increasing temperature could only increase the adsorption rate. Due to the above observations,
it was believed that E1 adsorption onto the substrates was
an endothermic process. What’s more, further thermodynamic analysis or molecular level experiments are required
to reveal that the adsorption process is either physical or
chemical adsorption.
3.4. The effect of particle size

The effect of particle size upon estrone adsorption on
the constructed wetland substrates was investigated in the
range from 75 to 590 μm. The research results of ceramsite,
zeolite and slag are presented in Fig. 4(a, b and c), which
indicated that the E1 adsorption amount of three substrates
were all increased as the particle size decreased, this increase might be due to the increase of the surface area when
the particle size decreased, and the amount of active sites
on the surface of substrates increased. Within the range of
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FIGURE 4 - The effect of particle size, ceramsite (a), zeolite (b) and slag (c) in different particle sizes (75~590 μm) were studied in the adsorption
tests, 2 g substrates and the concentration of 100-2000 μg/L were used in 298 K. All of the tests were repeated three times. Experimental errors <
5%.

the experiment, the E1 adsorption onto ceramsite was
found to be the highest among the three substrates, which
indicated more affinity of ceramsite for estrone compared
to zeolite and slag (Fig. 4a-4c). Fig. 4 also reveals that the
concentration had a noticeable effect on the adsorption

amount of E1 in the smaller particle size. The possible reason might be that the amount of adsorption active site of
larger particles was smaller, and the adsorption of the substrates was saturated at a relatively high concentration and
could not adsorb additional estrone.
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3.5. Adsorption isotherms

Adsorption isotherms are an important method to understand the mechanism of an adsorption system, and they
provide valuable information for the selection of adsorbents. Experimental data of different concentrations of estrone adsorbed onto the substrates were analyzed by regression analysis to fit two commonly used isotherms: Langmuir [29] and Freundlich isotherms [30]. The adsorption
isotherms are characterized by definite parameters, whose
values represent the surface properties and affinity of the
adsorbents for E1. The linear form of the Langmuir equation and the log form of the Freundlich isotherm are presented in Eqs. (3) and (4), respectively.

Ce
C
1

 e
qe q max b q max

log qe 

logCe
 log K
n

(3)

the Langmuir model can not fit the adsorption at all. Hater
[33] pointed out that the linear form of Langmuir model
could lead a big error, and this can also be found in this
study.
3.6. Kinetic study

The rate of the adsorption process is probably the most
important parameter in an adsorption system, and the reaction kinetics controls the reaction dimension and the residence time [34]. Consequently, it is necessary to study the
reaction kinetics in the designed system. The experimental
results presented in Fig. 1 were fitted to pseudo-first-order
[Eq. (5)] [35, 36], pseudo-second-order [Eq. (6)] [37] and
intra-particle diffusion models [Eq. (7)] [38, 39] by applying a linear regression analysis using the Origin 8.5 program for Windows. The kinetic models can be expressed
as follows:

(4)

where qmax (mg/kg) denotes the theoretical monolayer
saturation capacity, which indicates the maximum adsorption amount, b (L/mg) denotes a constant related to the energy of adsorption, qe (mg/kg) denotes the equilibrium uptake of E1, Ce denotes the estrone concentration remaining
in solution (mg/L), and K (mg/kg) and n are constants related to the adsorption capacity and the adsorption intensity, respectively [31].
The Freundlich and Langmuir isotherm parameters
for the adsorption system are presented in Table 3. The
higher regression coefficients suggested that the Freundlich model fits the data better than the Langmuir model.
Similar behavior of EE2 adsorption on different size of soil
was previously reported [32]. K was related to the bounding strength between E1 and substrates and the adsorption
capacity. From Table 3, it was obvious that the turn of K
value was ceramsite>zeolite>slag, which reflected that the
bounding strength with E1 of substrates also followed this
turn. The Freundlich constant “n” values were greater than
1, indicating that the adsorbent surface was heterogeneous
and that the adsorption was favorable.
In Table 3, it was easily found that the coefficient of
Langmuir model was all greater than 0.94, which probably
can tell that the Langmuir model can also fit the isotherm
adsorption. But there is a big gap(>50%) between the maximum adsorption amount obtained by model fitted and the
adsorption experiment. This showed that the fitting degree
could not been measured only by the coefficient. Actually,

ln(qe  qt )  ln qe  k1t

(5)

1
t
t


2
qt k 2 q e q e

(6)

qt  k 3 t 1 / 2  C

(7)

where qe and qt are the amounts of estrone adsorbed
(μg/kg) at equilibrium and at time t (h), respectively, k1 is
the adsorption rate constant (h-1) of the pseudo-first-order
kinetic model, k2 is the rate constant (kg μg-1 h-1) of the
pseudo-second-order model, and k3 is the rate constant (μg
kg-1 h-1/2) of the intra-particle diffusion model. The plot of
log(qe-qt) versus t [Eq. (5)] should exhibit a linear relationship, whose slope and intercept of the plot determine k1 and
qe, respectively. The plot of (t/qt) and t [Eq. (6)] should exhibit a linear relationship, from which qe and k2 can be determined by the slope and intercept of the plot, respectively. Similarly, qt vs. the square root of time (t1/2) should
exhibit a linear relationship, and k3 can be obtained from
the slope of such a plot.
The adsorption kinetic parameters of the three models
and experimental qe values are given in Table 4. The kinetic data suggested that the pseudo-second-order kinetic
model with a higher value of regression coefficient (R2) fitted best to the adsorption data, which demonstrated that the
adsorption might be the rate limiting step, and the rate-limiting step might be adsorption involving valence forces
through the sharing of estrone [40]. According to the
pseudo-second-order model, the adsorption capacity of

TABLE 3 - Isotherm parameters of estrone adsorption onto constructed wetland substrates.
Substrates

Langmuir isotherm

Freundlich isotherm

K
R2
qmax（mg/kg）
Ceramsite
0.1171
42.37
0.9699
1.5174
Zeolite
0.0168
56.73
0.9442
0.7836
Slag
0.1113
35.01
0.9580
0.2106
(Experimental conditions: 2 g substrates and the concentration of 1000 μg/L were used in 298 K.)
b(L/mg)
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n
1.8278
1.0625
1.1463

R2
0.9716
0.9943
0.9768
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TABLE 4 - Parameters for kinetic models of pseudo-first-order, pseudo-second-order, and intra-particle diffusion model.
Pseudo first-order model

Pseudo second-order model

Substrates

R2
qecal
k1
qe
(1/h)
(mg/kg)
(mg/kg)
Ceramsite
5.25
0.21
0.9444
28.18
Zeolite
0.53
0.13
0.8636
1.08
Slag
0.17
0.06
0.7486
0.53
qecal means the value of qe calculated from pseudo first-order model.

k2
(kg/mg/h)
3.0103×10-4
0.0010
0.0084

ceramsite, zeolite and slag are 21.18mg/kg, 1.08mg/kg and
0.53mg/kg, the relative error with the true value was within
10%, so it is possible to estimate the adsorption process
with pseudo-second-order kinetic model. The intra-particle
diffusion model exhibited poor fitting to the experimental
data (Table 4), which implied that the intra-particle diffusion was not the only rate-limiting step. Other kinetic
mechanisms might also play a role in the E1 adsorption
process onto the substrates.
3.7. FTIR spectroscopy analysis

The Fourier transform infrared spectra (FTIR) of the
three substrates before and after adsorption of estrone are
shown in Fig. 5a-c to provide information regarding the
functional groups. The three figures all exhibited a broad
strong band at 3444 cm-1 (Fig. 5a-c), which indicated the
OH stretching vibration of H2O in the substrates. The IR peak
at 1620 cm-1 in the three figures might be due to the bending
vibration of H2O. The bands at 1080 cm-1, 1012 cm-1,
779 cm-1 represent the SiO2 vibration, and the peaks at

R2
0.9999
0.9990
0.9991

Intra-particle
model
k3
(h1/2)
1575.84
82.61
31.04
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E1 adsorbed ceramsite
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0
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R2
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0.7218
0.7138

532 cm-1 and 463 cm-1 represent Fe2O3 in the three substrates. The transmittance of each substrate between before
and after adsorption was different at 3444 cm-1 for different
moisture contents. The intensity of the characteristic peaks
of every substrate remained the same after adsorption, except for the peak intensity. The transmittance exhibited an
overall decrease after the adsorption of E1 for ceramsite
and zeolite in the range of 2350 cm-1~400 cm-1, and an increase for slag in the range of 1600 cm-1~400 cm-1. The
difference in the absolute intensity of the IR peaks might
be caused by the thickness of the KBr discs. This experiment did not use quantitative methods in the tablet pressing
process. The different dilution ratio of the substrates by
KBr would cause different background values of the IR
spectra and lead to changes of the absolute intensity of the
characteristic peaks, which eventually results in different
transmittance values of infrared spectrum. In addition, E1
is a complex form of organic matter with various vibrations
in the molecule, and the chemisorption process would result in a change in the peaks, similar to the results of a study
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FIGURE 5 - Infrared spectrometry for ceramsite (a), zeolite (b), slag (c) before and after adsorption of E1.

from Parab and Sudersannan [41], in which a sharp and
strong peak at 2110 cm-1 was found after adsorption of cesium by CP-NIHCF. Consequently, it could be concluded

that the adsorption of estrone by the constructed wetland
substrates studied in this paper, ceramsite, zeolite, and slag,
was physisorption.
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physical parameters (BET, pore volume and pore radius)
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comparing the regression coefficients of the isotherm analysis, the Freundlich isotherm matched better for the adsorption data of the three substrates. In addition, the E1 uptake studies indicated that the adsorption process consisted
of four stages: the instantaneous adsorption stage, the desorption stage, the rapid adsorption stage, and the equilibrium stage. The adsorption kinetics study indicated that the
pseudo-second-order kinetic model fitted best to the experimental data. The functional groups of three substrates before and after adsorption of E1 were identified via FTIR
spectroscopy. There were few differences after the adsorption, such as for some of the peak intensities, which were
caused by the difference of the KBr ratio in the tablet pressing process. The results indicated that the adsorption process of estrone for the studied substrates was physisorption.
According to the results presented in this study,
ceramsite can be a promising constructed wetland substrate
for the removal of E1. The results of this study will provide
a basis for choosing a constructed wetland substrate for the
removal of E1.
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ABSTRACT
In this study, the utilization of dried activated sludge
for removal of Cd2+ from aqueous solution in a batch system was investigated. Initial pH, biosorbent dosage, contact time, and initial metal concentration parameters were
selected to determine optimal process conditions. The biosorption mechanism was examined by SEM, FTIR and
EDX results. The optimum conditions for Cd2+ biosorption
were found to be 6.0, 120 min., 1.2 g.L-1 and 80 mg.L-1,
respectively for initial pH, contact time, biosorbent dosage
and initial Cd2+ concentration. Langmuir and Freundlich
isotherms were used to model the biosorption equilibrium
data, and it was determined that the system followed the
Langmuir isotherm, and the sorption capacity of the biosorbent was found to be 15.43 mg.g-1. Biosorption followed a pseudo-second-order rate model. Two main mechanisms of Cd2+ biosorption onto the dried activated sludge
were adsorption to the C-H bonds and ion exchange with
Na+, K+ and Ca2+ ions.
KEYWORDS:
Cadmium removal, Biosorption, Adsorption Kinetics

1. INTRODUCTION
Wastewater discharges into the aquatic environment
have been on the increase as a result of urbanization. Most
of these discharges contain several toxic substances, especially heavy metals. The presence of heavy metals in the
environment causes major concern because of their toxicity
and bio-accumulation tendency [1].
There are several techniques developed for the removal of heavy metals from wastewater such as chemical
precipitation, solvent extraction, membrane separation, reverse osmosis, evaporation, electrolysis and ion exchange.
These techniques are not cost effective and metal recovery
capacities are insufficient [2-4]. Adsorption onto activated
carbon is effectively used for the removal of heavy metals.
However, high regeneration costs and losses in the appli* Corresponding author

cation processes limit its large scale usage [3]. Many researchers have focused on cheap and easily applicable alternative materials instead of activated carbon [3]. Biomass
is one of the promising alternative sorption materials due
to several advantages including reduced cost, environmental acceptability, regenerability and simple application [5].
For example, some biological materials (biosorbents) such
as agricultural wastes, sugar beet pulp, fungi, algae, bacteria and yeasts can be used for heavy metal removal from
industrial wastewater, effectively [5-9].
Biosorbents can be used either in alive or dead form.
However, living cells suffer from heavy metals toxicity
which causes cell death. Besides, COD and BOD concentrations raise in the wastewater due to the nutrient addition
in order to supply the necessary nutrient requirements of
living cells [10-12]. However, dead biomass is not affected
by heavy metals toxicity; it is cheap and easily controlled.
In addition, non-living biosorbents can be regenerated and
reused [10,13]. Therefore, dead biomass may be considered more appropriate for heavy metal removal. There is a
growing interest in use of activated sludge (which is mixture of bacteria, fungi, yeast, algae and protozoa) as a biosorbent [3, 7, 10, 14-16].
Biosorption processes include extracellular mass
transfer of metal onto the binding regions of biomass and
diffusion into the particulates. These processes are generally fast and reversible [17]. Extracellular polymeric substances protect living cells from metal toxicity via some
mechanisms such as ion exchange, complexation with negatively charged groups, adsorption and precipitation [15,
17-19]. Interaction between metals and biomass is related
with biopolymers of biomass or functional groups located
in the cell wall. These functional groups are; carboxylic,
amino, phosphate and sulphate groups [7]. Physicochemical properties of these organic compounds can be modified
by changing solution characteristics. Therefore, some parameters such as pH, ionic strength, redox potential, metal
concentration, complexing properties of anions, are known
as important factors in the biosorption process [20].
Amount of adsorbate on adsorbent, at fixed temperature, is a function of concentration and this function is
called the adsorption isotherm. Adsorption isotherms are
also representative for biosorption processes [15, 21, 22].
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It is not likely to infer mechanisms of biosorption from isotherms [17]. In order to understand the mechanisms of biosorption, the physical and chemical changes on the surface of the biosorbent also have to be understood.
Activated sludge is an abundant, freely available matter because it is a by-product of wastewater treatment processes. Utilization of activated sludge can significantly reduce the cost of heavy metal removal from wastewater. The
objective of the present work is to investigate the biosorption potential of the dried activated sludge for the removal
of cadmium (Cd2+) from the aqueous solution. Optimum
biosorption conditions were determined as the function of
contact time, initial pH, biosorbent dosage and the initial
metal concentrations. Physical and chemical properties of
biosorbent, surface structure before and after biosorption,
changes in functional groups were also analyzed. In addition, Langmuir and Freundlich models were used to describe equilibrium isotherms. In order to define kinetic constants of the biosorption, Lagergren and Ho kinetic models
were applied to the experimental data.

cadmium (II) chloride salt (Merck, Germany) in deionized water (18.2 µS.cm-1). A total of 0.05 g biosorbent in
50 mL volume of the stock solution (initial concentrations
ranged from 25 to 175 mg.L-1) was adjusted to desired pH
value with 1.0 mol.L-1 HCl and NaOH solutions, and was
agitated until equilibrium state was reached using an incubator shaker (Gerhardt, Germany) at 125 rpm and room
temperature (25°C). Sample solution, which was in equilibrium state, was centrifuged at 5000 rpm for 20 minutes
and biomass was separated from the liquid. Cd2+ amount in
the supernatant was analyzed by atomic adsorption spectrophotometer (AAS) (1100B, Perkin Elmer, USA). Adsorbed metal quantity was calculated by the following
equation:

qe 

V (C 0  C e )
M

where qe (mg.g-1) is the equilibrium adsorption capacity, C0 and Ce are the initial and equilibrium concentrations
(mg.L-1) of Cd2+ in solution, V (L) is the volume and M (g)
is the weight of dry biosorbent. Removal efficiencies in the
experiments were determined by the following expression:

2. MATERIALS AND METHODS

Efficiency (%) 

2.1 Preparation of biosorbent

A reactor was set up for activated sludge production in
the laboratory. The reactor was filled with 5 L of domestic
wastewater and continuously aerated by air pumps. Microorganism production was enhanced by the addition of a nutrient
solution into the reactor at a loading rate of 5 mL.L-1.day-1.
Microorganism growth was observed for two weeks. At
the end of two weeks, two third of the activated sludge flocs
was removed from the reactor and centrifuged at 3000 rpm for
5 min. More wastewater was added to remaining activated
sludge in the reactor to maintain the microorganism
growth. For the preparation of biosorbent, the centrifuged
material was dried overnight in an oven at 60°C. It was then
grounded into powder and sieved to size ≤ 150 μm. The
prepared biosorbent was stored in a desiccator for all experiments.
2.2 Characterization of the biosorbent

Elemental composition of the biosorbent was determined using Leco TruSpec (CHNS) elemental analyzer
while the specific functional groups in the biosorbent were
identified using PerkinElmer Frontier FTIR (Fourier Transform Infra-Red) spectroscopy system. The surface morphology of the biosorbent was examined using FEI Quanta
FEG450 SEM/EDX (scanning electron microscopy/ energy dispersive x-ray spectroscopy) system. All these analyses were conducted on the biomass samples before and
after the adsorption process.
2.3 Biosorption experiments

Biosorption tests in this study were performed at
room temperature. Stock Cd2+ solution used in the tests
was prepared by dissolving analytical-grade anhydrous

(1)

C0  Ce
C0

(2)

2.4 Biosorption isotherms

Biosorption isotherm is an important component for
the clarifying of adsorption mechanism. In order to determine the equilibrium state of the biosorption, experiment
results were applied to the well known Langmuir (Eq.3)
and Freundlich (Eq.4) adsorption isotherms.

Ce
1
1

 Ce 
qe qmax
qmax  b
log qe  log K f 

1
log C e
n

(3)

(4)

where
(mg.g-1) is the amount of Cd2+ adsorbed
per unit mass of the biosorbent, ,
(L.g-1) and (L.mg-1)
values are constants.
2.5 Biosorption kinetics

Biosorption kinetics is a useful tool to explain the factors affecting sorption mechanism and efficiency. Sorption
process is related with the nature of the adsorbent, physical
and chemical properties of the adsorbate and operating conditions of the process. It is important to know the kinetics
data in order to determine the effective step of the adsorption [23].
In order to investigate the mechanisms of adsorption,
there are numerous kinetic models such as first-order and
second-order reversible ones, and first-order and secondorder irreversible ones. On the other hand, reaction orders
based on the capacity of the adsorbent have also been presented, such as Lagergren’s pseudo-first-order equation
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(Eq. 5) and Ho’s pseudo-second-order expression (Eq. 6)
[24, 25].

3. RESULTS AND DISCUSSION
3.1 Effect of the contact time

k t
log qe  qt   log qe   1
2.303

(5)

1
t
t


2
qt k 2  q e q e

(6)

The contact time between adsorbent and adsorbate has
great importance in adsorption process. In general, the biosorption capacity and the removal efficiency of metal ions
become higher when the contact time is prolonged. In this
study, to determine the effect of the contact time, Cd2+ concentrations were analysed after biosorption experiments
for different contact times (15, 30, 45, 60, 75, 90, 105, 120,
140 minutes).
The results in Fig.1 (A) showed that equilibrium was
established within a contact time of 120 min. and sorption
did not change with further increase of contact time up to
20 min. The probability of confrontation between Cd2+ ions
and active sites on the dry biomass increased with increasing contact time. Thus, concentration of Cd2+ ions decreased in solution at equilibrium. However, metal adsorption decreased over time due to the occupation of all active
points or reduction in the number of unoccupied active
sites. When whole capacity of the adsorbent was used, adsorption reached equilibrium.

and (mg.g-1) are the sorption capacity at equilib(L.min-1) and
rium and at time , respectively and
-1
-1
(g.mg .min ) are reaction rate constants of the models, respectively.
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First one of these models is based on the assumption
that the rate of occupation of adsorption sites is proportional to the number of unoccupied sites. [5] Second model
assumes that biosorption capacity is proportional to the
number of occupied active sites on the biosorbent. Here,
rate limiting step is chemisorption. Several chemical interactions contribute to chemisorption such as electron sharing or the exchange between biosorbent and adsorbate,
complexation, coordination and chelation. [26].
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FIGURE 1 - Effect of contact time (Cd2+ = 100 mg.L-1, biosorbent = 1.0 g.L-1, pH = original solution pH) (A), Effect of pH (Cd2+ = 100 mg.L-1,
biosorbent = 1.0 g.L-1, contact time = 120 min.) (B), Effect of initial Cd2+ concentration (pH = 8, biosorbent = 1.0 g.L-1, contact time = 120 min.)
(C) Effect of biosorbent concentration on the Cd2+ removal efficiency (Cd2+ = 80 mg.L-1, initial pH = 8, contact time = 120 min.) (D).
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3.2 Effect of pH

The interaction between the metal ions and the functional groups present on the biomass depends on the nature
of the biosorbent as well as the aqueous chemistry of the
metal ions. It is well known that pH is one of the major parameters controlling the metal sorption of the biosorbents.
In this study, the effect of solution pH on the biosorption was investigated in pH range of 3.0-8.0. In the experiments, pH 8.0 was taken as the upper limit to avoid possible hydroxide precipitation. As seen in Fig.1 (B), biosorption rate of Cd2+ in the solution increased by increasing the
initial pH of the solution, and decreased sharply under the
initial pH value 4. According to these results, it can be concluded that optimum initial pH range for biosorption of
Cd2+ is between 6.0 and 8.0. The low removal efficiencies
seen under initial pH of 6 can be attiributed to competition
of a large number of protons with the metal cations for active exchange sites on the biomass.
3.3 Effect of initial metal concentration

The influence of the initial Cd2+ concentrations on adsorption was investigated by changing the concentrations
(175, 150,120,100, 80, 60, 40, 25 mg.L-1) at the initial pH 8
and the contact time 120 min.
As it is seen from Fig.1 (C), when the initial metal concentrations increased up to 20 mg.L-1, removal efficiency
increased aggressively up to 90%, and then the efficiency
decreased slightly. These results can be explained on the
basis that at the lower initial concentrations, metal ions easily reach and bind onto the active sites but at higher concentrations, the available active sites for the sorption be-

ome less in comparison to the moles of metal ion present
in solution. [27]
3.4 Effect of biosorbent concentration

The biosorbent concentration experiments were performed at various biomass doses from 0.3 to 2.0 g.L-1. As
it is seen from Fig.1 (D), the Cd2+ removal efficiency rapidly increases from 44% to 80% by increasing used biosorbent dose from 0.3 to 1.2 g.L-1, respectively. Several researchers also reported that the increase in the biosorbent
dosage results in more adsorption sites which in turn leads
to higher removal efficiencies [2]. In other words, the presence of high amounts of biosorbent in solution causes a
rapid surface biosorption. Increase in the sorption with the
increase in the biosorbent dose can be attributed to increased sorbent surface area of mesopores and the availability of more sorption sites. Thus, active sites needed for
Cd2+ uptake can be rapidly filled. The decreasing metal removal at high biosorbent dosage could be explained by
considering a partial cell aggregation. This results in the
three dimensional structure of the cell wall and the internal
linkages between the reactive groups (COO- and NH3+),
thus reducing Cd2+ diffusion through the structure and the
accessibility of the active sites for the sorption [28].
In this work, Langmuir and Freundlich isotherms were
used to optimize biosorption process parameters. Experiments were carried out at initial pH 8.0, 1.2 g.L-1 biosorbent dose and 120 min contact time. Initial Cd2+ concentrations varied from 25 to 175 mg.L1. The changes in
equilibrium concentrations for various initial metal concentrations were given in Fig.2 and the obtained isotherm parameters and correlation coefficients were listed in Table 1.
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FIGURE 2 - (a) Langmuir and (b) Freundlich isotherms for the Cd2+ biosorption.

TABLE 1 - Langmuir and Freundlich isotherm parameters for biosorption of Cd2+ ions.

qmax (mg/g)
15.43

Langmuir Isotherm
b (L.mg-1)
0.068

R2
0.9917

Kf (L.g-1)
1.37
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Freundlich Isotherm
1/n
0.614

R2
0.9640
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The fact that metal biosorption can be modeled by
Langmuir and Freundlich model, have been identified by
many researchers [3, 29-30]. Similarly, in our results seen
in Fig.2, the correlation coefficients obtained from both
Langmuir and Freundlich isotherms are higher than 95%.
However, Langmuir model results are relatively better than
the Freundlich model judging by higher R2 values. This
provides an initial indication that the governing mechanism
is chemisorption with high possibility of monolayer adsorption of cadmium ions occurring on the surface of the
biosorbent.
It can be concluded from the results that the governing
mechanisms of Cd2+ biosorption by using dry activated
sludge are both chemical and physical sorptions. Physisorption is a result of Van der Waals forces and adsorbed
molecules are not fixed on a specific site. In contrast,
chemisorption is a result of the chemical interaction with
the adsorbent, and the movement of the adsorbed molecules is not possible [7,15]. Adsorbate that is bonded with
chemisorption usually does not accumulate more than a
molecular layer. Chemisorption changes only according to
the specific sites and functional groups. Thus, chemisorption
degree is different for each biomass. Due to the broad diversity of microorganisms, there is a heterogeneous structure in
the activated sludge. Cadmium ions may be adsorbed by
chemical or physical binding onto the heterogeneous regions
of biosorbent surface as a monolayer. This explains both the
surface heterogeneity and the monolayer uptake.

3.5 Biosorption kinetics

In order to investigate the adsorption kinetics of Cd2+
on the biosorbent, pseudo-first-order and pseudo-secondorder models were taken into consideration.
It can be seen from the results presented in Fig.3 and
Table 2 that, correlation coefficients of both kinetic models
are higher than 94%. However, the use of pseudo-secondorder kinetics for the Cd2+ sorption by dried activated
sludge may be more appropriate due to having slightly high
correlation coefficient.
3.6 FTIR analysis

Fig.4 shows the FTIR spectra of biosorbent before and
after adsorption of cadmium ions. The FTIR spectra of raw
and experimented biomass were taken in the range of 450–
4000 cm−1 and functional groups responsible for the biosorption were investigated.
The cell walls of microorganisms contain large molecules (peptidoglycan) combined with teichoic acid and polysaccharides. These molecules and intracellular substances
can adsorb heavy metals. Especially, functional groups
such as carboxylate (COO-), hydroxyl (-OH), and others
(-NH), (-C-N), (-C-O), (-C-H), (-C=O) are responsible for
the sorption. Peak values on FTIR spectrum higher than
1500 define the organic bond structures that can chemically
adsorb heavy metals.
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FIGURE 3 - (a) Pseudo-first-order, and (b) Pseudo-second-order models

TABLE 2 - Pseudo-first-order and pseudo-second-order kinetics parameters for Cd2+ biosorption

qe (mg.g-1)
k1 (min.-1)
R2

Pseudo-first-order
10.36
0.38
0.9482

Pseudo-second-order
9.157
qe (mg.g-1)
0.0038
k2 (g.(mg. min)-1
0.9892
R2
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(A)

(B)
FIGURE 4 - The FTIR spectras of biosorbent before (A) and after (B) the biosorption.

TABLE 3 - The changes in biosorbent structure before and after the biosorption study.
Analysis
Multipoint BET, m2.g-1 (R2=0,99)
Langmuir surface area, m2.g-1 (R2=0,99)
Pore volume , cc.g-1
(for pore diameter < 1.94 nm)

Before biosorption
8,786
13,739
2.900x10-3

After biosorption
13,432
19,831
4.868x10-3

Average pore diameter, nm
Density, g.cc-1
Cd2+, mg.kg-1
Elemental analysis (C-H-N-S), (%)
Volatile solids, (%)

1.320
2.0936
22.560
7.39-3.72-1.75-3.16
41

1.450
1.3236
24 060
6.47-3.39- 1.62-3.83
34

3.7 Surface analysis results

In order to find out the changes in biosorbent structure
before and after the biosorption process, some surface and
elemental analyses were conducted, and results are presented in Table 3.
Both BET analysis and Langmuir analysis results in
Table 3. show that the surface area, the pore volume and
the pore diameter of the biosorbent increase after the sorption experiments. Increase in the surface area supports the
idea that adsorption occurs onto the biosorbent surface.
Furthermore, increases in the pore volume and pore diameter also indicate the sorption of Cd+2 ions. According to

these results, it can be inferred that some portion of the Cd+2
ions undergo physical adsorption onto the biomass surface.
Carbon, hydrogen, nitrogen and volatile solids values given
in Table 3 also decrease after the biosorption experiments.
As it is seen, from the FTIR results (Fig 4.), this may be due
to the binding of Cd+2 chemically to the adsorbate.
Scanning electron microscopy, SEM, micrographs of
the biosorbent before and after the sorption are shown in
Fig. 5. As it is seen from Fig.5, before the sorption, the biosorbent surface appears to be rough and sponge-like
which indicates a typical biomass texture. After the adsorption experiment, its surface experiences a slight change in
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(A)

(B)

FIGURE 5 - The SEM micrographs of biosorbent before (A) and after (B) the biosorption.

(a)

(b)
FIGURE 6 – The EDX spectra of biosorbent before (A) and after (B) the biosorption.

morphology. Energy dispersive X-ray (EDX) analysis was
also conducted to evaluate the adsorption of Cd2+ on the
biosorbent (Fig.6).
The EDX spectrum for the raw biosorbent seen in
Fig.6(a) indicates the presence of sodium (Na), potassium

(K), calcium (Ca), magnesium (Mg), phosphorus (P), chloride (Cl), carbon (C), and oxygen (O), but does not show
the characteristic signal of Cd2+ ions on the surface of the
biosorbent. After the biosorption experiment, a significant
amount of K+, Na+ and Ca2+ releases from the biosorbent.
As it is expected, Cd2+ ions detected after the biosorption

308

© by PSP Volume 24 – No 1b. 2015

Fresenius Environmental Bulletin

process suggest a possible ion exchange occurrence between these ions and Cd2+ ions. According to these observations, it can be concluded that the ion exchange mechanism plays an important role in cadmium uptake.

4. CONCLUSION
Based on all results, it can be concluded that dried activated sludge can be evaluated as an alternative biosorbent
for treatment of Cd+2 containing wastewater, since it is
low-cost biomass and has a considerably high biosorption
capacity. Initial pH, biosorbent concentration and removal
time can be taken into account as important process parameters. The physical and chemical sorption forces are effective at the excessive Cd+2 accumulations on the biosorbent.
The Langmuir isotherm fits better than the Freundlich isotherm indicating the applicability of monolayer coverage
of Cd+2 on biosorbent surface. The pseudo-second-order
kinetic model describes the adsorption kinetics more accurately.
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TOXICITY OF MOSQUITO LARVICIDES
ON NON-TARGET MOSQUITO PREDATOR
INSECT, BACKSWIMMER (Notonecta sp.)
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ABSTRACT
The toxicity of some mosquito larvicides (Bacillus
thuringiensis ssp. israelensis, spinosad, diflubenzuron and
pyriproxyfen) on mosquito predator insect, backswimmer
(Notonecta sp.) was investigated by exposing the predator
to doses recommended by World Health Organization in
laboratory conditions. At least ten nymphs (3rd and 4th instars) of backswimmers were released in polyethylene
drums containing tap water treated with test doses by using
a fish net. For testing each level of dose, four replicates
were used and one control group was set up as negative
(only tap water). The number of dead nymphs was counted
in one day intervals for the 7 days exposure period, during
which the nymphs were fed with non-larvicide-exposed
mosquito larvae and pupae. According to the results, the
four larvicides showed no or low toxic effect to Notonecta
sp. nymphs in 7-day exposure time except for the highest
doses of spinosad (500 g ai/ha, 68.75% mortality) and
diflubenzuron (100 g ai/ha, 44.32% mortality).

KEYWORDS:
Larvicide, Mosquito, Notonecta, Toxicity

1. INTRODUCTION
There are over 3500 species of mosquitoes (Diptera:
Culicidae) in the world, and at least 50 of them have been
documented in Turkey [1, 2]. These insects are distributed
very widely in all zoogeographical regions and aquatic
habitats. They are vectors of many important infectious
diseases, such as malaria, West Nile Virus infections, yellow fever and dengue fever [2]. Over one million people
worldwide die from mosquito-borne diseases every year.
Therefore, mosquito control is a vital public-health measure throughout the world [3].
* Corresponding author

Integrated Pest Management Programs, that use biological, physical (mechanical) and cultural methods in
combination with chemicals, are conducted to control mosquito populations. The most effective control methods are
those targeted against the larval stage of the life cycle. Effective predator organisms feed on mosquito larvae and pupae live in breeding areas of mosquitoes. Some fish species
(Gambusia affinis S. F. Baird & Girard) and insects (immature dragonflies and backswimmers) can help to reduce
the number of larvae in breeding sites if initial larval numbers are not high [4, 5].
Products containing synthetic pyrethroids (permethrin,
deltamethrin), microbial compounds (Bacillus thuringiensis ssp. israelensis (Bti), Bacillus sphaericus, spinosad) and insect growth regulators (diflubenzuron,
pyriproxyfen) are currently available in many countries
[6]. The application of these chemical and biological insecticides to adult or larval habitats can prove effective in controlling the mosquito populations [7-9]. However, most of
these insecticides are also likely to be toxic to non-target
organisms [10-12]. If the predators are unintentionally destroyed as a result of these applications, the number of
mosquitoes could increase, proving counterproductive to
mosquito control.
Backswimmers have been recognized as the most
promising predators of mosquito larvae. Notonecta is a genus of these insects in the family Notonectidae [13]. When
backswimmer resting at the surface of water, its body is
typically tilted with the head downward. They are highly
effective predators that because their nymphs feed on small
invertebrates, including mosquitoes. In addition, density of
Notonecta or concentration of its kairomone affects oviposition behavior of many mosquito species [14-16]. For instance, Aldemir and Bosgelmez [17] reported that Notonecta viridis Delcourt can consume more than twenty
mosquito larvae per day in semi-field conditions. Blaustein
et al. [18] showed that Notonecta maculata Fabricius had a
very large negative impact on populations of Culiseta
longiareolata Macquart (Diptera: Culicidae) in natural local pools in the Negev Desert, Israel. The efficacy of Bti
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and the backswimmer Notonecta irrorata Uhler were evaluated both individually and in combination to control mosquito larvae in plastic containers in Monterrey, Mexico by
Neri-Barbosa et al. [19]. These authors concluded that the
combined strategy proved to be the most effective one.
Since little is known about the toxicity of some mosquito larvicides to backswimmers, the present investigation
was carried out with four mosquito larvicides (Bti, spinosad, diflubenzuron and pyriproxyfen) the non-target organism; Notonecta sp. in laboratory conditions.

2. MATERIALS AND METHODS

WHO Pesticide Evaluation Scheme (WHOPES) were applied with hand sprayer to the water surface [6]. The applied doses ranged between the WHO recommended minimum and maximum rates per hectare. For the test, four replicates were used and one control group (four replicates)
was set up as negative (tap water). The numbers of dead
nymphs was counted after every day for 10 days, during
which three non-larvicide-exposed 3rd and 4th instars Culex
sp. mosquito larvae or pupae/per nymph were given to the
nymphs. Nymphs were considered dead when they failed
to move after probing with a needle to the posterior region
of abdomen. Moribund nymphs were those incapable of
rising to the surface or of showing the characteristic diving
reaction of live nymphs when the water was disturbed.

2.1 Insects

2.3 Statistical analysis

Third and fourth instar nymphs of Notonecta sp. were
used in the toxicity tests originated from Cakirlar, Konyaalti, Antalya. These were collected several days prior to
the experiment from greenhouse irrigation pools between
April and June 2013. At their arrival in the laboratory, the
insects were transferred to an aquarium and acclimated to
test water for at least 24 h before the start of the tests. The
nymphs were reared at 12 h Light: 12 h Dark photoperiod,
60 ± 10% Relative Humidity, and 26 ± 2 °C in an insectary
in the Department of Biology, Faculty of Science, Akdeniz
University.

Corrected mortality was calculated using Abbott's formula when mortality rate in the control was between 520% [20]. Differences between controls and treatments at
given exposure times and application doses were compared
by using one-way ANOVA and Duncan’s multiple range
test [21].

3. RESULTS AND DISCUSSION

Water-dispersible granule formulation of Bti (Bti serotype H14, 3000 ITU/mg), pyriproxyfen (Emulsion concentrate, 200 g ai/L), diflubenzuron (Suspension concentrate,
150 g ai/L) and spinosad (Suspension concentrate, 120 g
ai/L) were used in toxicity assays.

In this research, we compared the toxicity of four mosquito larvicides (Bti, spinosad, diflubenzuron and pyriproxyfen) to non-target organism Notonecta sp. in laboratory conditions. Percentage mortality of the nymphs exposed
to larvicides in the laboratory conditions are shown in Tables
1-4. Results of this research indicated that generally all insecticides had no significant or low toxic effects to Notonecta sp. at the lower doses recommended by the WHO.

At least ten nymphs (3rd and 4th instars) were released
in a 15 L polyethylene drum containing 12 L tap water (water surface area; 660 cm2, water deep 25 cm) with the help
of a fish net. The larvicide doses recommended by the

Seven days after treatment of insect growth regulators;
the highest doses of pyriproxyfen (50 g ai/ha) and diflubenzuron (100 g ai/ha) resulted in 31.26% and 44.32% mortality of backswimmers, respectively.

