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IN VITRO ANTIMICROBIAL AND
ANTIOXIDANT ACTIVITIES OF VARIOUS EXTRACTS OF
Salvia microstegia (BOISS.) ET. BAL. FROM ANTAKYA, TURKEY
Birgul Ozcan1*, Mari Esen1, Arzu Coleri2, Hikmet Yolcu3 and Mahmut Caliskan1
1

Mustafa Kemal University, Faculty of Sciences and Letters, Biology Department, Hatay-Turkey
2
Ankara University, Faculty of Science, Biology Department, Ankara-Turkey
3
Final Education School, Antakya-Turkey

ABSTRACT

molecular structures as lead compounds from the plant
kingdom [1,3].

The present study was performed to evaluate the in
vitro antimicrobial and antioxidant properties of various
extracts (hexane, dichloromethane, methanol/chloroform,
methanol/water and direct methanol) from Salvia microstegia (Boiss.) Et. Bal., a member of Lamiaceae family.
Direct methanol extracts of S. microstegia exhibited
more effective antibacterial activities on the Gramnegative and Gram-positive bacteria. None of the extracts
exhibited any antifungal activities on the Candida albicans
ATCC 10231. The total phenolic components of S. microstegia was found 103.64 mg/g gallic acid equivalent. The
antioxidant activity of the methanolic extract of S. microstegia was examined with two complementary test systems; 2,2-diphenyl-1-picrylhydrazyl (DPPH) and βcarotene-linoleic acid as-says. The 50% (IC50) inhibition
activity of the methanolic extract of S. microstegia on the
free radical DPPH was determined as 7.63 mg/ml. In the
case of the linoleic acid system, the methanolic extract of
S. microstegia showed 79.92% inhibition, this value is
quite close to the value of synthetic antioxidant reagent,
92.46%.
KEYWORDS: Salvia microstegia, antimicrobial activity, antioxidant activity, total phenolic assay

INTRODUCTION
Throughout the ages humans have relied on nature for
their medical needs. The nature has been a source of medicinal agents for thousands of years and an impressive
number of modern drugs have been isolated from natural
sources, many based on their use in traditional medicine
[1]. The use of traditional medicine and medicinal plants
in most developing and industrialized societies, as a normative basis for the maintenance of good health, has been
widely observed [2]. This is due to increased awareness
of the limited ability of synthetic pharmaceutical products
to control major diseases and the need to discover new

The activities of a variety of microorganisms and reactive oxygen species in food are generally causes of foodborne diseases and/or food spoilage [4,5]. Reactive oxygen
species are known to take part in lipid peroxidation which
is a complex process occurring in aerobic cells and reflects
interaction between molecular oxygen and polyunsaturated
fatty acids. Reactive oxygen species are involved in several
disorders which are asthma, inflammation, arthritis, neurodegeneration, Parkinson disease, mongolism and perhaps
dementia [6,7]. Antioxidants are compounds that inhibit or
delay the oxidation of other molecules by inhibiting the
initiation or propagation of oxidizing chain reactions. There
are two types of antioxidants, namely, synthetic and natural. Synthetic antioxidants such as butylated hydroxyanisole
(BHA) and butylated hydroxytoluene (BHT) have been
used as antioxidants since the beginning of this century. Because of the restrictions, like carcinogenicity, on the use of
these compounds, the interest in natural antioxidants has
increased considerably [8].
Approximately 900 Salvia species have been recorded
widespread throughout the world. This genus is represented
in Turkey by 89 species and, altogether, 94 taxa, 45 of
which endemic in Turkey [9,10]. Some members of this
genus are used as traditional medicines all around the world.
Some Salvia species, especially Chinese sage S. milthiorrhiza has been used in the treatment of coronary heart diseases [11], and particularly fully aromatic abietane containing Salvia species have been used in the treatment of
tuberculosis in folk medicine, especially in China [12].
Previous papers report that the Salvia microstegia are used
in popular medicine for its diuretic, antiseptic and wound
healing properties [13].
In the present study the in vitro antimicrobial and antioxidant properties of various extracts from Salvia microstegia (Boiss.) Et. Bal. grown in Hatay district were investigated. As far as our literature survey could ascertain, antimicrobial and/or antioxidant activities of different extracts
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of Salvia microstegia has not been published previously,
although there are some reports about the chemical compositions of the essential oil [11,13].
MATERIALS AND METHODS
Plant material: Salvia microstegia was collected between June and July, 2007 from Çevlik, Samandağ-Hatay,
Turkey. Voucher specimen was identified by Dr. Hikmet
Yolcu at the Final Education School, Antakya-Turkey.
Preparation of extracts: Air dried herbal parts of Salvia microstegia were subjected to different extraction
procedures given below:
Preparation of increased polarity extracts: The plant
parts were air-dried and then dry powdered plant material
(20 g) was extracted with 150 ml hexane, followed by
dichloromethane (150 ml) and methanol (150 ml) in a
Soxhlet apparatus for 6 h for each solvent. The methanolic
extract was suspended in water and partitioned with chloroform to obtain polar and non-polar subfractions [14].
Preparation of direct methanol extracts: The plant parts
were air-dried and then dry powdered plant material (20 g)
was extracted with 150 ml methanol in a Soxhlet apparatus for 8 h. The all extracts were filtered, and the filtrates were then evaporated under reduced pressure and
dried using a rotary evaporator at 50 °C. Dried extracts
were stored in dark at +4 0C until use. All solvents were
obtained from Merck, Darmstad, Germany.
Antioxidant activity

DPPH assay: The DPPH (2,2-diphenyl-1-picrylhydrazyl) test was carried out as described before [15,16]. 50 µl
of various dilutions of the extract was mixed with 5 ml of
a 0.004% methanol solution of DPPH. After an incubation period of 30 min, the absorbance of the samples was
read at 517 nm in Biospec-mini Shimadzu spectrophotometer (Shimadzu Biotech, Japan). Butylhydroxytoluene (BHT)
and ascorbic acid were used as positive controls.
Inhibition of free radical DPPH in percent (I%) was
calculated in following way:
I% = (Ablank – Asample / Ablank) x 100
Ablank is the absorbance of control reaction (without
test compound), and Asample is the absorbance of test compound. The extract concentration providing 50% inhibition (IC50) was calculated from a graph of percentage inhibition against extract concentration.
β-carotene / linoleic acid assay: The assay used is explained in a previous work [17]. An equal amount of ethanol was used as a blank and BHT was used as synthetic
antioxidant.
Determination of total phenolics: The concentration of
total phenolic compounds in S. microstegia extract was
determined by the Folin–Ciocalteu colorimetric method [18].

The amount of total phenolics in the methanolic extract of
S. microstegia was expressed as gallic acid equivalents
(mg GAE/g extract).
Antimicrobial activity
Microorganisms: The various extracts of S. microstegia were individually tested on different microorganisms, including Staphylococcus aureus ATCC 29213,
Staphylococcus aureus ATCC 25923, Staphylococcus aureus ATCC 43300 (MRSA), Bacillus subtilis ATCC 6633,
Enterococcus gallinarium CDC-NJ-4, Enterococcus faecium
NJ-1, Enterococcus faecalis ATCC 29212, Streptococcus
pyogenes ATCC 19615, Listeria monocytogenes ATCC
7644, Escherichia coli O157 H:7, Escherichia coli ATCC
25922, Escherichia coli ATCC 35218, Salmonella typhi
NCTC 8394, Haemophilus influenzae ATCC 49247,
Pseudomonas aeruginosa ATCC 27853, and Candida
albicans ATCC 10231. S. aureus strains, Enterococcus
species and S. pyogenes were cultured on Brain-Heart
infusion agar and broth media, the rest of bacterial strains
were cultured on nutrient agar and broth media. The
fungus C. albicans were cultured on Sabouraud dextrose
agar (SDA) and broth media. Microorganisms were cultured overnight at 37 0C.
Agar-well diffusion method: The dried plant extracts were
dissolved in dimethylsulfoxide (DMSO) to a final concentration of 200 mg/ml, each well inoculated with 50ml of
extract (10 mg/well) at a concentration of 200 mg/ml [19].
The inoculums were suspended in sterile saline and diluted
according to 0.5 Mc Farland standard. They were “floodinoculated” on to surface of Mueller Hinton agar (MHA) for
bacterial strains and on SDA for fungus. The wells (6 mm)
were cut from the agar surface and ml of various extracts
was inoculated into them. After incubation period, 24h, at
37 0C, diameters of the zones were measured in millimetres. All tests in present study were performed in triplicate.

RESULTS AND DISCUSSION
Antioxidant activity: The methanolic extract of S. microstegia was determined for its potential antioxidant activity with two complementary tests, namely DPPH free
radical scavenging and β-carotene/linoleic acid test system.
Free radical scavenging properties and the inhibition effects on the linoleic acid oxidation of methanolic extract of
S. microstegia are given in Table 1. The IC50 value of
extract is 7.63 mg/ml (Table 1) which is higher than the
synthetic antioxidant agents, BHT and ascorbic acid. In the
β-carotene/ linoleic acid test system, the oxidation of linoleic acid was effectively inhibited by the methanolic extract
of S. microstegia. It was determined that the methanolic
extract of S. microstegia caused a 79.92% inhibition that
is quite close to synthetic antioxidant reagent, BHT,
92.46% (Table 1).

The antioxidant activity of some Salvia species has
been the subject of various studies. Tepe et al. [20] revealed
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that the inhibition effects of the methanolic extract of six
Salvia species on the linoleic acid oxidation were ranged
from 29% to 69.2%. In another work, the methanolic extract
of S. verticillata subsp. verticillata exhibited %74.4 inhibition on the oxidation of linoleic acid and free radical scavenging activity was found more effective than the positive
control BHT (IC50: 14.5 µg/ml) [21]. The results in these
previous studies are quite comparable with the results obtained in the current study in terms of antioxidant capacity.
TABLE 1 - Antioxidative capacity of the methanolic extract
of Salvia microstegia measured in DPPH and β-carotene/linoleic
acid assays (results are means of three different experiments).
Extract and controls

DPPHa (mg/ml)

β-Carotene/linoleic acidb

Salvia microstegia
extract
BHT
Ascorbic acid

7,63

79,92

1,52
0,45

92,46
NTc

Antimicrobial activity: Antimicrobial activities of extracts were represented in Table 2. The various extracts of
Salvia microstegia were exhibited antimicrobial activity
in different values on the tested microorganisms, except
for E. coli ATCC 25922, and E. coli ATCC 35218. It was
seen that none of the extracts exhibited any antifungal
activities on the Candida albicans ATCC 10231. It can be
seen that direct methanol extracts exhibited more effective
antibacterial activities on the gram negative and gram positive bacteria than the other extracts. In general, weaker activity was observed against gram-negative bacteria. According to our results Haemophilus influenza was determined
as the most sensitive bacterium. Penicillin, ciprofloxacin,
streptomycin used as positive control. The results of antimicrobial susceptibility test were represented in Table 3.
TABLE 2 - Antimicrobial activities of various
extracts of Salvia microstegia. (HE: hexane; DCM: dichloromethane; M/C: methanol/chloroform; M/W: methanol/
water; D/M: direct methanol; NA: not active). Diameter
of inhibition zone (mm) including well diameter of 6 mm.

a

IC50 values of DPPH assay
% inhibition rate of linoleic acid oxidation
c
Not Tested
b

As far as our literature survey could ascertain, this is
the first report showing the antioxidative properties of
Salvia microstegia extracts. We consider that this activity
is most likely due to the phenolic components of Salvia
microstegia. Although the chemical composition of the
methanolic extract of Salvia microstegia has not been determined yet, it well documented that Salvia species are
rich sources of certain phenolic compounds [20,21,23] and
it is likely that the antioxidant activity of the methanolic
extract of S. microstegia comes from these compounds.
Amount of total phenolics: Phenolic compounds are potent free radical terminators, and the main agents that can
donate hydrogen to free radicals and thus break the chain
reaction of lipid oxidation at the first initiation step. This
high potential of phenolic compounds to scavenge radicals
may be explained by their phenolic hydroxyl groups [22].
Plants belonging to Lamiaceae family are very rich in phenolic compounds. Some major phenolic substances, like
rosmarinic acid, carsonic acid, salvianolic acid, rosmanol
and epirosmanol were identified from different Salvia species [22].

There are plenty of studies implied that the phenolic
compounds are involved in the antibacterial and antioxidant capacities of plants. In this study, together with the
antibacterial and antioxidant studies, the total phenolic
content of the extract was studied as well. The total phenolic component of Salvia microstegia was determined by
employing the literature methods involving Folin-Ciocalteu
reagent and gallic acid as a standard [18]. According to
this method, the phenolic component of Salvia microstegia
(Boiss.) Et. Bal was determined to be 103.64 mg/g gallic
acid equivalent (the data is means of three different experiments). This data has considered that the antioxidative
activity of the extracts could be related to their phenolic
constituents.

Microorganisms
S. aureus ATCC 29213
S.aureus ATCC 2592
S.aureus ATCC 43300
(MRSA)
B. subtilis ATCC 6633
E. gallinarium CDC-NJ-4
E. faecium NJ-1
E. faecalis ATCC 29212
S. pyogenes ATCC 19615
L. monocytogenes ATCC
7644
E. coli O 157 H:7
E. coli ATCC 25922
E. coli ATCC 35218
S. typhi NCTC 8394
H. influenzae ATCC
49247
P. aeruginosa ATCC
27853
C. albicans ATCC 10231

HE
10,66
10,33
10,33

DCM
10,5
11
11

M/C
10
10
10

M/W
8
7,66
7

D/M
14,33
14
12

11
7,33
7,33
7
NA
10

11
8
7,5
8,5
9
12

9,33
7
7
7,66
NA
10,66

7,33
NA
7,66
7
NA
10,66

12,33
10,66
9
9,66
12
14

NA
NA
NA
NA
8

NA
NA
NA
7,5
11

7
NA
NA
8
10,66

NA
NA
NA
NA
10,5

7
NA
NA
8,33
15

NA

7

NA

7

9,66

NA

NA

NA

NA

NA

TABLE 3 - Antimicrobial susceptibility test of
microorganisms. Diameter of inhibition zone (mm)
including well diameter of 6 mm, (NT: not tested).
Microorganisms
S. aureus ATCC 29213
S.aureus ATCC 25923
S.aureus ATCC 43300
(MRSA)
B. subtilis ATCC 6633
E. gallinarium CDC-NJ-4
E. faecium NJ-1
E. faecalis ATCC 29212
S. pyogenes ATCC 19615
L. monocytogenes ATCC
7644
E. coli O 157 H:7
E. coli ATCC 25922
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Penicillin

Ciprofloxacin Streptomycin

33,5
30

24
25

17
16,33

9,75

18

15,33

21
18
21
23,75

30
24
20
24,75
25,75

20,66
20
21

30

26

21,33

-

25
20,75

19
17,33
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E. coli ATCC 35218
S. typhi NCTC 8394
H. influenzae ATCC 49247
P. aeruginosa ATCC 27853

22
20
-
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21,75
30
25
27

20,66
20,66
20,66

Previously it was reported that most Salvia species
contain volatile, essential oil, and non-volatile, flavon,
flovanoid, and phenolic compounds [24]. Besides antioxidative activity, phenolic compounds exhibit antimicrobial
activity. The site of hydroxyl groups on the phenol group
are thought to be related to their relative toxicity to microorganisms. In addition, some authors have revealed that
more highly oxidized phenols are inhibitory. The mechanisms thought to be responsible for phenolic toxicity to
microorganisms include enzyme inhibition by the oxidized
compounds, possibly through reaction with sulfhydryl
groups or through more nonspecific interactions with the
proteins [3].

[7]

Tepe, B., Akpulat, A., Sökmen, M., Deferara, D., Yumrutas,
Ö., Aydın, E., Polissiou, M. and Sökmen, A. (2006a) Screening of the antioxidative and antimicrobial properties of the
essential oils of Pimpinella anisetum and Pimpinella flabellifolia from Turkey. Food Chem. 97, 719-727.

[8]

Velioglu, Y.S., Mazza, G., Gao, L. and Oomah, B.D. (1998)
Antioxidant activity and total phenolics in selected fruits, vegetables, and grain products. J. Agric. Food Chem. 46, 41134117.

[9]

Davis, P.H. (1982) Flora of Turkey and the East Aegean Islands (7). Edinburgh: Edinburgh University Press, 210.

[10] Guner, A., Ozhatay, N., Ekim, T. and Baser, K.H.C. (2000)
Flora of Turkey and the East Aegean Islands (11). Edinburgh:
Edinburgh University Press.
[11] Ulubelen, A. (2003) Cardioactive and antibacterial terpenoids
from some Salvia species. Phytochem. 64, 395-399.
[12] Topçu, G. and Gören, C.A. (2007) Biological activity of
diterpenoids isolated from Anatolian Lamiaceae plants. Rec.
Nat. Prod. 1, 1-16.

CONCLUSION
According to our literature survey, although there
have been a few studies about other species of Salvia [2023], there has not been any research about the antimicrobial activity of Salvia microstegia (Boiss.) Et. Bal. extracts
before the current study. The results we obtained are in
agreement with the results of other studies carried out on
other Salvia species. Previously it was implied that the
antioxidative and antimicrobial properties of Salvia extracts
could be related to their flavon and phenolic contents. As
a result, the current study justifies the folkloric use of Salvia
species.

[13] Senatore, F., Apostolides, A.N., Piozzi, F. and Formisano, C.
(2006) Chemical composition of the essential oil of Salvia
microstegia Boiss. et Balansa growing wild in Lebanon. J.
Chromatography A 1108, 276–278.
[14] Tepe, B., Deferara, D., Sökmen, M., Polissiou, M. and Sökmen, A. (2004) In vitro antimicrobial and antioxidant activities of the essential oils and various extracts of Thymus eigii
M. Zohary et P.H. Davis. J. Agric. Food Chem. 52, 11321137.
[15] Cuendet, M., Hostettmann, K., Potterat, O. and Dyatmiko,
W. (1997) Iridoid glucosides with free radical scavenging
properties from Fagraea blumei. Helv. Chim. Acta 4, 1144–
1152.
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ABSTRACT
In this investigation embryo toxicity of water and
sediment samples collected from Nif Brook of Izmir, Turkey has been studied. Five sampling sites from the brook
were selected. Sea urchin embryos were utilized for evaluating the toxicity of water and sediment. The effects on
developing embryos were evaluated by scoring developmental defects. The water and sediment samples were tested
with 0.001, 0.01, 0.1 dilutions in natural sea water. All
water and sediment samples of the brook were assessed to
be toxic according to the sea urchin embryotoxicity results.
The embryotoxicity of water samples concentration-dependent and significant growth reduction at the early life
stages and an increase in larval malformations as skeleton
deformities at the pluteus stage were observed (approximately 59% in 0.001 ml/ml from station 5). The most polluted sediment samples displayed a dramatic embryotoxicity, up to approximately 98% developmental arrest in embryos reared in 0.1 g/ml of sediment from station 5.

KEYWORDS: Sea urchin, sediment toxicity, water toxicity, embryotoxicity, Paracentrotus lividus.

There are 138 industrial facilities in the region involved in such industrial fields as food, machine, rubber,
plastic and other petrochemical products, chemicals, textile, electric devices, households, beverage, leather and
packing materials. 38 of these industrial facilities have
treatment plant. Direct or treated effluents from these
sources have been discharged into Nif Brook [2]. Most of
the discharged chemicals are hydrophobic in nature and
sequestered by sediment particles that eventually settle in
sediments [3]. They may resist microbial degradation and
tend to accumulate in high concentrations in sediment or
biota [3, 4].
As it is well known the effects of toxic chemicals and
complex mixtures on early developmental stages of aquatic
organisms are of great importance in the protection of the
natural population’s health. [5-7]. Larvae and embryos are
the most sensitive group of organisms in the ecosystems
and therefore they are generally more sensitive to pollutants than adults [8].
In this study, considering the knowledge above, we
have attempted to determine the embryotoxic effects of
water and sediment of Nif Brook using P.lividus and taking specific morphological criteria into account. The use
of sea urchin embryotoxicity test in a study of river water
and sediment should help determine the effects of riverborn pollutants on marine biota.

INTRODUCTION
MATERIAL AND METHODS
The objective of present study was to determine the
relative toxicity of Nif Brook in Izmir, Turkey. Kemalpasa
region and Nif Brook are located close to Izmir city located
near the Aegean coastline of Turkey and have been polluted intensively as a consequence of significant increases in
population, and numerous industrial facilities and investments [1]. Such streams as Nif Brook passing through
urban areas receive chemical discharges from industrial,
municipal, and agricultural sources. The water of Nif Brook
is used for domestic and industrial water supply and for
purpose of irrigation.

Sediment and water samples were collected from 5 stations located in Nif Brook in April 2007 (Figure 1). The
attentions paid to select the stations located around organized industrial site (OIS). The sediment samples were
collected by grab sampler and placed in pre-cleaned jars
and kept in ice-box until transferred to the laboratory.
Water samples in polyethylene bottles were transferred
to the laboratory in ice-box and then stored in deep-freeze
(-20°C) until embryo toxicity tests. For the experiments,
each water samples was diluted with seawater 0.1ml/ml,
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0.01 ml/ml, 0.001 ml/ml and sediment samples were added
to the test media as 0.1 g/ml, 0.01 g/ml and 0.001 g/ml.
Filtered sea water was used as test medium.

minutes after fertilization up to 72 hour pluteus larval
stage. At the end of this period, the living specimens were
immobilized with 10-4M CrSO4 and 100 of individuals
were selected randomly from each test concentration and
examined under light microscopy.
TABLE 1 - Toxicity Assessment Criteria [9].
ABNORMAL LARVAE %
<5%
5-15%
>15%
> 50%
> 90%

TOXICITY
Non Toxic
Slightly Toxic
Toxic
Lethal Threshold
Lethal

The following results were evaluated: Normal plutei
(N), retarded (R) plutei, pathologic malformed plutei (P1);
pathologic embryos (P2) unable to differentiate up to the
pluteus larval stages and dead (D) embryos/larvae [10] (Figure 2).
In order to evaluate the sub-lethal effects of the substances tested on P. lividus, the criteria used by Woelke [9]
for toxicity assessment were used (as shown in Table 1).

FIGURE 1 - Sampling sites in the study area of the Nif Brook Basin.

Adult specimens of the sea urchin (Paracentrotus
lividus), were collected from a clean area which is not exposed to any domestic and industrial waste water, in Izmir-Seferihisar located at the Aegean coast of Turkey. To
obtain gonads and cultivate embryos, the method previously reported by Pagano et al. was used [8]. In all of the
experiments, seawater from the natural environment was
filtered and used (FSW (Filtered Sea Water), 35 psu, 18 ºC)
to cultivate the embryos. The eggs obtained by dissecting
the ectodermal skeleton were put into FSW, while the
sperms were kept in a dry environment. The sperms were
additionally activated in 200µl:50 ml FSW shortly before
insemination and then fertilization was realized by adding
1 ml of sperm suspension to 250 ml egg suspension. 3 ml
of the prepared zygote suspension were added to 27 ml
FSW containing specified amounts of sediments (0.1, 0.01,
0.001 g/ml), water samples (0.1, 0.01, 0.001 ml/ml), and
control groups. By this way in the each experimental mediums approximately 30 embryos in ml were adjusted (each
test concentration contain approximately 300 embryo). Each
experiment was run in six replicates. The embryos were
incubated in a growth chamber at 18±2◦C from 10

FIGURE 2 - Morphological Criteria, N: Normal Plutei, R: retarded
plutei, P1: pathologic malformed plutei (Skeletal malformations),
P2: pathologic embryos (Blocked blastula/gastrula) Bar: 100µm

Statistical analyses were performed using one-way
ANOVA, and significant differences were determined with
Tukey’s [11] and Dunnett’s multiple comparison tests. The
Statistica-6.0 computer programme was used in the data
analysis [12].
The Probit Analysis Program of the US Environmental
Protection Agency (EPA) was used to calculate LC/EC
values (Version 1.5 for EC50 from sea urchin fertilization
tests). Total embryonic malformations (P1+P2) have been
used to calculate EC50 values. Student-t tests were used to
compare the differences in the frequency distribution of the
evaluated parameters (N: normal plutei, R: retarded plutei,
P1: skeletal malformations, P2: blocked gastrula or blastula and D: dead) between the negative control (FSW) and
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the treatment groups by applying the logarithmic transformation to normalize distributions.

formations and normal plutei obtained from the examination of 100 embryos or larvae under a microscope.
Embryotoxicity of water samples

Normal pluteus frequency was approximately 94% in
the control group. This frequency value, depending on the
dilutions, began to decrease from the 10-3 to 10-1 diluted
experimental medium (Figure 3). A 26 % decrease was observed at the first concentration of Station 1 (10-3) with a
frequency of 68% (p<0.005). Together with the decrease in
normal pluteus frequency, an increase was detected in the
number of larvae with skeletal malformations, being seen
in 25%, (p<0.005) (Table 2).

RESULTS
Three different diluents of water (0.1, 0.01, 0.001 ml/ml)
and sediment (0.1, 0.01, 0.001 g/ml) samples were used
for embryotoxicity tests with the sea urchin, Paracentrotus lividus. As a result of the embryotoxicity tests conducted
using water and sediment from Nif Brook, toxic effects
were determined by comparing frequency values of mal-
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FIGURE 3 - Embryotoxic effects of water samples of Nif Brook
on normal plutei frequencies of P. lividus (Mean±Standard Error).

TABLE 2 - Frequencies of developmental effects of water samples of Nif Brook in P.lividus throughout
embryogenesis (Mean±Standard Error). N: Normal Plutei, R: retarded plutei, P1: pathologic malformed
plutei (Skeletal malformations), P2: pathologic embryos (Blocked blastula/gastrula), D: Dead embryo/larvae.
Stations
Control
CdCl2
1

Dilutions
(ml/ml)

0.001
0.01
0.1
2
0.001
0.01
0.1
3
0.001
0.01
0.1
4
0.001
0.01
0.1
5
0.001
0.01
0.1
*** p<0.0005, ** p<0.005, *p<0.05

(N)
93.67 ± 1.27
0±0
**68±6.56
***55±3.1
***43.7±5.5
***50±2
***43±8.1
***42.7±1.9
***53.7±2.2
***48.7±1.8
***33±3.1
***46±1.7
***40.3±5.7
***37.3±4.6
***38±2
***45±4.4
***39±5.6

(R)
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
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(P1)

(P2)

(D)

5.22±1.0
0±0
**25.3±5.0
**41.3±0.9
**49.3±6.1
**46±2.6
**53.7±7.9
**55.3±0.9
*42.3±3.2
*48±3.2
*63±5
**47±4
**57±5
**62.3±4.3
**59±3.2
**53.7±3.5
**59.3±5.5

1.11 ± 0.39
100±0
**7±1.5
*4±4
**7±4.0
*4±1.7
3.3±0.3
2.7±1.8
*4±1
3.3±1.5
*4±2.3
3.7±1.3
2.7±1.3
0.3±0.3
3±1.5
1.3±0.9
1.3±0.3

0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
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These developmental anomalies were observed as 55%
and 43.7% at the other test dilutions of samples from Station 1 (p<0.005). Developmental anomalies were observed
at 0.001 ml/ml with an approximately 43% decrease in
normal larva frequency and a rise in skeletal system abnormalities (46%) in the water samples from station 2 (p<
0.05). Similar adverse effects were observed at 0.001 to
0.1 ml/ml water samples from other stations (3, 4, and 5).
The drop in the dose-response curve of normal larva frequency observed all dilutions of water samples from five
stations in Nif Brook on the contrary the developmental
anomalies (P1 and P2) increased. At the highest dilution
of water samples of all station the number of normal larvae decreased approximately 38% (p<0.005). The frequency
of larvae with skeletal system malformations increased up
to approximately 63% and the frequency of embryos blocked
at the blastula/gastrula stage rose to 7% (p<0.05). The
growth-retarded or dead larvae were not encountered in all
tests done for all of the water samples. According to embryotoxicity test results, the calculated abnormal plutei
frequencies at lowest dilutions were 32%, 50%, 46%, 49%,
62%, for station 1, 2, 3, 4 and 5, respectively. When the
normal larva frequency and morphological anomalies were
compared the control group of each dilutions of water
sample from all stations, statistically significant differences
were found (p<0.005). The three dilutions of water samples from station 5 were found the most toxic among the
others. Total number of larval anomalies [Skeletal malformations (P1) and blocked blastula/gastrula (P2)] have
used to calculate EC50 (Effective Concentrations 50) values at all water samples from each stations. The impact of
water samples of five stations on exposed embryos was
estimated as EC50 by probit analyses and this data show
that EC50 values for stations were calculated as 139.400
ml/L (1), 18.205 ml/L (2), 13.942 ml/L (3), 4.166 ml/L (4)
and 0.318 ml/L (5). Besides that, water samples from station 5 were more toxic than other stations (1<2<3<4<5).

Embryotoxicity of sediment samples

Sediment samples were tested for embryotoxic effects
by adding 0.1, 0.01 and 0.001 g-wet sediment/ml to test
medium (Filtered Sea Water) from each stations. In 100 individuals selected randomly at the end of 72 hour embryogenesis experiments, abnormalities increased by increasing
the added amount of sediment samples (Table 3).
When P.lividus embryos were exposed to sediment
samples during embryogenesis, an increase in the frequency
of embryos with developmental anomalies occurred depending on the sediment amounts, and a distinct dose-response
relationship was observed (Figure 4).
At the lowest sediment addition of station 1 (0.001 g/
ml), 30 % normal pluteus frequency was observed, while
the frequency of larvae with skeletal malformations was
67%. The frequency of abnormal plutei was increased
while the percentage of normal pluteus decreased (p< 0.005)
with the sediment amount in test media. Normal plutei frequencies were decrease 26.3 % in the test added 0.01g/ml
sediment while normal plutei were not observed instead
100% blocked embryo at blastula/gastrula stage were observed as in the sediment added 0.1 g/ml from station 1 (p<
0.005). From the first added amount of sediment samples
from station 2 (0.001 to 0.1 g/ml) onwards a statistically
significant toxic impact began to be observed (37.7 % normal plutei frequencies). Parallel to the increasing dilutions
of the sediment samples, at 0.01 g/ml, together with an
approximately 78% decrease in normal larva frequency; a
52% increase in developmental anomalies was detected (p<
0.005). The skeletal deformations (P1) at all station sediments from 0.1 and 0.001 g/ml were observed (p<0.005).
The exposure of P. lividus embryos to high concentrations
of sediments in these stations caused a significant increase
in abnormal embryos which apparently were blocked at the
blastula/gastrula stage (range from 38 to 100%), a phenomenon rarely observed in environments with low level of

TABLE 3 - Frequencies of developmental effects of sediment samples of Nif Brook in P.lividus throughout
embryogenesis (Mean±Standard Error). N: Normal Plutei, R: retarded plutei, P1: pathologic malformed
plutei (Skeletal malformations), P2: pathologic embryos (Blocked blastula/gastrula), D: Dead embryo/larvae.
Stations
Control
CdCl2
1

Samples (g/ml)

0.001
0.01
0.1
2
0.001
0.01
0.1
3
0.001
0.01
0.1
4
0.001
0.01
0.1
5
0.001
0.01
0.1
*** p<0.0005, ** p<0.005, *p<0.05

(N)
93.67 ± 1.27
0±0
***29±4.7
***26.3±7.1
***0±0
***37.7±7.7
***15.7±0.3
***0±0
***35±9.9
***3±1.5
***3.7±1.9
***6.3±5.8
***0±0
***0±0
***3.7±3.7
***0±0
***0±0

(R)
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
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(P1)
5.22±1.0
0±0
**66±6.6
**62.3±3.8
*0±0
**54.7±5.4
**70.7±4.3
**59.7±8.8
**60.7±10
***90.7±4.0
***93±2.1
***86.7±2.3
***95.3±1.5
*0±0
***91.7±4.4
***98.3±1.7
4±0.6

(P2)
1.11 ± 0.39
100±0
*5±2.1
11±7.8
***100±0
*7.7±2.6
*10.3±5.9
***37.8±5.6
4.3±3.8
*6.3±2.6
3.3±0.9
*8±3.5
3.7±1.5
***100±0
*4.7±0.9
1.7±1.7
***96±0.6

(D)
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
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FIGURE 4 - Embryotoxic effects of sediment samples of Nif Brook
on normal plutei frequencies of P.lividus (Mean±Standard Error)

sediment. The water and sediment samples from Nif Brook,
was toxic from the first dilutions onwards according to
Woelke’s [9] criteria. According to total number of morphological anomalies results, the impact of sediment samples of five stations on exposed embryos was estimated as
EC50 by Probit analyses. EC50 was calculated as 0.500 g/L
(station1), 0.937 g/L (station 2), 0.306 g/L (station 3), 0.036
(station 4) and 0.018 g/L (station 5). In conclusion, according to Probit analysis station 5 more toxic than others
(2<1<3<4<5).
DISCUSSION
In this study, the effects of water and sediment of Nif
Brook on the early life stages of sea urchin, P.lividus were
determined by exposing the embryos to several dilutions of
water or sediment samples in the laboratory. Results of the
embryotoxicity tests showed that collected waters and
sediments from selected stations in Nif Brook were toxic
when comparing the control group. The toxicity results of
Nif brook sediments and waters displayed a significant
dose-related increase on larval malformations in P. lividus
at all data sets. Pagano et al. [13] had reported toxic effects
of sediments and waters from two river (Sarno River and
Volturno River) in Italy using sea urchin P.lividus embryotoxicity and fertilization test and found that the Sarno
River should be regarded as an indicator of the poor environmental conditions of these water bodies. Also, they
had suggested that sea urchin is a sensitive tool for evaluating biological quality of contaminated sediments and
waters. Our results had similar outcomes like Pagano et al.
[13]. Marin et al. [14] used P. lividus to assess the toxicity
of two different contaminated sediments of the Lagoon

Venice and they reported that bioassay with P. lividus
embryos is proposed as a rapid and highly sensitive approach for monitoring sediment toxicity in water column
organisms. They exposed sea urchin embryos to 5, 20
and 200 g/L sediment samples and observed a reduction in
their skeleton size and larval survival. Ghirardini et al. [15,
16] indicated that sea urchin bioassays may be suitable
candidates for the quality assessment of sediments in
eustarine and lagoonal environments. Marin et al. [14]
and Ghirardini et al. [15, 16] reported that the Lagoon
Venice was contaminated by industrial and urban pollutants. Nif Brook is also polluted by industrial, domestic
and agricultural wastes. Our results and the results of
other related studies showed that contaminated sediments
and waters caused an inhibition of the normal development
of sea urchins. Therefore this method may be reliable for the
determination of pollution effects of Nif Brook water and
sediments on P. lividus embryos.
Roepke et al. [17] had reported that as one of two invertebrate deuterostome phyla, echinoderms exhibit a developmental pattern that is similar to chordates, thus
providing a valuable tool for studies of development. That
is why the sea urchin is used as one of the most suitable
test organisms for acute bioassays of marine pollution
[17]. Sugni et al. [18] reported the strategic advantages of
testing animals different from vertebrates, whose employment is often restricted by ethical and practical reasons,
and emphasizes how valuable and useful model echinoderms can be used for ecotoxicological tests. Toxicity
bio-assays using the sea urchin gamete and embryos
appear to be quite sensitive and informative, offering
wide range endpoints. Sea urchin bioassays are now widely used in studies involved in the toxicological characteri-
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zation of heavy metals and xenobiotics in environmental
monitoring [5, 8]. A large data set exists on the toxicity of
several chemicals on the developmental stages of P. lividus
[19-25].
There are limited studies reporting on the characterization of sediments and water toxicity of Nif Brook. Boyacioglu et al. [26] had reported the mutagenic potential
of sediments and waters samples of Nif Brook in TA 98
and TA100 strains of Salmonella typhirmirium using
Ames test (plate incorporation assay) without metabolic
activation. They evaluated that sediment samples from 3-5
stations on Nif Brook were found to be mutagenic, but
water samples from Nif Brook were not found to be mutagenic. Similar results have been concluded by this study.
The same stations (stations 3-5) showed more embryotoxic
effects than the others. That sediments play a significant
role in aquatic ecosystem is well known. They serve as
both a sink for contaminants introduced into surface
waters and a source of organic and inorganic materials,
where critical cycling processes for organic matter and
critical elements being to occur. Studies of aquatic ecosystems should therefore not be limited to the water column, but must also consider the sediment quality. Kayar
et al. [27] reported that the highest nickel concentration
(0.90 g/L) was found in Nif Brook. Kucuksezgin et al. [28]
reported that the heavy metal levels were found highest in
sediment, water and particulate matter of the Gediz River
and Nif. In this study, among other heavy metals, zinc has
the highest concentration (dissolved; 2.9 µg/L, particulate:
80 µg/L, sediment: 196 mg–dry wt/kg) in Nif Brook.
King and Riddle [29] calculated EC50 values for Zinc as
2230 and 326.8 µg/L in their study and also these researchers reported that the zinc concentrations caused a decrease
in normal plutei number of Antartic sea urchin Sterichinus
neumayer.
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EXPOSURE TO MULTIPLE AIR CONTAMINANTS IN
PUBLIC BUILDINGS, SCHOOLS AND KINDERGARTENSTHE EUROPEAN INDOOR AIR MONITORING
AND EXPOSURE ASSESSMENT (AIRMEX) STUDY
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Dedicated to Dr. Emmanuel Lahaniatis on the occasion of his 75th Birthday

ABSTRACT
The European Indoor Air Monitoring and Exposure Assessment Project (AIRMEX) (2003-2008) was designed
with the aim to identify and quantify the principal air contaminants present in public buildings, including indoor
environments frequented by children, like in schools and
kindergartens, and to evaluate to what extent people’s exposure to these pollutants is affected while working and/or
remaining in these areas. Within this frame, measuring campaigns in eleven European cities located in Southern, Central and Northern Europe were carried out to monitor indoor/outdoor and personal exposure concentrations of selected volatile hydrocarbons (VOCs) including low molecular weight carbonyls (CARB). In total, about 1000 samples from 182 working environments (offices, class rooms,
waiting halls) in public buildings, schools and kindergartens, from 103 private (home) places and from adult volunteers (148 samples) were analysed for VOCs and CARBs.
The campaigns were carried out twice in each site at different seasons to evaluate possible climate-related variations in indoor, outdoor and exposure concentrations. The
results indicate that indoor air pollution values are higher
than the respective outdoor ones for the chemical families
this study is focused on. Personal exposure concentrations
were higher or similar to indoor as well as significantly
higher than outdoor ones. In some cases, home indoor concentrations by far exceeded public building and school/
kindergarten levels, and dominated personal exposures indicating the presence of strong indoor sources at home.
For some compounds (e.g. benzene, formaldehyde) median
or mean average and 95th percentile personal exposures
and indoor concentrations are well above health benchmarks, so that outdoor concentration measurements alone
would underestimate long-term health risks from human
exposure to these pollutants. The non-cancer effect of the
combined exposure to the main VOCs at the levels meas-

ured in the campaigns was investigated using whole genome gene expression micro-arrays (toxicogenomics). The
results show that the presence of toluene in indoor air
mixtures comprising benzene and other single aromatic
compounds enhances non-carcinogenic responses like inflammation.

KEYWORDS: AIRMEX, personal exposure, indoor, volatile hydrocarbons, aldehydes, benzene, formaldehyde, passive sampling

INTRODUCTION
The European Commission through its Environment
and Health Strategy [1] and Action Plan [2] and, more
recently, its Health and Consumer Protection Strategy [3]
promotes research on health impacts of environmental factors including consumer products, and strongly supports
efforts to identify the strength of indoor sources and reduce indoor emissions to improve human health and wellbeing.
Several EU-funded research programs have been carried out with the aim to individuate the main determinants
of indoor air pollution, map them and explain their different
role and distribution at geographical and national level.
The projects that have given the most significant results at
European level are outlined below.
Thus, EXPOLIS [4] is a study on air pollution exposure distributions of adult urban populations in Europe. It
started in 1996, as a project within the 4th Framework Programme for Research and Technology Development (RTD)
(1994-98) and was completed in 1998. One of the most
relevant results of this project is a database, containing
personal exposure data, home and work concentrations

671

© by PSP Volume 18 – No 5a. 2009

Fresenius Environmental Bulletin

of main indoor pollutant (CO, PM2.5, NO2, about 30 VOCs)
questionnaires. This represents a rich source of exposurerelated information and a basis for further research [5-8].
MACBETH (Monitoring of Atmospheric Concentrations of
Benzene in European Towns and Homes) and PEOPLE
followed the research line initiated by EXPOLIS and focused on European population exposure to benzene [9, 10].
Data acquired confirmed that generally level of exposure to
benzene and home concentrations of benzene were strongly
correlated with the outdoor level.
The EXPOLIS-INDEX study, funded by the European
Chemical Industry Council (CEFIC), investigated the factors which determine human exposures to air pollutants in
indoor environments. This information is crucial to assess
the health risks related to indoor exposures and to propose
mitigation strategies for harmful indoor contaminants. To
achieve these goals, measurements of pollutant concentrations on person and air pollution levels in homes, at work
and outdoors were combined with information on time spent
in indoor and outdoor locations. The results concerning exposure to European indoor environments in Athens, Basel,
Grenoble, Milan, Helsinki, Oxford and Prague (e.g. VOCs
and PM2.5) showed larger within city-variation in exposure than average between city variations [11].
TABLE 1 - Typical European micro-environmental exposure concentrations (µg/m 3 , except CO, which is given in mg/m 3 ) summarized from population-based studies reviewed in the INDEX report.

Aromatics
Benzene
Naphthalene
Styrene
Toluene
m&p-Xylenes
o-Xylene
Aldehydes
Acetaldehyde
Formaldehyde
Terpenes
a- Pinene
Limonene
Classical pollutants
CO
NO2
1

In1

W1

Out1

P1

2-13
1-90
1-6
15-74
4-37
2-12

4-14
2-8
3-7
25-69
25-121
7-29

1-21
1-4
1-2
3-43
2-23
1-8

3-23
2-46
1-5
25-130
25-55
8-15

10-18
7-79

3
12

1-2
2-4

8
21-31

11-23
6-83

1-17
11-23

1-7
5-9

7-18
19-56

0.5-1
13-62

1
27-36

2
24-61

0.8-1.7
25-43

and terpenes, as well as classical pollutants, such as CO
and NO2. A comparative view of the summary results indicates that indoor concentrations are significantly higher
than outdoor values, while personal exposure concentrations are much higher than both. Work environment is
generally characterized by slightly higher pollution levels
than residential spaces, most likely due to the existence of
strongly emitting sources in occupational settings.
Another project entitled ‘Towards Healthy Air in Dwellings in Europe’ (THADE) was designed to collect data
about airborne pollutants in homes, and to draw up recommendations that could serve as a basis for a European strategy to improve the quality of air in dwellings This project
focused on respiratory and allergic effects of the main indoor air pollutants, the elaboration of guidelines and
standards regarding indoor air quality in dwellings and
recommendations for other European programmes on indoor air quality in dwellings [13-14].
Within the AIRMEX project, the aim was to systematically evaluate the relationship between indoor air pollution and human (chronic) exposure to pollutants with the
focus on public buildings, including indoor environments
where children frequently stay, like schools and kindergartens, and to evaluate to what extent people’s exposure to
these pollutants is affected while working and/or remaining in these areas. The experimental approach consisted
of field monitoring campaigns through several European
cities in collaboration with local authorities, universities
and research centres. The concentrations of indoor air pollutants measured were then used as input in toxicogenomic
experiments to assess early biological events linked to the
onset or exacerbation of disease after long-term exposure
to indoor air chemicals.
MATERIALS AND METHODS

In, W, Out, P = Indoor, workplace, outdoor and personal exposure concentrations

The INDEX project (Critical Appraisal of the Setting
and Implementation of Indoor Exposure Limits in the EU)
started in 2002 and was concluded in 2005. The project
was financially supported by the European Commission,
Directorate General of Health and Consumer Protection
(DG SANCO), and it was coordinated and carried out by
the European Commission’s Joint Research Centre (JRC)
in collaboration with leading European experts in the area
of indoor air pollution. Scope of INDEX was to identify
priorities and to assess the needs for a Community strategy
and action plan in the area of indoor air pollution [12].
Typical micro-environmental and personal exposure concentrations, as summarized from population studies reviewed in the project, are given in Table 1. These data cover
priority organic compounds, such as aromatics, aldehydes

To meet the objectives of AIRMEX, a set of chemical
compound classes (aromatics, carbonyls, terpenes) including priority indoor volatile organic compounds as established by the INDEX project [12] were selected for outdoor, indoor and personal exposure monitoring in field
campaigns in various European cities (Table 2).
Measuring campaigns were carried out in public buildings located in urban areas with high traffic density, and
in kindergartens/schools mostly situated in suburbs with
reduced (medium) traffic impact. A total of 991 samples
from public buildings, schools/kindergartens, volunteers
and homes (of the volunteers) have been analysed for VOCs
and carbonyl compounds at the JRC laboratories. The characteristics of the studied objects were similar for all cities
i.e. buildings with public access, offices with smokers
(where still allowed) and non-smokers. No attention was
paid to the age of the buildings. Volunteers were identified
among the employees and/or teachers working in the selected indoor environments for personal exposure monitoring.
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activities affecting the air quality in the work/home, heating, smoking etc., and c) traffic volume around the work
place/home. The questionnaire was sent together with the
samples after the completion of the measuring campaigns
to JRC.

TABLE 2 - Field monitoring campaigns (cities, dates and chemicals
investigated) of public buildings and schools/kindergartens.
City
Arnhem

Sampling period
March 2004/ August 2006
December 2003/
October 2005
May 2004
May 2007/ January 2008
October 2003/May 2004
May 2007/ February 2008
August 2007/March 2008
April 2005/July 2006
July 2004**/January 2007
March 2004/August 2006

Chemicals monitored
Hexane
Benzene
Athens
Toluene
Ethylbenzene
*Brussels
m/p-Xylene
Budapest
o-Xylene
Catania
1,2,4-Trimethylbenzene
Dublin
α-Pinene
Helsinki
d-Limonene
Leipzig
Formaldehyde
Nicosia
Acetaldehyde
Nijmegen
Propanal
Thessaloniki
November 2004/May 2006 Hexanal
*No schools monitored; only public buildings. ** No public building
monitored.