2.2 Toxicity assays

TABLE 1 - Toxicity of Diflubenzuron on Notonecta sp. nymphs in laboratory conditions (Corrected mean % mortality ± Standard Error)
Doses (g active ingredient/ha)
Control
25
50
75
0.0 ± 0.00
0.00 ± 0.00
2.50 ± 2.50
2.50 ± 2.50
1
axAy
aA
aA
aA
4.16 ± 2.49
7.08 ± 4.73
5.00 ± 2.88
6.92 ± 2.37
2
aA
aA
aA
aA
4.16 ± 2.49
7.08 ± 4.73
14.54 ± 2.65
6.92 ± 2.37
3
aA
aA
bcA
aA
13.33 ± 4.71
2.88 ± 1.84
5.25 ± 1.81
4.44 ± 1.94
4
bA
aA
aA
aA
18.33 ± 1.67
2.54 ± 1.92
4.26 ± 2.22
2.98 ± 0.94
5
bAB
aA
aA
aA
18.33 ± 1.67
11.73 ± 6.41
10.11 ± 4.92
8.39 ± 3.67
6
bA
aA
abA
aA
19.99 ± 0.00
13.54 ± 5.20
20.74 ± 2.94
18.27 ± 3.35
7
bA
aA
cA
bA
x
Followed by the same lower case letters within a column are not significantly different (DMRT, P < 0.05)
y
Followed by the same capital letters at the same dose (row) are not significantly different (DMRT, P < 0.05)
Days
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100
2.27 ± 2.27
aA
7.27 ± 2.43
aA
12.04 ± 4.56
abA
18.36 ± 13.35
abcA
27.64 ± 10.92
abcB
39.61 ± 9.44
bcB
44.32 ± 11.37
cB
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TABLE 2 - Toxicity of Pyriproxyfen on Notonecta sp. nymphs in laboratory conditions (Corrected mean % mortality ± Standard Error)
Doses (g active ingredient/ha)
Control
10
20
35
0.00 ± 0.00
5.00 ± 2.88
2.50 ± 2.50
2.50 ± 2.50
1
x y
aA
aA
aA
aA
4.16 ± 2.49
7.50 ± 4.78
5.00 ± 2.88
10.00 ± 4.08
2
aA
aA
aA
abcA
4.16 ± 2.49
7.50 ± 4.78
20.00 ± 4.08
10.00 ± 4.08
3
aA
aA
abA
abcA
13.33 ± 4.71
15.38 ± 10.05
16.34 ± 2.88
5.77 ± 1.92
4
bA
aA
abA
abA
18.33 ± 1.67
13.77 ± 8.91
17.35 ± 7.70
19.90 ± 8.30
5
bA
aA
abA
abcA
18.33 ± 1.67
16.83 ± 11.82
29.59 ± 7.70
26.53 ± 8.65
6
bA
aA
bA
bcA
19.99 ± 0.00
21.88 ± 10.67
28.13 ± 7.86
31.26 ± 10.82
7
bA
aA
bA
cA
x
Followed by the same lower case letters within a column are not significantly different (DMRT, P < 0.05)
y
Followed by the same capital letters at the same dose (row) are not significantly different (DMRT, P < 0.05)
Days

50
5.00 ± 2.88
aA
7.50 ± 4.78
aA
12.50 ± 7.50
aA
14.42 ± 4.80
aA
11.22 ± 3.06
aA
14.29 ± 0.00
aA
31.26 ± 3.60
bA

TABLE 3 - Toxicity of Bacillus thuringiensis ssp. israelensis on Notonecta sp. nymphs in laboratory conditions (Corrected mean % mortality ±
Standard Error)
Doses (g formulation/ha)
Control
125
200
300
400
0.00 ± 0.00
0.00 ± 0.00
2.50 ± 2.50
4.58 ± 2.66
2.50 ± 2.50
1
axAy
aA
aA
aA
abA
4.16 ± 2.49
2.50 ± 2.50
6.66 ± 4.08
11.24 ± 5.15
5.00 ± 5.00
2
aA
aA
aA
aA
abcA
4.16 ± 2.49
5.00 ± 5.00
9.16 ± 3.43
13.33 ± 7.06
7.27 ± 4.75
3
aA
aA
aA
aA
abcA
13.33 ± 4.71
4.80 ± 4.80
3.36 ± 3.36
10.57 ± 6.15
1.92 ± 1.92
4
bA
aA
aA
aA
aA
18.33 ± 1.67
6.63 ± 6.63
2.54 ± 1.92
9.18 ± 4.20
6.82 ± 3.44
5
bB
aAB
aA
aAB
abcAB
18.33 ± 1.67
7.65 ± 6.31
2.54 ± 1.92
9.18 ± 4.20
18.50 ± 7.30
6
bB
aAB
aA
aAB
bcB
19.99 ± 0.00
6.25 ± 6.25
7.81 ± 5.91
13.54 ± 5.20
20.46 ± 7.00
7
bA
aA
aA
aA
cA
x
Followed by the same lower case letters within a column are not significantly different (DMRT, P < 0.05)
y
Followed by the same capital letters at the same dose (row) are not significantly different (DMRT, P < 0.05)
Days

750
2.50 ± 2.50
abA
7.50 ± 2.50
abA
10.00 ± 0.00
bcA
3.85 ± 2.22
abA
1.53 ± 0.51
aA
8.16 ± 3.53
abAB
15.63 ± 3.12
cA

TABLE 4 - Toxicity of Spinosad on Notonecta sp. nymphs in laboratory conditions (Corrected mean % mortality ± Standard Error)
Doses (g active ingredient/ha)
Control
20
50
100
200
250
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
5.00 ± 5.00
2.50 ± 2.50
2.50 ± 2.50
1
axAy
aA
aA
aA
aA
aA
4.16 ± 2.49
7.50 ± 4.78
5.00 ± 2.88
7.50 ± 7.50
5.00 ± 2.88
5.00 ± 2.88
2
aA
aAB
abA
aAB
aA
aA
4.16 ± 2.49
7.50 ± 4.78
12.50 ± 2.50
10.00 ± 7.07
12.50 ± 4.78
7.50 ± 4.78
3
aA
aA
bA
aA
aA
aA
13.33 ± 4.71
3.85 ± 2.22
3.85 ± 2.22
4.80 ± 4.80
3.85 ± 2.22
10.58 ± 2.88
4
bA
aA
abA
aA
aA
aA
18.33 ± 1.67
4.08 ± 3.43
4.59 ± 3.26
13.77 ± 5.42
1.53 ± 0.51
14.28 ± 12.24
5
bA
aA
abA
aA
aA
aA
18.33 ± 1.67
7.14 ± 6.48
4.59 ± 3.26
13.77 ± 5.42
7.65 ± 3.85
23.47 ± 17.58
6
bA
aA
abA
aA
aA
aA
19.99 ± 0.00
6.25 ± 6.25
9.38 ± 5.98
18.75 ± 6.25
12.51 ± 7.21
31.25 ± 18.74
7
bA
aA
abA
aA
aA
aA
x
Followed by the same lower case letters within a column are not significantly different (DMRT, P < 0.05)
y
Followed by the same capital letters at the same dose (row) are not significantly different (DMRT, P < 0.05)
Days

313

500
2.50 ± 2.50
aA
27.50 ± 13.76
abB
47.50 ± 14.93
abB
59.61 ± 19.13
bB
60.20 ± 17.58
bB
63,26 ± 19.36
bB
68.75 ± 14.87
bB
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The corrected percentage mortality of the nymphs at the
lowest dose of pyri-proxyfen (10 g ai/ha) was 21.88% for
the seven days exposure period, while the corrected percentage mortality of backswimmers at the lowest dose of
diflubenzuron (25 g ai/ha) was 13.54% for the same exposure
period in laboratory conditions (Tables 1 and 2).
When Notonecta sp. was exposed to all doses (125-750 g
formulation/ha) of Bti there were no significant mortalities
compared with the control group after 7 days exposure. Bti
at the dose of 400 and 750 g formulation/ha, caused 20.46%
and 15.63% corrected mortality of test insects, respectively
(Table 3). Spinosad was found statistically non-toxic to
Notonecta sp. at the doses of 20, 50, 100, 200, 250 g ai/ha.
However, the highest dose of spinosad (500 g ai/ha) was
found toxic to Notonecta sp. and mean mortality was recorded as 68.75% after 7 days exposure (Table 4).
Mortality in the controls was lower than 5% within 72 h.
Average mortality in the controls after three days of exposure was 4.16%. Between the 4th and 7th day control mortalities were 13.33 to 19.99% (Table 1-4). After 8 days,
more than 20% mortality was recorded in the control group
and the test was stopped.
Bti products are toxic to mosquitoes, black flies and
certain midges [9, 22]. Many studies have examined the effect of Bti toxins on non-target organisms in the laboratory,
under semi-field and field conditions. Notonecta indica L.
may have died from eating larvae that had ingested Bti toxins. However, others have reported that such exposure does
not affect backswimmers [23]. In our experiments, the Bti
formulation as bioinsecticide showed no significant toxicity on Notonecta sp. (Table 1). The toxicity of Teknar
HP-D, an improved biolarvicidal formulation of Bti, to G.
affinis (larvivorous fish), Notonecta sp. and Diplonychus
indicus Venkatesan & Rao (water bugs) was evaluated by
Gunasekaran et al. [24] in laboratory conditions. This formulation was found non-toxic to G. affinis and also both
water bugs that fed on the surviving mosquito larvae exposed to the sub-lethal doses of the same formulation were
safe without having any mortality. Lagadic et al. [25] reported that long-term use of Bti formulation (VectoBac
WG) in French Atlantic coastal wetlands had no influence
on the temporal evolution of the taxonomic structure and
taxa abundance of non-target aquatic invertebrate communities.
Toxic effects of two mosquito larvicides (Bti and spinosad) on two non target species, Daphnia pulex and D.
manga, were evaluated by Duchet et al. [26] under laboratory and field microcosm exposure conditions. They reported that D. magna was more sensitive than D. pulex to
spinosad. The results confirmed the significant negative effect of spinosad on survival, mean time at death, and fecundity as compared to controls and Bti-treated groups. In
other study, spinosad caused a sharp decrease of D. magna
abundance within the first two days following treatment
whereas Bti had no effect [27]. The impact of spinosad (8,
17 and 33 ppm) and Bti (0.16 and 0.50 ppm) on abundance

and size structure of the D. pulex population was showed
by Duchet et al [28]. They reported that both survival and
size structure were affected. However, at the lowest concentration (8 ppm), population recovered after the first
week. In microcosms treated with Bti, the abundance of D.
pulex was not affected but the size structure of the population changed after 21 days.
The toxicity of formulations of eleven synthetic insecticides used in desert locust control was monitored on the
backswimmer, Anisops sardeus Herrich-Schaeffer adults.
Low toxic effects of the insect growth regulators; diflubenzuron, teflubenzuron, and triflumuron were reported [29].
The use of lambda-cyhalothrin and fipronil in pest management system against the rice water weevil, Lissorhoptrus
oryzophilus Kuschel in Arkansas rice have adverse effects
on some nontarget insects, Tropisternus lateralis Say and
N. indica. Fipronil was found less harmful to both predators than lambda-cyhalothrin [30]. The toxicity of neem oil
to Notonecta sp. was reported by Anjaneyulu et al. [31].
Toxicity to backswimmers of commonly used organophosphorus (OP) insecticides; DDVP (0.05-0.3 ppm), malathion (0.1-0.4 ppm), fenitrothion (0.01-0.05 ppm) and trichlorfon (0.8-1 ppm) was reported by Perschbacher and
Sarkar [32]. Results of field test in this research showed
that the four tested insecticides had toxic effects on nymphs
of backswimmers. One hundred percent mortality was detected only at the highest concentration of tested insecticides assayed on the nymphs of Notonecta sp. OP insecticides are active against a wide range of public health pests
but the use of them against public health pests is prohibited
by the Ministry of Health of Turkey after 2009 and many
countries in Europe. For this reason, OP insecticides have
not been used in this research.
In conclusion, many researchers have examined the effects of mosquito control agents (adulticides and larvicides)
on non-target organisms in the laboratory and the field conditions. Some insecticide sprays applied to control larval
mosquito populations may have negative effects on nontarget insects and related organisms. However, according
to the literature survey, up to date, effects of spinosad and
pyriproxyfen on backswimmers have not been studied.
Backswimmers showed differences in sensitivity to the larvicides tested. We found that, lowest or median recommendation doses of WHO recommended mosquito larvicides
that used in this research were non-toxic to backswimmers.
However, additional field and laboratory studies should be
made to determine lethal and sub-lethal toxic effects of
mosquito larvicides on backswimmers.
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1. INTRODUCTION

ABSTRACT
Recently, there has been a dramatic increase in the
prevalence of nosocomial fungal infections. Especially
with the increase in the number of immunosuppressed patients, rare fungal pathogens which were difficult to detect
in the past are now frequently isolated. In this study, the
level of endogenous airborne fungal concentrations and the
types of fungi were determined at Ege University, Faculty
of Medicine, Tulay Aktas Oncology Hospital. For this purpose, air samples were collected at 34 different locations
monthly during six months with the Merck MAS 100 air sampler. As a result, a total of 5590 fungal colonies in 204 petri
dishes were counted. Thirty-two fungal species belonging to
10 genera were identified. The most prevalent genera were
the common moulds; Aspergillus (3.91±1.01), Penicillium
(16.08±3.10), Cladosporium (40.82±4.15) and Alternaria
(7.51±1.82). The results revealed that the most common
genus was Cladosporium. Fungal concentration levels in
different parts of the stem cell transplantation department
ranged from 0 to 340 cfu/m3. In other units of the hospital,
fungal load was found to be between 0 and 45600 cfu/m3.
When the fungal density of the stem cell transplantation
department and that of the other units were compared, fungal density of the stem cell transplantation department was
found to be significantly lower (p = 0.000 <0.05). The
highest values in our study were determined during the 5th
month of this study, because natural gas pipelines were installed around the hospital in this month. In this study, we
aimed to emphasize the importance of monitoring the presence of airborne fungal flora, particularly Aspergillus spp,
in the departments of a hospital where patients of high-risk
groups are hospitalized.

Immune suppressed patients with impaired body resistance comprise the biggest risk group for nosocomial infections. Especially in patients receiving chemotherapy due
to their hematologic malignancies or having undergone
transplantation, major opportunistic fungal infection is invasive Aspergillus infections which usually develop as a result
of spore inhalation. High mortality rates in immune suppressed individuals with hematological disorders (95-100%)
and having undergone bone marrow transplant (84%), and
high costs of their treatments have drawn attention to studies
conducted on the prevention of nosocomial infections
caused by Aspergillus [1-4]. In recent years, in addition to
Candida and Aspergillus species, fungi such as Mucor, Rhizopus, Fusarium, Alternaria, Curvularia, and Trichosporon
species which were formerly considered as contaminators or
harmless colonies in hospitals have been found to cause invasive infections in immune suppressed patients [5].
Monitoring the concentration of airborne fungal spores
and being aware of the incidence of microbiota in hospitals
play an important role in recognizing the types of infection
likely to develop and in understanding the problems they
might cause. As a result, it would be possible to take appropriate protective measures and thus to decrease the incidence of such mycoses. These measures include regular
monitorization of fungal spore load in the environment
around the patient during his / her stay in the hospital and
the control of exogenous sources and potential exogenous
sources [6]. Considering all these reasons, in our study, we
aimed to determine the level of endogenous air-borne fungi
at Ege University, Faculty of Medicine, Tulay Aktas Oncology Hospital.

2. MATERIALS AND METHODS

KEYWORDS:
fungi, fungus, microfungus, Izmir, hospital, biomass

* Corresponding author

This study was carried out at the Ege University Hospital, Faculty of Medicine, Department of Internal Diseases, Tülay Aktaş Oncology Hospital. The Ege University
Hospital is located in the center of Izmir.
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Tulay Aktas Oncology Hospital has three floors. Sampling was conducted at 34 different points: the ground floor
(entrance, corridor, lounge, adult outpatient clinics, pediatric outpatient clinics, one-patient chemotherapy room,
two-patient chemotherapy room, chemotherapy room 7,
drug preparation part, tea room), 1st Floor – Adult Inpatient
Services (corridor, interns’ room, physicians’ room, room
102, room 105, Room 109, room 112, room 118, room
121), 2nd Floor- pediatric inpatient service (Corridor, assistant physicians’ room, room 205, room 209, room 216,
room 223, nursery class), stem cell transplantation department (stem cell transplantation unit 1, stem cell transplantation unit 3, the area between the units), drug preparation
laboratories (pediatric and adult), 3rd Floor (classrooms,
corridor).
2.1 Air sampling

Air sampling was carried out to determine microscopic
fungi in the air. During each monitoring period 100 lt. of
air were taken from 34 sites. A Merck Mas 100 air sampler
was used for air sample collection. Samples were taken between 11:00 a.m and 13:00 p.m. Air sampler was generally
located in the center of the room away from open windows
or doors at 1.40 m above floor level.
2.2 Isolation methods

Rose-Bengal chloramphenicol medium was adopted
for the collection of fungi. The number of cfus was counted
after 5 days of incubation at 25 C and cfus per cubic meter
were calculated.
2.3 Identification

The spores of each colony were picked and placed under the high-resolution microscope for the identification of
genus according to references available [7].
Cultures were identified to species level using the following literature: Penicillium link species were identified
using colony diameters, macro- and micromorphology according to the standardized conditions in the monograph by
Pitt. [8]. So, Czapek Yeast Extract Agar (CYA), Malt Extract Agar (MEA), % 25 Glycerol Nitrate(G25N) and Creatine Sucrose agar (CSN) were used for the cultivation of
Penicillium species. CYA culture was inoculated in triplicate
and incubated at three different temperatures (5 C, 25 C,
37 C) for a period of 7 days in the dark during which the
colony diameters of all the Penicillium species were measured.
The identification of Aspergillus species was based on
Klich [9]. The Cladosporium Link and Alternaria Nees conidia were present and the other structures on the microscope
slides were identified as described by Hasenekoğlu [10].

(SPSS Inc., Chicago, IL, USA). Statistical significance was
defined as p < 0.05.

3. RESULTS
In our study, the sampling procedure was carried out
each month between February and July for 6 months. Viable fungi present in the air in different areas ofTülay Aktaş
Oncology hospital were studied. The number of fungal
spores recovered from the air varied from month to month
(Table 1).
A total of 5590 fungal colonies in 204 petri dishes were
counted. All colonies were identified to genus level and
different colonies were isolated from each petri dish and
then identified to species level. Thirty-two fungal species
belonging to 10 genera were identified. Only one isolate
was identified in genus level which belongs to the genus
Phoma. The most prevalent genera were the common
moulds; Aspergillus (3.91±1.01), Penicillium (16.08±3.10),
Cladosporium (40.82±4.15) and Alternaria (7.51±1.82)
(Table 2).
When the units and fungal density were randomly
compared, the difference was found to be significant (p =
0.000 <0.05). The points with the lowest fungal concentration were the stem cell transplantation department (81.25 ±
15.96) and the pediatric inpatient service (130.24 ± 28.04).
When the stem cell transplantation department was
compared with the other units in terms of fungal concentration, statistically significant differences were found between the stem cell transplantation department and the
ground floor (p = 0.003 <0.05), and between the stem cell
transplantation department and the adult inpatient unit (p =
0.000 <0.05). The comparison between the stem cell transplantation department and the pediatric inpatient revealed
no significant difference (p=0.422>0.05). The difference
between the stem cell transplantation department and drug
preparation rooms was not significant either (p=0.062>
0.05).
When genus concentrations determined at regular intervals were compared, the highest counts were as follows:
genus Cladosporium at the 3rd month (p = 0.026 <0.05),
genus Penicillium at the 4th month (p = 0.006 <0.05), genus
Cladosporium at the 5th month (p = 0.000 <0.05), genus
Cladosporium at the 6th month (p = 0.004 <0.05) and genus
Cladosporium months at the 7th month (p = 0.002 <0.05).
The results revealed that the most common genus was
Cladosporium.

4. DISCUSSION
2.4 Statistical analysis

Time differences were tested for statistical significance by Friedman test. Mann-Whitney U test was used to
compare units (intensive care and other units). All statistical analyses were performed using SPSS 13.0 for Windows

Although many of the air-borne fungi are not pathogenic, they can cause sensitive or immune suppressed individuals to develop an illness. Due to the changes in host
factors, saprophytic fungus species are encountered more
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and more often as an opportunistic infection factor. Kalkancı et al. isolated Valsa sordida from a patient with immunodeficiency due to acute myeloid leukemia and they
confirmed the diagnosis with molecular methods. This

plant pathogen was considered important since it caused
infections in humans for the first time and it was presented
as a case report [11].

TABLE 1 - Monthly counts of airborne fungi determined in Tülay Aktaş oncology hospital cfu/m3.
February
March
The ground floor
70
200
60
80
50
80
60
30
0
570
30
100
70
20
20
110
40
30
80
30
1st Floor – Adult Inpatient Services
140
60
40
50
120
190
110
50
110
50
February
March
20
40
40
80
70
30
60
150
2nd Floor- pediatric inpatient service
30
100
10
50
0
20
0
30
10
50
0
20
0
0
Stem cell transplantation department
20
20
20
20
20
30
60
140
Drug preparation laboratories
50
50
70
70
6)
3rd Floor
10
20
0
20

April

May

June

July

200
370
200
130
250
150
20
220
20
400

1060
1100
1520
1400
1220
460
760
320
80
2560

840
220
240
160
0
0
440
60
0
400

540
560
180
300
340
160
140
100
80
300

1340
520
560
370
380
April
850
540
500
360

1340
580
100
140
320
May
100
80
580
60

320
660
380
100
220
June
480
180
120
20

240
80
200
280
120
July
200
160
120
60

240
210
120
70
70
130
30

1080
180
340
160
60
60
140

240
100
400
200
240
180
60

180
20
60
340
120
100
20

180
30
60
30

340
140
0
160

120
80
60
160

40
140
40
40

260
420

2120
4560

160
100

40
20

50
0

160
120

260
100

120
100

1)
Entrance
Corridor
Lounge
Adult outpatient clinics
Pediatric outpatient clinics
One-patient chemotherapy room
Two-patient chemotherapy room
Chemotherapy room 7
Drug preparation part
Tea room
2)
Corridor
Interns’ room
Physicians’ room
Room 102
Room 105
Room 109
Room 112
Room 118
Room 121
3)
Corridor
Assistant physicians’ room
Room 205
Room 209
Room 216
Room 223
Nursery class
4)
The area between the units
Stem cell transplantation unit 1
Stem cell transplantation unit 3
Stem cell transplantation unit 5
5)
Pediatric drug prepation laborotary
Adult drug prepation laborotary
Classrooms
Corridor

TABLE 2 - Distribution of the genera
Genus
Alternaria
Aspergillus
Cladosporium
Penicillium
Other Fungi
Yeast

Minimum
0.00
0.00
0.00
0.00
0.00
0.00

Maximum
50.00
24.39
100.00
89.48
80.00
100.00
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Mean
7.51
3.91
42.82
16.08
15.13
10.05

Std. Error
1.82
1.01
4.15
3.10
2.86
2.55

© by PSP Volume 24 – No 1b. 2015

Fresenius Environmental Bulletin

TABLE 3 - List of fungal species isolated from Ege University, Faculty of the Medicine, Tülay Aktaş Oncology Hospital, sampling time and
sampling points.
Species
Aspergillus alliaceus Thom & Church, Manual of the Aspergilli: 244 (1945)
A. flavus Link, Magazin der Gesellschaft Naturforschenden Freunde Berlin 3: 16
(1809)
A. fumigatus Fresen., Beiträge zur Mykologie 3: 81 (1863)
A. niger Tiegh., Annales des Sciences Naturelles Botanique 8: 240 (1867)
A. parasiticus Speare, Bull. Div. Pathol. Physiol., Hawaiian Sugar Planters' Assoc.
Exp. Sta.: 38 (1912)
A. restrictus G. Sm., J. Textile Res. Inst.: 115 (1931)
A. terreus Thom, American Journal of Botany 5 (2): 85 (1918)
A.versicolor (Vuill.) Tirab., Annali Bot.: 9 (1908)
Penicillium brevicompactum Dierckx, Annales de la Société Scientifique de Bruxelles 25 (1): 88 (1901)
P. camemberti Thom, U.S.D.A. Bureau of Animal Industry Bulletin 82: 33 (1906)
P. citreonigrum Dierckx, Annales de la Société Scientifique de Bruxelles 25 (1):
86 (1901)
P. chrysogenum Thom, U.S.D.A. Bureau of Animal Industry Bulletin 118: 58
(1910)
P. commune Thom, U.S.D.A. Bureau of Animal Industry Bulletin 118: 56 (1910)
P. digitatum (Pers.) Sacc., Fung. Ital.: tab. 894 (1881)
P. expansum Link, Magazin der Gesellschaft Naturforschenden Freunde Berlin 3:
17 (1809)
P. glabrum (Wehmer) Westling, Arkiv før Botanik 11 (1): 131 (1911)
P. hirsutum Dierckx, Ann. Soc. Sci. Bruxelles 25: 89 (1901)
P. paxilli Bainier, Bulletin de la Société Mycologique de France 23: 94 (1907)
P. solitum Westling, Arkiv før Botanik 11 (1): 65 (1911)
P. spinulosum Thom, U.S.D.A. Bureau of Animal Industry Bulletin 118: 76
(1910)
P. viridicatum Westling, Arkiv før Botanik 11 (1): 88 (1911)
Alternaria alternata (Fr.) Keissl., Beihefte zum Botanischen Zentralblatt 29: 433
(1912)
A. tenuissima (Nees) Wiltshire, Transactions of the British Mycological Society 18
(2): 157 (1933)
A.citri Ellis & N. Pierce, Botanical Gazette Crawfordsville 33 (3): 234 (1902)

Cladosporium herbarum (Pers.) Link, Magazin der Gesellschaft Naturforschenden
Freunde Berlin 8: 37 (1816)
C. oxysporum Berk. & M.A. Curtis Botanical Journal of the Linnean Society 10:
362 (1869)

Helminthosporium acaciae M.B. Ellis, Mycological Papers 82: 9 (1961)
Drechslera hawaiiensis (Bugnic.) Subram. & B.L. Jain, Current Science 35 (14):
354 (1966)
Sclerotinia sclerotiorum (Lib.) de Bary, Vergleichende Morphologie und Biologie
der Pilze Mycetozoen und Bacterien: 56 (1884)
Trichoderma hamatum (Bonord.) Bainier, Bulletin de la Société Mycologique de
France 22: 131 (1906)
Rhizopus oryzae Went & Prins. Geerl., Verhandelingen Koninklijke Nederlandse
Akademie van Wetenschappen Afdeling Natuurkunde 4: 16 (1895)
Cunninghamella elegans Lendn., Bulletin de l´Herbier Boissier 7: 250 (1907)
Phoma sp.
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Time (station)
6(III), 12(IV), 15(III, V)
4(V,VI), 7(II,), 8(I,VI), 9(V), 14(IV), 22(II, IV), 29(VI)
17(V), 24(III), 26(I)
16(I,II,VI), 17(I), 26(II,III, V, VI), 29(IV)
16(I)
13(II), 19(II, VI), 20(IV,V), 24(III,VI), 25(V, VI)
34(V)
13(V),
6(I), 8(IV), 29(II), 30(II), 31(II)
5(III), 13(I,II), 31(I),
13(VI), 14(VI)
1(I),1(III), 4(I), 4(III), 14(III, V), 16(I, II, III), 17(V), 18(II,
III), 19(I, II, III), 20(I,III), 22(III, V), 23(III), 24(IV,V),
25(II, III, V, VI), 26(V), 27(II, III, V), 28(III), 29(III),
30(III), 31(III), 32(III), 33(V), 34(III)
31(V), 32(V),
6(1, ), 9(I,V)
3(III), 3(V), 4(III), 4(V), 5(II), 5(III), 5(V), 6(II, IV), 7(II,
III), 8(I, II), 9(IV), 10(I, II, III, IV), 11(II, IV), 12(III),
13(IV), 14(I, II, III), 15(II, III), 17(I, II, III), 21(III), 22(II),
23(II)
3(II), 4(VI), 7(III), 14(III), 16(VI), 19(V),
13(III), 17(V)
12(I), 21(I)
20(II)
9(I), 23 (IV)
24(III), 26(III)
6(IV,VI), 10(III, IV), 19(III, IV)
1(I),1(IV),1(V),1(VI), 5(1, V,), 9(IV,V), 12(IV), 13(IV),
14(V), 16(IV), 17(IV), 18(V), 31(V).
3(I), 3(II), 3(IV), 3(V), 3(VI), 4(III), 4(IV), 4(VI), 7(IV,
VI), 8(IV), 10(VI), 12(III), 13(V), 15(IV,V), 20(IV), 22(II,
IV, V), 25(IV), 26(IV.V), 27(V, VI), 33(IV,VI), 34(II,
IV,VI).
18(V)
2(I), 2 (II),2(III),2(IV),2(V),2(VI), 3(I), 3(II), 3(III), 3(IV),
3(V), 3(VI), 4(1, II, III, IV, V, VI), 5(I, II, III, IV, V, VI),
6(1, II, III, IV, V, VI), 7(II, III, IV, VI), 8(I, III, IV, VI), 9(I,
II, IV, V, VI), 10(II, III, IV, V, VI), 11(I, II, IV, VI), 12(I,
II, III, IV), 13(I, II, III, IV, V, VI), 14(I, II, III, IV, V, VI),,
15(I, III, IV, V, VI), 16(I, II, III, IV, V, VI), 17(I, II, III, IV,
V, VI), 18(II, III, IV, V, VI), 19(II, III, IV, V, VI), 20(III,
IV, V, VI), 21(I, IV, V, VI), 22(II, III, IV, V, VI), 23(II, III,
IV, V, VI), 24(II, III, IV, V, VI), 25(II, III, IV, V, VI),
26(II, III, IV, V, VI), 27(II, III, IV, V, VI), 28(III,IV,V,VI),
29(I, II, III, IV, V, VI), 30(I, II, III, V, VI), 31(III), 32(IV,
V, VI), 33(II, IV, V, VI)
3(VI), 5(VI), 6(VI), 11(III), 13(I,VI), 16(III, VI), 18(VI),
20(VI), 25(VI), 27(VI), 28(VI), 34(VI)
6(III,VI), 7(VI), 10(VI), 13(V), 29(VI)
10(II), 11(III), 29(I),
26(II), 33 (II), 34(II)
9(III), 18(V), 21(II), 22(V), 28(III, IV), 32(IV)
9(IV)
13(III)
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Mycelia sterilia

1(I),1(III), 1(IV), 2(I), 2(III), 2(IV), 4(I,II, III, V, VI), 5(I,
V), 6(1, II, III, IV, VI), 7(II), 8(I, III), 9(I,V), 10(I, II, III,
VI), 11(I, VI), 12(I,II), 13(I, II, IV), 14(I, II, III, V, VI),
15(I, III, IV, V), 16(I, II, V), 17(I, III, IV, V), 19(I, II, IV,
V), 20(I, IV, VI), 22(I, II, III), 23(I, II, IV, V), 24(III, IV,
V), 25(II, V), 26(V), 27(V), 28(II, III), 29(I, III), 30(III),
31(IV), 32(III)34(V)
Yeast
1(3)1(v), 2(II), 2(III), 2(IV), 2(V), 3(II, III, V, VI), 6(III,
IV, V, VI), 7(II, IV), 8(II, III), 9(IV,VI), 11(I, IV), 13(I, II,
IV, V, VI), 14(III, V), 15(I, V, VI), 16(V,VI), 17(I, II, VI),
18(I,IV, V, VI), 19(II, III,IV, VI), 20(IV, VI), 21(IV, VI),
22(III, V, VI), 24(IV, V), 25(V, VI), 26(V, VI), 28(I, III),
29(IV, VI), 30(VI), 31(I, V, VI), 34(I, III, IV, V, VI)
Drug preparation laboratories: 1: Adult drug preparation laboratory, 2: Pediatric drug preparation laboratory, The ground floor: 3: Entrance, 4: Corridor,
5: Lounge, 6: Adult outpatient clinics, 7: Pediatric outpatient clinics, 8: One-patient chemotherapy room, 9: Two-patient chemotherapy room, 10:
Chemotherapy room 7, 11: Drug preparation part, 12: Tea room, 1st Floor: 13: Adult Inpatient Services, 14: Interns’ room, 15: Physicians’ room, 16:
Room 102, 17: Room 105, 18: Room 109, 19: Room 112, 20: Room 118, 21: Room 121, Pediatric inpatient service 22: Corridor, 2nd Floor: 23: 2nd
Floor Assistant physicians’ room, 24: 2nd Floor Room 205, 25: 2nd Floor Room 209, 26: 2nd Floor Room 216, 27: 2nd Floor Room 223, Stem cell
transplantation department: 28: The area between the units, 29: Stem cell transplantation unit 1, 30: Stem cell transplantation unit 3, 31: Stem cell
transplantation unit 5, 32: Nursery class, 3rd Floor 33: Classrooms, 34: Corridor.

It is well known that the main cause of fungal infections in hospital environments is the inhalation of fungal
particles. Alberti et al. followed their patients staying in the
hematology unit for 4 years, and determined a significant
correlation between the surface fungal contamination level
and the invasive nosocomial aspergillosis incidence in the
conventionally ventilated rooms [12].
Therefore, it is important to be aware of the microbiota
of the hospital indoor air because this enables us to identify
the types of fungal infection and allergies caused by them.
The study aimed to determine the concentration and diversity of different genera of airborne fungi in Ege University,
Tülay Aktaş Oncology Hospital.
In recent years, the most widely used method to measure
the spore concentrations is collecting samples with automatic air samplers. With these devices, a standard volume of
air samples can be collected and the number of spores can
be measured quantitatively. Because of these advantages, in
our study Merck Mas 100 air sampler was used.
Of the places where the study was carried out, the stem
cell transplantation department is of particular importance.
Fungal concentration levels in different parts of the stem cell
transplantation department ranged from 0 to 340 cfu/m3 (Table 1).
In the literature, it is emphasized that the concentration
of fungus spores in special care units should be less than
that in ordinary patient care rooms (<100 cfu/m3) (1). In
another study in the literature, it was suggested that saprophytes counts should be less than 15 cfu/m3 and concentrations of opportunistic fungal pathogens should be kept at
0.1 cfu/m3 in the operating rooms and patient isolation
rooms, which are supposed to be the cleanest sections of a
hospital [13].
When the units and fungal density were randomly
compared, the difference was found to be significant (p =
0.000 <0.05). The points with the lowest fungal concentration were the stem cell transplantation department (81.25 ±
15.96) and the pediatric inpatient service (130.24 ± 28.04).

In the light of the results, it is clear that they were the bestprotected areas of the hospitals. When the fungal density of
the stem cell transplantation department and that of the other
units were compared, fungal density of the stem cell transplantation department was found to be significantly lower.
Besides this relatively high number of contaminants in
the hospital air, the species spectrum is also important. Aspergillus species are very common in the environment.
They colonize on soil, leaves, live plants and grains. They
are also present in the unfiltered air of hospital settings,
ventilation systems, contaminated dust spreading from the
construction areas of hospitals, floors and food [14].
Flowerpots in patient rooms can also host Aspergillus
species. Aspergillus spores can easily spread to the environment and therefore can lead to infection. The mortality
rate due to systemic aspergillosis is higher compared with
the mortality rate due to other systemic mycoses especially
in the intensive care units [15]. Among the human pathogenic species of Aspergillus, A. fumigatus is the primary
causative agent of human infections, followed by A. flavus,
A. terreus, A. niger, A. nidulans [16]. In our study, In the
stem cell transplantation department, genus A. niger and
genus A. flavus were isolated once during the 4th and 6th
samplings respectively.
Other potential pathogenic species of Aspergillus were
not isolated in the stem cell transplantation department. Of
the Aspergillus species, Alliceus A., A. flavus, A. fumigatus,
A. niger, A. parasiticus, A. versicolor, A. reistrich were isolated from the other departments of the hospital. Of these
species, while A. flavus and A. niger were isolated from the
other departments of the hospital more frequently, A. fumigatus was isolated in each of the three patient rooms during only one sampling period. The presence of A. fumigatus
in patient rooms is most likely explained by its transmission
through visitors’ clothes carriage on the cloths of visitors.
The existence of Aspergillus species in the environment is an important risk factor for the development of nosocomial aspergillosis. Inhalation or the direct inoculation
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of the tissues with spores is the most common way for the
infection to be transmitted. Lutz et al. conducted a study
in a tertiary care hospital to investigate whether the fungal
infection agents developing in the wounds of patients having undergone surgery were related to fungal isolates isolated from the operating room settings, and they found that
clinical and environmental isolates of A. fumigatus are genetically identical strains [17].
In our study, in addition to Aspergillus species, Penicillium species, known to cause respiratory diseases due to
their allergenic characteristics and toxin-producing capabilities, were frequently isolated (16.08±3.11). When the
relationship between invasive infections and Penicillium
genus is considered, Talaromyces marneffei is mostly isolated as an invasive infectious agent; however, Lyratzopoulos et al. reported that they also isolated invasive
infections due to P. chrysogenum and P. decumbens [18].
Penicillium species identified in our study were P. brevicompactum, P. camemberti, P. citreonigrum, P. chrysogenum, P. commune, P. expansum, P. digitatum, P. glabrum, P. hirsitum, P. paxilli, P. solitum, P. spinulosum and
P. viridicatum. During the 2nd sampling, P. brevicompactum was isolated from 3 points in the stem cell transplantation department.
Other Penicillium species isolated from the stem cell
transplantation department were P. chrysogenum and P.
camemberti. P. chrysogenum was isolated at four different
points only during the 3rd sampling. P. camemberti was isolated only at one point during the 3rd sampling.
In the other parts of the hospital, P. chrysogenum and P.
expansum were frequently isolated. Like Aspergillus species, Penicilium species are generally isolated from indoor
air and spread into the air due to factors present in the environment [19]. These conditions observed might be related to
variations in operating personnel and activities [20].
When genus concentrations determined at regular intervals were compared, the highest counts were as follows:
genus Cladosporium at the 3rd month (p = 0.026 <0.05),
genus Penicillium at the 4th month (p = 0.006 <0.05), genus
Cladosporium at the 5th month (p = 0.000 <0.05), genus
Cladosporium at the 6th month (p = 0.004 <0.05) and genus
Cladosporium months at the 7th month (p = 0.002 <0.05).
The results revealed that the most common genus was
Cladosporium.
Cladosporium oxysporium species was isolated during
all the samplings conducted in the stem cell transplantation
department. Isolation of such fungi species as Cladosporium
and Alternaria specific to outdoor air indicate that the ventilation system was not working effectively and filters were
clogged, which suggests that there was an effective barrier
between the filters and outdoor environment [4].