The duration of the measuring campaigns (indoor/ outdoor measurements) was fixed to one week, including the
weekends. For personal exposure monitoring, the time of
the measuring period i.e. the time of wearing the personal
(passive) samplers by the volunteers was up to a maximum of three days (within the time period of the measuring campaign) for the convenience of the exposed individuals. The passive samplers were positioned at different
places inside the buildings (at a height of 2-2.5 m), covering the areas of main access by the occupants and the public i.e. entrance halls, offices. In kindergartens and schools,
the samplers were mounted in selected classrooms and/or
in areas where children are predominantly playing/ remaining. Outdoors, the samplers were placed at rain-protected
positions of the buildings. Compared to the classical (short
time) air sampling by using pumps over a short period of
time, the methodology applied in our study reflects an
integrated sampling approach over a longer period, which
results in a better evaluation of the overall pollutant distribution.
All measurements were carried out by means of radial
type diffusion passive samplers (Radiello, charcoal/carbograph type for VOCs and DNPH-covered for carbonyl compounds). Suitability, precision and accuracy of the samplers
have been described in literature [15]. As already stated, the
samplers were installed inside and outside the buildings (and
collected simultaneously after 7 days); passive samplers
were also used for personal exposure monitoring during a
period of up to 3 days. Altogether, this gave an exposure
time of about 168 h for each reported measurement of a
confined environment, and 72 h for those of personal exposure. After the campaign, at the end of the sampling period,
all samplers were collected according to the indications for
safe handling provided by the manufacturer and sent to the
JRC for analysis. The diffusion constant was corrected for
temperature (measured with data-loggers in the various
environments). The temperature of the personal exposure
measurements was assumed to be 22 °C for all the volunteers. Each volunteer completed a questionnaire when joining the study covering aspects of a) the time spent in the
various microenvironments (working places/homes), b)

Screening measurement of emissions of relevant interior surfaces were carried out on site, in a limited number
of public offices, by using a glass cell (ca 10 L) positioned
over the selected surface. The cell resulted slightly attached
to the surface when the air inside was sucked. Clean air was
allowed to enter the cell and, after an equilibration time of
30 min (without airflow through the cell), air samples using
adsorbent cartridges (Tenax, DNPH-coated) were taken by
means of a pump for VOC and carbonyl determination.
Analysis of these data combined with those of the indoor/
outdoor air environment contributed qualitatively to the
evaluation of the main sources of indoor air pollutants.
Analysis of VOCs
GC-FID. Exposed cartridges were extracted with 2 mL
carbon disulphide (Fluka 84713, analytical grade) containing 2-fluorotoluene (Aldrich F1532-3, analytical grade) as an
internal standard. The glass vials were shaken for approximately 30 min, and the extract injected into the GC/FID
system. The GC separation was performed with an Agilent
6890N gas chromatographic system equipped with a flame
ionization detector (Agilent Technologies, Inc., Santa Clara,
CA) and a J&W Scientific DB-5 (60 m x 0.25 mm ID, 1 µm
film thickness) fused silica capillary column. Gas chromatographic parameters: injector/detector temperature, 250 ºC;
constant flow mode, 1.5 mL/min He, split ratio, 1:15; injection volume, 2 µL. The temperature programme was 7.5 min
isothermal at 40 °C, 5 °C min−1 to 90 °C, 3 min isothermal,
10 °C min−1 to 325 °C, 5 min isothermal.
TD-GCMS. A TD650 thermal desorber (Perkin Elmer,
Boston, MA) equipped with a TENAX TA cold trap of
100 mg coupled to a HP7890A gas chromatograph and
HP5975C inert mass spectrometer system (Agilent Technologies, Inc., Santa Clara, CA) was used for the analysis
of VOCs in passive samplers used for personal monitoring, applying the ISO 16000-6 standard method. The capillary column used was a DB-5-MS (30 m, 0.25 mm, 1 µm
film thickness; J&W Scientific, Folsom, CA); the oven
temperature was as follows: 10 °C (2 min) at 4 °C/min to
220 °C, at 15 °C/min to 260 °C (1.5 min). The transfer line
temperature was set at 280 °C. Helium was used as carrier
gas at 15 psi (constant pressure mode). Quantification was
based on external calibration using single ion monitoring
(SIM). The limit of detection for the individual VOCs is
0.2 µg/m3, but 0.3 µg/m3 for 1-butanol, α-pinene, 1,2,4trimethyl-benzene and δ-limonene.
Analysis of carbonyls

The exposed cartridges were placed back into their
glass-vials, and 2 mL acetonitrile were added to the vial.
The glass vials were shaken for approximately 30 min and
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the extract filtered through 0.45 µm disc filters with PVDF
membranes (Millex-HV, Cat No SLHV013NL, Millipore
Corporate Headquarters, 290 Concord Rd. Billerica, MA
01821, USA) and injected into the HPLC-system. Quantification was based on external standards. The amount of
air diffused to the cartridges was calculated using uptakerates given by the user manual of the sampling devices
and the time of exposure. The diffusion constant was corrected for temperature (measured with data-loggers). The
HPLC consisted of an Agilent Series 1100 system (Agilent
Technologies, Inc., Santa Clara, CA), with a G1312A binary pump, a G1379A degassing device, a G1329A autosampler, and a G1315B Diode Array Detector set at 360 nm.
The chromatographic separation was performed on a Waters
Nova-Pak C18, 60Å, 4 µm (3.9 x 300) mm column (Waters
Corp., Milford, MA). The flow-rate was 1 mL/min and
injection volume was 25 µL. The mobile phase consisted
of acetonitrile/water, and the gradient is adjusted as shown
in Table 3. The limit of detection is 0.4 µg/m3 for the individual compounds.
TABLE 3 - HPLC analysis for carbonyl compounds (gradient).
Minute
1
5
10
11
12
13
14
16
18

Vol. % MeCN
60
62
62.5
62.7
63
63.5
70
72
74

Minute
19
20
22
24
25
26
28
30
40

Vol. % MeCN
76
78
80
83
85
88
90
95
End

Analysis for VOCs and carbonyl compounds in the glass cell

Air samples (4 L) were taken on adsorbent tubes
(Tenax TA) using a pump (SKC) for the analysis of VOCs.
The adsorbent tubes were thermally desorbed and analyzed as follows:
Thermal Desorption Parameters: TD 650 (Perkin-Elmer)

Primary Desorption: 280 ºC iso 5 min
Secondary Desorption Low Temp.: -30 ºC iso 5 min
Secondary Desorption High Temp.: 260 ºC iso 5 min
Transfer Line: 260 ºC
Gas Chromatography

Column: J&W Scientific DB-5-MS 30m x 0.25mm, 1µm
film thickness
Oven temperature: from 10 °C (2 min) to 220 °C at 4 °C/
min; 220-260 °C, 1.5 min at 15 °C/min; total run time
55 min
Transfer line temperature: 280 °C
Carrier gas: Helium at 15 psi (constant pressure mode)
Mass Selective Detector: Acquisition mode: scan - Solvent delay: 1.00 minute – mass range: 30-350 amu.
For the analysis of carbonyls, air samples (80 L) were
taken on adsorbent tubes (DNPH-coated) using a pump

(EGO TT Zambelli). The analysis follows closely the procedure mentioned above.
RESULTS AND DISCUSSION
VOCs in public buildings, schools/kindergartens
(indoor/outdoor-personal exposure)

Generally, the total VOC concentrations for the compounds measured in this study (mean values) inside public
buildings are higher than the outdoor air concentrations
(Table 4). In Athens (GR), in Catania (I) and in Nicosia
(CY) in buildings located in the city centre, there is almost no difference between indoor and outdoor pollutant
levels. The sum of VOCs measured inside public buildings
(all sites) varies from a few micrograms (ca. 8 µg/m3) to ca.
280 µg/m3. Outdoor concentrations (all sites) vary between
ca. 5 - ca.153 µg/m3. VOC concentrations in offices in public buildings can be very high depending on occupant behaviour (smoker/non-smoker). The aromatic compounds
benzene, toluene, ethyl-benzene and the xylenes represent,
in almost all places, the biggest part of the measured
VOCs followed by the highly reactive terpenes δ-limonene
and α-pinene. A seasonal variation in VOC levels in indoor
air and personal exposure was found, with higher VOCs
occurring often in the colder months (Table 5).
Personal exposure concentrations were measured using passive samplers, with the help of volunteers (employees and teachers). The volunteers wore the personal samplers during the whole day i.e. during commuting, working hours and rest time; during night time the samplers were
placed in the area at the vicinity of the sleeping volunteer.
Generally, personal exposure concentrations are higher than
those indoors, and significantly higher than the corresponding ones outdoors (Table 4). Frequently, higher personal
exposure concentrations are attributed to smoking volunteers. In areas where smokers and non-smokers work/live
together, personal exposure concentrations do not show
any significant differences. In two cases, personal exposure
to VOCs exceeded 300 µg/m3 (Athens, Thessaloniki), which
is considered as an air quality threshold value for the sum
of VOCs in indoor environments.
Of all monitored volatile organic compounds, benzene
is of particular interest due to its known carcinogenic effects [16]. Indoor benzene concentrations varied from 0.7
to 63.7 µg/m3, with the highest levels measured in Athens,
Catania, Nicosia and Thessaloniki. Outdoor benzene concentrations ranged from 0.4 to 15.2 µg/m3. In the cities
located in Southern Europe, benzene (mean) concentrations
indoors and outdoors, particularly in the cold months, exceeded the limit value of 5 µg/m3 (annual mean) set by the
Commission (to be reached by 2010) [2, 3]. The mean
personal exposure concentration for benzene was 4.7 µg/m3
and the 95 th percentile (all volunteers, all sites) was
13.6 µg/m 3. The highest personal concentrations (up to
23.3 µg/m 3 ) were measured in Athens, Thessaloniki
and Nicosia by smoking volunterrs during the cold season
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TABLE 4 - Indoor, Outdoor and Personal Exposure concentrations of VOCs and benzene in European cities (all sites).
Sampling
Number
Concentration (µg/m3)
time
of samples
Minimum
Maximum
Arithmetic Mean
(days)
(n)
Public Buildings
7
111
7.7
281.8
48.6
VOC[t] in
Schools/Kinderg
7
60
7.8
192.7
41.3
Public Buildings
7
57
7.5
153.7
32.7
VOC[t] out
Schools/Kinderg
7
47
3.6
240.5
19.3
Public Buildings
3
91
9.2
478.7
96.3
VOC[t] P
Schools/Kinderg
3
52
16.4
216.8
65.7
Public Buildings
7
111
0.7
63.7
5.5
Benzene [in]
Schools/Kinderg
7
60
0.8
10.7
3.0
Public Buildings
7
57
0.7
15.2
3.8
Benzene [out]
Schools/Kinderg
7
47
0.4
6.9
2.5
Public Buildings
3
91
0.7
26.4
5.8
Benzene [P]
Schools/Kinderg
3
52
1.0
12.3
3.9
in=indoors, out=outdoors, P=personal exposure, VOC [t]=the sum of VOCs (without the carbonyl compounds) measured in this study
Compounds

Environment

TABLE 5 - Indoor, Outdoor and Personal Exposure concentrations of VOCt and benzene (mean in µg/m3) in public buildings and schools.
Outdoor
Indoor
Personal
Benzene
VOC
Benzene
VOC
Benzene
Catania (Oct.)
2003
6
64.6
7.6
108.1
6.2
Catania (May)
2004
3.9
27
3.9
79.1
4.9
Athens (Dec)
2003
10.5
118.7
10.9
255.5
17.8
Athens (Oct)
2005
9.6
94.7
8.8
98.3
7.2
Arnhem/Nijmegen (March)
2004
2.7
22.5
3.9
52.4
4.6
Arnhem/Nijmegen (August)
2006
1.7
16
1.8
32.9
2.5
Thessaloniki (November)
2004
8.7
143.6
33
131.7
11.3
Thessaloniki (May)
2006
4.8
49.2
5
177.1
11.2
Brussels
2004
1.9
22.7
2.9
66.3
3.4
Leipzig (April)
2005
1.6
44
2
59.3
3.2
Leipzig (July)
2006
0.6
38.9
1.5
28.4
1.9
Nicosia (July)
2004
n.m
n.m
n.m
n.m
n.m
Nicosia (January)
2007
5.7
57.9
5.8
183.4
10.9
Budapest (May)
2007
1.5
19.4
1.9
47.5
2.2
Budapest (January)
2008
3.9
102.4
4.1
233.8
6.2
Dublin (May)
2007
1.6
14.2
2.2
37.6
3.6
Dublin (February)
2008
1.9
17.6
2.2
68.2
3.4
Helsinki (August)
2007
1
11.7
0.9
31.1
1.8
Helsinki (March)
2008
1.9
11.2
1.6
43.3
2.7
Outdoor
Indoor
Personal
SCHOOLS
VOC
Benzene
VOC
Benzene
VOC
Benzene
Catania (Oct.)
2003
36.1
4.2
36.6
3.8
97.6
3.8
Catania (May)
2004
22
2.5
76.7
2.6
85.7
4.9
Athens (Dec)
2003
38.6
5.9
797.4*
7.4
282.8
4.2
Athens (Oct)
2005
50.5
4.9
63.7
5
87.4
4.3
Arnhem/Nijmegen (March)
2004
8.6
2.4
27.9
2.6
47
5
Arnhem/Nijmegen (August)
2006
7.2
1
9.8
1
51.7
3.5
Thessaloniki (November)
2004
48
4.6
88
5.8
114.9
6.1
Thessaloniki (May)
2006
29.2
2.7
42.4
3.1
48
3.5
Brussels
2004
n.m
n.m
n.m
n.m
n.m
n.m
Leipzig (April)
2005
8
1.4
20.3
1.4
40.6
2.3
Leipzig (July)
2006
4
0.5
28.3
0.7
14.2
1
Nicosia (July)
2004
12.8
1.4
40.5
1.7
51.8
4.9
Nicosia (January)
2007
33.7
4.2
99.6
4.4
154.6
5.4
Budapest (May)
2007
9.1
0.8
24.9
2.6
34.9
4.8
Budapest (January)
2008
16.5
4
37
5
66.8
5.4
Dublin (May)
2007
4.8
0.8
26.7
1.9
53.5
5.3
Dublin (February)
2008
4.5
1.1
46.3
4.4
71.3
2.1
Helsinki (August)
2007
8.4
1.1
18
0.9
26.6
2.2
Helsinki (March)
2008
6.5
1.5
15.9
1.4
70.6
2.3
* The high VOC concentration value is due to the use of a spray for artificial snow during the measuring period. n.m.: no measurements
PUBLIC BUILDINGS

VOC
65.5
34.4
91.9
101.6
11.1
11.3
81.3
49.6
13.9
9.7
5.7
n.m
47.7
13
17
9.4
9.2
8.1
8.8
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(October-March). As a component of mainstream and sidestream cigarette smoke, benzene clearly affects the air quality in confined spaces and strongly determines the exposure
of smokers and non-smokers to this compound (Table 6).

Minimum

Maximum

2.1

18.6

Arithmetic
Mean
7.5

9

1.8

14.4

7.7

A seasonal variation was observed with often higher
indoor levels of aldehydes, in particular formaldehyde during the warm season. The trend is opposite to that found for
VOCs (Table 8), and in agreement with data reported in
literature [18-22]. In summer, formaldehyde concentrations
are higher due to the acceleration of the photochemical
activity (outdoor) and secondary emissions (indoors).

32

0.9

6.5

2.9

VOCs (homes)

TABLE 6
Benzene-personal exposure concentrations (µg/m3) (all sites).

Smoker
Non-smoker
in smokers`
environment
Non-smoker

offices varied from ca. 3 to 35 µg/m3, in kindergartens from
ca. 6 to 50 µg/m3, respectively. Personal exposure concentrations to formaldehyde up to 30 µg/m3 were measured in
Helsinki (Table 7).

Number
of samples
20

Indoor/outdoor concentration of VOCs in kindergartens and schools followed a similar trend as found in
public buildings. Here, as well, indoor air concentrations
were higher than outdoors, reaching values up to 190 µg/m3
(Catania). Mean VOC indoor levels (all sites) were in most
cases twice as high as outdoor ones ranging from ca. 8 ug/m3
to 192 µg/m3 (Table 4). Concentrations of benzene inside
and outside schools and kindergartens were in most cases
lower compared to that measured at public buildings. The
selected schools/kindergartens were mainly located outside heavy traffic zones. So, the impact of (benzene rich)
outdoor air and smoking was generally lower.
Carbonyls in public buildings/schools-kindergartens
(indoor/outdoor and personal exposure)

In parallel to the measurements for volatile organic
compounds, air samples were taken for the analysis of
carbonyl compounds, in particular, formaldehyde and acetaldehyde present in both indoor and outdoor environments.
In all places, the air concentrations for aldehydes inside
the buildings/kindergartens were up to 7-8 times higher
than outside. This is particularly valid for formaldehyde
(recently declared as human carcinogen by the International
Agency for Cancer Research) [17], for which it seems that
strong indoor sources exist clearly determining the indoor
air level. Values for formaldehyde in public buildings and

In total, 103 private (home) environments were monitored for VOCs and carbonyls for one week. Indoor values
measured at homes (Table 9) generally exceeded the values
found indoors in public buildings or schools where the
volunteers were working. The study revealed that the indoor to outdoor pollution levels (I/O ratio) of homes ranged
from 1.4 for VOCs in Athens and Thessaloniki to 11.7 in
Budapest (Table 9). Concerning benzene, the average values of I/O ratio (all sites) in houses (1.3) was similar to the
values obtained in other confined environments, such as
public buildings and schools (1.4), indicating that benzene
measured indoors had mainly outdoor origin. For VOCs,
the mean value of I/O ratios was higher at homes (5.5)
than in public buildings and schools (3), indicating additional sources in houses. Carbonyls I/O ratio in houses.
ranging from 5.1 in Athens to 24.2 in Helsinki with a mean
value (all sites) of 14.6 is almost one third higher with
regard to public buildings and/or kindergartens/ schools with
average values (all sites) of 9. In the case of formaldehyde,
the I/O ratio in homes varied from 5 in Athens to 15.9 in
Dublin with a mean value (all sites) of 10.2. This value is
higher than that of formaldehyde I/O ratios measured in
public buildings and schools, which mean value (all sites)
was 7.1. Houses are, therefore, environments with important
emission sources for carbonyl compounds and should be
considered as one of the principal micro-environments contributing to the exposure of humans to these compounds.

TABLE 7 - Indoor, Outdoor and Personal exposure concentrations of carbonyls (CARB [t]) in European cities (all sites).
Sampling
Number
Concentration (µg/m3)
time
of samMinimum
Maximum
Arithmetic Mean
(days)
ples (n)
Public Buildings
7
112
7.0
245.5
44.1
CARB [t] in
Schools/Kinderg
7
57
6.8
144.0
48.2
Public Buildings
7
57
2.1
13.7
6.5
CARB [t] out
Schools/Kinderg
7
47
1.2
12.0
5.6
Public Buildings
3
24
32.1
126.5
61.8
CARB [t] P
Schools/Kinderg
3
18
30.9
76.6
52.4
Public Buildings
7
112
1.7
34.5
16.7
FORM [in]
Schools/Kinderg
7
57
1.5
49.7
17.4
Public Buildings
7
57
1.0
7.3
2.9
FORM [out]
Schools/Kinderg
7
47
0.6
4.6
2.4
Public Buildings
3
24
7.4
29.9
16.3
FORM [P]
Schools/Kinderg
3
18
10.0
25.6
15.3
in = indoors. out = outdoors. P = personal exposure, CARB[t] = the sum of CARBs measured in this study. FORM = formaldehyde.
Compounds

Environment
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TABLE 8 - Carbonyls and formaldehyde (means) in public buildings and schools.
Outdoor

PUBLIC BUILDINGS
Catania (Oct.)
Catania (May)
Athens (Dec)
Athens (Oct)
Arnhem/Nijmegen (March)
Arnhem/Nijmegen (August)
Thessaloniki (November)
Thessaloniki (May)
Brussels
Leipzig (April)
Leipzig (July)
Nicosia (July)
Nicosia (January)
Budapest (May)
Budapest (January)
Dublin (May)
Dublin (February)
Helsinki (August)
Helsinki (March)

2003
2004
2003
2005
2004
2006
2004
2006
2004
2005
2006
2004
2007
2007
2008
2007
2008
2007
2008

CARBt
8.6
9.1
10.4
11.8
4.3
3.6
9.2
9.7
4.2
5.6
4.6
n.m
10.1
6.9
5.9
3.8
2.6
4.1
3.1

2003
2004
2003
2005
2004
2006
2004
2006
2004
2005
2006
2004
2007
2007
2008
2007
2008
2007
2008

CARBt
5.9
9
6.3
8.3
4.3
3.3
7
9.1
n.m
4.8
6.2
n.m
8.6
5.5
5.7
2.9
2.2
4.2
3

Indoor
HCHO
4.7
3.8
4.7
5
1.7
2.4
5.4
3.3
3
2.3
1.7
n.m.
2.7
2.3
2.6
2
1.2
2.1
1.5

CARBt
29.5
28.3
43.4
40.1
27
42.8
52.1
47
33.5
92.4
81.1
n.m.
58.2
51.6
35.1
28.3
27
56.3
21

HCHO
3.4
2.9
2.9
3.7
1.5
1.9
4
2.7
n.m
2.6
2.6
n.m
2.2
1.9
2.7
1.6
0.9
2
1.5

CARBt
31.7
32.2
39.3
53.7
26.2
53.2
35.4
48.1
n.m
62.7
99.2
n.m
51.7
54.1
35.2
67.6
37.8
64.3
28

Outdoor

SCHOOLS
Catania (Oct.)
Catania (May)
Athens (Dec)
Athens (Oct)
Arnhem/Nijmegen (March)
Arnhem/Nijmegen (August)
Thessaloniki (November)
Thessaloniki (May)
Brussels
Leipzig (April)
Leipzig (July)
Nicosia (July)
Nicosia (January)
Budapest (May)
Budapest (January)
Dublin (May)
Dublin (February)
Helsinki (August)
Helsinki (March)

Personal
HCHO
16.1
13.2
20
20.6
8.6
17.9
25.6
17.1
16.6
21.1
17.3
n.m
27.3
18.5
11.4
12.9
9.4
18.9
8.3

CARBt

HCHO

n.m
n.m
n.m
n.m
n.m
n.m
n.m
n.m
n.m
49.4
n.m
n.m
74.3
63.4
n.m
n.m
71.9
50.2

n.m
n.m
n.m
n.m
n.m
n.m
n.m
n.m
n.m
15.1
n.m
n.m
19
15.4
n.m
n.m
19.6
12.7

HCHO
15.7
13
18.3
20.2
9
18.9
13.9
13.8
n.m
29.1
31.9
n.m
12
17.9
12.5
26.4
13.1
22.6
8.8

CARBt
n.m
n.m
n.m
n.m
n.m
n.m
n.m
n.m
n.m
n.m
54.5
n.m
n.m
50.1
50.1
n.m
n.m
58.7
48.9

Indoor

Personal
HCHO
n.m
n.m
n.m
n.m
n.m
n.m
n.m
n.m
n.m
n.m
16.3
n.m
n.m
15.6
13.2
n.m
n.m
17.5
14

n.m.: no measurements

TABLE 9 - Volatile organic compounds [(VOC [t]) and carbonyls (CARB [t]) measured in HOMES (mean values in µg/m3)].
City
Athens
Budapest
Dublin
Helsinki
Leipzig
Nicosia
Nijmegen/
Arnhem
Thessaloniki

Month/Year
12/2003
10/2005
05/2007
01/2008
05/2007
02/2008
08/2007
03/2008
04/2005
07/2006
07/2004
01/2007
03/2004
08/2006
11/2004
05/2006

VOC (I/O)
n.m.
103.3 (1.4)
58.4 (5.3)
196.2 (11.7)
46.7 (6.6)
38.5 (5.6)
43.5 (5.3)
54.5 (7.1)
76.1 (8.6)
24.1 (5.0)
n.m.
201.0 (4.9)
n.m.
32.5 (3.5)
n.m.
54.5 (1.4)

Benzene (I/O)
n.m.
6.5 (0.9)
1.9 (1.7)
4.3(1.1)
1.8 (1.5)
1.6 (1.1)
1.7 (1.6)
2.1 (1.2)
2.5 (1.7)
1.2 (2.2)
n.m.
5.5 (1.1)
n.m.
1.8 (1.4)
n.m.
3.6 ( 1.0)

In parentheses, indoor/outdoor ratios. n (homes) 103, n.m: not measurements.
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CARB (I/O)
n.m.
51.0 (5.1)
90.1 (14.5)
74.9 (12.9)
51.6 (15.4)
42.3 (17.6)
100.3 (24.2)
67.2 (22.0)
66.9 (12.9)
52.3 (9.7)
n.m.
108 (11.5)
n.m.
80.9 (23.4)
n.m.
50.8 (5.4)

Formaldehyde (I/O)
n.m.
21.7 (5.0)
23.7 (11.3)
17.6 (6.6)
15.4 (8.5)
16.7 (15.9)
27.7 (13.5)
18.8 (12.6)
24 (9.8)
18.3 (8.5)
n.m.
24.0 (9.8)
n.m.
31.3 (14.5)
n.m.
19.4 (6.5)
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Source apportionment of the main indoor air pollutants

In order to have a better understanding of sources contributing to the complexity of indoor air, screening measurements of emissions from flooring surfaces (parquet, wall
to wall carpets) and furniture (tables, chairs) have been performed in selected measuring campaigns on site by using
a glass cell positioned over the selected surface. Preliminary tests in the laboratory indicated the suitability of the
glass cell for the qualitative and semi-quantitative evaluation of emissions from various material surfaces. Xylenes,

toluene, ethylbenzene, formaldehyde, acetaldehyde, acetone and hexanal were frequently found among the compounds emitted from the surfaces inside offices in the buildings under study.
The concentrations of chemical compounds released
from the specific surfaces (e.g. air inside the cell) were
calculated and used to construct profile diagrams to visually illustrate the abundance of chemical compounds in
each sample category (office air, furniture, flooring material) of the office monitored as shown in Fig. 1. The quali-

100%

80%

Limonene

60%

1,2,4-TMB
Pinene
o-Xylene
m/p-Xylene
Ethylbenzene
Toluene

40%

Benzene

20%

0%
Office air

Table

Linoleum

Chair

100%

90%

80%

70%

60%

Hexanal
Propanal

50%

Acetone
Acetaldehyde

40%

Formaldehyde

30%

20%

10%

0%
Office air

Table

Linoleum

Chair

FIGURE 1 - Profile diagrams of VOCs (up) and aldehydes (bottom) measured inside an office.
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tative and semi-quantitative information obtained allowed,
in some cases and for specific compounds, the identification of indoor sources that contributed to the loading of the
indoor air in the room. Looking at Fig. 1 (up),a clear contribution to toluene levels due to emissions from the chair
is evident, while table and linoleum contribute similarly
and to a higher extent than chair to xylene accumulation in
office air. From Fig. 1 (bottom), it can be observed, that the
chair has higher contribution than table and the flooring
material (linoleum) to the overall acetaldehyde loading of
the office air, whereas table and chair contribute equally to
hexanal loading. Similarly, the contribution of the table to
the overall acetone loading of the office air is higher than
it is for the linoleum and the chair, respectively.
Although the qualitative information obtained can be
useful for indoor air pollution source apportionment as
evidenced by the profile diagrams above, on-site emission
measurements have shown that the majority of the surfaces analysed emitted common compounds. Thus, attribution
of a chemical marker to specific sources was rendered very
difficult. Better understanding of indoor source apportionment would benefit from further experimental studies
concerning the measurement of on-site specific emission
rates and the comparison with laboratory chamber tests of
the same indoor surfaces or products.
Health Relevance/Effects for VOCs and Carbonyl compounds with the focus on benzene and formaldehyde

Indoor air quality (IAQ) represents a major concern
from more than three decades. when the expression “sick
building syndrome” (SBS) was introduced, to indicate a
multiform set of medically unexplained illness symptoms
(among others, headache, respiratory and ocular mucosa
irritation, dizziness and nausea, fatigue. sensitivity to odours,
irritable bowel syndrome), directly associated to household conditions and characteristics [23-25]. Apart from
this “new” syndrome, other pathological conditions, such
as allergies, asthma, skin and respiratory disorders, COPD,
and even cancer, have been reported to be significantly increased and their increment attributed, at least in part, to
poor indoor air quality. A recent review [26] concluded
that there is strong evidence for indoor air pollution as a
cause of pneumonia and other acute lower respiratory infections (ALRI) among children under five years of age,
and chronic obstructive pulmonary disease (COPD) and
lung cancer (in relation to coal use) among adults. Immunological, neurobehavioral and toxic to reproduction effects have also been described. In effect, people spend
most part of their life in confined places: houses, offices,
cars, and entertainment facilities. Some groups of people
are more susceptible to developing these ill-health problems. These are, in general, the children and the elderly, but
also people affected by chronic and degenerative diseases,
the carriers of particular polymorphisms, heavy smokers.
No guidelines for total VOCs exist. As an indication of
good indoor air quality, values varying between 300500 µg/m3 are reported in the literature, however, without
any toxicological justification. Domestic exposure to VOCs,

at levels below currently suggested recommendations (as
indicated above), may increase the risk for childhood
asthma (6 months-3 years). It has further been reported that
children exposed to concentrations of VOCs of >60 µg/m3
(median level of exposure) had a four-fold increased risk
of having asthma [27].
Effects of long-term exposure to benzene

The results of the field campaigns indicate that about
18% of the outdoor concentrations, 23% of the indoor concentrations, and 30% of the personal exposure concentrations for benzene exceeded the 5 µg/m3 limit value (annual mean) established by the European legislation [28].
The distribution of personal inhalation exposure concentration of benzene based on the data from the AIRMEX
campaigns shows a median of 3.5 µg/m3 (95th percentile:
13.6 µg/m3). According to the Leipzig Allergy High Risk
Study, benzene at levels higher than 5.6µg/m3 is associated with an increased risk of airway infection in infants at
6-weeks age [29-30]. Moreover, following the linear (no
effect threshold) exposure-response relationship for the unit
risk of benzene-induced leukaemia given by the WHO
(6 · 10–6 (µg/m3)-1[31], lifetime exposure to these benzene
levels could induce a leukaemia risk of 21-82·10-6 (considering the median value or the 95th percentile value, respectively) with an average at 28·10-6. However, variation
of exposure concentration across Europe is expected since
climatic conditions as well as the different building materials and lifestyles at different locations across Europe are
factors that might affect the levels of the indoor/outdoor
pollutant concentrations (including benzene) and personal
exposure levels.
Effects of long-term exposure to formaldehyde

Long term exposure to elevated levels of formaldehyde in the occupational settings has been shown to result
in upper and lower airway irritation as well as eye irritation in humans; degenerative, inflammatory and hyperplastic changes of the nasal mucosa in humans and animals. On June 15, 2004, IARC announced that there was
sufficient evidence that formaldehyde causes nasopharyngeal cancer in humans and re-classified it as a Group 1
human carcinogen (previous classification: Group 2A).
IARC also reported, that there is limited evidence that
formaldehyde exposure causes nasal cavity and para-nasal
cavity cancer, and “strong but not sufficient“ evidence
linking formaldehyde exposure to leukemia.
Because of its high chemical reactivity, formaldehyde
is the most important sensory irritant among the chemicals
assessed in the present study. Due to its ubiquitous presence in indoor environments and to the increasing evidence
indicating that children may be more sensitive to formaldehyde respiratory toxicity than adults, it is considered to
be a chemical of concern at levels exceeding 1 µg/m3, a
concentration more or less corresponding to background
levels in rural areas (the INDEX project) [12]. Results
from the limited available exposure data and indoor air
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concentrations obtained in the frame of the AIRMEX
measuring campaigns confirm that a great part of the examined population is exposed indoors at levels higher than
this background level, as the limit of exposure, with a significant part exposed at levels exceeding the no-observedeffect-level (NOAEL: 30 µg/m3). Within the reported concentration range, mild irritation of the eyes could be experienced as well as the odour perceived starting from
about 30 µg/m3. Reported formaldehyde concentrations from
the AIRMEX campaigns are, however, lower (99th percentile < 150 µg/m3) than a presumed threshold for cytotoxic
damage to the nasal mucosa (150 µg/m3).

all human genome expression than mixture (b), and that the
number of genes, the expression of which is modulated, increases with rising exposure dose (see Fig. 2), even though
the doses administered are below the no observed adverse
effect level.

2000

1500

1000

Preliminary experiments on the
determination of early biological events from
combined exposure to benzene and other VOCs

500

0

Environmental exposures occur to mixtures of chemicals rather than to individual agents, and such exposures
occur in the context of numerous other potential riskmodifying physiological factors, such as genetic background,
gender, stress, developmental period of exposure and diet.
These co-occurring risk factors may enhance or mitigate
the effects of chemical exposures, and do so, in a dynamic
fashion across the life span. As such, studies recognizing
interactions and mixtures may have marked significance
not only for evaluating the efficacy of risk assessment
paradigms, but also for the determination of Community
policies protecting public health. In this perspective, it is
expected that the toxicogenomics` approach would be the
appropriate screening method for assessing biological effects of complex chemical mixtures, allowing us to review
the whole spectrum of potential biological response rather
than focusing on a pre-defined number of endpoints as in
classical toxicological analysis.
Reviewing the personal exposure measurements effectuated across the European Union in the frame of AIRMEX, two main categories of indoor air mixtures of BTEX
were identified, independent of the overall concentrations
of VOCs:
(a) a mixture containing 20% benzene, 40% toluene,
10% ethylbenzene, and 30% xylenes

Cultures from a human lung cell line (A549– bronco
epithelial cells) were exposed to different doses of the two
BTEX mixtures for a period of 24 hours to derive a doseresponse relationship with regard to gene expression modulation. Three doses (10, 100 and 10,000 ng/L) were used
for both mixtures (a) and (b). The results show that mixture
(a) (the one richer with benzene) modulates more the over-

Mix B

474

305

100ng 24h

601

401

10ug 24h

975

645

FIGURE 2 - Dose-dependence of gene modulation given in
terms of number of genes over- or under-expressed after 24 hours
of exposure to the two BTEX mixtures considered in this study.

Preliminary evidence, upon detailed analysis of the
molecular mechanisms induced from exposure of the human
A549 cells to the two VOC mixtures indicates that the
presence of toluene in indoor air mixtures, comprising
other single aromatic VOCs, enhances non-carcinogenic
responses like inflammation. Both time and dose of exposure influence the magnitude of the observed biological effect. Early biological events that may be precursors
of later life pathologies can be observed at doses lower
than the currently observed no adverse effect level for noncancer effects. These results pave the way towards a better
use of currently available human bio-monitoring data. Specific biomarkers of, say, inflammation, or oxidative stress,
can readily be identified and mechanistically linked to the
onset or exacerbation of human pathologies associated to
indoor air pollution (e.g. the link between inflammation
and asthma exacerbation).
CONCLUSIONS

(b) a mixture with 10% benzene, 60% toluene, 10%
ethylbenzene, and 20% xylenes
The chemical composition of all other indoor air mixtures measured at the European cities participating in the
project fell within the range defined by mixtures (a) and
(b) above. Therefore, these two mixtures were chosen to
perform comparative analysis of gene expression after in
vitro exposure.

Mix A

10ng 24h

Personal exposure concentrations to priority pollutants in this study were found to be, in most cases, higher
than the respective indoor/outdoor concentrations. The
concentrations of VOCs measured indoors, outdoors, and
on personal samplers depend on the relative contribution
of indoor and outdoor sources and individual time-activity
patterns. Our results show that accurate exposure assessment that is critical to a credible and scientifically sound
assessment of risk cannot be determined directly from
measurements referring to fixed ambient background monitoring stations for these pollutants. Evaluation of possible
long-term health effects associated with the presence of
pollutants indoors and outdoors should take into account
personal exposure monitoring along with environmental
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activity patterns and personal behaviour. In reference to
the ambient air limit value for benzene of 5 µg/m3 (annual
mean), established by the Commission to be met by 2010
(Directive 2000/69/EC), the measurements taken indicate
that about 18% of the outdoor concentrations, 22.9% of
the indoor concentrations and 30.2 % of the personal exposure concentrations measured so far exceeded this limit
value, even though the average outdoor/indoor/personal
exposure concentrations were below the limit.
The potential adverse health effects currently associated with exposure to indoor air pollutants were reviewed
and summarized within the frame of the AIRMEX project
with the focus on two key air contaminants i.e. benzene
and formaldehyde. Of particular interest is the potential
interaction of different components of indoor air within the
human body resulting in other than additive effects. A
toxicogenomics approach using whole-genome micro-arrays
was used to identify early biological events leading to noncancer health endpoints, such as inflammation. Preliminary
evidence, upon detailed analysis of the molecular mechanisms induced from exposure of the human A549 cells to
two VOC mixtures, indicated that the presence of toluene in
indoor air mixtures comprising other single aromatic VOCs
enhances non-carcinogenic responses like inflammation.
It must be noted, that the results on potential health effects
reported herein are only indicative; they are based on a
restricted set of measurement data. However, they point out
the need for further and more comprehensive investigation
of indoor air pollution and its potential health effects.
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TOXIC EFFECTS OF COPPER ON
CULTURED BARLEY EMBRYOS
Baris Eren, Dilek Ozcan, Ercan Arican and Nermin Gozukirmizi*
Istanbul University, Faculty of Science, Department of Molecular Biology and Genetics, 34118, Vezneciler-Istanbul, Turkey

ABSTRACT
Response of Hordeum vulgare L. cv. Zafer-160 mature embryos to copper toxicity was evaluated under in vitro
conditions. Mature embryos of barley were cultured on
Murashige and Skoog medium supplemented with different concentrations of copper sulphate (CuSO4) 0-1600 µΜ.
The number of germinating embryos was recorded during
20 days following inoculation. Plant growth was strongly
reduced with high concentrations of copper. Germination
rate was 95% for control while 30% for 1600 µΜ copper
treated plants. Total soluble protein content and peroxidase
activity were determined spectrophotometrically. Total protein content decreased; however, no significant change in
guaiacol peroxidase activity was observed between control and 1600 µΜ copper treated shoots. Copper accumulation is correlated with copper concentrations and higher
accumulation was observed in roots compared to shoots.

KEYWORDS:
Hordeum vulgare L., tissue culture, toxicity, copper accumulation.

elements, leads to reduction in the growth of non-tolerant
plants.
Peroxidases are ubiquitous enzymes in plant kingdom,
and their specific isozymes are expressed with response to
development, senescence, biotic and abiotic stresses. Cu
catalyzes the formation of hydroxyl radicals (OH.) from
the non-enzymatic chemical reaction between superoxide
(O2-) and H2O2 (Haber-Weiss reaction) [5]. Hence, the presence of excess Cu can cause oxidative stress in plants and
subsequently increase the antioxidant responses due to increased production of highly toxic oxygen free radicals.
However, effects of copper peroxidases remain controversial [6].
In vitro cultures of plants provide a means to sterile
environment, regulate growth and solve problems associated with other systems modifying water balance and
metal uptake. However, despite their importance, toxicology based studies on cultured plant material are still limited. The present study is an attempt to understand in vitro
toxic effects of copper on seed germination, root growth
and peroxidase activity, with the goal in mind to develop
copper tolerant lines.

MATERIALS AND METHODS
INTRODUCTION

Plant material, growth and treatment conditions

Copper (Cu) is an essential microelement required in
small amounts for plants to grow and develop. It plays an
important role as a cofactor in several metabolic processes,
including photosynthetic and mitochondrial electron
transport, oxidative stress responses and hormone perception [1]. Copper is toxic for most plants when present in
excess and interferes with numerous physiological processes such as enzyme activity, DNA alterations and protein oxidation and membrane integrity. Toxic effects of
copper could lead to decrease in plant growth. Cu toxicity first affects young roots and subsequently interferes
with plant physiological processes [2-4]. Therefore intracellular Cu level must be tightly regulated since it is toxic
for most plants when present in excess. The toxic effect of
excess Cu, which also causes the accumulation of other

Response of Hordeum vulgare L. cv. Zafer 160 barley to Cu toxicity was evaluated under in vitro conditions.
Dry seeds were surface sterilized by rapid immersion in
95% ethanol and then 20% sodium hypocloride for 15 min
and rinsed three times with sterile water. Mature embryos
were isolated from the seeds with sterile scalpel and tweezers, surface sterilized in 70% ethanol, rinsed three times
with sterile water and dried on sterile filter papers. Then,
they were placed on to different concentrations of copper sulphate (CuSO4) (control, 10, 100, 400, 1000 and
1600 µΜ containing hormone free MS [7] medium (5.7 pH)
for 20 days during germination in Magenda cups. All cultures were kept in a controlled growth chamber at 250C
with 16 hours in light/8 hours dark period. The number of
germinated embryos was recorded 3, 7, 10, 14 and 20 days
after inoculation and germination rates of mature embryos
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were calculated on the 20th day of cultures. Root (the longest root) and shoot lengths (the distance from the culture
surface to the upper end of the longest leaves) for every
copper treatment was measured at the same periods.
Determination of total soluble protein content and guaiacol
peroxidase activity

For determination of enzyme activities, fresh leaf samples (0.5 g) from control and Cu-treated plants were homogenized in 100 mM cold potassium phosphate buffer
(pH 7.5) containing 1mM EDTA and 1 % PVP-40. The
homogenate was centrifuged at 18000 g for 20 min at 4 0C
and the supernatant was stored at -80 0C for the determination of enzyme activity assay. The protein content was determined according to the Bradford method [8] using bovine serum albumin as standard. SDS - polyacrylamide gel
electrophoresis of total soluble proteins of shoots on the
20th day of culture period in MS media supplemented with
400 and 1600 µΜ concentrations of CuSO4 and their controls was also performed. Peroxidase (POX) activity was
investigated with the determination of guaiacol oxidation
(extinction coefficient 26.6 mmolL-1cm-1) at 470 nm by
H2O2. The reaction mixture contained 100 mM potassium
phosphate buffer (pH 6.5), 16 mM guaiacol and 10 µl 10%
H2O2 in a 3 ml volume. The reaction was initiated by adding plant extract and was followed for 2 minutes.
Determination of Cu content

After harvesting, leaves and roots were extensively
washed with distilled water; then samples were oven-dried
and ground to fine powder. 1.0 g powder was kept in
5.0 ml conc. of H2SO4 and was incubated on a hot plate at
70-800 C for three hours. A few drops of HNO3 were added
to the sample. When the samples became brownish the hot
plate was opened at 120 0C and HNO 3 was added to the
samples till they became yellow-white. H2O2 was added
drop-by-drop and hot plate was opened at 1500 C. Samples were collected when they got close to dry, and they
cooled and 20 ml 2% HNO3 was added. They were heated
to 60-700C without boiling. They were filtrated and prepared in a final volume of 10 ml. Concentration of the extract was determined by atomic absorption spectrophotometer (Perkin Elmer 1100B). The copper content of tissues
was calculated in terms of (µg/g) in dry weight.
Statistical Analysis

The effects of Cu on germination of barley mature
embryos were presented in Table 1. Although 10-100 µΜ
CuSO4 treatment did not produce significant effects on
germination rate, 400 µΜ, 1000 µΜ and 1600 µΜ Cu
treatments reduced the germination rate from 95% (control)
to 88.75, 55, 30% respectively.
TABLE 1 - Germination rate of barley embryos on the 20 th day of
culture period in MS media supplemented with different concentrations of CuSO4.
Media
Control (MS)
MS+10 µΜ CuSO4
MS+100 µΜ CuSO4
MS+400 µΜ CuSO4
MS+1000 µΜ CuSO4
MS+1600 µΜ CuSO4

No. of embryos
cultured
80
80
80
80
80
80

No. of embryos
germinated
76
76
74
71
52
24

Germination
(%)
95
95
92.5
88.75
55
30

Effects of Cu on in vitro growth of germinated barley mature
embryos

Shoot and root growth were delayed and reduced during the culture period of barley embryos with increasing
concentrations of copper. In control plants shoot height
was 9 ± 0.52 while it was reduced to 1.9 ± 0.25 in
1600µM CuSO4 treated materials (Figure 1-2). Besides,
root length was 15 ± 0.76 in control plants while it was
reduced to 2 ± 0.18 in 1600µM CuSO4 treated materials
(Figure 1-3).

A

B

C

FIGURE 1 - Germinated barley embryos at the end of the 20th day of
culture period in MS media supplemented with different concentrations of CuSO4. A; Control, B; 400 µΜ CuSO4 , C; 1600 µΜ CuSO4.

The data were analyzed statistically using ANOVA.
Dunnet’s test (between control and treatment groups) and
Student Newman-Keuls test (between treatment groups)
were used for multiple comparisons. The data analyzed
were those from a minimum of three in dependent experiments. For the statistical evaluation of the results, the significance was accepted at the probability level of p<0.01 [9].
RESULTS
Effects of Cu on in vitro germination of barley mature embryos
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FIGURE 2 - Shoot height (cm) of germinated barley embryos during the culture period in MS media supplemented with different
concentrations of CuSO4.

supplemented with different concentrations of CuSO4. M; Marker,
A; Control, B; 400µM CuSO4, C; 1600µM CuSO4. (Arrows indicated decreases in the protein bands).
Cu accumulation in roots and shoots

Data on copper accumulation values of germinated
barley embryo shoots and roots on the 20th day of culture
period in MS media supplemented with different concentrations of CuSO4 were presented on Table 3. We observed
that barley embryos could accumulate very high degree of
copper both in roots and shoots. At the highest copper
concentration the root accumulation was almost 55 times
higher than shoot accumulation.
TABLE 3 - Copper accumulation values of shoots and roots on the
20th day of culture period in MS media, supplemented with different concentrations of CuSO4..
FIGURE 3 - Root length (cm) of germinated barley embryos during
the culture period in MS media supplemented with different concentrations of CuSO4.
Effects of Cu on total soluble protein content and guaiacol
peroxidase activity of in vitro germinated barley shoots

At the highest concentration; 1600 µΜ CuSO4 treatment decreased the total protein content; however, no significant change was observed in peroxidase activity. SDSPolyacrylamide gel electrophoresis of total soluble proteins
revealed differences in band patterns (Table 2 and Figure 4).
TABLE 2 - Effect of CuSO4 treatment on total protein content and
POX activity on shoots on the 20th day of culture.
Sample
Control
1600 µΜ CuSO4 treatment

Total protein content
(mg/g)
0.38 ± 0.171
0.16 ± 0.122

POX
(unit mg protein –1)
26.23 ± 0.241
28.32 ± 1.151

A

B

C

400 µM
(µg/g)
195,10 ± 0.251
1143,52 ± 2.252

1600 µM
(µg/g)
403,23 ± 0.221
2231,30 ± 1.352

Experiments were set up in a randomized design. Each
treatment consisted of 10 plantlets and each experiment
was carried out three times. The data shown represented the
mean ± SE of three independent ANOVA was performed
on the results of each experiment and the data were analyzed using Duncan’s multiple range test (1p< 0.01, 2p<
0.001).
DISCUSSION

Experiments were set up in a randomized design. Each
treatment consisted of 10 shoots and each experiment was
carried out three times. The data shown represented the
mean ± SE of three independent ANOVA was performed
on the results of each experiment and the data were
analyzed using Duncan’s multiple range test ( 1p< 0.01,
2
p<0.001).
M

Shoots
Roots

Control
(µg/g)
13,65 ± 0.511
19,02 ± 1.152

The present study shows in vitro toxic effects of different Cu concentrations on germinating barley mature embryos. At lower Cu concentrations, the germination rate was
almost the same with control, but with the increase in external Cu concentrations, germination rate diminished and
germination delayed. Plant shoot and root growth decreased
with increasing concentrations of copper and it decreased
4.7 times and 7.5 times at 1600 µΜ CuSO4 respectively.
We could not observe significant changes in POX activity;
however, changes in total protein content were obvious.
Accumulation of Cu was higher in roots when compared to
shoots.
Seed germination research with high concentrations of
copper is limited. During the studies on alfalfa plants
(Medicago sativa) seed Cu (II) significantly affected germination and plant growth at 20 ppm and higher concentrations [10]. In our study, 400 µΜ and higher concentrations of copper, negatively affected the in vitro barley
embryo germination. We can conclude that high concentrations of copper inhibited the germination but the doses
show genotype dependence.

FIGURE 4 - Polyacrylamide gel electrophoresis of total soluble
proteins of shoots on the 20th day of culture period in MS media

Effect of copper toxicity on plant growth was reported;
during a hydroponics experiment on 15-day-old rice seedling, shoot height and root length were reduced by 18%60% and 7%-69%, respectively, by 8, 16, and 32 µM Cu
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concentrations in nutrient solution. pH stimulate toxic effects of copper on early growth and when 4.5, 5.0, and 5.5
values were compared, seedling growth and biomass were
greater at pH 5.5 than at other pH treatments [11]. In our
study we investigated high concentrations up to 1600 µM.
However, we adjusted pH 5.7. But when compared with the
control material shoot and root to which copper treatments
were applied were severely affected. During the ten-day
period barley embryos could resist against high copper
stress. Most probably, high pH value is the reason for
this resistance since the availability of heavy metals to
plants is dependent on variables with pH. In addition to
growth retardation, changes in ultra structure during copper stress in maize (Zea mays L.) plants were also reported
[12]. We did not analyze the ultra structure of the experimental material.

demonstrated that the in vitro system can be a useful approach to study the physiological and molecular alterations
induced by copper excess in barley. The upper limit of
copper tolerance in 1600 µM of CuSO4 and very high
amount of copper could be accumulated both in roots and
shoots. Thus we can conclude that barley can be considered
a quite tolerant plant to copper.
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Despite the decrease in total protein content, no significant change in guaiacol peroxidase activity was observed in control and 1600 µM copper treated shoots.
Recently, some researches have been undertaken to identify changes in some important proteins related to antioxidative defense as a result of copper excess in barley. However, most of them have combined effects of different metals and other chemicals such as Cu or Mn [13], Al, Cd,
and Cu [14] and Ca2+, Mg2+, Na+, K+ [15] since multiple
heavy metal pollution is detected in many areas. Similar
to our results Kepova et al. [13] reported that high Cu level
induced the reduction in leaf total soluble protein content
in barley plants. They also mentioned that the necrotic
lesions, yellowing and dark-brown polka dots were seen
on the leaves of plants treated with 150 and 1500 µM Cu
in water culture. We did not observe lesions on leaves on
solid medium grown barley material. Water culture could
be more effective for the transport of copper to leaves. Al,
Cd, and Cu combined treatment also produced a significant
reduction in protein content [14].
There are some reports mentioning a copper-dependent
increase in the activity of POX [14] while other reports
indicate that POX can be inhibited by excess of copper
[16]. For example; higher Cu concentrations causing visible toxicity symptoms were characterized by a decrease in
SOD activity, a raise in CAT and GPOX activity and no
changes in APOXs, and APXm activities as compared to
controls were indicated [13]. . In our experimental conditions we could not observe significant changes in the activity of guaiacol peroxidase. More detailed analyses could
be beneficial to explain the differences in results.
The study at hand showed that copper accumulation
is correlated with concentration, and high accumulation
was observed in roots compared with shoots. Almost 100
fold more copper accumulated at the roots of the 1600 µM
treated material. At the highest copper concentration the
root accumulation was almost 55 times higher than shoot
accumulation. There is a report on sunflower which informs
25 fold higher copper accumulation in sunflower roots after
10-3 M Cu treatment [17]. In conclusion, this study
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ABSTRACT

KEYWORDS: HCO3 ; Microcystis aeruginosa; bicarbonate; Chl
fluorescence; ultrastrcture.

The influence of bicarbonate (HCO3-) on Microcystis aeruginosa FACHB 905 was assessed in this study.
Growth curves, chlorophyll a fluorescence and ultrastructure were measured at two HCO3- concentrations,
2.3 mM and 12.4 mM. A treatment of sodium chloride
(NaCl) was also conducted alongside to establish the influence level of sodium. It was found that upon treatment
with elevated HCO 3 - concentrations of 2.3 mM and
12.4 mM, cell densities were 13% and 27% (respectively)
higher than controls. In photosynthetic performance, elevated HCO3- concentration initially stimulated Fv/Fm at the
prophase of culture and then subsequently inhibited it. The
inhibition of 2.3mM was higher than that of 12.4mM
HCO 3 - . The maximum relative electron transport rate
(ETRmax) exhibited inhibition at elevated HCO3- concentrations. DI0/CS was decreased at 2.3 mM and increased
at 12.4mM. In the case of both treatments, ABS/CS,
TR0/CS, ET0/CS, RC/CS0 and RC/CSm were decreased by
elevated HCO3- concentrations, which indicated damage
to photosynthetic apparati and an inactivation of a fraction
of reaction centers. This point was also proven by ultrastructural photos. High HCO3--exposed cells lost the characteristic photosynthetic membrane arrangement compared
with the control and high salinity treated samples. At the
2.3mM concentration of HCO3-, damage to photosynthetic
apparati caused decreased photosynthetic activity. These
findings suggested that elevated HCO3- concentration stimulated the growth and photosynthesis of M. aeruginosa
FACHB 905 in a short time. Exposure to high HCO3- concentrations for a longer period of time will damage photosynthetic apparatus. In addition, the ultrastructure indicated
that elevated HCO3-concentration lead to photosynthetic
apparati damage. In our experiment, it was observed that
the inhibition effect of 2.3mM HCO3- was higher than that
of 12.4mM HCO3-. We hypothesized that M. aeruginosa
FACHB 905 induced a protective mechanism under high
concentrations of HCO3-.

ABBREVIATIONS
ABS, absorption energy flux; Chla, chlorophyll a; DI,
dissipation energy flux at the level of the antenna chlorophylls; ET, conversion of excitation energy to electron
transport; ETRmax, maximum relative electron transport
rate; Fv/Fm, optimal photosynthetic efficiency; RC, reaction centre of PSII; TR, trapping of excitation energy.

INTRODUCTION
The occurrence of cyanobacterial blooms in fresh water has increased over the last decades [1]. These blooms
diminish the recreational value of bodies of water, degrade
water supply, deoxygenate water through decomposition,
threaten public health, and kill aquatic animals [2, 3]. Microcystis aeruginosa is one of the most harmful cyanobacterial bloom species and is the dominant primary producer
in most eutrophic bodies of freshwater worldwide. To elucidate the growth mechanism of this dangerous bloom, many
factors associated with cyanobacteria occurrence in lakes
have been investigated [4]. However, we still do not have
a clear explanation on the mechanism of its occurrence.
Bicarbonate is an important external source of inorganic
carbon in M. aeruginosa photosynthesis [5, 6]. The bicarbonate concentration of most natural fresh water is considerably high, peaking at 2.2mmol/L. The important role
that bicarbonate plays in the photosynthesis of terrestrial
plants has been well documented. Several reports have indicated that high concentrations of bicarbonate inhibit uptake of other nutrient ions and decrease plant growth [7-10].
In water systems, Antal and Lindblad [11] demonstrated
that addition of bicarbonate stimulated sulphur starved
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Synechocystis PCC 6803 growth and chlorosis [12]. Shoshana et al. [13] reported that added sodium bicarbonate
induced the aggregation of Chlorella vulgaris cell. It is well
known that bicarbonate is the prominent dissolved inorganic carbon (DIC) formed during water bloom. Therefore,
it is important to evaluate the effect of bicarbonate on M.
aeruginosa.
Our purpose is to verify the influence of bicarbonate on
bloom-forming cyanobacterium M. aeruginosa FACHB 905.
In this study, we characterize growth, photosynthetic performance and ultrastrcture of M. aeruginosa FACHB 905
at two bicarbonate concentrations, 2.3mM and 12.4mM.
MATERIALS AND METHODS
M. aeruginosa FACHB 905 culturing

The species M. aeruginosa FACHB 905 was provided
by the Freshwater Algae Culture Collection of the Institute
of Hydrobiology, China (FACHB). Samples from BG11
were used as controls and its HCO 3-concentration was
0.6 mM. Basic medium for treatments was BG11 without
Na2CO 3, and NaHCO 3 was added to a concentration of
2.3 mM or 12.4mM according to the methods described
in Monitoring and determination methods for water and
wastewater [14]. The corresponding salinity values were
1.2‰ and 1.8‰. A test of sodium chloride (NaCl) was
conducted to establish the influence level of sodium. NaCl
was added to BG11 with final salinity of 1.8%.
The cyanobacterial cells were cultivated at 25 °C with
continuous illumination at intensities 35µEm-2s-1 provided
by cool white fluorescent tubes.

was measured by a Plant Efficiency Analyser (Hansatech
UK). Samples were dark adapted for 15 min before measurements. Each Chl a fluorescence transient O-J-I-P was
analyzed according to the JIP-test [16-20]. The initial stage
of photosynthetic activity of a reaction centre (RC) complex is regulated by three functional steps namely absorption events of light energy (ABS), trapping of excitation
energy (TR) and conversion of excitation energy to electron transport (ET). The JIP-test represents a translation of
the original data to biophysical parameters that can quantify the energy flow through PSII. The parameters, which
all refer to time zero (start of fluorescence induction), are:
the phenomenological energy fluxes (per excited crosssection, CS) for absorption (ABS/CS), trapping (TR0/CS),
electron transport (ET0/CS) and dissipation (DI0/CS), per
excited cross-section for reaction centre (RC/CS).
Preparation for ultra-thin sectioning

After culturing for 72h in all conditions, cells were prefixed in a mixture of 2.5% formaldehyde and 2.0% glutaraldehyde in 0.1M phosphate buffer pH 7.4 which contained 0.05M NaC1, for two hours at 20 °C. After several
washings in buffer, the cells were fixed in 2.0% OsO4 in
the same buffer for two hours at 20 °C. The cells were then
washed again, embedded in Epon resin and sectioned on an
LKB-Ultrotome. Sections were stained with uranyl acetate
and lead citrate.
Statistics

The data is expressed as means±SD. Significant differences in the data were analyzed according to the oneway ANOVA method, with the level of significance set at
P≤0.05.

Measurements of growth

Cell growth was estimated by hemocytometer (5 samples, 3-6 counts per sample).

RESULTS
Growth curves of M. aeruginosa FACHB 905

Measurements of Chl fluorescence

Chlorophyll a fluorescence parameters were measured
with a pulse-amplitude-modulated fluorescence monitoring
system (PAM, Walz, Germany). Samples were dark adapted
for 15 min before measurements. The maximum effective
quantum yield of PSII was calculated as Fv/Fm [15]. The
numerical values of chlorophyll fluorescence of samples
exposed to 12 intensities of actinic light increasing from 0
to 2105mmol photons PARm-2s-1 were recorded during a
3 min time series. The electron transport rate of PSII (ETR)
was calculated as relative ETR = (((Fm0-Ft)/Fm0)·0.84
·0.5·PAR (m-2s-1)). Fm0 and Ft are the maximum and steady
state fluorescence in light, respectively. A value of 0.84 is
the approximated proportion of incidental light that is absorbed by the algae of which a proportion of approximately
0.5 is transferred to PSII [15].

Growth characteristics of M. aeruginosa under different HCO3- concentration are shown in Fig.1. It was found
that elevated HCO3- concentration increased the algal population growth, while elevated salinity inhibited the algal
growth. The biomass of cells at 2.3mM HCO3- was at its
largest before 36h. At later timepoints, the biomass at the
2.3mM concentration of HCO3- was somewhat lower than
those of the 12.4mM concentration. When HCO3- concentration was elevated to 2.3mM and 12.4mM, cell densities
were 13% and 27% (respectively) higher than controls at
the end of the test (P<0.05, ANOVA). The biomass of the
salinity treated samples was decreased by 11% compared
with control. The results indicate that elevated HCO3- concentration can increase algal growth, but salinity has little
effect on the biomass.
Chl fluorescence

The JIP test

The test was performed after culturing in different medium for 72h. The polyphasic rise in fluorescence transients

The optimal photosynthetic efficiencies (Fv/Fm) curves
of treated and control samples are shown in Fig.2. Fv/Fm
values of HCO3- treated samples were higher than controls
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FIGURE 1 - Growth curves of M. aeruginosa
under different bicarbonate concentration.

before 12h and decreased during the following hours. At
6h, Fv/Fm values of 2.3mM and 12.4mM HCO3- treatments were 1.27 and 1.42 (respectively) times that of the
control. The rate of suppression of Fv/Fm values at 2.3mM
and 12.4mM HCO3- concentrations compared with the
control at the end of test were 46% and 30%, respectively.
Salinity had little effect on Fv/Fm values. Elevated HCO3concentration decreased ETRmax significantly. The rate
of suppression of ETRmax values at 2.3mM and 12.4mM
HCO3- concentrations compared with the control at the end

The effect of elevated HCO3- concentration on the
shape of Kautsky curves is shown in Fig. 3a. The fluorescence transients of controls and salinity treated samples
showed the typical O-J-I-P polyphasic rise. The three phases
have been interpreted as follows: the (O-J) phase corresponds to a complete reduction of primary electron acceptor QA of PSII and also is influenced by the S-state of the
donor side of PSII and the reaction on the acceptor side of
PSII. The second phase (J-I) is controlled by the PSII donor
side and the third phase (I-P) corresponds to the release of
fluorescence quenching by the oxidized plastoquinone pool
(PQ pool) [21]. In the experiment, salinity had no effect on
the shape of the Kautsky curve after 72 h, but elevated
HCO 3- did. The six selected fluorescence parameters
(ABS/CS, TR0/CS, ET0/CS, DI0/CS, RC/CS0 and RC/CSm)
are shown in Fig. 3b. Values of ABS/CS, TR0/CS, ET0/CS,
RC/CS0 and RC/CSm changed in the same way and were
decreased by elevated HCO3- concentration. 2.3mM HCO3decreased DI0/CS and increased at 12.4mM. These changes
are shown in Table 1.
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FIGURE 2 - Effects of HCO3- on photosynthetic performance in M. aeruginosa.
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FIGURE 3 - Representative curves of fluorescence transients for control and NaHCO3 treated
M. aeruginosa. The curves correspond to 72 h after treatment. Each curve is the mean of five replicates.
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TABLE 1 - Parameters of the Kautsky curves of Microcystis aeruginosa.
ABS/CS
TRo/CS
ETo/CS
DIo/CS
RC/CSo
2.3mM(%)
27±1.4↓﹡ 63±1↓﹡
85±0.6↓﹡ 8±2↓﹡
63±0.7↓﹡
12.4mM(%) 3±1.5↓﹡
51±1.1↓﹡ 67±1.0↓﹡ 24±1.7↑﹡ 54±1.5↓﹡
Means with same superscript are significantly different at P<0.05. Mean ± SD (n=5).
↓ Decrease. ↑ Increase.

RC/CSm
71±0.6↓﹡
64±1.2↓﹡

FIGURE 4 - Changes in ultrastructure of M. aeruginosa. There were layers of thylakoid membranes at
the periphery in M. aeruginosa cells at. After 72 h exposure to high [HCO3–] medium, the most prominent structural
differences in M. aeruginosa between control and high [HCO3–] treated cells were degradation of the photosynthetic thylakoid membrane.

Changes in ultrastructure

Transmission electron microscopy of thin-sectioned
cells served to elucidate the internal ultrastructure of M.
aeruginosa (Fig. 4). It showed that high HCO3--exposed
cells lost the characteristic photosynthetic membrane arrangement compared with control and high salinity treated
samples. The ultrastructure of M. aeruginosa cell in the
control experiment showed that the arrangement of
thylakoid lamellae was normal, and electron density is
high. The ultrastructure of the M. aeruginosa cell in the
enriched salinity experiment had no difference with the
control. The ultrastructure of the M. aeruginosa cell in enhanced bicarbonate concentrations showed that thylakoid
was dissolved and the cells had lower electron density.
DISCUSSION
Hein and Sand-Jensen [22] demonstrated that an increase in DIC would stimulate phytoplankton primary production in the open ocean. Robert et al. [23] reported that
Synechococcus elongates cells achieved similar growth rates
at low and high DIC conditions. Our experiments demonstrated that enriched HCO3- concentration increased the biomass of M. aeruginosa. M. aeruginosa in elevated HCO3concentrations showed higher growth rate than the control
before 24h. At later times, no significant difference in
growth rate was seen among treatments and control. This
pattern may occur because elevated HCO3- promotes environmental DIC, which enhances photosynthesis. This phenomenon has been well documented in plant growth and
development [24-26].
In many experiments, the photochemical efficiency
(Fv/Fm) or ETRmax have been used as an indicator for

monitoring healthy and photosynthetic conditions in cyanobacteria [27-32]. In the chlorophyll fluorescence analysis,
elevated HCO3- concentrations initially stimulated Fv/Fm
and then inhibited it. An increase in photosynthesis in elevated DIC is anticipated [26]. Many studies have shown
that initial stimulation of photosynthesis may be offset, in
the longer term, by a down-regulation of photosynthetic
capacity. There are two mechanisms for the down-regulation
of photosynthesis by elevated DIC which are not mutually
exclusive. One is the down-regulation of the expression of
the photosynthetic genes caused by over-accumulated sugars [33-36]. The other is the acceleration of ontogeny and
early initiation of senescence [37-40]. ETRmax was used to
gain further information on the inhibition of the photosynthesis of M. aeruginosa. The reduction of ETRmax shows
that PSII rather than the dark reactions of photosynthesis
is inhibited [41]. One possibility why electron transfer
activity was down-regulated may be that nutrient limitation
slows down the reoxidation of the final electron acceptors
[42, 43]. Another possibility is that lower ATP and NADPH
demand during reductive carbon metabolism has been shown
to affect electron transfer activity [44].
Recording of O-J-I-P fluorescence transients in our experiments allowed the quantification of biophysical parameters that gave insight into the changes occurring in PSII
function. In the case of both treatments, ABS/CS, TR0/CS,
ET0/CS, RC/CS0 and RC/CSm were decreased by elevated
HCO3- concentration. Generally, changes in the fluorescence yield reflect changes in photochemical efficiency
and heat dissipation [16]. These changes indicate the damage of photosynthetic apparati and inactivation of a fraction
of RCs [20]. This point was also proven by ultrastructural
photos. In our experiments, thylakoid was dissolved and
the cells and the cells also had a lower electron density
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after exposure to elevated HCO3- concentration for 72h.
DI0/CS was decreased at 2.3 mM and increased at 12.4mM.
These results suggest more energy dissipation at 12.4mM
HCO3-. It is expected that when environmental conditions
causing intrinsic photosynthetic capacity to drop, massive
levels of excess excitation energy are observed. This excess
energy has the potential to be transferred to the everpresent oxygen [45], leading to formation of reactive oxygen species (ROS) that could result in damage [46]. To
avoid massive ROS accumulation, plants employ a host of
protective mechanisms [47, 48], including various alternative energy dissipation pathways [49-55] and multiple antioxidant systems [56, 57]. We believe that the mechanism of
action for 2.3mM and 12.4mM HCO3- concentrations are
different. At the 2.3mM HCO3- concentration, damage to
photosynthetic apparati leads to decreased photosynthetic
activity. At the 12.4mM HCO3- concentration, photosynthetic apparati damage is apparent, however, it seems that
the organism may have induced protective mechanisms.
Excess energy absorbed by chlorophyll is safely dissipated
as heat rather than being transferred to oxygen and resulting in ROS production.
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CONCLUSIONS
The results of this investigation clearly demonstrated
that elevated HCO3- concentrations stimulated the growth
and photosynthesis of M. aeruginosa FACHB 905 in short
term. Exposure to high HCO3- concentrations for a longer
period of time damaged photosynthetic apparati, leading to
reduced electron transport capability and inactivation of a
fraction of RCs. In addition, the ultrastructure also provided evidence that elevated HCO3- concentration resulted
in photosynthetic apparati damage. In our experiment, it
was observed that the inhibitory effect of 2.3mM HCO3concentration was higher than that of 12.4mM. We attributed this difference to the hypothesis that M. aeruginosa FACHB 905 induced protective mechanisms under extremely high concentrations of HCO3-.
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INVESTIGATION OF ACUTE TOXICITY OF NICKEL (NICKEL (II)
CHLORIDE) ON GUPPIES (Poecilia reticulata Pallas, 1859)
Mahmut Selvi*
Department of Biology Education, Education Faculty, Gazi University, 06500 Teknikokullar, Ankara, Turkey

ABSTRACT
Nickel (II) chloride, an ubiquitous metal salt which occurs in soil, water, air and in the biosphere was investigated
in the present study for acute toxicity to adult male guppy
fish (Poecilia reticulata) using bioassay experiments. The
experiments were repeated three times and LC50 values
were determined for the guppies. The static test method of
acute toxicity test was used. Water temperature was regulated at 25±10C. In addition, behavioral changes at each
nickel (II) chloride concentration were observed for the individual fish. Data obtained from the nickel acute toxicity
tests were evaluated using Finney’s Probit Analysis statistical method. The 24, 48, 72, and 96 h LC 50 values
for guppy were calculated as 182.6, 177.1, 176.7 and
173.1 mg/L, respectively.
KEYWORDS: Acute toxicity; guppy; heavy metals; LC50; nickel;
Poecilia reticulata.

INTRODUCTION
All heavy metals are potentially harmful to most organisms at some level of exposure and absorption. Their
presence in the environment has increased in some areas
to levels, which threaten the health of aquatic and terrestrial organisms, man included [1].
Contamination of aquatic ecosystems (e.g. lakes, rivers, streams) with metals has received increased worldwide
attention and there are many publications on metal toxicity [2]. Metallic elements are environmentally ubiquitous,
readily dissolved in and transported by water and readily
taken up by aquatic organisms. Metals enter the aquatic environment by atmospheric deposition, by erosion of the
geological matrix, or through anthropogenic sources, such
as industrial effluents and mining wastes [3].
In Europe, nickel (Ni) is listed on European Commission List II (Dangerous Substances Directive) and regulated through the Council of European Communities because of its toxicity, persistence, and affinity for bioaccumulation [4]. The World Health Organization (WHO) classifies nickel compounds as group 1 (human carcinogens) and
metallic nickel as group 2B (possible human carcinogen) [5].

Nickel and its compounds cause a variety of cancers in
rodents and are listed as possible causative agents for occupational or environmental cancers in man [6], but its toxicity to aquatic biota is not well known.
Nickel acts as a respiratory toxicant, causing a marked,
time-dependent decrease in arterial oxygen tension, an increase in arterial carbon dioxide tension and subsequent
respiratory acidosis [7].
Fish are often at the top of the aquatic food chain and
therefore concentrate large amounts of some metals from
the water [2]. Humans are exposed to the accumulated metals since fish are considered as one of the main protein
sources of food. Water pollution leads to fish contaminated
with toxic metals, from many sources, e.g. industrial and
domestic waste water, natural runoff and contributory rivers [8, 9]. Essentially, fish assimilate metals by ingestion of
particulate material suspended in water, ingestion of food,
ion-exchange of dissolved metals across lipophilic membranes, for example the gills, and adsorption on tissue and
membrane surfaces. Metal distribution between the different tissues depends on the mode of exposure, i.e., dietary
and/or aqueous exposure, and can serve as a pollution indicator [3]. Fish living in polluted waters may accumulate
toxic trace metals via their food chains. The bioaccumulation of metals is therefore an index of the pollution status of
the relevant water body and is a useful tool studying the
biological role of the metals present at elevated levels in
aquatic organisms, especially in fish [10, 11].
This study was conducted to determine the acute toxicity of nickel (II) chloride to the standard test species,
guppy (Poecilia reticulata) by using the static test system.
MATERIALS AND METHODS
Male, adult guppies (av. wt. 0.27 g ± 0.06; av. length
3.23 cm ± 0.11) were purchased from a local breeder and
brought to the laboratory within 30 minutes in plastic bags
with sufficient air. The plastic bags were placed into the
maintenance aquarium for about 30-35 minutes for acclimatization. Then the bags were cut open and the fish were
allowed to swim into the aquarium water. Test chambers
were glass aquaria of about 25 liters capacity. Temperature was regulated at 25±10C by using heaters. At the time
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of dosing air was turned off; it was on at all times otherwise. The water was continuously well-aerated dechlorinated tap water and allowed 48 h to acclimate.
Test chambers were filled with 20 liters of tap water.
Characteristics of this aquarium water were as follows;
temperature 25±10C, dissolved oxygen 6.1-6.3 mg/L, pH
6.8-6.9, conductivity 0.182-0.204 mS/cm, CaCO3 hardness
210 mg/L, total ammonia 0.017-0.021 mg/L, nitrite 0.0080.009 mg/L and nitrate 0.11-0.16 mg/L.
Nickel (II) chloride was used as source for heavy metal.
Solutions of metal salt were diluted with filtered distilled
water to give the dosing concentrations of 170, 180, 190,
200, 210, 220, 230 mg/L. The bioassay system was as
described in standardized methods [12, 13] and the national
regulation [14]. The species we studied is also recommended in the related literature. LC50 and 95% confidence
limits were calculated by a computer program [15].
Following the preliminary experiment, all determinations were repeated three times. Groups of experimental
animals, each consisting of 10 individuals, were selected
at random and placed into aerated aquaria. After 48 hours
of adaptation, the different concentrations of nickel (II)
chloride were added to the experimental aquaria. During
the last 24 hours of adaptation, and throughout the duration
of the experiment, animals were not fed. Mortality was assessed at 24, 48, 72 and 96 hours after the beginning of the
tests. Dead individuals were removed immediately. Behavioral changes were followed closely.
RESULTS

bottom in an uncontrolled manner. The highest concentration of 230 mg/L showed all responses at high intensities:
the loss of equilibrium, hanging vertically in water, rapid
gill movement, erratic swimming, sudden swimming motion in a spiral fashion, after long periods of motionlessness
lying down on the aquarium bottom and suddenly starting
to move.
TABLE 1 - Acute 24 h toxicity of nickel (II)
chloride in adult male guppies (Poecilia reticulata)
LC
1.00
5.00
10.00
15.00
50.00
85.00
90.00
95.00
99.00

Concentration 95% Confidence Slope ± SE
(mg/L)
limits
124.9
70.4-147.4
14.11 ± 4.03
139.6
90.5-158.6
148.2
103.5-165
154.2
113.2-169.5
182.6
163.1-192.7
216.3
203.9-252.4
225.1
210.2-275.1
238.8
219.3-313.4
266.9
236.5-402.1

Intercept ± SE
-26.92 ± 9.25

Note. No mortality in the control groups.

TABLE 2 - Acute 48 h toxicity of nickel (II)
chloride in adult male guppies (Poecilia reticulata)
LC
1.00
5.00
10.00
15.00
50.00
85.00
90.00
95.00
99.00

Concentration 95% Confidence Slope ± SE
Intercept ± SE
(mg/L)
limits
112.0
37.8-140.4
11.70 ± 3.94 -21.30 9.03
128.1
56.1-152.5
137.6
69.1-159.4
144.4
79.6-164.4
177.1
142.7-189.3
217.1
202.7-274.9
227.9
210.1-314.7
244.7
220.6-386.4
279.9
240.3-571.1

±

Note. No mortality in the control groups.

The calculated 24, 48, 72 and 96 h acute LC50 value
(95% confidence limits) of nickel (II) chloride to adult,
male guppies Poecilia reticulata were 182.6 mg/L (163.2192.7), 177.1 mg/L (142.7-189.3), 176.7 mg/L (151.3-187.3)
and 173.1 (136.6 – 185.4) mg/L, respectively. Results are
given in Tables 1, 2, 3 and 4. Control mortality was zero.
The results (Tables 1-4) show that nickel (II) chloride is
toxic to fish but it is less toxic to guppies than the most
other species as depicted in Table 5.
Observations of behavioral response of guppies were
conducted at 1-8, and every 12 h during the acute toxicity
tests. The control group showed normal behavior during
the test period. The changes in behavioral response started
1 h after dosing. The 170 mg/L (lowest) concentration had
similar behavior with the control group. Observed behavioral changes/effects were typical of neurotoxin toxicity:
less general activity than control group, loss of equilibrium, erratic swimming and staying motionless at a certain
location generally at mid-water level for prolonged periods. Fish exposed to 180 mg/L showed less general activity with occasional loss of equilibrium. Losses of equilibrium become more frequent in the 190 mg/L concentration. The 210 mg/L concentration group stayed motionless
close to the water surface and later fell to the aquarium

TABLE 3 - Acute 72 h toxicity of nickel (II)
chloride in adult male guppies (Poecilia reticulata)
LC
1.00
5.00
10.00
15.00
50.00
85.00
90.00
95.00
99.00

Concentration
(mg/L)
120.5
134.8
143.1
149.0
176.7
209.5
218.1
231.6
259.0

95% Confidence Slope ± SE
limits
60.5-144.4
13.99 ± 4.21
79.5-155.2
91.9-161.4
101.3-165.7
151.3-187.3
197.8-241.9
204.4-265.0
213.5-304.8
230.3-398.8

Intercept ± SE
-26.45 ± 9.64

Note. No mortality in the control groups.
TABLE 4 - Acute 96 h toxicity of nickel (II)
chloride in adult male guppies (Poecilia reticulata)
LC
1.00
5.00
10.00
15.00
50.00
85.00
90.00
95.00
99.00

Concentration 95% Confidence Slope ± SE
(mg/L)
limits
112.4
39.7-140.2
12.39 ± 4.14
127.5
57.2-151.5
136.5
69.5-158.1
142.8
79.2-162.7
173.1
136.6-185.4
209.9
196.9-252.6
219.7
204.4-285.5
235.0
214.4-344.9
266.7
232.8-495.2

Note. No mortality in the control groups.

696

Intercept ± SE
-22.74 ± 9.48

© by PSP Volume 18 – No 5a. 2009

Fresenius Environmental Bulletin

TABLE 5 - Acute toxicity of nickel (II) chloride to fish species.
Species
Ambloplites rupestris
Anguilla rostrata
Carassius auratus,
Fundulus diaphanus
Fundulus heteroclitus
Leiostomus xanthurus
Lepomis gibbosus
Lepomis macrochirus
Menidia menidia
Menidia peninsulae
Morone americana
Morone saxatilis
Oncorhynchus kisutch
Oncorhynchus mykiss
Poecilia reticulata
Salvelinus fontinalis
Salvelinus namaycush
Tilapia nilotica

Duration of test (h)
96
96
96
96
96
96
96
96
96
96
96
96
96
96
96
96
96
96
48
48
96

Toxicity (LC50)
2.48 mg/L at 26 mg CaCO3/L
13.0 mg/L
75.0 mg/L-100.0mg/L
46.1mg/L at 53 mg CaCO3/L
150 mg/L
70 mg/L
5.2mg/L at 20 mg CaCO3/L
8.0 mg/L at 55 mg CaCO3/L
5.4 mg/L at 20 mg CaCO3/L
39.6 mg/L at 360 mg CaCO3/L
8.0 mg/L
38 mg/L
13.6 mg/L at 55 mg CaCO3/L
6.2 mg/L at 54 mg CaCO3/L
16.7-18.0 mg/L
25.0-32.2 mg/L at 210 mg CaCO3/L
42.0-44.5 mg/L at 360 mg CaCO3/L
36.0 mg/L
54.4 mg/L at 42 mg CaCO3/L
16.7 mg/L at 42 mg CaCO3/L
65.0 mg/L

Signs of nickel poisoning in fishes include surfacing,
rapid mouth and opercular movements and, prior to death
convulsions and loss of equilibrium [21]. Destruction of
the gill lamellae by ionic nickel decreases the ventilation
rate and may cause blood hypoxia and death [17]. In this
study behavioral changes are in good agreement with
these reported changes.
DISCUSSION
The 24, 48, 72 and 96 h LC50 values of nickel (II)
chloride in guppies were found as 182.6 mg/L (163.2192.7), 177.1 mg/L (142.7-189.3), 176.7 mg/L (151.3187.3) and 173.1 (136.6-185.4) mg/L, respectively in the
present work and here we report nickel (II) chloride to be
toxic to fish. Khangarot and Ray [21] reported 96 h LC50
value of 36 mg/L nickel to Poecilia reticulata in soft water.
Eisler and Hennekey [18] calculated 96 h LC50 for mummichog, Fundulus heteroclitus as 250 mg/L. Our results
are in good agreement with these reports.
The toxicity of nickel to aquatic organisms is strongly
impacted by water hardness. In fact, the antagonistic effect
of calcium upon metal toxicity is well known [23].
Buhl and Hamilton [20] and Nebeker et al., [24] reported a 96 h LC50 for juvenile rainbow trout of 7.8 and
8.1–10.9 mg/L, respectively. Both of these studies were
run in softer water than the present study; 40 mg/L CaCO3
hardness and are expectedly lower than our value obtained in moderately hard water of approximately 140
mg/L CaCO3 hardness. Brown and Dalton [25] reported a
48 h LC50 in hard water (240 mg/L CaCO3) of 32.0 mg/L.
Pane et al., [7] calculated 96 h LC50 for juvenile rainbow
trout (1.5-3.5 g) as 15.3 mg/L. The 96 h LC 50 value of
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15.3 mg/L fits well with previous reports of rainbow trout
LC50 values in waters of both lower and higher hardness.
Hardness is well known to protect against nickel toxicity
[26].
The acute toxicity of nickel to first and second instars
of Chironomus riparis were determined using larvae from
a laboratory culture. First instar larvae were found to be
significantly more sensitive than second instars with 48 h
LC50 values of 79.5 ± 3.7 mg/L and 169 ± 10 mg/L, respectively [27].
One of the problems in determining nickel 96 h LC50s
for a population of fish is that the lethal concentrations
will vary depending upon water hardness [28-31], pH
[32], species [33] and age of fish [33-35].
CONCLUSION
This study summarizes available ecological and toxicological data on nickel, with emphasis on fishes. Therefore such data are useful in ecological risk assessment but
there are limitations and uncertainties.
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EFFECTS OF WATER EXTRACT OF
Usnea longissima Ach. ON THE LONGEVITY OF
Drosophila melanogaster (DIPTERA: DROSOPHILIDAE)
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ABSTRACT
In this study, the effects of water extract obtained from
Usnea longissima Ach. (Ule), a lichen species, on the longevity of Drosophila melanogaster was investigated. The
effects of different concentrations of Ule (0.5, 1.0, 1.5, 2.0
and 2.5 ml/100 ml medium) were separately administered
as one-by-one in female and male populations of D.
melanogaster for control and application groups. In the
first three application groups (0.5-1.5 ml/100 ml medium)
of each population, the longevity increased, whereas those
of the last two groups (2.0-2.5 ml/100 ml medium)) were
shorter than that of the control group. It was found that the
difference between the groups was significantly important
(p< 0.05).

lichen species, because of the anti-ageing effect of antioxidants [7, 8]. Usnea longissima Ach., also known as Old
Man’s Beard, belongs to the lichen family and has been
shown to produce many secondary metabolites (lichenspecific acids and depsides), such as usnic acid, diffractaic
acid, evernic acid, salazinic acid, barbatic acid, 4-O-demethylbarbatic acid (±), squamatic acid (±), fumarprotocetraric acid, atranorin (±) and fatty acids [9, 10]. U. longissima has also been used as a large-scale expectorant for
various diseases by virtue of their phenolic compounds [11].
It is considered that the lichens taken on diet may be
contributors to the prevention of tissue damages resulting
from the oxidation caused by free radicals, and they can
prolong the life span in this way [12]. For this aim, in the
present study, the effects of U. longissima (Ule) water
extracts on longevity of male and female populations of D.
melanogaster in different concentrations were investigated.

KEYWORDS: Drosophila melanogaster, Usnea longissima, longevity, antioxidants, ageing.

MATERIALS AND METHODS
Flies

INTRODUCTION
In the folk medicine of different countries of the world,
lichens have been used for medicinal purposes since antiquity. For example, Hippocrates recommended Usnea species to treat urinary complaints [1]. Lichens have been used
in the treatment of leg injuries, bone fractures, skin eruptions, respirotory diseases, pulmonary diseases, eczema,
arthritis, ulcer, diarrhoea and strains [2]. In addition, lichens
have antibiotic, antimicrobial, antiviral, antiprotozoal, antioxidant, anti-inflammatory, analgesic, antipyretic, antiproliferative and cytotoxic activities [3, 4].
The balance between oxidants and antioxidants changes
depending on age, thus damaging our body system. Metabolism has costs: oxidant by-products of normal energy
metabolism extensively damage DNA, proteins, and other
molecules in the cell, and this damage accumulates with
age. Therefore, the antioxidant activity is a basic requirement for life [5, 6]. Several studies investigated various

The flies used in the experiments were Oregon-R wild
type (w.t.) strain of Drosophila melanogaster Meigen (Diptera; Drosophilidae). This stock had been maintained for
many years in the Laboratory of the Department of Biology at Atatürk University in Erzurum and was, therefore,
highly inbred with little genetic variation.
Laboratory conditions

The flies were kept at a constant temperature of 25 ±
1 °C on standard medium composed of maize-flour, agar,
sucrose, dried yeast and propionic acid (Standard Drosophila Medium = SDM) [13] and in darkness, except during
the transfers onto fresh medium (usually twice weekly).
The humidity of the experimental chamber was 40- 60%.
The females used in this experiment were virgins.
Plant materials

Plant material,Usnea longissima Ach. (Ascomycota,
Parmeliaceae) (KKEF-374), was collected from the
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Giresun region of Turkey in 2000. The lichen sample was
identified by Ali Aslan [14], and a voucher specimen has
been deposited in the herbarium of the Kazım Karabekir
Education Faculty, Atatürk University, Erzurum (Turkey).

plication groups were subjected to the Games-Howell test
(p = 0.05 and 0.001). The mean life span of female and male
flies was determined for independent groups by the t –test
(p = 0.05).

Extraction of plant material

RESULTS AND DISCUSSION

To prepare extracts, 2.5 g aliquots of powdered lichen
sample were added into 250 ml flasks containing 100 ml
water, and mixtures incubated at room temperature in a
Soxhlet extractor for 2 days. The final suspension was sterilized by filtration with a membrane filter (0.2 µm). The
filtrates were stored at -18 °C until use [15].
The application of Ule to adult individuals

In this study, the effects of Ule on longevity were
studied separately in female and male populations. The
experiments were repeated three times for each group. To
obtain same-aged flies, adult individuals mated in the culture vials including only SDM and prestocks were prepared.
On an average, 100 individuals were collected from among
the same aged female and male flies, which were not mated
and obtained from pupa (all females used in experiments
were virgins). Then, the gathered individuals were put into
the empty culture vials and starved for 2 h before the Ule
application. For application groups, two layers of blotting
paper were placed into each culture vial, and Ule samples
in different concentrations were absorbed by these papers.
Afterwards, the flies put into the application vials were
left there for 2 h. Then, 100 individuals put into one vial
for application (separately applied for female and male flies)
were placed into the culture vials containing only SDM as
25 by 25. The experiments for both control and application
groups were started synchronically. All the vials were kept
in appropriate thermal cabins. During the experiments, food
was replaced with fresh one twice a week (Monday and
Thursday). The number of individuals was controlled both
at the beginning and the end of each application day, and
the dead individuals were registered and removed from the
environment. The application was carried out till the last
individual died.
Statistical analyses

The obtained data were analyzed with SPSS (version
12.0). The mean longevity values of the control and ap-

In the present study, the changes in longevity of male
and female populations of D. melanogaster, which were fed
on SDM including Ule in different concentrations, were investigated.
According to our results, it was observed that the maximum life span of females belonging to the control group
was 57 days. However, the maximum life span of the first
three application groups (0.5, 1.0, 1.5) was compared with
that of control group, and maximum life span increased
from 57 to 74 days depending on Ule level. In these three
application groups, the maximum life span values were
60, 67 and 74 days, respectively, but those of the last two
application groups (2.0, 2.5) were shorter than that of control and first application groups being only 53 and 46 days,
respectively (Table 1, Fig. 1).
The maximum mean life span was 59.07 ± 1.22 days
for 1.5-application group and the minimum one 31.23 ±
0.75 days for female 2.5-application group. The differences
between the groups were statistically important (p<0.001,
p<0.05), except for 1.0 and 1.5-application groups.
The effects of the different Ule concentrations on longevity of male D. melanogaster population were also investigated. It was found that the maximum life span of
males was 53 days in control group. As in the females,
there was an increase in longevity in the first three application groups, and this period was determined to be 57, 64
and 71 days, respectively (Fig. 2). In 2.0 and 2.5-application
groups longevity regressed, with regard to both control and
first three application groups, and was determined to be
only 50 and 43 days, respectively.
The maximum mean life span was 57.91 ± 1.19 days
for 1.5-application group, and the minimum 30.46 ± 0.73
days for 2.5-application group of males. When application
groups were compared within themselves but with control

TABLE 1 - The longevity (days) of male and female populations belonging to D. melanogaster and the probability levels between groups.
Concentration
(ml/100ml
SDM) and
Group No
Control (1)
0.5 (2)
1.0 (3)
1.5 (4)
2.0 (5)
2.5 (6)

N

Max.
Life
span

100
100
100
100
100
100

57
60
67
74
53
46

Female Population
Standard
Mean
deviation
life span
(day) ± SE
10.142
10.366
10.596
12.271
10.138
7.570

43.78±1,01
48.85±1,03
54.87±1,06
59.07±1,22
38.81±1,01
31.23±0,75

Probability levels
between groups
(only important
differences)
1-2*
2-5**
1-3**
2-6**
1-4**
3-5**
1-5*
3-6**
1-6**
4-5**
2-3**
4-6**
2-4**
5-6**
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N

Max.
Life
span

100
100
100
100
100
100

53
57
64
71
50
43

Male Population
Standard
Mean
deviation
life span
(day) ± SE
9.358
10.033
11.277
11.907
9.010
7.389

42.26±0,93
45.96±1,00
52.73±1,12
57.91±1,19
36.85±0,90
30.46±0,73

Probability levels
between groups
(only important
differences)
1-3** 2-6**
1-4** 3-4*
1-5** 3-5**
1-6** 3-6**
2-3** 4-5**
2-4** 4-6**
2-5** 5-6**
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N: Total number of individuals, Max.: Maximum, S.E.: Standard error, **: The mean difference is significant at the 0.001 level. *: The mean difference is significant at the
0.05 level.
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FIGURE 1 - The survivorship lines of control and application groups for the female individuals of D. melanogaster.