In many hospitals, large-scale construction works such
as renovation, expansion, demolition and excavation are
carried out.
It should not be overlooked that opportunistic fungi-related infections can be isolated especially from operating
theaters , intensive care units and neonatal units where highrisk patients stay during these construction works [21 - 24] .
During the 5th month of this study, natural gas pipelines were installed around the hospital.
Therefore, the highest values in our study were determined in this month (Table 1). Compared with the data in
the literature, high counts we obtained were consistent with
the factors which contributed to them.
The number of the infections caused by genus Rhizopus is higher particularly among individuals hospitalized in
intensive care units.
This organism can be transmitted to a patient not only
through patient-care equipment but also through the inhaled air [25].
In our study, genus Rhizopus oryzae was isolated in the
stem cell transportation department only during the 2nd and
4th sampling periods. Similarly, it was isolated in other
5 sampling points only once (Table 3). The fact that the
species was rarely isolated from the air oncology hospital
suggests that there was no colonization in the unit, but
spread into the air in the main entrance and exit, or through
the ventilation system, the house flora carried by the staff,
or the equipment used in the treatment. Nosocomial infections have increased in recent years and have been the
cause of morbidity and mortality to a considerable extent.
Immunocompromised patients or patients with immunodeficiency for any reason (children and elderly) are at high
risk for nosocomial infections. It is well known that another
cause of nosocomial infections is microorganisms present
in the air we breathe.
Therefore, hospitals, especially departments where patients with suppressed immune system stay, should be
monitored in terms of indoor air quality. Air sampling
works conducted in hospitals at regular intervals will make
it possible to identify contamination sources and potential
disease agents likely to be present in the air [15, 26 - 28].
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ABSTRACT
The effect of algae on the photoreduction of mercury (II)
was investigated under the irradiation of metal halide lamps
(ë ≥ 365 nm, 250W). Three algal species were used: Chlorella vulgarism, Anabaena cylindrical and Nitzschia
hantzschiana. The enhancement effect was influenced
by Fe(III) ions, humic substances, algal concentration, initial mercury (II) concentration and pH. The photoreduction rate of mercury (II) was found to increase with increasing the concentration of algae, pH, Fe (III) ions, and humic
substances and decrease with increasing the concentration
of initial mercury (II) concentration. The effects of different algae species on the photoreduction of Hg(II) followed
the trend of Anabaena cylindrical > Nitzschia hantzschiana > Chlorella vulgarism under the same condition.
KEYWORDS:
Photoreduction; Mercury (II); suspensions; algae

1. INTRODUCTION
Mercury, together with lead and cadmium, are considered as the most toxic heavy metals with the greatest potential hazard to humans and the environment. Mercury
poisoning effects are not immediately obvious, while the
two major responses to its toxicity involve neurological
and renal disturbances [1]. Mercury and its compounds are
used in dental preparations, thermometers, fluorescent and
UV lamps, pharmaceuticals, fungicides in paints and industrial process waters [2]. All these human activities render many sources and discharges of mercury in the environment; Mercury (Hg)-containing compounds are environmentally extreme malign but the related toxicological
procedure is yet still elusive. Furthermore, Hg-containing
compounds are very difficult to be naturally degraded to
yield the products that are environmentally benign, although the evolution of such compounds can occur based
on various biological and/or chemical reactions, forming
different chemical structures. Therefore, studying on the
pollutions containing mercury is of significant importance
in environmental protection.
* Corresponding author

Previous studies based on Hg(II) elimination onto natural materials had demonstrated that mercury uptake was a
complex process which involved adsorption-reduction process [3–5]. Their studied materials implied different functional groups in their structure such as carboxyl and sulfate
groups, while these groups were located in cell wall polysaccharides [6, 7], as well as other organic functional
groups which could also play an important role in metal
reduction process [8]. Among different kinds of materials
tested in pollutant elimination studies, high efficiency for
metal removal using algae as cost effective sorbent has
been specially proved [9–12]. Sargassum muticum algal
was selected as a potentially good material to provide high
mercury eliminations through a combined adsorption–reduction process, as it had been already proved [4]. Mercury
(II) and chromium (VI) were photo-reduced in the presence
of algae, Chlorella vulgarism [13, 14]. The diel changes of
DGM (Dissolved gaseous mercury) upon the uptake of solar radiation have been observed in natural freshwaters [1517]. These findings implicate an intrinsic role of sunlight
in controlling aquatic DGM dynamics. Recent field sunlight incubations of northern lake waters in Teflon bottles
further suggested that sunlight-induced photochemical reduction of Hg (II) in freshwater can induce the natural production of DGM [18,19]. Because the competition between
the sunlight-driven pathway for Hg(II) substrate and the
methylation pathway would reduce Hg toxic hazards in local aquatic ecosystems through removal of Hg(II) as a result of its reduction to Hg and its subsequent evasion [20],
it is of significance to study on the aquatic Hg biogeochemical cycling and its environmental impacts. Although the
last decades witnessed the increasing efforts on the observations of sunlight-induced aquatic production of DGM in
both northern and southern aquatic systems [21], the understanding of such phenomena in fundamental still remains interesting but challenging.
The reduction rate of Hg (II) is controlled by Hg which
is relative to the biotic and abiotic processes of Hg-based
evolutions. The abiotic reduction of Hg (II) can be initiated
by humic substances in water [22]. It is assumed that intermediates such as semiquinones presented in humic substances, are involved in the reduction of Hg (II). In addition, it is also indicated that the rate of such abiotic reduction can be photochemically enhanced under laboratory
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conditions [23]. Among the abiotic photochemical pathways involved, Schroeder et al have suggested that hydrogen peroxide (H2O2), mainly originated from UV-induced
transformations of dissolved organic matter in surface waters [24]. Some biotic processes leading to the reduction of
Hg(II) had also been identified in previous literature [1317]. The primary mercury- detoxifying mechanism in the
case of mercury-resistant bacteria was explained as the reduction of mercuric ion to volatile Hg [25]. Photosynthesis
may also produce Hg(II) reductants, and the rates of producing metallic Hg have been observed during the course
of algal blooms [15-17].
Although photochemical and/or photobiological processes are considered as one of the important factors to affect the reduction rate of Hg (II) in lake water [26], few
experimental evidences, have been reported on the reduction of mercury (II) in the system containing algae complexes, especially those performed the effects of different
algae species on the photoreduction of Hg (II) in the detectable literature up to date. In this context, the present
work will focus on the effects of algae species on the photoreduction of Hg (II) in natural water. The main objective
of the present work is to carry out chemical modifications
to provide information for the best mercury elimination capacities using C. vulgarism, A. cylindrical and N. Hantzschiana under the irradiation of metal halide lamps. These experiments provide additional information about the combined mechanism implied in mercury elimination. Moreover, different algae treatments and their efficiency for mercury removal are reported in this work. In addition, a complete elimination study has been carried out to compare the
capacity of different algae for mercury removal. The influence factors of mercury elimination have been analyzed.
This research will provide information for predicting the
photochemical transformation of mercury (II) in the real
environment and different algae treatments and their efficiency for mercury removal.
2 MATERIALS AND METHODS
2.1 Chemicals and reagents

HNO3,KBr, KBrO4,NaCl, HCl, NH2OH·HCl,
(NH4)2SO4, SnCl2, Ca(H2PO4)2·2H2O, CaSO4·H2O,
MgSO4·7H2O, FeCl3·6H2O, CaCl2·2H2O, CuSO4·5H2O,
H3BO3, KCl, K2HPO4, KH2PO4, MgSO4·7H2O, K2Cr2O7,
MnCl2·4H2O, MoO3, NaOH, NaCl, Na2CO3, NaHCO3,
Na2MoO4·2H2O, NaNO3, Na2SiO3·9H2O, ascorbic acid, and
ferric citrate were analytical grade and obtained from Beijing
chemical reagents company. Humic substances were purchased from Aldrich Chem. Co. (Milwaukee, WI, USA). Unless stated otherwise, Double-distilled water and N2 (98.5%)
were used in all experiments. HgCl2 was analytical grade
and denoted as Hg (II) in this context.
2.2 Preparation algae

The algae used in the experiments were C. vulgaris
(Chlorella vulgarism), A.cylindrical (Anabaena cylindrical)

and N. hantzschiana (Nitzschia hantzschiana) which obtained from the Wuhan Hydrobiology Institute of Chinese
Academy of Sciences (Wuhan, P. R.China). The algae were
grown in culture medium at 25℃ using 24-hour light cycle
in a culturing room equipped with constant temperature airconditioner (the room light intensity was 2000 Lux).
For C. vulgaris, the culture medium consisted of
200 mg/L (NH4)2SO4, 30 mg/L [Ca(H2PO4) 2·2H2O +
CaSO4·H2O], 80 mg/L MgSO4·7H2O, 100 mg/L NaHCO3,
25 mg/L KCl, 0.150 L/L FeCl3 (1%), 2.86 mg/L H3BO3,
1.81 mg/L MnCl2·4H2O, 0.222 mg/L ZnSO4·7H2O, 0.0177
mg/LMoO3 (85%), 0.079 mg/L CuSO4·5H2O, 0.5 mL/L
soil extract; the medium was adjusted to pH 7.0-7.2 by using 0.1M Na2CO3.
For A. cylindrical, the culture medium consisted of
200 mg/L (NH4)2SO4, 30 mg/L [Ca(H2PO4) 2·2H2O +
CaSO4·H2O], 80 mg/L MgSO4·7H2O, 100 mg/L NaHCO3,
25 mg/L KCl, 0.150 L/L FeCl3 (1%), 2.86 mg/L H3BO3,
1.81 mg/L MnCl2·4H2O, 0.222 mg/L ZnSO4·7H2O, 0.0177
mg/LMoO3 (85%), 0.079 mg/L CuSO4·5H2O, 0.5 mL/L
soil extract; the medium was adjusted to pH 7.0-7.2 by using 0.1 M Na2CO3.
For N. hantzschiana, the culture medium consisted
of 120mg/L NaNO 3, 70mg/LMgSO 4 ·7H 2 O, 40mg/
LK2HPO4·3H2O, 80mg/ LKH2PO4, 20mg/LCaCl2·2H2O,
10 mg/L NaCl, 100 mg/L Na2SiO3·9H2O, 2 mg/L
MnSO4·4H2O, 2.86 mg/L H3BO3, 1.81 mg/L MnCl2·4H2O,
0.22 mg/L ZnSO4·7H2O, 0.079 mg/L CuSO4·5H2O,
0.039 mg/L Na2MoO4·2H2O, 5 mg/L ferric citrate, 0.5 mL/L
soil extract. The medium was adjusted to pH 7.0-7.2 by using 0.1M Na2CO3.
The algae were cultured in axenic medium. After staying for 12-14 days, the algae were washed prior to each
measurement. To remove the colloidal ferric hydroxide
particles that might have adsorbed on the algae cells, a
modified version of the procedure [27] was used in experiments. This procedure involves washing the cells by gentle agitation for 30 min with 0.01M aqueous ascorbic acid
adjusted to pH 3.0. Then the algae were washed with double-distilled water three times. The resulting algae suspension was obtained in this way. The cell counting was carried out under inverted microscope at 400× and the density
of algae (cells L-1) was calculated. As such, the algae were
well-prepared for subsequent use. Different concentrations
of algae were gained through diluting the washed algae
with double-distilled water. These experiments were carried out at a room temperature of 26 ± 2 .
2.3 Irradiation procedure

The irradiation experiments were carried out in a cylindrical reactor (20.0 cm length, 10.0 cm diameter, 1.0 cm
wall thickness) (see Fig. 1), with a 250 W metal halide
lamp (ë ≥ 365nm, Changzhou Shangzi Lamp Co. Ltd,
China) placed in cooling trap for maintaining a constant
temperature (25±2°C) by water circulation. The cylindrical
reactor was unsealed in the uppermost part. The cylindrical
reactor was placed in a box. HCl and/or NaOH were used
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to adjust the pH values of solutions. The cylindrical reactor
containing solutions were kept in a dark condition before
and after irradiation. Different concentrations of mercury (II)
and humic substances, Fe (III) or algae were mixed thoroughly and transferred into the cylindrical reactor. The
light intensity at the position of the cylindrical reactor was
159,000 Lux, which was detected using Digit Lux meter
(TES 1332, Taiwan, China). At different time intervals
during the irradiation, samples with mercury (II) and Fe
(III), humic acid or algae were taken from the cylindrical
reactor. For the solution with algae, samples were digested
with HCl-HNO3 (1+1). Then the samples and a Tefloncoated stir bar were placed in a caped and secured glass
flask and heated to 90°C in a water bath for 1 h. or more
upon cooling, the samples were analyzed by a cold vapor
atomic absorption spectrometer (AAS). The algae-free samples were analyzed directly.

FIGURE 1 - Cylindrical reactors
2.4 Chemical analyses

The mercury (II) concentrations were determined by a
cold vapor AAS. The calibration equation for mercury (II)
was A peak area = 96.24 C Hg (II) − 7.24 (r = 0.996), where C
Hg (II) was the concentration of mercury (II) in the range of
0.0–200.0 µg/L. All vitreous apparatus were dipped in
HNO3/water (the volume ratio was 1:1) overnight to remove impurities. 3.0 ml reaction solution was transferred
into a 20.0 ml reduction bottle. Then 2.0 ml HNO3 (5%)
and 2.0 ml SnCl2 (10%) were added into the reduction bottle. Finally, Hg (II) was determined by a cold vapor AAS.
All the experiments were triplicate. The results presented were the mean values with a less than 5% total analytical error.

3. RESULTS AND DISCUSSION
3.1 Photoreduction of Hg (II) both in the absence and presence
of algae

Figure 2 shows the typical time series for the photochemical reduction of Hg (II) in the absence and presence

of C.vulgarism, A.cylindrical and N.hantzschiana, respectively. For comparison, the corresponding control experiments were performed under a dark condition. In the presence of C.vulgarism, A.cylindrical and N.hantzschiana, respectively, 6.7%, 11.1% and 9.9% of Hg (II) were removed
from the suspension after 7-hour, which is due to the slow
absorption and/or reduction by the biological and thermal chemical processes [28]. Under the metal halide lamp
irradiation, 13.0% of Hg (II) disappeared after 7-hour irradiation without algae, suggesting the slow thermal reduction, absorption and the direct photoreduction of Hg (II).
The direct photoreduction of Hg (II) could be responsible
for the increased disappearance of Hg (II).
Hg (OH) 2 + light →Hg (0) (aq) + other products

(1)

In the presence of A.cylindrical, C. vulgarism and
N.hantzschiana, respectively, 43.0%，27.1% and 33.3%
of Hg (II) disappeared from the suspension after 7-hour irradiation under the metal halide lamps, indicating that the
photolysis of algae could promote the reduction of Hg (II).
The algae might undergo photolysis to generate smaller organic molecules and free electrons that is capable to reduce
Hg (II). The enzymatic reaction at the algae cell surface
could be another possible mechanism involved in the reduction of Hg (II) [29]. As shown in Figure 2, the results
indicate that algae species on the photoreduction of Hg (II)
followed the trend of A.cylindrical > N.hantzschiana >
C.vulgarism under the irradiation of metal halide lamps.
The photoreduction rate of Hg (II) was quite different in
different algal suspensions. The results suggest that environmental oxidative stress effects are different among algal
species: the species have different cell wall structure,
which can be related to their resistance to irradiation. The
A. cylindrica is a prokaryote; its cell walls are made of
murein and peptidoglycan [30] and are thin and easily soluble. So A.cylindrica is easily destroyed. But C. vulgaris is
eucaryotes; the cell walls consist of fibrin and chitin and
are stronger than that of A. cylindrica, and so they are difficult to destroy. The cell walls of N. hantzschiana are
made of pectic substances (inside layer) and chitin (outside
layer), and contain inorganic substances such as SiO2 and
CaCO3 [31]. This enhances the rigidity of the cell wall and
makes it hard to destroy. As a result, the amounts of photosensitising substances (such as pigments, carboxylic acids) released into the reaction solution by the algal cells
when they were irradiated were quite different.
3.2 Effect of pH on the photoreduction of mercury (II) in aqueous solution with or without algae

The photoreduction experiment was performed in Hg
(II) aqueous solutions at several pH values ranging from 5
to 9.
As shown in Fig.3 (a), it is clear that the photoreduction efficiency of Hg (II) increased with increasing pH. At
pH = 5, up to 9.4% of Hg (II) was removed from the suspension after 7-hour light irradiation. At pH = 9, up to
15.8% of Hg (II) was removed from the suspension after 7hour light irradiation. The observed pH effect demon-
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FIGURE 2 - Mercury (II) concentration changes in solutions that contained 100ìg L-1 Hg (II) and/or C. vulgaris: 7.0×109 cells L-1, A.cylindrical:
1.7×109 cells L-1, N. hantzschiana: 7.0×109 cells L-1 with/without metal halide lamps (250 W) irradiation. The solution was at pH 7.0.
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FIGURE 3 - Effect of pH on the photoreduction of mercury (II) in solutions that contained (a) 100ìg L-1 Hg (II) (b) 100ìg L-1 Hg (II) and 7.2×109
cells L-1C. vulgarism (c) 100ìg L-1 Hg (II) and 4.5×109 cells L-1 N. hantzschiana (d) 100ìg L-1 Hg (II) and 1.7×109 cells L-1A. cylindrical under
metal halide lamps (250 W) irradiation.

327

Fresenius Environmental Bulletin

strated that Hg (OH) 2 could be the reactive species of Hg (II)
involved in the direct photochemical reduction of Hg (II) in
aqueous solution, which was in consistence with those reported in previous studies [32, 33].
Experiments were also carried out to study the pH effect on the photoreduction of mercury (II) in aqueous suspensions of C.vulgarism, N. hantzschiana and A.cylindrical under metal halide lamps. The results showed that the
photoreduction of Hg (II) increased with increasing pH
value in the range of 5.0–9.0. As shown in Fig.3 (b), at pH
=5, 21.6% of Hg (II) was disappeared from the C.vulgarism suspension after 7-hour irradiation; at pH = 9, 33.4%
of Hg (II) was disappeared from the C.vulgarism suspension after 7-hour irradiation. As shown in Fig.3 (c), at pH
=5, 23.1% of Hg (II) was disappeared from the N.
hantzschiana suspension after 7-hour irradiation; at pH =
9, 33.9% of Hg (II) was disappeared from the N. hantzschiana suspension after 7-hour irradiation. As shown in Fig.3
(d), at pH =5, 26.8% of Hg (II) was disappeared from the
A.cylindrical suspension after 7-hour irradiation; at pH =
9, 63.7% of Hg (II) was disappeared from the A.cylindrical
suspension after 7-hour irradiation. In the aqueous suspension of algae, the photochemical and biological processes
are more complex. Besides that the higher concentration of
Hg(OH)2 at higher pH value leads to a higher photoreduction of mercury (II), the enhanced production of dissolved
organic matter and free electrons also accelerated the conversion of Hg (II) to Hg (0). From Fig 3, the results indicate
that algae species on the photoreduction of Hg (II) still followed the trend of A.cylindrical > N.hantzschiana > C.vulgarism under the irradiation of metal halide lamps.

were shown in Fig.4(c), After 7-hour irradiation, 35.0% of
Hg (II) was removed from the suspension under the initial
algal concentration 1.6×109cells L-1; 51.9% of Hg (II) was
disappeared at initial algal concentration of 3.5×109cells L-1;
55.7% removal of Hg (II) at the algal concentration of
4.6×109cells L-1. A higher algal concentration resulted in a
faster photoproduction of free electrons and smaller dissolved organic matter. The dissolved organic matter, such
as humic and fulvic acid, could serve as photosensitizers
and thus accelerate the photoreduction of mercury (II) [34].
From Fig 4, the results indicate that algae species on the
photoreduction of Hg (II) still followed the trend of A.cylindrical > N.hantzschiana > C.vulgarism under the irradiation of metal halide lamps.
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To test the effects of algae on the photoreduction of
mercury (II), suspensions of Chlorella vulgaris at four initial algal concentrations were 4.8×109, 5.7×109, 7.0×109,
1.5×1010 cells L-1, at pH 7.0. As shown in Fig.4 (a), the
faster photoreduction of mercury (II) occurred with a
higher algal concentration. After 7-hour irradiation, 30.9%
of Hg (II) was removed from the suspension under the initial algal concentration 1.5×1010cells L-1; 27.1% of Hg (II)
was disappeared at initial algal concentration of 7.0×109
cells L-1; 22.0% removal of Hg (II) at the algal concentration of 5.7×109cells L-1; 18.3% removal of Hg (II) at the
algal concentration of 4.8×109cells L-1. When suspensions
of N. hantzschiana at four initial algal concentrations were
2.6×109, 3.1×109, 4.6×109, 7.0×1010 cells L-1, at pH 7.0, the
photoreduction of mercury (II) were shown in Fig.4(b), After 7-hour irradiation, 28.9% of Hg (II) was removed from
the suspension under the initial algal concentration
2.6×109cells L-1; 30.0% of Hg (II) was disappeared at initial algal concentration of 3.1×109cells L-1; 32.2% removal
of Hg (II) at the algal concentration of 4.6×109cells L-1;
33.3% removal of Hg (II) at the algal concentration of
7.0×109cells L-1. When suspensions of A. cylindrical at
four initial algal concentrations were 1.6×109, 3.5×109,
4.6×109 cellsL-1, at pH 7.0, the photoreduction of mercury (II)
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FIGURE 4 - Effect of algae concentrations on the photoreduction of
mercury (II) in solutions that contained 100ìg L-1 Hg (II) and (a) C.
vulgarism (b) N. hantzschiana (c) A. cylindrical under metal halide
lamps (250 W) irradiation. The solution was at pH 7.0.
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3.4 Effects of initial concentrations of mercury (II) on the photoreduction of mercury (II) in algal suspensions

The influence of initial Hg (II) concentration on the
photoreduction of mercury (II) with the algae was examined by irradiating the suspensions of C. vulgaris at initial
concentration was 4.7×109 cells L-1, at pH 7.0, with initial
concentrations (C0) of mercury (II) at 50, 100, 150 and
200µg/L, respectively.
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As shown in Fig.5 (a), the metal halide lamps could
evidently induce photoreduction of Hg(II) in aqueous solution with C. vulgaris. After 7 hours irradiation, 34.3% of
Hg(II) was removed from the suspension under the initial
Hg(II) concentration 50ìg/L; 31.2% of Hg(II) disappeared
at initial Hg(II) concentration of 100ìg/L; 27.1% of Hg(II)
disappeared at initial Hg(II) concentration of 150ìg/L;
25.9% of Hg(II) disappeared at the Hg(II) concentration of
200ìg/L. When N.hantzschiana at initial concentration was
7.0×109 cells L-1, at pH 7.0, with initial concentrations (C0)
of mercury (II) at 50, 100, 150 and 200µg/L, respectively,
the results were shown in Fig.5 (b). After 7 hours irradiation, 36.2% of Hg(II) was removed from the suspension
under the initial Hg(II) concentration 50ìg/L; 32.2% of
Hg(II) disappeared at initial Hg(II) concentration of
100ìg/L; 29.1% of Hg(II) disappeared at initial Hg(II) concentration of 150ìg/L; 28.0% of Hg(II) disappeared at the
Hg(II) concentration of 200ìg/L. When A. cylindrical at initial concentration was 3.5×109 cells L-1, at pH 7.0, with initial concentrations (C0) of mercury (II) at 50, 100, 150 and
200µg/L, respectively, the results were shown in Fig. 5 (c).
After 7 hours irradiation, 74.1% of Hg(II) was removed
from the suspension under the initial Hg(II) concentration
50ìg/L; 51.9% of Hg(II) disappeared at initial Hg(II) concentration of 100ìg/L; 45.4% of Hg(II) disappeared at initial Hg(II) concentration of 150ìg/L; 39.4% of Hg(II) disappeared at the Hg(II) concentration of 200ìg/L. The photoreduction rate of low concentration Hg(II) decreased
faster than that of high concentration of Hg(II) in aqueous
solution with algae. Under these conditions, with initial
concentration (C0) of Hg(II) increasing, the reduction rate
decreased. The disappearance of Hg(II) in terms of percentage of the initial Hg(II) concentration was higher at
lower initial Hg(II) concentration.
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FIGURE 5 - Effect of initial Hg (II) concentrations on the photoreduction of Hg (II) in solutions that contained (a) 4.7×109 cells L-1 Chlorella
vulgarism, (b) 7.0×109 cells L-1 N. hantzschiana, (c) 3.5×109 cells L-1 Anabaena cylindrical under metal halide lamps (250 W) irradiation. The
solution was at pH 7.0.

Humic substances are a ubiquitous group of natural organic compounds because of their important role in the fate
and transport of many pollutants.
In our case, humic substances could also affect the
photoreduction of Hg (II) as shown in Fig.6. When suspensions of C. vulgaris at initial algal concentration was
7.2×109 cells L-1, at pH 7.0, the photoreduction of mercury
(II) were shown in Fig.6(a). In the presence of 8.0 mg/L
humic substances, 9.7% Hg (II) was removed from a suspension of C. vulgaris stood in dark for 7 hours. After 7-hour
irradiation, 37.2% Hg (II) disappeared in the presence of
8.0 mg/L humic substances, while only 29.0% Hg (II) was
removed in the absence of humic substances. When suspensions of N.hantzschiana at initial algal concentration
was 4.6×109cells L-1, at pH 7.0, the photoreduction of mercury (II) were shown in Fig.6(b), In the presence of 8.0 mg/L
humic substances, 10.4% Hg (II) was removed from a suspension of N.hantzschiana stood in dark for 7 hours. After
7-hour irradiation, 40.2% Hg (II) disappeared in the presence of 8.0 mg/L humic substances, while only 34.2% Hg (II)
was removed in the absence of humic substances. When
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7-hour irradiation, 52.8% Hg (II) disappeared in the presence of 8.0 mg/L humic substances, while only 44.2% Hg
(II) was removed in the absence of humic substances.
These results indicated that humic substances could promote the reduction of mercury (II) in algal suspension.
Several research groups have reported that humic substances could promote the reduction of mercury (II) in
aqueous solution [23, 33]. From Fig 6, the results indicate
that algae species on the photoreduction of Hg (II) still followed the trend of A.cylindrical > N.hantzschiana > C.vulgarism under the irradiation of metal halide lamps
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3.6 Effects of Fe (III) on photoreduction of mercury (II) in algal
suspensions
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FIGURE 6 - Effect of humid acid on the photoreduction of mercury
(II) in solutions that contained 100ìg L-1 Hg (II), 8mg L-1 humid acid
and/or (a) 7.20×109 cells L-1 C. vulgarism (b) 4.6×109 cells L-1 N.
hantzschiana (c) 1.6×109 cells L-1 A. cylindrical with/without metal halide lamps (250 W) irradiation. The solution was at pH 7.0.

suspensions of A. cylindrical at initial algal concentration
was 1.6×109 cells L-1, at pH 7.0, the photoreduction of mercury (II) were shown in Fig.6(c), In the presence of 8.0
mg/L humic substances, 7.8% Hg (II) was removed from a
suspension of A. cylindrical stood in dark for 7 hours. After

Fe (III) may also influence the photoreduction of mercury (II) as shown in Fig.7. When suspensions of C. vulgaris at initial algal concentration is 4.8×109 cells L-1, at pH
7.0, the photoreduction of mercury (II) are shown in
Fig.7(a). In the dark, 7.5% Hg (II) disappeared in the suspension of C. vulgaris containing 0.02mmol/L Fe (III). After
7-hour light irradiation, 18.3% of Hg (II) was removed from
suspension of C. vulgaris without Fe (III), while 26.8 % of
Hg(II) disappeared in the presence of 0.02 mmol/L Fe(III).
When suspensions of N.hantzschiana at initial algal concentration was 4.6×109 cells L-1, at pH 7.0, the photoreduction of mercury (II) were shown in Fig.7(b). In the dark,
9.4% Hg (II) disappeared in the suspension of N.hantzschiana containing 0.02mmol/L Fe (III) after 7h. After 7-hour
light irradiation, 32.2% of Hg (II) was removed from suspension of N.hantzschiana without Fe (III), while 37.8 %
of Hg(II) disappeared in the presence of 0.02mmol/L
Fe(III). When suspensions of A.cylindrical at initial algal
concentration was 4.6×109 cells L-1, at pH 7.0, the photoreduction of mercury (II) were shown in Fig.7(c). In the dark,
10.9% Hg (II) disappeared in the suspension of A.cylindrical containing 0.02mmol/L Fe (III). After 7-hour light irradiation, 50.3% of Hg (II) was removed from suspension
of A.cylindrical without Fe (III), while 68.9% of Hg(II) disappeared in the presence of 0.02mmol/L Fe(III). From Fig
7, the results indicate that Fe (III) could clearly accelerate
the photoreduction of mercury (II) in algal suspensions under metal halide lamps irradiation. The involved abiotic
mechanisms for the effects of Fe(III) on the photoreduction
of Hg(II) include light induced photochemical production
of highly reducing organic free radicals through photolysis
of Fe (III)-organo coordination compounds [Fe(III)-Org]
and subsequent reaction of Hg (II) with the organic and inorganic free radicals formed [35, 36]:
Fe(III) + natural organic acids → Fe(III)-Org
(2)
Fe(III)-Org + hv → Fe(II) + organic free radicals (3)
organic free radicals + Hg(II) →
Hg(0) + products + CO2
(4)
organic free radicals + O2 → •O2- + products + CO2 (5)
DOC + h v → DOC•
(6)
DOC• + O2 → •DOC+ + •O2(7)
•
O2- + •O2- + H+ → H2O2 + O2
(8)
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DOC + H2O + hv → •OH + products
(a)

1.0

Fe (III) is highly photochemically reactive in natural
waters and its role is well established in mediating photochemical redox cycling of heavy metals in natural aqueous
systems [38-40]. Photochemical reduction of heavy metal
ions [e.g., Cr (VI)] by highly reducing organic free radicals,
produced through photolysis of Fe (III)-organo coordination
compounds has been implicated to be one of the most important mechanisms for the redox cycling of these metals
[41,42]. The same mechanisms may also act in the observed
light-induced photochemical production of DGM in algal
suspensions and natural water because both algae and Fe (III)
are commonly present in nature aquatic environment.
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FIGURE 7 - Effect of Fe3+ on the photoreduction of mercury (II) in
solutions that contained 100ìg L-1 Hg (II), 1.0mg L-1 Fe3+ and/or (a)
4.8×109 cells L-1 C. vulgarism, (b) 4.6×109 cells L-1 N. hantzschiana, (c)
3.5×109 cells L-1 A. cylindrical with/without metal halide lamps (250
W) irradiation. The solution was at pH 7.0.

H2O2 + Fe (II) → •OH + OH- + Fe(III)
•
•

OH + Hg(0) → Hg(II) + OH-

O2 + Hg(II) → Hg(0) + O2

(12)

(9)
(10)
(11)

Where •O2- is a superoxide free radical. In addition to
reaction 9, •OH may also be produced in natural water by
direct photolysis of DOC [37]:

Fe (III) and humic substances could accelerate the photoreduction of mercury (II), but the synergy effect between
Fe (III) and humic substances need further experiments to
investigate. When suspensions of C. vulgaris at initial algal
concentration was 4.8×109 cells L-1, at pH 7.0, the photoreduction of mercury (II) were shown in Fig.8(a). In the dark,
7.8% Hg (II) disappeared in the suspension of C.vulgaris
containing 1.0 mg/L Fe (III) and 8.0 mg/L humic substances in 7 hours. After 7-hour light irradiation, 18.3% of
Hg (II) was removed from suspension of C.vulgaris without 1.0 mg/L Fe (III), while 26.8 % of Hg (II) disappeared
in the presence of 1.0 mg/L Fe (III). 30.2 % Hg (II) disappeared from suspension of C.vulgaris in the presence of 8.0
mg/L humic substances. 45.2% Hg (II) disappeared from
suspension of C.vulgaris in the presence of 1.0 mg/L Fe
(III) and 8.0 mg/L humic substances. When suspensions of
N.hantzschiana at initial algal concentration was 4.2×109
cells L-1, at pH 7.0, the photoreduction of mercury (II) were
shown in Fig.8(b). In the dark, 8.3% Hg (II) disappeared in
the suspension of N.hantzschiana containing 1.0 mg/L Fe
(III) and 8.0 mg/L humic substances in 7 hours. After 7hour light irradiation, 22.2% of Hg (II) was removed from
suspension of N.hantzschiana without 1.0 mg/L Fe (III),
while 28.8 % of Hg (II) disappeared in the presence of 1.0
mg/L Fe (III). 33.7 % Hg (II) disappeared from suspension
of N.hantzschiana in the presence of 8.0 mg/L humic substances. 51.2% Hg (II) disappeared from suspension of
N.hantzschiana in the presence of 1.0 mg/L Fe (III) and 8.0
mg/L humic substances. When suspensions of A.cylindrical at initial algal concentration was 1.4×109 cells L-1, at
pH 7.0, the photoreduction of mercury (II) were shown in
Fig.8(c). In the dark, 9.1% Hg (II) disappeared in the suspension of A.cylindrical containing 1.0 mg/L Fe (III) and
8.0 mg/L humic substances in 7 hours. After 7-hour light
irradiation, 26.2% of Hg (II) was removed from suspension
of A.cylindrical without 1.0 mg/L Fe (III), while 41.2 % of
Hg (II) disappeared in the presence of 1.0 mg/L Fe (III).
52.8% Hg (II) disappeared from suspension of A.cylindrical in the presence of 8.0 mg/L humic substances. 69.3%
Hg (II) disappeared from suspension of A.cylindrical in the
presence of 1.0 mg/L Fe (III) and 8.0 mg/L humic substances. From Fig 8, the results indicate that Fe (III) and
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effects of Fe (III) and humic substances on the photoreduction of Hg (II) were similar to those proposed in previous studies [13-14]. From Fig 8, the results indicate that
algae species on the photoreduction of Hg (II) still followed the trend of A.cylindrical > N.hantzschiana > C.vulgarism under the irradiation of metal halide lamps.
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It was demonstrated that algae, Chlorella vulgaris,
could significantly accelerate the photochemical reduction
of mercury (II) under the irradiation of metal halide lamps.
The photoreduction of mercury (II) increased with increasing concentration of algae, Fe (III) and humic substance.
Increasing pH value also led to a higher photoreduction
rate of mercury (II) in algae suspensions. The photoreduction rate of low concentration Hg(II) decreased faster than
that of high concentration of Hg(II) in aqueous solution
with algae. Effects of different algae species on the photoreduction of Hg (II) followed the trend of Anabaena cylindrical > Nitzschia hantzschiana > Chlorella vulgarism under the irradiation of metal halide lamps.
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ABSTRACT
The aim of this study was to determine physical properties and fiber dimensions in stem, branch and root wood
for alder (Alnus glutinosa L) species. For this purpose,
three normal alder trees were selected from Khanican forest in north of Iran. Disks were taken from three parts such
as stem, branch and root of trees. Testing samples were randomly taken at disk surfaces to examine the physical properties (according to the ISO standard for oven-dry density
and volumetric shrinkage) and fiber dimension (fiber length,
fiber diameter and lumen diameter according to the Franklin method). Analysis of variance (ANOVA) indicated that
the wood samples had significant difference on the wood
density, volumetric shrinkage, fiber length, fiber diameter
and lumen diameter. The highest wood density, volumetric
shrinkage and fiber length was found in stem wood, whereas
root wood had a lighter density, larger fiber diameter and
larger fiber lumen diameter. The branch wood had the lowest
fiber dimensions (fiber length, fiber diameter and lumen
diameter) compared to other wood sample parts. The relationship between wood density and volumetric shrinkage
were determined by regression model. These relationships
in root wood were very weaker compared to stem wood
and branch wood.
KEYWORDS: Alnus glutinosa, fiber length, fiber diameter, fiber lumen diameter, stem, branch, root.

1. INTRODUCTION
The cell size and relative cell dimensions have a major
influence on the quality of pulp and paper products and on
solid wood products [1-2]. The fiber length and width, wall
thickness, and lumen size have an effect on the bulk, burst,
tear, fold, and tensile strengths of paper [3]. However, there
are definite correlations between tracheid length and certain lumber mechanical properties [4]. A positive and
strong relationship between MOR and the tracheid length
of hardwood and soft species was found by several re* Corresponding author

searchers [4, 5]. There are positive relationships betweenfiber length and paper burst strength [6-9], tensile strength
[6, 7], tear strength [6, 10] and folding endurance [9, 11].
Anatomical properties of root wood are different than stem
wood and branch wood. Root wood has a high vessel number, wider diameter of vessel, and low fiber volumes [12].
Chemical composition analysis showed that the cellulose
content in root wood is higher than stem wood. Average of
lignin and extractive component in root wood is very high
[13].
Different results have emerged from studies carried
out to assess the properties of root, stem and branch wood.
Wood density in root wood is lower than other wood samples (stem and branch wood) in many of hardwoods species
[14]. Whereas, wood density and mechanical strength
properties in root wood is higher compared to branch wood
and stem wood in African hardwood species [15]. Okai et
al. (2004) [16] on the physical and mechanical properties
of stem and branch wood of tropical trees in Ghana reported that the branches of the two species emire (Terminalia ivorensis) and asanfina (Anigeria robusta) had higher
densities and modulus of rupture (MOR) than their corresponding stems. Amoah et al (2012) reported that the root
wood of iroko and emire exhibited the highest basic density
compared to branch and stem wood [15]. Research on the
tracheid dimension in root wood of southern pine reported
that the rootwood tracheids were one-third longer, averaging 3.99 mm as compared to 2.97 mm for stumpwood tracheids. In transverse dimensions root tracheids were larger
in diameter and had thinner walls and larger lumens than
stem tracheids from the same stump. Cell diameter averaged
one-third greater (52.48 μm) in root wood than in stump
wood (38.76 μm). Average thickness of cell walls was
5.40 μm in roots and 6.55 μm in stumps. Lumen diameters
averaged 41.69 μm in roots and 25.66 μm in stumps [17].
There are no reports on wood different properties
among root, branch and stemwood for Iranian hardwood
species especially for alder wood. Therefore, the aim of the
present study was: a) to determine the physical properties
and fiber dimension properties in the three wood samples
parts such as stem, branch and root wood for alder species
(Alnus glutinosa) and to examine the relationship between
wood different properties in Mazandran region of Iran.
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dry weights of the specimens were measured. The wood
physical properties were calculated using the following
equations:

2. MATERIALS AND METHODS
2.1 Wood samples

Three alder trees (Alnus glutinosa) with breast height
diameters 20, 21.5, and 22 cm, with 37, 39 and 39 growth
rings at breast height, respectively were harvested in the
western part of Mazandran region, north of Iran. Discs
were taken from three part of each tree include stem (at
breast height), branch and root parts. After removing pith
part for every disc, sample testing was randomly prepared
at disc surface (after 20 years – old for stem wood). Thirty
samples for each part were used to determine the physical
properties and fiber dimensions (3 part × 30 samples =
90 according to ISO standard. Examination of fiber dimension was carried out after the physical properties had been
determined.
2.2 Fiber dimensions

The material was macerated using the Franklin method
(1946) [18] to examine fiber dimensions. The pieces of fiber were
cut with a scalpel and placed in test tubes in a solution of 1:1 acetic acid and
oxygenated
water
of
30
volumes.
The samples were dried in a stove at 60 ºC for approximately 1 week. The
disaggregated particles were washed in water, stained with aqueous safranin at
1% for 3 min, dehydrated with alcohol at 96% and xylol. Subsequently, the
fibers were dried, placed on slides and fixed with Canada balsam. From

a samples, 30 fibers (3 part ×30 samples × 30 fiber =2700
fiber) were selected to determine fiber dimension (fiber
length, fiber width, and fiber lumen diameter), which used
from Leica Image Analyzer System (Figure 1).
2.3 Physical properties

The specimens were soaked in distilled water for 72 h
to ensure that their moisture content was above the fiber
saturation point, and then their dimensions were measured
in all three principal directions, with a digital caliper to the
nearest 0.001 mm. The specimens were weighed to the
nearest 0.001 g for saturated weight and the saturated volume was calculated based on these dimension measurements.
Finally, the samples were oven-dried at 103 ± 2 °C to 0%
moisture content. After cooling in desiccators, the oven-

where
,
,
,
and
are the oven-dry
density, weight and volume of the specimen (in dry state),
volumetric shrinkage and volume of the saturated specimens, respectively.
2.4 Statistical analysis

One-way analysis of variance (ANOVA) was carried
out to establish the effect types of wood sample parts on
physical properties and fiber dimension and the differences
were quantified through the Duncan test (p ≤ 0.05). In order
to examine relationship between various properties were
used from regression models. In order to examine relationship between various properties were used from regression
models.

3. RESULTS AND DISCUSSION
3.1 Fiber length

The average fiber length in root wood, branch wood
and stem wood are shown in Figure 2. The fiber length averaged 1.31± 0.188 mm in stem, 0.940 ± 0.128 mm in
branch and 1.25 ± 0.173 mm in root wood. Maximum and
minimum of fiber length in stem, branch and root alder
wood were 1.02-1.64, 0.639-1.12 and 0.890-1.44 mm, respectively. The analysis of variance (ANOVA) indicated
that the effect of wood sample parts on the fiber length was
significant (F=22.346, Sig=0.002). The highest and lowest
of fiber length were found in stem and branch, respectively.
No statistically significant difference was detected between

FIGURE 1 - Fibers of stem wood in Alnus glutinosa
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FIGURE 2 - The average of fiber length in stem, branch and root wood

FIGURE 3 - The average of fiber diameter in stem, branch and root wood

stem and root wood samples in fiber length. These results
were previously reported by several researchers. For example, Manwiller (1972) [17] and Dunham et al. (2007) [19]
reported that the branch wood have shorter tracheid/fiber
than the stem wood. Generally, there are different results
about fiber length in stem, branch and root wood. Fegel
(1941) [20] and Dunham et al. (2007) [19] reported that
root wood may have shorter or longer tracheids than the
bole, or Psaras and Sofroniou (2004) [21] reported that the
fiber length in root wood (620 µm) is higher than stem
wood (590 µm) for Phlomis fruticosa species.

3.2 Fiber diameter

The average fiber diameter in root wood, branch wood
and stem wood are shown in Figure 3. The fiber diameter
averaged 32.87 ± 6.41 µm in stem, 26.92 ± 3.16 µm in
branch and 42.52 ± 9.15 µm in root wood. Maximum and
minimum of fiber diameter in stem, branch and root alder
wood were 26.08-49.05, 20.34-31.83 and 24.14-59.72 µm,
respectively. The analysis of variance (ANOVA) indicated
that the effect of wood sample parts on the fiber diameter
was significant (F=20.873, Sig=0.004). The highest and
lowest of fiber diameter were found in root and branch
wood, respectively.
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3.3 Lumen diameter

The average of lumen diameter in root wood, branch
wood and stem wood are shown in Figure 4. The fiber lumen diameter averaged 19.73 ± 5.92 µm in stem, 14.40 ±
3.28 µm in branch and 30.10 ± 7.8 µm in root wood. Maximum and minimum of fiber lumen diameter in stem,
branch and root alder wood were 12.96-31.83, 9.68-19.52
and 12.11-49.87 µm, respectively. The analysis of variance
(ANOVA) indicated that wood sample parts had significant effect on the lumen diameter (F=20.205, Sig=0.005).
The highest and lowest of fiber lumen diameter were found

in root and branch wood, respectively. Results of lumen diameter and fiber diameter are in agreement with a study
carried out by Manwiller (1972) [17]. According to the results of lumen diameter and fiber diameter it can be said that
the fiber cell wall thickness in stem wood was higher compared to the branch wood and root wood in alder species.
3.4 Wood density

The average oven-dry density in root wood, branch
wood and stem wood are shown in Figure 5. Among the
wood types of alder, the root wood recorded the lowest av-

FIGURE 4 - The average of lumen diameter in stem, branch and root wood

FIGURE 5 - The average of oven-dry density in stem, branch and root wood
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FIGURE 6 - The average of volumetric shrinkage in stem, branch and root wood

erage oven-dry density (0.333 ± 0.021 g/cm3), ranging between 0.294 and 0.375 g/cm3. Stem wood recorded the highest (0.496 ± 0.038 g/cm3), varying between 0.444 and 0.595
g/cm3. The average wood density in branch wood was 0.492
± 0.024 g/cm3, varied ranging between 0.458 and 0.559 g/cm3.
The analysis of variance (ANOVA) indicated that wood sample parts had significant effect on the oven-dry density
(F=202.223, Sig=0.001). There was no significant difference
between branch wood and stem wood in oven-dry density.

Several scientific studies have reported that the
vessel diameter and vessel length of root wood is higher
than that of branch wood and stem wood [12, 21]. There
also are inverse relationship between wood density and
volumetric shrinkage in alder wood [14, 22, 23]. Therefore,
decreasing the wood oven-dry density in root wood can be
related to its higher vessel diameter.