Survivorship (%)

120
100
Control

80

0,5

60

1

40

1,5

20

2
2,5

0
1

8

15

22

29

36

43

50

57

64

71

Age(days)
FIGURE 2 - The survivorship lines of control and application groups for the male individuals of D. melanogaster.

group separately, it was found that the difference between
0.5-application and control group was not statistically important (p>0.001). In contrast, it was found that the differences between the other application groups were statistically important (p<0.001; p<0.05) (Table 1).
When the mean life spans of male and female D.
melanogaster individuals were compared within themselves, it was evident that in all of the groups females survived longer than males. As shown in Table 1, except for
0.5-application group (p<0.05), the difference between the
sexes in longevity was not statistically significant (p>0.05).
According to our results, in the first three application
groups longevity increased, but was shorter in the two last
groups, with regard to control group.
The longevity of D. melanogaster is affected by various environmental factors, such as temperature, light,
nutrition and population density, and also internal factors,

such as age or sex [16]. All females with the same age used
in the experiments were virgins, and, thereby, the age factor
affecting longevity was eliminated. According to Koç [17],
the life span of D. melanogaster cultured at the same temperature and nutrition type is affected by different photoperiods. Allemand et al. [18] observed that the mean life
span of females increased by upto 43% and males by 20%,
when compared with the sexes cultured in darkness. In this
study, the flies were kept in darkness, except during transfers onto fresh medium when they were in light. Therefore, the effect of lighting on longevity in D. melanogaster
was also removed. In an experiment with 10 different Drosophila populations, Fred and Timothy [19] determined
that if there is no metabolic waste in the growth medium
with yeast, the longevity is increasing. So, the effect of
waste materials on lifetime has been eliminated by frequent
refreshing of growth medium. For this purpose, the growth
medium of all the groups was replaced twice a week, al-
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ways on the same days. In this way, the influence of metabolic waste was removed. Consequently, it was evaluated
that the changes of longevity of the flies with the same genotype, kept constantly in equal conditions (temperature, humidity, light period and population density), were entirely
the deviations occurring as result of Ule.
Oxygen handling cells have antioxidant enzymes that
are able to protect them against the toxic effects of oxygenderived free radicals [8]. Free radicals cause extensive damage to DNA, proteins, lipids and other molecules in the
cells, and these damages increase with age [20]. Oxygenderived free radicals affect the organisation of gene expression, cell proliferation and apoptotic death of cells [21].
Antioxidant defence systems including antioxidant enzymes, foods and drugs are important in the prevention of
many diseases [22].
By ageing, the in vivo activities of the antioxidant enzymes (catalase, glutathione peroxidase etc.) and the levels
of reduced glutathione were evaluated in D. melanogaster.
For the organism, fruit and vegetables, the main source of
antioxidants in the diet, may cause a protective effect with
endogenous enzymatic antioxidant defence systems [6]. It
was shown that Usnea longissima has an antioxidative
characteristic (diffractaic and usnic acids) and, therefore,
protective antioxidants,such as superoxide dismutase (SOD),
catalase (CAT), glutathione peroxidase (GPx), and reduced
glutathione (GSH),prevent oxidative damage in tissues
caused by oxygen-derived free radicals [23]. It was also
identified that increasing amount of antioxidant enzymes
(CAT, SOD) stemmed from increased levels of protein
(such as G-protein, insulin-like receptor, insulin-like receptor substrate protein and dicarboxilic acid transport enzymes)
encoded genes, such as mth (methuselah), Indy (I’m not
dead yet), InR and Chico, and that along with the effects of
these enzymes, the longevity in D. melanogaster increased
in percentages changing between 30-100% [24, 25].

g-1 dry w.t.) and vulpunic acid (at 111.0 µmol g-1 dry w.t.)
provoked strong mortality in the early larval period, as
well as significant retardation in larval growth [30]. In these
various animal organisms, developmental periods and survival of larvae are getting hard, and also mass deaths of
larvae occur. As for the surviving individuals, they have
shorter life span due to the various malformations [31].
Therefore, our results agree with the literature.
Generally, the longevity changes depending on sex in
Drosophila. There are many studies concerning with the
differences in longevity [32]. However, in terms of the mean
life span, except for 0.5-application group, there is no statistically (p>0.05) meaningful difference between male and
female individuals.
The results of this study show that Ule may be positive on longevity of D. melanogaster, because it has antioxidant properties. Further, the present results also indicate that Ule has toxic effects in high concentrations. Ule
can be useful as an easily accessible source of natural antioxidants, and as a possible food supplement. Therefore,
it can prevent oxidative damage in tissues caused by free
radicals and prolong life span.

On the other hand, we considered that reduced mean
life span in the last two application groups depends on the
toxic effects of increased Ule levels. Namely, the increased
metabolic rate, occurring because of these toxic effects,
causes increased respiration rate and oxygen-derived free
radical formation, cellular damage and, therefore, decrease
of life span. Subsequently, the free radicals led to oxidative
damages in tissues and reduced life span [26].
Lawrey [27] showed that if the lichen-eating slug Pallifera varia consistently feeds Cetraria oakesiana, which
produces fatty acids including ceparatic acid, the high concentration of those acids of C. oakesiana cause an inhibition of larval growth of Pallifera varia. Similarly, it was
identified that (+)-usnic acid obtained from Usnea spp. has
a significant antitermite activity (80% mortality at 10 mg)
against Glyptotermes dilatatus, which is a major live-wood
attacking tea- termite [28]. Vulpunic acid functioned as a
poison on larvae of the polyphagous insect Spodoptera
ornithogalli and caused the larval period to extend [29].
Again, it was demonstrated that (-)-usnic acid (at 8.6 µmol
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HEAVY METAL CONTENT OF ROADSIDE
SOIL IN KAHRAMANMARAŞ, TURKEY
Muhsin Ezer*
Department of Chemistry, Faculty of Science and Letters, Kahramanmaras Sutcu Imam University, 46100 Kahramanmaraş, Turkey.

ABSTRACT
Lead, nickel, cadmium, copper, arsenic, iron, and zinc
were determined in roadside topsoil samples collected from
different locations in Kahramanmaraş metropolis. The samples were digested with a 3:1 mixture of hydrochloric/nitric
acid. The metal content in these samples was determined by
Inductively Coupled Plasma Atomic Emission Spectrometry
(ICP-AES). The method of analysis was evaluated using
BCR, a certified reference material (International Atomic
Energy Agency, IAEA). For each sampling location, the
number of cars driven on the road was counted and results
showed that the soil contained significant levels of metals,
when compared to control values. In these topsoil samples,
the mean values for Ni, Pb, Zn, Cu and Fe were 3.23±1.5,
242±162, 1.27±0.6, 0.62±0.2 and 343±69 µg/g, and those
for As and Cd were 3.95±2.21 and 2.90±2.52 ng/g. A significant correlation was found between the number of
vehicles and the metal contents in topsoil samples, underlining that they form a major source of these metals in
soil. Heavy metal levels in the samples were compared
with those reported by scientists in various countries.

Soils in an urban environment may have a direct influence
on human health via direct contact or suspended dust [3].
Topsoil and roadside plants in urban area are the main indicators of heavy metal contamination from atmospheric
deposition [4-6].
Primary source of lead in urban atmosphere is combustion of gasoline containing additives like tetraethyl and tetramethyl lead as antiknock agents [4]. The source of nickel
in street dust has been reported as corrosion of metallic car
parts in the traffic, and motor oils also contain trace levels
of nickel [5, 6]. Cadmium and zinc exist in accumulators of
motor vehicles, or in carburettors as alloys [7]. Lead, nickel,
cadmium, zinc, selenium, antimony and arsenic come from
fossil fuel combustion and motor vehicle tire wear [8, 9].
A huge number of recent publications concerning roadside
environmental pollutions show the importance of the problem.
Kahramanmaraş is located in southern and eastern parts
of Anatolia. It is one of fairly industrial regions with an area
of 14,327 km2 and a population of 1.03 million in 2008. The
city is famous for its ice-cream and hot chilly pepper, and is
one of the largest textile centers in the region.
There are no publications concerning the determination of trace elements originating from traffic pollution in
Kahramanmaraş, Turkey. The present study aims to assess
the levels of Pb, Cd, Zn, As, Cu, Fe and Ni in 21 topsoil
samples from Kahramanmaraş by ICP-AES, and relationship between heavy metal contents and traffic densities
were established.

KEYWORDS:
Heavy metals, Kahramanmaraş, pollution, soil, traffic.

INTRODUCTION

MATERIAL AND METHODS

Atmospheric pollution caused by automobile exhaust
emissions and industrial discharges are major sources of
heavy metal contamination in urbanized areas [1], because
traffic is one of the sources of emissions of toxic heavy
metals, such as Pb, Ni, Cd, Mn, and Zn. Heavy metals can
accumulate in plants and topsoil from atmospheric depositions by nutrition, sedimentation, impaction and interception. The contamination of metals from anthropogenic
sources in soils is higher than that from natural sources [2].

Reagents

Analytical reagent-grade standard solutions (1000 mg/L)
of Pb, Ni, Cd, Zn, Cu, Fe, and As were obtained from High
Purity Multi standards for the ICP-AES. For each element,
six standard solutions of different concentrations were prepared. Working solutions were prepared by diluting suitable
aliquots of stock solutions with ultra-pure water. Standard
solutions were prepared freshly before analysis.
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FIGURE 1 - Location map of the study area (Kahramanmaraş city).

Sampling

A total of 21 street soil samples were collected from
low and high-density traffic road locations in
Kahramanmaraş during the months of May and June 2006
(Fig. 1). Sampling was performed according to the detailed guidelines mentioned by Somer and Aydın [10],
collecting topsoil from both sides of a 10-15 m road length.
Roadside soil samples were collected at a distance of 10
m from the roadside for the outside and 1 m for down
town samples, at the depth of 0-5 cm from the surfaces at
every sampling point. Samples were then taken by the
coning and quartering methods, and dried at 105 °C for 24
h to remove moisture.

The accuracy and precision of digestion procedure were
checked using standard reference material (BCR CRM
142R, a light sandy soil). The results (Tables 1 and 2) indicate good agreement among experimental and certified values. In addition, the procedure was applied to all collected
samples.
TABLE 1 - Observed and certified total mass fractions of Cd,
Co, Cu, Pb, Mn, Hg and Ni in BCR CRM 142 R (expressed as µg/g).
Element
Cd
Co
Cu
Pb
Mn
Hg
Ni

To avoid contamination, all sample bottles and glassware used in sample preparation or analyses were rigorously
cleaned by soaking with 1 M HCl and multiple rinsing with
deionized distilled water, and for an additional 16 h, followed by rinsing in deionized distilled water. After drying,
all the items were carefully bagged with gloves.

Measured ICP-OES value
0.31
10.4
60.3
35.4
890
0.077
56.7

TABLE 2 - Observed and certified aqua regia soluble mass fractions
of Cd, Pb, Ni and Zn in BCR CRM 142 R (expressed as µg/g).
Element
Cd
Pb
Ni
Zn

Preparation of the samples

The dried soil samples (n = 7) were ground to pass
through a 200 mesh sieve, and homogenized for analysis.
1.0 g of soil samples was digested in 15 ml conc. HCl
(Merck) and 5 ml conc. nitric acid (Merck) at room temperature, then heated to 95 ºC. After NO 2 fumes had
ceased, the mixture was evaporated nearly to dryness on a
sandbath and mixed with 20 ml 1/1 (v/v) HCl/HNO3. Then,
the resulting mixture was filtered through a Gouche crucible, and the insoluble fraction of silicates was determined. The clear solution was used for ICP-OES measurement after dilution to 50 ml [11, 12].

Certified value
0.34
12.1
69.7
40.2
970
0.067
64.5

Certified value
0.25
25.7
61.1
93.3

Measured value in ICP-OES
0.17
18.5
55.8
87.6

Apparatus

Total element analyses were completed by a Varian®
Liberty Series II inductive coupled plasma atomic emission
spectrometer (ICP-AES).
Statistical Analysis

Statistical analyses were completed using the SPSS 10
package program. Correlation matrices were produced to
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examine the interrelationships among metal concentrations,
but also correlations between vehicle numbers and metal
concentrations. Student’s t-test was employed to estimate
the significance of these values (also p< 0.05).
RESULTS AND DISCUSSION
The concentrations of Ni, Pb, Zn, As, Cu, Fe, and Cd
in the street surface soil samples are listed in Table 3, together with the 24-h numbers of vehicles at the respective
locations. Roadside dusts can indicate the short-term contamination released from vehicle exhaust emission and
vehicle components. Kahramanmaraş Sutçü İmam University (K.S.U.) campus location (3 km off the west beltway)
was selected as control with zero traffic volume. In general,
Sanayi Street surface soils show higher concentrations of
the seven metals studied, compared to those from the K.S.U.
campus, and demonstrate that traffic volume strongly influences metal pollution of roadside soil dusts.
The 20 urban street dust samples (Table 4) ranged between 0.38-620 µg/g, as well as 0.59-10.38 ng/g for Ni,
Pb, Zn, Cu, Fe, as well as As and Cd, showing mean val-

ues of 3.23, 242, 1.28, 0.62, 343 µg/g, as well as 3.95 and
2.90 ng/g, respectively.
In Kahramanmaraş, Pb levels were compared with values of other cities (Niğde: 82-450 µg/g (average 168 µg/g)
[13]; Mersin: 20-348 µg/g (average 183 µg/g [14]; Kemalpaşa: 13-375 µg/g [15]; Bursa: average 210 µg/g [16],
London: 172-9660 µg/g (geometric mean 1354 µg/g) [17],
Auckland: 14-2200 µg/g [18], Riyad: mean 1762 µg/g [19];
Manchester: mean 970 µg/g [20], Bahrain: mean 697 µg/g
[21]; Pittsburgh: mean 444 µg/g [22]). Lower mean Pb levels
of 89, 139, and 180 µg/g have been reported for Des Moines,
Lake Charles, and Hong Kong, respectively [23, 24,]. The
dominant source of Pb in urban street dust is the emission
of aerosol particles from gasoline vehicles. High lead concentrations are not always found in developing cities, e.g.
data reported for Des Moines in United States and Merida
city in Venezuela (89 and 65 µg/g soil, respectively) [23,
25]. The Pb content in soil of Sanayi (industry) Street in
Kahramanmaraş was the highest one, attributed to higher
traffic density and the number of car repair shops there. The
factors responsible for Pb enrichment in in roadside soils
are similar to those of major urban areas (New automobiles should burn only unleaded fuel, but leaded gasoline

TABLE 3 - Heavy metal concentrations in surface soil of different traffic volume locations in Kahramanmaraş.
Location
1. Trabzon Boulevard
2.Sehy Adil Street
3.R.Tayyip Erdogan Boulv.
4.Sanayi Street
5.Sancaklizade Boulevard
6.Zubeyde Hanim Blv.
7.Azerbeycan Blv.
8.Atatürk Blv.
9.Alparslan Turkes Blv.
10.Hanifi Mahcicek Blv
11. Hanifi Mahcicek Blv2
12. K.S.U.Campus Blank
13. Central Bus Station
14. Gazi M. Kemal Blv.
15. Gazi M. Kemal Blv. 2
16. East Beltway -Migros
17. R.T. Erdogan Blv.
18. R.T. Erdogan Blv. 2
19. West Beltway1
20. West Beltway2
21. West Beltway 3-KSU entrance

Ni
(µg/g)
3.07
3.60
2.78
6.81
3.43
4.91
3.02
4.06
5.20
2.59
1.59
1.46
1.49
2.90
3.41
6.35
2.31
2.72
2.20
1.33
2.84

Pb
(mg/g)
347.1
339.1
368.3
620.4
454.8
407.1
377.6
322.0
218.6
176.0
103.7
113.6
428.5
88.1
96.9
96.1
104.8
79.2
97.98
52.26
185.4

Zn
(µg/g)
1.70
1.57
1.30
2.72
1.82
2.28
1.61
0.88
1.76
1.08
1.17
0.85
0.96
0.93
0.85
0.92
0.82
0.79
0.79
0.63
1.34

As
(ng/g)
3.33
3.83
5.00
10.38
6.14
5.02
4.16
2.66
5.27
5.42
1.94
3.57
2.41
1.22
1.84
5.15
1.30
3.39
2.57
1.50
6.76

Cu
(µg/g)
0.96
1.08
0.59
1.34
0.65
0.63
0.82
0.38
0.42
0.40
0.59
0.49
0.53
0.57
0.52
0.56
0.48
0.69
0.43
0.38
0.59

Fe
(µg/g)
357.2
364.6
277.1
485.8
278.9
387.5
235.9
235.5
376.5
305.2
451.6
377.6
231.7
363.9
369.5
403.5
337.2
335.2
316.1
288.7
415.6

Cd
(ng/g)
2.42
2.38
1.20

0.60

7.71

3.10

No of vehicles within
24 h
22000-23000
18000
19000
16500
16000-17000
18000
16000
24500
20000
18000
9000
1000
23000
16000
16000
14000
15000
15000
14000
14000
14000

TABLE 4 - Heavy metal concentrations in surface soils of downtown and suburb areas in Kahramanmaraş.
Location
Average± std. deviation
All Samples
Downtown area
Location numbers 1-11
Suburb area
Location numbers 13-21

Ni (µg/g)

Pb (µg/g)

Zn (µg/g)

As (ng/g)

Cu (µg/g)

Fe (µg/g)

3.23± 1.50

242 ± 162

1.28 ± 0.55

3.95 ±2.21

0.63 ±0.24

344 ±69

3.71 ±1.43

340±140

1.63 ±0.53

4.83 ±2.23

0.72 ±0.31

341 ±83

2.84 ±1.48

137 ±115

0.89 ±0.20

2.91 ±1.90

0.53 ±0.09

340 ±57
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still contains alkyl-lead compounds, albeit in decreasing
quantities). With up to 80% of atmospheric Pb still being
derived from auto exhausts, it is obvious that roadside environments are Pb-enriched, despite relatively low traffic volume in this city.
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In Kahramanmaraş, a mean level of 1.27 µg/g Zn was
found, whereas those for other cities were higher (20 µg/g in
Mersin [15], 27-108 µg/g in Kemalpaşa [16], 121-5150 µg/g
and geometric mean of 513 µg/g in London [18], mean of
443 µg/g in Riyad [20], and mean of 152 µg/g in Bahrain
[22]). Zinc concentrations were considerably higher in
downtown area where traffic volume was bigger.
Pb and Zn levels increased with traffic volume, and
average Pb and Zn values of downtown and suburb areas
differed significantly (Table 3; p<0.01). This is in agreement with the results previously obtained for other cities
[10, 11, 14-17, 21]. For the other elements analyzed, there
was no significant difference between Ni, As, Cu, Cd and
Fe levels in downtown and suburb areas.
CONCLUSION
Recently, most of the authors mentioned that metals
used in parts of motor vehicles are subject to wear and tear,
and vehicles are a source of metals in street environments.
Metal concentrations in Kahramanmaraş roadside soil were
found to be significantly higher than control (except for Fe).
It is also important to point out that Pb and Zn levels in
downtown area were considerably higher than that from
the outside area. Pb values of Kahramanmaraş roadside soil
were clearly lower, compared to other cities in other countries. Pb levels for similar-sized cities in other countries
and Turkey were approximately the same, with regard to
Kahramanmaraş. There was also a good correlation between
number of cars and metal contents.
Statistically, the correlations between both the investigated metal contents and the number of cars were significant for Pb and Zn (95% confidence level). The close
relationship between lead concentrations and traffic intensity has been demonstrated in detail by many authors [1421, 29-33]. At almost all sampling points, in our study
roadside soil Pb values were higher than those permitted
by the Turkish Environmental Ministry. According to the
guidelines released in 2001, the maximum Pb levels of the
soil must be lower than 50 mg/kg. With this in mind, any
agricultural activity must be banned around the East and
West beltway in Kahramanmaraş.
The heavy metal levels in roadside soils are positively
correlated with increasing number of vehicles/traffic. It is
clear that traffic plays a dominant role in metal pollution,
and values found in Kahramanmaraş are not within the
acceptable limits.
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ADSORPTION OF SOME TEXTILE DYES ON
ACTIVATED CARBON PREPARED FROM RICE HULLS
Murat Teker*, Mustafa Imamoglu and Nevin Bocek
Sakarya University, Faculty of Arts and Sciences, Department of Chemistry, 54187 Sakarya, Turkey

ABSTRACT
The removal of textile dyes (CI acid blue 40 and CI
basic blue 41) from aqueous solutions, by adsorption on
activated carbon prepared from rice hulls (ACRH), have
been investigated depending on pH, activated carbon dosage, contact time and initial concentration. The optimum
values of pH, contact time and activated carbon dosage at
75 mg/L initial concentration and 100 mL volume of the
dyes solutions have been determined as 2-9, 20 min and
0.25 g for CI basic blue 41 and 2-6, 40 min. and 0.50 g for
CI acid blue 40, respectively. Freundlich and Langmuir
equations were applied for the adsorption of both dyes and
their adsorption followed both isotherms. Adsorption capacity has been found as 130.87 and 53.55 mg/g for CI basic
blue 41 and CI acid blue 40 from Langmuir isotherms, respectively.

KEYWORDS: Adsorption, dye, CI acid blue 40, CI basic blue 41,
activated carbon, rice hulls.

searches are focused on preparation of low-cost activated
carbons. For this purpose, various agricultural wastes
such as rosa canina sp. seeds [13], rice hull [16,17], olive
stone [18], olive mill solid residue [19], ceiba pentandra
hulls [20], almond husk [21], apricot stone [22], hazelnut
shell [23, 24], hazelnut husk [25], rubber wood sawdust
[26], rice straw, rice hulls, sugarcane bagasse, pecan shells
[27] have been used.
Adsorption of dyes have been studied by using various sorbent including sepiolite [28], bentonite [29], paper
mill sludge [30], NaOH-treated firry sawdust [31], hazelnut shells [32], perlite [33], activated carbon from sugar beet
molasses [34], apricot stone activated carbon [35], fly ash
[36] wheat bran [37] wheat shells [38] and etc.
In this study, activated carbon prepared from rice hulls,
which is a solid waste material, was used for removal of
CI acid blue 40 (AB40) and CI basic blue 41 (BB41) from
aqueous solutions. The aim of this study was to investigate
the optimum conditions of their adsorption and to calculate adsorption capacity of ACRH.

INTRODUCTION

MATERIALS AND METHODS

Dyes and pigments are used widely in various industries such as textile, tannery, food, paper, printing, carpet
etc. to colour their products [1-5]. Many dyes and pigments
are inert and non-toxic at the concentrations discharged
into receiving waters [1, 4, 6, 7]. However, the color they impart is very undesirable to the water user [7-9]. Some dyes
contain metal complex (e.g., Cr or Cu complex) are harmful to the aquatic life in rivers [1,10].
Various methods have been proposed for the treatment
of wastewaters containing organic and inorganic pollutants.
These processes are precipitation/coagulation, aerobic and
anaerobic microbial degradation, chemical oxidation, membrane separation, sedimentation, filtration, adsorption, osmosis, ion-exchange, ultrafiltration, electrodialysis, electrochemical degradation, flotation, etc. [11-13].

Instruments and Chemicals

A Shimadzu UV-2401 PC UV-visible recording spectrophotometer was used for determination of dye concentrations. A Schott-Gerate CG-840 model pH meter equipped
with combination pH electrode was used to measure pH
of all solutions. Chemical structure of CI acid blue 40 and
CI basic blue 41 are summarized in Fig.1 and 2, respectively. These dyes are commercial grade and were used
without further purification. Stock solutions of the dyes
were prepared 1000 mg/L and working solutions were prepared by further dilution with distilled water. Other chemicals were of analytical-reagent grade.

Adsorption is one of the most efficient methods for
removal of organic and inorganic pollutants from aqueous
phases. Activated carbon is the most widely used adsorbents because of its excellent adsorption ability [14,15].
In recent years, due to high cost activated carbon, re-
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FIGURE 1 - Structural formula of CI Acid Blue 40.
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sorption capacity (monolayer capacity) [39-42], respectively. Langmuir and Freundlich isotherms were obtained
from the experiments, which are studied at room temperature (18±2 oC).
RESULTS AND DISCUSSION

FIGURE 2 - Structural formula of CI Basic Blue 41.
Preparation of Activated Carbon from Rice Hulls (ACRH)

Preparation and characterization of the activated carbon was given in our previous studies [16, 17]. Only a
brief description is given here. The rice hulls were obtained
from Lider Çeltik Factory, Istanbul, Turkey. 500 mL ZnCl2
solution containing 1.100 g ZnCl2 per 100 mL of water was
prepared. 50 g rice hulls were exposed with this solution
for 24 hours. At the end of this time, it was filtered and
dried. The rice hulls were activated in a closed ceramic
vessel under N2 atmosphere at 750 oC for 2-3 hours. The
ACRH was boiled in solution of HCl which is diluted with
water in the ratio of one third and filtered again. After filtration through the filter paper, ACRH was washed with
tap water first, following distilled water and dried at 105 oC.
The surface area of ACRH was determined as 319 m2/g by
BET methods using N2 adsorption. The composition of the
ACRH was found as moisture 11.85 %, loss on ignition
59.42 %, SiO 2 25.35 %, ZnCl2 0.63 % and other oxides
2.75 %.
Adsorption Experiments

Adsorption experiments were carried out using the
batch method. 100 mL of solutions of known concentration
of dyes were poured into an Erlenmeyer flask (400 mL)
containing certain amounts of the adsorbents. The ACRH
dosage ranged from 0.1 to 1.5 g per 100 mL of solutions.
The Erlenmeyer flasks were shaken at 200 rpm on a bench
shaker (Nüve SL 350) for a prescribed length of time to
attain equilibrium at room temperature. Then, the adsorbent was removed by filtration through a filter paper
(What-man blue ribbon) and the residual dye concentrations were determined using UV-Vis spectrophotometer.

The effect of initial pH on the adsorption process is
presented in Fig.3. While adsorption percent of BB41 is
almost the same at a pH between 2.0 and 9.0, removal of
AB40 has decreased by increasing pH from 6.0 to 9.0.
Optimum initial pH for removal of BB41 and AB40 is
between 2.0 and 9.0, and 2.0 and 6.0, respectively. The
removal of the dyes from aqueous solution by adsorption is
roughly dependent on pH of the solution, which affects the
surface charge of the adsorbent and the degree of ionisation and speciation of adsorbate [16, 17, 43-45]. The activated carbons can be prepared at high (H carbon) or low
(L carbon) temperatures. While L carbon surfaces include
acidic sites, H carbon surface have a basic groups such as
carboxyl, phenolic, alcoholic and quinone groups [46]. Increasing of acidity of solution could lead a protonation of
the activated carbon surface and consequently, the surface
will be positively charged. On the contrarily, the surface
of ACRH will be negatively charged by increasing of the
solution pH [35, 47-50]. Decreasing in removal percent of
negatively charged AB40 dye molecules at basic conditions
on the negatively charged sorbent surface is due to electrostatic repulsion. Similar trend was observed for adsorption
of basic dye (astrazon yellow 7GL) on apricot stone activated carbon [35], acid brilliant scarlet GR adsorption on
sludge-based activated carbon [49] and adsorption of Congo
red onto activated carbon from coir pith [50]. In addition,
lower adsorption of AB40 in basic medium may be due to
competitive adsorption between OH- ions and negatively
charged dye molecules [51]. A little increase of adsorption
percent of BB41 at higher pH is due to attraction between
negatively charged surface and positively charged dye
molecules.
100

Adsorption Model

98
Adsorption %

To quantify the adsorption capacity of ACRH for removal of acid blue 40, basic blue 41 from aqueous solutions, the Freundlich equation in the form,

x
n
= kC e
m
and the rearranged Langmuir equation in the form,

96
94

Basic Blue
41

92

Acid Blue 40

90

Ce
C
1
=
+ e
x
KX m X m
m
were applied where m is amount of the activated carbon, x is amount of the dye, Ce is equilibrium concentrations of the adsorbates, k and n are Freundlich constant, K
and Xm are Langmuir constant which was assumed the
equilibrium constant or bonding energy and maximum ad-

88
1

3

5

7

9

Initial pH
FIGURE 3 - Effect of pH on adsorption of BB41 and AB40 (initial
concentration; 75 mg/L, contact time; 40 min., and ACRH dosage
0.25 and 0.5 g for BB41 and AB40, respectively)
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The effect of ACRH dosage on removal of BB41 and
AB40 are summarized in Fig.4. Removals of both dyes
are increased with increasing ACRH dosage up to a certain
value and then there was no further increase in removals.
Therefore, the optimum ACRH dosages were selected as
0.25 g/100 mL for BB41 and 0.5 g/100 mL for AB40.

80
Basic Blue
41

60

Acid Blue 40

100

40
Adsorption %

Adsorption %

100

The effect of initial concentration on adsorption for
BB41 and AB40 are given in Figure 6. Adsorption of basic
blue 41and acid blue 40 on ACRH decreased from 99.9%
and 96.7% to 64.2% and 51.2% by increasing the initial
dye concentrations from 75 to 500 mg/L, respectively. At
the lower concentrations of adsorbates, sufficient adsorption sites are available for removal of them. But, by increasing of the dyes concentration, their removal percent
will be decreasing because of higher amount of the dyes
than the activated carbon capacity. These results show
that the removal of CI basic blue 41 and CI acid blue 40
are highly concentration dependent.

20
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80
Basic Blue
41
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Acid Blue 40

FIGURE 4 - Effect of ACRH dosage on adsorption of BB41 and
AB40 (initial concentration; 75 mg/L, pH; 6, contact time; 40 min.)

40

The effect of the contact time on the adsorption of
BB41 and AB40 are given in Fig. 5. The equilibrium was
attained after shaking for 10 min. for BB41, for 40 min.
for AB40. Furthermore, it can be said that basic blue 41
exhibited a greater affinity than acid blue 40. Senthilkumaar et al. [47] have found the equilibrium time 50 min. for
adsorption crystal violet on phosphoric acid activated carbons prepared from male flowers coconut tree at the initial concentrations 10 mg/L. In another study, the contact
time for MB solutions with initial concentrations of 50–
200 mg/L to reach equilibrium was 4–5.5 h [52]. The equilibrium time for acid violet removal by coir pith carbon was
found to be 40 min. [53].
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FIGURE 5 - Effect of contact time on adsorption of CI basic
blue 41 and CI acid blue 40 (initial concentration; 75 mg/L, pH;
6, ACRH dosage 0.25 and 0.5 g for BB41 and AB40, respectively)
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FIGURE 6 - Effect of initial concentration on adsorption
for BB41 and AB40 (pH; 6, contact time; 40 min., and
ACRH dosage 0.25 and 0.5 g for BB41 and AB40, respectively)

Freundich and Langmuir constants calculated from
adsorption data are given in Table 1. The adsorption of both
dyes on ACRH fitted on the Freundlich and Langmuir adsorption equations according to correlation coefficients.
The adsorption capacity (Xm) of ACRH for the uptakes of CI basic blue 41 and CI acid blue 40 is 130.87
and 53.35 mg g-1, respectively. Adsorption capacity of the
activated carbon for BB41 is higher than AB40 and also
Figs.3-6 confirm this affinity. Higher capacity of ACRH for
BB41 than AB40 may be due to the different ionic natures
of the dyes [54]. Adsorption capacity of sorbents may be
become different towards to various adsorbates. In literature, adsorption capacity of activated carbon (Filtrasorb 400)
at a particle size range of 300-500 µm have been reported
as 1111, 434 and 400 mg/g for reactive yellow, reactive
black and reactive red, respectively [55]. Equilibrium constant value (K) of BB41 is higher than AB40 and this high
value indicates a more adsorption of BB41. In addition,
BB41 will be adsorbed on the activated carbon approximately four times than AB40 according to higher value of
Freundlich constant k for BB41. Adsorption capacities of
various sorbents towards textile dyes reported in literature
are given in Table 2.
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TABLE 1 - Freundlich and Langmuir constant values for adsorption of BB41 and AB40.
Adsorbates
CI Basic blue 41
CI Acid blue 40

Freundlich constants
k
n
r2
(corr. coeff.)
49.08 0.1831
0.9930
11.78 0.2852
0.9841

Langmuir constants
Xm
K
(mg g-1)
(L mg-1)
130.87
0.274
53.55
0.088

r2
(corr. coeff.)
0.9990
0.9995

TABLE 2 - Comparison of dye adsorption capacities of various sorbents.
Dyes
Acid yellow 36
Congo red
Methylene blue
Methylene blue
Basic Blue 41
Acid yellow 49
Basic Blue 41
Basic Blue 41
Basic Blue 41
Acid Blue 40

Sorbent
Rice husk-activated carbon
Coir pith-activated carbon
Hazelnut shell-activated carbon
Groundnut shell-based activated carbon
Silkworm pupa
Char obtained from sewage sludge
Char obtained from sewage sludge
Linseed cake
activated carbon from rice hulls
activated carbon from rice hulls

CONCLUSIONS
The rice hulls which are a waste substance have been
converted into a carbonaceous adsorbent material. This
product exhibits very good adsorption for CI basic blue
41 and CI acid blue 40 from aqueous solution. Adsorption
of basic blue 41 and acid blue 40 by ACRH has been
shown to depend significantly on the pH, ACRH dosage,
contact time and initial concentration. The obtained data
will be useful in designing and performance of fixed-bed
adsorber. The activated carbon prepared from rice hulls can
be used for removal of textile dyes from aqueous solutions.

Adsorption capacity, (mg/g)
86.9
6.72
8.82
164.9
555
116
588
573
130.87
53.55

Reference
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This study
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ABSTRACT
Flow cytometry was used for the first time to determine
the abundance of pico- and nanophototrophic plankton in
the northern Adriatic during five cruises, from June to
December 2006, along the west-east trophic gradient from
the Po River delta (Italy) to Rovinj (Croatia). The firstly
recorded occurrences of Prochlorococcus were obtained.
Synechococcus were the most abundant phototrophs in the
area, occasionally matched in number by previously rarely
studied phototrophic pico-eukaryotes. In terms of biomass,
the latter usually comprised more than 50% of the phototrophic pico-biomass, and sometimes up to 90%. Underresearched phototrophic pico-eukaryotes, thus, seem to be
much more important for this ecosystem than was previously thought, while preliminary results on the presence of
Prochlorococcus indicate their minor importance in this
hydrologically and biologically dynamic area. Estimations
of the contributions of each size fraction to the total phototrophic biomass (pico-, nano- and micro-) reveal a higher
portion of pico- and nano-fractions on average, compared to
the micro-fraction. Concluding, this study gives a more
complete estimation of abundance and biomass of all major
groups of pico- and nanophototrophs in this area than has
been offered to date, thus allowing better insight into their
potential relative importance both as producers and prey.

KEYWORDS: Prochlorococcus, Synechococcus, phototrophic picoeukaryotes, nanophototrophs, northern Adriatic.

INTRODUCTION
It has been recognized for a long time that size structure is of great importance in determining the ecology of
aquatic plankton communities. Generally, the biomass of
pico- and nanophytoplankton is emphasized in more oligotrophic seas where they contribute substantially to total carbon production and biomass [1-4]. However, the trophic

status alone is not always a good indicator of the importance of picoplankton since smaller cells may be
abundant when phosphorus is limiting other phytoplankton
and nitrogen is in surplus, and in systems with reduced loss
rates [5, 6].
More detailed insight into phototrophic picoplankton
has become possible by the introduction of flow cytometry into plankton analysis. The recognition of the importance of picoplankton has resulted in a fundamental
change in our understanding of the food web of the ocean
[7]. Thus, a new group of photosynthetic prokaryotes, Prochlorococcus, was discovered [8]. Also, it has been realized
that pho-totrophic pico-eukaryotes could be responsible for
a large portion of the biomass and primary production in
the picoplankton fraction [9-11].
In the northern Adriatic Sea, nanophytoplankton has
been recognized as the dominant fraction of phytoplankton,
with seasonal blooming of the most often studied microplankton [12-15]. Picophytoplankton in the northern Adriatic Sea has previously been assessed, mainly through
Synechococcus abundance and biomass [16-18]. Few data
for phototrophic pico-eukaryotes in the region were found
in the literature [18], including a detailed study of Italian
coastal seas [19]. The abundance of Prochlorococcus in
this area has not been previously reported.
The northern Adriatic Sea is the most productive region of the Mediterranean Sea due to high nutrient concentrations from riverine inputs (mainly Po River discharge)
and limited water exchange with the oligotrophic remainder
of the Adriatic in spring and summer [20, 21]. Since there
are no detailed data on phototrophic picoplankton for this
particular semi-enclosed basin, this study was carried out
in order to make preliminary estimates of the complete phototrophic community of pico- and nanoplankton for the
northern Adriatic.
The first results of flow cytometric analyses of picoand nanophototrophic plankton in the northern Adriatic are
presented including, to our knowledge, the first published
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records of Prochlorococcus in the entire Adriatic, as well
as the possibly important though under-investigated contribution of pico-eukaryotes to the total picophototrophs.
A comparison of pico-, nano- and microphototrophic biomasses estimates is also discussed.

phic gradient, with an increasing influence of the Po River
toward the river delta. The bottom depth along the profile
varies from 29 m to 37 m, and at the sampling stations
from 32 to 37 m. Seawater sampling was carried out using
5-L Niskin bottles.
Flow cytometry analyses

MATERIALS AND METHODS
Investigated area and sampling strategy

Samples were collected on cruises from June to December 2006 at four stations along the Rovinj (Croatia) –
Po River (Italy) transect in the northern Adriatic (Fig. 1)
from three depths at each station (at the surface, 10 m depth,
and 2 m above the bottom). The transect follows the tro-

Immediately after collection, samples (4 ml) were stored
at 4 °C, without fixation, and analysed within 12 h of being
obtained [22]. Samples were analyzed in triplicates, using
a Partec PAS III (Germany) flow cytometer, equipped with
an Argon laser (488 nm). The different subpopulations of
phytoplankton in the same sample were distinguished by
their auto-fluorescence of the chlorophyll (FL3 channel)
and the phycoerythrin (FL2 channel), as well as by the cells'

ITALY

45.5

TRIESTE

VENICE

CROATIA

ROVINJ

45
Po river

44.5

44

12.5

13

13.5

14

14.5

FIGURE 1 - Sampling stations on the Rovinj (Croatia) – Po River delta (Italy) transect in the northern Adriatic.
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side-angle light scatter (SSC) as a proxy for their size.
This allowed differentiation of Prochlorococcus, Synechococcus and pico-eukaryotes as pico- and nanophytoplankton, within which the populations of Cryptophytae were
differentiable from other nanophytoplankton due to specific pigments. The final abundance of each subgroup was
obtained by true volumetric absolute counting (see www.
partec.com). The precision of the volume measurement
(fixed volume of 200 µl) is defined by a fixed mechanical design, eliminating errors related to varying beads'
concentrations usually used.
Other hydrological and biological analyses

The samples for chlorophyll a measurements (0.5 L)
were filtered through Whatman GF/C filters and then stored
at -20 °C until analyses onshore within a few weeks, which
were subsequently performed fluorometrically after extraction with acetone [23] using a Turner TD-700 fluorometer. Total chlorophyll and <20 µm fraction were measured
separately. In the latter procedure Sefar Nitex filters (pore
size 20 µm) were used to retain >20 µm particles, leaving
thus only <20 µm fraction to pass through GF/C. The micro-fraction was calculated by subtracting <20 µm value
from the total chlorophyll. Temperature and salinity were
measured by a SeaBird Electronics SBE 25 CTD. Standard
oceanographic methods for the determination of nutrients in
seawater (nitrate, nitrite, ammonium and orthophosphate)
were used onboard [23], based on the formation of stained
complexes and subsequent measurement of the intensity of
staining by spectrophotometry. Microscopic analyses were
carried out using a Leitz Laborlux D epifluorescent microscope, filtering 15 ml of samples through black filters
(0.4 µm). Synechococcus were counted under green light
excitation and distinguished by orange auto-fluorescence
[24]. Pico- and nanophototrophic flagellates were counted

after staining with Primulin for 15 min under blue excitation [25], and their chlorophyll auto-fluorescence was also
checked under green light excitation.
Biomass calculations

Cell counts of each analyzed group were converted to
carbon units (µg L-1) using the following factors: 60 fg C
cell-1 for Prochlorococcus [26], 200 fg C cell-1 for Synechococcus [26] and 1500 fg C cell-1 for pico-eukaryotes [27].
Nanophytoplankton size was measured under the microscope using the formula for sphere volume, with the mean
volume determined for every sample, and then converted to
C units using a factor of 0.22 pg C µm3 [28]. Chlorophyll a
data were converted into carbon units using a general
C:Chl a ratio of 50 [29].
Biomasses at sampling stations are presented as calculated values of a continuous vertical distribution. These
integrated values were interpolated from three discrete
sampling depths.
RESULTS
Hydrographic characteristics of the studied area

Eastward spreading of river-influenced water was noted
in October at station SJ101, when the salinity decreased to
33.6 (Tables 1 and 2) after an increase of Po River flowrate, which resulted in increased biomass (Table 1), and
the highest abundances of all pico-phototrophs (Figures 2
and 3). At the same time, microphytoplankton also bloomed,
reaching abundances of 8×105 cells L-1 with Chaetoceros
sp. dominating (R. Kraus, Rovinj, personal communication).
Although the Po River flow-rate was higher in December
(Table 1), it did not cause a similar effect due to both a

TABLE 1 - Means and ranges of temperature, salinity, dissolved inorganic nitrogen (DIN),
orthophosphate (PO4) and chlorophyll a (Chl a) at the surface, 10 m depth and bottom layer at stations
SJ107, SJ103, SJ101 and SJ108 on the Rovinj-Po River delta transect, in the June-December 2006 period.
SJ107
Temperature (°C)
Surface
10 m
Bottom
Salinity
Surface
10 m
Bottom
DIN/µmol L-1
Surface
10 m
Bottom
PO4/µmol L-1
Surface
10 m
Bottom
Chl a/µg L-1
Surface
10 m
Bottom

SJ103

SJ101

SJ108

21.6 (16.1 - 26.7)
19.9 (16.1 - 24.9)
13.9 (11.8 - 16.1)

21.7 (15.3 - 27.3)
19.9 (15.9 - 24.7)
14.4 (11.3 - 16.6)

21.5 (14.6 - 27.5)
19.8 (14.7 - 25.5)
14.5 (11.2 - 18.4)

22.2 (14.5 - 27.8)
19.5 (14.5 - 24.9)
13.8 (11.7 - 16.2)

37.4 (36.6 - 38.1)
37.7 (37.0 - 38.1)
38.3 (38.2 - 38.3)

37.1 (36.3 - 38.0)
37.7 (36.8 - 38.0)
38.2 (38.1 - 38.3)

36.4 (33.6 - 37.9)
37.4 (36.6 - 38.0)
38.2 (38.0 - 38.4)

36.7 (36.2 - 37.1)
37.4 (36.9 - 37.9)
38.2 (37.7 - 38.4)

0.97 (0.63 - 1.42)
0.93 (0.58 - 1.46)
2.01 (0.89 - 6.11)

1.62 (0.89 - 3.55)
1.30 (0.77 - 2.46)
1.73 (0.91 - 3.32)

3.93 (0.58 - 11.06)
2.27 (0.65 - 6.11)
2.91 (0.91 - 8.68)

2.07 (0.76 - 5.61)
1.78 (0.69 - 5.47)
3.03 (1.09 - 7.16)

0.02 (0.00 - 0.04)
0.02 (0.00 - 0.04)
0.10 (0.04 - 0.29)

0.02 (0.00 - 0.05)
0.02 (0.00 - 0.05)
0.23 (0.07 - 0.47)

0.04 (0.01 - 0.06)
0.02 (0.00 - 0.04)
0.27 (0.08 - 0.64)

0.04 (0.01 - 0.05)
0.02 (0.00 - 0.07)
0.36 (0.19 - 0.76)

0.26 ( 0.07 - 0.65)
0.28 (0.08 - 0.68)
0.39 (0.25 - 0.46)

0.29 (0.07 - 0.56)
0.26 (0.06 - 0.53)
0.72 (0.44 - 1.08)

0.77 (0.15 - 2.38)
0.36 (0.06 - 0.82)
0.60 (0.39 - 0.94)

0.60 (0.15 - 1.29)
0.44 (0.04 - 1.36)
0.70 (0.40 - 0.91)
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southward spreading of this freshwater and an accompanying colder water temperature. Orthophosphate concentrations were close to the lower limit of the measurement
method (0.02 µmol L-1), at the surface over the entire area
(Table 2). Such phosphate limitation in the upper layer of
the water column, as well as increased values near the bottom where regeneration processes prevail, is characteristic
of the northern Adriatic [20].
Abundances of the analyzed populations

Prochlorococcus were distributed uniformly along the
trophic gradient of the northern Adriatic during the entire
investigated period, without statistically significant differences between the stations (ANOVA, F=1.360, p=0.264).
Differences between different depths over the entire profile were also not found (F=0.010, p=0.990). However,
some seasonal differences were noted. At the end of June,

Prochlorococcus were most abundant near the bottom
(30-35 m), while, in October, their abundance was highest
at the surface (Fig. 2). Also, a general increasing trend
from June to October was observed, ranging between 0.28×106 cells L-1. In December, their number was drastically
reduced, to the point where they could not be detected
(<0.2 ×106 cells L-1) at the eastern station SJ107 and middle-of-the-profile station SJ103. Since the abundance of
these microorganisms was much lower than that of other
studied groups, their biomass was constantly low, rarely
reaching 2-3% of the total biomass of phototrophic picoplankton. No statistically significant correlation was found
between Prochlorococcus abundance and inorganic nutrients, temperature or salinity.
Similar to Prochlorococcus, Synechococcus abundance
increased in October compared to summer. The October
sampling, when the lowest salinity due to Po River input

TABLE 2 - Means and ranges of temperature, salinity and chlorophyll a in the surface
layer on the transect. Po River flow-rate is given as the average flow-rate of the previous week.
June 12th
19.7 (18.9 - 20.7)
37.7 (37.1 - 38.0)
0.24 (0.07 - 0.61)
353

Temperature (°C)
Salinity
Chl a (µg L-1)
Po River flow-rate (m3s-1)

June 29th
26.4 (25.9 - 27.0)
36.8 (36.3 - 37.6)
0.11 (0.07 - 0.15)
237

July 20th
27.1 (25.7 - 27.8)
36.6 (36.2 - 37.7)
0.18 (0.10 - 0.23)
244

October 17th
20.3 (19.20 - 20.7)
36.1 (33.6 - 37.0)
1.07 (0.52 - 2.38)
1053

December 12th
15.1 (14.5 - 16.1)
37.3 (36.8 - 38.1)
0.80 (0.41 - 1.29)
1208

Abundance×106/L-1
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FIGURE 2 - Distribution of phototrophic prokaryotes, Prochlorococcus (a) and
Synechococcus (b) in the water column from June to December 2006, as measured by flow cytometry.
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was noted, also gave the highest measured values of nutrients and chlorophyll a (Table 1). From values of about
10×106 cells L-1 in June, Synechococcus reached an abundance of more than 100 ×106 cells L-1 in October (Fig. 2).
During the summer, they were the most numerous near the
bottom, while in October they bloomed in the layer extending from the surface to 10 m depth. This group of microorganisms also showed no significant differences between
stations (F=0.129, p=0.943). The differences in depth distribution that have been previously mentioned were not
statistically significant due to opposite patterns in summer
and autumn. Statistically significant correlations between
Synechococcus and other parameters were not found.
Synechococcus were generally the most abundant picoplanktonic phototrophs in this study, usually comprising
more than 80% of the latter, with only a few exceptions
near the bottom when they comprised about 50% due to
numerous phototrophic pico-eukaryotes. However, their
contribution to the total phototrophic picoplankton biomass
was similar to the pico-eukaryotes’ contribution.

the stations with respect to these populations. On several
occasions, their abundances were almost equal to those of
cyanobacteria, particularly near the bottom, yet their contribution to the total biomass of phototrophic picoplankton
was more emphasized (up to 90%). It was the least in October when cyanobacteria prevailed. Phototrophic picoeukaryotic populations were significantly correlated with
PO4 and DIN at the surface and near the bottom (r=0.751,
p=0.045 and r=0.835, p=0.002, respectively).

Phototrophic pico-eukaryotes also showed peak abundance near the bottom during the summer, with values of
up to 15×106 cells L-1, while in autumn, it was higher at
surface, especially in October at western station SJ101
when they reached their maximum of about 25×106 cells L-1
(Fig. 3). At that time, such a bloom did not appear at other
stations and this was the only important difference between

Parallel flow cytometric and microscopic analyses were
carried out and the best match was obtained for Synechococcus, for which a significant positive correlation was
found (r=0.624, p=0.000), without significant differences in
absolute values (t-test, t=-0.107, p=0.916). Nano- and picoeukaryotes also showed statistically significant correlations
between two methods’ results (r=0.325, p=0.011 and r=

Nanophototrophs in the studied period were significantly more abundant near the bottom (F=3.680, p=0.031),
except in December when their overall presence was
minimal (Fig. 3). Their abundance ranged from 0.18 to
12.72×106 cells L-1, with a maximum at the end of June.
Cryptophytae contributions to the total nanophototrophs
abundance varied from 0 to 26%, although they most often
contributed about 10%. Differences between stations, depths
or dates in their contribution to total nanophototrophs were
not statistically significant (ANOVA, p=0.113-0.700).
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in the water column from June to December 2006, as measured by flow cytometry.
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0.359, p=0.005, respectively), although cytometric values
were higher for both fractions (t-test, t=5.528, p=0.000 and
t=12.454, p=0.000, respectively).

mass, while no correlation was found between nanophototrophs (r=0.052, p=0.691) or Prochlorococcus (r=-0.085,
p=1) with total biomass.

Comparison of different groups’ biomasses

The chlorophyll a fraction (<20 µm) was higher than
that of the >20-µm fraction in all cases, ranging from very
similar values (July 20th) to a difference of almost a factor of three at station SJ107 (Fig. 4). Estimations of biomass for micro-, nano- and pico-fractions separately re-

Correlations between fractions and total biomass were
assessed and showed significant positive correlations for
biomass of cyanobacteria (r=0.450, p=0.002) and picoeukaryotes (r=0.363, p=0.026) with total phototrophic bio-
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vealed that, on average, those fractions contribute to the
total phototrophic biomass at levels of 19%, 43% and
38%, respectively (Fig. 5). The average percentages varied
between months, depths and stations, with the least variation between depths (Fig. 6). Among the five sampling
dates, the highest nanophototrophs' contribution to the total
phyto-biomass (ANOVA F=4.537, p=0.003) was on June
29th and, in comparing the four stations, picophototrophs
comprised the highest proportion at the oligotrophic eastern station SJ107 (ANOVA, F=5.969, p=0.006).
DISCUSSION
The northern Adriatic is a specific part of the Mediterranean, characterized by much higher primary production than in the rest of the basin, primarily due to Po River
inputs. These eutrophic waters come into contact with oligotrophic water masses of southern Adriatic origin, giving
rise to hydrological gradients. Gradients, high productivity
and semi-enclosed circulation during the warm part of the
year make this area hydrologically and biologically exceptionally dynamic. The trophic differences between the
analyzed stations could be discerned from the decreasing
average salinity from the oligotrophic east towards the
more eutrophic west under Po River influence, in addition
to increasing chlorophyll a and DIN concentrations. Po
River inputs usually spread eastward in the warm part of
the year, reaching stations SJ101, SJ108 and often SJ103
in the surface layer, or flow southwards in the cold part of
the year, when exchange of this water with the middle
Adriatic is re-established [20, 21, 30, 31]. The oceanographic stations in this study were chosen based on those
that had previously been determined to delineate the westeast trophic gradient [20].
It is already known that the majority of phototrophic
activity in this area is generally due to nanoplankton, except for a few riverine-induced intensive microphytoplankton blooms [12-14]. The picophototrophs have mainly been
estimated through Synechococcus abundance [17, 18, 32],
or chlorophyll a size fractioning [33]. More detailed analysis of pico-, nano- and micro-fractions was reported for
Italian coastal waters directly influenced by the Po River
[19]. However, there were no studies on the distribution of
all major pico- and nano-phototrophic groups over the described trophic gradient as data for pico-eukaryotes are
extremely scarce [18] while for Prochlorococcus there are
no available data.
This preliminary study using flow cytometry has shown
that in the northern Adriatic, in the period from June to
December 2006, Synechococcus and phototrophic eukaryotes comprised the vast majority of phototrophic picoplankton, the former in cell abundance and the latter in
biomass. At the same time, only these two groups were
correlated with total chlorophyll a. Synechococcus abundances were in the range already measured for this area
[17, 32]. Their general dominance in abundance over Pro-

chlorococcus may be related to Synechococcus’ high affinity for orthophosphate, enabling them to grow successfully in P-depleted environments [34, 35], such as northern
Adriatic [20, 21]. Methodologically, flow cytometric and
microscopic analysis of Synechococcus matched well,
both in correlations and similar absolute values.
Phototrophic pico-eukaryotes in the studied region were
previously mentioned only once in the available literature
[18], but with minimal attention to these organisms. However, our study shows their importance regarding abundance and usually the highest contribution to total picophototrophs’ biomass. Examples where pico-eukaryotes
can be responsible for a greater portion of the carbon biomass than either Prochlorococcus or Synechococcus have
also been seen in other coastal areas [10, 11, 36-38] while
in the middle Adriatic, which is under a stronger influence
of oligotrophic eastern Mediterranean waters, their contribution is much lower than that of Synechococcus [39].
Generally, phototrophic pico-eukaryotes are highly successful in terms of abundance and biomass in coastal
upwelling regions, and in regions with moderately elevated nitrate levels [40], such as the northern Adriatic [20].
Northern Adriatic populations of pico-eukaryotes in this
study showed significant correlations with inorganic nutrients, PO4 and DIN, at the surface and near the bottom,
unlike other pico- and nanophototrophs, which characterize pico-eukaryotes as more dependent on nutrients' availability compared to other analyzed groups. Comparative
analyses of eukaryotes by flow cytometer and epifluorescent microscope confirm the statistically significant,
though lower correlation between them than is the case
for Synechococcus. Unsurprisingly, the higher values
were obtained by cytometry, since a much higher number
of cells is counted by flow cytometry than microscopically. This is especially important when their presence is
identified microscopically by only few cells or is not
identified at all. Cytometrically identified picoeukaryotes probably also include some other phototrophic cells of that size, not only pico-flagellates as is the
case for microscoping.
Although Prochlorococcus is often the most abundant
photosynthetic organism in the open ocean and occasionally in coastal areas [41], our measurements reveal a very
low percentage of Prochlorococcus in the total phototrophic picoplankton abundance and biomass. In this
study, their abundance ranged from undetectable (<0.2
×106 L-1) to 8×106 L-1 which is considerably lower than
most available data from the world’s oceans [41]. Their
generally low abundance in the northern Adriatic may be
in agreement with observations in some coastal areas
where their abundance increased from coastal to offshore
waters [37, 38, 42]. In reality, all the stations in the northern
Adriatic Sea may be considered coastal due to their shallowness and the strong influence of the land [20, 21]. The decline in Prochlorococcus abundance at coastal sites is hypothesized to be a result of high rates of grazing mortality
relative to growth rate, whereas the sufficiently higher
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growth rates of Synechococcus allow it to maintain a
sizeable population despite grazing pressure [36, 43].
Also, no significant difference in their distribution between the oligotrophic eastern part of the area and the
more eutrophic western part, influenced by the River Po,
was found even though one would expect a higher abundance in more oligotrophic waters. However, similarly low
abundances were found even in the exceptionally oligotrophic eastern Mediterranean, lower than 0.1 × 106 L-1
[44]. The role of instrument sensitivity may be a factor in
underestimating their abundance due to the low red fluorescence of these cells. However, their higher abundance
in autumn than in summer, and the sharp decrease toward
winter, remains consistent with others observations [36,
45]. Yet, these preliminary data have only been collected
from June to December, and the complete seasonal distribution in the northern Adriatic needs to be investigated
before drawing conclusions on their seasonal variations.
As previously mentioned, nanophytoplankton in the
northern Adriatic often dominates over microphytoplankton
in abundance and biomass, yet one should bear in mind that
the analyzed period of this study did not include months
from March-May, when microphototrophs exhibit some of
their largest blooms in the annual cycle. Nanophototrophs
in this study were of similar abundance to the average calculated after a decade of monitoring by epifluorescent microscopy [31]. Their distribution recorded in this study emphasizes the layer close to the bottom as the most supportive
for them. Cryptophytae comprised only a smaller part of the
total nanophototrophs, on average ~10%, without statistically significant patterns. Methodologically, cytometry and
microscopy analyses gave correlated values, higher for the
former, though not as strong as for pico-eukaryotes. Their
microscopic analysis is not as difficult as for pico-eukaryotes due to their larger size, but generally they have a much
lower number of cells counted, and the fact that microscopic analyses included only flagellates unlike cytometry
which counts all the cells in the size range, are probably the
reasons for the differences.

and the only ones strongly influenced by nutrients' availability. Future studies on phototrophic organisms in the
northern Adriatic must, therefore, include not only microphytoplankton, Synechococcus and nanophytoplankton
as usual, but also phototrophic pico-eukaryotes which are
of equal importance, and Prochlorococcus whose probably minor role still has to be confirmed. Use of flow
cytometry showed good matching with microscopic
results for Synechococcus, but also the possibility of
underestimation of eukaryotic pico- and nanophototrophs
using classical microscopic method.
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In conclusion, phototrophic pico- and nanoplankton are
found to be, on average, equally abundant in the northern
Adriatic, based on this preliminary study using flow cytometry. Their biomass exceeded the microphototrophs’
biomass. In general, for all the analyzed pico- and nanocomponents, the temporal variations from June to December were more strongly expressed than the spatial variations, in spite of considerable trophic gradients that may be
formed between eastern oligotrophic and western Po River
influenced regions. The dependence of the entire investigated area on Po River discharge and its shallowness
strongly determine the composition of the analyzed communities. This is consistent with patterns at meso- and eutrophic regions worldwide, where Prochlorococcus is
often not abundant, or is even absent, and significantly
outnumbered by Synechococcus and pico-eukaryotes. The
latter also occasionally seem to be the dominant picophototrophs in this area, as has not been previously recognized,
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ABSTRACT
In this study, removal of MG (malachite green), a toxic
dye, by ZVI (zerovalent iron) and ZVI/US (combining use
of zerovalent iron and ultrasound) was comparatively studied. The result shows that MG could be removed by ZVI,
and a combined use of ZVI and ultrasonic enhanced MG
degradation. MG degradation by ZVI and ZVI/US treatment followed the first-order kinetic equation. The firstorder rate constant for MG degradation by ZVI was enhanced by a factor of about 2 under ultrasonic irradiation,
at initial pH ranging from 2 to 10. MG degradation percentage by ZVI increased significantly as the initial pH of
solution increased from 2 to 4. For ZVI treatment, initial
pH of the solution had little effect on MG degradation when
it was above 4. For ZVI/US treatment, MG degradation
percentage increased significantly with initial pH from 2
to 7, but increased slightly with initial pH from 7 to 10. MG
degradation percentage increased as ZVI dosage increased
both for ZVI treatment and ZVI/US treatment. MG degradation percentage by ZVI and ZVI/US treatment and the
corresponding degradation rate decreased when initial MG
concentration increased. An increase in ultrasonic power
intensity from 0.5 to 2.0 W ml-1 resulted in higher MG degradation percentage and rate, whereas a further increase in
ultrasonic power intensity resulted in a decrease in MG
degradation.

KEYWORDS:
malachite green, zerovalent iron powder, ultrasound, kinetics.

INTRODUCTION
Wastewaters from textile, cosmetics, food coloring and
dying industries contain a variety of synthetic dyes. Synthetic dyes are typically toxic and have carcinogenic and
mutagenic effects on aquatic biota and humans [1]. Surface water and groundwater systems polluted by dyes are

not only undesirable but also pose a great threat to aquatic
organisms and humans. Malachite green (MG) is a triphenylmethane dye used as fungicide and antiseptic substance in aquacultures and animal husbandry. It is also
widely used as a direct dye for silk, wool, jute and leather.
Malachite green has detrimental effects on liver, gill, kidney, intestine and gonads of aquatic organisms [2]. When
it was inhaled or ingested by humans, it may cause irritation to the gastrointestinal tract, and even cancer [3]. Contact of malachite green with skin can cause irritation with
redness and pain. Intermediate products after degradation
of MG are also reported to be carcinogenic [2]. Therefore,
the use of malachite green in aquacultures was banned in
many countries. However, MG in fishes, animal milk and
other foodstuff is still detected due to its illegal use [4].
A variety of methods were developed to remove MG
from wastewater including photo-degradation [5], photocatalytic degradation [6] and sorption by activated carbon
[3], as well as from some agricultural or industrial wastes
[7, 8] by biosorption [9]. Recently, it was found that ultrasound could degrade some organic compounds including
dyes [10]. The sonochemical degradation of organics is
based on the cavitational phenomenon, which consists of
the formation, growth and collapse of acoustic bubbles.
Cavitational collapse produces intense local temperature
(in the order of 50000 K) and high pressure (100 MPa) [11].
Under such extreme conditions, water molecules undergo
thermal dissociation and release highly reactive radicals
(H·, ·OH, HOO·), which promote oxidation of organic matter.
Zero-valent iron (ZVI) is a strong reducing agent and
used to remove many common environmental contaminants, such as As, Cr(VI), U(VI), and NO3-, chlorinated
solvents and pesticides, in the past years [12-17]. ZVI
system for degradation of organic contaminants is a kind
of heterogenous system, where five steps were considered
to be involved in the reactions: (i) mass transfer of the
reactant to the ZVI surface from the bulk solution; (ii) adsorption of the reactant on the ZVI surface; (iii) chemical
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reaction at the ZVI surface; (iv) desorption of the products from ZVI surface; and (v) mass transfer of the products into the bulk solution [18]. The degradation rates of
contaminants by ZVI are dependent on the reactive surface area of ZVI, and the surface is found to be deactivated
over time due to the precipitation of iron oxides/hydroxides
on the ZVI surface [19]. It was also reported that decolorization kinetics of azo dyes by ZVI is limited by mass
transfer of the substrates to the ZVI surface [20, 21]. Therefore, to find a way to enhance mass transfer and reactive
surface area continuously is important for a better removal
efficiency of organic contaminants by ZVI. Ultrasonic irradiation seems to be the very way. Firstly, the turbulent effects due to transient cavitation produced by US enhance
overall mass transfer [22, 23]. Secondly, ultrasonic cavitation can increase surface area of solids by causing rupture of particles [24, 25]. It was reported that surface
defects increase the percentage of active sites on the iron
surface [26]. Finally, sonication serves to sweep reactive
intermediates or products such as iron oxides from metal
surfaces by shock waves and microjets formed during
cavitational bubble collapse on or near ZVI surface,
thereby reactivating and cleaning the surfaces for subsequent reactions [27, 28], and thus increasing the degradation reaction rates [24]. Therefore, recently, sonication was
used to enhance dechlorination of trichloroethylene (TCE)
[29] and pentachlorophenol [25], decoloration [24] and
reductive degradation of nitrobenzene [23] by ZVI.
The purpose of this study was to comparatively study
reduction of MG by using ZVI as well as combined with
ultrasound.
MATERIALS AND METHODS
Materials

Analytical reagent grade MG was obtained from
Shanghai Chemical Co. Ltd. and used as received. The
stock solution (1 g L-1) of MG was prepared in deionized
water. All working solutions were prepared by diluting
the stock solution with deionized water. ZVI powder was
purchased from Beijing Mengyan Co. Ltd. The size of ZVI
powder was between 45-75 µm, and the purity was 99.9%.
All other chemicals used in this study were of analytical
grade.

FIGURE1 - Experimental setup for ZVI/US treatment.
Experimental setup for ZVI treatment and ZVI/US treatment

The US treatment alone or with ZVI was carried out
with a JY88-II ultrasound generator (20-24 kHz, 0~250 W)
produced by Ningbo Scientz Co. Ltd, China. The US experimental setup for US treatment and ZVI/US treatment is
illustrated in Fig. 1. The ultrasonic probe was immersed
into the MG solution. A cooling bath was used to obtain a
constant temperature (25±5 °C) during irradiation of the
samples. The volume of ultrasonic irradiation was 100 ml.
It was observed that the solution was fully stirred by US
irradiation alone, and no additional mechanical agitation
was provided.
ZVI treatment
Effect of initial solution pH

5 g of ZVI powder was added into each conic flask
containing 100 ml of 100 mg L-1 MG solution. The initial
solution pH was adjusted with 0.05M HCl or 0.05M NaOH.
Flasks were shaken at 300 rpm and 25 °C for 30 min. At the
end of trials, samples were centrifuged and absorbance values were determined by using an Unico-UV2000 spectrometer (Shanghai, China).
Effect of ZVI concentration

A certain amount of ZVI powder was added into each
conic flask containing 100 ml of 100 mg L-1 MG solution.
The initial solution pH was adjusted to optimal values obtained from the experiments of pH effects. Flasks were
shaken at 300 rpm and 25 °C for 30 min. At time intervals, 5 ml of suspension was collected and concentration
of MG was determined as described above. Final pH of the
MG solution was also determined.
Effects of MG concentration

5 g of ZVI powder were added into conic flasks containing 100 ml of MG-bearing solutions with different
MG concentrations. Initial solution pH was adjusted to
optimal values (see above). For further treatment, see Effect of ZVI concentration
US treatment

For US treatment, only the test of effect of initial pH
of solution was conducted. 100 ml of 100 mg L-1 MG solu-
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tion with pH adjusted to a predetermined value was placed
in a 150-ml glass vessel and irradiated continuously by
ultrasound at a power intensity of 1.5 W ml-1. At the end of
trials, samples were centrifuged and absorbance values were
determined. The results of pH effect showed that US alone
was not effective in MG degradation, and no further experiments were conducted.
US/ZVI treatment

For ZVI/US treatment, certain amounts of ZVI powder
were added into 100 ml of MG solution in each test. The
amount of ZVI powder, MG concentration, initial pH of
solution, and ultrasonic power were predetermined according to the experimental for ZVI treatment. At time intervals, 5 ml of suspension was collected, and MG concentration as well as final solution pH were determined.
Calculation and statistics

MG degradation percentage was calculated as follows:
MG degradation (%) = (C0-Ct)/C0

(1)

where C0 is the initial MG concentration (mg L-1),
and Ct is the MG concentration at time t.
All tests were duplicated and the standard error values ranged from 1 to 5%. The mean values were used.

solution pH increased. As initial solution pH increased
from 2 to 4, MG degradation percentage increased significantly from 19.7% to 67.9% for 30-min ZVI treatment,
and from 34.1% to 74.9% for 5-min ZVI/US treatment,
respectively. When the initial solution pH was above 4, the
initial pH had little effect on MG degradation by ZVI. For
ZVI/US treatment, MG degradation percentage increased
from 74.9% to 96.4% as initial pH increased from 4 to 7.
When the initial pH was above 7, MG degradation increased
slightly as pH increased further. At an initial pH of 10,
100% of MG was degraded after 5-min ZVI/US treatment.
The variation of final pH agreed with the result of MG
degradation (Fig. 3). For US treatment, pH values varied
little, indicating that little MG was degraded. For ZVI treatment, the final pH of solution increased to 6.2 for an initial one of 2, and was kept near 8 (7.8-8.3) with an initial
pH above 2. Compared with ZVI treatment, the final solution pHs after ZVI/US treatment were lower (6.62-8.34)
with an initial pH below 4. However, when the initial pH
was above 4, the final pHs were kept in the range of 9.110.2, which was much higher than those of ZVI treatment
for ZVI/US treatment. This result indicates that the presence of US irradiation enhanced oxidization of ZVI by
oxygen and water.
2 Fe0 + O2 +2 H2O ó 2 Fe2+ + 4 OH0

2+

Fe + 2 H2O ó Fe + H2 + OH

(3)
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FIGURE 2 - Effect of initial pH on MG
degradation (ZVI treatment: CZV I= 50 g L-1, 300 rpm,
operation time = 30 min; ZVI/US treatment: CZVI = 50 g L-1,
US power intensity = 1.5W ml-1, operation time = 5 min; US
treatment: US power intensity = 1.5W ml-1, Time = 30 min).
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FIGURE 3 - Final pH variation (ZVI treatment: CZVI =
5 0 g L-1, 300 rpm, operation time = 30 min; ZVI/US treatment:
CZVI = 50 g L-1, US power intensity = 1.5W ml-1, operation time = 5
min; US treatment: US power intensity = 1.5W ml-1, Time = 30 min).

RESULTS AND DISCUSSION
Effect of initial solution pH

Fig. 2 shows that little MG was degraded under US
irradiation alone at a power of 100 W and an initial solution pH between 2-10. The MG removal efficiency in this
pH range was less than 3%, indicating that MG degradation by US was not effective and might be a very slow
process under normal pH conditions. In case of ZVI and
ZVI/US treatments, MG degradation increased as initial

The reason why MG degradation by ZVI or ZVI/US
increased as initial pH of solution increased may be attributed to the characteristics of MG. MG is a cationic
triarylmethane dye. In the acidic medium, there is competitive ad-sorption between MG and H+, which inhibited the
adsorption of MG onto ZVI surface. In addition, there is
possibility of development of positive charge at ZVI
particles at lower pH, thus inhibiting the adsorption of
MG. MG becomes more and more de-protonated with
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increasing pH, and the formation of an electric doublelayer changes its polarity in the basic medium. Consequently, the dye removal percentage increased [30].
The present study also showed that ZVI/US treatment
of MG had apparent advantages over ZVI treatment at
initial pHs 2-10, indicating that MG degradation by ZVI
was enhanced in the presence of US irradiation. In the heterogeneous reaction system including ZVI or ZVI/US, adsorption of MG onto ZVI particles was an important ratelimiting step [18]. Therefore, when other conditions, such as
the amount of ZVI and ultrasonic power were kept constant,
the amount and rate of MG adsorption onto ZVI determined
the MG degradation percentage at different pHs. In this
study, lower MG degradation percentage at lower pH may
be attributed to lower MG adsorption capacity at lower pH,
and vice versa.

ment, the MG degradation was much higher than that of
ZVI treatment. When the CZVI was 10 g L-1, the MG degradation was 91.03%, about 30% higher than that of ZVI
treatment. When the CZVI increased to 70 g L-1, 100% of
MG was degraded. This result demonstrated that the presence of US apparently enhanced MG degradation. In heterogenous systems, more ZVI particles result in more ZVI
surface area for MG degradation, and thus higher MG degradation percentage. US irradiation provided more reactive
ZVI surface area for MG degradation and a faster degradation rate. Study of the first-order rate constant also showed
that first-order kinetic model fitted well with the experimental data of both ZVI and ZVI/US treatment. Parameter k1 increased linearly with the increase of CZVI, and the
presence of US irradiation enhanced k1 by a factor of ca. 2

A study of kinetics also showed that MG degradation
by ZVI and ZVI/US followed the first-order kinetic equation:
Ct=C0 exp(-k1t)

(4)

where Ct is the dye concentration at time t, C0 is the
initial dye concentration, and k1 is the pseudo first-order MG
degradation rate constant.
Analysis of the experimental data showed that MG
degradation kinetics by ZVI and ZVI/US at different initial
pHs were well represented by first-order equation (R2>
0.95). It can be seen from Fig. 4 that ultrasonic irradiation
enhanced the MG degradation rate k1 (first-order rate constant) by ZVI about 2-fold.
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FIGURE 5 - Effect of ZVI dosage on MG removal efficiency (initial
pH = 8.0, initial MG concentration = 100 mg L-1; ZVI treatment:
CZVI = 50 g L-1, 300 rpm, operation time = 5 min; ZVI/US treatment:
CZVI =50 g L-1, US power intensity = 1.5W ml-1, operation time=5 min).
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rate constant (ZVI treatment: CZVI = 50 g L-1, 300 rpm,
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FIGURE 6 - The effect of ZVI dosage on first order
rate constant (initial pH = 8.0, initial MG concentration =
100 mg L-1; ZVI treatment: operation time = 5 min; ZVI/US
treatment: US power intensity = 1.5W ml-1, operation time = 5 min)

Effect of ZVI dosage

Fig. 5 shows a higher MG degradation rate with increasing CZVI (ZVI concentration, g L-1) both for ZVI and
ZVI/US treatment. For ZVI treatment, the MG degradation percentage increased from 61.98 to 97.11% as ZVI
dosage increased from 10 to 90 g L-1. For ZVI/US treat-
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FIGURE 9 - Effect of ultrasonic power intensity on MG
degradation (initial pH = 8.0, CZVI = 50 g L-1, operation tim e= 5 min).

FIGURE 7 - Effect of initial MG concentration on MG degradation (ZVI treatment: initial pH = 8.0, CZVI = 50 g L-1, 300 rpm,
operation time = 5 min; ZVI/US treatment: initial pH = 8.0, CZVI =
50 g L-1, US power intensity = 1.5W ml-1, operation time = 5 min).

Effect of Initial MG concentration

for ZVI powder (Fig. 6). Several studies also reported similar results. Hung et al. [22] reported that the rate constants
for CCl4 reduction by ZVI under US irradiation increased
linearly with increasing mass of ZVI per unit reaction volume, until it reached a saturation value for mass concentrations higher than 30 g L-1. The rate of CCl4 degradation
was enhanced by a factor of 40, with regard to the same
reaction system in the absence of ultrasound. Reinhart et
al. [29] also observed similar rate enhancements for the
reduction of trichloroethylene (TCE) by ZVI.
ZVI treatment
ZVI/US treatment
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200

MG degradation percentage decreased with the increase of initial MG level for both ZVI and ZVI/US treatments (Fig. 7). When initial MG was 50 mg L-1, its degradation percentages were 98.38 and 100% for ZVI and
ZVI/US treatments, respectively. When initial MG rose to
250 mg L-1, MG degradation fell to 80.87 and 93.61% for
ZVI and ZVI/US treatments, respectively. In both systems,
MG degradation was a heterogenous reaction and its rate
was mainly dependent on the reactive iron surface area.
As initial MG concentration increased, more MG molecules competitively adsorbed onto the limited ZVI surface
area, which resulted in decreased degradation percentage
and reaction rate. Fig. 8 shows that the first-order rate constant (k1) was dependent on initial MG concentration, and
k1 decreases with increasing initial MG concentration. For
ZVI treatment, k1 decreased from 0.168 to 0.069 min-1
with initial MG increasing from 50 to 250 mg L-1. For
ZVI/US treatment, k1 decreased from 0.359 to 0.196 min-1
with initial MG increasing from 50 to 250 mg L-1. Zhang
et al. [24] reported that the first-order rate constant of Rhodamine B for ZVI/US treatment decreases monotonically
but non-linearly with the initial dye concentration.

250
-1

Initial MG concentration (mg L )

FIGURE 8 - The effect of initial MG concentration on the first
order rate constant(ZVI treatment: initial pH = 8.0, CZVI = 50 g L-1,
operation time = 5min; ZVI/US treatment: initial pH = 8.0, CZVI =
50 g L -1 , US power intensity = 1.5W ml-1 , operation time = 5min).
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intensity, more gas bubbles were produced in the solution
and they scattered the sound waves to the walls of the vessel or back to the transducer, which decreased the efficiency
of energy transfer to solution due to a greater loss of input
energy as heat [22, 23]. In addition, if the intensity was too
much, bubble clouds would be formed at the surface of the
emitter, resulting in the attenuation of sound waves [33, 35].
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FIGURE 10 - Effect of ultrasonic power intensity on first order rate
constant (initial pH = 8.0, CZVI = 50 g L-1, operation time = 5 min)
Effect of ultrasonic power intensity

It can be seen from Fig. 9 that MG degradation percentage by US/ZVI treatment increased proportionately
with an increase in ultrasonic power intensity, reached a
maximum at 2.0 W ml-1, and then started decreasing upon
further power increase, indicating that the ultrasonic power
intensity of 2.0 W ml-1 would be optimal for MG degradation by ZVI /US treatment. In the present study, when
ultrasonic intensity increased from 0.5 to 2.0W ml-1, MG
degradation percentage increased from 86.89 to 99.78%,
and the rate constant (k1) increased from 0.12 to 0.37 min-1
(Fig. 10). When the intensity increased upto 2.5 W ml-1,
MG degradation percentage and the rate constant decreased
slightly (from 99.78 to 99.19% for MG degradation and
0.37 to 0.36 min-1 for rate constant, respectively). The variation of final pH might provide evidence for this trend. As
the intensity increased from 0.5 to 2.0 W ml-1, final pH increased from 8.17 to 8.51, indicating that more zerovalent
iron was hydrolyzed at higher intensity, below the optimal
value. As the intensity increased further, the final pH
decreased to 8.27, indicating that higher intensity above
2.0 W ml-1 was not favorable for MG degradation by ZVI.
Ondruschka et al. [33] reported that the rate constant for
ultrasonic degradation of MTBE increased linearly up to an
intensity of 5 W cm-2, but increased marginally when the
intensity was above 5 W cm-2 [31]. Similar results were also
reported on sonolytic degradation of potassium iodide [32]
and Rhodamine B [33].

Our study shows that MG could be removed by ZVI,
and a combined use of ZVI and US-enhanced MG degradation. MG degradation by ZVI and ZVI/US treatments
followed the first-order kinetic equation. MG degradation
percentage by ZVI and ZVI/US increased significantly as
the initial pH of solution increased from 2 to 4. For ZVI
treatment, initial pH of the solution had little effect on MG
degradation when the initial pH was above 4. For ZVI/US
treatment, MG degradation percentage still increased significantly when initial pH increased from 4 to 7, but increased slightly with initial pHs from 7 to 10. The firstorder rate constant for MG degradation by ZVI was enhanced by a factor of about 2 under ultrasonic irradiation,
at an initial pH of 2-10.
For both ZVI and ZVI/US treatment, MG degradation
increased with ZVI dosage. It was found that there was a
good linearity between the first-order kinetic rate constants.
MG degradation percentage by ZVI and ZVI/US treatment
and corresponding degradation rates decreased when initial
MG level increased. An increase in ultrasonic power intensity from 0.5 to 2.0 W ml-1 enhanced MG degradation,
whereas a further increase in ultrasonic power intensity
hindered MG degradation.
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An increase in the power intensity resulted in a decrease
of collapse pressure for a single cavity [34], but simultaneously the increased number of cavities generated caused an
increase in the total quantum of pressure energy liberated
during the collapse of cavities. This resulted in a corresponding increase of MG degradation percentage. In addition, an increase in ultrasonic power will increase the mixing intensity due to the turbulence generated by cavitational
bubble collapse, which also contributes to an increase in
MG degradation percentage. However, at higher power
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CAN NET NITROGEN MINERALIZATION BE
ESTIMATED FROM SHORT-TERM RESPIRATION RATES?
Farshid Nourbakhsh*
Department of Soil Science, College of Agriculture, Isfahan University of Technology, Isfahan, 84156-83111, Iran.

ABSTRACT
Estimating N mineralization is important from environmental as well as economic point of view. Chemical and
biological tests have been used for many years in an attempt to predict the N-supplying capacity of soil. The objective of this study was to investigate the association of C
and N mineralization in a calcareous soil. Simple methods
are needed to predict N mineralization as means to guide N
management in agricultural systems dependent on organic
amendments. A short-term C mineralization assay may provide a routine and rapid procedure to attain this goal. A
calcareous soil (Typic Haplocambid) was amended with
14 plant materials and incubated under aerobic condition
(50% water holding capacity) at 25 °C. The potentially
mineralizable C (C0) values ranged from 2432 mg C kg-1
soil with a decomposition rate constant (k) of 0.084 day-1
for corn root- to 5913 mg C kg-1 soil with a k value of
0.026 day-1 for oak leaf-treated soil. The k value for alfalfa
shoot-treated soil (0.114 day-1) was about four times greater
than that of oak leaf-treated soil (0.026 day-1). The product of k and C0 (kC0) was highly correlated (r = 0.89, P<
0.001) with N mineralization/immobilization (Nm/i). Moreover, Nm/i was more strongly correlated (r = 0.92, P<0.001)
with cumulative CO2-C evolved during the first 4 days of
incubation than other incubation periods. Overall, the quantities of Nm/i were closely associated with kC0 and shortterm CO2-C evolution.

KEYWORDS:
C mineralization, N management, first order kinetics, potentially
mineralizable C, residue quality, short-term incubation

INTRODUCTION
There is an urgent need to control nitrogen pollution
of groundwater because of possible health risks to humans
and animals [1]. On the other hand, agricultural wastes have
been widely used as N sources in crop production [2]. The
ability to estimate net N mineralization/ immobilization from
C decomposition has the potential to improve our understanding of N dynamics in soil systems [3]. Accurate pre-

diction of N that is mineralized from soil organic matter
during a growing season would result in more efficient use
of N fertilizers, and decrease the potential for surface and
groundwater contamination [4].
Several soil N mineralization procedures have been
suggested [5, 6], but these procedures generally are not
well-suited for routine soil testing because of lengthy incubations. It has been shown that infrared reflectance spectroscopy and water soluble organic N can be useful for
rapid estimation of potentially mineralizable N in soils
amended with broiler litter [7].
An alternative approach is to use short-term C mineralization as an index of N mineralization. In 1985, Gilmour
et al. [3] firstly showed that CO2 evolution provided a good
estimate of net N mineralization in soils amended with
sewage sludge and some plant materials. In 2001, Haney et
al. [4] developed a rapid procedure for estimating N mineralization in a manured soil. The procedure was based on
the quantity of CO2-C evolved during 24 h under optimal
laboratory conditions following the rewetting of dried soils.
They showed that the CO2 evolved during 24 h was highly
correlated with soil N mineralized from the samples. They
concluded that the one-day flush of CO2 after rewetting
dried soils appeared to adequately represent active soil
microbial biomass and soil organic matter pools that were
involved in N mineralization. But they provided no explanation of the underlying mechanisms for these outcomes.
1981, Castellanous and Pratt [8] demonstrated that C released as CO2 during a 7-days aerobic incubation of 10 soils
amended with manures was a satisfactory index for estimating manure-N availability in a 10-months greenhouse
study [8]. They hypothesized that 2- or 3-days incubation
might provide an equally satisfactory relationship.
It is evident from the above literature that the optimum
incubation time for obtaining the greatest association between CO2-C release and net N mineralization is still unknown. The kinetics of CO2 release has been related to
substrate quality [9, 10]. We hypothesized that the optimum
length of incubation is affected by the quality of substrate
added to soil and, therefore, needs to be evaluated. There
is very little information on the potential of short-term C
mineralization to predict N release, particularly on calcareous soils.
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Therefore, the objectives of this study were to investigate: 1) the impact of plant materials added to soils on
the relationship of CO2 release and net N transformation
in a calcareous soil, and 2) to determine the optimal incubation time for cumulative CO2 evolution best correlating
with net N mineralization/immobilization.
MATERIALS AND METHODS
Soil and plant residue characteristics

Soil samples were collected from 0-15 cm depth, at
Shervedan Research Station (32° 30´ N, 51° 36´E), Isfahan, Iran. The soil (Typic Haplocambid) was clayey (576 g
kg-1 clay and 59 g kg-1 sand) with pH 8.1, and contained
18.01 and 1.96 g kg-1 organic C and total N, respectively.
The soil was calcareous (394 g kg-1 calcium carbonate
equivalent), non saline (ECe = 0.97 dS m-1) and non-sodic
(SAR = 1.42). It was passed through a 2-mm sieve, airdried for 72 h at 22 °C, and kept in sealed containers at 4 °C
before incubation experiment. Water holding capacity was
determined according to the procedure described by
Forster [11].
Wheat (Triticum aestivum L.), barley (Hordeum vulgare L.) and corn (Zea mays L.) roots and shoots were sampled one week prior to harvest. Alfalfa (Medicago sativa
L.) and clover (Trifolium repens L.) roots and shoots were
sampled before flowering, and the four tree leaves including oak (Quercus brantii Lindl), apple (Malus pumila L.),
plane (Platanus orientalis L.) and oleaster (Elaeagnus
angustifolia L.) were sampled late in the fall. Plant residues
were washed with running tap water, rinsed three times
with distilled water, then dried at 65° C for 24 h, passed
through a 1-mm sieve, and kept in sealed glass containers
until analysis and/or incubation experiments.
Hemicellulose, cellulose and lignin contents of the plant
materials were measured sequentially in duplicate samples
[12]. Total N of plant residues was determined by Kjeldahl
digestion and distillation [13]. Organic C was determined
using wet digestion procedures [14].
Incubation experiments

The experiment had a completely randomized design
with a single factor of residue amendments (14 residues roots and shoots for wheat, barley, corn alfalfa and clover;
and tree leaves of oak, apple, oleaster and plane). A control treatment (with no residue application) was also run.
The treatments were performed in three replications. All
incubations were done by mixing plant residues with soil,
as described below, and incubating at 50% water holding
capacity and 25 °C. During the incubation, the containers
were weighed every other day and the lost weight was
replaced by addition of distilled water.
To determine C mineralization kinetics, 50 g soil samples were mixed thoroughly with plant residues at a rate of
10 g residue-C kg-1 soil. The soils were kept in sealed glass
jars containing an alkali solution vial (15 ml 1M NaOH)

to trap respired CO2-C. The jars were kept at 25 °C. The
trapping solution was replaced periodically after 1, 2, 3, 4,
5, 6, 7, 9, 11, 13, 15, 18, 21, 29, 37 and 46 days of incubation. The trapped CO2-C was measured by titrating the
aliquot with 0.25M HCl, following precipitation of carbonates by BaCl2 solution [15].
To determine the net N mineralization/ immobilization rates, 100 g soil samples were mixed thoroughly with
plant residues at a rate of 10 g residue-C kg-1 soil. At the
end of an 8-weeks incubation period, soils were shaken with
2M KCl for 1 h and passed through filter paper (Whatman
no. 42). The extracts were kept at -20 °C until analysis. The
NH4+ and NO3- were measured by a steam distillation procedure [16].
A first order kinetics equation was used to calculate
the potentially mineralizable C (C0):
Cm = C0 (1-e-kt)
where, Cm is the organic C mineralized at any specific
time (t), and k is the first-order rate constant. Curve Expert software was used to calculate C0 and k.
The following equation was used to calculate the net
rates of N mineralization /immobilization:
Nm/i = (NH4+ + NO3-)f - (NH4+ + NO3-)i
where, Nm/i is the net rate of N mineralization or immobilization; and (NH4+ + NO3-)f and (NH4+ + NO3-)i are
the final (after 8 weeks of incubation) and initial (before
incubation) concentrations of total inorganic N (mg N kg-1
soil), respectively. Positive and negative values of Nm/i were
considered as net N mineralization and net N immobilization, respectively. Values of CO2-C and inorganic N released from control treatments were subtracted from those
of residue-applied treatments to indicate the C or N mineralized from the residue sources.
RESULTS AND DISCUSSION
The total amount of CO2-C released in 46 days from
untreated soils (controls) was 815 mg C kg-1. Cumulative
CO2-C evolution patterns concerning control, corn root-,
alfalfa shoot- and oak leaf-treated soils are shown representatively in Fig. 1. The results obtained from other
treatments indicated similar patterns. In general, the
amount of CO2-C released from plant residue-treated soil
increased at a decreasing rate. This was seen as rapid
increase during the initial stages of incubation, followed
by a slower, relatively linear release (Fig. 1). In this study,
the decomposition rate of the native soil organic C in the
presence of organic material (priming effect) is assumed to
be the same for each type of organic material. The same
assumption has been made earlier by other researchers
[10, 17].
The total amount of CO2-C evolved from plant residue-treated soils ranged from 2620 mg C kg-1 soil for corn
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C mineralized
(mg CO2-C kg -1)

root- to 4842 mg C kg-1 for alfalfa shoot-treated soils. The
rate of CO2-C evolution was initially very rapid in alfalfa

6000

C
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CR

4000

OL

3000
2000
1000
0

TABLE 1 - Potentially mineralizable C (C0), first order rate
constant (k) and the product kC0 for residue-treated soils.

0
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Incubation time (days)

FIGURE 1 - Cumulative amounts of organic C released as CO2-C
from control (C), alfalfa shoot- (AS), corn root- (CR), and oak leaf(OL) treated soils.

6000
C mineralized
-1
(mg C kg soil)

day-1) was about four times greater than that of oak leaftreated one (0.0257 day-1). It has been suggested that the
product of C0 and k (kC0) is more accurate than either
value separately [19, 20]. The product (kC0) has been a
useful factor to explain and understand the quality of soil
organic matter [21]. Pascual et al. [22] reported that the
product kC0 was sensitive to organic waste quality in an
arid soil amended with organic wastes of varying degrees
of stability. In the present study, kC0 ranged from 143.88
for apple leaves to 554.52 for clover shoots (Table 1).

Y =4451.396 -21X
r = 0.716**

4000

Treatment
Wheat root
Wheat shoots
Barley roots
Barley shoots
Corn roots
Corn shoots
Alfalfa roots
Alfalfa shoots
Clover roots
Clover shoots
Oak leave
Apple leave
Oleaster leave
Plane tree leaves
a

2000
0
0

20

40

60

80

100

C/N
FIGURE 2 - Relationship between cumulative organic C released as
CO2-C during 46 days of incubation from residue-treated soils versus
C/N ratio of the residues.

shoot-treated soils; 40% of the total CO2-C evolved in
46 days of incubation was measured during the first 4 days
(Fig. 1). Similar results were observed for clover shoottreated soils, whereas only 15 and 18% of total released
CO2-C was measured during the first 4 days of incubation
in oak and apple leaf-treated soils, respectively (data not
shown). Carbon to N ratio of the plant materials revealed
a negative correlation with the total CO 2 -C evolved in
46 days of incubation (Fig. 2).
Decomposition model

All results of CO2-C evolution from plant residuetreated soils conformed well to the exponential model described earlier. Similar results have been reported [17, 18].
The first-order rate constants (k) and potentially mineralizable organic C (C0) for plant residue-treated soils are
presented in Table 1. The C0 value for alfalfa shoottreated soils was 4482 mg C kg-1 soil which was lower
than that of oak leaf-treated soils (5913 mg C kg-1 soil).
However, the k value for alfalfa shoot-treated soil (0.1143

C0 (mg C kg-1)
2678 (37.9)a
3143 (24.8)
2766 (10.6)
3236 (59.9)
2432 (3.1)
4084 (24.5)
4220 (86.8)
4482 (94.7)
3135 (8.9)
3415 (32.8)
5913 (39.9)
4872 (52.5)
4260 (13.5)
3515 (8.1)

k (day-1)
0.0767 (0.0003)
0.1540 (0.0006)
0.0713 (0.0003)
0.1317 (0.0003)
0.0843 (0.0022)
0.0664 (0.0024)
0.0757 (0.0015)
0.1143 (0.0028)
0.1633 (0.0038)
0.1623 (0.0019)
0.0257 (0.0023)
0.0303 (0.0038)
0.0533 (0.0012)
0.0303 (0.0038)

kC0
205 (0.9)
484 (4.98)
197 (1.68)
426 (8.47)
205 (5.06)
271 (11.07)
319 (0.62)
512 (11.52)
512 (12.26)
555 (11.72)
150 (3.32)
144 (2.47)
227 (5.96)
155 (0.36)

values in parentheses are standard errors of three replicates.

The association of Nm/i and initial N contents of similar
substrates in a calcareous soil has been recently reported
[23]. We observed that Nm/i did not reveal any significant
relationship with the potentially mineralizable C (C0). However, a highly significant correlation (r = 0.89, P<0.001) was
observed between Nm/i and kC0 (Table 2). The significant
relationship between kC0 and Nm/i generally supports the
earlier results suggesting that N transformation in soil can
be estimated from C mineralization [3, 4]. A high degree of
correlation between Nm/i and kC0 suggests that the fate of
N in the residue-amended soils depends on the quality and
biodegradability of the materials added. The product kC0
was also negatively correlated (r = -0.72, P<0.01) with the
lignin content of the plant residues (Table 2).
TABLE 2 - Pearson linear correlation coefficients
between C/N, cellulose (CE), hemicellulose (HE), or
lignin (LG) content of plant residues and Nm/i and KC0 values.
KC0
Nm/i
C/N
KC0
1
Nm/i
0.89*** 1
C/N
-0.64*
-0.69** 1
CE
-0.28
-0.48
0.83***
HE
-0.26
-0.41
0.63**
LG
-0.72** -0.54
0.20
* P<0.05; ** P<0.01; *** P<0.001

CE

HE

LG

1
0.82***
-0.09

1
-0.12

1

Estimation of N dynamics from kC0 requires long incubations. There is a need to develop more rapid procedures for Nm/i evaluation. 2001, Haney et al. [4] evaluated a
rapid procedure based on the quantity of CO2-C evolved
during 24 h under optimum laboratory conditions follow-
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-1

N m/i (mg N kg soil)

ing rewetting of dried soil. Their results showed that in soils
previously treated with manure, the amount of CO 2 -C
evolved after one day was highly correlated with soil N
mineralized. The results of the present study corroborate the
previous findings [4]. A highly significant correlation (r =
0.770, P<0.001) was observed between 1-day evolved CO2C and the N mineralized or immobilized during 8 weeks of
incubation (Fig. 3).