3.5 Volumetric shrinkage

The average volumetric shrinkage in root wood, branch
wood and stem wood are shown in Figure 6. The volumetric
shrinkage averaged 13.44 ± 1.50 % in stem, 13.23 ± 1.58 %
in branch and 11.05 ± 1.71 % in root wood. Maximum and
minimum of volumetric shrinkage in stem, branch and root
wood were 11.15-17.41, 11.44-16.45 and 7.74-13.77 %, respectively. The analysis of variance (ANOVA) indicated that
wood sample parts had significant effect on the volumetric
shrinkage (F=17.408, Sig=0.002). The highest and lowest
of volumetric shrinkage were found in stem and root wood,
respectively. There was no significant difference between
branch wood and stem wood in volumetric shrinkage.
The relationship between wood density and volumetric
shrinkage in three parts of trees (stem, branch and root) are
shown in Figure 7-9. Results indicated that shrinkage is

FIGURE 7 - The relationship between density and shrinkage in stem wood
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FIGURE 8 - The relationship between oven-dried density and shrinkage in branch wood

FIGURE 9 - The relationship between oven-dried density and shrinkage in root wood

TABLE 1 - Pearson correlation between fiber dimension and oven dried density in alder wood
Wood samples

Stem

Branch

Root

Total

Fiber length
(FL)

0.114

-0.152

-0.441

-0.325*

Fiber diameter (FD)

-0.076

0.252

0.305

-0.615**

Lumen Diameter (LD)

-0.245

-0.032

0.189

-0.647**

* and ** were significant at 0.01 and 0.05%

positively and significantly related to wood density in stem
and branch wood, whereas this relationship found in root
wood is positive but not significant. The correlation coefficient between wood density and shrinkage in branch wood
(R2=0.449) is lower compared to the stem wood (R2=0.586).
Greater variation was found in relationship between density

and shrinkage for root wood for alder wood. The volumetric
shrinkage and swelling properties are affected by several
wood factors, such as the heartwood to sapwood ratio or the
fibrillar angle on the S2 layer [24]. However, the most important parameter affecting wood shrinkage is the wood density [25]. This present research indicated that the shrinkage
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in stem wood is higher than that of branch wood and root
wood. High wood density have proportionately more cell
and less lumen volume and they shrink and swell more due
to the unique nature of the microstructures.
The effect of fiber dimension on the wood density of
three parts of alder wood was determined by Pearson correlation (Table 1). Significant differences were no found
between FL, FD and LD with wood density for each of
wood samples, while in total of wood samples, there are
significantly negative relationship between fiber length (r
=- 0.325), fiber diameter (r = -0.615) and lumen diameter
(r = -0.647) with wood oven-dried density. Two most effective variables on the oven-dry density in alder wood are
fiber diameter (FD) and lumen diameter (LD). The highest
of correlation coefficients between FL-density and FD –
density was found in root wood, while the relationship between LD-density in the stem wood is higher compared to
branch wood and stem wood.

4. CONCLUSION
This research examines the effect of wood sample
parts on the physical properties and fiber dimensions of alder wood in north of Iran. The analysis of variance
(ANOVA) indicated that the wood samples had significant
difference on the fiber length, fiber diameter, and fiber lumen diameter. Root wood had the highest fiber diameter
and fiber lumen diameter values. The lowest fiber dimensions were found in the branch wood. The highest and lowest wood density and volumetric shrinkage values were
found in stem wood and root wood, respectively. The wood
density and shrinkage in branch wood is close to the stem
wood. There are positive relationship between wood density and shrinkage, whereas these relationships in root
wood were weaker than stem wood and branch wood.
These results indicated that Iranian root alder wood fibers
are promising fibrous raw material for the fiberboard and
paper production due to long fiber length, while had a low
density. There is a lack of wood resources in Iran. Root
wood fibers can solve these problems.
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ABSTRACT
Assessment of mutagenic effects and DNA damage induced by radioactive elements at molecular level is important in ecotoxicology. In the present study, the radionuclides content was determined in four crop plant species,
namely Eruca sativa M., Solanum lycopersicum L. Pasidium guajava L. and Mangifera indica L. cultivated in the
black sand soil. The results revealed the ability of the plants
to accumulate a considerable amount of uranium and thorium in the edible portions. The absorbed radionuclide induced damages in DNA as indicated by variations in band
intensities, loss of normal band and appearance of new
bands in RAPD profiles compared to plants with low radionuclides content. The high level of uranium and thorium
in plant tissues caused some changes in SDS-PAGE of proteins reflected by alterations in the band relative mobility
and intensities, expression of new proteins and suppression
of some proteins. It is concluded that high uranium and thorium content induces mutagenesis and genotoxicity in the
four crop plant species. The DNA polymorphism detected
by RAPD analysis and SDS-PAGE of proteins could be used
as investigation tool for environmental toxicology and as a
useful biomarker for the detection of genotoxicity caused by
the radionuclides pollution in plants.

KEYWORDS: Ecotoxicology; proteomics; thorium; uranium; DNA
fingerprinting; protein profile

1. INTRODUCTION
In Egypt, the occurrences of black sand deposits are
known at the Nile mouth near Damietta and Rosetta and
have been worked for their heavy mineral content such asmagnetite, ilmenite, zircon and monazite. They are eco* Corresponding author

nomically important because of high concentrations of uranium and thorium in their structures [1, 2]. Abnormal occurrences of uranium and its decay products in rocks and
soils, and thorium in monazite sands are the main sources
of high natural background areas that have been identified
in several areas of the world [3]. The study of U and Th
transfer from soil to edible plants through root uptake is
very important, especially considering accumulation of
these radionuclides in the food chains [4]. Radioactive elements and heavy metals are chemical elements. On the basis of their chemical toxicity, generating reactive oxygen
species, thus leading to DNA damage and lipid peroxidation
of membranes [5]. Radionuclides can induce deleterious effects on biota via both chemical and radiological pathways.
Because of its dual toxicity, U represents a relatively unique
challenge to (eco) toxicologists. However, its toxicity has
been extensively studied for non-human biota [6].
Most studies on the plant genotoxicity related to that
induced by heavy metals such as Cd, Hg, Cr and Zn but the
studies on the genotoxicity of radionuclides is so rare and
mostly carried out on mammals. Genotoxic effects of Cd
on barley (Hordeum vulgare L) seedling were studied by
Liu et al. [7] and the results revealed that genomic template
stability was significantly affected at high concentration of
Cd. Also DNA damage in the roots and leaves of bean
(Phaseolus vulgaris L) seedling was detected by Cenkci et
al. [8] after uptake of Hg, B, Cr and Zn. Study of genotoxicity and mutagenic effects of uranium and thorium was
carried out by Soliman et al. [9] on some wild plants naturally grow in black sand soil and the study showed high
cytotoxicity and genotoxicity in the studied plant populations indicated by high percentage of chromosomal aberrations at different mitotic stages in addition. Moreover absorbed radionuclides induced changes in SDS-PAGE of
protein indicated by expression of new proteins and suppression of some proteins in the studied plants.
The chemical toxicity of radioactive elements may be
similar to that of heavy metals; however, an ionizing activ-
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ity associated with radioactive decay can result in additional toxic effects on the plant [10]. The detrimental effect
on life caused by trace metals can be exerted through their
capability of combining with biomolecules, especially proteins and may so act as potent enzyme inhibitors hampering
biochemical processes and compromising DNA and cell
membrane integrity [11]. The relationship between chemical pollution and alterations in the biochemical processes
of exposed organisms is of high importance in environmental research. Molecular data can provide information for
understanding the environmental impact of chemical
stressors and help to find suitable biomarkers for exposure
[12]. Because even essential metals can be toxic to living
organisms, numerous genes tightly regulate their intracellular concentrations. Since metals are not metabolized, different strategies of detoxification have been developed during the evolution to cope with their toxicity. In the cytosol,
they can be conjugated to glutathione, amino acids, metallothioneines or phytochelatins to be in the last step either
sequestrated in a less sensitive compartment such as the
vacuole or excreted out of the cell [5].
Toxic chemicals induce several cellular stress responses and damage to different cellular components such
as membranes, proteins and DNA [13]. Several studies
have used the chromosome aberration, micronucleus, or
comet assays to measure the effects of genotoxins on plants
[14]. Advantages of measuring effects of genotoxic chemicals directly on DNA are mainly related to the sensitivity
and short response time. Recently, advances in molecular
biology have led to the development of a number of selective and sensitive assays for DNA analysis in eco-genotoxicology. Random amplified polymorphic DNA (RAPD)
can be used to detect genotoxicity and differences in RAPD
profiles can clearly be shown when comparing DNA fingerprints from untreated and treated individuals to genotoxic agents [8].
Proteomics, or the systematic analysis of the proteins
expressed by a genome, is a powerful tool for not only describing complete proteomes at the organelle, cell, organ or
tissue levels, but also comparing proteomes as affected by
different physiological conditions, e.g., those resulting
from exposure to heavy metals or several other stressful
environmental factors. Most of the proteomic analyses that
have been performed to study the effect of heavy metals in
different organisms have shown that proteins related to antioxidative defense mechanisms are differentially regulated
in response to metal toxicity [15].
We set out the hypothesis that crop plant species or
fruit trees raised in radionuclide-contaminated soil may
take up and accumulate radionuclides in the edible organs.
These absorbed radioactive elements may cause mutagenic
effects and genotoxicity on the plants. To test the formulated hypothesis, the present study was conducted to assess
the radionuclides uptake by the two commonly cultivated
crop plants, viz. Rocket (Eruca sativa Mill.) and Tomato
(Solanum lycopersicum L.), and the two commonly cultivated fruit trees Guava (Psidium guajava L.) and Mango

(Mangifera indica L.) in the black sand of Baltim region
and to study the mutagenic responses that may be induced
by the accumulated radionuclides in the edible portions of
these plant species.
2. MATERIALS AND METHODS
2.1. Study sites

The present study was conducted in the black sand deposits in Baltim, Mediterranean coast of Egypt. Baltim site is
located on one of the high hills around Lake El- Burullus between longitudes 31° 5′ E and latitudes 31° 35′ N (Figure 1).
Black sand deposits are rich in heavy minerals, e.g., zircon
(ZrSiO4), rutile (TiO2) and ilmenite (FeTiO3). They are
economically important and are characterized by high concentrations of thorium (232Th) and uranium (238U) in their
crystalline structure [16, 17]. Physical and chemical properties of the soil were previously determined [18]. The
black sand soil texture is composed of coarse sand
(78.12%) with low fine sand (2.38%), silt (0.21%) and clay
(1.30%) content. As for control soil, the coarse amounted
54.57%, fine sand 11.80%, silt 6.46% and clay 27.18%.
The soil reaction was slightly alkaline in both black sand
and control soils, with pH values 7.27 and 7.41, respectively. The electric conductivity was higher in control soil
(0.43 dSm-1) than in black sand soil (0.36 dSm-1). Similarly, the organic matter content reached 3.66% in control
soil and 0.24% in the black sand.
2.2. Plant material and determination of radionuclide content

The soil and the edible portions of the studied crop
plants and fruit trees were collected from the study site of
Baltim and also from a control soil in which these plant
species cultivated. The collected edible samples were thoroughly washed and rinsed with distilled water. The samples were then cut into small slices and dried in oven at
60°C. The dried samples were then ground into fine powder and stored in fresh plastic polythene bags ready for further use. For estimation of radionuclides content in the soil,
the concentration of uranium and thorium was chemically
determined using spectrophotometric technique as described by Marczenko [19] at Uranium & Thorium Laboratory, Central Labs, Anshas, Nuclear Materials Authority.
The spectrophotometric determination was based on measuring the absorption of the complex compounds with Arsenazo III or Thorin in the visible part of the spectrum from
400 to 800 nm. Measurements were performed according
to blind samples. The samples were prepared in flasks of
10 mL by adding of the specific sample volume and 0.8 mL
of 0.05% solution of Arsenazo III or 1.2 mL of 0.1% solution of thorin. The pH values were adjusted by adding conc.
10% NaOH or 5 mol L−1 HNO3 or HCl, and the flasks were
refilled with water, methanol, or ethanol. Uranium and thorium content in the edible portions of the studied plant species were determined by high resolution inductively coupled plasma mass spectrometer (ICP-MS technique) model
Jeol-JMS-PLASMAX2, which installed at the Central La-
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FIGURE 1 - Map of northern part of Egypt showing the black sand deposits (dotted coastal strip) and the study site of Baltim.

boratory for Elemental and Isotopic Analysis, Nuclear Research Center, Atomic Energy Authority in Egypt. Before
analysis, the ICP-MS measuring conditions were optimised
using a solution containing uranium and Thorium at a concentration of 1 μg L−1. Calibration standards for ICP-MS
determination were prepared by dilution of 10 mg L−1 uranium and thorium. The measured uranium and thorium
concentrations in soil and plant samples were obtained in
ppm and converted to unite of BqKg-1 dry weight by multiplying the value of uranium by 12.34 and multiplying the
value of thorium by 4.0404.

amplification with denaturation at 95 ºC for 1 min, annealing at 36 ºC for 1 min and extension at 72 ºC for 2 min. The
final extension was carried out at 72 ºC for 5 min. The amplified DNAs were separated using electrophoresis unit
(WIDE mini-sub-cell GT Bio-RAD, USA) on 1% agarose
containing ethidium bromide (0.5 µg/ml) at constant volt
and determined with UV transilluminator.
TABLE 1 - Sequence of random primers used in RAPD-PCR.
Primer code
Primer 1
Primer 2
Primer 3
Primer 4
Primer 5
Primer 6
Primer 7
Primer 8
Primer 9
Primer 10
Primer 11
Primer 12
Primer 13
Primer 14
Primer 15
Primer 16
Primer 17
Primer 18

2.3. Genomic DNA extraction

DNA was isolated from 50 mg of leaf tissues using Qiagen Kit for DNA extraction by a modified CTAB method
[20]. The extracted DNA was dissolved in 100 µl of elution
buffer. The concentration and purity of the obtained DNA
was determined by using “Gen qunta” system-pharmacia
Biotech. The purity of the DNA for all samples was between 90-97%. Concentration was adjusted at 6 ng/µl for
all samples using TE buffer pH 8.
2.4. RAPD analysis

A total of 18, 10 mer oligonucleotide random primers were
used for RAPD analysis (Table 1). DNA amplification reactions were performed in 25 µl reaction mixture consisting of 1 unit of Taq DNA polymerase, 0.2 mM dNTP, 1x
PCR buffer, 3 mM MgCl2, 10 Pmol of each primer and approximately 50 ng of the extracted genomic DNA. Amplification reactions were carried out using PCR unit II Biometra with the following thermal profile: 1 cycle of 95 ºC
for 5 min (initial denaturation), followed by 45 cycles of

Sequence (5ʹ-3ʹ)
GGTGCGGGAA
GTTTCGCTCC
GTAGACCCGT
AAGAGCCCGT
AACGCGCAAC
CCCGTCAGCA
CAGTAGCGGA
GGTGGTGATG
GACTAAGCCC
TTCAGGGCAC
GGTCGGAGAA
TGCTCTGCCC
AGCGTGTCTG
TCCGCTCTGG
TCCCACGCAA
GGACCCTTAC
CATCCCCCTG
TTCCCCCGCT

2.5. Electrophoretic detection of protein by SDS-PAGE

Cytoplasmic proteins were extracted and purified from
leaf tissues of the test species for SDS-PAGE analysis as
described by Nelson et al. [21]. One gm freeze dry plant
material was ground with liquid nitrogen with a pre-cold
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mortar and pestle until the sample completely homogenized. The grounded samples were transferred to 1.0 ml eppendorf tube containing 200 µl extraction buffer (50m M
tis-HCl buffer, pH 6.8, glycerol 10% w/v, ascorbic acid
0.1% and cysteine hydrochloride 0.1 w/v). Centrifugation
at 18000 rpm for about 30 min was carried out at 4 0C to
remove debris. The protein content in the supernatant was
estimated according to the method of Bradford [22] by using bovine serum albumin as standard protein. Protein content was adjusted to 2 mg/ml per sample. The protein sample was separated by SDS-PAGE on 11% polyacrylamide
gel and electrophoresed at 50 volt for 3 hours according to the
method of Laemmili [23]. Electrophoresis was performed in a
vertical slab mold (Hoefer Scientific Instruments, San Francisco, CA, USA, model LKB 2001, measuring (16 x (18 x
0.15 cm). The silver staining method as described by Sammons et al. [24] was used for protein detection.

3. RESULTS
3.1. Radionuclides content

Uranium and thorium contents in the study soil are
summarized in Table 2. The concentration of uranium and
thorium was significantly higher in the black sand than in
the clay soil. With respect to uranium concentrations in the
black sand of Baltim in which test crop species (Eruca sativa
and Solanum lycopersicum) were cultivated were 76.919
and 95.429 BqKg-1 dry weight respectively which was significantly higher than that in the control soil in which the
both species were cultivated; 45.247 and 46.892 BqKg-1
dry weight respectively. Also uranium concentrations in
the black sand in which the test fruit tree species, P.
guajava and M. indica, were cultivated attained the values
of 86.791 and 81.855 Bq Kg-1 dry weight respectively.
While the control soil in which the two species were cultivated
uranium content was 60.877 and 9.749 Bq Kg-1 dry weight.
The same trend of results was also observed with the concentration of thorium, which was 32.458 and 31.246 BqKg-1 in
the black sand of Baltim in which E. sativa and S. lycopersicum were grown respectively. While in the control soil,
thorium content was 16.027 and 11.448 BqKg-1 dry weights
respectively. In the black sand of P. guajava and M. indica

thorium content showed the values of 20.067 and 24.242 Bq
Kg-1 dry weights respectively but these values were significantly decreased to 7.946 and 1.912 Bq Kg-1 dry weight in the
control soil in which the two species were cultivated. Concentrations of uranium and thorium determined in the edible portions of the study species are shown in Figure 2. The
uranium and thorium content in the plants cultivated in the
black sand soil generally attained values higher than that in the
plants cultivated in the control soil. In the leaves of E. sativa
uranium and thorium contents were 4.196 and 0.525 Bq Kg-1
dry weights respectively in the plants cultivated in the control
soil but these contents significantly increased to 12.957 and
1.657 Bq Kg-1 dry weight respectively in the plants cultivated in the black sand. With respect to S. lycopersicum,
uranium and thorium contents in the fruits attained the values of 2.221 and 0.485 Bq Kg-1 dry weight respectively in
the control soil, while in the plants of the black sand soil
these values significantly increased to 16.659 and 1.535 Bq
Kg-1 dry weight respectively. Uranium concentration in the
fruits of P. guajava and M. indica plants cultivated in the
control soil showed the values of 11.476 and 9.378 Bq Kg-1
dry weight respectively in the but these contents significantly increased in the plants grown in the black sand of
Baltim (16.165 and 14.314 Bq Kg-1 dry weight respectively). Fruits of these two species acquired lower levels of
thorium (0.566 and 0.485 Bq Kg-1 dry weight respectively)
when cultivated in the control soil than the plants cultivated
in the black sand of Baltim as thorium content attained values of 1.455 and 0.97 Bq Kg-1 dry weight respectively.
3.2. RAPD profiles of DNA

For verifying the genetic effect of the absorbed radionuclides, RAPD analysis was performed on DNA extracted
from the tissues of the test plant species. The resulted
RAPD-DNA profiles of the four plant species are summarized in Tables 3, 4, 5 and 6. With respect to E. sativa, of
18 decamer oligonucleotide primers tested, only 13 gave
specific and stable results (Figures 3; Table 3). The total
number of bands was 94 ranging from 100 to 3000 bp in
molecular size. Different polymorphic bands were detected
for different primers (P, P2, P3, P4, P5, P6, P7 and P8)
in the plants cultivated in black sand soil from which the
plants accumulated 12.957 and 1.657 Bq Kg-1 dry weight

TABLE 2 - Uranium and thorium content (BqKg-1 dry weight) in the black sand of Baltim and the control soil in which the study plant species
are grown. Data are expressed as mean ± S.D. Different superscript stars for the same species indicate a significant difference.
Study species

Study Soil

Eruca sativa

Black sand
Control
Black sand
Control
Black sand
Control
Black sand
Control

Solanum lycopersicum
Psidium guajava
Mangifera indica
**

Uranium
(Bq Kg-1)
76.91 ± 3.10**
45.24 ± 1.88
95.42 ± 3.10**
46.89 ± 2.46
86.79 ± 1.88**
60.87 ± 1.42
81.85 ± 1.88**
9.74 ± 0.44

Significant at P ≤ 0.001.
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Thorium
(Bq Kg-1)
32.4 ± 0.61**
16.0 ± 0.61
31.24 ± 1.01**
11.44 ± 0.61
20.06 ± 0.61**
7.94 ± 0.61
24.24 ± 0.80**
1.91 ± 0.10
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Black Sand
Control Soil

20

***

18
16

**

14

14

12

12

10

10

8

8

6

6

4

4
0

0

Es

Pg

Le

2,0

Thorium Content (Bq Kg-1)

**

2

2

1,8

*

1,6

***

**

Mi

***

1,4

1,6

1,2

1,4
1,2

1,0

1,0

0,8

0,8

***

0,6

0,6

0,4

0,4
0,2

0,2

0,0

0,0

Es

Pg

Le

Mi

-1

FIGURE 2 - Uranium and thorium content (BqKg dry weight) in the edible portions of the study crop plants (Es= Eruca sativa and Le=
Solanum lycopersicum) and study fruit trees (Pg= Psidium guajava and Mi= Mangifera indica) cultivated in the black sand of Baltim and in a
control soil. Vertical bar around the mean is the standard deviation. And different superscript stars for the same species indicate a significant
difference, *** significant at P ≤ 0.001; ** significant at P ≤ 0.01 and * significant at P ≤ 0.05.
TABLE 3 - RAPD profiles of Eruca sativa cultivated in black sand of Baltim and in a control soil in terms of the number of amplified products;
polymorphic bands; monomorphic bands and polymorphism percentage with different RAPD primers.
Primer

Primer 1
Primer 2
Primer 3
Primer 4
Primer 5
Primer 6
Primer 7
Primer 8
Primer 9
Primer 10
Primer 11
Primer 12
Primer 13
Total

Total amplified
products
5
8
11
3
8
7
3
7
11
9
7
10
5
94

Number of
bands in control soil
4
4
5
2
5
3
1
6
11
9
7
10
5
72

Number
of bands
1
5
7
3
4
4
3
5
11
9
7
10
5
74

Polymorphic bands
(+)
(-)
1
4
4
3
6
4
1
3
4
4
3
2
1
2
22
20
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Black Sand
Monomorphic bands
T
I
D
1
1
1
1
2
1
1
1
1
1
4
1
11
1
9
2
1
7
1
10
5
2
52
6
7

Polymorphism (%)
100
87.5
90.9
33.3
87.5
100
66.6
42.9
0
0
0
0
0
44.7
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FIGURE 3 - RAPD profiles of genomic DNA from the study plant species (Eruca sativa, Solanum lycopersicum and Mangifera indica) cultivated
in black sand of Baltim and in a control soil generated using different RAPD primers as indicated at the top of each gel. M: 100 bp DNA ladder
(100-1000 bp), P: primer, C: control soil, B: black sand,
: appearance of new band and
: varied band intensities.

of uranium and thorium in the edible portions. Polymorphisms were due to the loss and/or gain of amplified band
in the plants of black sand soil in comparison to plants from
the control soil. Values of polymorphisms (%) were ranged
between 33.3% with primer 4 to 100% with primer 1.
Among the 94 amplified products, 42 were polymorphic and
thus 44.7% of the total fragments were polymorphic while

55.3% of fragments were monomorphic. Out of 52 monomorphic bands intensities of 6 bands increased and 7 bands
decreased with the increase of radionuclides content in the
plants cultivated in the black sand soil. With primer 2 the
intensity of band with approximate molecular size 300 bp
decreased and bands of with approximate molecular size
400 bp increased when the plants cultivated in the black
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sand soil. Also with primer 6 and primer 7 intensity of band
with approximate molecular size 200 bp increased with increased uranium and thorium contents in leaves of plants
from Baltim.
Eighteen 10-mer oligonucleotide primers were utilized
for screening the genome of S. lycopersicum (Figures 3;
Table 4), whilst only 12 primers generated specific and stable results. A total of 71 fragments were amplified by the
12 primers with molecular sizes ranged from 100 to 2500 bp.
Out of these amplified products only 43 bands were monomorphic but the remaining bands (28 bands) were polymorphic due to appearance of 10 new bands and disappearance of 18 bands with uptake of more uranium and thorium
in the fruits of the plants cultivated in black sand soil. Thus
39.4% of the total amplified products were polymorphic. It
was observed that the polymorphism was 100% with primer 1, primer 2, primer 3, primer 4, primer 5 and primer 6
while primer 9, primer 10, primer 11, primer 12 and primer
13 showed 100 monomorphic bands. Among the primers,
which showed monomorphisms intensities of bands with
molecular sizes 843 and 771 bp produced by primer 10 increased while with primer 12 intensities of bands having
molecular sizes of 674 and 412 bp decreased (Figure 3)
when the plants cultivated in the black sand soil. In RAPD

DNA profile of P. guajava among the 18 RAPD primers
used, 8 primers only have amplified and 10 primers have
not amplified (Table 5). The eight primers generated a total
of 40 bands of which 38 band were polymorphic bands.
Primer 4 and primer 8 are the only primers that showed the
monomorphic bands and 80% polymorphism while with
remaining 6 primers 100% polymorphism was detected.
Thus 95% of the total amplified products were polymorphic and only 5% of bands were monomorphic. Polymorphisms observed in the amplified products were meanly
due to the appearance of 36 newly amplified fragments
when the plants cultivated in the black sand of Baltim from
which the fruits accumulated 16.165 and 1.455 Bq Kg-1 dry
weight of uranium and thorium in comparison to accumulated radionuclides from the control soil; 11.476 and
0.566 Bq Kg-1 dry weigh respectively.
As indicated from resulted bands, the 18 10 - mer priming oligonuleotides were used to analyze the RAPD - PCR
products of M. indica but only 13 primers gave specific and
stable results. With exception of primer 14 and primer 18,
RAPD patterns generated by DNA from the plants collected from black sand of Baltim were clearly different
from those obtained from the plants cultivated in the control soil. A total of 105 bands were scored ranging from

TABLE 4 - RAPD profiles of Solanum lycopersicum cultivated in black sand of Baltim and in a control soil in terms of the number of amplified
products; polymorphic bands; monomorphic bands and polymorphism percentage with different RAPD primers.
Primer

Primer 1
Primer 2
Primer 3
Primer 4
Primer 5
Primer 6
Primer 7
Primer 8
Primer 9
Primer 10
Primer 11
Primer 12
Primer 13
Total

Total amplified products
4
9
1
1
6
3
6
9
10
8
9
5
71

Number
of
bands in control soil
4
8
1
2
1
4
9
10
8
9
5
61

Number
bands
1
1
4
2
4
9
10
8
9
5
53

of

Polymorphic bands
(+)
(-)
4
1
8
1
1
4
2
2
1
2
2
10
18

Black Sand
Monomorphic bands
T
I
D
2
1
9
10
2
1
8
9
2
5
1
43
3
4

Polymorphism (%)
100
100
100
100
100
100
Nil
66.7
0
0
0
0
0
39.4

TABLE 5 - RAPD profiles of Psidium guajava cultivated in black sand of Baltim and in a control soil in terms of the number of amplified
products; polymorphic bands; monomorphic bands and polymorphism percentage with different RAPD primers.
Primer

Primer 1
Primer 2
Primer 3
Primer 4
Primer 5
Primer 6
Primer 7
Primer 8
Total

Total amplified products
4
2
8
5
7
6
3
5
40

Number
of
bands in control soil
1
1
1
1
4

Number of
bands
4
2
7
5
7
5
3
5
38

Polymorphic bands
(+)
(-)
4
2
7
1
4
7
5
1
3
4
36
2
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Black Sand
Monomorphic bands
T
I
D
1
1
1
2
1
-

Polymorphism (%)
100
100
100
80
100
100
100
80
95
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FIGURE 4 - SDS-PAGE of proteins from the study plant species cultivated in the black sand of Baltim and in a control soil. Lane M: molecular
weight standards (marker); Lane C: control soil; Lane B: black sand; Ec: Eruca sativa, Le: Solanum lycopersicum, Pg: Psidium guajava, Mi:
Mangifera indica. The arrows refer to the appearance of new bands and varied band intensities in plants cultivated in black sand.

TABLE 6 - RAPD profiles of Mangifera indica cultivated in black sand of Baltim and in a control soil in terms of the number of amplified
products; polymorphic bands; monomorphic bands and polymorphism percentage with different RAPD primers.
Primer

Primer 1
Primer 2
Primer 3
Primer 4
Primer 5
Primer 6
Primer 7
Primer 8
Primer 14
Primer 15
Primer 16
Primer 17
Primer 18
Total

Total amplified products
12
6
8
10
10
10
6
9
8
5
9
6
6
105

Number
of
bands in control soil
9
3
7
5
7
5
5
6
8
5
6
4
6
76

Number
bands
4
3
2
5
4
6
3
6
8
4
3
3
6
57

of

Polymorphic bands
(+)
(-)
3
8
3
3
1
6
5
5
3
6
5
4
1
3
3
3
1
3
6
2
3
29
48
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Black Sand
Monomorphic bands
T
I
D
1
1
1
1
1
2
2
3
8
4
4
1
1
6
28
8

Polymorphism (%)
91.7
100
87.5
100
90
90
66.7
66.7
0
20
100
83.3
0
73.3
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200 to 3000 bp in molecular size. The principal events observed following absorption of high level of uranium and
thorium from the black sand soil were variations in intensities of some monomorphic bands and loss of normal
bands and appearance of new bands causing polymorphisms compared with plants cultivated in the control soil.
Percentage of polymorphisms was ranged between 0%
with primer 14 and primer 18 to 91.7% with primer 1
reaching to 100% with primer 2, primer 4 and primer 16.
In general, out of 105 amplified products only 28 were
monomorphic bands (26.7%) and the remaining 77 bands
were polymorphic (73.3%) due to disappearance of 29 normal bands and appearance of 48 new bands. As indicated
from profiles of primer 3, primer 7, primer 15 and primer
17 the variation in the monomorphic bands was meanly due
to the decrease of the bands intensities. For instance, monomorphic bands of molecular sizes 1314, 720, 491 and 417 bp
obtained by primer 15 and band of molecular size 803 bp
produced by primer 17 decreased in intensities with the increase of uranium and thorium contents.
3.3. Electrophoretic banding pattern of protein

The mutagenic effect of uranium and thorium taken up
the study plant species in the edible portions on the banding
pattern of protein are shown in Figure 4. With regard to E.
sativa, the expression of 11 proteins was indicated by SDSPAGE of the plants cultivated in the black sand of Baltim
and in the control soil. But 6 proteins expressed in the
plants of control soil were not detected in the plants from
the black sand soil while the expression of 5 new proteins
was detected in these plants where the levels of uranium
and thorium increased from 4.196 and 0.525 Bq Kg-1 dry
weight respectively in the leaves of the plants from the control soil to 12.957 and 1.657 Bq Kg-1 dry weight respectively in the plants cultivated in the black sand soil. Moreover the intensities of proteins of molecular weight 88, 77
and 40 K.Da increased when the plants cultivated in the
black sand with the increase of uranium and thorium content in the plants leaves.
The protein-banding pattern of S. lycopersicum
showed the decrease of number of the expressed proteins
from 15 proteins in plants cultivated in the control soil to
11 proteins in the plants from the black sand soil with the
increase of uranium and thorium content in the fruits of the
plants. Only three of the expressed proteins were detected
in both plants of control soil and black sand of Baltim but
the remaining expressed proteins were greatly different as
12 proteins expressed in plants of control soil were not detected in plants cultivated in black sand soil but 8 new proteins were expressed in these plants.
In SDS-PAGE of P. guajava 22 bands were observed
in the plants grown in the control soil where uranium and
thorium contents were 11.476 and 0.566 Bq Kg-1 dry
weight respectively. These bands decreased to 17 bands
when the plants cultivated in the black sand soil and accumulated more uranium and thorium in the plant tissues
(16.165 and 1.455 Bq Kg-1 dry weight respectively). 15 pro-

teins expressed in plants of the control soil were disappeared when the plants cultivated in the black sand soil
with expression of 10 new proteins not detected in the
plants from the control soil. Protein of molecular weight
110 K.Da its intensity decreased in the plants of black sand
soil. Electrophoretic banding pattern of Proteins extracted
from fruits of M. indica showed disappearance of most proteins expressed in the plants cultivated in the control soil
and appearance of 21 new proteins in the plants from black
sand of Baltim where the plants absorbed high level of uranium and thorium.

4. DISCUSSION
In the present research determination of radionuclides
content in the black sand of Baltim and in a control soil
revealed that uranium content is generally higher than thorium content, and both uranium and thorium concentrations in the black sand soil were significantly higher than
that in the control soil. The amount of uranium and thorium
accumulated in the edible portions of the plant species from
the black sand soil and from the control soil where the
study plant species were cultivated have been measured
and the results showed that uranium and thorium were collected with significant concentrations in the edible portions
of the plants of the black sand soil in comparison to plants
from the control soil. Similarly, Hegazy and Emam [17]
detected higher level of uranium and thorium in the tissues
of the plants grown in the black sand soil than those grown
in the control soil. The mutagenic effects of the absorbed
Uranium and Thorium by the plant species were studied
through the study of RAPD profiles of DNA and electrophoretic banding pattern of proteins and the results revealed that
high content of uranium and thorium of the plants induced
DNA damages which was reflected by changes in RAPD
profiles. Changes in SDS-PAGE of proteins were alos observed with the increased concentration of radioactive elements in the edible portions of these plants indicated by the
alterations in the bands intensities, appearance of new protein band and disappearance of some bands.
Contamination of ecosystems and exposure to toxic
metals is a major concern all over the world [16]. One of the
important aspects of ecological and agricultural recovery
from radiation pollution is the understanding of the effect of
radiation on organisms and their populations [25]. Understanding the mechanisms by which higher plants perceive
environmental stimuli is of vital importance to modern molecular biology. In practice, the key point to agriculture is
how to regulate the harmonious relationship between soilenvironment and crops and make the best of physiological
potential of crops [26]. To some extent, plants could overcome environmental stress by developing efficient and specific physio-biochemical mechanisms. On the other hand, an
excess of toxic heavy metal ions induces several cellular
stress responses and damage to different cellular components such as membranes, proteins and DNA [7].
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In “genetic-ecotoxicology” or ‘‘eco-genotoxicology”,
the effective evaluation and proper environmental monitoring of potentially genotoxic pollutants will be improved
with development of sensitive and selective methods to detect toxicant-induced alterations in the genomes of a wide
range of biota [27]. As reported by some researchers [7, 10,
28, 29], the alteration in DNA fingerprinting is a useful biomarker in eco-genotoxicology. There are limited genotoxicity studies on the mutagenic effects of radioactive elements in the plants.
In the present investigation the polymorphism in genomic DNA was detected by RAPD profiles through the
randomly primed PCR reactions. In this sense, the obvious
disappearance of normal bands and appearance of new
bands generated from the plants absorbed high concentration of uranium and thorium from black sand soil of Baltim
in comparison to the plants from the control soil. The same
trend of results was also detected by Dhakshanamoorthy et
al. [30] on the genetic alterations in Jatrapha curcas produced by ionizing radiation and the study of genotoxicity
induced from toxic chemicals in Phaseolus vulgaris by
Cenkci et al. [8]. The disappearance of normal bands (band
loss) may be related to the events such as DNA damage
(e.g. single- and double-strand breaks, modified bases,
abasic sites, oxidized bases, bulky adducts, DNA–protein
cross links), point mutations and/or complex chromosomal
rearrangements induced by genotoxins [28, 31]. Appearance of new PCR products (extra bands) was also detected
in RAPD profiles. New PCR amplification products may
reveal a change in some oligonucleotide priming sites due
to mutations [new annealing event(s)], large deletions
(bringing to pre-existing annealing site closer), and/or homologous recombinations. The new bands could be attributed to mutations while the disappeared bands could be
attributed to DNA damage [32].
Domingo et al. [33] reported that the quantity of DNA
strand breakage increased with increasing doses of enriched uranium. Uranium is indeed chemically able to generate reactive oxygen species (ROS) via the redox chemistry of transition ions. Similarly, Uranium can radiologically induce free radicals production via the ionization phenomenon induced by alpha particle emissions [6]. DNA lesions induced by ROS and free radicals can indeed result
in DNA strand breaks, DNA-protein cross-links and oxidative base modifications. In addition, metals can cause direct
DNA strand breaks and inhibit DNA repair. Uranium is
hence expected to be both chemically and radiologically
able to induce genotoxicity [6]. Most adducts in DNA induced by reactive oxygen species (ROS) can be removed
by DNA repair mechanisms and hence don’t cause mutations [13]. The gain/loss or intensity differences of RAPD
bands may be related to DNA damage, mutations or structural rearrangements induced by genotoxic agents, affecting the primer sites and/or interpriming distances [28].
The study of electrophoretic banding pattern of proteins indicated the change of SDS-PAGE of proteins with
the increase of radionuclides content of the plants. The

main characteristic changes included alterations in the
band relative mobility, the band intensities, and disappearance of some bands and appearance of new bands indicating that protein expression is highly modified in the four
study species. Similarly, the study of Soliman et al. [9] on
the mutagenic effect of radionuclides absorbed by some
natural grown plant species in black and soil showed the
same trend of result. High concentrations of radionuclides
in the plant tissues caused expression of new proteins,
while suppression of some proteins occurred at law concentration of radionuclides with general decrease of the total protein content. Radionuclides absorbed by the study
species emits an internal radiation as reported by Nayar et
al. [34] who pointed out that the radiations from the absorbed radionuclides are much more important than the external radiations in the production of the biological
changes. These internal radiations may be the reasons of
appearance and disappearance of protein bands of the study
species with the increased radionuclide content of plants as
earlier reported by Zhenxing et al. [35].
In the present investigation, the observed changes in
the protein banding pattern may be due to two mutational
types i.e. gene mutation, induced by the absorbed radionuclides and detected by RAPD profile of DNA studied in the
present research and have been mentioned above and cytological aberrations, that were caused by the gamma radiation emitted by the soil radionuclides as reported by Soliman et al. [9]. A protein-banding pattern of an organism
represents a biochemical genetic fingerprint to that organism [34]. Each protein band represents the final products of
a transcriptional and translation events occurring due to active structural genes. Amino acid changes within a protein,
due to mutational events, can result in altered protein migration rates when the proteins are compared on polyacrylamide gels [34]. Thus the change in the protein pattern
is highly correlated to the recorded cytological anomalies
caused by soil radionuclides and the polymorphisms in
DNA induced by the accumulated radionuclides in plants
as reflected by RAPD profiles. This correlation may lead
to constitutive protein production or to attenuation or complete suppression of the concerned genes and well-produced intensive bands, faint bands or complete band disappearance [35].
The increased expression of several proteins associated with energy production and metabolism suggests that
higher energy is required to activate the metabolic processes, mainly focused to detoxification, in organisms exposed to heavy metals. Organisms chronically exposed to
a moderate level of a toxicant can develop acclimatization
that confers increased resistance to the toxicant, involving
important metabolic reshuffling [16].

5. CONCLUSIONS
The study of radionuclides content in the selected four
plants species cultivated in the black sand revealed the abil-
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ity of these plants to accumulate uranium and thorium in
the edible portions of the plants with significantly high
concentration in comparison to plants from the control soil.
Mutagenic effects and genotoxicity induced by the absorbed radionuclides were detected by the analysis of
RAPD-DNA profiles and electrophoratic banding pattern
of protein. The results showed a correlation between the
radionuclides content and the level of radionuclides induced DNA damage in the tissues of the study species.
High radionuclide content in the edible portions of the
plants species caused changes in SDS-PAGE of proteins
indicated by alterations in the bands relative mobility and
intensities, expression of new proteins and suppression of
some normal proteins. These results underline the deep
need for further investigations regarding radionuclides
ecotoxicity. The DNA polymorphism detected by RAPD
profiles and SDS-PAGE could be used as an investigation
tool for environmental toxicology and as a useful biomarker assay.
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CHANGES IN PHOTOTROPHIC COMMUNITY
STRUCTURE IN THE VERTICAL PROFILE DURING
SUMMER STRATIFICATION IN EUTROPHIC LAKE
Elżbieta Szeląg-Wasielewska*, Natalia Jakubowska and Agnieszka Kaźmierska
Department of Water Protection, Faculty of Biology, Adam Mickiewicz University in Poznań, Umultowska 89, 61-614 Poznań, Poland

ABSTRACT
The community structure and biomass of pelagic phototrophs, with particular attention to the picoplanktonic
size fraction, were studied in a eutrophic Lake Strzeszyńskie
in the Wielkopolska Lakeland (western Poland). Phototrophic community included prokaryotic cells, such as oxyphotobacteria (cyanobacteria), anoxyphotobacteria, eukaryotic cells representing cryptophytes, dinophytes, diatoms,
chrysophytes, xanthophytes, haptophytes, and green algae.
112 taxa of the phototrophs were recorded. Most of them
were eukaryotic cells (83 species), including chlorophytes
(48) and diatoms (15). The range of the photortophs biomass was between 0.1 and about 3 mg l-1, and its maximum
was at 8 m depth, mostly due to eukaryotic cells. In the
shallower waters layers the contributions of the cyanobacteria and the eukaryotes to the total biomass were very similar. Starting from 10 m anoxyphotobacteria increased in
importance and near the bottom their contribution to phototrophic biomass exceed 50%. The smallest phototrophs
were dominated by the picocyanobacteria. The joint contribution of pico- and nanoplankton in the water column
ranged significantly. In the epilimnion it was about 30%,
in the upper part of metalimnion it reached 50%, and in the
lower part of hypolimnion they accounted for 70% of total
phototrophic biomass. In the microplankton, the highest biomass was produced by the filamentous cyanobacteria and
phytoflagellates. These examinations are pointing out to
the need for a holistic approach to the photosynthetic organisms and show that at increasing depths different groups of
phototrophs play the role as major producers.
KEYWORDS: phytoplankton, vertical distribution, picocyanobacteria, picoeukaryotes, photosynthetic bacteria

taxonomic composition and biomass of cell size fractions,
especially in a strongly stratified lake. Phytoplankton often
has non-random, specific distribution, but the question is:
how are the species compositions assembled from a common species pool? Phototrophs are a major component of
the food web, so investigations of their species diversity is
often a starting point for research on trophic links. Many
studies have demonstrated vertical variation of the phytoplankton community within lakes. However, investigation
of all groups of phototrophs and their size fractions requires
the use of various approaches to sample collection and various microscopic methods, which is rarely done simultaneously. As a rule, in upper water layers single-celled cyanobacteria are neglected, while in the deeper layers, the same
applies to phototrophic bacteria. Thus, only few studies so
far have described the abundance, distribution, and composition of the entire phototrophic community, i.e. considering all taxonomic groups and all size fractions in the whole
water column [1-5]. Size structure is a particularly important
parameter used for characterization of phototrophic communities, but the importance of the smallest cells, i.e. picoplanktonic phototrophs, as significant contributors to phototrophic biomass, has been increasingly recognized [6-8].
The aim of this study was to characterize the phototrophic community of the pelagic zone of a lake and to assess changes in its structure in the vertical profile. Special
attention was paid to picoplanktonic phototrophs and pigmented bacterioplankton. For the comparison of phototrophs, water samples were collected during thermal stratification from Lake Strzeszyńskie, which is quite deep and
eutrophic. In this lake this is the first study of all phototrophs under increasing eutrophication, after a cyanobacterial bloom.

2. MATERIALS AND METHODS

1. INTRODUCTION
In the pelagic zone of lakes, phototrophic communities
vary in the vertical profile, and the variation concerns both
* Corresponding author

This study was carried out in Lake Strzeszyńskie
(52°27′36″N, 16°49′19″E), located in the Wielkopolska
Lakeland (mid-western Poland). The lake area is 35 ha,
max. depth 17.8 m, and a volume 2.8 million m3 [9]. Currently it has one significant affluent, from a plateau, and
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only 2 effluents. It is a hard-water lake with summer stratification and anoxic hypolimnion but sometimes in late
summer also the lower part of metalimnion has an oxygen
deficit, as reported earlier [10]. Lake Strzeszyńskie is subject to progressing eutrophication and is strongly affected
by humans. Increasing water pollution results from mostly
bathing people, anglers, and hydrological and sewerage
changes in the catchment area.
Water samples for the analysis of plankton were taken
in the deepest part of the pelagic zone on August 22, 2011.
The samples were collected using an electric pump and silicon tube at 2-metre intervals from the surface to the bottom. Water samples for picophytoplankton and bacterioplankton studies were preserved with buffered formaldehyde, while the remaining size fractions of phytoplankton
with Lugol’s solution. Water temperature and dissolved
oxygen concentration were measured by a multiprobe
(YSI meter) in the whole vertical column at 1-metre intervals, whereas water transparency was measured with
a Secchi disc.
Planktonic organisms were identified to the species
level or  if this was impossible  they were only assigned
to a genus. Pico- (0.22.0 µm), nano- (2.020 μm) and microplankton (20200 µm) size fractions were taken into account. Phototrophic and heterotrophic picoplanktonic cells
were distinguished on the basis of autofluorescence of photosynthetic pigments [11] and second fluorescence [12] under an epifluorescence microscope (Olympus BX-60). For
the analysis of picoplanktonic cells water samples of 13 ml in volume were collected by filtration on black polycarbonate filter (pore size 0.2 m) under a low vacuum
pressure. A mercury lamp HBO (100 W) and standard filter
sets were applied to generate green, blue, blue-violet and
ultra-violet excitation light. The specimens were examined
at a magnification of 1500. Nanoplankton, microplankton
and larger phytoplanktonic organisms (>200 µm) were analysed under an inverted microscope using phase–contrast
illumination after sedimentation in settling chambers of
14 ml in volume, at a magnification of 40, 150 and 600.
As the abundance and biomass of organisms larger than
200 m were negligible, they were analysed jointly with
microplankton. Abundance was expressed as cell numbers
per 1 ml of water. The biovolume of each species was calculated on the basis of cell shape, size, and number, while
their biomass was expressed assuming that the volume of
106 µm3 is equivalent to 1 µg. The biomass value are given
as wet weight (mg l-1).

3. RESULTS
Lake water temperature reached 22.2ºC at the surface
but declined as the depth increased, to 5.0ºC near the bottom. On the basis of the temperature curve, the vertical profile was divided into the epi-, meta-, and hypolimnion,
which were 4 m, 6 m, and 6 m thick, respectively. The saturation of epilimnetic waters with oxygen exceeded 100%

and rapidly decreased as the depth increased, to about 15%
in the middle of metalimnion. In the deeper part of the water column, from 8 m, oxygen was absent (Fig. 1). Hydrogen sulphide was detected starting from the upper part of
hypolimnion. Secchi depth amounted to 2.15 m.
o
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FIGURE 1 - Vertical variation in the temperature (open circles) and
the concentration of dissolved oxygen (black diamonds ) in Lake
Strzeszyńskie in August 2011.
3.1 Species richness of phototrophs

In the pelagic zone of Lake Strzeszyńskie, 112 taxa of
phototrophs were recorded in total. Most of them were eukaryotes algae (83 species), including chlorophytes (Chlorophyta) (48 species), diatoms (Bacillariophyceae) (15),
cryptophytes (Cryptophyceae) (7), dinophytes (Dinophyceae)
(6), chrysophytes (Chrysophyceae) (5), haptophytes (Haptophyceae) (1), and xanthophytes (Xanthophyceae) (1). Species
richness was the highest in the epilimnion, at the depth of
4 m. At the deeper layer it gradually decreased, and only
12 taxa of eukaryotic cells were observed near the bottom.
Cyanobacteria were also present in the whole water column
and were represented by 27 taxa, whereas anoxyphotobacteria, by 2 taxa. The latter group appeared at the depth of
8 m, but occurred also deeper down, to the lake bottom
(Table 1).
The number of phototrophic taxa in samples from various depths ranged from 24 to 60 (53-60 in the epilimnion,
35-51 in the metalimnion, and 24-34 in the hypolimnion).
Starting from the metalimnion, it gradually declined at increasing depths. Most of the taxa are common in inland
waters. However, some of them, e.g. Dinobryon crenulatum W. West et G.S. West and Tetraedriella jovetii Bourrelly, are rarely reported from Polish lakes.
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TABLE 1 - Floristic spectrum of pelagic plankton in Lake Strzeszyńskie in the vertical profile.
Group of phototrophs
Anoxyphotobacteria
Oxyphotobacteria
Eukaryotic cells:
1 Cryptophyceae
2 Dinophyceae
3 Chrysophyceae
4 Haptophyceae
5 Bacillariophyceae
6 Xanthophyceae
7 Chlorophyceae
Total 1-7

0.2m
21

2m
18

4m
17

Number of taxa
6m
8m
10m
1
2
15
17
12

5
3
4
1
4
1
21
39
60

5
3
2
1
6
1
17
35
53

4
5
2
1
6
1
23
42
59

6
4
2
5
19
36
51

Total

3.2 Abundance and biomass of phototrophs

The total phototrophic abundance, considering all the
analysed depths, ranged from 3.09105 to 1.18106 cells
ml-1 (mean 6.17105cells ml-1). It increased gradually,
reaching a maximum at the depth of 4 m, i.e. at the base of
epilimnion, and later decreased to a minimum in the lower
part of metalimnion (10 m), where oxyphotobacteria were
3-fold less numerous but anoxyphotobacteria were already
quite numerous. Deeper down, in the hypolimnion, at successive depths, mostly because of anoxyphotobacteria, total phototrophic abundance was still quite high, ranging
from 3.32105 to 3.82105 cells ml-1 (Fig. 2).
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35

Total
12m
2
13

14m
2
13

16m
2
10

2
27

3
1
0
3
12
19
34

0
0
1
4
13
18
33

0
0
1
2
9
12
24

7
6
5
1
15
1
48
83
112

Phototrophic biomass was not high, ranging from
0.147 to 2.956 mg l-1. The mean value was 1.21 mg l-1 for
the whole water column, while 1.70, 1.66, and 0.28 mg l-1
for the epi-, meta-, and hypolimnion, respectively. The biomass of phototrophs was weakly positively correlated
with their abundance. Their biomass peaked at the depth of
8 m, mostly thanks to eukaryotic cells (87%). In shallower
water layers, contributions of cyanobacteria and eukaryotic
cells to total biomass were very similar, although the latter
always prevailed. Deeper down, starting from 10 m, where
total phototrophic biomass did not exceed 0.6 mg l-1, anoxyphotobacteria increased in importance, and near the bot-
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FIGURE 2 - Vertical variation in the abundance of phototrophs in Lake Strzeszyńskie in August 2011.
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FIGURE 3 - Vertical variation in the biomass of phototrophs in Lake Strzeszyńskie in August 2011.
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FIGURE 4 - Vertical variation in the biomass of taxonomic groups of eukaryotic cells in Lake Strzeszyńskie in August 2011.
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tom their contribution to phototrophic biomass exceeded
50% (Fig. 3). In the hypolimnion, as much as 45% of the
biomass was contributed by photosynthetic bacteria: purple and green sulphur bacteria (Chlorobium sp.) and their
symbiotic consortia (Pelochromatium spp.).
In the epilimnion, among eukaryotes, the main contributors to phototrophic biomass were dinophytes, cryptophytes and green algae, but in the upper part of metalimnion, the importance of diatoms increased. Diatoms with
cryptophytes peaked in biomass at the depth of 8 m, in the
very middle of the water column. However, only 2 m
deeper down, the biomass of eukaryotic cells was 18-fold
lower. The same eukaryotic phototrophs were found also
in hypolimnion, but their abundance and biomass were
very small. Chlorophytes and diatoms in that layer were
major contributors to eukaryotic phototrophic biomass
(Fig. 4).

The proportion of eukaryotic cells (i.e. the smallest chlorophytes), was low, as on average they accounted for 0.2%
of picophototrophic abundance and 1.2% of the biomass
(Table 3). Eukaryotic PPP occurred in the lower part of the
water column, and its abundance peaked in the metalimnion, at the depth of 10 m (3.1103 cells ml-1). Eukaryotic
PPP included chlorophytes of the genera Choricystis,
Chlorella and Pseudodictyosphaerium.
In the hypolimnion, as much as 56-84% of phototrophic biomass was contributed by photosynthetic bacteria – mostly symbiotic consortia of green sulphur bacteria
(Pelochromatium spp.). The same phototrophic bacteria
were found also at the lower part of metalimnion, but their
contribution to phototrophic biomass did not exceed there
26%, because the major contributors at that depth were cyanobacteria, both single-celled (29%) and colonial forms
(39%).

3.3 Size structure of phototrophs

3.3.2 Nanoplankton

3.3.1 Phototrophic picoplankton (PPP)

The most abundant nanoplanktonic species were: the
diatom Cyclotella ocellata, haptophyte Chrysochromulina
parva, cryptophytes Cryptomonas marssonii, and
Rhodomonas lacustris, chlorophytes of the genera
Tetrastrum and Scenedesmus, and phototrophic bacteria
Pelodictyon sp. Cyclotella ocellata was most abundant at
the depth of 6 m, while cryptophytes peaked slightly
deeper down, at 8 m. In contrast, Ch. parva was detected
only in the epilimnion. Purple and green sulphur bacteria
appeared in the lower part of metalimnion but were most
numerous in hypolimnion.
The mean contribution of nanoplankton to phototrophic abundance in the water column was only 3.2%.
However, this did not result from a low density of the cell
size fraction, because at 3 out of the 9 studied depths it exceeded 20 000 cells ml-1, but it was due to an exceptionally
high abundance of picoplanktonic cells. In contrast, nano-

The abundance of the smallest size fraction of phototrophs varied widely, from 2.7×105 to 1.1×106 cells ml-1,
while its contribution to total abundance, from 87 to 97%
(Table 2). The highest density of PPP was observed in the
epilimnion. Its biomass was the highest there (0.314 mg l-1),
and decreased with increasing depth to 0.06 mg l-1 at 10 m
and then slightly increased again near the lake bottom. The
mean contribution of PPP to the total biomass of phototrophs was close to 20%, and was the highest in the hypolimnion, where it reached 46%.
At all the studied depths, picocyanobacteria occurred
but were most numerous in epi- and metalimnion. They
were mostly dominated by colonies of picoplanktonic cyanobacteria (45-83.2%), primarily Aphanocapsa and Aphanothece spp. Single-celled PPP of the genus Synechocystis
were more abundant in the lower part of the water column.

TABLE 2 - Abundance and biomass of size fractions and their contribution to total phototrophic abundance and biomass.
Abundance
103 cells ml-1
Contribution (%)
Range
Mean
Range
Mean
268.7-1110
576.5
86.9-97.3
92. 9
1.7-33.2
12.0
0.2-8.2
3.2
2.4-67.0
28.1
0.6-7.0
3.9

Size fraction
Picoplankton
Nanoplankton
Microplankton

Biomass
mg l-1
Range
0.060-0.314
0.045-0.687
0.036-2.083.

Contribution (%)
Range
Mean
6.3-45.8
19.6
12.4-36.3
22.1
23.1-74.9
58.3

Mean
0.153
0.251
0.808

TABLE 3 - Abundance and biomass of phototrophic picoplanktonic cells and contributions of single-celled picocyanobacteria (S-Pcy), colonial
picocyanobacteria (C-Pcy), eukaryotic picoplankton (E-PPP) and other photosynthetic picobacteria (PhB).
Biomass (mg l-1)

Abundance
3

S-Pcy
C-Pcy
E-PP
PhB
nd – not detected

10 cells ml
Range
21.2–240
17.5–866.5
nd.–3.1
nd.– 10.3

-1

Mean
111.2
369.5
0.7
95.3

Contribution (%)
Range
Mean
6.1-28.7
17.6
5.0-83
53.1
nd.-1.1
0.2
nd.-88.9
29.1
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-1

mg l
Range
0.005-0.090
0.005-0.233
nd.- 0.004
0.015-0.053

Mean
0.034
0.101
0.012
0.016

Contribution (%)
Range
Mean
8.0–35.0
19.7
7.9–82.1
54.2
nd.–6.5
1.2
nd.–83.6
24.9
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FIGURE 5 - Contribution of size fraction to phototrophic biomass in Lake Strzeszyńskie in August 2011

plankton biomass accounted for a high proportion of phototrophic biomass (on average 22%, with a wide variation) (Table 3). In the water column, there are 2 characteristic peaks
of the contribution of nanoplankton to total phototrophic biomass (Fig. 5). A maximum of 36% was detected at the depth
of 6 m, partly because of a high abundance of the diatom C.
ocellata. At the depth of 14 and 16 m, it reached about 31%,
and purple sulphur bacteria were abundant.
It is noteworthy that the joint contribution of pico- and
nanoplankton in the water column ranged from 25 to 77%.
In the epilimnion it was about 30% (28-31%), in the upper
part of metalimnion (at the depth of 6 m) it approached
50%, and exceeded this value only in the lower part of hypolimnion, where they accounted for 70% (73-77%) of total phototrophic biomass.
3.3.3 Microplankton

In the phototrophic biomass (but not abundance, which
was similar to nanoplankton contribution to total phototrophic abundance), microplankton dominated in epi- and
metalimnion. In the epilimnion their contribution to phototrophic biomass was not lower than 69%, whereas in the
metalimnion, not lower than 52%. Deeper down, in the upper part of hypolimnion (12 m), the contribution of microplankton increased suddenly to 75%, mostly due to
Pseudanabaena occurrence, and in the lower hypolimnion
suddenly declined to 23-27% in favour of nano- and picoplankton (Fig. 5). Within microplankton, the highest bio-

mass was produced by the cyanobacteria Pseudanabaena,
Gomphosphaeria and Microcystis, flagellates Ceratium hirundinella, and members of the genera Peridinium, Cryptomonas, Dinobryon. Important microplanktonic species
were also green algae of the genus Carteria and Closterium
acutum var. variabile.
4. DISCUSSION
In studies of phototrophic communities in the epilimnion, aimed to assess species richness, water quality or
trophic state, picoplanktonic cells are usually neglected,
although many reports indicate their high diversity, abundance, and sometimes also biomass [6-7], while in the hypolimnion, phototrophic bacteria are often neglected [13].
In Lake Strzeszyńskie, they were taken into account as
early as in the 1990s [10] but the former only recently, i.e.
in the study presented here. Phototrophic communities are
dynamic systems of interacting populations and, at a given
depth, a distinct assemblage of species occurs [14]. Consideration of these organisms from various points of view
and in various respects (e.g. in respect of species composition and size structure) is fascinating, especially with the
use of microscopic methods, and may contribute to better
understanding of their importance in the food web. A particularly favourable period for investigations is the time of
lake stratification, as it gives a possibility to detect variation within the water column. Interesting results achieved

360

© by PSP Volume 24 – No 1b. 2015

Fresenius Environmental Bulletin

in this area by examining two lakes in Siberia using microscopic techniques, analysis of photosynthetic pigments, and
molecular analyzes [15-17].
The total number of phototrophic taxa in the water column (112) of Lake Strzeszyńskie during thermal stratification in summer did not differ remarkably, as it was only
slightly lower than in the epilimnion (117), where samples
were collected 12 times from May to November [18]. The
vertical variation, mostly of water temperature and oxygenation, results in a high species richness of phototrophs.
In the study lake, species composition varied widely, both
with depth and seasonally. Various algal groups dominated
in the epilimnion in successive months, but during thermal
stratification in August they coexisted and their species
richness was similar. Moreover, the total phototrophic diversity may be even higher in the water column because of
the presence of phototrophic bacteria in the anoxic hypolimnion. In less fertile lakes, species richness is lower. For
example, in the oligo-mesotrophic, meromictic Lake Czarne,
only 60 taxa were recorded in total in July at 8 depths in the
water column [19].
Pelagic phototrophs in Lake Strzeszyńskie occurred in
the whole water column but proportions between their
groups and the dominant group varied. In the upper part of
the column, oxyphotobacteria dominated in terms of abundance, while major contributors to biomass were eukaryotic cells, which precisely in the middle of the water column formed a subsurface biomass peak. In summer, a subsurface peak of biomass or chlorophyll concentration in
deeper water layers was recorded in oligo- and mesotrophic
lakes, e.g. in the lower metalimnion or upper hypolimnion
of Lakes Huron and Michigan [20] or in the metalimnion
of Lakes Konstanz, Maggiore and Stechlin [21-23]. They
are formed by one or several planktonic species, mostly diatoms, cyanobacteria or flagellates of various taxonomic
groups [24-25]. In Lake Strzeszyńskie the subsurface dominants were cryptophytes and diatoms, at a ratio of about
13:1. Such a maximum, but closer to the lake surface although still in the metalimnion, was observed in another eutrophic lake in the Wielkopolska region, but was formed by
microplanktonic filamentous cyanobacteria [26].
Species composition of eukaryotic phototrophs varied
significantly in the water column of Lake Strzeszyńskie,
with green algae, dinophytes, diatoms or cryptophytes predominating at successive depths. Cryptophytes were major
contributors to biomass, dominant at the depth of 8 m, in
the area with cooler water and less light but higher nutrient
concentrations than in the epilimnion. It is known that
cryptophytes may increase rapidly at optimal conditions
[27-28], and are often the only abundant phytoplanktonic
cells in transitional conditions. The additional pigment
phycoerythrin enables their survival under poor light conditions, while their capacity for phagotrophy allows them
to compensate for the shortage of photosynthates [29].
Metalimnion, particularly its lower part, is a special
level in the water column of the study lake. In the middle

of metalimnion, phototrophic biomass culminated, mostly
thanks to eukaryotic cells. Above this layer, i.e. in the epilimnion, the contribution of eukaryotes to phototrophic biomass was lower, as they codominated with cyanobacteria,
both small-sized and relatively large. In contrast, slightly
below the metalimnion, i.e. in the upper hypolimnion, phototrophic biomass declined dramatically, while contributions of oxyphotobacteria and eukaryotic algae to the total
biomass were nearly equal. Anoxyphototrophs found favourable conditions in the hypolimnion. This sheds new
light on the magnitude of phototrophic biomass in the hypolimnion of this lake, indicating that it is on average 45%
higher. The range of changes in contribution of phototrophic bacteria to total phototrophic biomass in hypolimnion was wide (11-52%), but similar to values were earlier
reported from some stratified Lobelia lakes with anoxic hypolimnions, located in the Pomeranian Lakeland (northern
Poland): Czarnówek, Iłowatka, and Piekiełko. In the hypolimnion of Lake Czarnówek, as much as 45% of biomass
in the first summer and about 5% in the second summer
was contributed by the photosynthetic green sulphur bacteria and their symbiotic consortia. In Lake Piekiełko in the
first summer, their contribution to phototrophic biomass
reached 25%, but in the second summer, the contribution
of phototrophic bacteria was doubled (48%). Within the
hypolimnion of Lake Iłowatka, studied only in 2003, phototrophic biomass was very low (0.2 mg l-1) and the structure of phototrophs was different, as photosynthetic bacteria were the dominant group. Their contribution to total
phototrophic biomass reached nearly 70% [5]. However,
the density of these microorganisms in the studied lake is
much lower than in the highly stratified meromictic lakes,
which were examined in detail various aspects of the ecophysiology of purple sulfur bacteria [30].
The size structure of phototrophs is an important parameter characterizing food resources in the pelagic zone.
Many consumers feed on the smallest organisms, as they
are abundant in open water and their sedimentation is
slower than of larger microorganisms. Thus it is important
to distinguish between the larger phototrophs and their
smallest fraction, i.e. picophototrophs. Moreover, as noted
by Pinel-Alloul et al. [31], size structure is needed to understand clearly the mechanisms by which grazers and nutrients produce variable chlorophyll-a yields per unit of TP
in the lake. Thanks to inclusion of the smallest and usually
also most abundant size fraction of phototrophs, i.e. picoplankton, total phototrophic plankton abundance in Lake
Strzeszyńskie was much higher than in earlier reports [10].
In the water column during lake stratification, picophototrophic abundance was high and varied widely (2 orders of
magnitude). Despite their small size, picoplankton contributed substantially to phototrophic biomass, on average
about 20%. On the whole, the contribution of picoplankton
to total phototrophic biomass was not very high in comparison with Lobelia lakes in the Bytów Lakeland in northern
Poland [5] but were within the range found in lakes with a
low trophic level [7].
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Picophototrophs included both cyanobacteria and eukaryotic cells (chlorophytes) as well as phototrophic bacteria. Cyanobacteria were much more numerous than chlorophytes, which confirms an earlier opinion about the prevalence of cyanobacteria in respect of abundance in freshwater habitats in summer [7]. As shown by earlier research
in Polish lakes, they occurred as single cells and colonies
of diverse morphology. In the upper part of the water column, more picocyanobacteria were colonial than singlecelled. Similarly, in summer in the water column of Lake
Czarne, colonial picocyanobacteria were more numerous
than single cells in epilimnion [19]. The causes of appearance of picocyanobacterial colonies are still unclear but
usually they are associated with nutrient limitation in summer in the epilimnion and/or consumer pressure [7]. Colonial forms or other cell aggregations may be treated as a
survival strategy in less favourable nutrient conditions [3134]. To explain the origin of multicellularity, the transition
between colonies and unicellular forms, differential gene
expression analysis may supply new information, as in the
case of gene identification exercise in Desmodesmus,
which is a potential model for elucidating the origin of multicellularity [35].

both single-celled and colonial. The picochlorophytes were
a lot less frequent, they formed dense populations only in
the upper part of the hypolimnion. The joint contribution
of pico- and nanoplankton in the water column ranged from
25 to 77%. In the epilimnion it was about 30%, in the upper
part of metalimnion it reached 50%, and exceeded this
value only in the lower part of hypolimnion, where they
accounted for 70% of total phototrophic biomass. In the
microplankton, the highest biomass was produced by the
filamentous cyanobacteria and flagellates (members of the
genera Ceratium, Peridinium, Cryptomonas, Dinobryon).
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Eukaryotic PPP was much less numerous than picocyanobacteria, and its occurrence below 8 m, where water
temperature was nearly 2-fold lower than at the lake surface, is consistent with reports that eukaryotic PPP prefers
colder waters, but richer in nutrients [36-37, 18]. Very
much like in the mesotrophic Lake Czarne [19], their presence was detected only in the bottom layer of water (at 8 m
or deeper) but its abundance was lower, although Lake
Strzeszyńskie, located within an urban agglomeration, is
regarded as more fertile than Lake Czarne in the Drawa
National Park. In contrast, in a very fertile dam reservoir,
eukaryotic PPP was exceptionally abundant, reaching similar densities as picocyanobacteria in other eutrophic water
bodies [18]. Moreover, eukaryotic PPP cells were slightly
larger than picocyanobacteria, which is commonly observed and was already reported earlier from this lake and
other Polish lakes, as well as in other countries [36, 39].
The picoplanktonic chlorophytes recorded in the study lake
are taxa found in various aquatic habitats. Choricystis minor, which was most abundant, is common e.g. in ponds,
lakes, and rivers. It is noteworthy, however, that in respect
of species composition, freshwater eukaryotic PPP is less
studied than marine eukaryotic PPP, and the list of its taxa
is continuously supplemented [23, 40-41].
In conclusion, the results of this study was aimed to
indicate the need for a holistic approach to the photosynthetic organisms and to show that at increasing depths diffrent groups of phototrophs play the role as major producers. In the shallower waters layers the contributions of the
cyanobacteria and the eukaryotes algae to the total biomass
were very similar. Starting from 10 m anoxyphotobacteria
increased in importance and near the bottom their contribution to phototrophic biomass exceed 50%. The smallest
phototrophs were dominated by the picocyanobacteria,

362

The authors have declared no conflict of interest.

REFERENCES
[1]

Happey-Wood, C.M. (1991) Temporal and spatial patterns in
the distribution and abundance of pico, nano and microphytoplankton in an upland lake. Freshwater Biology, 26, 453-480.

[2]

Beaty, M.H. and Parker, B.C. (1996) Relative importance of
pico-, nano-, and microplankton to the productivity of mountain lake, Virginia. Hydrobiologia, 331, 121-129.

[3]

Szeląg-Wasielewska, E. (1997) Picoplankton and other size
groups of phytoplankton in various shallow lakes. Hydrobiologia, 342/343, 79-85.

[4]

Szeląg-Wasielewska, E. (2003) Phytoplankton community
structure in non-stratified lakes of Pomerania (NW Poland).
Hydrobiologia, 506-509, 229-236.

[5]

Szeląg-Wasielewska, E. (2010) Vertical distribution of phototrophs in the pelagic zone of three small Lobelia lakes. Oceanological and Hydrobiological Studies, 39(2), 121-133.

[6]

Weisse, T. (1993) Dynamics of autotrophic picoplankton in
marine and freshwater ecosystems. In Advances in Microbial
Ecology. Edited by J.G. Jones. Plenum Press, New York, 13,
327-370.

[7]

Stockner, J.G., Callieri, C. and Cronberg, G. (2000) Picoplankton and other non-bloom-forming cyanobacteria in lakes. In The
ecology of Cyanobacteria. Edited by B.A. Whittion and M. Potts.
Kluwer Academic Publishers, Netherlands, 195-231.

[8]

Polat, S. (2006) Size-fractionated distribution of the phytoplankton biomass in the Iskenderum Bay north-eastern Mediterranean
Sea. Fresenius Environmental Bulletin, 15(5), 417-423.

[9]

Jańczak, J. and Sziwa, R. (1995) A morphometric and hydrological characteristic of lakes and reservoirs of Poznań (in
polish). In Surface waters of Poznań. Water problems of urban
areas. Edited by A. Kanieckiand J. Rotnicka, Sorus, Poznań,
345-355.

© by PSP Volume 24 – No 1b. 2015

Fresenius Environmental Bulletin

[10] Szeląg-Wasielewska, E. (1999) Seasonal fluctuations of phytoplankton as an expression of changes in the pelagic zone of
lakes (in polish). In Natural and anthropogenic transformations of lakes. Edited by A. Choiński and J. Jańczak. IMiGW, Warszawa, 245-254.
[11] MacIsaac, E.A. and Stockner, J.G. (1993) Enumeration of
phototrophic picoplankton by autofluorescence microscopy.
In The handbook of methods in aquatic microbial ecology. Edited by P.F. Kemp, B.F., Sherr, E.B. Sherr E.B. and J.J. Cole
J.J. CRC Press, Boca Raton, FL, 187-97.
[12] Porter, K.G. and Feig, Y.S. (1980) The use of DAPI for identifying and counting aquatic microflora. Limnology and
Oceanography, 25, 943-948.
[13] Eloranta, P. (1985) Hypolimnetic chlorophyll maximum by
algae and sulphur bacteria in one eutrophic pond. Archiv für
Hydrobiologie - Supplement, 71(3), 459-469.
[14] Reynolds, C.S. (1984) The ecology of freshwater phytoplankton. Cambridge University Press, Cambridge, pp. 384.
[15] Lunina, O.N., Bryantseva, I.A., Akimov, V.N., Rusanov, I.I.,
Rogozin, D.Yu., Barinova, E.S., Lysenko, A.M. and Pimenov,
N.V. (2007) Seasonal changes in the structure of the anoxygenic photosynthetic bacterial community in Lake Shunet,
Khakassia. Microbiology, 76(3), 368-379.
[16] Rogozin, D.Yu., Zykov, V.V, Chernetsky, M.Y., Degermendzhy, A.G. and Gulati, R.D. (2009) Effect of winter conditions
on distributions of anoxic phototrophic bacteria in two
meromictic lakes in Siberia, Russia. Aquatic Ecology, 43,
661–672.
[17] Rogozin, D.Yu., Trusova, M.Yu., Khromechek, E.B. and Degermendzhi, A.G. (2010) Microbial community of the chemocline of meromictic Lake Shunet (Khakassia, Russia) during
summer stratification. Microbiology, 79(2), 253-261.
[18] Szeląg-Wasielewska, E. (2006) Trophic status of lake water
evaluated using phytoplankton community structure – change
after two decades. Polish Journal of Environmental Studies,
15(1), 139-144.
[19] Szeląg-Wasielewska, E. (2005) Autotrophic picoplankton during summer stratification: vertical distribution and contribution to total phytoplankton. In Lakes and artificial water reservoir – functioning, revitalization and protection. Edited by
A.T. Jankowski and M. Rzętała. University of Silesia – Faculty of Earth Sciences, Polish Limnological Society, Polish
Geographical Society – Branch, Katowice-Sosnowiec, 231240.
[20] Fahnenstiel, G.L. and Carrick, H.J. (1992) Phototrophic picoplankton in Lakes Huron and Michigan: abundance, distribution, composition, and contribution to biomass and production.
Canadian Journal of Fisheries and Aquatic Sciences, 49(2),
379-388.
[21] Weisse, T. and Schweizer, A. (1991) Seasonal and interannual
variation of autotrophic picoplankton in a large prealpine lake
(Lake Constance). Verhandlungen des Internationalen Verein
Limnologie, 24, 821-825.
[22] Callieri, C. and Pinolini, M.L. (1995) Picoplankton in Lake
Maggiore, Italy. Internationale Revue der gesamten Hydrobiologie und Hydrographie, 80, 491-501.
[23] Padisák, J., Krienitz, L., Koschel, R. and Nedoma, J. (1997)
Deep-layer autotrophic picoplankton maximum in the oligotrophic Lake Stechlin, Germany: origin, activity, development
and erosion. European Journal of Phycology, 32, 403-416.
[24] Moll, R.A. and Stoermer, E. (1984) A hypothesis relating
tropic status and subsurface chlorophyll maxima of lakes. Archiv fur Hydrobiologie, 94, 425-440.

363

[25] Gervais, F. (1997) Diel vertical migration of Cryptomonas and
Chromatium in the deep chlorophyll maximum of a eutrophic
lake. Journal of Plankton Research, 19(5), 533-550.
[26] Szeląg-Wasielewska, E. and Fyda, J. (2006) Pelagic biocoenosis in a stratified eutrophic lake: vertical variation in the microbial loop and phytoplankton. Limnological Review, 6, 269276.
[27] Dokulil, M. (1988) Seasonal and spatial distribution of cryptophycean species in the deep, stratifying lake Mondsee and their
role in the food web. Hydrobiologia, 161, 185-201.
[28] Gervais, F. (1998) Ecology of cryptophytes coexisting near a
freshwater chemocline. Freshwater Biology, 39, 61-78.
[29] Klaveness, D. (1988) Ecology of the Cryptomonadida: a first
review. In Growth and reproductive strategies of freshwater
phytoplankton. Edited by C.D. Sandgren. Cambridge University Press, Cambridge, 105-133.
[30] Rogozin, D.Yu., Zykov, V.V. and Degermendzhi, A.G. (2012)
Ecology of purple sulfur bacteria in the highly stratified
meromictic Lake Shunet (Siberia, Khakassia) in 2002-2009.
Mikrobiology, 81(6), 727-735.
[31] Pinel-Alloul, B., Bourbonnais, N. and Dutilleul, P. (1996)
Among-lake and within-lake variation of autotrophic pico- and
nanoplankton biomass in six Quebec lakes. Canadian Journal
of Fisheries and Aquatic Sciences, 53(11), 2433-2445.
[32] Passoni, S. and Callieri, C. (2000) Picocyanobacteria single
forms, aggregates and microcolonies: survival strategy or species succession? Verhandlungen des Internationalen Verein
Limnologie, 27, 1879-1883.
[33] Schallenberg, M. and Burns, C.W. (2001) Tests of autotrophic
picoplankton as early indicators of nutrient enrichment in an
ultraoligotrophic lake. Freshwater Biology, 46, 27-37.
[34] Komárková, J. (2002) Do cyanobacterial pikoplankton exist in
eutrophic reservoirs? Verhandlungen des Internationalen Verein Limnologie, 28, 497-500.
[35] Lawton, S., Hayes, P. and Shubert, E. (2012) Desmodesmus is
a potential model for elucidating the origin of multicellularity
and an ethical model for investigating cancer. In Algae in human’s environment. Taxonomy, ecology and role in ecological
status assessment. The 31st International Conference of the
Polish Phycological Society, Olsztyn, May 17-20 2012, 30.
[36] Pick, F.R. and Agbeti, M. (1991) The seasonal dynamics and
composition of photosynthetic picoplankton communities in
temperate lakes in Ontario, Canada. Internationale Revue der
gesamten Hydrobiologie und Hydrographie, 76, 565-580.
[37] Sondergaard, M. (1991) Phototrophic picoplankton in temperate lakes: seasonal abundance and importance along a trophic
gradient. Internationale Revue der gesamten Hydrobiologie
und Hydrographie, 76, 505-522.
[38] Stockner, J.G. and Shortreed, K.S. (1991) Autotrophic picoplankton: Community composition, abundance and distribution across a gradient of oligotrophic British Columbia and
Yukon Territory lakes. Internationale Revue der gesamten Hydrobiologie und Hydrographie, 76, 581-601.
[39] Szeląg-Wasielewska, E. (2004) Dynamics of autotrophic picoplankton communities in the epilimnion of a eutrophic lake
(Strzeszyńskie Lake, Poland). Annales de Limnologie - International Journal of Limnology, 40(2), 113-120.
[40] Hepperle, D. and Krienitz, L. (2001) Systematics and ecology
of chlorophyte picoplankton in German inland waters along a
nutrient gradient. Internationale Revue der gesamten Hydrobiologie und Hydrographie, 86(3), 269-284.

© by PSP Volume 24 – No 1b. 2015

Fresenius Environmental Bulletin

[41] Fawley, K.P. and Fawley, M.W. (2003) Diversity of the picoplankter Choricystis (Trebouxiophyceae, Chlorophyta) from
Minnesota and north Dakota lakes. Journal of Phycology,
39(Suppl. 1), 16.

Received: May 09, 2014
Revised: July 01, 2014
Accepted: July 03, 2014

CORRESPONDING AUTHOR
Elżbieta Szeląg-Wasielewska
Department of Water Protection
Faculty of Biology
Adam Mickiewicz University in Poznań
Umultowska 89
61-614 Poznań
POLAND
E-mail: eszelag@amu.edu.pl
FEB/ Vol 24/ No 1b/ 2015 – pages 355 - 364

364

© by PSP Volume 24 – No 1b. 2015

Fresenius Environmental Bulletin

EFFECT OF SEASONAL CHANGES ON
ANTIOXIDANT VITAMINS (A, E, C) AND MDA IN LEVELS
OF THE RAINBOW TROUT (ONCORHYNCHUS MYKISS
WALBAUM, 1792) GROWN IN VAN CITY, CATAK DISTRICT
İbrahim Hakkı Yörük, Asli Çilingir Yeltekin and Halit Demir*
Division of Biochemistry, Department of Chemistry , Faculty of Science, University of Yuzuncu Yil, 65080, Van, Turkey

ABSTRACT
The present study was aimed to determine the seasonal
changes of malondialdehyde (MDA), vitamin retinol (vitamin A), α-tocopherol (vitamin E) and ascorbic acid (vitamin C) levels. For this purpose, fishes were collected in the
second week of the second month in each four seasons.
Fishes were fed with the same food for one year. Fishes
were selected from the same pool. Statistically significant
differences were found between the levels of vitamin A,
vitamin E, vitamin C and MDA (p<0.0001) levels. Consequently, it was determined that the levels of vitamin (A, E,
C) showed significant differences between seasons and
there was a marked increase in the vitamin levels especially
in the winter season. The present study is the first study in
this region. More studies are required to clarify the results.