No strong correlation (r = 0.560, P<0.05) was observed
between Nm/i and evolved CO2-C after 46 days (Fig. 4).
Correlation coefficient
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FIGURE 4 - Variation of correlation coefficient between Nm/i
and cumulative C mineralization with the incubation periods.
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Overall, the quantities of Nm/i were closely related to
kC0 and short period CO2-C evolution. The degree of correlation between Nm/i and evolved CO2-C from residue-treated
soils was a function of incubation duration.

FIGURE 3 - The relationship between
N mineralization/immobilization during 8 weeks of
incubation (Nm/i) and the CO2-C evolved during 24 hours (C24).
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The flush of microbial activity after rewetting probably reflects the active organic matter pools that are easily
mineralizable because of organic C mineralization [24]. To
obtain better predictions, the duration of incubation seems
to play an important role. It is demonstrated that C release
as CO2 during a 1-week aerobic incubation of 10 manures
was a satisfactory index for estimating manure-N availability in a 10-months greenhouse trial [8]. It was also reported
that in poultry manure-amended soil, CO2-C evolution during the first 7 days of incubation was closely related to N
mineralization but not longer incubations [25]. We observed
that the correlation coefficient between Nm/i and evolved
CO2-C increased as duration of incubation increased from 1
to 4 days, then remained relatively constant for 5 to 15 days,
and eventually decreased for longer incubations (Fig. 4).
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RESPONSE OF ANTIOXIDANT
PARAMETERS TO 3,3’-DIMETHYL-BENZIDINE
IN GOLDFISH (CARASSIUS AURATUS) LIVER
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ABSTRACT

INTRODUCTION

Adaptive responses of the livers of goldfish
(Carassius auratus) exposed to five concentrations of
3,3’-di-methyl-benzidine (DMBz) (0.9-9.0 mg/L) for 3, 7
or 14-days (d) relative to unexposed goldfish were investigated. A suite of antioxidant parameters including
glutathione (GSH) concentration and activities of superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx) and glutathione-s-transferase (GST) were
evaluated. DMBz caused measurable oxidative parameters
changed in goldfish liver with the following adaptive
responses: (1) activities of SOD were significantly less in
livers of goldfish exposed to 0.9 mg DMBz/L, but significantly greater when exposed to 4.5, 9.0 mg DMBz/L; (2)
activities of GST and GSH were well-correlated with
DMBz exposure concentrations; (3) SOD was the primary
antioxidant while CAT and GPx activities were not related to concentrations of DMBz, to which the fish were
exposed. DMBz caused oxidative parameters changed in
livers of goldfish, possibly due to the presence of redoxactive metabolites. The concentration of GSH and activities of SOD and GST responded to the effects of DMBz
and can be useful functional measures of exposure of goldfish to compounds, such as DMBz, that cause oxidative
stress.

KEYWORDS: 3,3’-dimethyl-benzidine, goldfish Carassius auratus,
superoxide dismutase, catalase, glutathione peroxidase, glutathione-s-transferase.

Aromatic amines are important antioxidants and intermediates in the synthesis of dyes, pesticides, and plastics
and, thus, can enter the environment by a number of pathways, such as emission during production of dyes or the
manufacture of products, by leaching from consumer products, or following disposal. Aromatic amines have been
measured in biotic and abiotic environmental matrices [1,
2]. Given their ubiquity of use and occurrence in the aquatic
environment as well as their physical and chemical properties, aquatic organisms are likely to be exposed to aromatic amines. A number of azo-type colorants based on
3,3’-dimethylbenzidine (DMBz), have been synthesized in
large quantities [4]. There is also evidence that DMBz
is carcinogenic to laboratory animals [5, 6]. The metabolic conversions of bisazobiphenyl dyes, derived from
DMBz, are also carcinogenic to mammals, such as the
dog and rat [7]. According to current EU regulations, azodyes based on DMBz have been classified as carcinogens
of a type that “should be regarded as if they are carcinogenic to man”. Several epidemiological studies have
demonstrated that use of DMBz-based dyes has caused
bladder cancer in humans [8]. Several textile dyeing and
finishing manufactories still produce DMBz and azo-dyes
in China [8], and relatively large quantities of these
compounds are discharged into receiving waters and
DMBz is frequently detected in surface waters and industrial effluents [1, 2]. Therefore, there is concern about the
potential for deleterious effects of DMBz on estuarine and
coastal eco-systems, while there were few reports of
DMBz on the responses to aquatic animals. It was
deemed prudent to study the effects of continual dynamic
exposure to DMBz on a model fish. The fish liver is an
important detoxification organ, and, thus, was selected
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on the basis of functional criteria, which made it a preferential target, xenobiotic metabolism.
To minimize cellular damage upon exposure to pollutants, adaptive responses occur in the liver by metabolizing compounds to reduce their toxicity or facilitate depuration. In aerobic organisms, these processes, catalyzed by
cytochrome P450 mixed function mono-oxygenases, can
produce activated intermediary products as well as superoxide anion radical (O2•−), hydrogen peroxide (H2O2) and
hydroxyl radical (HO•) as byproducts of oxidative metabolism. These intermediate products can result in damage to
cells, a process that is referred to as oxidative stress. In
particular, HO• can initiate lipid peroxidation in tissues [9]
and, especially, damage membranes.
Cells are protected from damage due to oxidative
stress by adaptive responses that minimize exposure to
these activated, reactive intermediaries and byproducts by
antioxidant enzymes, such as superoxide dismutase (SOD),
catalase (CAT), and glutathione peroxidase (GPx) [10].
Under normal conditions, these antioxidant enzymes maintain relatively small concentrations of the byproducts of
oxidative metabolism and minimize their damage to cells.
Glutathione-s-transferases (GST) are a family of multifunctional enzymes that combine glutathione with activated
intermediates of xenobiotics to facilitate excretion [11].
Other molecular scavengers, such as glutathione (GSH),
ascorbate, vitamin E, β-carotene and various proteins located in the cytosol and membranes, or present in the extra
cellular fluid, can also react with activated intermediates
to facilitate excretion and reduce their damage to cells [1214]. Reactive electrophilic components can be removed
before they covalently bind to tissue nucleophilic compounds
which would lead to toxic effects.
In the present study, the goldfish, which is widespread
and common in freshwaters and often used as a model laboratory organism [15, 16], was used to evaluate the toxicity
of DMBz, with particular attention to hepatic antioxidant
modulation. This study investigated responses of goldfish
hepatic antioxidant parameters changed with DMBz exposure, including the phase II enzyme (GST), ROS scavenger (GSH) and antioxidant enzymes (SOD, CAT, GPx).
Goldfish were exposed to 5 concentrations of DMBz for
3, 7 and 14 d.
MATERIALS AND METHODS
Chemicals

The GSH assay kit was obtained from the Nanjing
Jiancheng Bioengineering Institute Company (Nanjing, China). Other standard enzyme chemicals were obtained from Sigma Chemical Company. DMBz (analytical
grade) was purchased from the Beijing Chemical Company (Beijing, China). Stock solutions of 10 g/L DMBz
were prepared in acetone and maintained at 4 °C.

Goldfish (Carassius auratus) with mean body-length
and weight 12±2 cm and 25±2 g, respectively, were purchased from Heilongtan Fish Ponds (Nanjing, China). Fish
were acclimated for 10 d to aerated, dechlorinated water
prior to DMBz exposure. There were no mortalities in the
unexposed fish during acclimation or during exposures.
Fish were fed commercial fish food (0.1g dry pellets) per
fish daily in the morning during acclimation and exposures.
After acclimation, fish were divided into six groups of
six fish each (n=6). Since the 96-h LC50 was approximately
18 mg DMBz/L [17], fish were exposed to 9.0, 4.5, 3.0,
1.8, or 0.9 mg DMBz/L for 3, 7, or 14 d, respectively. The
water was always aerated and renewed every 24 h by adding DMBz test solution. The study stock solutions were
prepared by dissolving DMBz in less than 0.01% of acetone to avoid co-solvent effects. One blank was set as control, which was maintained in tap water. During the experiment, water pH was 7.3±0.3 and water temperature was
22±1 °C, on a 14:10 light: dark photoperiod, with hardness
of 100 mg/L as CaCO3.
At the end of the exposure, fish were weighed, dissected
and their livers were separated after rinsing in physiological
salt water (0.9% NaCl). Approximately 0.30 g of liver was
homogenized after adding 3.0 ml of 10 mmol/L Tris-HCl
(pH 7.5) containing 0.25 mol/L sucrose, 0.1 mmol/L EDTA
using a glass-teflon homogenizer for detection of enzyme
activities. Approximately 0.10 g of liver was homogenized after adding1.0 ml of 1.0 mmol/L EDTA and 10 µl
HClO4 for measurement of GSH (reduced glutathione).
The extracts were centrifuged at 1×104 rpm for 10 min at
4 °C, and then preserved at -85 °C until analysis.
Enzyme, glutathione and protein assays

SOD activity was determined using a modification of
the method of Maklund and Marklund [18], which is based
on inhibition of the auto-oxidation of pyrogallol. Samples
were assayed in a solution of 8.7 ml of 50 mmol/L phosphate buffers, and 0.3 ml of 3 mmol/L pyrogallol (dissolved in 10 mmol/L HCl). The media final pH value was
8.24. The rate of pyrogallol auto-oxidation was measured
with a UV-2450 spectrophotometer (Shimadzu, Japan) at
325 nm. One unit of enzyme activity was defined as the
amount of enzyme which gave 50% maximal inhibition of
the auto-oxidation rate of 0.1 mmol/L pyrogallol in 1 ml
of solution at 25 °C.
CAT activity was determined by use of the method of
Xu et al. [19], which is based on ultraviolet spectrophotometry. 10 µl of sample was added to 3.0 ml of H2O2
phosphate buffer, pH 7.0 (0.16 ml of 30% H2O2 to 100 ml
of 0.067 mol phosphate buffer), and the change in H2O2
absorbance within 60 s was measured at 250 nm with an
UV-2450 spectrophotometer (Shimadzu, Japan). One unit
of enzyme activity was defined as the amount of the enzyme that decreased 1 µmol H2O2 per min.

Fish collection and treatment
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GPx activity was measured with a modification of the
methods of Hafeman et al. [20]. The reaction mixture contained GSH, NaN3-PBS, H2O2, TCA (trichloroacetic acid),
Na2HPO4 and DTNB (5,5'-dithiobis (2-nitrobenzoic acid)).
The rate of reaction was measured by the decrease in GSH,
which was determined by measuring the reaction products
of DTNB and GSH (absorbance of the ions at 423 nm).
One unit of enzyme activity was defined as a decrease
of 1 µmol/L of GSH concentration at 37 °C and pH 6.5,
while non-enzymatic reactions were excluded.
GST activity was measured by use of the methods of
Habig et al. [21] with 1-chloro-2,4-dinitrobenzene (CDNB)
as substrate. Assays were performed in a reaction mixture
containing 1.05 ml of 100 mmol/L Tris buffer (pH 7.4),
50 µl CDNB (1 mmol/L), 50 µl GSH (1 mmol/L) and 50 µl
tissue homogenate. Before use, the GSH required for the
assay was dissolved in Tris buffer, and CDNB was dissolved in ethanol. In all cases, final concentration of ethanol in the assay mixture did not exceed 5% (v/v). Blanks
had the same conditions replacing the sample with Tris
buffer. Enzyme activity was determined by monitoring
changes in absorbance at 340 nm, which related to the
rate of CDNB conjugation with GSH (E340CDNB-GSH
conjugation = 9.6 mmol-1cm-1) for 2 min at constant temperature. The GST activity is expressed as µmol/min/mg
protein.
GSH levels were measured by the method of Hissin
and Hilf [22]. To 0.5 ml of the original tissue supernatant,
4.5 ml of the phosphate-EDTA buffer, pH 8.0, was added.
The final assay mixture (2.0 ml) contained 100 µl of the
diluted tissue supernatant, 1.8 ml of phosphate-EDTA
buffer, and 100 µl of the OPT (O-phthalaldehyde) solution,
containing 100 µg OPT. After thorough mixing and incubation at room temperature for 15 min, the solution was transferred to a quartz cuvette. Fluorescence at 420 nm was
determined with the activation at 350 nm. GSH concentration was estimated from a standard curve and reported as
µmol GSH/mg protein.

RESULTS
Exposure to DMBz for 14 d resulted in differential
responses among antioxidant parameters. SOD activity
({SOD}) was inhibited by exposure to 0.9 or 1.8 mg
DMBz/L, especially after 7 d (Fig. 1). There was no difference between the {SOD} in livers of goldfish exposed to
3.0 mg/L and controls, while exposure to the three highest
concentrations of DMBz resulted in higher {SOD} relative
to that of the livers of unexposed controls. SOD activity was
365% that of controls in fish exposed to 9.0 mg DMBz/L
for 14 d.

SOD activity
(µmol/min/mg protein)A
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DMBz level (mg/L)

4.5

9.0

FIGURE 1 - Effects of DMBz on SOD activity in livers of Carassius
auratus. Each value represents the mean ± SD (n = 6). (*) Significantly
different from control, p < 0.05. (**) Highly significantly different
from control, p < 0.01.

Relative to the control group, CAT activity ({CAT})
was greater following exposure to DMBz for 3 d, especially in those exposed to 1.8 mg DMBz/L for which CAT
activity was 319% higher than that of controls (Fig. 2).
However, there was not a monatonic relationship between
{CAT} and concentration of DMBz. When exposed for
longer periods (7 d and 14 d), the relationship between
{CAT} and exposure to DMBz was opposite to that of the
shorter duration of exposure.

CAT activity
(µmol/min/mg protein)a

Protein in the samples was determined by the method
of Gomall et al. [23], and comparison to bovine serum albumin as a standard. This method is based on dye-binding,
using concentrated Coomassie Brilliant Blue (G-250), in
which a red colored dye is bound to the protein producing
a blue colored product which can be quantified by measuring absorbance at 595 nm.
Statistical analyses

Values are reported as means ± SD and analyzed using the SPSS for Win 12.5 computer program. Analysis of
variance (ANOVA) was used to determine differences
among treatments. If the overall ANOVA indicated the
presence of statistically different treatment effects, Dunnett’s t test was used to determine which groups were
significantly different from the control.
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*
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FIGURE 2 - Effects of DMBz on CAT activity in livers of Carassius
auratus. Each value represents the mean ± SD (n = 6). (*) Significantly different from control, p < 0.05. (**) Highly significantly
different from control, p < 0.01.

GPx activity ({GPx}) was greater in exposed goldfish,
relative to that of controls, and the response was similar
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GPx activity
(nmol/min/mg protein)
A

between 3 d and 7 d of exposure (Fig. 3). After 14-d exposure, the change of {GPx} was not statistically significant
in livers of fish exposed to the lesser concentrations (0.9,
1.8 mg DMBz/L) but significantly higher in livers of fish
exposed to the greater DMBz concentrations.
3d

1800
1600

**

1400
1200
1000
800

*

* *

*

7d
14 d

**

Exposure to all concentrations of DMBz resulted in
higher levels of the free radical scavenger, glutathione
(GSH) in the liver of goldfish (Fig. 5). Exposure to DMBz
for 3 d and 7 d resulted in significant positive correlations
between concentrations of GSH and DMBz after 3 d (r2 =
0.9628) (Equation 2) and 7 d (r2 = 0.9454) (Equation 3),
but there was no statistically significant correlation after
14 d of exposure (p = 0.05).

600
400

[GSH] = 0.0349 [DMBz] + 0.0373

(2)

[GSH] = 0.0051 [DMBz] + 0.037

(3)

200
0
0.9
1.8
3.0
DMBz level (mg/L)

4.5

9.0

GSH content
(µmol/mg protein)a

0.0

FIGURE 3 - Effects of DMBz on GPx activity in the livers of
Carassius auratus. Each value represents the mean ± SD (n = 6). (*)
Significantly different from control, p < 0.05. (**) Highly significantly different from control, p < 0.01.

GST activity ({GST}) was directly proportional to
DMBz concentrations after exposure for 3, 7, or 14 d
(Fig. 4), a trend which was demonstrated by the degree of
correlation observed between {GST} and DMBz concentrations. {GST} in livers of goldfish exposed to 0.9 mg
DMBz/L was significantly greater than that of the control.
{GST} was significantly higher (p< 0.05) in livers of fish
exposed to all concentrations of DMBz. {GST} was 545 %
that of control, when goldfish were exposed to 9.0 mg
DMBz/L for 3 d. There was no statistically significant relationship between {GST} after 3 d, but after 7 d exposure,
{GST} were correlated (r2 = 0.9590) with and could be predicted from DMBz concentration (Equation 1). GST activities were activated after 7 d, and then were depressed gradually after 14 d. {GST} was 1344% and 1165% greater than
that of the control when goldfish were exposed to 9.0 mg
DMBz/L for 7 or 14 d, respectively.
{GST}= 189.93 [DMBz] + 492.67
3d

2500

GST activity
(µmol/min/mg protein)a

(1)
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2000
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FIGURE 4 - Effects of DMBz on GST activity in livers of
Carassius auratus. Each value represents the mean ± SD (n = 6).
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FIGURE 5 - Effects of DMBz on GSH level in the livers of
Carassius auratus. Each value represents the mean ± SD (n = 6).

DISCUSSION
The three major antioxidant defense enzymes are inducible enzymes. They can be induced by even slight
oxidative stress due to compensatory responses. However,
a severe oxidative stress suppresses the activities of these
enzymes due to oxidative damage and a loss in compensatory mechanisms [24]. The possibility that change in antioxidant enzymes could be due to the presence of xenobiotics in organisms has been considered. The increased
activities of SOD, CAT, GPx, and GST are known to serve
as protective response to eliminate reactive free radicals.
Reduction of superoxide radicals by SOD and of H2O2
and ROOH by CAT and GPx, respectively, prevent the
formation of radical intermediates by oxygen reduction
mechanisms. GSH is involved in scavenging free radicals,
and, thereby, blocking the propagation of lipid peroxidation [25]. At first, SOD converts superoxide anion to hydrogen peroxide in a cellular antioxidant reaction. The same
trends of SOD activity of DMBz at different time were
noticed as an initial decrease (0.9 mg DMBz/L), followed
by an increase in exposure concentration. Studies carried
out with primary cell cultures of mussel digestive gland
and specific inhibitors of SOD, CAT, and GPx indicate a
central role for SOD in protecting cells from oxidative
stress [26]. A concentration of 0.9 mg DMBz/L can be suggested as the threshold value for response of goldfish, but
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at higher concentrations of DMBz (3.0 mg/L), SOD activity returned to normal. This pattern indicates that formation
of an adaptable equilibrium for SOD. Increases in SOD
activity were a probable early adaptation response to oxidative stress, and may be a potential biomarker of fish to
DMBz exposure.
CAT is mainly located in the peroxisomes and responsible for the reduction of hydrogen peroxide produced from the metabolism of long-chain fatty acids; while
GPx catalyzes the reduction of both hydrogen peroxide
and lipid peroxides, and is considered to be an efficient
protective enzyme against lipid peroxidation [27]. In previous studies, CAT was found to be induced in response to
exposure to PAH- or PCB-contaminated sediments in fish
[28, 29] and in marine mussels [30]. Parallel induction of
glutathione peroxidase was also observed in those studies.
But in another study [31], a decrease in CAT activity was
observed in carp (Cyprinus carpio L.) and catfish (Ictalurus nebulosus) exposed to the organophosphate insecticide
dichlorvos, which is known to induce oxidative damage.
In the study on which we report here, CAT activity
was significantly greater in livers of goldfish exposed to
0.9 mg DMBz/L after 3 d, which demonstrated that a relatively small concentration of DMBz can induce CAT in a
relatively short period of time. The fact that exposure to
the three higher levels of DMBz suggests the accumulation
of H2O2, but not enough to poison CAT activity. CAT is a
prospective biomarker of exposure of fish to DMBz. Wu
et al. [32] studied 922 papers in the biomarker literature,
and then analyzed that many stress responses may decline
with time after induction (i.e. adaptation), even if the level
of stress remains constant, i.e. although significant induction of CAT activity was observed after 3-days exposure,
but depression was also found after 7 days.
GPx independently detoxifies produced hydrogen peroxide [33]. GPx removes hydrogen peroxide and lipid hydro-peroxides in mammals, and its role has recently been
investigated in different types of aquatic animals [26]. The
reason that there was no significant relationship between
GPx activity and exposure to DMBz is unknown. However,
antioxidant activity is not always directly proportional to
the concentration of xenobiotics to which organisms are
exposed. For instance, Doyotte et al. [34] pointed out that
a decreased enzyme activity’s response may accompany a
first exposure to pollutants, which can be followed by an
induction of antioxidant systems. Thus, the existence of an
inducible antioxidant system may reflect an adaptation of
organisms. Abcisic acid and gibberellic acid can cause increased lipid peroxidation and fluctuated antioxidant defense systems of various tissues in rats [35]. In the text,
authors said another possibility is that the chemical may
lead to the inhibition or stimulation of the enzymes` synthesis in rats’ tissues by effects of mRNA transcription
mechanisms [36]. Nevertheless, the physiological roles of
these antioxidant enzymes in the cell are poorly understood because of complex interactions and interrelationships among individual components [35].

Since activities of SOD, CAT, and GPx were all increased by exposure to DMBz, oxy-radials are removed by
these antioxidant enzymes. It is known that activities of
these enzymes in mammals and other aquatic organisms
may be increased by conditions of enhanced oxy-radical
generation [27, 36]. Glutathione-s-transferase (GST) is one
of these enzymes [37]. GST has been reported as a bio-indicator for assessing the environmental impact of organic
xenobiotics that generate oxidative stress [38]. GST is a
group of multifunctional enzymes involved in biotransformation and detoxification of xenobiotics. GST catalyze the
conjugation of various electrophilic compounds with the tripeptide glutathione, the resulting conjugates being watersoluble and, thus, more easily excretive. In addition, GST
serves to reduce the likelihood of electrophilic compounds
covalently binding to important cellular macromolecules,
such as DNA.
In this study, among the measured antioxidant parameters, {GST} exhibited the greatest coefficient of determination with DMBz concentrations, regardless of duration of
exposure (r2 = 0.9590). Since GST is involved in xenobiotic
detoxification and excretion of xenobiotics and their metabolites, its increased activity in liver may indicate development of a defensive mechanism to benzidine congeners.
Increasing in GST activity was concomitant to increasing
in glutathione content in liver. A remarkable sensitivity of
GST to a large variety of pollution conditions, either organic or inorganic, was identified by several authors [39].
However, these enzymes exhibit high sensitivity, but low
specificity as noted by McLoughlin et al. [37]. In depth
investigation has been dictated of GST for its importance in
cancer susceptibility and prevention [40].
GSH, as an oxy-radical scavenger, is important in antioxidant defense. GSH also acts as a reactant in conjugation with electrophilic substances. Thus, a change in GSH
levels may be a very important indicator of the detoxification ability of an organism. GSH concentrations have rarely
been studied in aquatic invertebrates exposed to trace organic compounds, although a few authors have studied the
effects of heavy metals on GSH levels [41]. Ibrahim Orun
et al. [42] studied effects of various sodium selenite concentrations on Se-GSH-Px of rainbow trout (Oncorhynchus
mykiss), and they found that Se-GSH-Px activity generally
increased in all groups for brain, heart and spleen tissues
with respect to control group, but the only statistically significant difference (p<0.05) was found in liver tissues of
trouts exposed to 4 and 6 ppm sodium selenite (SS). Similarly, the treatment of the channel catfish (Ictalurus punctatus) and brown bullhead (Ameriurus nebulosus) with a
redox active quinone, likemenadione, led to significantly
higher constitutive levels of hepatic GSH [43]. The fact
that concentrations of GSH were directly proportional to
the concentration of DMBz to which fish were exposed
(r2 = 0.9454, 0.9628) may be due to the scavenging ability
of GSH, which offers a first step protection against oxyradicals. GSH can react with hydrogen peroxide (H2O2) and
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organic hydro-peroxides (ROOH) to transform them into
H2O and ROH, respectively.
CONCLUSIONS
The antioxidant parameters were measured, including
SOD, CAT, GPx, GST activities and concentration of GSH
all responded to DMBz exposure, which indicates that
DMBz causes oxidative stress and that these parameters
can be used as functional measures of hepatic antioxidant
homeostasis of fish. SOD activity was the most responsive
parameter while CAT and GPx activities exhibited poor
responses to exposure levels. The possible mechanism of
toxic action of DMBz to goldfish can be explained as an
oxidative stress mechanism. As DMBz is transformed in
the liver, oxidation and reduction reactions take place such
that activated transformation products and reactive oxygen
is generated, which can result in damage to the membranes
of cells and organelles in the liver. In addition, GST, SOD
activity and GSH level were sensitive to DMBz contamination and, thus, can be likely used in the early assessment of DMBz–dominant polluted aquatic ecosystems. In
the future, tests including the chronic toxicity test, the longterm toxicity test in low dose exposure, and molecular
toxicological tests will be used to assess the toxicology
of DMBz more accurately.
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ABSTRACT
Experiments were designed to evaluate the usefulness
of Rhizobium sp. obtained from clover root nodules in the
soil where fungicides, antibiotics and NaCl concentrations
presence. The effect of fungicides, antibiotics and NaCl
concentrations were variable depending on Rhizobium sp.
strains tested. Rhizobium CY8, CY11 and CY12 strains had
the best performance of growth in all tested conditions.
Agarose gel electrophoresis using the Miniprep method for
plasmid isolation revealed that tested strains harboured
plasmids of molecular weight 125 bp - 2027 bp.

Rhizobium strains differ widely in their resistance to
antibiotics [8] and salinity [9]. Resistance to NaCI normally ranges between 0.1 M to 0.65 M [9]. For a Rhizobium strain isolated from a salt affected soil it ranges between
0.1 M and 0.34 M [3]. Bostford [10] and El Sheik and
Wood [11] indicate that harmful effects of salt on rhizobial growth are due to specific ion effects rather than osmotic effects.
Reports of Wang et al. [12] and Hungria et al. [13],
suggest that antibiotic resistance of Rhizobium strains in
soil normally remained relatively stable.
The objective of this study was to investigate the effects of fungicides, antibiotics and salt on growth of Rhizobium strains.

KEYWORDS:
Rhizobium, strains, fungicide, antibiotics, NaCl concentration.

MATERIALS AND METHODS

INTRODUCTION
The application of fungicides into soil to control plant
diseases has become a common practice in crop production in many parts of the world. Fungicides, such as benomyl and captan, are considered to be nonselective and
are commonly used to control a broad spectrum of plant
diseases; hence they have the potential to cause critical
changes in soil microbial populations. Some authors reported that the application of a fungicide may cause lasting changes in nitrogen transformations and availability in
soils [1, 2]. Such inhibitors are particularly serious when
applied to seeds of legumes because the consequent suppression of Rhizobium species results in nodulation failures or reductions in the quantities of N2 fixed by the legume - Rhizobium symbiosis [3, 4].
When rhizobia are inoculated onto chemically treated
seeds of a legume crop their survival and capacity to induce
symbiosis can be markedly reduced due to possible toxic
effects of pesticides and fungicides on these bacteria [5, 6].
These problems could be largely avoided by using liquid
or solid granular inoculants sprayed or drilled directly into
soil during planting [7].

Rhizobium spp. strains used in this study were obtained from the collections of the Anadolu University, Faculty of Science Eskişehir, Turkey. These were isolated from
plants in blooming stage from the clover cultivated area
according to Vincent [14] and coded as CY1 to CY18.
Four fungicides commonly used on crops were tested to
determine whether any would inhibit recolonization of
Rhizobium strains. Test fungicides were: Benomyl [methyl
1-(butylcarbamoyl)-2-benzim-idazole carbamote] (50 µg
ml-1), Captan (45 µg ml-1), Mancozeb (75 µg ml-1), Thiraflo (thiram) (75 µg ml-1) and PCNB (50 µg ml-1). Doses
of formulations were followed by recommendations given
by the manufacturers. Concentrations of these fungicides
were added in liquid medium (Yeast extract broth) and
were inoculated [15] with 100 µl of the test culture (exponentially grown) and incubated at 30 oC for 72 h. Tolerance of the strains to fungicides was studied by the method
described by Odeyemi and Alexander [16] and Kale et
al. [17]. A control experiment was also run simultaneously.
Serial dilutions of cultures were prepared and obtained on
Yeast Extract Mannitol Agar Medium (YEMA) (0.2 g,
MgSO47H2O; 0.5 g, KH2PO4; 0.1 g, NaCI; 10 g, mannitol;
0.5 g, yeast extract; 15 g, agar; 1000 ml distilled water).
Resistance of the Rhizobium strains against different
antibiotics was carried out on YEMA plates. The four
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antibiotics used for the test were chloramphenicol (5 and
15 µg ml-1), streptomycin sulphate (2.5 and 10 µg ml-1),
rifampicin (1 and 3 µg ml-1) and erytromycin (5 and 15 µg
ml-1). Tolerance of the strains to antibiotics was studied
by the method described by Josey et al. [18]. The working
solutions of antibiotics were prepared in sterile distilled
water and were filter sterilized. The filter paper discs were
sterilized and dried in an oven at 70 oC and the discs were
placed in sterile petri plate, dipped in each concentration
and dried at 70 oC for 1 hour. 1 ml (10 8 cell ml-1) of each
strain culture grown in yeast extract broth was spread on
YEMA plate using sterile swab. The discs impregnated
with antibiotics were placed on inoculated plates and
incubated at 30 oC. The results were recorded after 5 days
of incubation. Clear zones around the antibiotic discs
showed susceptibility of the culture towards antibiotic used.
Resistance of the strains against different concentrations of NaCl was determined on yeast extract broth containing 0, 1, 2, 3 and 4 (w/v) NaCI [13, 19]. The plasmids
were isolated from Rhizobium spp. by the method described by Hynes et al. [20]. The isolated plasmids were
characterized by Agarose Gel Electrophoresis according to
the standard procedure [20]. The plasmid size estimates of
the isolated plasmids were obtained with Standard molecular weight DNA marker (gene ruler 1kb DNA Ladder,
Fermentas Life Sciences, Vilnus).

RESULTS AND DISCUSSION
The results of the analysis of variance and means for
the effect of the fungicides on strains of Rhizobium are
given in Table 1. The strains, fungicides and strains by
fungicides interaction mean squares were significant at 1 %
level. The effect of the fungicides on the strains of Rhizobium was variable, depending on the fungicide and the
strains of Rhizobium (Table 1). Mancozeb and Thiraflo inhibited CY1, CY4, CY12, CY13 and CY14 strains, respectively. All the Rhizobium strains were tolerant to benomyl and PCNB (Table 1). Different authors have reported
both inhibitory effects of certain pesticides and fungicides
on soil bacteria [7,15,16]. There were differences among
the Rhizobium strains in sensitivity towards the fungicides. Mancozeb was 100 % inhibit the strains CY4 and
CY12. Thiraflo was 100 % inhibit the CY1, CY13 and
CY14 strains (Table 1). Most reports demonstrated that the
inhibitory effect of the fungicides increased with increase
in fungicide concentration and suggested a reduction in the
growth rate of bacteria [7,15].
The effects of salt concentrations were variable, depending on the salt concentrations and the strains (Table 2).
As expected, the strains were affected significantly by
treatments (concentrations). Significant differences between
the strains and treatments (concentration) were found for the

TABLE 1 - Effect of fungicides on Rhizobium sp. strains (cfu ml-1)
Strains
CY1
CY2
CY3
CY4
CY5
CY6
CY7
CY8
CY9
CY10
CY11
CY12
CY13
CY14
CY15
CY16
CY17
CY18

Control
280 ± 0.01a
551 ± 0.01
428 ± 0.02
409 ± 0.01
253 ± 0.01
278 ± 0.01
676 ± 0.01
924 ± 0.02
902 ± 0.03
311 ± 0.01
318 ±0.01
415 ± 0.01
189 ± 0.02
152 ± 0.03
811 ± 0.02
211 ± 0.02
177 ± 0.04
165 ± 0.02

Fungicides
Mancozeb
Benomyl
2 ± 0.02
280 ± 0.04
5 ± 0.01
417 ± 0.02
2 ± 0.02
320 ± 0.02
0
405 ± 0.05
10 ± 0.02
186 ± 0.04
3 ± 0.02
127 ± 0.01
5 ± 0.01
509 ± 0.01
4 ± 0.02
867 ± 0.03
2 ± 0.02
490 ± 0.01
3 ± 0.01
173 ± 0.02
2 ± 0.01
215 ± 0.02
0 ±0
91 ± 0.01
5 ± 0.01
89 ± 0.01
5 ± 0.01
49 ± 0.01
6 ± 0.01
310 ± 0.02
10 ± 0.02
140 ± 0.01
3 ± 0.01
92 ± 0.02
2 ± 0.01
84 ± 0.02

Captan
120 ± 0.01
68 ± 0.02
59 ± 0.01
48 ± 0.02
10 ± 0.03
76 ± 0.04
20 ± 0.03
16 ± 0.02
10 ± 0.02
12 ± 0.02
11 ± 0.01
10 ± 0.00
9 ± 0.01
24 ± 0.01
120 ± 0.04
10 ± 0.03
22 ± 0.01
18 ± 0.01

Thiraflo
0
1 ± 0.01
4 ± 0.01
1 ± 0.01
1 ± 0.01
2 ± 0.02
1 ± 0.01
2 ± 0.01
2 ± 0.01
3 ± 0.01
1 ± 0.01
1 ± 0.01
0
0
10 ± 0.01
4 ± 0.01
1 ± 0.01
1 ± 0.01

ANOVA
Replication
Fungicide
Strains
Strains x Fungicide
Error
a
Standard deviation
**
Significant at the 0.01 probability level

df
1
5
16
80
101

Mean Square
22.0
1018301**
95759.2**
29263.7**
10.6
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PCNB
164 ± 0.03
210 ± 0.04
256 ± 0.04
146 ± 0.04
218 ± 0.02
198 ± 0.02
128 ± 0.02
478 ± 0.02
357 ± 0.03
212 ± 0.02
145 ± 0.05
91 ± 0.01
116 ± 0.01
74 ± 0.01
162 ± 0.02
82 ± 0.02
81 ± 0.01
72 ± 0.01
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TABLE 2 - Effect of NaCI concentrations on Rhizobium sp. strains (cfu ml-1)
Strains
CY1
CY2
CY3
CY4
CY5
CY6
CY7
CY8
CY9
CY10
CY11
CY12
CY13
CY14
CY15
CY16
CY17
CY18
ANOVA

0
4.92 ± 0.01a
5.15 ± 0.02
6.09 ± 0.01
4.10 ± 0.02
5.09 ± 0.00
3.72 ± 0.03
4.26 ± 0.01
3.98 ± 0.01
4.11 ± 0.01
5.26 ± 0.01
7.11 ± 0.01
5.10 ± 0.01
4.91 ± 0.01
4.74 ± 0.01
3.69 ± 0.01
3.41 ± 0.01
3.49 ± 0.01
3.88 ± 0.02

1
3.16 ± 0.03
4.11 ± 0.02
5.81 ± 0.01
4.00 ± 0.00
4.88 ± 0.02
3.50 ± 0.00
4.19 ± 0.02
3.10 ± 0.02
4.00 ± 0.00
5.14 ± 0.03
6.81 ± 0.01
4.11 ± 0.01
3.19 ± 0.01
2.88 ± 0.02
2.11 ± 0.01
2.51 ± 0.01
2.44 ± 0.02
2.87 ± 0.04

NaCI concentrations % (w/v)
2
1.90 ± 0.1
2.10 ± 0.01
4.01 ± 0.06
3.09 ± 0.01
2.75 ± 0.00
3.00 ± 0.00
2.11 ± 0.01
2.96 ± 0.04
3.16 ± 0.01
4.07 ± 0.01
6.09 ± 0.03
3.73 ± 0.02
2.16 ± 0.01
1.88 ± 0.02
1.20 ± 0.01
1.91 ± 0.01
1.75 ± 0.00
2.09 ± 0.01

3
0.60 ± 0.1
0.70 ± 0.1
0.75 ± 0.00
1.10 ± 0.01
1.90 ± 0.00
1.75 ± 0.01
1.10 ± 0.02
2.92 ± 0.01
0.94 ± 0.01
2.13 ± 0.02
3.11 ± 0.01
3.16 ± 0.01
0.84 ± 0.02
0.91 ± 0.02
0.72 ± 0.04
0.94 ± 0.01
0.53 ± 0.02
1.87 ± 0.02

df
1
4
1
3
17
68
89

Replication
Treatments (Concentration)
Control and others
Others
Strains
Strains x Treatment (Concentration)
Error
a
Standard deviation
**
Significant at the 0.01 probability level

4
0.27± 0.02
0.29 ± 0.02
0.19 ± 0.01
0.10 ± 0.01
0.21 ± 0.01
0.16 ± 0.01
1.04 ± 0.01
1.19 ± 0.01
0.21 ± 0.02
1.18 ± 0.01
2.10 ± 0.05
1.93 ± 0.01
0.11 ± 0.01
0.21 ± 0.01
0.36 ± 0.01
0.27 ± 0.02
0.17 ± 0.00
1.26 ± 0.01

Mean Square
0.0003
101.2**
180.2**
74.9**
7.09**
0.68**
0.001

TABLE 3 - Resistance of Rhizobium sp. strains to tested antibiotics
Strains
CY1
CY2
CY3
CY4
CY5
CY6
CY7
CY8
CY9
CY10
CY11
CY12
CY13
CY14
CY15
CY16
CY17
CY18

Chloramphenicol
5µg
15 µg
20
10
25
21
28
16
15
11
29
27
15
11
13
11
14
10
21
20
30
29
29
25
21
20
26
22
24
13
23
21
4
1
23
22
21
11

Diameter of inhibition zone (mm)
Streptomycin
Rifampicin
2.5 µg
10 µg
1 µg
3 µg
22
20
31
21
25
22
18
17
26
23
17
15
26
24
16
15
25
21
17
16
31
21
18
16
34
15
17
15
25
20
28
25
21
15
23
20
20
19
20
13
27
20
16
15
25
20
26
26
21
18
16
16
28
21
15
12
20
19
21
20
31
20
18
18
24
14
21
16
26
19
20
14

effects of salt tolerance at 1 % level. According to Zou et
al. [9] the maximal inhibition of NaCI on Rhizobium bacteria occurred between 200 mM and 400 mM. Although salinity is usually not a problem in Eskişehir (Turkey) soils,
NaCl concentration of 3 (w/v) were tolerated by the Rhizobium strains CY4, CY5, CY6, CY8, CY7, CY10, CY11,
CY12, CY18, (Table 2). The growth inactivated by 4%
NaCI concentration of some strains was shown in Table 2.
The growth of some strains inactivated by increased NaCI

Erytromycin
5 µg
15 µg
13
13
20
20
18
16
31
20
16
14
20
11
27
24
25
19
24
21
25
21
22
10
20
13
24
21
16
13
21
15
15
13
22
17
21
21

concentration may be consistent with the life cycle characteristics of the strains. CY1, CY14, CY15, CY16 and CY17
strains showed confluent growth at concentration of 1 and
2 % NaCI as also observed by Hungria et al. [13]. This
confirms the report by Elsheikh and Wood [11] and Rodriguez-Navarro et al. [21] and the report of Bostford [10]
for Rhizobium bacteria, suppressed by the addition of
higher NaCl concentration.
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The antibiotic resistance of the strains was high against
chloramphenicol, streptomycin sulphate, rifampicin and
erytromycin (Table 3). Rodriguez-Novarro et al. [21] also
found that Rhizobium phaseoli strains were resistant to
chloramphenicol, erytromycin and streptomycin. Strains
having resistance against antibiotics, fungicides and NaCI
concentrations may have a better competitiveness under
natural soil conditions; however more field studies should
be carried out to confirm this finding. Hungria et al. [13]
found that the resistance of rhizobial strains to antibiotics
(Streptomycin and Rifampicin) significantly diminished
the nitrogenase activity of the associations [13].
Plasmid profiles of the analysed strains were consistent and reproducible. In most strains, one or two plasmids were detected (Table 4). These results suggest the
existence of genetic differences among strains. Plasmids
with a molecular weight ranging from approximately 125
bp to 2027 bp were detected (Table 4). It is possible that in
strains where no plasmids were detected, symbiotic genes
are located in a large undetected plasmid or in the chromosome, as found in R.loti and R.meliloti [22, 23].

and in cases where the test populations are not 100 % resistant, the cultures should be pre-exposed to the fungicides to eliminate the sensitive fractions of the populations
before ecological studies are initiated. Generally CY8,
CY11 and CY12 strain had the best optimal performance
of growth in all tested conditions so it is thought that they
are suitable strains for biofertilizer.
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TABLE 4 - Plasmid number and weight of Rhizobium sp. strains .
Strains
CY1
CY2
CY3
CY4
CY5
CY6
CY7
CY8
CY9
CY10
CY11
CY12
CY13
CY14
CY15
CY16
CY17
CY18

Plasmid number
1
1
1
2
1
1
1
2
1
3
1
1
1
1

Plasmid molecular weight (bp)
940
564
125
831/947/1375
1375
947
1584
947/1904
947
564/831/2027
1904
947
1375
1400

Our findings are similar to those reported by Thurman
et al. [24]. They isolated plasmid different weight plasmid
DNA of R.trifolii from white clover. In CY2, CY3, CY4
and CY5 strains no plasmids were detected.
The data of resistance to antibiotics and salt concentrations indicated that this pattern of resistance may be
plasmid mediated because this type of resistance is commonly found in gram negative bacteria [11,25]. In this
study, a clear distiction form was expressed between NaCI,
antibiotics, fungicides and Rhizobium strains. The native
strains used in this study might be different in characterization than other Rhizobium strains, and strains used were
able to grow in the presence of fungicides, antibiotics and
salt concentrations. Fungicide tolerance of these strains
may be important in contaminated agricultural area polluted by fungicides. It should be remembered that not all
of the strains tested were completely resistant to fungicides
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CONCENTRATIONS AND CHARACTERISTICS OF POLYCYCLIC
AROMATIC HYDROCARBONS IN SEAWATER AND SEDIMENT
FROM MIXED-AQUICULTURE PONDS IN TAIZHOU, CHINA
Jiang Jinhua*
Department of Environmental Engineering, Taizhou College, Linhai, Zhejiang 317000, P.R. China

ABSTRACT
The concentrations of 15 polycyclic aromatic hydrocarbons (PAHs) and their corresponding sources were quantified in seawater and sediment from offshore mixed-aquaculture ponds in Taizhou, China. Their accumulation factors
in the sediment were also analyzed. The results revealed that
the total concentrations of the 15 PAHs in seawater and sediment ranged from 99.85±4.66 ng/L to 340.93±20.35 ng/L
and 31.90±1.45 ng/g to 123.61±5.99 ng/g, respectively.
In addition, principal component analysis (PCA) of the
PAHs indicated that diesel vehicles, coal combustion, gasoline vehicles and biological processes under reducing conditions were the principal sources of PAHs in seawater and
sediment of the mixed-aquaculture ponds. Furthermore,
accumulation indices of the 15 PAHs in sediment ranged
between 83.0-1381.0. Finally, benzo(g,h,i)perylene and indeno(1,2,3-cd)pyrene enrichment factors were greater than
1000, while those for naphthalene and acenaphthene were
less than 300.

KEYWORDS: Polycyclic aromatic hydrocarbons (PAHs), concentrations, sources, enrichment factors, mixed-aquaculture ponds.

INTRODUCTION
PAHs are ubiquitous contaminants in environment that
are included in the priority list of pollutants, maintained
by the US EPA and the European Union, due to their toxic,
mutagenic and carcinogenic potentials [1, 2]. The primary
sources of PAHs include forest fires, volcanic activities, fuel
for automobiles and oil spills. However, these compounds
are usually generated by anthropogenic processes, and then
introduced into aquatic environments through various routes
[3]. When combined with sediment in seawater, PAHs are
very difficult to degrade photochemically or via oxidation
by microorganisms. Therefore, they eventually accumulate
in sediments [4]. PAHs can be metabolized in aquatic fauna

to active and potent carcinogenic forms [5, 6]. PAHs also
have low solubility in water, are recalcitrant, and exert moderate chronic and acute toxicity that tends to increase as the
molecular weight of the compound increases. As a result,
many types of marine organisms are sensitive to PAH compounds. In addition to threatening the marine eco-environment, PAHs can also impact human health through the food
chain. Accordingly, many studies have been conducted to
evaluate PAHs since the 1970s. The results of studies conducted to investigate pollution by PAHs worldwide have
revealed great differences in the concentrations of PAHs
between different periods and geographic areas [7, 8]. For
example, the highest level of PAHs reported was 1.213.7 µg/L in Izmit Bay in the Marmara Sea [8]. Conversely,
in China, the concentrations of total PAHs in the East
China Sea and the South China Sea were found to be 103.44365.6 ng/g [9, 10] and 226.0-34338.0 ng/L [11, 12], respectively.
Recently, as the number of marine fisheries has decreased, the use of marine aquatic farming as an alternative fish source has increased. Mixed-aquaculture ponds
that utilize seawater are one of the primary methods of
cultivating marine organisms. The seawater in such ponds
is periodically replaced, which results in the quality of the
seawater and sediment being relatively stable. Nevertheless, many industries, such as the agricultural chemical,
electric power, shipbuilding ones, as well as facilities for
the dismantling of waste electrical appliances may be contributing PAHs to the mixed-aquaculture ponds [13]. As a
result, it is necessary to evaluate the degree of pollution
and sources of PAHs in pond mixed-aquaculture facilities.
Taizhou is an important coastal industrial city in China
that contains many of the above-mentioned industries and
facilities. In particular, the Taizhou Power Plant, which consumes 10,000 tons of coal per day, may be discharging a
large amount of PAHs that have the potential to pollute the
surrounding environment. In this study, the concentration
and characteristics of PAHs in seawater and sediment from
offshore mixed-aquaculture pond facilities in Taizhou, China
were evaluated to provide a scientific reference for the sustainable development of coastal marine industries.
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MATERIAL AND METHODS
Study Areas and Sample collection

Seawater and sediment samples were collected in
April, 2007 from 5 mixed-aquaculture ponds in Taizhou,
China (Fig. 1; S1 located in Yue-qing Bay, 30 km away
from the e-waste disassembly sites in Taizhou; S2 located
at the end of the Jiang-xia outflow, which is 23 km away
from the e-waste disassembly sites; S3 located in Songmen near the dockyard; S4 located near the outlets of the
Jiaojiang chemical industry area and the Taizhou Power
Plant, which consumes 10,000 tons of coal per day; S5
located in Sanmen, 80 km away from Taizhou Bay). Several
factories and important agricultural centers in Zhejiang
province are also located near Taizhou Bay. During each
sampling event, three seawater as well as sediment samples were collected. Seawater samples were collected
from 0.3 m below the surface using 5-L glass jars. Sediment
samples were collected using a grab sampler, and then
placed in glass jars. All samples were transported to the
laboratory as soon as possible. Seawater samples were filtered and stored at 4 oC prior to extraction. The sediment
samples were air-dried, ground and then sealed in glass
jars, and stored for future use.

benzo[b]fluoranthene (BbF), benzo[k]fluoranthene (BkF),
benzo[a]pyrene (BaP), dibenzo[a,h]anthracene (DA), benzo[g,h,i]perylene (BP) and indeno[1,2,3-c,d] pyrene (IN). All
PAHs were purchased from Acros Organics (New Jersey,
USA). All solvents used in this study were of HPLC-grade
or equivalent, and only ultra-pure water was used for the
analyses. PAHs were analyzed using a HPLC coupled with
a programmable fluorescence detector (FLD), and equipped
with a reverse-phase C18 column (2.5mm×300 mm, 5µm
particle size, Agilent Corp., USA).
Extraction of PAHs from seawater and sediment samples

Five-hundred ml of each water sample and 60 ml of redistilled dichloromethane were added to a 1-L conical flask,
and then extracted ultrasonically for 60 min while being
heated in a water-bath (25 ºC) [14]. The samples were then
kept in a static state for 60 min, after which 50 ml of the
extract were condensed to 3 ml in a rotary evaporator. Next,
the condensed extract was filtered through a column packed
with 2 g of silica gel and 1 g of anhydrous Na2SO4, and
then eluted with 11 ml of dichloromethane plus n-hexane
(1:1). The eluted fluid was then reduced to 0.5 ml using a
rotary evaporator, after which it was dried with nitrogen.
Next, 2 ml of acetonitrile were added to dissolve the PAHs.
The samples were then filtered into a flask through a 0.22µm filter paper and analyzed by HPLC/FLD. At the same
time, we determined the values for blanks.
PAHs in the sediment samples were extracted by ultrasonic-assisted solvent extraction. Briefly, 2 g of dry sediment were mixed with anhydrous Na2SO4 and 10 ml of dichloromethane, and extracted ultrasonically for 60 min. The
samples were centrifuged at 3000 rpm for 10 min, after
which 3 ml of supernatant fluid were filtered through a
column packed with 2 g of silica gel, and then eluted with
11 ml of dichloromethane plus n-hexane (1:1). The eluate
was reduced to 0.5 ml by rotary-evaporation and subsequently dried with nitrogen gas. Next, 2 ml of methanol
were added to dissolve the PAHs. The samples were then
filtered into a flask through 0.22-µm filter paper and analyzed by HPLC/FLD. At the same time, we determined
the values for blanks.
Conditions and quality control for the
HPLC/FLD analysis of PAHs in the samples

PAHs (15 µl samples) were analyzed by HPLC/FLD
with a RP-C18 column, maintaining flow-rate of the mobile phase at 1.0 ml/min and temperature of column oven
at 30 °C. The revised collection rates of PAHs were 72%115%. The detection limits were 0.09 ng/L for NA,
0.08 ng/L for AC, 0.05 ng/L for Fluor, 0.04 ng/L for Phen,
0.02 ng/L for AN, 0.1 ng/L for FluA, 0.05 ng/L for Pyr,
0.2 ng/L for BaP, 0.06 ng/L for Chry, 0.08 ng/L for BbF,
0.04 ng/L for BkF, 0.06 ng/L for BaP, 0.1 ng/L for DA,
and 0.2 ng/L for BP.

FIGURE 1 - Sampling sites.
Chemicals and instruments

The 15 PAHs evaluated in this study were naphthalene (NA), acenaphthene (AC), fluorene (Fluor), phenanthrene (Phen), anthracene (AN), fluoranthene (FluA),
pyrene (Pyr), benzo[a]anthracene (BaA), chrysene (Chry),

Statistical Analysis

Statistical analyses were conducted using SPSS 11.5
for Windows. Differences between samples were evaluat-
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ed by one-way analysis of variance (ANOVA), with the
LSD method being used to evaluate sample differences.
RESULTS AND DISCUSSION
The mean levels of the individual 15 PAHs and the
∑PAHs in seawater (ng/L) and sediment (ng/g, d.w.) from
the 5 sampling sites in pond mixed-aquaculture facilities
for the 3 sampling events are shown in Table 1.
Concentrations of PAHs in seawater

As shown in Table 1, the average concentrations
(mean±SD, n=3) of ∑PAHs in seawater ranged from
99.85±4.66 to 340.93±20.35 ng/L, with an average value
of 209.71±84.33 ng/L. The minimum level of ∑PAHs in
seawater, 99.85 ng/L, was recorded at S5, whereas the
maximum level of 340.93 ng/L was recorded at S4. Overall, the concentrations of the 15 PAHs in seawater occurred
in the following order: S4>S3>S2>S1>S5. The concentrations of PAHs in seawater at this site fell in the middle
range of concentrations that have been reported for other
sites within China and abroad. Indeed, in some areas, the
PAH levels in seawater are quite high. For example, in
Izmit Bay in the Marmara Sea, the level of PAHs was reported to range from 1.2 to 13.7 µg/L [8], while the concentrations of total PAHs in the East and South China Sea

were reported to range between 103.4-4365.6 ng/g [9, 10]
and 226.0-34338.0 ng/L [11, 12], respectively. In other
areas, the concentrations of PAHs in seawater were close
to those observed in the sites of this study. For example,
PAHs in water of Alexandria, Egypt were 103-523 ng/L
[15], while those in a creek adjoining Mumbai Harbor,
India were 84.3-377.5 ng/L [16], and those in Pearl River
Delta, China were 55.5-522.0 ng/L [17]. Similarly, the
∑PAHs in seawater herein were lower than those observed in freshwater systems, such as the Gao-ping River,
Taiwan (0-9400.0 ng /L) [18] and Tianjin River, China
(45.8-1272.0 ng/L) [19]. Although it was difficult to make
comparisons based on the data alone, due to differences in
analytical methods used and the compounds considered,
these results indicate that the PAH levels observed in this
study were relatively low. However, PAHs with high molecular weights (HMW, >4 rings: BbF, BkF, BaP, DA, BP,
In), which are potentially toxic to marine organisms, were
detected at every station. Therefore, it is important to conduct additional studies to ensure the security of aquatic
products produced at the facilities evaluated here.
Concentrations of PAHs in sediments

The ∑PAH levels in sediment area ranged from
31.90±1.45 to 123.61±5.99 ng/g, with an average value of
79.86±32.91 ng/g (Table 1), and averages of ∑PAHs at
S1, S2, S3, S4 and S5 were 62.71, 79.96, 101.12, 123.61

TABLE 1 - Concentrations of the 15 PAHs and ∑PAHs detected in seawater and sediment from mixed-aquaculture ponds.
Medium

Seawater
(ng/L)

Sediment
(ng/g,w.t)

PAHs
NA
AC
Fluor
Phen
AN
FluA
Pyr
BaA
Chry
BbF
BkF
BaP
DA
BP
In
∑PAHs
NA
AC
Fluor
Phen
AN
FluA
Pyr
BaA
Chry
BbF
BkF
BaP
DA
BP
In
∑PAHs

S1
40.11±2.91
14.61±1.90
14.03±1.48
19.37±2.38
8.82±1.88
16.70±1.90
7.75±1.06
8.61±0.61
15.21±2.13
5.77±1.54
2.50±0.39
4.39±1.22
0.81±0.18
1.33±0.37
0.45±0.11
160.46±7.30
2.58±0.73
1.96±0.82
5.88±0.87
8.04±1.02
1.44±0.30
5.36±1.29
7.51±1.30
4.35±0.86
12.25±2.70
6.71±1.15
2.72±0.64
1.13±0.26
0.58±0.18
1.60±0.31
0.62±0.20
62.71±6.82

S2
55.22±4.38
18.58±1.68
17.95±1.87
25.08±2.95
9.07±1.66
22.21±1.82
9.68±1.06
8.54±0.69
22.45±1.51
7.21±1.44
2.75±0.81
2.85±0.56
1.13±0.25
1.33±0.20
0.46±0.15
204.50±5.79
4.52±0.87
3.01±0.76
7.50±1.32
9.60±1.43
1.72±0.43
7.16±1.97
9.44±0.76
4.55±0.69
14.24±2.01
15.43±0.70
3.04±0.44
1.38±0.21
0.39±0.05
1.80±0.52
1.18±0.26
79.96±5.85

S3
70.08±4.01
25.37±1.55
27.89±3.36
37.56±2.58
4.39±1.15
14.15±1.85
14.65±2.32
5.57±0.57
17.88±3.03
9.65±0.97
5.30±1.15
3.99±2.16
2.15±0.57
3.47±0.32
0.72±0.30
242.82±3.04
5.50±1.26
5.56±1.07
10.82±1.64
13.50±1.73
2.82±0.38
9.16±1.07
15.61±2.87
5.33±0.86
16.67±2.14
5.96±1.07
3.73±0.72
2.18±0.38
0.63±0.21
2.95±0.89
0.71±0.20
101.12±4.94
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S4
88.54±6.98
35.02±3.74
37.34±4.02
50.96±4.17
7.54±1.46
20.72±1.34
19.24±1.48
6.25±1.04
43.13±5.54
17.07±2.06
4.01±0.35
6.20±1.08
2.14±0.20
1.59±0.36
1.18±0.33
340.93±20.35
7.87±1.27
7.11±0.93
16.15±2.55
15.87±2.00
2.36±1.08
17.81±2.69
9.71±1.42
3.47±1.45
23.45±2.60
6.07±1.00
6.38±1.26
2.13±0.77
1.13±0.14
2.61±1.31
1.54±0.36
123.61±5.99

S5
17.82±2.86
8.42±1.30
8.59±0.56
14.73±3.35
3.44±1.09
12.30±2.34
7.93±1.25
4.96±0.33
9.43±1.38
5.79±1.84
1.73±0.56
2.58±0.62
0.84±0.26
0.70±0.29
0.61±0.26
99.85±4.66
2.15±0.84
1.86±0.46
2.67±0.43
4.05±0.90
1.70±0.42
3.66±1.13
3.81±0.73
1.47±0.35
3.29±1.15
1.37±0.56
2.19±0.63
1.27±0.32
0.94±0.20
0.83±0.27
0.69±0.26
31.90±1.45

Mean
54.35±25.44
20.40±9.66
21.16±15.84
29.54±13.88
6.65±2.70
17.22±4.21
11.85±4.79
6.78±1.67
21.62±12.24
9.15±4.58
3.26±1.43
4.00±1.71
1.41±0.69
1.68±1.01
0.69±0.34
209.71±84.33
4.51±2.33
3.90±2.27
8.60±4.92
15.21±4.47
2.01±0.73
8.63±5.31
9.22±4.19
3.83±1.57
13.98±7.02
6.11±3.08
3.61±1.66
1.62±0.59
0.73±0.31
1.96±1.01
0.95±0.43
79.86±32.91
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and 31.90 ng/g (Table 1), with the minimum at S5 and the
maximum at S4 (approx. 4 times higher than at S5). These
findings were similar to the trend observed for ∑PAHs
in seawater. S1 was located in Yue-qing Bay, far from
the Jiang-xia effluent, whereas S2 was at the end of the
Jiang-xia effluent and upstream of S1. It is likely that most
of the S2 contamination originated from Jiang-xia effluent.
As expected, the S1 contamination was lower than that of
S2, possibly because PAHs were diluted by the seawater.
S4 was the most polluted sampling site evaluated in this
study. S4 was located near the outlets of the Jiaojiang
chemical industry area, and also near to the Taizhou Power
Plant, which may be a major source of PAHs. The next
most-polluted sampling site was S3, located near a dockyard, where the ship-repairing process resulted in oil leakage into the sea. The lower PAH level observed at S5 was
attributed to the lack of industrial facilities in that region.
Based on these findings, further studies should be conducted
to identify the sources of contamination at S4 and S3.

Analysis of composition of individual PAHs is helpful for identifying the source of contamination and illustrating the fate and transport of them in the environment.
In this study, low-molecular weight (LMW, 2-3 rings: NA,
Ac, Fluor, Phen, AN)-PAHs were the most abundant ones
found in seawater samples. However, HMW-PAHs were
detected at all 5 sites. Concentration of NA was generally
higher than that of the other compounds, with an average
(mean±SD) of 54.35±25.44 ng/L. NA was followed by Phen
(29.54±13.88 ng/L), Chry (21.62±12.24 ng/L) and Fluor
(21.16±15.84 ng/L). Obviously, NA and Phen were the
primary pollutants in seawater. NA and Chry are indicators of wood combustion emissions, while FluA is associated with emissions from diesel-powered vehicles [7, 26,
27]. When the individual PAHs in sediment samples were
considered, Phen was highest (average of 15.21±4.47 ng/g),
followed by Chry (average 13.98±7.02 ng/g), Pyr (average
9.22±4.19 ng/g), and FluA (average 8.63±5.31 ng/g). The
remainders of the individual PAHs were found to be present in similar concentrations between seawater and sediment. However, LMW-PAHs were the primary pollutants
observed in offshore mixed-aquaculture ponds. Samples
containing a low concentration of one compound may have
high ones of the other compounds. Fig. 2 shows the concentration of PAHs with 2-6 rings in seawater and sediment samples. In seawater, the average concentrations
were 54.35, 77.75, 57.47, 17.77, and 2.37 ng/L for PAHs
with 2–6 rings, accounting for 25.9, 37.1, 27.4, 8.5, and

2 rings,
3 rings,
4 rings
5 rings,
6 rings

140
120
100
80
60
40
20
0
50

In sediment, ng/g

In seawater, ng/L

When the PAH levels in this study were compared with
data reported for other areas, they were generally lower.
For instance, average of PAHs in sediment is quite high in
some areas, such as Izmit and Narragansett Bay [8, 20].
Also, levels at Cartagena Bay, Colombia (470.0~3710.1
ng/g) [6] and the Adriatic Sea of Italy (24.1~501.1 ng/g)
[21] were higher. Furthermore, the PAH concentrations observed here were lower than those in other areas of China
(East China Sea, South China Sea, Bohai Sea and Yellow
Sea; 2656.0-2954.2 ng/g [22], 82.0-49066.0 ng/g [23],
32.7-3558.9 ng/g [24] and 222.1-776.3 ng/g [25]).

Composition characteristics of
PAHs in seawater and sediments
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FIGURE 2 - The concentration of 2-6 ring PAHs in seawater and sediment.
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FIGURE 3 - The percentages of PAHs with different numbers of rings.

1.1% of total PAHs (Fig 3). In the sediment, the averages
of PAHs with 2-6 rings were 4.51, 24.71, 35.66, 12.07, and
2.91 ng/g, accounting for 5.7, 31.0, 44.7, 15.1, and 3.6%
of total PAHs, respectively (Fig. 3).
As shown in Fig. 2, the highest level of PAHs with 2,
3, 4, and 5 rings were observed in S4, while the lowest
ones were found in S5. There was no significant difference in the concentration of 6 ring PAHs observed among
the 5 sampling sites. These findings suggest that site S4 is
an important source of PAHs. When the number of rings
that individual PAHs in seawater contain was compared,
those with 3 rings were present in the highest levels, followed by 4 and 2-ring PAHs. In addition, 2, 3 and 4-ring
PAHs accounted for 90.4% of total PAHs in seawater. However, 4-ring PAHs were the most abundant in sediments,
followed by 3-ring PAHs. Moreover, the concentrations of
5- and 6-ring PAHs in sediments were remarkably higher
than those in seawater. These differences could not have
occurred due to the PAHs having different origins [6] because seawater and sediment from the same sampling sites
were contaminated by the same sources. In addition, these
results may be due to LMW-PAHs being transported in
dissolved form and HMW-PAHs being adsorbed to particles, and medium-molecular weight ones (MMW, 4 cycles:
FluA, Pyr, BaA, Chry) being distributed between the dissolved and adsorbed forms [19]. LMW-PAHs are released
faster than MMW-PAHs [28]. In addition, large portions
of the HMW-PAHs may have settled to the bottom and
been caught in the sediment [28], whereas LMW-PAHs in
total suspended solids and sediment are released more
rapidly than MMW-PAHs [29].

Source identification based on principal component analysis

All PAH sources have a characteristic profile that can
be used to identify potential emission sources [30-32].
Although many different methods are used to identify the
sources of PAHs, such as evaluating the ratio of different
PAHs, evaluating the characteristic profile or fingerprints
of individual PAHs and multi-analysis. Evaluation of PAH
ratios is often used to identify the source. For example, a
Phen/AN ratio of less than 10 is indicative of combustion
processes, whereas a ratio above 10 suggests that the source
is petroleum contamination or diagenetic generation [33].
Similarly, a FluA/Pyr of less than 1 suggests petrogenic input, whereas a ratio greater than 1 indicates pyrolytic sources
[34]. However, different conclusions can be produced when
different ratios are used, because sources of PAHs can be
affected by many factors. Therefore, in this study, we utilized principal component analysis (PCA) to identify the
sources of PAHs [35, 36]. The results of PCA for seawater and sediment are presented in Table 2. Only principal components with eigenvalues >1 were evaluated in
this study. In the seawater, the first factor was found to be
responsible for 66.85% of the total variance. This factor
was heavily weighted by Fluor (1.00), Phen (1.00), AC
(0.99), Pyr (0.99), NA (0.97), BbF (0.95), and DA (0.93).
Fluor is characteristically for coal combustion [37], whereas Phen, AC, Pyr and NA have been identified as indicators of diesel emissions and biological processes [38, 39].
The second factor was found to be responsible for 20.85%
of the total variance. This factor was heavily weighted by
AN (0.97), BaA (0.89), and FluA (0.84), which are associated with diesel emissions [39]. The third factor was found
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TABLE 2 - Factor analysis of PAH concentrations in seawater and sediment.
Medium
PAC
NA
Ac
Fluor
Phen
AN
FluA
Pyr
BaA
Chry
BbF
BkF
BaP
DA
BP
In
Eigen-value
Variance (%)
Cumulative (%)

Seawater
Sediment
Factor 1
Factor 2
Factor 3
Factor 1
Factor 2
Factor 3
0.97
0.15
0.20
0.98
0.12
0.99
0.98
1.00
0.99
0.10
1.00
0.99
0.12
0.97
0.19
0.79
0.43
0.84
0.93
0.20
0.99
0.73
0.57
0.89
0.39
0.49
0.86
0.89
0.37
0.95
0.10
0.24
0.95
0.35
0.71
0.60
0.79
0.51
0.91
0.19
0.83
0.20
0.91
0.93
0.17
0.29
0.52
0.72
0.93
0.30
0.87
0.68
0.60
10.03
3.13
1.45
10.23
2.94
1.57
66.85
20.85
9.69
68.21
19.56
10.50
66.85
87.70
97.39
68.21
87.77
98.28
coal combustion, diesel emiscoal combustion, diesel emisgasoline
coal
gasoline
coal
Source
sions and biological processes
sions and biological processes
emiscombustion
emissions
combustion
under reducing conditions
under reducing conditions
sions
Extraction method: principal component analysis (PCA); rotation method: Varimax with Kaiser normalization; eigenvalue >1.00; factor loading >0.10
listed.
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FIGURE 4 - The enrichment factors of PAHs in sediments.

to be responsible for 9.69% of the total variance. This factor was heavily weighted by BP (0.72) and BkF (0.51),
which are indicators of gasoline emissions.
A similar analysis was used to evaluate the PAHs in
sediment. The first factor was found to be responsible for
68.21% of the total variance. This factor was heavily
weighted by Fluor (0.99), Phen (0.99), AC (0.98), NA
(0.98), Chry (0.95), FluA (0.93) and BP (0.93), associated
with diesel emissions and biological processes under reducing conditions. The second factor was found to be responsible for 19.56% of the total variance, and was heavily
weighted by BaA (0.86), BbF (0.71), and Pyr (0.57), characteristically of coal combustion. The third factor was found
to be responsible for 1.57% of the total variance, and was
heavily weighted by Bbf (0.60) and In (0.60), indicating

gasoline emissions. Overall, results indicate that the principle sources of PAHs in this system are diesel vehicles,
coal combustion, gasoline vehicles and biological processes.
Enrichment factors of PAHs in sediments

The enrichment factors of PAHs in sediment were the
same as those in seawater (Fig. 4). The average accumulation index of the 15 PAHs in sediment ranged from 83.0
to 1381.0 (average value = 380.8). The enrichment factors
of the HMW-compounds (BP, In and Bkf) had higher values (average approx. 1000). The different sampling sites
had different enrichment factors, with the highest In one
(2546.76) at S2, and the lowest (976.96) at S3. BP and In
have a high electron density; therefore, they are prone to
combining with DNA and RNA in cells to induce carcino-
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genesis, and may exert toxic effects on marine organisms.
Conversely, the enrichment factors of LMW-compounds,
such as NA and Ac, were lower. Specifically, the enrichment factors of NA were the highest (117.64) at S5, and
the lowest (64.23) at S1. Finally, the enrichment factors of
7 potentially carcinogenic PAHs (BaA, Chry, BbF, BkF,
BaP, IN, DA) were higher than those of the other PAH
compounds.

[5]

Bonner, M.R., Han, D., Nie, J., Rogerson, P., Vena, J.E., Muti, P., Trevisan, M., Edge, S.B. and Freudenheim, J.L. (2005)
Freudenheim, Breast cancer risk and exposure in early life to
polycyclic aromatic hydrocarbons using total suspended particulates as a proxy measure. Cancer Epidemiol. Biomarkers.
14, 53-60.

[6]

Johnson-Restrepo, B., Olivero-Verbel, J. Lu, S., GuetteFernández, J., Baldiris-Avila, R., O'Byrne-Hoyos, I., Aldous,
K. M., Addink, R. and Kannan, K. (2008) Polycyclic aromatic hydrocarbons and their hydroxylated metabolites in
fish bile and sediments from coastal waters of Colombia. Environmental Pollution. 151, 452-459.

[7]

Halsall, C.J., Barrie, L.A. and Fellin, P., Muir, D.C.G.,
Billeck, B.N., Lockhart, L., Rovinsky, F.Y., Kononov, E. Y.
and Pastukhov, B. (1997). Spatial and temporal variation of
polycyclic aromatic hydrocarbons in the Arctic atmosphere.
Environ. Sci. Technol, 31: 3593-3599.
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distributions in the Bay of Marmara sea: Izmit Bay. Environmental Pollution. 119, 383-397.
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CONCLUSIONS
The sum of 15 PAHs in seawater ranged from 99.85±
4.66 to 340.93±20.35 ng/L, with an average of 209.71±
84.33 ng/L, a minimum of 99.85 ng/L at S5, and the maximum of 340.93 ng/L at S4. The ∑PAHs in sediment ranged
between 31.90±1.45 - 123.61±5.99 ng/g, with an average of
79.86±32.91 ng/g. Using PCA, diesel vehicles, coal combustion, gasoline vehicles and biological processes under
reducing conditions were identified as the principal PAH
sources in seawater and sediment from pond mixed-aquaculture facilities.
The accumulation index for PAHs in sediment was determined to be 83.0-1381.0 (average 380.8). The enrichment
factors for HMW-PAHs, such as BP, In and BkF, were
higher than 1000.0, while those for LMW-PAHs, such as
NA and AC, were lower than 300.0.

[11] Qiu, Y.W., Zhou, J.L., Maskaoui, K., Hong, H.S. and Wang,
Z.D. (2004) Distributions of polycyclic aromatic hydrocarbons
in water sediments from Da Ya Bay and their ecological hazard
assessment. Jorrnal of tropical oceanography. 23, 72-80.
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ABSTRACT
Alkylphenol polyethoxylates are widely used as surfactants and find their way in urban wastewaters.
Nonylphenol (NP) is a degradation product of these surfactants and contaminates also the aquatic biota. NP is clearly
recognized as an estrogen but research focusing on the
impacts of the immune system in fish is scarce. Our study
therefore sought to investigate the effects of NP in juvenile
rainbow trout (Oncorhynchus mykiss) on the immune
system at the level of phagocytosis, lymphocyte B and T
proliferation, as well as natural cytotoxic cell (NCC) activity. After 54 days of exposure to NP, trout showed a significant decrease of active phagocytic activity. NCC activity
was significantly enhanced at 54 days when compared to
controls. A moderate decrease in [3H]-thymidine DNA
incorporation was observed for T and B lymphocyte.
These results suggest that NP can affect the immune system in juvenile rainbow trout at environmental levels
thought to be safe for aquatic species.

KEYWORDS: nonylphenol, immune system, rainbow trout, phagocytosis, macrophages, NCC, lymphocytes.

INTRODUCTION
Alkylphenol polyethoxylates belong to non-ionic surfactants group that are among the most widely used in the
world [1]. Indeed, these chemicals are commonly used in
the manufacturing of plastic, paper, textile, pesticides,
domestic detergents, dispersants, emulsifiers and cosmetic
products [2-4]. Alkylphenol polyethoxylates are found in
municipal effluents that receive wastewater from domestic
and various industrial wastewaters. They are degraded,
under anaerobic conditions, into 4-nonylphenol (NP), and
NP mono- and di-ethoxylates. NP was found in (un)treated
wastewaters at concentrations reaching 10 µg/L NP and
between 40–1500 ng/L for 4-tert-octylphenol (OP) in Ger-

man municipal wastewater treatment plants [5]. In a primary-treated effluent, their levels usually persist albeit are
somewhat lower for 4-tert-octylphenol: from below the
detection limit to 400 ng/L. Discharged from a municipal
effluent, NP and OP were found in sediments [6] up to
10 km downstream at 300 and 10 µg/kg, respectively. In
another study, NPs were found in sediments at Pointe du
Moulin à Vent (St. Lawrence River, Québec, Canada) and
their presence was attributed to the discharge of the sewage treatment plant of Montreal Island [4]. The EPA guideline for water quality recommends NP concentrations of
6.6 and 1.7 µg/L for freshwater and saltwater organisms,
respectively, which is in the same range of concentrations
recommended by others, i.e., at 3.9 µg/L corresponding to
the 5th percentile of chronic toxicity value distribution for
aquatic organisms [7].
NP is considered as an estrogen mimic for fish, mussels, birds, reptiles and other mammals [3, 8, 9]. Indeed,
NP has the ability to bind and activate the estrogen receptor but at lower potency than estradiol-17β, hence its potential to disrupt reproduction by the induction of the egg yolk
protein precursor, vitellogenin [10]. Significant induction of
vitellogenin was observed in male trout exposed at ≥10 µg/L
NP [11]. Male trout exposed in the Aire River (UK) to
high concentrations of nonylphenol/ alkylphenolethoxylate (30 µg/L) showed increased hepatosomatic index,
vitellogenin and important delays in gonad development
[12]. Hence, organisms located near municipal effluent
outfalls are at risk owing to the presence of surfactants. To
the best of our knowledge, studies evaluating the
(non)specific immune status of fish exposed to NP are
lacking at the present time. In mussels, in vitro exposure
of hemocytes to NP increased phagocytosis and lysozyme
activities and decreased lysosomal membrane stability at
concentrations between 20 and 200 µg/L [13]. In a recent
study, developing Danio rerio fish (the so-called MolDarT
assay) were exposed to NP and decreased expression in
rag-1 gene expression was observed at a concentration of
160 µg/L NP after 5 days [14]. Lack of functional rag1
genes leads to complete absence of mature B- and T lymphocytes in mice and zebrafish [15, 16].
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Phagocytosis by macrophages is a key function in ensuring protection against microbial diseases [17]. Rainbow trout have the potential of both innate and specific
immune responses [18]. The innate immune function consists of internalizing, killing and digesting foreign microorganisms [19]. Other innate functions are performed by
“natural killer or cytotoxic” cells (NCC), implicated in the
defence against tumour development and virus-infected
cells [20, 21]. In fish, NCC demonstrated spontaneous
cytotoxicity against fish and mammalian cancerous cell lines,
virus-infected cells and protozoan parasites [20]. NCC cells
recognize, bind and kill target cells by involving both apoptotic and necrotic mechanisms [22]. The adaptive and specific immune responses are mediated principally by B and
T cells, which are implicated in the production of specific
antibodies (B cells) and cytotoxic cells (cytokines secreted
by T cells) to assist in the destruction of infected cells.
Lymphocyte proliferation represents a measure of adaptive
immunity such as antigen-antibody interactions and antibody production [23]. This study therefore sought to examine the immunotoxic potential of NP to rainbow trout at
a concentration that is near the recommended threshold concentration (1 µg/L) which is found downstream a municipal effluent dispersion plume from a large population basin.
MATERIAL AND METHODS
Exposure to nonylphenol

Juvenile Oncorhynchus mykiss trout (Aquipro, Qc, Can),
with a mean body weight of 10 ± 2 g, were acclimated at
15 ºC under light and dark cycle (16h / 8h, respectively) for
two weeks in 90L glass aquaria containing chlorine free
tap water. Fish were fed daily with commercial G1 food
(Aquipro, Qc, Can) at quantities representing between 1
and 2 % body weigh. Fish were exposed to 1 µg/L NP
(Aldrich Chemical Compagny, WI, USA) for 54 days at
15oC. Half of the water was renewed every two days (semistatic conditions) with freshly added NP. Fish (n=15 fish
per aquarium) were also exposed to the vehicle solvent,
dimethylsulfoxide, at 0.05 % v/v (DMSO; Sigma Chemical Co., MO, USA) and to aquarium water.
Preparation of fish leukocytes

After the exposure period, fish were anaesthetized in
0.1% Tricaïne in 4 L beakers. The total weight and headto-tail length were measured and the anterior section of
the pronephros was aseptically removed and mashed with
a glass tissue grinder pestle in 1 mL of sterile RPMI 1640
supplemented with heparin (10 U/ml), HEPES (10 mM,
pH 7.4), penicillin (100 U/ml)/streptomycin and 10% (v/v)
and foetal bovine serum (FBS). The volume of the cell suspension was adjusted to 5 ml total with RPMI medium,
laid on 5 ml of Lympholyte Poly medium for leukocyte
purification and centrifuged at 275 x g for 30 min (Cedarlane Laboratories, Ont., Canada). Leukocytes, partitioned
between the two layers, were collected and washed twice
in RPMI medium and adjusted to a final concentration of

1 x 106 cells/mL. Cell viability was determined using the
trypan blue exclusion test at 0.004% concentration (Sigma
Chemical Co.). The number of viable cells was determined
with a microscope at 200 x magnification using a hemacytometer.
Immune functions assessments

Phagocytosis activity of freshly prepared leukocytes
was determined by flow cytometry. Fluorescent latex beads
(d= 1.72 µm; Polysciences, PA, USA) were added to the
cell suspensions at a ratio of 100 beads per cell and incubated at 15 ºC for 18 h in the dark. After the incubation
period, the suspension was layered on top of 3 mL of RPMI,
containing 3% of bovine serum albumin (BSA; Sigma
Chemical Co.) and 10% of FBS, and centrifuged at 150 x
g at 4ºC for 8 min to separate the beads loosely bound to
cells. The cell pellet was fixed in 0.5 mL of 0.5% formaldehyde in phosphate buffered saline. The number of cells
that engulfed one or more beads was determined by flow
cytometry (FACScan; Becton Dickinson, CA, USA) and
5 000 events were recorded. Analyses were performed
using two biomarkers defined as M1 and M2 that correspond respectively to the percentage of phagocytes containing one bead or more (normal or basal phagocytosis)
and percent of phagocytes containing three beads or more
(active phagocytosis).
Natural cytotoxic cells (NCC) activity was also determined using flow cytometry. First, YAC-1 cells were
stained in 30 µM of perchlorate 3,3-dioctadecyloxacarbocyanine (DIO; Sigma Chemical Co.) for 20 min at 37oC in
5% CO2 atmosphere. After the incubation, the cells were
washed twice in RPMI medium and the concentration was
adjusted to 1 x 106 cells/mL. The ratio of effector (trout
leucocytes) and target (YAC-1) cells was adjusted at 20:1
and 80:1, respectively. The cell suspension was then centrifuged as above and the cell pellet was resuspended in
300 µL of propidium iodide (PI; 10 µg/mL) in RPMI. Cells
were covered with paraffin, protected from light and incubated at 15 ºC for 18 hours. After the incubation period, cell
viability was determined by flow cytometry where dead cells
were positively stained with PI and low retention of the
DIO dye. The data were expressed as % mortality. Lymphocyte T and B proliferation were determined by the incorporation of [3H]-thymidine in fish leucocytes under mitogenic stimulation. In 96-well round bottom microplates,
100 µL of 1 x 106 cells/mL were incubated with 20 µg/mL
of phytohemagglutinin (PHA) for lymphocyte T or 200 µg/
ml of lipopolysaccharide (LPS) for lymphocyte B stimulation in RPMI medium as described above. The controls
consisted of unstimulated cells. After a pre-incubation period of 72 h, 0.5 µCi of [3H]-methyl thymidine (ICN Biomedicals, CA., USA) was added in each well and incubated
for another 18 h. Cells were harvested with a semi-automatic
cell harvester (Skatron Instruments As, Lier, Norway) and
transferred on fibreglass filter (Skatron Instruments As).
Radioactivity was determined with a β-scintillation counter
(LKB Wallac 1217 Rackbeta). Data were expressed as
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stimulation index (SI) corresponding to the relative amount
of radioactivity (disintegration per min). All experiments
were repeated three times (N=3) and significant differences
between DMSO and the NP groups were determined by the
Mann Whitney U test (Statistica version 7, France). Significance was set at p<0.05.
RESULTS AND DISCUSSION
After the 54 d exposure period to DMSO and NP, there
were no significant changes in fish weights and head-fork
tail lengths (Table 1). Leukocyte concentrations from the
pronephros also did not change significantly. Basal and
active phagocytosis activities were both decreased by NP
in fish (Figure 1). The decrease was most severe for active
phagocytosis (1.8-fold reduction for M2 i.e., ≥ 3 beads)
than for “resting” phagocytosis (1.3-fold reduction for M1
i.e., ≥ 1 beads). Studies on the immune effects of NP in fish
are surprisingly scarce. In mussel hemocytes exposed to
NP in vitro for 30 min, NP induced phagocytosis at low
concentrations (threshold concentration of 0.44 mg/L NP)
but inhibited phagocytosis at higher concentrations (threshold concentration of 5 mg/L) [13]. It is possible that the
reported effects of NP on phagocytosis in mussel hemocytes
are mediated by the estrogen receptor since tamoxiphen, a
competitive estrogen receptor antagonist, blocked the responses. This was also corroborated in a previous study
where clams injected to 2.5–10 µg of estradiol had lower
phagocytosis activity [24]. Furthermore, in rainbow trout
exposed to an estrogenic municipal effluent for 1 week,
phagocytosis and nonactivated proliferation of lymphocytes were both suppressed [25]. The presence of NP in
municipal effluent thus has the potential to contribute to
the observed reduction of phagocytosis at a concentration

below the recommended no effect threshold concentration
in freshwater species (i.e., 6.6 µg/L). The immunosuppressive effects of NP could also be mediated via increased
sensitivity to stress. Exposure of 10 µg/L of NP to juvenile Atlantic salmon for 21 days led to elevated plasma
cortisol levels before and after handling stress [26] and
cortisol was recognized to suppress phagocytosis and oxidative burst in fish [27]. NCC activity was significantly
increased 1.2-fold at both effector/target cell ratios in rainbow trout with respect to the DMSO treated group. The
solvent DMSO somewhat tended to reduce NCC activity
but not at the p<0.05 level. In rainbow trout exposed to a
municipal effluent before and after removal of particulate
matter, NCC activity was readily induced by the insoluble
fraction of the effluent [28], where NP is thought to partition because of its low solubility [6].
TABLE 1 - Changes in fish weight/size and leukocyte
concentrations in rainbow trout exposed for 54 d to NP (1 µg/L).
Parameter

Control

Mean ± se*
Weight (g)
21 ± 2
Length (cm)
12 ± 4
Cell. Conc.
1.8 ± 0.2
(106cell/ml)
* mean ± standard error.

DMSO

Nonylphenol

Mean ± se
19 ± 2
12 ± 3
2.4 ± 0.4

Mean ± se
19 ± 1
12 ± 2
1.7 ± 0.2

B and T lymphocyte proliferation stimulated by LPS
and PHA in fish exposed to NP were determined (Figure
2). Both B and T lymphocytes were significantly decreased
by NP which suggested decreased potential for antibody
production and cytokine signaling. Exposure of Danio rerio
to 175 µg/L of NP for 120 h resulted in a 5-6 fold reduction in the expression of rag-1 gene. Suppression of rag-1
gene expression resulted in the absence of lymphocyte T

9

M1
M2

% of phagocytosis

8
*

7
6
5
4
3

*

2
1
0
Control

DMSO

Nonylphenol

FIGURE 1
Phagocytic activity of rainbow trout pronephros macrophages after a 54 d exposure to NP (1 µg/L). Data are expressed as percentage of
normal phagocytes (M1) and active macrophage activity (M2). * indicates a significant difference from control groups. (mean ± S.E).
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4,5
4
3,5

Stimulation index

PHA
LPS

׳׳
**
׳׳
*

3
2,5
2
1,5
1
0,5
0
Control

DMSO

Nonylphenol

FIGURE 2
Mitogenic response of head kidney lymphocytes stimulated with LPS (B lymphocytes) and PHA (T lymphocytes)
in rainbow trout exposed 54 d to NP (1 µg/L) and dilution vehicle. * indicates a significant difference
from the DMSO group.  ׳׳indicates a highly significant difference from the control group. (stimulation index ± S.E.).
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reduced blood lymphocyte counts which is consistent with
effects of NP, at least in part [29]. In conclusion, exposure
to environmentally realistic concentrations of NP could lead
to immunosuppression in fish. The effects of NP are consistent with immunosuppressive effects observed in municipal effluents.
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EVALUATION OF ENVIRONMENTAL DEGRADATION
IN THE KARAMENDERES RIVER IN RELATION
TO ANTHROPOGENIC STRESSORS
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ABSTRACT
Nutrient concentrations and phytoplankton biomass
were monitored with reference to several anthropogenic
pressures in the Karamenderes River (Canakkale, NW
Turkey) and in its catchment through a seasonal sampling
program of three sites. Both spatial and temporal variations
in chl a, nitrate and nitrite and temporal variation in ammonium, phosphate and silicate were significant. Despite
intense application of chemical fertilizers in agricultural
areas within the catchment and elevated riverine nitrate
concentrations phosphate levels were low, potentially keeping chl. a levels in oligotrophic range. Considering the important role of phosphorus in freshwater eutrophication and
complex dynamics of phosphorus leaching from soil, the
healthy functioning of this ecosystem critically depends on
management plans that consider the long term risks associated with phosphate transfer from agricultural soils into
the river.

plausible as several studies showing that these ecosystems
are also sensitive to the anthropogenic inputs of nitrogen
and phosphorus [4]. There is increasing interest in phosphorus losses from agricultural lands when considering the
problem of nutrient pollution [5] as suspended chl. a levels
in both lentic and lotic freshwater ecosystems change in a
predictable manner in response to rising phosphorus concentration [6-8] and total phosphorus and suspended chl.
a levels have a linear relation in rivers [9].
Assessment of environmental degradation in rivers
helps to detect problems within them before they further
deteriorate and become more troublesome to manage. The
European Union Water Framework Directive (WFD) demands the evaluation of nutrient pressures in surface waters
and the assessment of alleviation measures at the catchment
scale [10]. In this study, temporal and spatial changes in
nutrients and phytoplankton biomass were simultaneously
monitored and the data were discussed with regard to
anthropogenic pressures in the Karamenderes (Scamander) River (Canakkale, NW Turkey) and its catchment.
MATERIALS AND METHODS

KEYWORDS: biomass, degradation, Karamenderes (Scamander),
nutrients, phytoplankton, river.

Sampling area and sample collection

INTRODUCTION
Rivers have been globally subjected to several anthropogenic disturbances such as land use changes in their
catchment, modification of the natural flow regime and
the channel morphology which have potential to create
environmental degradation [1]. Nutrient enrichment is a
well-recognized anthropogenic pressure for aquatic ecosystems which may cause changes in biological diversity
and ecosystem services [2]. Among various water bodies,
the effects of eutrophication on lotic ecosystems have received less attention compared to lakes or coastal ecosystems [3]. This negligence is due to the prevailing opinion
that they are less sensitive to nutrient enrichment owing to
their hydrological characteristics. This view is no longer

110 km long (the length of the main channel) Karamenderes is one of the large rivers in the Province of
Canakkale (39o27’ and 40045’ N, 25o 40’ and 27030’ E) in
northwestern Turkey [11]. It originates in northern slopes
of Kaz Daglari (Mount Ida) and forms a flood-delta plain
to the west of Troy before discharging into the southern
part of the Canakkale Strait (Figure 1) [12]. The geological structure of its catchment is characterized by crystalline limestone and serpentine formations of Paleozoic and
Mesozoic times and volcanic rocks of the Tertiary, and
younger formations consisting of alluvial deposits; sand,
clay and limestone [13]. A transition climate between the
Mediterranean and Black Sea, with rainy winters and dry
summers is the prevailing climate type in the region [11].
The presence of dam, irrigation canals and impoundments affect the flow characteristics of the Karamenderes
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River and decrease the sediment transport to the shore obstructing the delta formation [14]. Agriculture, cattle grazing and timber cutting are the main human activities in the
catchment of the Karamenderes River [11].

Dissolved inorganic nutrient analysis

Water samples collected for dissolved inorganic nutrient analyses were filtered through Whatman GF/F filters within two hours of sample collection. Filtrates were
stored frozen (–20 oC) until analysed. Nitrate, nitrite, phosphate and silicate analysis were made using standard colorimetric analysis [17]. Ammonium concentration was
measured using a modification of the indo-phenol blue
method [18] with di-isochlocyanurate replacing bleach as the
chlorine donor [19]. All colorimetric readings were made
on a Shimadzu UV/Vis spectrophotometer (Model 2000
Japan).
Sestonic chlorophyll a and
qualitative analysis of algal community

FIGURE 1 - Map showing the location
of the study area and the sampling sites.

Three sites were selected randomly in the lower reaches
of the river and site one represents the most seaward sampling point. Quadruplicate samples of surface water were
collected using a bucket at each site between May 2004
and May 2005 approximately every month except for February (when heavy rain and flood did not permit access to
the sampling sites) resulting in a total of 156 samples. The
depth of the water column (~ 1 m) was deep enough to
prevent sediment re-suspension during sample collection
at each site.
According to data obtained from General Directorate
of Electrical Power Resources, Survey and Development
Administration (EIEI), IV. Hydrometrics Survey Center in
Bursa, the monthly discharge of the river varied between
0.97 m3 s-1 and 30 m3 s-1 during the study period. Stream
ordination analysis that was made according to Strahler and
Horton method [15] with the help of Mapinfo 7.5 SCP revealed that Karamenderes is a 5th order river while the
total length of its tributaries and its drainage area are
1504.52 km and 1960 km2, respectively.
Physical measurements

Temperature was measured in situ by an alcohol thermometer. pH values of samples were determined with a
hand held pH meter (Hanna, HI 98103 model, EU) while
salinity of the filtered samples were measured using a hand
held refractometer (Atago, S/Mill–E model, Japan) Total
solid concentration in water samples were determined according to the USEPA method [16].

Active chlorophyll a (chl. a, acid corrected for phaeophytin) was measured as a proxy for algal biomass. Measurement was made on the day of sampling within 1-2 hours
of sample collection. A cold methanol extraction technique
was used for pigment analysis [20]. A suitable volume of
sample (250 mL or 500 mL, depending on the turbidity of
the water) was filtered through Whatman GF/F filters. The
filters were immediately soaked in a known volume of magnesium carbonate buffered methanol (5 – 10 mL) at 4 oC
in darkness for 24 h before measurement of the absorbance of the extraction using a spectrophotometer at 665 nm
and 750 nm. Corrections for interference by phaeopigments
were made through acidification of samples with dilute
hydrochloric acid (10 %, v/v). Qualitative observations on
the taxonomic composition of phytoplankton community
were made using light microscopy. Samples for identification were preserved with glutaraldehyde (50 % v/v) to 1 %
final concentration.
Statistical analysis

For statistical analysis of the data Pearson correlation
test (SPSS 11.5) were used to determine significance of
correlations between variables. ANOVA (General Linear
Model, Minitab 14.00) test was used to analyse significant temporal and spatial (longitudinal) pattern in variables. Data were log (n +1) transformed before all statistical
analyses to meet the assumptions of the tests.
RESULTS
Physical measurements

Water temperature varied between 2 oC in January
and 26 oC at the end of June (Figure 2). pH of the water
varied between 7.72 and 8.34 throughout the sampling
period. The average winter (October-March) and summer
(April-September) temperatures were 10 0C and 21 0C respectively. Salinity of the samples collected from the three
sites was 0 throughout the study period. The amount of total
solids (TS) in water samples ranged between 258 mg L-1 in
April at site 3 and 989 mg L-1 in November at site 1 (Figure 2). TS showed a downstream increase (mean values of
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sites 1, 2 and 3 for the study period were 420 mg L-1, 365
mg L-1, and 314 mg L-1, respectively). The temporal change
in TS values was characterised by an increase during
November – December period.

stream decrease in nitrite concentrations. The mean nitrite
concentration of three sampling sites was 1.08 µM for the
study period.