KEYWORDS:
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1. INTRODUCTION
Aquaculture has been developing rapidly in recent
years around the world. The rainbow trout (Oncorhynchus
mykiss) has an important place in freshwater aquaculture
[1]. In this respect, the rainbow trout became an important
point of focus both economically and also food wise [2].
In biological systems, free radical reactions have an
important place. These compounds can both be formed during the functioning of normal metabolism in the organism
and also with the effects of external factors [3]. The most
important free radicals in biological systems are the ones
consisting of oxygen. It was observed in recent studies reactive types of oxygen (ROS) maybe somewhat the cause
of damages and diseases in molecules by impairing the normal functions by means of oxidation [4]. Like all aerobic
* Corresponding author

organisms, fish also developed many defense mechanisms
in their body to prevent oxidative stress and its damage
caused by these. These are known as antioxidant defense
systems and consist of materials such as super oxide dismutase, catalase, glutathione peroxidase with enzymatic
qualities and non-enzymatic glutathione, A, E, C vitamins,
selenium and melatonin [5, 6]. Antioxidants function as
structures which prevent free radical formation or break
chains. The research showed that antioxidants neutralize
free radicals and prevent cell damage [7].
It was determined that β-carotene which is the precursor of Vitamin A suppressed singlet oxygen, cleaned superoxide radical and function as an antioxidant by interacting with peroxide radicals [8]. Due to its fat soluble quality,
it is effective as lipid flow antioxidant in the membranes of
cellular and subcellular structures. It reduces singlet oxygen to inactive oxygen [9].
Vitamin E (-tocopherol) is a very strong antioxidant,
and it forms the first defense line which protects polyunsaturated fat acids existing in cell membrane phospholipids
from the effect of free radicals. Vitamin E reduces superoxide and hydroxyl radicals, singlet oxygen, lipid peroxide
radicals and other radicals. Vitamin E is known as chain
breaking antioxidant. Lipid peroxidation chain reaction can
be ended by vitamin E [10].
Ascorbic acid is also a strong antioxidant due to its
strong reducing activity. It goes into reaction with super
oxide radical (O2-) and hydroxyl radical (OH) and cleans
them from the environment [11].
The most affected components from free radicals are
lipids. Lipid peroxidation, starts by removing an unsaturated hydrogen atom from fatty acid chain existing in the
membrane structure as the result of the free radical effect
formed in organism. With the change in the positions of
double bond in the molecule, later lipid peroxyl radical is
formed as the result of other conjugants, with lipid radicals
interacting with molecular oxygen. The most important peroxidation product is malondialdehyde. While lipid peroxyl radicals affect other unsaturated fat acids in membrane
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structure and cause the formation of new lipid radicals,
they receive the hydrogen atoms which are liberated turn
into lipid hydroperoxides and the event continues by catalyzing itself [8, 12-15].
Malondialdehyde shows its toxic effect by binding
with protein amino groups, phospholipids and nucleic acids. It is easily diffused from membranes, goes into reaction with nitrogen base existing in the structure of DNA
and shows genotoxic effects. Since the measurement of lipid peroxidation is accepted as the good indicator of damage in the tissues; the measurement of conjugated dienes
formed during peroxidation, is an important method which
will reflect the in vivo lipid peroxide level [3].
The present study was aimed to determine the seasonal
changes of malondialdehyde (MDA), vitamin retinol (vitamin A), α-tocopherol (vitamin E) and ascorbic acid (vitamin C) levels.

2. MATERIALS AND METHODS
2.1 Sampling

In this study, a total of 40 rainbow trout (250-300 g)
were used. Fish were collected from the trout hatchery of
the company “EL-FA Su ve Su Ürünleri Ith. İhr. Ltd. Şti”
in Van-Çatak, Elmacı village during 2010 at the end of second week of each season, in January, April, July and October. Existing conditions of the fish pool in which the 2 year
old fish were kept are given in the following Table 1.

Temperature
(˚C)

Dissolved oxygen
(mg/l)

pH

January

8.6

10.04

7.27

April

11.0

9.45

7.35

July

15.8

8.98

6.01

October

13.2

9.12

6.91

To analyze muscle samples, 1 g fish muscle was taken
into plastic tubes, 2 ml ethanol was added in order to settle
proteins on, and was vortexed for 1 minute. Then it was
homogenized by adding 3 ml hexane (Wiggenhauser D130) and was vortexed again for 1 minute. It was centrifuged in homogenated 2000 RPM for 15 minutes and the
lipophilic flow formed was obtained. Hexane application
system was repeated twice and flows collected were dried
under nitrogen gas flow. Residue was dissolved in 200 µl
methanol and amounts of vitamin were determined with
HPLC like the process applied in plasma samples.
In the separation of vitamin A and E levels with HPLC
(Thermo Sentific Pinligan Surveyor, USA) C 18 column,
(25 cm x 4.6 mm Supelco, USA) methanol-water (98:2)
was used with mobile flow in 1.5 ml/min. flow speed.
Measurements were done with diodearray detector in 325
and 290 nm wavelengths [17].
2.2.2 Determination of vitamin C and MDA

Vitamin C and MDA levels in fish plasma and muscles
were determined with HPLC-UV method [18].

TABLE 1 - Environmental conditions of the fish pool
Months

200 µl plasma was taken for this purpose, 200 µl ethanol (Merck, Germany) was added and was subject to vortex
for 1 minute. Later, 600 µl hexane was added (Merck Germany) and the vortexing process was repeated for 1 min.
(Mixer VM20). It was centrifuged in homogenate 2000 RPM
for 15 minutes (SED 6); the lipophilic flow formed was
taken. Hexane application process was repeated twice and
the flow collected was dried under nitrogen gas flow. Residue was dissolved in 200 µl methanol (Merck, Germany)
and was injected into HPLC column.

For plasma, 250 µl 0.1 M HClO4 (Merck, Germany)
solution was added over 200 µl plasma and was vortexed
for a couple of seconds and 550 µl distilled water was
added, after repeating vortex process, it was centrifuged in
4500 RPM for 10 minutes. After these processes flow remaining on top is removed carefully and is placed in a vial,
vitamin C and MDA levels were determined with HPLC.

Fish were taken out from the pool one by one without
changing their environment at the facility and then placed
in a bucket, containing anesthetic MS-222 (3-aminobenzoic acid ethyl Esther methane sulphonate salt) (Merck,
Germany) (200 mg/L). Later, bloods from the tail veins of
the fish under anesthesia were taken into heparin tubes.
Muscle tissue and blood were kept in (+4) and brought into
the research laboratory of the Yüzüncü Yıl University, Faculty of Science Research Laboratory. Muscle tissue was
frozen at -55 °C. Blood samples were centrifuged and the
plasma were separated and frozen at -55 °C. The process
was repeated every season.

For tissue analysis, 1 g tissue was weighed, 1250 ml
0.1M HClO4 was added on top and homogenized. Later,
vortexing is repeated by adding 2750 ml distilled water and
centrifuged at 4500 rpm, for 10 minutes. After these processes, flow remaining on top was removed and place in a
vial, and level of HPLC, vitamin C and MDA were determined.

2.2 Biochemical analysis

2.3 Statistical analysis

2.2.1 Vitamin A and E measurement

After levels of vitamin A, E, C and MDA analyzes
were made on samples obtained from the Rainbow trout for
four seasons, standard deviations in the results obtained
were determined and confidence intervals were created.

Fish plasma and vitamin A and E (retinol and α-tocopherol) levels in their blood, were determined by the extraction method indicated by Miller & Yang (1985) [16].

Inertial ODS-3 column (25 cm x 4.6 mm GL Sciences
Inc, Japan), 30 µM KH2PO4 (Merck, Germany) - methanol
(82.5:17.5) was used in HPLC equipment with mobile flow
for 1.2 ml/min flow speed. Reading was taken with UV
detector at 250 nm wavelength.
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mer and autumn can be seen in Table 3. The differences in
the vitamin A, vitamin E, vitamin C and MDA levels in
the muscle tissue of rainbow trout in winter, spring, summer and autumn statistically around p<0.0001 level were
determined to be critical. While plasma vitamin A levels
were the same in spring, summer and autumn, it reached a
higher level in winter (p<0.0001). While plasma vitamin E
levels were approximately at the same levels in winter,
spring and summer, it showed a distinct decline in autumn
(Table 3). While plasma vitamin C levels were also at the
highest level in winter, a decline was observed in spring,
summer and autumn respectively (p<0.0001). While
plasma MDA levels were in their highest levels in spring
and summer it showed a decline in winter and autumn respectively (p<0.0001) (Table 3).

One-way Variant analysis (One-way ANOVA) analysis
and Duncan multiple comparison test were applied on the
data to determine whether there were seasonal differences
between data or not [19].

3. RESULTS
Studies during one year were conducted on fish grown
in same pool for one year. Feeding was done with the same
food in the farm where study was conducted during the
year. Ambient conditions of the pool are given in Table 1.
Rainbow trout muscle tissue vitamin A, vitamin E, vitamin C and MDA levels for winter, spring, summer and
spring seasons are given in Table 2. The differences in the
vitamin A, vitamin E, vitamin C and MDA levels in the
muscle tissue of rainbow trout in winter, spring, summer
and autumn statistically around p<0.0001 level were determined to be critical. Vitamin A which was at the highest
level during winter season, was determined to be reduced
towards spring, summer and autumn (p<0.0001). While
vitamin E level in the muscle tissue was also high in winter
season, it showed a reduction in summer and autumn. Vitamin C level muscle tissue which was high in winter also
was reduced in spring. It was reduced approximately at the
same levels during summer and autumn, reached the lowest
level (p<0.0001). While the MDA levels in muscle tissue
in fish samples was in the lowest level during winter, they
showed an increase towards spring and reached the highest
level (p<0.0001) (Table 2).
The levels of plasma vitamin A, vitamin E, vitamin C
and MDA levels in rainbow trout by winter, spring, sum-

4. DISCUSSION
Antioxidants are potential cleaners of free radicals and
serve as inhibitors of neoplastic processes. It is argued that
many synthetic and natural antioxidants have a beneficial
effect on human health and prevent diseases [20]. In the
deficiency of vitamin A which has antioxidant quality,
some inadequacies in growth, development, sight and differentiation in epithelia cells may occur. Additionally vitamin A deficiency may also increase cancer risk [21].
A study was conducted on the effects of vitamin A and
E on the growth, food assessment and in some tissues of
the fry under oxygen stress. In this study the A and E vitamins which are antioxidants were added to the feed of
Rainbow trout and were fed for 12 weeks. Fish which were

TABLE 2 - Variation of vitamin A, vitamin E, vitamin C and MDA levels in muscle tissue of the rainbow trout by seasons (n=10)
Season

Vitamin A
(µg/g)

Vitamin E
(µg/g)

Vitamin C
(nmol/g)

Winter

1.170.06a

9.220.27a

205.551.53a

Spring

b

0.860.05

b

7.910.20

194.421.88

b

Summer

0.650.06c

6.090.25c

118.803.80c

3.810.95b

Autumn

d

d

c

4.150.98a

0.480.03

5.380.15

MDA
(nmol/g)

113.502.38

3.300.42c
3.891.10a,b

Mean±standard deviation. The difference between the averages with different letters in the same column is
statistically important (p<0.0001).

TABLE 3 - Variation of plasma vitamin A, vitamin E, vitamin C and MDA levels in rainbow trout by seasons (n=10)
Season

Vitamin A
(µg/ml)

Vitamin E
(µg/ml)

Vitamin C
(nmol/ml)

Winter

0.240.01a

2.550.31a

80.922.38a

1.380.04b

Spring

0.19  0.01

a

b

1.560.03a

Summer

0.170.01b

1.950.20a

39.611.15c

1.500.02a

Autumn

0.17 0.01

b

d

0.770.02c

b

b

2.170.29
0.110.01

58.191.67
21.920.38

MDA
(nmol/ml)

Mean±standard deviation. The difference between the averages with different letters in the same column is
statistically important (p<0.0001).
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fed with these rations, in 2 different dissolved oxygen levels (4.4 mg/l O2 concentration and 7.6 mg/l O2 concentration), the effects of vitamins A and E in some tissues (muscle, liver and kidneys) and blood serum were determined
[22]. In this study, the results determined are close to the
vitamin A and E levels in the literature [22].
A study has been conducted for 12 weeks in trout by
applying different proportions of propolis and vitamin E
diets, in different flow speed (0.9 and 2.1Lmin-1). In the
study vitamin A, Vitamin E, vitamin C and MDA values
were searched in muscle, kidney, liver and serum [23, 24].
In the study presented, vitamin A levels found in muscle
tissue and plasma and the serum and muscle tissue values
were seen to be close to each other. While vitamin E levels
were different in muscle tissue, in serum the values are
closer in 0.9 Lmin-1 flow rate.
In the study presented, vitamin A and E levels in muscle tissue showed a meaningful increase in autumn, summer, spring and winder respectively. In plasma again a
meaningful increase was seen in winter season (p<0.0001)
(Table 2). These increases may make us consider the increase in fatty tissues of fish towards winter arising from
their being vitamins soluble in oil, and therefore the increase observed in retinol and -tocopherol levels.
A study was conducted on the fat soluble vitamins, fat
acids and cholesterol of the farm grown trout. It was observed that the levels of vitamin A and -tocopherol
(12.4µg/100g, 714mg/100g) were parallel to the vitamin A
reported; however it was not compatible to the -tocopherol [25].
Köprücü & Özdemir (2002) [26] in their study they
conducted to determine the amounts of some vitamins (A2,
C, E) in the muscle tissue of rainbow trout, they found out
that fish muscle tissue contained 12,26 μg/g vitamin A2,
17.54 μg/g vitamin C, 8.73 μg/g vitamin E on the average
and raw fat with a percentage of 4.23%. They stated that
the differences in A2, C, E vitamins and raw fat levels in
the muscle tissue samples of rainbow trout were insignificant, (p>0.05) when the muscle tissue of rainbow trout
used were compared to many other commercial aquaculture, they contained higher percentages of A2, C and E vitamins. Differences are observed between the levels determined in this study and the levels determined in the study.
It is believed that the differences obtained could be caused
by the conditions of the environment fish live, type of feed
and method of feeding, age of the fish and the conditions
of work in the laboratory.
Wahli et al. (1998) [27] formed groups of rainbow
trout and infected them with Yersinia ruckeri and Ichthyophthirius multifiliis (VHS). By applying vitamin C and
vitamin E in certain percentages to this fish, they conducted
a study to analyze the immunity system of the fish and the
resistance shown by the fish to disease with these determined amounts of vitamins. No diet was implemented in
the control group during the study. Control group’s -tocopherol level is higher compared to the - tocopherol level.

Jensen et al. (1998) [28] created 17 diet groups in rainbow trout and implemented a diet containing certain amounts
of -tocopherol, astaxantin and fat. After implementing this
diet, they stored the fish in these groups for 12 to 18 weeks
by fumigation or freezing methods. At the end of the study
they determined that in muscle tissue of the control groups
-tocopherol level was 12.1 mg/kg and MDA level
3.1mol/kg. In the study, this information obtained supports the information of literature.
Since vitamin E dissolved in fat, vitamin deficiency
may be observed in lipid absorption disorders. In the event
of deficiency, sensitivity of the erythrocytes to peroxidation increases, and therefore abnormal cell membrane is
formed [29]. One of the most important antioxidants preventing lipid peroxidation is vitamin E. The study conducted showed parallel findings, and it was observed that
in seasons when α–tocopherol level increased, the decline
in MDA level, and in seasons when it was reduced, an increase was observed.
Huang &Huang (2004) [30] researched the effect of
vitamin E diet on the development of tissue lipid peroxidation and liver glutation level of Oreochromis niloticus x O.
Aureus, one of the hybridized Tilapia fish fed by oxidized
fat. In the study hybrid Tilapia fish was implemented a lipid diet containing vitamin E for 14 weeks. At the end of
the study they found out that lipid peroxidation with ascorbat effect in the liver and muscles of the fish fed with a diet
containing 0 and 40 IU Vit. E/kg vitamin E (MDA control
muscle tissue 2.16 nmol/g, liver tissue 3.92 nmol/g) was
quite higher compared to those fed with a diet containing
higher level of vitamin E. They determined that the level
of liver glutation increased with the vitamin E content in
the diet. MDA results found are compatible with the levels
of plasma and MDA levels in the tissue.
They analyzed the changes in antioxidant enzyme activities in erythrocytes of rainbow trout by implementing
melatonin in Rainbow trout (Oncorhynchus mykiss). In the
study they researched the effects of malondialdehyde
(MDA) (plasma control 0.8-1.2 nmol/ml) which is an indicator of lipid peroxidation. In the end they determined that
MDA level, as the result of melatonin implementation was
reduced to a significant degree (p<0.01) [31]. MDA results
are close to the plasma MDA levels.
Yonar & Yonar (2010) [32] conducted a study by subjecting the rainbow trout to malahite and where they researched the changes in antioxidant defense systems and in
their immunity systems. In the study they subjected the fish
to malahite in two different percentages (1/15 66.67 mg/l,
1/150 6.67 mg/l). In the end of the implementation, they
researched the changes in the lipid peroxide and catalase
levels. As the result, while an increase twice as much was
seen in MD levels (control 0.65 nmol/ml) in blood tissue
compared to control group, in both groups, a higher increase was observed in 6.67 mg/l malahite application.
MDA levels in this study overlap with the MDA levels in
the literature [32] (Table 2 and 3).
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A study has been conducted by Tuna Keleştemur [33]
in muscle, liver and kidney tissues of the trout fry with different oxygen levels (7mg/l, 4.5mg/l, 3.5mg/l). In this
study, antioxidant vitamins (A,C,E) and MDA level of
trout were examined. While the MDA levels indicated in
the study show closeness with the 4.5mg/l oxygen in MDA
levels in the work presented, it was observed that the value
was lower than the 3.5mg/l oxygen level, and above 7mg/l
oxygen. Vitamin C levels determined in each three oxygen
levels were observed to be lower than the values found in
the present study. It was determined that the vitamin A levels found in the study by Tuna Keleştemur [33], overlapped
the values found in the present study. On the other hand,
vitamin E levels were found to be a little higher in the present study (Tables 2 and 3).
The result of this research clearly shows that seasonal
changes have an effect on the antioxidant vitamin (A, E, C)
levels and MDA level of Rainbow trout. It is believed that
these differences observed may be caused by the pH of the
water in the season, water temperature and the amount of
dissolved oxygen associated with this (Table 1). The changes
observed especially in autumn, is believed to have arisen
from its corresponding to the reproduction period of rainbow trout. It can also be considered that partial closeness
of the spring values to winter season values arises from the
snow in the mountains in the region melting in spring and
mixing to spring water and this changing the environmental conditions less.
Today, when taking dietary antioxidant is very important, the opinion which can be reached with respect to
the study conducted is, the increase of rainbow trout consumption as antioxidant vitamin source, especially its consumption is more beneficial in winter months.
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ABSTRACT
An aerated integrated vertical-flow constructed wetland (IVCW) was used to treat domestic sewage, and
changes in enzyme activities and microbial community
structure in the aerated IVCW were investigated. The results showed that aeration increased Eh of all sites, and enlarged the depth of aerobic zone from 33cm to 69cm in the
summer and from 17cm to 54cm in the winter. Artificial
aeration significantly enhanced dehydrogenase and urease
activities, while phosphatase activity was not improved.
Four kinds of saturated phospholipid fatty acid (PLFAs)
were not determined in aerated IVCW, while artificial aeration obviously increased the relative contents of monounsaturated PLFAs, suggesting that the proportion of aerobic
microorganisms significantly increased. More importantly,
intermittent aeration had little effect on the relative contents of cyclopropane PLFAs at the bottom layer, indicating that anaerobic denitrification and the proportion of anaerobic microorganisms were not affected. These results
could demonstrate why the aerated IVCW had a better
treatment performance.
KEYWORDS: integrated vertical-flow constructed wetland (IVCW);
intermittent aeration; enzyme activity; microbial community structure; responses

1. INTRODUCTION
Owing to the advantages of low construction and
maintenance expenses, high efficiency and better ecological services, constructed wetlands (CWs) have been widely
used to treat different types of wastewater [1]. Temperature
and DO are two key factors determining removal efficiencies in constructed wetland systems. Pollutants removal efficiencies dramatically decrease in the cold seasons, probably due to low temperatures and poor oxygen levels [2, 3].
* Corresponding author

Oxygen limitation led to the incomplete nitrification and
lower aerobic decomposition of organic matter in constructed wetlands [4].
In recent years, many studies have focused on improving oxygen levels within constructed wetlands through some
design and manipulations such as the vertical-flow pre-treatment filter [5], frequent water level fluctuation [6], passive
air pumps [7, 8] and artificial aeration in the gravel bed
[9,10], but it remained unclear how artificial aeration could
improve pollutants removal and what changes were happened within constructed wetlands, such as redox potential,
enzyme activities and microbial community structure.
Many researchers have pointed out that microorganism
decomposition was the main mechanism of wastewater purification in wetlands, and enzymes also played an important effect on nutrient cycling and decomposition [11].
Phospholipid fatty acids (PLFAs) are important components of a microorganism cell membrane, and can help
us to characterize microorganism community structure
[12]. PLFAs have been successfully utilized to measure the
viable microbial biomass and community structure in soil
and sediment [13, 14].
In this study, changes in redox potential, enzyme activities and microbial community structure in aerated
IVCW and control were studied. The objectives are: (1) to
evaluate the effect of artificial aeration on substrate redox
potential and redox zones and (2) to disclose the response
of enzyme activities and microbial community structure to
artificial aeration, as well as the relationship between different microorganism groups and redox potential.

2. MATERIAL AND METHODS
2.1. Experimental systems

Two small-scale plots were set up in Wuhan, China.
Each plot (2 m2) was divided equally into two chambers: a
down-flow chamber and an up-flow chamber, which was
connected at the bottom. Each chamber was composed of
two different layers of substrate with different sizes: the 15 cm
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Up-flow chamber
Acorus tartarinowii

Down-flow chamber
Canna generalis
O2 input
Influent

Effluent

S1

S6

S2

S5

S3

Water flow
direction

Sand
S4

Gravel

FIGURE 1 - Section view of aerated integrated vertical-flow constructed wetland

layer of gravel (5-8 mm in diameter) in the bottom and the
55cm (in the down-flow chamber) or 45cm (in the up-flow
chamber) upper layer of sand (<4 mm in diameter). The
down-flow and up-flow chambers were planted with Canna
generalis and Acorus tartarinowii, respectively (Fig.1).
One plot was equipped with an artificial aeration system, which consisted of an air compressor, a PVC air distribution header (3 cm in diameter), and two parallel perforated tubes (1 m in length) with pores (0.5 cm in diameter).
The tubing was placed at the bottom of down-flow chamber
(about 60 cm in depth) with an average airflow of 0.25 m3/h.
Air was delivered to the wetland beds for about 8 hours per
day (from 9 a.m. to 5 p.m.) to enhance oxygen-dependent
microbial processes and also allow anaerobic processes to
occur by turning off aeration during night-time. Another
plot without aeration was used as the control. The influent
was domestic sewage collected from a small neighborhood
and hydraulic loading was 200 L/d. The main water quality
of the influent were (in mg/L) 105±47 TSS, 208±50 CODCr,
47±22 BOD5, 39±14 TN, 9.7±2.1 NH4+-N, 0.8±0.3 NO3--N
and 1.9±0.4 TP.
2.2. Sampling

Water samples were collected from the influents and
the effluents every week. The total suspended solid (TSS),
chemical oxygen demand (CODCr), five day biochemical
oxygen demand (BOD5), total nitrogen (TN), ammonium
(NH4+-N), nitrate (NO3--N), and total phosphorus (TP)
were measured according to standard methods [15].
The redox potential (Eh) of wetland substrate was
measured in situ using the HS-29 portable acidity meter
with the platinum electrode and potassium chloride (KCl)
reference system twice per hour. The electrode was pre-lay
at different depths (10, 25 and 45 cm) in both downflow
and up-flow chambers, labeled as S1, S2, S3, S4, S5, and
S6 along the direction of water flow (Fig. 1).
Furthermore, substrate samples were collected at different depths (10, 25 and 45 cm) both at down-flow and upflow chamber, which labeled with S1, S2, S3, S4, S5 and
S6 along the water flow direction (Fig.1). The substrate

samples were freeze dried and sieved (2.1 mm) to calculate
the dry weight.
2.3. Enzyme activity assay

Dehydrogenase activity was determined by reduction
of triphenyltetrazolium chloride (TTC) to triphenylformazone (TF). Briefly, 5 g soil was incubated in 5 ml 5 gl-1
TTC and 2 ml 0.1 M glucose at 37 for 12 h. The reactions
were terminated by 0.25 ml 98% H2SO4 and the products
were extracted 30 min with 5 ml toluene on a shaker. After
centrifugation, the TF dissolved in toluene was assayed at
492 nm. The activity was measured following a modified
method [16].
Urease activity was measured using urea, firstly, 1g
soil was put into a 50mL triangular flask, then 4 mL acetic
acid buffer solution (pH5.6), 0.3 mL methylbenzene and
1 mL p-nitrobenzol sodium phosphate (0.115M) were
added. After shaking to uniform, the sample was cultured
at 37 for 1h. When culture was completed, 1 mL calcium
chloride (0.5M) and 4 mL sodium hydroxide (0.5M) were
added into sample liquid. Finally, the ammonium released
from soil was assayed colorimetically at 460 nm [17].
Phosphatase activity was measured following a modified method [18]. For the phosphatase assay, 1 g soil (fresh
weight) was mixed with 4 ml acetate buffer (pH 5.8), 0.25 ml
toluene and 0.25 ml 0.115 M p-nitropheol phosphate (substrate). After the pretreatment, the soil from assay was gently vortexed, and placed in an incubator at 37 for 1 h. To
terminate the phosphatase reaction, 1 ml 0.5 M CaCl2 and
4 ml 0.5 M NaOH were added, and then the reactants were
filtrated. The released p-nitropheol in the sample was
measured at 400 nm using UNICOE UV-2000 spectrophotometer.
2.4. PLFAs analysis

Microbial community structure was characterized using PLFA analysis of samples according to the procedure
[19]. Phospholipids were extracted from each subsample
and analyzed using GC/MS. In brief, 5 g of fresh substrate
was extracted with a chloroform: methanol: pH 7.4 phos-
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phate buffer (1:2:0.8, V/V/V), and then the total lipids extracted were further fractionated into neutral lipids, glycollipids and phosphor-lipids on prepacked silicic acid columns (SPE-Si, 500 mg/6 mL, Agilent). The polar lipids
were transesterified with mild alkali to form fatty acid methyl esters (FAMEs). The FAMEs were separated, identified and quantified by a Hewlett-Packard 6890N GC/5873I
MS with a nonpolar capillary column (HP-5 MS, 30m×
0.25mm× 0.25μm). The MIDI peak identification software
(MIDI Inc., Newark, DE, USA) was used to identify individual fatty acids.
2.5. Data analysis

700
600
500
400
300
200
100
0
-100
-200

In the control, redox potential (Eh) in the surface layers
of two chambers (represented by S1 and S6) remained oxic
(Eh>+300mV) around the year, while the bottom layers
(S3 and S4) and middle layer of up-flow chamber (S5)
were anoxic (from -100mV to +300 mV). Meanwhile, artificial aeration increased Eh measurements of all sites, especially the down-flow chambers (S1, S2 and S3) maintained oxic in the aerated IVCW during four seasons.
In order to reveal the effect of artificial aeration on the
area of redox zones, the fitting equations between redox
potential (Eh) and depth (h) in different seasons were estimated, and the depth of redox zones were also calculated
(Table 1). Artificial aeration enlarged the depth of aerobic
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3.1. Redox potential
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PLFA analysis was performed in triplicates and the
data were also analyzed by analysis of variance (ANOVA)
and principal component analysis (PCA). All analyses
were considered significant at the 0.05 level.

3. RESULTS

Autumn
Non-aeration
Aeration

S1
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S3

S4

700
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FIGURE 2 - Redox potential at the sampling sites in the aerated and non-aerated IVCWs

TABLE 1 - The depth of redox zones in aerated and non-aerated IVCWs
Depth (cm)

Aerated IVCW
Summer
Autumn
Winter
Spring
Non-aerated IVCW
Summer
Autumn
Winter
Spring

Fitting equation

R2

1st oxic zone
(>300mV)

Anoxic zone
(-100~300mV)

2nd oxic zone
(>300mV)

Eh=0.002h3-0.265h2+3.487h+561.08
Eh=0.002h3-0.283h2+3.4h+549.77
Eh=0.0023h3-0.319h2+5.549h+478.67
Eh=0.002h3-0.32h2+5.196h+495.27

0.92
0.99
0.94
0.95

53
49
44
45

51
54
66
60

16
17
10
15

Eh=0.187h2-24.557h+747.73
Eh=0.151h2-20.439h+696.53
Eh=0.203h2-26.113h+676.97
Eh=0.152h2-20.096h+625.12

0.97
0.92
0.99
0.94

22
24
17
19

87
88
103
95

11
8
0
6
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ated IVCW, and decreased with increasing depth of substrate. Dehydrogenase activity of surface layer in the
downflow chamber was the highest, which was approximately 8 times as of that at the bottom layer. The spatial
distribution feature of dehydrogenase activity in aerated
IVCW agreed with that in non-aerated system. However,
at the same substrate layer, dehydrogenase activity in aerated IVCW was higher than that in non-aerated system
(p<0.05). This may be because that aeration provides sufficient oxygen source for dehydrogenase enzyme to promote oxidation process of organic mass.

zone (1st and 2nd) from 33cm to 69cm in the summer and
from 17cm to 54cm in the winter, which could provide suitable habitat for aerobic microorganisms. Moreover, the
2nd oxic zone was not present in the winter unless artificial
aeration was added to the aerated IVCW. This aerobic zone
may facilitate the further decomposition of pollutants and
increase the growth of aerobic microorganisms.
3.2. Enzyme activity

-1 -1

Dehydrogenase activity (µgg h )

Substrate enzyme activities reflect the dynamic
strength of various biochemical processes in constructed
wetland, which is very meaningful for carbon and nitrogen
transformation. Dehydrogenase, urease and phosphatase
activities were investigated to evaluate the change of microorganism activity in IVCW under artificial aeration, as
shown in Fig. 3.
Dehydrogenase activity is responsible for conversion
of soil organics, which can promote dehydrogenation reactions of carbohydrate and organic acids, etc. and play a role
of intermediation transferring [11]. Fig. 3 showed that dehydrogenase activity in the downflow chamber was significantly higher than that in the upflow chamber in non-aer30
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Phosphatase activity (µgg h )

Urease activity can be used as an important index to
express removal rate of total nitrogen in constructed wetlands [18]. Fig. 3 showed that spatial variation of urease
activity was similar to that of dehydrogenase activity. Urease activity of surface layer in the downflow chamber was
also highest, which was approximately 16 times as that at
the bottom layer. Artificial aeration enhanced nitrification
process and promoted substrate urease activity in the
downflow chamber (p<0.05); while in the upflow chamber,
nitrification process was weakened due to oxygen source
decrease.
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FIGURE 3 - Enzyme activities of different sampling sites in non-aerated and aerated IVCWs
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TABLE 2 - Relative content (%) of PLFAs in non-aerated and aerated IVCWs
Non-aerated IVCW
Aerated IVCW
S1
S2
S3
S4
S5
S6
S1
S2
S3
S4
S5
S6
Kinds of PLFAs
20
17
17
17
17
18
16
15
15
15
15
16
57.48
56.03
68.58
75.6
69.07
63.47
43.52
47.3
64.06
69.43
61.5
54.98
SATFA
(13.86) (10.57) (6.98)
(5.73)
(7.22)
(9.95)
(14.61) (15.13) (12.58) (8.39)
(8.74)
(10.52)
MUFA
23.32
24.34
14.80
9.83
15.73
19.85
29.47
28.83
17.99
14.07
14.45
26.82
(Gram-)
(6.35)
(8.07)
(2.96)
(1.88)
(3.32)
(3.76)
(7.12)
(8.46)
(5.77)
(4.29)
(2.86)
(3.90)
2.97
1.91
1.42
1.39
1.45
2.88
8.05
2.47
1.67
1.50
2.26
6.03
PUFA
(0.84)
(0.47)
(0.21)
(0.25)
(0.19)
(0.67)
(1.79)
(0.83)
(0.41)
(0.30)
(0.36)
(0.96)
BRAFA
12.60
13.33
10.88
10.39
9.92
10.22
11.81
13.38
11.92
12.55
13.44
8.09
(Gram+)
(2.88)
(3.04)
(1.79)
(1.48)
(0.85)
(1.69)
(3.45)
(3.17)
(3.86)
(2.18)
(2.64)
(1.71)
3.63
4.39
4.31
2.78
3.83
3.57
7.15
8.02
4.35
2.44
8.35
4.08
CYCFA (Anaerobic)
(1.02)
(0.78)
(0.62)
(0.60)
(0.43)
(0.81)
(0.87)
(1.56)
(1.89)
(1.07)
(0.85)
(2.11)
(i15:0+a15:0)/16:0
0.23
0.24
0.19
0.18
0.16
0.21
0.27
0.30
0.22
0.20
0.22
0.12
18:1ω9c/18:1ω9t
1.18
0.82
0.65
0.70
0.80
0.67
0.84
0.72
0.63
0.76
0.50
1.11
MUFA/BRAFA
1.85
1.83
1.36
0.95
1.58
1.94
2.50
2.15
1.51
1.12
1.07
3.32
Note: SATFA, MUFA, PUFA, BRAFA and CYCFA represent saturated fatty acid, monounsaturated fatty acid, polyunsaturated fatty acid, branched fatty
acid and cyclopropane fatty acid.
PLFA group

Fig. 3 showed that phosphatase activity tended to decrease with depth, but the amplitude of change was significantly smaller than that of dehydrogenase and urease activity. Artificial aeration had no significant influence on the
phosphatase activity of all sampling sites in wetland system (p>0.05).
3.3. Composition and relative contents of PLFAs

The kinds and relative contents of PLFAs of different
depth samples in non-aerated and aerated IVCW were
shown in Table 2. Twenty kinds of PLFAs between C11 and
C20 were found in non-aerated IVCW, among them, saturated fatty acid 16:0 and 18:0, branched fatty acid i15:0,
monounsaturated fatty acid 18:19c, 18:19t and 16:19
were dominant. However, four kinds of PLFAs, saturated
fatty acid 11:0, 12:0, 13:0 and 19:0, were not determined
in aerated IVCW. Although they were obviously decreased,
the relative contents of saturated fatty acid (43.52%69.43%) were still present in the greatest amounts of aerated IVCW. Additionally, the relative contents of monounsaturated fatty acid in aerated IVCW were higher than
those of the control, suggesting that aerobic microorganisms significantly increased. In general, the composition
and relative contents of PLFAs between non-aerated and
aerated IVCW showed variation, indicating the differences
in the lipid contributing communities.
3.4. Ratio of biomarker PLFAs

Characteristic PLFAs are biomarkers for different microorganism populations, and their relative contents can indicate their relative dominance [20].
It has been reported that (i15:0+a15:0)/16:0 may reflect the ratio of bacteria to microorganisms [21]. As seen
from Table 2, whether in non-aerated or aerated IVCW, the
ratio in middle layer of substrate in the downflow chamber
were the biggest. This may be because the highly developed root system of Canna generalis provided suitable
habitat. In addition, the ratio in the downflow chamber was

higher than that in the upflow chamber, indicating that the
abundance ratio of bacteria in the downflow chamber is
richer than that in the upflow chamber. Furthermore, artificial aeration increased the ratios of three sampling sites in
the downflow chamber, suggesting that aeration increased
the abundance and living space of bacteria.
It is reported that (18:1ω9c)/(18:1ω9t) can indicate the
degree of nutrient deficiency or environmental stress for
microorganisms in the system [22]. Compared with nonaerated IVCW, this ratio is significantly lower in the downflow chamber in the aerated system, probably indicating
that the microorganisms were not under huge anoxic stress.
However, the ratio at surface layer in the upflow chamber
was suddenly increased, which probably meant that the
stress of nutrient deficiency for the microorganisms became the main limiting factor.
The ratio of monounsaturated fatty acid/branched fatty
acid reflects the relative dominance of aerobic bacteria/ anaerobic bacteria [20]. As shown in Table 2, the ratio was
larger and significantly increased in aerated IVCW, indicating that aerobic bacteria were dominant and proportion
of aerobic bacteria obviously increased after artificial aeration.
3.5. PCA analysis

As shown in Fig. 4, the contribution factor of first principal composite PC1 was 56.4%, which had a comparatively big positive related coefficient with monounsaturated fat acid 16:1ω9, 18:1ω9c, 18:1ω9t and saturated fat
acid 13:0, 17:0, 19:0, 20:0 (all >0.7), with the biggest coefficient of 18:1ω9t (being 0.92). Moreover, PC1 had a
comparatively big negative coefficient with saturated fat
acid 11:0, 16:0, 14:0 (all >0.8). The second principal composition PC2 had a contribution rate of 15.2%, which had
comparatively positive relationship with branched fat acid
i15:0, a15:0 and cyclopropyl fat acid cy17:0.
In addition, the sampling sites in the downflow and upflow chambers in non-aerated IVCW were mainly sepa-
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1.0

rated by PC1 shaft. The sampling sites at the surface layer
and PC1 shaft showed stronger positive relation, while
sampling sites at the bottom appeared to have stronger negative relation, indicating that aerobic microorganism was
dominant at the surface layer while anaerobic microorganism was dominant at the bottom layer. Sampling sites in
non-aerated and aerated IVCW were separated in the PCA
diagram, indicating that microorganism structure changed
with aeration. Sampling sites in the downflow chamber significantly increased along PC1 shaft positive direction
compared with that in non-aerated system, and abundance
of related monounsaturated fat acid 16:1ω9, 18:1ω9c,
18:1ω9t increased as well, suggesting that aeration promoted growth of aerobic microorganism. Furthermore, S4
sampling site at the bottom of aerated and non-aerated system have little difference from one another along the negative direction of PC1 shaft, which indicated that intermittent aeration had little effect on the number of anaerobic
microorganism at the bottom of system.
S5

PC2(15.2%)

i15:0
14:0

15:0

16:0

a15:0
S2

S3

S3
12:0

11:0
S4

cy17:0

S5

S2

i16:0
cy19:0 16:1ω9
i17:0
S1 13:0 18:1ω9t
19:0 18:1ω9c
17:0

18:0

20:0

-1.0

S6

-1.0

PC1(56.4%)

Urease and phosphatase enzyme belong to hydrolyzed
enzyme, which is involved the cycling process of nutrients
such as nitrogen and phosphorous in wetlands [18]. Compared to non-aerated IVCW in our experiment, urease activity was obviously promoted in the aerated IVCW, but
phosphatase activity was not improved. Moreover, compared to the results of other researchers, Wu et al. [24]
found that urease and phosphatase activities in non-aerated
IVCW on January were 50 μg·g-1·h-1 and 80 μg·g-1·h-1, respectively, but our measurement of urease and phosphatase
activities at the surface layer of aerated IVCW during winter were 73.1-287.5μg·g-1·h-1 and 30.2-85.8μg·g-1·h-1, respectively. Therefore, it could be concluded that aeration
enhanced urease activity while little effect on phosphatase
activity.
Moreover, as shown in Fig.3, spatial variation of the
three substrate enzyme showed that enzyme activities in
the downflow chamber (represented by S1, S2 and S3)
were significantly higher than that in the upflow chamber
(S4, S5 and S6), and enzyme activities at the surface layer
(S1 and S6) were obviously higher than that at the bottom
layer (S3 and S4), which were consistent with the detected
Eh measurements. This observation is consistent with that
previously reported [25].
4.2. Relationship between microbial community structure and
artificial aeration

S1
18:2ω9

S6

S4

as DO concentration, Eh, etc [12]. This may be the reason
that artificial aeration can enhance dehydrogenase activity
in constructed wetlands.

1.0

FIGURE 4 - PCA plot of PLFAs among different sampling sites
Note: Box-shaped represents sampling sites, solid (■) and hollow (□)
mark represent sampling sites in non-aerated and aerated IVCW, respectively.

4. DISCUSSION
4.1. Relationship between enzyme activities and artificial aeration

Enzyme is an important index for evaluating activity
and function of microorganism community in soil [11]. Dehydrogenase can catalyze oxidation-reduction reaction that
is needed for organic degradation and is usually used as an
index for evaluating the level of microorganism activity in
wetlands [12]. It was verified that the quantity of bacteria
agreed with dehydrogenase activity with seasonal dynamic, indicating that dehydrogenase activity represent total biomass of microorganism [23]. In addition, dehydrogenase activity could be influenced by many factors such

In constructed wetlands, degradation of pollutants
mainly rely on substrate microorganism, therefore, microbial community structure (e.g. quantity, activity and dominant groups, etc.) directly influences treatment performance of wetlands. In non-aerated IVCW system, an aerobic environment was formed by air diffusion and plant-mediated aeration at the surface layer, while a large anaerobic
zone with a depth of 87-103 cm appeared after depletion of
dissolved oxygen (Table 1). The Eh measurements demonstrated that artificial aeration could enlarge the area of aerobic zones which was twice bigger than that of the control.
PLFAs analysis showed that absolute abundance of PLFAs
was significantly enhanced in aerated IVCW, suggesting
that microbial biomass increased. Total unsaturation degree of PLFAs was also obviously improved, indicating
that proportion of aerobic microorganism increased.
In summary, the intermittent artificial aeration may
have several advantages: (1) to directly strengthen pollutants removal efficiency by suppling oxygen for aerobic
decomposition of organic matter and nitrification; (2) to
enlarge aerobic zone to provide more suitable environment
for aerobic microorganism to develop; (3) to increase quantity of microorganism, especially the proportion of aerobic
microorganism, which could utilize the additional oxygen
to degrade more organic matter and oxidize more ammonia
to nitrate (nitrification), particularly in the winter; (4) to increase the activities of enzyme and microorganism which
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could enhance pollutants removal efficiency and process;
(5) to create the alternate aerobic/anoxic redox conditions,
allowing the occurrence of the coupled nitrification/denitrification process. As a result, the addition of an intermittent artificial aeration could improve the substrate redox
environment, enzyme activities and microbial community
structure, which in turn could promote the rapid aerobic
decomposition of organic matter and the coupled nitrification/denitrification process in the aerated IVCW.
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5. CONCLUSIONS
Our yearly monitoring have demonstrated that artificial aeration significantly increased Eh of all sites, and the
depth of aerobic zone was enlarged twice in the summer
and three times in the winter. Especially, the 2nd oxic zone
was not present in the winter unless artificial aeration was
added to the aerated IVCW. Artificial aeration significantly enhanced dehydrogenase and urease activities,
while phosphatase activity was not improved. PLFAs analysis revealed that the relative contents of monounsaturated
PLFAs were obviously increased by artificial aeration, suggesting that the proportion of aerobic microorganisms significantly increased. More importantly, the artificial aeration of 8 hours per day had little effect on the relative contents of cyclopropane PLFAs at the bottom layer, indicating that anaerobic denitrification and the proportion of anaerobic microorganisms were not affected. These results
demonstrate that artificial aeration improved oxygen supply and then enhanced enzyme activities, so pollutants removal efficiency were increased.
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ABSTRACT
Adding a small amount of cysteine to bioleaching solution in contact with gold ores, largely enhanced the leaching
rate of Fe, while cysteine inhibited the extraction of As. Xray diffraction (XRD), Scanning electron microscope and
Energy-dispersive X-ray spectroscopy (SEM/EDS) observations of residues without cysteine showed bio-leaching
products were mainly jarosite and sulfur. Yet, the peak densities of sulfur disappeared in the XRD patterns of residues
with cysteine added. Furthermore, Fourier transform infrared spectroscopy (FTIR) led to the conclusion that more bacteria had adsorbed on the bioleached residues surface in media with cysteine than without cysteine. Combining the results of the bioleaching experiment and the analysis of
SEM/EDS, FTIR and XRD leads us to conclude that cysteine addition just facilitates the electron transfer but does not
change the gold ore oxidation mechanism.
KEYWORDS: Bioleaching; Gold ores; Cysteine; X-ray diffraction( XRD ); Scanning electron microscope and Energy-dispersive
X-ray spectroscopy(SEM/EDS); Fourier transform infrared spectroscopy(FTIR)

1. INTRODUCTION
Global gold ore deposits are fast being depleted due to
rapid industrialization and demand [1]. Low and lean grade
gold ores become the main gold resource in the future. Thus,
it is increasingly necessary to exploit ores of low grade to
meet the demand, especially arsenic-rich gold ores. The recovery of metals from these gold ores using conventional
pyrometallurgical technologies is not only the diseconomy
due to capital investments, but also the environmental cost
due to pollution [2-4]. Bioleaching operations with environmental benefits, low operating and capital costs [5] have been
successfully applied in the recovery of precious metals from
sulfide ores in many countries [6, 7]. When Fe, S and As of
the gold ores are effectively oxidized by bio-oxi-dation in
pretreatment, gold will be naked and its recovery will be in* Corresponding author

creased [8, 9]. However, bacterial oxidation rate is slow, and
enhancement of bacteria activity is still a major problem to
be solved in bioleaching [10]. Therefore, strategies to increase bio-oxidation rate at gold ores surface have been
widely investigated. Some studies have shown that the recovery of gold from sulphide ores by bacterial leaching techniques is economically improved when carbohydrates, proteins and other substances of biological origin are added to
the tank reactors [11].
Recently, cysteine (Cys), an important sulfureous amino
acid, aroused great attention because of its capacity to accelerate bioleaching. Studies have shown that cysteine can
accelerate pyrite [11] and Ni-Cu sulfide [12] bioleaching.
Although cysteine has been proved highly effective to accelerate pyrite leaching, the mechanism involved was not
well understood yet. Rojas-Chapana and Tributsch [11]
speculated that the active group sulfhydryl (-SH) of cysteine participated in a binding process with pyrite. Whereas,
Cysteine contains–HS group, and –HS group is a substrate
or a reduced sulfur source for the organisms. Then, cysteine provides an additional reduced sulfur source for the
bacteria which competes with the Fe2S in mineral. In this
case, Rojas-Chapana and Tributsch [11] have shown that
the thiol species interacting with the sulfide play a dominant role in the disruption of the interface and the transport
of the sulfur species to the bacterial. However, evidence
available is still little to support these hypotheses. Furthermore the reaction mechanism and intermediate have not
been conformed when cysteine interacts to minerals.
Therefore, it is necessary and significant to investigate
how cysteine interacts with mineral. In this paper, Fourier
transform infrared spectroscopy (FTIR), X-ray diffraction
(XRD), scanning electron microscope and Energy-dispersive X-ray spectroscopy (SEM-EDS) were employed to provide detailed insight into the interaction mechanism.

2. MATERIALS AND METHODS
2.1 Materials

Bacteria used in this experiment consisted of Leptospirillum ferriphilum and Sulfobacillus thermotolerans. In the
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TABLE 1 - Elemental composition of gold ore samples
Element
Content (%)

Fe
20.2

As
3.97

S
24.42

Al
0.465

Pb
0.054

lab, the bacteria was cultured on a medium containing
(NH4)2SO4 3.0 g/L, MgSO4·7H2O 0.5 g/L, K2HPO4 0.05 g/L,
KCl 0.1 g/L, Ca(NO3)2 0.01 g/L, FeSO4.7H2O 43.2g/L. The
culture was incubated in 500mL Erlenmeyer flask containing 200mL medium and 10% (v/v) inoculum, on a rotary
shaker at 150 rpm at a constant temperature of 40°C. The
initial pH was adjusted to 2.0 using 0.5M H2SO4. The culture had been sub-cultured through several transfers in medium using gold ore instead of ferrous sulfate to adapt the
bacteria to experiment condition. The gold ore sample was
sampled from Axi gold ore by Changchun Gold Research
Institute. Its chemical composition analyzed by X-ray diffraction (XRD) and ICP is presented in Fig.7 (a) and Table 1.
XRD analysis showed that gold ore sample was mainly
constituted of pyrite (FeS2), arsenopyrite (FeAsS) and
quartz (SiO2).

Cu
0.046

C
1.15

Au
76.22g/t

constants of samples blended with a few high-purity Si powder, which was applied to assist calibration of measurement
error in 2θdiffraction peak, were accurately determined.

3. RESULTS AND DISCUSSION
3.1 Leaching study

Bioleaching of gold ores with moderate thermophiles
in the presence of different amount of cysteine at 40 °C was
carried out for 24 days. The effect of cysteine on the bioleaching of arsenic and iron, presented in Fig. 1 and Fig. 2,
shows the leaching of arsenic was totally different from
100

Cysteine is a biochemical reagent. Sodium hydroxide
is of laboratory reagent grade. Double-distilled water was
used throughout the experiments.

0M
10-4M
10-3M
5×10-3M
10-2M

Fe Recovery(%)

80

2.2 Experimental Methods

A 9K medium with the following composition was
used: (NH4)2SO4 3.0 g/L, MgSO4·7H2O 0.5 g/L, K2HPO4
0.05 g/L, KCl 0.1 g/L, Ca(NO3)2 0.01 g/L. All these reagents were analytic grade. Gold ore particle diameter was
less than 74 µm and the pulp density of gold ore was 8 g/
100 mL. The moderate thermophiles consisting of Leptospirillum ferriphilum and Sulfobacillus thermotolerans were
enriched at 40 °C with an initial pH of 2.0 in 250 mL flasks,
shaken at speed of 150 rpm. During leaching, the total arsenic and iron concentration were measured by ultraviolet
spectrophotometry (Hitachi U-2900) and atomic absorption
spectrophotometry (Z-2000) every 4 days, respectively.
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FIGURE 1 - The effect of cysteine concentration on the leaching of
iron (Incubation concentration:107cells/mL; Temperature:40 °C;
Amount of gold ore:8 g/mL)

100

2.2.1 FTIR measurement

After bioleaching, a series of procedures like agitation,
blending and rinsing with diluted acid were performed.
Then the mixture was filtered and natural aired for 48 h.
FTIR spectra of the samples in the presence and absence of
cysteine were obtained on a NEXUS670 FTIR spectrometer in the range of 500-4000 cm-1.

As Recovery(%)

2.2.2 SEM-EDS measurement

The raw and treated samples in the presence and absence of cysteine were sent to the Research Center for
Analysis and Measurement of Donghua University for
SEM (QUANTA) and EDS (JSM-5600LV) analysis.
2.2.3 XRD measurement

The raw and treated samples were measured by Rigaku
diffractometer in the 2θrange of 10。 to 90。 . Then the lattice

0M
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10-3M
5×10-3M
10-2M

80
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Time(days)
FIGURE 2 - The effect of cysteine concentration on the leaching of
Arsenic(Incubation concentration:107cells/mL; Temperature:40 °C;
Amount of gold ore:8g/mL)
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that of iron. Certain amount of cysteine can promote iron
to dissolve out; the greatest iron recovery efficiency occurred when 10-3M of cysteine was added. With the increase of cysteine added, the extraction of iron decreased.
When 5×10-3M cysteine was added, the bioleaching of Fe
was slightly inhibited. However, as shown in Fig. 2, more
cysteine containing resulted in a less arsenic extraction, indicating that cysteine could inhibit arsenic leaching.

2.4
2.2

0M
10-4M
10-3M
5×10-3M
10-2M

2.0

pH Value

1.8
1.6
1.4
1.2
1.0
0.8
0.6
0

5

10

15

20

25

Time(days)

FIGURE 3 - Change of pH during gold ore bioleaching at cysteine
concentration (Incubation concentration:107cells/mL; Temperature:40℃;Amount of gold ore:8g/100mL)

4FeAsS+13O2+6H2O
2FeS2+7O2+2H2O

A notable conclusion from Fig.3 was that different
concentration of cysteine affected the pH value of leaching
solution. When 10-3M cysteine was added, the pH value
reached the lowest point on the twentieth day. An initial pH
increase was observed in the leaching systems, resulting
from ferrous oxidation and the acid dissolution (Eq.5). After 4-24 days, the pH started to decrease relating to the formation of jarosite (Eq.9) and bacteria oxidation of sulfur(Eq.6) [13]. It was suggested that the following reactions took place in bio leaching system.

4H3AsO4+4FeSO4

(1)

2FeSO4+ 2H2SO4

2FeAsS+Fe2(SO4)3+6O2+4H2O

(2)

2H3AsO4+4FeSO4+H2SO4

(3)

FeS2+7Fe2(SO4)3+8H2O

15FeSO4+ 8H2SO4

(4)

4FeSO4+ 2H2SO4+O2

2Fe2(SO4)3+2H2O

(5)

2S+3O2+2H2O
4FeAsS+11O2+6H2O

2H2SO4

(6)

4H3AsO3+4FeSO4

(7)

H3AsO3+Fe2(SO4)3+H2O

H3AsO4+2FeSO4+ H2SO4

(8)

3Fe3+ +2HSO42- +K+ +6H2O

KFe3 (SO4)2(OH)6 +8H+

(9)

By adding cysteine, organisms would oxidize the reduced sulfur in cysteine to produce H2SO4, reducing the
pH. The acidic pH value of the leaching solution (below
2.0) favored the binding of reduced cysteine to newly exposed pyritic sulfhydryl group which in turn maintained the
ongoing dissolution of gold ore.
3.2 Results of SEM and EDS

To scrutinize the difference between the residues in
presence and in absence of cystein, the morphology and
mineralogy of bioleaching residues were examined using
SEM photographs (Fig.4) and EDS microanalyses (Fig.5).
SEM analysis of gold ore residues as shown in Fig.4(c)
revealed that the surface of the mineral particles appeared
porous structure and etched pits was also evident. Comparatively, without cysteine (Fig.4 (b)), deep and oriented corrosion pores were not so evident on the surface of mineral
particles.
By SEM/EDS analyses (Fig.5), a significant amount of
jarosite and sulfur was found on the bioleaching residue. It
is likely that both jarosite and polysulfides passivate jointly
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(b)

(c)

FIGURE 4 - SEM images of gold ore particles.(a) Untreated gold ore, (b) After interaction with mixed moderate thermophiles, (c) After interaction with moderate thermophiles and cysteine

FIGURE 5 - EDS analysis of the solid residue (a) After interaction with mixed moderate thermophiles, (b) After interaction with moderate
thermophiles and cysteine
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the mineral surface [14], and some trace elements, such us
N, could not be detected.
3.3 Results of FTIR

Fig. 6 presents the results obtained from FTIR. They
show that the predominant mineral phase is jarosite, demonstrated by the presence of the bands (anti-symmetric stretching triply degenerate vibration 1163cm-1, 1086 cm-1 and
1038 cm-1[15,16]. In addition, it could be observed typical
bands of quartz (798 cm-1,778 cm-1and 694 cm-1).
100
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(2)Bacteria

(b)
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FIGURE 6 - FTIR spectra of solid residue in presence and in absence
of cysteine

In order to acquire further information on the influence
of cysteine during the bio-oxidation process, the original ore
and bioleaching residues were analyzed by XRD (Fig. 7).
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As the FTIR spectrum shows, there is an obvious
change within the range of 1650–1000 cm-1in the spectrum
of gold ore. The intensity of some absorbance peaks is
greater with cysteine than it is without cysteine, and other
new peaks appear after adding cysteine. Firstly, the three
new bands around 1485 cm-1, 1622cm-1 and 1297cm-1 indicate the strong COO- and C=O, stretching group [17-19]. In
addition, two new bands appeared near 847cm-1, 874 cm-1.
In addition, the sharp peak around 1650cm-1 is due to an
amide group, and band near 1542 cm−1 has been interpreted
as N-H bending of the amide group –CONH [20, 21]. Most
of these groups are present in protein molecule in the bacteria, then the FTIR spectra of treated mineral show the absorbance bands characteristic of the cells’ surface chemical
composition. Hence, it can be inferred that more bacteria has
been adsorbed on the bioleached residues surface in media
with cysteine than without cysteine.

3.4 Results of XRD

◆

★

Wavenumber(cm-1)

A previous study [22] revealed that bridge complexes
formed by adsorbing –CN–, –O– or –CO–groups to interfacial iron atoms in mineral, could greatly accelerate the
transfer of photo generated charge carriers between mineral and soluble iron.
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FIGURE 7 - XRD analysis of the gold ore samples, (a) the original
gold ore sample, (b) after interaction with mixed moderate thermophiles, (c) after interaction with moderate thermophiles and cysteine

XRD patterns of bioleached gold ores indicate that the
chemical compositions of original gold ores were pyrite
(FeS2) and arsenopyrite (FeAsS) (Fig.7(a)), and bioleaching products were mainly jarosite and sulfur (Fig.7(b)). The
peak densities of sulfur disappeared as shown in samples
with cysteine added (Fig.7(c)), which was due to the ability
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of bacteria to oxidize elemental sulfur to SO42-[23, 24] and
unevenly distribution of the sulfur in the samples. When
comparing to residues untreated by cysteine, the spectrum
intensity of diffraction peaks changed scarcely, indicating
that addition of cysteine just facilitated the electron transfer
but did not change the gold ore bio-oxidation mechanism.
The results obtained by XRD, are in accordance with previous studies [10, 25, 26], which shows that cysteine may
serve as conductor or a bridge to facilitate electronic charge
transfer from gold ore to end-products.
The assumed action of cysteine in bioleaching is that
weakening and breaking up of chemical bonds lead to complex formation of cysteine with both iron and sulphur surfaces species. These complexations are FeS-R and FeS-SR bridges, which are also the putative chemical energy carrier for organisms with a cyclic turnover of cysteine and
metal ion, and electron transfers across these S- or S-S
bridges. In addition, Rojas-Chapana and Tributsch [27] believed that the sulfhydryl group of cysteine participated in
a binding process with FeS2. This reaction meant that cysteine was consumed by FeS2. surface with the subsequent
release of iron-sulfur species. Former studies [12] demonstrated that low concentration of cysteine heavily improved
the growth of cells, and cysteine could increase the zeta
potential of the mineral surfaces and hence enhanced the
absorption of negatively charged bacteria to the mineral
surfaces. Wang et al. [10] also speculated that the adsorption might be accomplished by the subunits of aporustucyanim and pyrite, iron or sulfur atom for pyrite crystal, amino
acid residuals for apoprotein. Considering the cysteine's
good affinity to pyrite, they predicted that cysteine located
in the framework of aporusticyanin could act as a mineralspecific receptor. It is still a process that deserves further
investigation.
Based on the discussion above, it is of necessity to
reexamine the issue of the inhibition of cysteine for As extraction. Cysteine traps ferric iron, which is the main oxidizing reagent of As (Eq.5) with ferric iron being regenerated by the bacteria.

The detailed mechanism of how cysteine interacts with
different sulphide ore needs further investigation. In this
paper, we have found some moderate thermophiles showed
synergistic response to cysteine in Fe extraction. Further
research can be carried out in heavy metal [28, 29], such as
Cu leaching system added thio subspecies. The general thio
subspecies like cysteine as promoting agents in sulfide
leaching means an extensive application in bio-hydrometallurgical operation.
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4. CONCLUSIONS
This study employed bioleaching experiments together
with SEM/EDS, FTIR and XRD to investigate details of
gold ore bioleaching process in a mixed microorganism
system added cysteine at 40 °C. The dissolution of gold ore
involves many intermediate reactions and thus was a complex process. Cysteine could greatly increase the bioleaching speed of Fe. However, it was inhibited for the bioleaching rate of As. These solid intermediate species could form
on the mineral surface. Combining the results of the bioleaching experiment and the analysis of SEM/EDS, FTIR
and XRD leaded us to conclude that bioleaching products
were mainly jarosite and sulfur, cysteine addition just facilitated the electron transfer but did not change the gold
ore oxidation mechanism, and the low As extraction rate in
bioleaching was due to iron trapping by cysteine.
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PHYSIOLOGICAL AND BIOCHEMICAL
RESPONSES OF CUCURBITA PEPO L. MEDIATED
BY PORTULACA OLERACEA L. ALLELOPATHY
Hamed M. El-Shora and Ahmed M. Abd El-Gawad*
Botany Department, Faculty of Science, Mansoura University, Mansoura, Egypt

ABSTRACT
Weeds exert many biological stresses on crops, allelopathy considered as one of these stresses. The present investigation advances the possibility of using allelo-chemicals as growth regulators and natural herbicides to promote
sustainable agriculture. Seed germination, activities of antioxidant enzymes including peroxidase (POD, EC:
1.11.1.7), superoxide dismutase (SOD, EC: 1.15.1.1), catalase (CAT, EC: 1.11.1.6) and ascorbate peroxidase (APX,
EC: 1.11.1.11), lipid peroxidation, proline, protein, Chl a,
Chl b, total chlorophyll and total carotenoids were measured in Cucurbita pepo leaves under treatment with extracts of roots and leaves of Portulaca oleracea L. (purslane). Seed germination was reduced upon treatment with
P. oleracea extracts. The activities of the four antioxidant
enzymes as well as the antioxidant proline were increased
under the treatment. Protein, Chl a, Chl b, total chlorophyll
and total carotenoids were decreased depending on the extract concentration. Leaf extract of P. oleracea showed
more allelopathic potential than root extract which may reveal the high and diverse bioactive compounds in the
leaves of this weed.

KEYWORDS: Allelopathy, enzyme activities, Portulaca oleracea,
lipid peroxidation, Cucurbita pepo.

INTRODUCTION
Some plants have allelopathic potential by releasing
allelochemicals to their surroundings that have either
deleterious or beneficial effects on other plants in the
vicinity [1]. Allelopathy can be defined as a mechanism of
interference in plant growth and development mediated by
the addition of plant-produced secondary products (allelochemicals) to the soil rhizosphere. Allelochemicals are present in all types of plants and tissues and are released
* Corresponding author

into the soil rhizosphere by a variety of mechanisms, including decomposition of residue and root exudation [2]. These
allelochemicals become stressful only when they are toxic
or when they affect the growth and development of surrounding plants [3]. The physiological effects on receptor
plants or other organisms are useful in determining the role
of the allelochemicals in the system. Many researchers investigated the effect of plant extracts on the physiological
and growth aspects of other plants [2].
Portulaca oleracea L. (purslane) is a C3 plant and a
common troublesome weed worldwide [4]. This plant has
a wide biological activities (hypoglycemic and hypolipidemic activities, antioxidant, antibacterial and antitumor
activities) [5, 6]. Portulaca oleracea has been characterized with many bioactive compounds such as hesperidin,
caffeic acid [7], ferulic acid and p-coumaric acid [8, 9].
Portulaca oleracea has been reported to be rich in α-linolenic acid, β-carotene [10], flavonoids, coumarins [11], alkaloids [12] and monoterpene glycoside [13]. Some of
these bioactive compounds have been reported to be allelochemicals [14].
Many studies have reported the allelopathic activity of
Portulaca species. Silva et al. [15] and many authors [16,
17] reported various allelopathic potential against P.
oleracea. However, the physiological and biochemical response to P. oleracea allelopathy is still poor established.
The Cucurbita genus is one of the most common genera of Cucurbitaceae family, the second most important
horticultural family in terms of economic importance after
Solanaceae [18]. Cucurbita pepo L., is the most economically important crop of this genus commonly known as
summer squashes [19]. Its fruits consumed as vegetables
rich sources of fat and vitamins in developing countries
like Egypt [20].
The present study was taken to explore the physiological and biochemical responses of C. pepo (tested plant) to
allelopathic effect of root and leave extracts of P. oleracea.
This information will contribute to the understanding of allelopathic mechanisms of P. oleracea allelochemicals.
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MATERIALS AND METHODS
Preparation of P. oleracea extracts

Fresh P. oleracea plants were collected from the field
at Mansoura, Egypt and separated into roots and leaves.
The roots and leaves were chopped into pieces. The components were then oven dried at 50 ○C for 5 days. Eighty
grams of roots and leaves were respectively extracted by
soaking in 1L deionized water at 25 ○C for 24 h in a shaker.
The extracts were respectively filtered through four layers of
cheesecloth to remove the fiber debris and centrifuged at
3000 rpm for 4 h [21]. The supernatant was filtered again
using a 0.2-mm filter unit. Fresh stock extracts were kept
in a refrigerator at 2 ○C until used. Various concentrations
(2, 4, 6, 8 and 10% w/v) of roots and leaves were prepared.
Germination bioassays

Seed of C. pepo were germinated according to ElShora and Abo-Kassem [22]. Seeds were surface sterilized
in 10% sodium hypochlorite for 10 min and then soaked in
running tap water for 24 h. The seeds were then germinated
between paper towels, moistened with distilled water (control) or different extract concentrations in sterilized plastic
trays and were covered and incubated in dark at 25ºC. The
germinated seeds were counted daily and the percentage of
germination was calculated.
Treatment experiment

The germinated seeds of C. pepo with well-grown root
were then supported on plastic bowls containing 0.2 mM
CaCl2 solution and different concentrations of P. oleracea
leaf and root extracts and vigorously aerated for 7 day according to El-Shora and Abo-Kassem [22]. The experimental design was carried out with three replicates.
Enzymes assay

All samples were prepared for enzyme analyses by homogenization of the fresh leaves with a mortar and pestle
and a small amount of sand in a solution (5 g) fresh weight)
containing 50 mM potassium phosphate buffer (pH 7.0), 10
g-1 polyvinylpyrrolidone (PVP), 0.2 mM EDTA and 10 ml 11
Triton X-100. After the homogenate was centrifuged at
12000 g for 20 min at 4°C, the supernatant was used for
immediate determination of enzyme activities.
Determination of enzyme activities

Assay of peroxidase (POD) activity is carried out according to the procedure of Chance and Maehly [23]. 3.5 ml of
phosphate buffer (pH 6.5) was taken in a clean dry cuvette,
0.2 ml seed extract and 0.1 ml of freshly prepared o-dianisidine solution was added. The temperature of assay mixture
was brought to 28-30°C and then place the cuvette in the
spectrophotometer at 430 nm. Then, 0.2 ml of 0.2 M H2O2
was added and mixed. The initial absorbance was read at
every 30 sec. intervals up to 3 min. A graph was plotted
with the increase in absorbance against time. From the linear phase, the change in absorbance per min. was read. Wa-

ter blank was used in the assay. The enzyme activity was
expressed in units per mg of protein per min.
Superoxide dismutase (SOD) activity was determined
by the nitroblue tetrazolium (NBT) method [24] by measuring the photoreduction of NBT at 650 nm. The reaction
mixture (3 ml) contained 50 mM sodium phosphate buffer
(pH 7.8), 13 mM methionine, 75 μM NBT, 10 μM EDTA,
2 mM riboflavin and enzyme extract (100 μl). The reaction
was started by placing the tubes below two 15-W fluorescent lamps for 10 minutes and then stopped by switching
off the light. The absorbance was measured at 650 nm. One
unit of SOD was defined as the quantity of enzyme that
produced 5 % inhibition of NBT reaction under the experimental conditions.
Catalase (CAT) activity was determined according to
Aebi [25]. The assay mixture (3 ml) consisted of 100 μl
enzyme extract, 100 μl H2O2 (300 mM) and 2.8 ml 50 mM
phosphate buffer with 2 mM EDTA (pH 7.0). Catalase activity was assayed by monitoring the decrease in the absorbance at 240 nm as a consequence of H2O2 disappearance (E = 39.4 mM-1 cm-1).
Ascorbate peroxidase (APX) activity was assayed according to the method of Nakano and Asada [26]. The reaction mixture in a total volume of 1 ml contained 100 μl
enzyme extract, 100 μl ascorbate (7.5 mM), 100 μl H2O2
(300 mM) and 2.7 ml (25 mM) potassium phosphate buffer
with 2 mM EDTA (pH7.0). The oxidation of ascorbate was
determined by the change in absorbance at 290 nm (E =
2.8 mM-1 cm-1).
Lipid peroxidation analysis

Fresh plant leaves (0.2 g) were homogenized and extracted in 10 mL of 0.5% (w/v) thiobarbituric acid (TBA)
made in 5% (w/v) trichloroacetic acid (TCA). The extract
was heated at 95 ºC for 15 min and then quickly cooled on
ice [27]. After centrifuging at 5000 g for 10 min, the absorbance of the supernatant was measured at 532 nm.
Correction of nonspecific turbidity was made by subtracting the absorbance value taken at 600 nm. The malondialdehyde (MDA) was calculated using an extinction coefficient of 155 mM cm-1.
Determination of protein

Protein content of C. pepo leaves was determined according to the method of Bradford [28]. About 30 μL of C.
pepo leaves extract was added to a tube and the volume was
made up to 100 μL with 0.15 M NaCl. One mL Bradford’s
reagent was added and mixed well. The absorbance was
measured at 595 nm. The concentration of the protein in the
samples was determined from the calibration curve of bovine albumin (0-100 μg/mL) as standard.
Determination of proline

Free proline in C. pepo leaves was extracted according
to the method of Bates et al. [29] by drying leaf samples
and extraction in 3% (w/v) aqueous sulfosalicylic acid in
boiling water for 10 min. The obtained extract was filtered
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and the filtrate was mixed with equal volumes of glacial
acetic acid and ninhydrin reagent (1.25 g ninhydrin, 30 ml
glacial acetic acid, 20 ml of 6 M H3PO4) and incubated for
40 min in boiling water. The reaction was terminated by
placing the test tubes in cold water. The samples were vigorously mixed with 3 ml toluene. The absorbance of the
toluene phase was estimated at 520 nm. The proline concentration was determined using a standard curve.
Determination of photosynthetic pigments

Pigments content of Cicer leaves was determined in
80% acetone extract. After centrifugation (20 000 g, 20 min)
the absorbance was read spectrophotometrically at 663 and
645 nm. Total chlorophyll as well as chlorophyll a and b
concentrations were calculated according to Arnon [30],
while the estimation of carotenoids was performed according to Myers and Kratz [31].

activities of POD, SOD, CAT and APX by about 93.8%,
82.0%, 700% and 130%, respectively. Some protective enzymes are activated in plants due to production of oxygen
free radicals which stimulated under various stresses including allelopathy. Increased SOD activity may be considered as circumtantial evidence for enhanced production
of superoxide radical. This seems likely to be due to de
novo synthesis of protein [34], which is attributed to transcription of SOD genes by a superoxide mediated transduction signals [35]. The enhanced SOD activity observed in
this study might support the hypothesis that the H2O2 resulted from oxygen free radicals including superoxide radical (O2.-).
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Statistical analysis

All values are the mean of three replicates ± standard
error. Data were subjected to ANOVA and the mean values
were separated based on Ducan test at 0.05 probability
level using COSTAT 6.3 program.
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Allelopathic effect of P. oleracea extracts on germination of C.
pepo

The allelopathic activity of P. oleracea root and leaf
aqueous extracts on germination of C. pepo is shown in
Fig. 1. All concentrations significantly inhibited the germination of C. pepo (P≤0.05) throughout experimental period. The inhibition was concentration-dependent. It was
observed that the higher concentration (10% w/v) of root
and leaf extracts inhibited the germination by 67.6% and
78.6%., respectively. These results coped with other studies reported for P. oleracea leaves and roots which inhibited the germination and growth of others crops such as Allium cepa, Brassica oleracea, Raphanus oleracea and Lycopersicon esculentum [15]. It was observed that leaves of P.
oleracea exhibited more allelopathic effect than roots, this
may be contributed to the high bioactive constituents in the
leaves [32] especially phenolic acids such as chlorogenic,
caffeic, p-coumaric, ferulic and rosmarinic acids [33].
Allelopathic effect of P. oleracea extracts on the enzymes activity of C. pepo leaves

The activities of SOD, POD, CAT and APX were investigated in C. pepo leaves to determine whether P.
oleracea extracts influenced these antioxidant enzymes or
not. All enzymes activities, estimated on a fresh weight basis, were substantially increased under the influence of P.
oleracea root and leaf extracts (Fig. 2). P. oleracea root
extract significantly (P≤0.05) enhanced the activities of
POD, SOD, CAT and APX by about 164.5%, 226.1%,
638.9% and 428.6% at the highest concentration (10%
w/v). On the other hand, P. oleracea leaf extract enhanced
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FIGURE 1 - Effect of Portulaca oleracea root and leaf extracts on germination of Cucurbita pepo.

The increase in the activity of CAT could be attributed
to substrate induction in order to maintain low level of
H2O2 as an adaptive mechanism. The increased activity of
APX may efficiently scavenge H2O2 to protect against oxidative damage by allelochemicals present in extracts. It
has been proposed that allelochemicals can cause oxidative
stress in target plants and therefore activate the antioxidant
mechanism [2, 36]. The susceptibility to oxidative stress is
a function of the overall balance between the factors that
increase oxidant generation and those substances that exhibit antioxidant capability [37, 38].
POD is considered as stress marker enzyme having a
broad specificity of phenolic substrates and a higher affinity for H2O2 than CAT. POD is located in cytosol, cell wall,
vacuole and extracellular spaces. It consumes H2O2 to generate phenoxy compounds that are polymerized to produce
cell wall compounds such as lignans [39]. The increase in
POD is correlated with treatment by allelochemicals suggesting that it is an intrinsic defense tool [40]. The increased POD activity in the present results might be due to
the release of peroxidase localized in the cell wall.
Allelopathic effect of P. oleracea extracts on lipid peroxidation
of C. pepo leaves

MDA as marker for membrane peroxidation was enhanced by P. oleracea leaf and root extracts (Fig. 3). The
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FIGURE 2 - Effect of Portulaca oleracea root and leaf extracts on the activity of antioxidant enzymes in Cucurbita pepo leaves.
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High MDA production in the present study indicates the extent of cell damage which might be due to allelochemicals in
P. oleracea extracts. Destruction of lipid components of
membrane by lipid peroxidation causes membrane impairment and leakage [41, 42]. Lipid peroxidation can be stimulated by iron through Fenton reaction and also accelerates peroxidation by decomposing lipid hydroperoxides into peroxyl
and alkoxyl radicals that can themselves abstract hydrogen
and perpetuate the chain reaction of lipid peroxidation [43].
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FIGURE 3 - Effect of Portulaca oleracea root and leaf extracts on
MDA content leaves of Cucurbita pepo.

content of MDA in C. pepo was significantly (P≤0.05) increased by about 164.5% and 93.8% under the highest concentration (10% w/v) of root and leaf extracts, respectively.

Qian et al. [44] reported that allelochemicals stress
cause oxidative damage and trigger the synthesis of reactive oxygen species (ROS) to disrupt the subcellular structure. The increase of MDA formation is a direct consequence of increase ROS formation and thus unsaturated
fatty acid peroxidation
Allelopathic effect of P. oleracea extracts on protein content
of C. pepo leaves

The allelopathic effect of P. oleracea leaf and root extracts on the protein content of C. pepo leaves are presented
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in Fig. 4. Protein content at the highest concentration
(10% w/v) was significantly (P≤0.05) decreased by about
73.5% and 63.4% under the effect of P. oleracea root and
leaf extracts, respectively. These results suggest that allelochemicals of P. oleracea may inhibit protein synthesis
[45] or stimulate the degradation of the existing protein
in C. pepo plant [46]. The same effect of allelochemicals
was reported in other plants such as Brassica napus, Triticum aestivum [47], Vicia faba, Zea mays [48], T. durum
[49] and Achillea biebesteinii [50].
e
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The phytotoxic effect of P. oleracea root extract on
chlorophyll and carotenoid contents of C. pepo leaves were
illustrated in Fig. (6a). Chl b and carotenoid were decreased gradually depending on the concentration. It decreased by about 81.4% and 77.8%, respectively at 10%
(w/v). On the other hand, Chl a and total Chl were signifiantly enhanced (P≤0.05) by about 7- and 2-fold, respectively at the lowest concentration (2% w/v) of P. oleracea
root extract, while they were decreased again by about
37.5% and 65.6%, respectively at 10% w/v.
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FIGURE 4 - Effect of Portulaca oleracea root and leaf extracts on
protein content in leaves of Cucurbita pepo.
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Allelopathic effect of P. oleracea extracts on proline content
of C. pepo leaves

The allelopathic effect of P. oleracea leaf and root extracts on the proline content of C. pepo leaves were illustrated in Fig. (5). Proline content significantly increased
(P≤0.05) by about 397% and 180.6% for root and leaf extracts at the highest concentration (10% w/v), respectively.
Proline belongs to non-specific defense system against toxicity, as an inhibitor of lipid peroxidation [51] after radical
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FIGURE 6- Effect of Portulaca oleracea leaf (a) and root (b) extracts
on pigments in leaves of Cucurbita pepo.
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The allelopathic effect P. oleracea leaf extract on
chlorophyll and carotenoid contents of C. pepo leaves were
presented in Fig. (6b). Chl b and carotenoid were decreased
gradually with increasing the concentration. They decreased by about 72.1% and 67.2%, respectively at 10%
w/v. Chl a and total Chl were significantly enhanced
(P≤0.05) at the lowest concentration of P. oleracea leaf extract by about 4- and 2-fold, respectively, while they were
increased again by about 37% and 53.9%, respectively at
10% w/v. Generally Chl b and carotenoid contents were
decreased gradually by concentration of P. oleracea root
extract. These results are in agreement with other reports
[49, 53]. This reduction could be attributed to the reduction
in chlorophyll biosynthesis and/or degradation of the existing chlorophylls [54]. Allelochemicals interfere with porphyrin biosynthesis [55] or inhibit the activity of protoporphyrinogen, the enzyme involved in the chlorophyll biosynthesis pathway [56]. Another possibility for the reduction of chlorophyll content is the lipid peroxidation mediated cell damage in tissues.
On the other hand, Chl a drastically increased over the
control and then gradually decreased by the concentration
but still over the control. These results supported by the
finding of El-Rokiek and Eid [57]. Generally, pigment contents and photosynthetic efficiency in leaves were frequently altered in the presence of allelochemicals [58].
Leaf extract of P. oleracea showed more allelopathic potential than root extract. Similar finding was reported by
recent work [59].
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CONCLUSION
Based on the results in present work, the treatment of
C. pepo seeds with P. oleracea root and leaf extracts associated with significant inhibition of germination. C. pepo
seedlings expressed significant enhancement of many
physiological parameters including the activity of antioxidant enzymes POD, SOD, CAT, APX, lipid peroxidation
and proline contents. In addition, protein and pigment contents were decreased under the phytotoxic effect of P.
oleracea root and leaf extracts. P. oleracea caused oxidative stress, as evidenced by the increased lipid peroxidation
in C. pepo leaves. Leaf extract of P. oleracea showed more
allelopathic potential than root extract which may reveal
the high and diverse bioactive compounds in the leaves of
this weed. Further studies needed for separation and characterization of the allelochemical(s) of P. oleracea.
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ABSTRACT
Changes in natural forest cover in tropical areas have
attracted international attention. Rubber and pulp plantations threaten Hainan Island’s natural tropical forests.
Remote sensing provides a crucial tool for understanding
how forests change in response to forest protection strategies and economic development. China’s government has
adopted protective measures designed to balance forest
protection and economic development on Hainan; however,
the effect of both management and economic development
on natural tropical forest remains unclear. To identify
changes in forest types, object-oriented decision-tree identification techniques were developed using Landsat TM
images to identify causes of forest change. GIS techniques allowed analysis of the forest’s spatial shift using
elevation, slope, transportation corridors, natural reserves,
and farmlands linked to three different periods of forestry
policy and economic development from 1988 to 2008. The
analysis shows: (1) Total tropical forest area increased
from 1988 to 2008, while natural tropical forest area increased slightly from 1988 to 1998, but decreased significantly from 1998 to 2008, despite implementation of the
"Natural Forest Protection Project." Meanwhile, economic
forests, mainly rubber and pulp plantations, expanded from
1988 to 2008. (2) Spatial changes occurred. Natural tropical
forest shifted from the lower piedmont to higher mountaintops, and economic forests shifted to higher elevations under the complex effects of multiple factors. (3) The observed changes in forest cover could be related to protective measures and economic development, with economic
development seemingly having the strongest influence on
the condition of the forests. Elevation, slope, transportation
corridors, and farmlands also affected the shift of tropical
forests.

* Corresponding author

KEYWORDS:
Forest management, GIS, impact factor, multiple forests transition,
object oriented decision tree technique, remote sensing

1. INTRODUCTION
Deforestation of natural tropical forest is the main
cause for loss of biodiversity, and it has attracted international attention [1-4]. In China, a developing country, natural
forests continue to disappear and some forests are widely
displaced by other land uses because of conflict between
economic development and forest protection [5].
Tropical forests cover a large area of China’s Hainan
Island. China’s reforestation policies are currently responsible for an increase in the total area of tropical forest on
Hainan Island, but the proportion of natural tropical forest
to economic forest has changed in recent years [6]. Rubber
and pulp plantations represent a double threat to Hainan’s natural tropical forests [7], and changes in these tropical forests have affected the maintenance of biodiversity,
ecological functioning, and stability of the forest ecosystem [8-11].
Previous studies indicate that tropical forests may suffer
from the complex effects of population growth, economic
development, national policies, and natural factors (e.g.,
terrain and climate) [6, 12-14]. However, the key factors
causing changes in tropical forest remain unclear, and proving which protection measures would be most effective in
preventing the destruction of natural tropical forest is difficult. Therefore, managers remain confused with regard to
balancing economic development and forest protection [24].
Because the proportion of natural tropical forest to
economic forest has changed, two key challenges arise: (1)
understanding how and why natural tropical forests are
changing, and which factors have led to the changes; (2)
understanding the fate and implications of the succession
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of different forest types. Thus, monitoring the dynamics of
those changes occurring in natural tropical forest and economic forest becomes necessary, together with the identification of the main factors leading to those changes over
broad spatial and temporal scales. It is established that
those changes are occurring in response to evolving protection strategies, national policies, and economic development.
Remote sensing provides an efficient technique for the
monitoring and managing of tropical forests [15]. Brandt et
al. [16] recognized that mapping forest distribution and succession are an essential component of forest biodiversity assessment. In addition, a combination of remote sensing and
GIS techniques could help scientists discover the intrinsic
forces driving the dynamics of forests.
However, some challenges remain in solving these
problems with the aid of remote sensing image classification. For example, when using remote sensing data for vegetation classification, there is a problem with mixed pixels
resulting from same objects exhibiting different reflectance
at varying wavelengths. [17]. In addition, it is difficult to
improve the precision of the process of extraction without
the support of a priori knowledge, such as the spatial distribution of various forests or patch shapes.
In addition, the use of pixel-based methods are prone
to involving tiring and labor-intensive work, and misclassification of pixels is likely to occur because of errors during spectrum analysis [18]. For example, some natural forests lying within shaded areas of mountains tend to be regarded as other land use types. An object-oriented method
could segment remote sensing images into different patch
sizes based on integrated features of the spectrum, texture,
shape of patch, and so forth [19]. In addition, the decisiontree method could gradually extract individual land use
types, using remote sensing extraction models and relevant
auxiliary data, such as the distribution of various forest
types.
In fact, many auxiliary information could be used. For
example, when compared with rubber and pulp plantations,
the remotely-sensed spectra of natural forest exhibits more

differences from December to the following January than
it does during other seasons [20]. In addition, remotely
sensed images of natural forest, and rubber and pulp plantations each have obvious characteristics related to their
distribution, patch shape, and texture [4]. For example,
pulp and rubber plantations usually occur in areas where
the slope is less than 25°, and rubber plantations often lie
at comparatively lower elevations.
To overcome the above challenges, we used an objectoriented decision-tree method to deal with the complex
change processes of natural forest, and rubber and pulp
plantations. The overlay technique of GIS was also used to
map natural forest, and rubber and pulp plantations during
1988–2008, and to analyze the main factors driving forest
change and the relationships between the three forest types.
Our objectives were to: 1. Map the spatial extent of natural
forest, and rubber and pulp plantations, and to analyze temporal and spatial succession occurring during 1988 and
2008. 2. Assess the relationships between the spatial patterns of multiple forests; identify the main factors driving
changes.