FIGURE 2 - Temperature and total solid
content (mean ± SE, n=3) of the water samples.
Dissolved inorganic nutrients

Ammonium concentrations ranged between below detection level (0.05 µM) in October to a maximum concentration of 9.01 µM in November (at first site) with a mean
river (three sites) value of 2.10 µM for the study period
(Figure 3a). Temporal variation in ammonium concentrations was significant (p < 0.001) and explained 72.42 %
of the total variance (Table 1). Ammonium concentrations
significantly correlated with total solids, phosphate and
silicate (r = 0.186, p < 0.05, r = 0.621, p < 0.01, r = 0.289,
p < 0.01, respectively, n=156).
Nitrate concentrations were lowest (13.36 µM - 30 µM)
at the end of June 2004 and peaked (> 150 µM) in March at
all sites (Figure 3b). Both spatial and temporal variation
in nitrate concentrations were significant (p < 0.001) and
temporal variation explained 92.74 % of total variation in
nitrate concentration. Nitrate had significant negative correlation with silicate (r = -0.164, p < 0.05, n=156). Nitrite
concentrations also showed significant temporal and spatial variations (p < 0.001) (Table 1) and there was a down-

FIGURE 3 - Temporal variation in dissolved ammonium, nitrate,
phosphate and silicate concentrations (mean ± SE, n = 4) at 3 sampling
sites along the Karamenderes River between May 2004 and May 2005.

Phosphate concentrations remained under 1 µM except
for concentrations measured in November and April samples (Figure 3c). Temporal variation in phosphate concentrations was significant (p < 0.001) and accounted for
71.32 % of the total variation (Table 1). Phosphate had
significant correlation with total solids (r = 0.27, p < 0.05,
n= 156).
Mean silicate concentrations of three sites for the study
period was 112 µM (range 53 µM in October at site three
and 153 µM at the end of June at site two) (Figure 3d). The
temporal variation in silicate concentrations was significant (p < 0.001) and explained 54 % of the total variation
(Table 1). The temporal change in silicate concentrations
did not display a regular seasonal cycle.
Total molar inorganic nitrogen (TIN = ammonium+
nitrate+nitrite) to phosphate ratios (TIN:P) were always
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TABLE 1 - ANOVA of variables measured in Karamenderes between May 2004 and May 2005.
The percentage of the total sum of squares (SS) explained by each factor within the ANOVA is given.
Variable Factor
NH4+ Time
Site
Time X Site
NO3
Time
Site
Time X Site
NO2
Time
Site
Time X Site
PO43- Time
Site
Time X Site
SiO3- Time
Site
Time X Site
Chl a Time
Site
Time X Site

df
12
2
24
12
2
24
12
2
24
12
2
24
12
2
24
12
2
24

% of total SS
72.42
0.00154
8.73
92.74
0.66
3.79
78.20
8.34
8.38
71.32
0.60
4.39
53.97
0.36
11.28
91.96
1.13
3.24

F
37.51
0.04
2.26
322.66
13.86
6.60
150.57
96.45
8.07
29.36
1.48
0.90
15.31
0.62
1.60
245.47
18.15
4.33

p
<0.001
0.959
0.002
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.232
0.597
<0.001
0.539
0.052
<0.001
<0.001
<0.001

high (range 20 - 988) and molar TIN to silicate ratios were
usually below 1 except for October (1.47 – 2.8) and March
(1.16 – 1.31) data.
Sestonic chlorophyll a and
qualitative analysis of algal community

Amount of active chl. a biomass was lowest in July
(0.33 - 0.39 µg chl. a L-1) and highest concentrations (12.1214.75 µg chl. a L-1) were measured in May 2005 at all sites
(Figure 4). Both temporal and spatial variations in chl. a
concentrations were significant (p < 0.001) and temporal
changes solely explained ~ 91.96 % of the total variation
in chl. a. There were also significant spatial temporal effects with an upstream increase in chl. a concentration for
most of the study period (8 out of 13 occasions). Relatively lower chl. a concentrations were measured at all sites
through July –November period (Figure 4). Chl. a had significant correlations with silicate, ammonium and total
solids (r = 0.197, r = -0.174, r = 0.181, p < 0.05, respectively, n = 156). Phaeophytin (the degradation product of
chl. a) concentrations ranged between ~ 0.92 µg phaeophytin L-1 at first site in November, and 20.73 µg phaeophytin L1
at third site in May 2005. Phaeophytin concentrations
were higher than that of chl. a. The temporal variation in
phaeophytin concentrations was significant and had a similar temporal variation pattern to that of chl. a. The ratio of
chl. a to phaeophytin were usually under 1 for the study
period except for at site 1 in November (Figure 5).
Qualitative analysis on algal community composition
showed the presence of diatoms (Pinnularia spp., Fragillaria spp., Diatoma spp., Asterionella spp., Navicula spp.,
Nitzschia spp., Melosira spp., Cymbella spp., Cymatopleura
spp., Hannaea spp., Synedra spp.) for most of the year. At
the end of June members of the Tribonema spp. were dominant in algal community and were also present in July and
August phytoplankton, though in much lower abundance.
Members of Chlorophycea (Chlamydomonas spp, Scene-

FIGURE 4 - Temporal variation in chl a
concentrations (mean ± SE, n = 4) at 3 sampling sites along
the Karamenderes River between May 2004 and May 2005.

FIGURE 5 - The ratio between chl a and phaeophytin pigments
at 3 sampling sites along the Karamenderes River between May
2004 and May 2005. The horizontal line shows where the ratio is 1.

desmus spp, Pandorina spp, Dictyosphaerium spp.) were
abundant in spring and summer phytoplankton. The members of Synura spp. (Synurophyceae) were also present in
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algal community for most of the year. In May 2005 when
chl. a concentration peaked at all sites Stephanodiscus spp.
dominated the algal community which also had members
of Fragillaria spp., Asterionella spp., Epithemia spp.,
Melosira spp., Navicula spp., Nitzschia spp., Dinobryon
spp., Scenedesmus spp. and Mallomonas spp. The species
composition of algal community did not vary among the
three sampling sites throughout the study period.
DISCUSSION
Among the variables measured during this study the
amount of total solids in water samples was quite high
(mean= 377 mg L-1, range= 250 - 1070 mg L-1 n=144)
which could be due to intense agricultural activity in the
catchment of the river since agriculture is globally an important factor for accelerated soil erosion [21]. Soil erosion in croplands has already been reported as a significant environmental problem for the region due to the low
soil profile, incorrect agricultural practices and destruction
of natural vegetation cover [11].
Nitrate concentrations were also high compared to mean
NO3--N concentration of 7.13 µM (100 µg N L-1) reported
for unpolluted rivers [15]. The amount of annual application of chemical fertilizers was 88,297 tonnes for the year
2004 in the region [11] and 1,300 hectares of marshland
has been drained and converted into agricultural land since
1957 on both sides of the Karamenderes River [22], which
might have contributed to presence of high nitrate concentrations in the river.
Compared to nitrate, phosphate concentrations were
very low in the Karamenderes River and indicated a potential P limitation of phytoplankton biomass which is a
typical condition for freshwaters [ex. 23]. The low levels of
phosphorus in samples despite the intense agricultural activity in its catchment could possibly be due to accumulation
of phosphorus in the soil. Phosphorus may accumulate in
the soil for a long time before it is released [24, 25] which
depends on climate, topography, soil type, iron, aluminium
and calcium content of the soil [26]. For example phosphate leaching in clayey or loamy soils is restricted due to
strong adsorption of phosphates onto clay minerals and iron
oxides in the soil [27] and there is evidence showing that
phosphorus concentrations in streams draining a catchment
with largely calcareous soils is much less than that of
streams draining non-calcareous soils [28]. An analysis of
texture and pH of agricultural soils within the catchment of
the Karamenderes River revealed that dominant soil types
were sandy-loamy and loamy, and soil pH varied between
6.42 and 9.57 [29], which might contribute to phosphorus
accumulation in soils. The fact that phosphorus losses in
drainage water from agricultural lands in the Mediterranean Region is generally slight owing to pedological characteristics of the region [30] also support the possibility of
phosphorus accumulation in the agricultural soils within
the catchment of the Karamenderes River. The examination

of phosphorus levels in agricultural soils of the region
made according to the Olsen Method revealed that 14 %
the soils had high and 29.8 % of the soils had very high
levels of phosphorus [11] which further supports this possibility.
The measured suspended chl. a levels were in oligotrophic range reported for flowing waters [31] except for
in May in the Karamenderes River. The significant temporal variation in chl. a concentrations did not exhibit
typical seasonal features, implying lack of a strong effect
by seasonally driven changes in water temperature and
light intensity. The decrease in phytoplankton biomass
during summer could be due to increased grazing. Abundance of grazing resistant filamentous forms (Tribonema
spp.) in summer phytoplankton supports this statement.
Grazing is one of the mechanisms shaping the species
composition of phytoplankton community structure with
high grazing pressure promoting dominance of grazing
resistant forms [32]. Grazing by a rotifer-dominated zooplankton community has been reported as the main cause
of the decline in phytoplankton and increase in the proportion of grazing resistant larger algae in early summer in
River Meuse [33]. The chl a concentrations measured in
our phytoplankton samples dominated by Tribonema
spp. (end of June) were higher than the concentrations
measured on the previous sampling date (in the first week
of June) and decreased on next sampling date (in July)
again. This further supports the importance of grazing on
the summer phytoplankton biomass in the Karamenderes
River.
The spatial variation in chl. a concentrations in the
Karamenderes River was characterised by a downstream decrease. This could be due to either downstream increase in
the sedimentation of the phytoplankton or greater grazing
pressure since nitrate was the only nutrient that had a
significant spatial variation along the river and there is no
significant correlation between nitrate and chl. a concentrations. A similar spatial variation in the Rhine River phytoplankton biomass was observed [34] and sedimentation and
increased grazing by zooplankton were proposed as the
general causes of the downstream decrease in phytoplankton biomass of lotic ecosystems [35]. Since total solid concentrations showed a significant downstream increase in our
study we cannot suspect downstream increase in sedimentation leaving grazing and light limitation (due to increase
in turbidity caused by downstream increase in total solids)
as the two possible reasons for the downstream decrease
in chl. a concentrations.
The temporal trends in chl. a and phaeophytin concentrations were similar to each other underlying the similarity
in factors influencing the seasonal variation in both of
them. The contribution of active chl. a to total chl. a (active chl. a + phaeophytin) was much smaller than that of
phaeophytin as shown by chl. a: phaeophytin ratios under
1. The amount of active chl. a in total chl. a was relatively
high (41.56 % - 45.18 % of the total) in May 2005 at all
sampling sites when the phytoplankton community was
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dominated by planktonic diatom species (Stephanodiscus
spp.). May 2005 was also the time when peak chl. a levels
measured in a phytoplankton community dominated by
Stephanodiscus spp. Lowered discharge in May 2005
(13.03 m3 s-1 for April and 4.46 m3 s-1 for May) might
have contributed to the formation of the peak chl. a levels
in this month. Low discharge has been reported to be a preconditioning factor for the occurrence of recurrent Stephanodiscus spp. blooms in Nakdong River [36].
General abundance of the diatoms and the presence of
synurophyceans in phytoplankton together with the significant positive correlation between silicate and overall
biomass concentrations suggested that silicate is an important nutrient for phytoplankton biomass formation in
the Karamenderes River. Molar TIN to silicate ratios were
usually less then 1 suggesting there is no potential silicate
limitation for silicate requiring taxa in the phytoplankton
at present. Considering that the dam has been in operation
only since 1996 it may still cause a reduction in downstream silicate concentrations through producing the socalled “artificial lake effect” [37] in the future and as the
anthropogenic activities in the catchment are only increasing the nitrate levels TIN:Si ratios may change in favour
of non-siliceous forms [38] in the Karamenderes River.
The general notion that globally Si:N ratios are decreasing
while the N:P ratios are increasing with the rise in nitrate
concentrations in lotic ecosystems [39] supports this future possibility for the Karamenderes River.

significant anthropogenic pressures and the assessment of
their impacts on water bodies” [40]. As a candidate country for EU membership, Turkey should monitor and examine ecological status of her surface waters to prepare
for the implementation of WFD. The presented work here
provides a preliminary assessment of vulnerability of a river
ecosystem to several anthropogenic stressors it is subjected
to contributing to the understanding of its present situation before it reaches a more degraded state that requires
additional efforts and costs to restore.
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CONCLUSIONS
Suspended chl. a levels were in the oligotrophic
range but the difference between lowest and highest values were large(> 40 fold) with a strong suggestion of
abrupt temporal changes in influences or in the combination of influences on chl. a levels which have potential to
cause unpredictable changes in chl. a concentrations in
the future. The low chl. a concentrations measured despite
high nitrate concentrations could be due to phosphate limitation/ light limitation (high total solid concentration in
water) or due to grazing. This conclusion seems reassuring
when we consider the existing multiple anthropogenic
stressors and elevated nitrate levels but the risk associated with an increase in phosphorus run-off from agricultural soils in the catchment still exists considering the highly
unpredictable dynamics of phosphorus run off from soil
and the importance of it in freshwater eutrophication. This
situation is the sword of Damocles for the overall health
of the Karamenderes River, which is already a vulnerable
ecosystem due to the multiple anthropogenic stressors it is
subjected to. As a result, future environmental management
plans for the Karamenderes River must include means to
control the phosphorus and nitrate losses from the agricultural land through appropriate soil management practices
in its catchment as their primary target. The EU Water
Framework Directive necessitates the "identification of
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ABSTRACT

this problem, each laboratory must follow the appropriate
instructions [1-3].

The homogeneity of analytical sample should be
checked prior to analysis. Sample processing, which may be
source of systematic errors, is the procedure used to make
the analytical sample acceptably homogenous with respect
to the analyte distribution. For a quick quantify the analyte
in the extract without clean-up, vertically cut tomato samples were surface treated with 14C-chlorpyrifos, communited
and extracted. Then 14C-chlorpyrifos radioactivity was determined in the replicate analytical portions of different size
and uncertainty of sample processing was determined. F test
revealed that, the processed samples were well-mixed. The
typical sampling constant (KS), was calculated as 1.24 kg.

KEYWORDS: Homogeneity of sample, sampling constant, sample processing uncertainty.

INTRODUCTION
There are numerous publications describing the analytical methods for residue analysis, however relatively few
studies include detailed information on how the samples
were prepared and homogenized before withdrawing the
analytical portions. The effect of sample processing on the
variability of the result is very important since, accuracy and
precision of the result can be affected more by the sample
processing technique than by subsequent analytical steps.
Inhomogeneity of analytical sample may be source of substantial systematic and random errors. Losses of pesticides
at the sample processing and subsequent steps will result in
an underestimate of the residue levels with possible implications for MRL (Maximum Residue Limit) compliance
monitoring and consumer risk assessment. It is therefore
desirable to develop processing procedures that minimize
losses and improve the reliability of results. To overcome

Since analysis of the whole laboratory sample is not
practicable, small analytical portions have to be taken.
Therefore during sample processing, the bulk sample size is
reduced to obtain the analytical sample, which is then homogenized by an appropriate procedure to obtain a wellmixed matrix from which the representative analytical
portion (10-50 g) can be reproducibly withdrawn for extraction [2, 3].
For the estimation of uncertainty of sample processing,
the use of 14C-pesticide is advantageous, since we can precisely and quickly determine the analyte directly in the extract and eliminate the effects of the rest of the analytical
procedure, which improves the precision of the final results [1]. The unique advantage of radioisotopes is that their
behavior in a system is usually identical with that their stable counterpart, and they can be identified easily with high
sensitivity by their characteristic radiation, even in unclean
extracts [4].
A number of studies on the sample processing [2, 3,
5, 6] revealed that the random errors of sample processing
of plant materials can be high and may contribute substantially to the combined uncertainty of the results. The methodology in this study is taken from Ambrus et al. [7] who
applied the sampling constants concept for the analysis of
pesticide residues.
The purpose of this study was to determine the uncertainty of sample processing, and to test the homogeneity of
analytical portions by using stable compound, 14C-chlorpyrifos and tomato sample.
MATERYALS AND METHODS
Chemicals

The 14C-labeled chlorpyrifos standard was supplied by
IAEA (International Atomic Energy Authority) with the
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radioactive purity of 94 %. The cocktail used for liquid
scintillation counting was Rotiszint® eco plus (Art.0016.2 ;
Carl Roth GmbH+Co 76185 Karlsruhe). The solvent ethylacetate (EtOAc) was of analytical grade from Merck, with
a purity of 99.5 %. High purity anhydrous Na2SO4 and
NaHCO3 were obtained from Merck.
Equipment

The following equipments were used to perform analysis. Waring blender, 1 liter steel containers (Waring Commercial Blender–USA), Ultra Turrax (T25 basic IKAWERKE), water bath (Ultrasonic water bath-Branson
2200), centrifuge (Eppendorf 5810 R Centrifuge), centrifuge tube up to 250 mL capacity, balance with the 0.0001 g
digit, Packard 1550 Tri-Carb Liquid Scintillation Analyzer (LSC), polyethylene vials and other basic glassware
and equipment such as measuring cylinders and Hamilton
microsyringe.
Treatment and Sample Processing

For the experiment, performed according to EU sampling guidelines [8], individual units of tomatoes comprising a 1014 g (ten unit) laboratory sample were cut vertically
into two approximately equal halves and each half units
were placed cut side downward on an aluminum foil covered tray. An aliquot (0.250 mL) of 14C-chlorpyrifos in
EtOAc solution (containing 3.133 x 106 dpm mL-1) was
applied dropwise, using a microsyringe, to the outer skin of
each of the individual half units. The spiked sample materials were then kept under fume hood for 15 min at ambient temperature to allow sufficient time for the solvent to
evaporate and pesticide interact with the matrix. Residual
14
C-chlorpyrifos remaining in the vial (which contained
the standard solution used for spiking), on the foil (runoff
from spiking) and in the syringe, was recovered and measured using LSC. After subtracting remained radioactivity
in the aluminum foil and syringe, applied specific activity,
i.e., radioactivity for per g sample matrix, was 15259 dpm.
Laboratory samples were processed as soon as possible. Using sharp forceps, the fresh spiked units were placed
in the bowl of the Waring Blender, and blended at room
temperature for 3 min to produce a homogenized analytical sample.
Extraction

Analytical portions of 5 g and 50 g sample were withdrawn randomly from the comminuted analytical sample
without delay and with continuous mixing, to avoid separation of the liquid and solid phases. The EtOAc (2 mL/g),
NaHCO3 (0.167 g/g), and then anhydrous Na2SO4 (1 g/g)
were added to the analytical portions, as extraction solvent,
pH adjusting reagent and drying reagent, respectively. The
ratio of reagent, solvent, and analytical portion amounts was
kept constant for all of the analytical portion sizes. The
temperature of the mixture was equilibrated to 30º C (water
bath set at 30 ±1 ºC) and then homogenized for 30 s using
an Ultra-Turrax. Seven replicate analytical portions of each

sample size were extracted in a single batch. Blank control
samples for each sample size were also extracted in the
experiments. The extracted material was centrifuged for
10 minutes at 2500 rpm speed. The liquid part of the material in the tube was collected, and the volume and weight of
extract recorded. Since the recovery was calculated based
on weight, mass of sample matrix was recorded carefully,
before and after each analytical step [3, 4, 9].
Measurement of Radioactivity

Homogeneity of processed sample was assessed using
LSC to determine the 14C-chlorpyrifos content of two
different size analytical portions. Five individual aliquots
(1.0 mL) were taken from each extract of each analytical
portion put into individual scintillation vials, recorded the
mass of extract to 0.0001 g accuracy and LSC cocktail
(18 mL) added to each vial. The vials were closed tightly
with a cap and shaken thoroughly, and then transferred to
a LSC. The radioactivity (dpm) of each vial was determined
by liquid scintillation counting for three times for 10 min.
The recoveries were calculated as the ratio of the measured
and initially applied radioactivity [6].
An overview of withdrawal of analytical portions from
the processed analytical sample is given in Figure 1.
Calculations and methodology

Uncertainty in measurement can be defined as being
made up of two components: uncertainty derived from sampling target and the uncertainty derived from the analytical
process [10]. It is reported in the several works that the
reliability of residue data depends on the contribution of
three major phases of the determination process, namely:
sampling, sample processing and analysis [2, 7, 11]. The uncertainty of analytical results, (SR) can be estimated [12]
from the uncertainty of sampling (SS), uncertainty of sample processing (SSP) and uncertainty of analysis (SA):
SR =

(S S )2 + (S SP )2 + (S A )2

(1)

Each analytical stage can be further divided into consecutive steps, and their uncertainty, if quantified, can be
inserted in the equation. The relative uncertainty of laboratory sample (CVLab) analysis results is influenced by the
random errors of sample processing, CVSP, [2, 13] and
analysis, CVA):
CV Lab =

(CV SP )2 + (CV A )2

(2)

The efficiency of sample processing can be characterized by the sampling constant, KS [2, 7]. Sampling constant is the weight of a single increment that must be
withdrawn from a well-mixed material to hold the relative
sampling uncertainty to 1% with 68% level of confidence.
It can be applied for describing the random error of sample processing as well:
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where m is the weight of a analytical portion and CVSP
is the relative uncertainty of sample processing. When two
sets of analytical portions of widely differing weights (mLg,
the weight of large portion, mSm, the weight of small portion, and mLg/ mSm ≥ 10) are analyzed and the matrix is
well mixed, then the sampling constant must be the same
(Eq.4).

K SSm = K SLg

S 2 SPLg × mLg = S 2 SPSm × mSm
then

S 2 SPLg = S 2 SPSm × (

m Sm
)
m Lg

(6)

or in terms of variance;

(4)

Since the average residue concentrations of the small
and the large analytical portions in a well-homogenized
material should be equal (R), the CVSP (S2SP/R2) can be
substituted with the standard deviation, SSP:

(5)

VSPLg × mLg = VSPSm × mSm

(7)

For replicated analysis of small and large analytical
portions, Eq.7 can be applied to test if the homogenized
laboratory sample is statistically well mixed.

Laboratory sample
(1014 g , 10 unit)

Sample preparation

Cutting tomatoes vertically
into two equal halves

Spiking laboratory samples
with 14C-chlorpyrifos

Processing in a Waring Blender

Test Sample
(Sample Homogenate)

7x50 test portion

7x5 test portion

Extraction

Extraction

Liquid scintillation counting
(5 x 1 mL)

Liquid scintillation counting
(5 x 1 mL)

FIGURE 1 - Schematic diagram of experimental steps used to assess homogeneity of analytical samples.
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As the estimation of the variance, based on small number of measurements, is imprecise, the equality described
by Eq.(6) should be checked with two-tail F-test. If the
ratio of S2SPLg and S2SPSm (mSm/mLg) (either of them can be
larger) is smaller than or equal to the critical F value, the
difference is not significant. In this case the homogenized
sample can be considered statistically well mixed and the
KS can be calculated (Eq.3) from the mLg and CVSPLg, which
is more precise than an estimate based on small sample
increments.
RESULTS AND DISCUSSION
The recovered of 14C-chlorpyrifos from test portions
of surface spiked tomato were given in Table 1. The other
calculated parameters such as, recovery, average recovery,
standard deviation (SR), variance (SR 2), and coefficient
variation (CV) of five replicate LSC measurement, based
on each analytical portions replications, were also included
in Table1.

(Table 2). These values were less than 2 % for both analytical portions indicating that handling of the analytical
portions, including extraction and liquid scintillation counting was carried out properly. The other calculations were
summarized in Table 2. VT is the variance of all recoveries
calculated by taking all data as a single sample with mean
R and [(h*n)-1] degrees of freedom. The h is the replication of analytical portions (7 in our cases) and n is the replicate measurement s of 1 mL of the same analytical portion (5 in our cases). VA is the variance of analysis as the
average of the variances of each analytical portion with
[h*(n-1)] degrees of freedom. The tabulated F values for
checking the differences of the variations of VT and VA,
and large and small samples were F(0.05, 34/ 28)= 1.846, and
F(0.1; 6/ 6)= 4.28, respectively [14].
One-tailed F test was applied at 95 % confidence level.
As it was shown in Table 2, calculated F values, i.e., the
ratio of VT/VA were 126.14 and 14.52 for the small and
large portions, respectively. Since the Fcalculated >F tabulated
for both analytical portions, VT is significantly larger than
VA. If VT >VA then

The calculated CVA of analysis were 1.197 % and
1.353 % for 5 g and 50 g analytical portions, respectively

V SP = VT − V A

(8)

TABLE 1 - Recoveries (average of 5 replication) determined in 5 and 50 g of test portions of tomato.
Sample

Mean recovery,
R

1
2
3
4
5
6
7

0.785
0.928
0.924
1.038
0.980
0.737
1.111

1
2
3
4
5
6
7

0.790
0.873
0.811
0.895
0.883
0.870
0.919

SR (SD)

SR2 (Variance)

CVR (%)

7.856E-05
2.566E-05
2.575E-04
1.899E-04
6.782E-05
1.447E-04
1.101E-04

1.129
0.546
1.737
1.327
0.840
1.631
0.905

4.75E-06
3.5E-05
1.35E-04
2.65E-04
2.24E-04
2.28E-04
6.28E-05

0.276
0.677
1.431
1.817
1.695
1.735
0.862

5 g test portion
8.864E-03
5.066E-03
1.605E-02
1.378E-02
8.235E-03
1.203E-02
1.006E-02
50 g test portion
0.00218
0.005915
0.011613
0.016267
0.014969
0.015098
0.007924

TABLE 2 - Illustration of calculations for testing well mixed conditions of processed tomato samples
Statistical parameter
Calculation steps
Formula/Explanation
R%
Average recovery
VT
SL 2
VA
SA 2
CVA %
100[(VA)0.5]/R
F calculated*
VT /VA
VSP
VT -VA
CVSP %
100[(VSP)0.5]/R
F calculated**
(VSP 50 / VSP 5) 10
KS. 50
W(CVsp)2
*
Ftab(0.05; 34/28)= 1.846
**
Ftab(0.1; 6/ 6)= 4.28
***
kg
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5 g portion
92.91
1.559E-02
1.236E-04
1.1966478
126.14
1.547E-02
13.386

Calculated values
50 g portion
86.31
1.979E-03
1.363E-04
1.3526086
14.52
1.842E-03
4.973
1.19
***
1.24
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The estimated variance of sample processing (VSP) for
both portion size (applying Eq.8) were given in Table 2.
Two tail F tests, at 90 % confidence level, were used to
check that VSPLg and VSPSm (mSm/mLg) were not significantly
different. Calculated F value was 1.19 which was less than
tabulated value of 4.28. It means the analytical sample was
homogenous and sampling constant (KS) was calculated
from the CV and mass (m) of the large analytical portions
with the Eq. 2 as 1.24 kg (Table 2). The determined KS
value for Waring Blender is in agreement with the reported
experimental KS ranges ( 0.1-1.3 kg) which is specified by
Meastroni [15].
The value of KS can be used to select the test portion
size that assures a target level of CVSP which fits the purpose of the analysis. Similarly the uncertainty of sample
processing (CVSP) can be estimated for any analytical portion size (m), from the KS value. The KS can also be used
to select the test portion size that assures a target level of
CVSP which fits the purpose of the analysis.
As indicated in previous works [1, 6], since the efficiency of sample processing depends on the equipment
used, the type of processed matrix, and variety and maturity
of the commodity, each laboratory should check the homogeneity and the efficiency of sample processing, which
cannot be derived from the literature or from other laboratories.
CONCLUSION
The efficiency of sample processing is independent
from the pesticide residues being present in the sample.
Therefore, once the efficiency of sample processing is determined during method validation, the results obtained are
valid for all pesticide except highly volatile and labile compounds [2].
The result of this study showed that, the use of 14Clabeled compound for the estimation of uncertainty of
sample processing is preferable. It does not require chromatographic analysis. Similarly our previous study, carried out
for the estimation extraction and cleanup efficiency, showed
that the best way for determining efficiencies was to use
radiolabeled compounds [16]. Naturally, the elaborated
methodology for sample processing can also be applied
without labeled compound, but its implementation takes
longer and the estimated KS is less precise [1, 2].
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ABSTRACT

INTRODUCTION

A hydrological regionalization of the Western Black
Sea hydrological basin of Turkey is developed based on a
multivariate analysis of precipitation records of the 18 (out
of 40) meteorological stations from the periods 1929–2004.
A regionalization of annual data is carried out using PCA.
Precipitation series from 18 gauging stations were chosen
to characterize climatic differences in the basin. The PCA
indicated that there are 6 climatic regions in the basin.
KEYWORDS: Black Sea Hydrological Basin, precipitation, Principal Component Analysis, Turkey

Turkey is a country which bridges Europe and Asia.
The sea stretching on three sides of the country, the location
of the mountains and the variety of geographical formations have led to climatic diversity. The climate is mild
in the coastal regions due to the influence of the sea
whereas the central regions demonstrate characteristics of
a continental climate. In the north, the Black Sea cost is
characterized by heavy rainfall occurrences, while in the
west and east of Turkey, rainfall is modest with an extensive semiarid area in the interior regions and in the south
of Turkey [1, 2].

TABLE 1- Precipitation data for hydrological basins in Turkey.
No
01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

Precipitation
area (km2)
Meriç-Ergene Basin
14 560
Marmara Basin
24 100
Susurluk Basin
22 399
Ege Basin
10 003
Gediz Basin
18 000
Küçük Menderes Basin
6 907
Büyük Menderes Basin
24 976
West Mediterranean Basin
20 953
Middle Mediterranean Basin 19 577
Burdur Lake Basin
6 374
Afyon Basin
7 605
Sakarya Basin
58 160
West Black Sea Basin
29 598
Yeşilırmak Basin
36 114
Kızılırmak Basin
78 180
Middle Anatolia Basin
53 850
East Mediterranean Basin
22 048
Seyhan Basin
20 450
Hatay Basin
7 796
Ceyhan Basin
21 982
Fırat Basin
127 304
East Black Sea Basin
24 077
Çoruh Basin
19 872
Aras Basin
27 548
Van Lake Basin
19 405
Dicle Basin
57 614
TOTAL
779 452
Basins name

Average annual
flow (km3)
1,33
8,33
5,43
2,90
1,95
1,19
3,03
8,93
11,06
0,50
0,49
6,40
9,93
5,80
6,48
4,52
11,07
8,01
1,17
7,18
31,61
14,90
6,30
4,63
2,39
21,33
186,86

781

Potential participating rate
0,7
4,5
2,9
1,1
1,1
0,6
1,6
4,8
5,9
0,3
0,3
3,4
5,3
3,1
3,5
2,4
6,0
4,3
0,6
3,9
17,0
8,0
3,4
2,5
1,3
11,5
100

Average annual
yield (lt/sn/km2)
2,9
11,0
7,2
7,4
3,6
5,3
3,9
12,4
24,2
1,8
1,9
3,6
10,6
5,1
2,6
2,5
15,6
12,3
3,4
10,7
8,3
19,5
10,1
5,3
5,0
13,1
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FIGURE 1 - Hydrological basin in Turkey.

Precipitation varies from one region to another. Turkey has an annual average precipitation of 650 mm, with a
catchments area of 779 thousand km2, and the mean annual
flow rate is about 186 million m3 [3-5]. The hydrological
characteristics of the country, which divides the country
in 26 hydrological basins (Fig. 1), represent high spatial
and temporal variability (Table 1) [6].

gauging stations, which belong to the National meteorological network (Turkish State Meteorological Service),
in the region (Fig. 2). The observed data consist of annual
total precipitation for the 1929-2004 period. The characteristics of stations and recordings are listed in Table 2, and
the location of the stations is shown in Figure 2. Figure 3
summaries annual precipitation values in the box plot by
the station in the basin. The precipitation varies from 35 to
1960 mm with an annual mean of 700 mm in the basin [3].
For a proper multivariate statistical analysis, each station recording is tested for normality. Once annual precipitation data (each station recording) showed compliance with
normal distribution, monthly precipitation in the basin is
also tested for normality. The normality test for the basin

DATA AND METHODS
The study area covers the Western Black Sea region
in Turkey and extends from 31-40° of longitude east and
40-42° of latitude north (Fig. 1). There are 40 precipitation
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FIGURE 2- Location of precipitation stations in West Black Sea Basin
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TABLE 2- Data for stations in the basin.

No

Station Name

Station
No

Observation
length
(year)

Period

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

AKÇAKOCA
MUDURNU
ŞERİFYÜKSEL
ALAPLI
EREĞLİ
SEBEN
BOLU
EĞERCİ
ZONGULDAK
GÖKÇESU
YENİÇAĞA
PAZARKÖY
GEREDE
KOZCAĞIZ
YENİCE
BARTIN
AMASRA
ARIT
ULUS
SAFRANBOLU
KURUCAŞİLE
OVACUMA
EFLÂNİ
CİDE
PINARBAŞI
BAKLABOSTAN
AZDAVAY
BOYALI
ARAÇ
DADAY
KARABÜK
KÜRE
KASTAMONU
İNEBOLU
DEVREK
AKKAYA
BOZKURT
TOSYA
ÇATALZEYTİN
DEVREKÂNİ

17612
2190
3012
1082
22
2193
17070
1236
17022
1392
1708
1394
17642
710
966
17020
17602
606
696
970
562
618
784
17604
611
9013
660
1251
976
721
17078
572
17074
17024
962
983
17606
17650
536
17618

53
29
18
15
72
34
73
5
72
4
5
29
29
7
14
52
40
6
35
35
2
3
6
19
8
33
25
9
18
12
53
4
73
72
31
12
43
74
6
50

1950-2003
1968-1997
1979-1997
1988-2003
1931-2003
1968-2002
1930-2003
1988-1992
1931-2003
1988-1991
1987-1991
1968-1997
1968-1997
1996-2003
1989-2003
1951-2003
1963-2003
1985-1991
1968-2003
1968-2003
1989-1990
1989-1991
1997-2003
1984-2003
1985-1993
1959-1992
1969-1994
1986-1995
1985-2003
1985-1997
1950-2003
1986-1990
1930-2003
1931-2003
1972-2003
1986-1998
1960-2003
1929-2003
1997-2003
1953-2003

Minimum
Average
Maximum
Maximum
Minimum
Average
precipitation
Annual
Longitude Latitude Altitude precipitation precipitation
precipitation (Max-Min)
Time
Pre.
time (month)
(mm)
(mm)
(mm)
(month)
(mm)
3110
4105
10
8
217,1
2
37,7
127,4
1008
3113
4028
849
12
72,8
9
22,4
47,6
505
3115
4044
1550
6
91,4
2
25,6
58,5
784
3123
4111
30
5
106,5
5
38,5
72,5
853
3125
4117
2
8
218
4
47
132,5
1059
3135
4025
700
4
51,7
6
28,5
40,1
434
3136
4044
743
11
78,8
9
32,7
55,75
541
3148
4106
300
7
79,6
4
13,4
46,5
621
3148
4157
137
8
431,5
3
51,7
241,6
1235
3158
4054
50
7
57,8
3
12
34,9
568
3202
4046
950
7
35,3
1
4,7
20
213
3211
4056
740
7
68.9
2
22.3
45,6
622
3212
4048
1270
7
67,5
9
22,3
44,9
526
3218
4128
75
5
130,3
12
30,4
80,35
967
3220
4113
150
5
70,4
12
23,4
46,9
563
3220
4138
30
8
161,1
4
40
100,55
1032
3223
4145
73
8
107,8
3
44
75,9
994
3238
4141
365
2
82,5
3
32,3
57,4
1076
3239
4135
157
6
114,6
4
45,2
79,9
962
3242
4115
400
1
83,4
9
22,6
53
454
3243
4149
10
10
87,9
12
15,3
51,6
712
3245
4127
400
10
57,2
3
9,9
33,55
488
3259
4126
800
7
50,3
10
24,2
37,25
640
3300
4153
10
10
140
4
32
86
1150
3308
4138
650
6
59,4
3
18,9
39.15
657
3318
4112
860
3
168,2
9
48,2
108,2
1071
3318
4137
800
7
60,3
2
27
43,65
571
3320
4003
650
1
118
11
17,6
67,8
385
3320
4115
650
5
53,4
1
19,6
36,5
467
3328
4129
850
7
63,7
2
14,8
39,25
510
3338
4112
400
5
58,7
2
26,9
42,8
465
3343
4148
950
10
42,3
5
0
21,15
198
3347
4122
800
5
104,7
1
23,5
69,1
460
3347
4159
64
7
150,8
4
40,2
95,5
1025
3350
4113
70
8
86,4
1
33,5
59,95
674
3400
4115
1000
7
48,8
8
8,7
28,75
533
3401
4157
167
10
126,3
4
42,7
84,5
1219
3402
4101
870
7
64,7
8
33,1
48,9
453
3413
4157
75
12
82,7
8
29,6
56,15
825
4004
4135
800
7
55,6
3
25
40,3
496

1500
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FIGURE 3- Box-Plot of annual precipitation in the basin
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December
November
October
September
August
July
June
May
April
March

( ) Minimum
( ) Maximum

February

Alaplı
Akçakoca
Akkaya
Amasra
Araç
Arıt
Azdavay
Bakacakkadı
Baklabostan
Bartın
Bolu
Boyalı
Bozkurt
Cide
Çatalzeytin
Daday
Devrek
Devrekani
Düzce
Eflani
Eğerci
Ereğli
Gerede
Gökçesu
İnebolu
Karabük
Kastamonu
Kozcağız
Kurucaşile
Küre
Mudurnu
Ovacuma
Pazarköy
Pınarbaşı
Safranbolu
Seben
Şerifyüksel
Tosya
Ulus
Yenice
Yeniçağa
Zonguldak

January

FIGURE 4- Wet and dry months for stations

is simplified with the use of wet and dry month’s rain
gauges. If the wet and dry months are found to be complying with normal distribution, then it can be concluded that
other months may also comply normality. To carry out the
test the wet and dry months have been identified using
monthly data obtained from the precipitation observation
stations in the basin (Fig. 4). These data also complied with
normal distribution [3].
TABLE 3 - The results of station homogeneity tests.
Station
No
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Station Name
ALAPLI
EĞERCİ
BOYALI
GÖKÇESU
PAZARKÖY
ZONGULDAK
İNEBOLU
BOLU
KASTAMONU
YENİÇAĞA
AMASRA
CİDE
BOZKURT
AKÇAKOCA
BARTIN
DEVREKÂNİ
GEREDE
TOSYA
MUDURNU
SEBEN

Test
Results
+
+
+
+
+
+
+
+
+
-

Station
No
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

Station Name
EREĞLİ
ŞEREFYÜKSEL
ÇATALZEYTİN
KURUCAŞİLE
KÜRE
ARIT
PINARBAŞI
OVACUMA
AZDAVAY
ULUS
KOZCAĞIZ
DADAY
EFLANI
BAKLABOSTAN
DEVREK
YENİCE
SAFRANBOLU
ARAÇ
AKKAYA
KARABÜK

Test
Results
+
+
+
+
+
+
+
+
+

component analysis (PCA). To minimize the potential error
in PCA, the individual records are carefully examined for
homogeneity [7-9]. The homogeneity of data was evaluated
through double-mass analysis. In the double mass analysis,
a graph is plotted of the points with coordinates the cumulative rainfall of the dependent station on the X axis and the
cumulative rainfall of the mean value from 5 neighboring
stations for the independent on the Y axis. A "break" in the
line formed by these points indicates possible non- homogeneity of the dependent station. The first part of the nonhomogenous series was homogenized by the multiplication
of the constant, which has been calculated as the proportion
of first part slope and second part slope of the line [3, 10,
11]. The analysis showed that 18 stations were non-homogeneous and were subsequently homogenized. Table 3
shows homogeneity test results (a (+) sign indicates station recording is not homogenous).
SPATIAL ASSOCIATION AMONG
PRECIPITATION STATIONS BASED
ON PCA AND CLIMATE REGIONS

This study tries to examine the spatial variability in the
West Black Sea hydrological basin with the use of principle

In the basin 18 stations are selected on the basis of
the quality and the length of the record. Selected stations
have relatively few missing data. The missing data for the
target station filled with the mean value from 3 neighboring stations with a similar precipitation pattern for the same
year [3, 5, 10, 11]. Table 4 displays the missing years in the
precipitation and completed missing values for the stations.
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TABLE 4 - Completion of missing year of the precipitation data.
Station
Ereğli
Pazarköy
Bolu
Devrekâni
Gerede
Ulus
Baklabostan
Safranbolu
Karabük

Missing year
1991
1975, 1984, 1986
1973
1973, 1974, 1975
1976, 1988, 1991, 1992
1982, 1983, 1984, 1985
1987, 1988, 1990
1975
1984 trough 1992

Completed Values (mm)
1455
733, 490, 681, 529
501
401, 371, 493
450, 614, 618, 655
925, 930, 973, 838
1233, 721, 935
449
292, 578, 357, 549, 348, 499, 418, 544, 185

This study seeks the spatial association among selected
18 stations over the 1968-92 time periods. In spatial analysis, the variable index is the station and the individual index
is the time. Given a station matrix of n (rows) x m (columns),
where n is the number of annual rainfalls (25 years) considered as observations and m is the number of raingauges
(18 stations) considered as variables, the resulting bi-plot
obtained by applying PCA may be interpreted as follows:
-Each point representing an observation (year) contains
the whole information (annual rainfall) recorded in 18 raingauges. This means that, 18 records are condensed to a
single point.
-The distance between points representing different
years is a measure of similarity with regard to annual rainfall on a given basin.
-Each point representing a raingauge contains the entire information (annual rainfall) recorded during a total of
25 years of observations. This means that, 25 records are
condensed in a single point. If the points representing raingauges are situated close to each other, the relevant
raingauges show a similar behavior along the 25 years of

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

If the data (station) matrix is free from errors, the factor correspondence analysis allows one to establish a regionalization. Station groupings based on principal components method provides information regarding climate regions in the basin. For the basin, a station matrix with dimensions of (25×18) has been created and PCA was applied.
The PCA are linearly rotated by the VARIMAX orthogonal
rotation techniques because of the possibility that the direct
solutions may not adequately model variability of the input
data. The number of rotated component can affect the identification of the dominant modes of variability in precipitation [12, 13]. In this study, according to the Kaiser criterion and a screen plot, the PCA with eigenvalues greater
than unity are extracted and then rotated [2, 14]. The result
of PCA is displayed in Figure 5. Figure 5 displays the eigenvalues and screen plot for the 18 precipitation stations.
The eigenvalues indicate that 6 components provide a reasonable summary of the basin accounting for about 79 % of
the total variance. Subsequent components each contribute
5% or less.

Eigen V. % Var. Cum. %
6.00
2.36
2.07
1.33
1.20
1.17
0.87
0.78
0.63
0.50
0.32
0.27
0.14
0.11
0.10
0.09
0.03
0.02

33.34
13.12
11.53
7.37
6.69
6.48
4.86
4.32
3.52
2.78
1.76
1.51
0.76
0.62
0.56
0.48
0.19
0.11

33.34
46.46
57.99
65.36
72.04
78.52
83.38
87.70
91.22
94.00
95.76
97.27
98.04
98.66
99.22
99.70
99.89
100.00

7
6
5

Eigenvalue

Component

observations. Otherwise, if the points are situated away
from each other, the raingauges show a different behavior.

4
3
2
1
0
0

2

4

6

FIGURE 5– Eigenvalues and scree plot.
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TABLE 5- Principal components station groupings and summary precipitation
Groupings

Stations

1
2
3
4
5
6

Zonguldak, Akçakoca
Pazarköy, Gerede, Baklabostan
İnebolu, Amasra, Bartın, Ulus
Kastamonu, Devrekani, Tosya, Mudurnu
Bolu, Safranbolu, Karabük
Bozkurt, Ereğli

Precipitation Summary by Group
Mean
StDev
Minimum
Maximum
1106,2
185,4
742,6
1631,9
760,4
359,3
55,1
1927
1004,3
170,3
525,9
1395,3
497,8
111,5
109,5
714
490,4
108,2
132,5
716,8
1116,8
232,1
535,1
1591,4

FIGURE 6- Different climate regions in the Western Black Sea Hydrological basin according to PCA.

Table 5 shows the station grouping. According to the
PCA there are 6 climatic regions (Fig. 6) in the basin. However, further statistical analyses among grouped stations
suggest that PCA grouping could be reduced to 4. Because,
summary precipitation by PCA group shows that there is no
significant difference (t test with 95% confidence) between
group 4 and 5, and 1 and 6. Indicating group 4 and 5 could
be one single group and group 1 and 6 another single group.
The relation between mean precipitation for the station
and elevation of the station is also investigated with the use
of regression analysis in the basin. But, regression analysis
with an r2 of 0.34 indicates week relationship between
precipitation and elevation. As expected, the negative relation between the two indicates 40 mm fall in precipitation
in every 100 m increase in elevation.
(Precipitation (mm) = 892.1 - 0.397 × Elevation)

data (from 18 stations) has been used to show spatial
differences in the Western Black Sea hydrological basin. The multivariate analysis of PCA showed that
there are six different climatic regions in the basin. But,
summary precipitation by PCA group indicated that
grouping could be reduced to 4, because there is no statistical difference between group 4 and 5, and group 1 and 6.
Overall, the statistical analysis showed that groups 1, 3,
and 6 have the rainiest climatic region (mean value over
1000 mm in a year), while groups 4 and 5 the least rainy
region (mean value below 500 mm in a year) in the basin.
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CONCLUSIONS
Precipitation is one of the most significant among hydrological data for statistical analysis. It is of great importance to compile and present this data in a clear and
intelligible manner. In this study annual total precipitation
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