2. MATERIALS AND METHODS
2.1. Study area

The study area covers 14,000 km2 in the central part of
Hainan Island (Fig. 1). The area’s warm and humid tropical
monsoon climate has an annual average temperature ranging from 22 to 26 °C. The coldest and driest months occur
from December to February. Mountainous areas surround
the Five Fingers and Yinggeling Mountains on Hainan Island. The island’s natural tropical forest mainly includes
tropical monsoon forest, tropical rain forest, evergreen
broad-leaved forest, and coniferous forest. Economic forest mainly includes rubber plantations and orchards, which
usually occur at the foot of the mountains. Since the 1970s,
some national and provincial reserves have been established to protect the biodiversity of these tropical forests.

FIGURE 1 - The location of the study area (the central Hainan Island in China)
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2.2. Data sources

Landsat TM images (path/row 124/47) cover the study
area. We used six images captured from December to the
following February in 1988, 1998, and 2008; these images
were obtained from the University of Maryland website
(http://glcfapp.glcf.umd.edu:8080/esdi/index.jsp) and satellite ground stations in China. The images were georeferenced with a precision better than 0.4 pixels. Finally, the
digital data of these images were calibrated to surface reflectance values using the Fast Line-of-Sight Atmospheric
correction of Spectral Hypercubes (FLAASH) Module in
ENVI v.4.6. Other sources of information included a digital elevation model (DEM), and social, economic, and field
survey data. DEM data were obtained from Aster satellite
data (https://wist.echo.nasa.gov/~wist/ api/imswelcome/).
Slope and elevation data were derived from the DEM using
ARCGIS9.3 software. Some basic data (transportation corridors, population, national and provincial reserves, meteorological, social and economic data) were obtained from
the Hainan Provincial Academy of Environmental Sciences. Field surveys were also conducted to collect information on the distribution of forests.
2.3. Methods
2.3.1. Extraction of multiple forest information datasets

We compared the spectral differences of Landsat TM
images captured in 1988, 1998, and 2008 of multiple forests in different seasons within a year, and selected images
taken between December and the following January (e.g.,
December 1988 to January 1989). Then we established
flow charts and processes for use with a sophisticated object-oriented decision-tree method (Fig. 4). First, these images were divided into multi-scale segmentations based on
the texture, spectrum, patch shape, and distribution of land
use types using Cognition 7.5 software. There are also
other parameters need to be set, such as scale, shape, and
compactness which are obtained from the ground comparative research. Second, a set of indices extracting remote
sensing information were calculated (Fig. 3), including

MNDWI = (Green – MIR) / (Green + SWIR) [21], the Universal Pattern Decomposition Method (VIUPD) [22], RVI =
NIR/Red [23] and the Grass and Shrub Differing Index GSI
= (MIR–NIR) / (MIR + NIR) [6, 23]. The wave bands of
Green, Red, MIR, SWIR, and NIR was used in these models, since they contribute to identify different objects. And
it is concluded that the MNDVI, VIUPD, RVI, GSI performed well in the information extraction of complex features. MNDWI is a modified normalized difference water
index which is a simple graphical indicator that can be used
to analyze whether the target being observed in water or
not [21]. The vegetation index RVI is very sensitive to vegetation canopy chlorophyll content [23]. VIUPD is a vegetation index and sensitively reflect the amount of vegetation and the degree of vegetation vigor [22]. GSI is grass
and shrub differing index and can be used to separate
bushes and grass from other kinds of trees [6, 23]. Then the
object-oriented forests information were extracted based
on decision tree (Fig.4). Multi-source data (including slope
from the DEM, pulp plantation planning maps, and other
auxiliary data) were used to extract different land use types.
According to the stage order, we first separated water-related
ground objects (water bodies, paddy fields, and aquaculture
areas) from images using the MNDWI model, and then
identified areas without vegetation coverage, such as urbanized areas, using the VIUPD method. Next, the RVI
model, slope from DEM, and economic forest planning
map were used to extract and delineate pulp plantation areas from other land use types. Finally, we separated natural
forest and rubber plantation areas from grassland and orchards using the GSI (Grass and Shrub Differing Index)
model and slope data from DEM. To correct some mistakes, we did some field investigation. For example, we initially were not sure whether some patches were rubber
plantation or not in Landsat TM image, but we found
through field investigation that these patches indeed were
rubber plantation if they were near river and residential
area, so we might correct these mistakes through water system distribution map.

FIGURE 2 - Examples of how phenology was used to discriminate the different forest classes. Representative pixels from the three forest and
other land use classes look similar under visual inspection on Landsat images from December to the following February
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FIGURE 3 - Using various indices models to identify typical objects (water, paddy field, aquaculture, forest, orchard, grass, pulp woods, rubber
woods, natural forest etc.) based on decision tree

2.3.2 Change detection and key driving factor identification

Distinguishing water related and
land related objects :MNDWI

Water related
objects

Distinguishing vegetation
and non vegetation
areas:VIUPD

Distinguishing between high and
low vegetation coverage areas:
RVI , DEM and planning map
Distinguishing high and
low vegetation coverage
areas: GSI and DEM

Natural
forests

Step 0

Rubber
plantation

Non vegetation
area

Step 1

Step 2

Identification of
pulp forest

Step 3

Shrub and
grassland

Step 4

FIGURE 4 - The steps to extract object-oriented information of forests based on decision tree

Three forest types and other land use types in the study
area were extracted: natural forest, rubber plantation, pulppaper, and other land use types (e.g., paddy fields, dry
lands, orchards, sand, and urbanized areas). Map overlays
of forest type for 1988, 1998, and 2008 were created using
GIS software to quantify the dynamic transformation between different forest types. Economic activities and protection measures were considered and a comparative analysis method was used to compare natural rubber demand
and price changes, the area of natural forests and the area
of economic forests before and after the implementation of
protection measures.
To reveal the intrinsic driving factors from 1988 to
2008, in addition to considering economic and policy factors, the following factors were also considered: nature
protection areas, farms, transportation corridors, and the elevation and slope of each site. The data of nature protection
areas derived from the map of national nature protection
area; the data of farms and transportation was extracted
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from Landsat TM images; the data of elevation and slope
was extracted by from DEM. The study area was divided
into grid cells, and the information in each grid cell was
extracted by the spatial analysis model of GIS software. By
using random permutation tests [24] to choose grid cells in
each year, the association of the different forest types with
the above factors was examined. We used the average Euclidean distance between the multiple forest patches and
these driving factors to capture differences in conservation
value and human activity. For multiple forest conversions,
the following method was used to identify the key factors:
the patch of the different forest area serves as the basic unit;
then, adjacent patches with the same change trends were
classified into a uniform block. The average value of a factor in each block with the same trend was used to serve as
a sample, and the value of the factor served as a collective
value. The ratio of the area covered by a particular land use
type in 2008 was compared with the corresponding blocks
of the two previous periods (1988 and 1998) to detect
changes using the overlay. Then, we took the altitude,
slope, and the minimum distance from the farmland and
road to the area transformation occurred as variable and
took the transformation of forest types as dependent variable. General regression analyses between them were conducted by collectively analyzing the blocks with the same
trends [12].

charts and processes to develop a sophisticated object-oriented decision-tree method, and segmented the images into
multiple scale patches and separate various forest types
aided by selecting remote sensing models and the related
auxiliary data based on the sequence of nodes.

FIGURE 5 - The classification of different forest types in 2008
TABLE 1 - Producer (PA) and user (UA) accuracies for each land
cover class in 2008
Class

3. RESULTS AND DISCUSSIONS
3.1. Detection of changes in natural forest, and rubber and
pulp plantations

We evaluated the precision of the classification (Fig. 5)
by comparing results with high-resolution remote sensing
images obtained by the Quick Bird and SPOT satellites,
and 300 GPS locations confirmed by local technical staff
in the field. Area-adjusted overall accuracy was over 91%
for natural forest and for the rubber and pulp plantations.
For the change in class, producer accuracies (PA) were
lower than the user accuracies (UA), representing a high
rate of errors of omission, which means our estimates were
conservative. The lowest accuracy was the PA for the rubber
plantations (87%), and the highest (95%) was for natural forest (Table 1).
Accurate remote sensing image analysis in our study
area proved to be challenged by the presence of multiple
land use types with similar spectral characteristics, and
strong illumination effects from topography. We employed
an object-oriented decision-tree method to establish five
layers designed to overcome these obstacles in accordance
with decision-tree nodes. First, we selected Landsat TM imagery with an acquisition time from late fall to early spring,
to accurately identify multiple types of forests. In southern
China, the period from December through the following
January is a period with drought and low temperatures; the
fact that different vegetation types respond differently to
drought and low temperature was a crucial factor in discriminating land use types. Second, we established flow

PA

UA

Overall
accuracy
91%

Khat

Natural forest
95%
90%
0.91
Rubber plantation
87%
92%
Pulp forest
93%
89%
Khat is an evaluation method for the precision of classification based on
multivariate statistics

The method could effectively avoid problems related
to the spectral variability of some forested lands in shadow,
caused by strong illumination effects on topography, and
could also effectively reduce uncertainties of classification.
In addition, the method could effectively identify the spatial distribution of various vegetation types and improve
classification accuracy by the use of relevant auxiliary data
and a priori knowledge.
Despite the higher level of accuracy achieved by our
classification, some uncertainties still exist. We set the algorithm parameters of Scale parameter, Shape, and Compactness to 10, 0.2, and 0.5, respectively, and ignored the
differences of these parameters, which could improve the
precision of the classification. In addition, we aggregated
multiple types of natural forests, such as tropical rain forest
and tropical monsoon forest, and considered them collectively as a same type of natural forest; therefore, some
patches might be identified incorrectly.
3.2. The change of different forests during the period of 1988–
2008

The total area of tropical forest in the study area increased during 1988–2008. The area of tropical forest covered about 68.57% of the study area in 1988, and then cov-
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ered about 71.89% of the study area in 2008, with the increase approximately 8% over the period of 1988-2008.

to 3.09% of economic forests were converted to other land
uses (Fig. 7).

Natural tropical forest always covered the largest area
of land use type within the study area, increasing slightly
(6.65%) in the first decade (1988–1998), and then decreasing sharply (13.69%) in the second (1998–2008). Generally,
the area of natural tropical forest tended to decrease, despite
obvious fluctuations during the study period.

The spatial conversion of forest was also seen because
of the transformation of different forest types. The remaining natural tropical forests tended to occur only at higher
elevations and on steeper mountaintops; i.e., the average
distances to farms and transportation corridors increased.
This occurred because some natural tropical forest at lower
elevations, and with less steep slopes that were previously
close to farms and transportation corridors, were transformed into economic forest during 1988–2008. The increasing extent of economic forests might result in a loss
in the value of ecosystem services [25]. Generally, forest
transition theory assumes that increasing forest cover indicates that environmental conditions are improving, but the
increasing forest cover in our study area does not necessarily mean that biodiversity and natural ecosystems are recovering [26].

The area of economic forest obviously expanded from
1988 to 2008. Of the economic forest, rubber plantations
covered the largest area, but decreased slightly (3.79%)
during the economic recession of 1988–1998; then, it experienced a rapid increase in conjunction with the renascent
market economy during 1998–2008. A few scattered pulp
plantations existed prior to 1988. Pulp wood was planted
widely after 1988, eventually covering about 0.7 × 104 ha.
by 1998 and about 7.09 × 104 ha. by 2008 (Table 2).
Landscape-scale transformation of various forest types
obviously occurred. From 1988 to 1998, natural forest in
the piedmont was converted into scattered rubber plantation, ultimately covering 9.57 × 104ha. by 1998 (Fig. 6).
During the next decade (1998–2008), an additional 9.72 ×
104 ha. natural forest was converted into economic forest
(rubber and pulp wood plantations), which led directly to a
corresponding decrease in the extent of natural tropical forest. At the same time, up to 6.26% of natural forest and up

TABLE 2 - Area of natural forest and economic forest during the period of 1988–2008
Natural for- Rubber
plantation
est
(104 ha.)
(104 ha.)
1988
73.48
22.57
1998
82.66
17.28
2008
63.29
35.91
* Hainan Island had sporadic Eucalyptus
grown for timber, not for pulp
Year

FIGURE 6 - The transformation of different forest types in 1988–1998
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Pulp wood Total forest
areas
area
(104 ha.)
(104 ha.)
*
95.91
0.70
100.64
7.09
107.29
in 1988, but Eucalyptus was
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FIGURE 7 - The transformation of different forest types in 1998–2008

3.3. The response of forest transformation to economic development and protection policies

Regional market trends contribute to the conversion
from natural forests to economic forests (rubber, pulp forests etc.). Rubber and pulp plantations expanded because
of new regulations and increased demand from consumers.
For example, the demand for rubber kept increasing slowly
and this led to low prices between 1988 and 1998 (Fig. 7).
In addition, most rubber plantations were planted on government-operated farms, typically covering large areas,
whereas small landholders were not involved significantly

in rubber plantations until 1995 [27]. Thus, the conversion
of natural tropical forests into rubber plantations in the
piedmont had been only sporadic at the period of 19881998. However, the market demand for rubber increased
sharply after 1999, leading to higher prices (Fig. 8), which
encouraged smaller landholders to become deeply involved in rubber plantations after 1999. Therefore, the demand for rubber on the open market might be an important
factor driving the change of different forests types during
1988–1998[28].

FIGURE 8 - Chinese natural rubber demand and price changes
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The Chinese Government has strongly encouraged the
planting of pulp plantations with the goal of developing a
domestic wood pulp industry that could meet growing domestic demand. The government provided substantial capital subsidies in the form of low interest rate loans, discounted loans, and extended repayment periods for loans
from state banks [29, 30].
Thus, new plantations of economic forests greatly reduced the available space for natural tropical forests; therefore, the area of natural tropical forest decreased by 2008.
Protection policies and the establishment of reserves delayed the transformation of some forests. In the early
1950s, policies encouraged the establishment of rubber
plantations. Several nature reserves were established on
Hainan Island starting in 1976. Currently, nine national nature reserves cover 11.20 × 104 ha., while provincial nature
reserves cover 13.84 × 104 ha.. Generally, both national nature reserves and provincial nature reserves limited the expansion of rubber plantations. The transformation of rainforests to plantation forests was suppressed by these protection
policies, and especially by the existence of natural reserves
during 1988–1998 (Table 3).
TABLE 3 - The percentage of plantation forests in different natural
reserves in 1988–2008
Year

1998

2008

16.31%

10.96%

7.22%

14.24%

8.80%

16.77%

1988

National reserves
Provincial reserves

Different types of reserves provide different levels of
protection. The national nature reserves play important
roles in protecting natural forest. During 1988–2008, in the
national reserves, the area of natural forest increased steadily while the area of economic forest decreased slightly.
However, provincial natural reserves play an ineffective
role in protecting natural forest, because local and provincial government agencies support economic growth over
the conservation of natural resources. Therefore, some natural forests in provincial reserves were replaced by economic forests during the same period (Table 3).
Generally, the main forces driving the transformation
of forest types seem to be protection policies and economic
development. Some natural forests were protected by the

established nature reserves, and protection policies suppressed the transformation process. Furthermore, the development of economic forests, such as rubber and pulp
plantations, propelled the transformation between different
forest types, even in provincial reserves formally under the
protection policies during 1998–2008. Generally, the spatial extent of natural forests decreased significantly from
1998 to 2008. Although some protection efforts have been
attempted, such as the "Natural Forest Protection Project," the
establishment of nature reserves, and the closing of hillsides
to facilitate afforestation [31], our results suggest that some
of these protection measures were implemented poorly. From
another viewpoint, economic development exerted an enormous influence on the tropical forests of Hainan Island and
reduced the effects of these protection efforts. Extensive areas of natural tropical forest on Hainan Island have been converted into economic forest. Local politicians are evaluated
strongly on their support of economic development. This
encourages them to support economic development at the
expense of environmental protection. Changing policies related to local government officials could increase protection for natural landscapes.
To resolve the conflict between development and protection, a balance between economic development and forest
protection needs to be found based on monitoring data [32].
The establishment of ecological compensation mechanisms
might contribute to providing local communities with some
economic benefits in exchange for forest protection [33].
3.4. Response of forest transformation to environmental factors

Elevation, slope, farmlands, and transportation corridors were selected for use in the analysis of their spatial
relationships with each other and with forest transformation. Economic forests (rubber forest, pulp forest, and
non-forest) were observed to occur mainly near farms and
transportation corridors usually in the 1980s, but natural
forests occurred further away from farmland and those corridors after the 1980s. Thus, because of the spatial transformation of forests during 1988–2008, on average, natural forest shifted to higher elevations with greater slopes during
this period. Similarly, at the same time, the average locations
of economic forest also shifted to higher elevations (Table
4) (Fig. 9). In general, the locations of trans-

TABLE 4 - Areas of forest transformation and the location (elevation and slope) where forest transformation occurred

Transformation of forests
Natural to Non-natural forest
Non-natural to Natural forest
Rubber to Non-rubber forest
Non-rubber to Rubber forest
Non-pulp to Pulp forest
Non-forest to Forest
Forest to Non-forest

1988–1998
Area
(ha. 104)
3.07
12.17
6.56
1.26
0.7
11.06
6.56

Mean slope

Mean elevation (m)

15.70
17.33
11.26
8.55
13.71
16.52
11.20

345.57
375.33
200.64
187.31
303.30
382.29
242.25
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1998–2008
Area
(ha. 104)
22.79
3.35
3.07
22.73
6.38
17.3
10.7

Mean slope

Mean elevation (m)

17.42
14.65
10.31
11.77
16.77
10.01
16.66

358.12
372.13
199.46
245.91
397.32
263.78
370.67
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Rubber woods

SLope(degree)

Pulp woods

Years
Pulp woods

Distance form triffic line (km)

Rubber woods

Years
FIGURE 9 - The response of forest transformation to slope and elevation

FIGURE 10 - The response of economic forests transformation to distance of farmland and transportation corridors

Table 5 Stepwise regression analysis between environmental factors and transformation of different forests. The relationship was showed
between the area transformation occurred and the altitude, slope, and the minimum distance from the locations transformation occurred to
farmland and road in 1988-1998
The minimum distance from a
cell to land use type in 1988–1998
Transformation of forest type

Farmland

Road

Altitude

Slope

Natural to rubber plantation

–

–

–

–

Natural to pulp plantation

–

–

–

–

Natural to non-forest

–

–

–

–

Rubber to natural forest

–

–

–

–

Rubber to pulp plantation

–

–

–

–

Rubber to non-forest

–

–

–

–

Non-forest to natural forest

–

–

0.62

–

Non-forest to rubber plantation

–

–

–

–

–

0.59

0.60

Non-forest to pulp plantation
–
Note: the number is the coefficient of stepwise regression, which gains significant at 5%
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TABLE 6 - Stepwise regression analysis between environmental factors and transformation of different forests. The relationship was showed
between the area transformation occurred and the altitude, slope, and the minimum distance from the locations transformation occurred to
farmland and road in 1998-2008
The minimum distance from a
cell to land use type in 1998–2008
Farmland

Road

Altitude

Natural to rubber plantation

0.55

0.49

0.52

–

Natural to pulp plantation

0.57

0.47

0.53

0.50

Transformation of forest type

Slope

Natural to non-forest

–

–

–

–

Rubber to natural forest

–

–

–

–

Rubber to pulp plantation

–

–

–

–

Rubber to non-forest

–

–

–

–

Non-forest to natural forest

–

–

–

–

0.52

0.53

–

Non-forest to rubber plantation

Non-forest to pulp plantation
–
0.51
–
Note: the number is coefficient of stepwise regression, which gains prominence at 5%. The symbol “-” not significant at 5%

portation corridors and farmland, together with slope and elevation, were the most important intrinsic dynamic factors
affecting the transformation of forest types (Fig. 10).
Approximately 300 sites were samples in the study
area to collect the transformation area and its distance to
environmental factors (farmland, road), altitude and slope.
Stepwise regression analysis confirmed that terrain factors
(elevation and slope) affect forest transformation. Transformations between non-forest land and pulp plantations
were observed to be associated with elevation and slope,
and transformations between non-forest and natural forest
were associated with elevation in 1988–1998 (Table 5).
Similar discoveries suggest that transformations between
natural forest and rubber plantations were associated with
elevation, and transformations between natural forest and
pulp plantations were associated with elevation and slope
in 1998–2008 (Table 6). Therefore, it could suggest that the
transformations between different forests types might be
affected by altitude, slope, road and farmland.

4. CONCLUSIONS

–
0.54

nomic forests, resulting in an expansion of economic forests (rubber and pulp plantations). Forests also shifted spatially during 1998–2008. Elimination of some natural tropical forest in the lower piedmont, due to economic development, caused the average location of the remaining tropical forest to become located at higher altitudes. The transformation of forests was driven mainly by protection policies and economic development, but economic development exerted a much stronger influence and minimized the
protection efforts. Transportation corridors, farmland,
slope, and elevation were also important intrinsic dynamics
that affected the transformation of tropical forests.
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Our results emphasize that forest monitoring could incorporate remote sensing imagery of specific periods and
an object-based decision-tree method to identify forest
change. The object-based information extraction based on
the decision-tree method proved applicable and effective in
identifying the main forests with complex surface features
in a tropical evergreen ecosystem. Based on the results of
forest information extraction, it is determined that the tropical forests of the central Hainan Island suffered an obvious
change during 1988–2008. Initially, the spatial extent of
natural tropical forest increased slightly, and then experienced an obvious decrease during 1998–2008. Larger
amounts of natural tropical forest were replaced by eco-
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A REVIEW OF THE PROGRESS IN
CHINA’S RENEWABLE ENERGY GENERATION,
AND ITS LINKS WITH ENERGY CONSERVATION,
ENVIRONMENTAL DEGRADATION AND ECONOMIC GROWTH
Qianyu Dong* and Tohru Futawatari
Faculty of Environmental Engineering, The University of Kitakyushu, Fukuoka, Japan

ABSTRACT
China is under immense pressure of economic growth,
energy consumption and environmental crisis. Meanwhile,
renewable energy is regarded as a key solution for tackling
those issues. However, is the renewable energy really effective to break through the dilemma as expected? The answer is not clear yet. Therefore, in this paper, we elaborated
the current status and trends of renewable energy generation in China both from the installed capacity and generation by sources. Then, based on a correlation analysis, we
found the development of renewable energy generation has
a greater correlation with GDP growth while being less related with fossil fuel electricity consumption decrease and
CO2 emissions reduction. Accordingly, we considered that
to improve energy efficacy of fossil fuel power will be more
helpful for China’s sustainable development rather than promoting renewable energy generation in the short term. At
last, some suggestions for China’s renewable energy generation and sustainable development were presented.

KEYWORDS: Renewable energy; generation; GDP; CO2 emissions; sustainable development

RE is generally defined as energy that comes from resources which is naturally replenished on a human timescale. RE generation mainly includes hydropower, solar
(PV) power, wind power, biomass energy and geothermal
energy. In the year of 2012, China’s RE generation capacity
reached 1010 TWh, which ranked the second of the world
[1], and represented 20.2% of China’s annual total electricity generations [2].
China’s aspiring RE development has attracted increasing attentions, a mass of studies have conducted related studies, including conducting renewable case studies
in a region or province [3]; analyzing the interactions between RE development and environment [4]; reviewing the
barriers and opportunities of RE [5, 6]; circumstantiating
the development situation for a certain kind of RE. With so
many studies focused on a certain technology aspect of RE
in China, only few of them have invested the progress and
problems from the aspects of installed capacity and generation. Moreover, rare researches discussed about that
whether the advance of RE generation really correlated with
the country’s sustainable development as expected or not. As
a result, this study aims to 1) analyze the reasons and problems for development of RE generation; 2) discuss the correlations of RE generation with CO2 emissions reduction,
fossil fuels electricity consumption and economic growth;
3) give recommendations for the future development of RE
generation industry.

1. INTRODUCTION
As the largest developing country in the world, China not
only faces the problem of maintaining a fast and steady economic growth, but also a number of energy-related challenges such as shortage of electricity supply and environmental pollution. Under this circumstance, renewable energy
(RE) as a kind of alternative energy, which does not harm the
environment and could meet the power demand, has been
placed high hopes for Chinese sustainable development.
* Corresponding author

2. STATUS QUO ANALYSIS
OF REGENERATION IN CHINA
2.1. The Distribution of RE Plants

In contrast to the fossil fuel plants, RE power plants
are located in the resourceful areas since RE resource is not
able to be transported. Figure 1 presents the top 10 provinces with RE installed capacities in 2012. Clearly, most of
these power plants are centralized in the central developing
regions of China. However, these resource-rich regions only

405

© by PSP Volume 24 – No 1b. 2015

Fresenius Environmental Bulletin

consume less electricity. Meanwhile, as shown in Fig. 2,
some developed regions (such as northeast and east coastal
areas) with higher power consumptions, rely to a greater
extent on fossil fuels electricity. Therefore, there is a large
spatial disparity between RE resources and load centers.
Furthermore, the lack of greater interconnection among regional and sub-regional grids imposes constraints on optimal use and delivery of energy.
2.2. Installed capacity and electricity production of RE

Figure 3 describes the trends of installed capacity of
RE by sources from 2000 to 2012. Table 1 lists the growth
rate of installed capacity of each renewable, respectively.
Clearly, hydropower has the whip hand of accumulative installed capacity, but compared with other renewables, its
growth rate is the lowest. The root reason should be that
the growth of hydropower is from a higher baseline. Moreover, China had stopped the approval of new large-scale
hydropower plants in 2009, for the heated controversy about

the ecological influence of hydropower exploitation. Even
though because of the heavy pressure of reducing CO2
emissions, they restarted the approval again in 2010, but
the growth speed is slower than before. And the new constructions are focused on small size hydropower stations.
Wind power, as shown in Table 1, replaced hydropower to own the biggest newly installed capacity from
2010, and it enjoyed the highest growth speed till 2009. We
considered the reason can be attributed to meet the rising
power demands in north-east industrial areas and developed eastern coastal areas (they are wind resource-rich
zones, as shown in Fig. 1). China turned to focus on enlarging the scale of wind power plants in these regions since
2000. And a plenty of market-oriented policies has been set
out. For example, the concession bidding of wind power
was implemented between 2003 and 2007. It aimed at promoting the competitive mechanism and a reasonable feedin tariff of wind power, and urged the multiply increase in
installed capacity of wind power.

Sichuan

Hydro
power
39640

Wind
Power
20

PV
power
-

Biomass
Total
power
116
39780

Hubei

35950

170

12

406

36540

1310

30

122

34520

16930

210

151

18370

960

-

-

18240

Rank

Province

①
②
③

⑤

Yunnan
33060
Inner Mongo1080
lia
Guizhou
17280

④
⑥

Guangxi

15360

100

-

60

15520

⑦

Guangdong

13060

1390

8

439

14900

⑧

Hunan

13720

190

-

218

14130

⑨

Gansu

7300

5970

380

1

13650

⑩

Fujian

11400

1130

1

208

12740

Source:2012 China Renewable Energy Outline by China National Renewable Energy Center (CNREC)
FIGURE 1 - The provinces with top 10 RE power installed capacity in 2012 (MW).

Source: Ten cities and thousand vehicles program
FIGURE 2 - Generation mix of the six interprovincial power grids.
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From 2010, PV has displaced the wind power as the
fastest growing RE (Table 1). This amazing growth could
be attributed to three reasons. Firstly, unlike hydropower,
the development of PV is from a pretty low baseline. Consequently, it is easier to achieve a high growth rate. Secondly, the growth is mainly pushed by China’s manufacturing industry of solar cells. Actually, since China has become the biggest PV cell producer of the world in 2007, its
heavy dependency on oversea market has given rise to the
appeal of expanding the domestic PV market. Meanwhile,
the declining demands of oversea market also forced China
to explore the domestic market to solve excess capacity.
Thirdly, the national PV support project such as ‘Golden

Sun’ was launched from 2009 to 2013, which aimed to increase 500 MW for PV installed capacity.
In the field of electricity production, Fig. 4 depicts the
proportion of RE in total power generation and renewables
generation by sources from 2001 to 2012. Table 2 tabulates
the annual growth rate of RE generation during this period.
Similar to the status in installed capacity, hydropower has
the highest generation but lowest growth rate. Besides,
since hydropower is susceptible to water resources, which
not only made the hydropower generation fluctuating, but
also greatly affected the ratio of RE power in China’s gross
generation.

Source:2012 China Renewable Energy Outline by China National Renewable Energy Center (CNREC)
FIGURE 3 - Installed capacity of RE in China from 2000 to 2012(GW).

TABLE 1 - Growth rate of installed capacity of RE in China (%).

Hydro
Wind
PV
Biomass

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

3.1
12.1
0.0

4.6
17.6
0.0

3.7
21.9
50.0

25.8
36.1
0.0

8.4
69.6
33.3

11.0
106.3
25.0

13.8
61.6
20.0

16.4
99.8
9.0

13.7
109.8
40.7

10.1
68.1
766.7
19.6

7.8
56.3
753.5
27.3

6.8
35.5
47.8
14.3

Source:2012 China Renewable Energy Outline by China National Renewable Energy Center (CNREC)
FIGURE 4 - Electricity generation of RE in China from 2000 to2012 (TWh).
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TABLE 2 - Growth rate of RE generation in China (%).
2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

Hydro

24.7

3.8

-1.5

24.6

12.1

4.6

13.6

20.0

1.1

20.1

-2.7

29.3

Wind

12.1

17.6

21.9

36.1

69.6

106.3

125.3

129.8

110.8

78.9

50.0

36.0

PV

-

-

-

-

-

-

-

-

-

-

600.0

400.0

0.0

50.0

0.0

57.6

34.6

39.1

51.1

40.7

19.6

27.3

20.6

Biomass 0.0

Wind power keeps a stable increase. PV power has an
explosive growth based on a low baseline. Particularly, approximately 72% of PV power came from centralized PV
stations [2]. This is different with PV power well-developed countries, where distributed PV system is the mainstream. However, a distributed power market requires to
break China’s electricity monopoly, and it is pretty difficult
to be finished in a short time.
In sum, China’s progress in RE generation is largely
led by hydropower and wind power, and government plays
an important role. Meanwhile, the domestic market-driven
mechanism is forming, and the links between RE generation and external conditions are stronger. But, electricity
monopoly has blocked the further growth of RE generation.
2.3 Problems for the development of RE generation

Based on Figs. 3 and 4, we observed that the share of
RE is close to one third of the total installed capacity, but
the share of RE in gross generation is only one fifth. This
problem might in part because RE is susceptible to weather
conditions. But, the figure revealed a more serious problem
that is ‘Blindly expand’ of RE generation. It means that the
installed capacity of RE is already considerably larger than
the output capacity of power grid. Take wind power as an
example, we found a phenomenon called ‘wind curtailment’ which has already happened in Inner Mongolia. The
abandon rate of China’s wind power was 17% in 2011, that
means more than 120 GW of wind power was wasted [7].
The reasons could not only be the low utilization level, but
also the unplanned exploration. If the grid is not capable
enough to accept the increase of RE electricity in a time,
instead of accelerating the installed capacity, they should
focus on updating the grid and related management systems.
3. CORRELATION ANALYSIS OF REGENERATION AND SUSTAINABLE DEVELOPMENT IN
CHINA
Without doubt, the national energy system is complicated and interlocking. However, to some extent, the correlations among the indicators and phenomena are not hard
to find. Hence, in this paper, we focus on exploring the reasons behind the links, and find realistic solutions for the
future development.

On account of the limited data about RE generation in
China, we collected yearly data from 2000 to 2012 as the
samples. The data mainly come from China National Renewable Energy Center (CNREC), the U.S. Energy Information Administration (EIA), International Energy
Agency (IEA), China Energy Statistics Yearbook, World
Development Indicators (WDI), and the World Bank Datebook etc.
Firstly, we used scatter plot to investigate the possible
relationship between two variables. If they are related,
then, we adopt Spearman's rank-order correlation to assess
how well the relationship can be described by a correlation
coefficient (rs). Spearman's rank correlation coefficient (rs)
always gives an answer between −1 and 1. The numbers are
like a scale, where −1 is a negative correlation, 0 is no link,
and 1 is a positive correlation; if |rs| is closer to 1, the correlation is stronger. The p-value is a measure of the probability of obtaining a result at least as extreme and as the one
that is actually observed; so the lower the value (usually
below 0.05 or 0.01) the more significant the result [9].
3.1 RE electricity and CO2 emissions reduction

According with the scatter plot of RE generation and
CO2 emissions from electricity production shown in Fig. 5
(a), we found that the two variables are positively correlated. Then, based on correlation coefficient (rs) in Table 3,
it further proved the RE generation is strongly positive correlated with CO2 emissions from generation (rs＞0.9, pvalue＜0.05). This result revealed that CO2 emissions increase while the RE generation grows, which also is suggesting that the development of RE generation is not significantly correlated with CO2 emissions reduction. Moreover, Fig. 5 (b) demonstrated that the ratio of RE in gross
generation is uncorrelated with CO2 emissions from electricity production; this is suggesting that, no matter the proportion of RE increase or decrease, there is no certain
change to the CO2 emissions from electricity production.
In other words, even if the proportion of RE in total power
generation increases, the proportion of CO2 emissions from
electricity production might not decrease.
3.2 RE electricity and fossil fuels electricity

As shown in Fig. 5 (c), RE electricity and fossil fuel
electricity are strongly positively correlated. However, as
shown in Fig. 5(d) and Table 3, the growth rate of RE and
fossil fuel electricity is significantly and negatively correlated (rs＜0, p-value＜0.05), suggesting that, as the RE
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(a) RE generation and CO2 emissions from electricity production

(b) Ratio of RE in total generation and CO2 emissions from electricity production

(c) RE generation and fossil fuel electricity

(d) Growth rate of RE generation and growth rate of fossil fuel electricity

(e) RE generation with GDP

(f) RE generation with GDP growth rate

FIGURE 5 - Scatter plot of RE generation with CO2 emissions, fossil fuel electricity and economic growth.
TABLE 3 - Correlations between RE generation and variables of CO2 emissions, fossil fuel electricity and GDP.

generation accelerated, the growth rate of fossil fuel electricity decreased.

well whereas Fig. 5(f) indicates that RE generation is uncorrelated with real GDP growth rate.

3.3 RE generation and economic growth

In brief, RE generation has a greater correlation with
GDP growth while being less related with fossil fuel electricity consumption decrease and CO2 emissions reduction.

Based on Fig. 5(e) and Table 3, RE generation is significantly positive correlated with GDP (rs ＞0.9, p＜0.01),
suggesting that, as RE generations increase, GDP grows as
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4. DISCUSSION
China is on the developing period of industrialization,
and its economic growth is driven by large-scale production. But scale economy not only comes with large sum of
energy consumption but also the by-products, such as environmental damages. And RE is used to be regarded as the
key to address this dilemma. However, in this study, we
found that RE generation has a greater correlation with
GDP growth while being less related with fossil fuel electricity consumption decrease and CO2 emissions reduction.
We discussed this as follows:
Firstly, the enormous investment on RE has become an
important driving force of China’s GDP. China’s investment at RE has reached 66.6 billion dollars in 2012 [8],
which occupied 0.81% of GDP. The huge investment not
only greatly promoted RE generation, but also stimulated
related industries (such as the raw material supply and
manufacturing industries of RE plants, the technology
companies). For another perspective, just like we discussed
previously in section 2, the over fast growth of RE installed
capacity might be used as a way to boost economic growth
of China. Besides, in order to achieve the target of ‘RE accounts for 30% of total installed capacity in 2020’ set by
National Development and Reform Commission, we believe the installed capacity of RE will keep growing. But,
the gap between RE installed capacity and generation
should be attached more importance. After all, the electricity production by RE is more important than inapplicable
huge installed capacity.
Secondly, the ever-increasing power demand has improved the growth of both RE electricity and fossil fuels
electricity, but the growth of fossil fuels electricity is by a
faster speed and greater capacity. RE electricity is hard to
challenge the fossil fuel electricity in a short term since fossil fuel electricity has dominated China’s energy system for
decades. Besides, RE generation is easy to be affected by
weather conditions generation (especially hydropower),
whereas the fossil fuel electricity could be transported and
change with the insufficient any time. Moreover, the cost
of coal power is much cheaper than RE generation, and for
the grid company, to invest on thermal power plants is
more cost-effective. As a result, RE’s effect on reducing
fossil fuels electricity is not significant.
Thirdly, the CO2 emission is positively correlated with
the fossil fuel electricity consumption. China’s RE generation has experienced a rapid expansion since 2000, but that
is from a lower baseline. Meanwhile, the fossil fuels electricity climbs up as well by a faster speed and greater capacity than the RE electricity. Consequently, even though
RE consumption and generation keeps fast growing, this
growth in RE generation was more than offset by a 6.4%
increase in coal consumption [1], which has a higher baseline while most of CO2 emission is attributed to the lowefficient coal power plants. Moreover, the fluctuating
growth rate of RE generation leads to a floating ratio of RE
generation in gross electricity generation. So, although a

new peak of RE generation was reached in 2012, its share
is not stable and big enough to contend with coal power.
Thus, to reduce CO2 emissions in China, the more important should be increasing energy efficiency.
Based on the problems we explored, some recommendations are given as follows: Firstly, China should focus on
increasing energy efficiency of coal power. Because of bigger base number, the efficiency of thermal power plants
will be more significant on CO2 emissions reduction. Secondly, transmission capacity should be enlarged prior to
explore installed capacity of RE. If only with a huge installed capacity, but a laggard power transmission system,
it means more RE generation will be wasted. Thirdly, the
policy planning and decision making mechanism should be
completed. Fourthly, the concession bidding system in all
kinds of RE generation industry should be expanded because this system is proved by the wind power department
which could act as a buffer between competitive mechanism and policy-oriented industry. Fifthly, the distributed
RE power market must be opened up to break the electricity monopoly. In addition, a comprehensive and objective
understanding about the influence of hydropower should
be conducted both for the public and policy makers. Lastly,
the loss in GDP for decelerating new construction of RE
could be shifted to the promotion of power system and energy efficiency. So, even the growth in installed capacity
of RE is slowed down, the influence on economy can be
minimized.

5. CONCLUSION
At present, RE generation is hard to drive a fundamental transition in China’s energy system because its limited
effects on CO2 emissions reduction and fossil fuel electricity decrease. If China expects to expand the RE’s influence,
it will require sharply limiting the use of fossil fuels on
which more than 80 % of today’s Chinese energy system
depends. And that, in turn, would set off a sweeping transition of one of the most extensive technological complexes and deeply embedded elements of China’s physical
infrastructure: the national energy system, economic growth
and industrial structure. But these transformations are incredibly difficult to be finished in a decade. Therefore,
China will necessarily continue to rely on fossil fuels in the
coming decades. And during this period, compared with a
bigger ratio of RE in generation, to raise the energy efficiency of fossil fuels is more useful and practical for
China’s sustainable development.
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