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TREATMENT OF SOFTWOOD BLEACHERY EFFLUENTS
BY Penicillium camemberti IN ANAEROBIC JARS
Başak K. Taşeli1 and Celal F. Gökçay2
1

The Authority for the Protection of Special Areas (APSA), Ceyhun Atuf Kansu Street, No:102, 06520 Balgat/ Ankara, Turkey,
2
Environmental Engineering Department, Middle East Technical University, 06530, Ankara, Turkey,

SUMMARY
Penicillium camemberti was found to be very effective in treating softwood pulp bleaching effluents and
chlorinated model compounds like PCP, 2-chlorophenol
and trichloroacetic acid. This paper examines the ability
of Penicillium camemberti to degrade softwood pulping
and bleaching effluents in anaerobic jars. Softwood chlorinated pulping and bleaching effluents inoculated with
Penicillium camemberti (20 ml in 25-ml universal tubes)
were incubated under anaerobic conditions (oxoid anaerobic jars) at 25 °C for up to 20 days. Samples were analyzed for adsorbable organic halogens (AOX), color and
total organic carbon (TOC) removals and gas chromatograms of the samples were recorded. 61 % AOX, 62 %
TOC and 57% color removal was obtained with mineral
salts as nutrient and 2 g/l acetate as carbon source. It was
found to be remarkable that TOC removal was extremely
increased from 62% to 81% with the nutrient only, and
without any carbon source. There was a slight increase in
AOX (from 61% to 63%) and slight one in color (from
57% to 52%). The highest efficiencies, 62% AOX, 81%
TOC and 59% color removal, were achieved, when Penicillium camemberti has been added without any nutrient
and carbon source.

KEYWORDS: Bleachery wastewaters; Penicillium camemberti;
dechlorination; AOX; anaerobic jars.

INTRODUCTION
Pulp and paper industry wastewaters, and especially
spent liquors, from chlorine pulp bleaching have been
considered for several years to be a real world-wide environmental problem. The treatment of the effluents from
pulp mills has been extensively studied because of the
large quantities of wastewaters produced, and for their
toxicity and ecotoxicity [1].

The wood pulping and bleachery industry discharges
large quantities of mainly lignin-related chlorinated compounds to the receiving waters. These effluents have a
negative impact on plant and animal communities in the
receiving areas. Two different possibilities, internal changes
to the pulping and bleaching processes to lower the level
of the discharged compounds or to improve the
wastewater technologies, are to make to handle this problem [2].
Although aerobic degradation is a more widely used
method for treating wastewaters from pulp and paper
industry, the use of anaerobic treatment has also gained
importance. Many studies on the anaerobic treatment of
wastewaters, especially for those containing degradable
compounds like vapor condensates, have been carried out.
Particular emphasis was placed on the effluents discharged from the kraft pulping process (sulphate), because of its wider use [3].
It was reported that anaerobic/aerobic lagoon systems
remove 58-66% of the organochlorines from the water
phase, and the full-scale activated sludge plants remove
19-55% [2]. From many studies, it was clearly concluded
that only a partial removal of AOX could be possible
under anaerobic conditions, even with the addition of
growth supplements, such as acetate or hydrogen [3]. In
one study, 45% of AOX removal was achieved by an
anaerobic pretreatment step [4]. It was observed that during anaerobic pretreatment the AOX decrease in the
bleaching of kraft pulp mill effluent was mainly due to the
dechlorination of small molecules, and that the rate and
extent of dechlorination and degradation of soluble AOX
decreased with increasing molecular weight [3].
Studies on biological treatment of the bleaching effluents from pulp and paper mills indicate that a single
anaerobic or aerobic step may not be sufficient to reach a
high level of pollutant removal. Evidently, anaerobic
pretreatment improves the subsequent aerobic treatment.
Thus, an anaerobic treatment should generally precede the
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aerobic one. With this combination, a COD removal between 52-83% had been obtained for kraft evaporator
condensate mixed with 0-50% bleaching wastewaters.
However, another study showed that an anaerobic pretreatment did not significantly improve the subsequent
aerobic treatment. Moreover, the single aerobic reactor was
found to be a competitive system compared to the combined
anaerobic-aerobic system at lower loading rates. Only at
high loading rates, the anaerobic-aerobic system with
recycle was found to be slightly more efficient. With an
Enso-fenox system, which is composed of an anaerobic
fluidized bed and an aerobic trickling filter, more than
65% of AOX removal could be obtained for the bleachery
effluents from a kraft mill [3].
With sole biological treatment, the brown color of the
effluents did not disappear. The main problem seemed to
be the high-molecular weight colored compounds. Several
treatment methods for the bleachery effluents have been
tested collectively. These treatment schemes combined a
chemical or physical pretreatment with a subsequent biological stage to enhance the efficiency of the latter [3].
In a previous study, Penicillium camemberti has been
studied for its ability to degrade softwood pulping and
bleaching wastewaters, presumably containing a variety
of chlorinated polyphenols. It was reported that in batch
tests the highest removals (76% AOX, 61% color and
65% TOC) were obtained with 0.2 g/l acetate concentration [5]. In a recent study, it was reported that an up-flow
glass wool packed reactor column established with this
fungus could be operated for nearly two years in the laboratory. At best around 70% AOX was removed from
chlorinated pulping wastes in 7.3 h-contact without aeration and with minimal amounts of carbon supplement (0.2
g/l acetate) [6].
In another study, Penicillium camemberti was examined for its ability to degrade chlorinated model compounds
including pentachlorophenol (PCP), 2-chlorophenol and
trichloroacetic acid. It was reported that batch experiments conducted in shake flasks using PCP as co-substrate
resulted in around 56% PCP removal. Experiments in
shake flasks without acetate produced 86% PCP and 53%
2-chlorophenol removals in 21 days. PCP was also fed to
a column reactor, and on the fourth day of operation AOX
removal was reported to be 77% [7].
The aim of the study was to examine the ability of
Penicillium camemberti, which was found very effective in
treating softwood pulping and bleaching wastewaters [5, 6]
and chlorinated model compounds like PCP, 2-chlorophenol and trichloroacetic acid [7], to degrade softwood
pulping and bleaching effluents in oxoid anaerobic jars
under anaerobic conditions.

MATERIALS AND METHODS
Wastewater

Wastewater samples obtained from Turkish State Paper Industries’ (SEKA) Dalaman Pulping and Paper Plant
were used for the continuous column experiments. Dalaman pulping plant uses mainly pine softwood for raw
material. Kraft process is employed for pulp production in
the works and cellulose is processed in a vertical Camyr
pressurized cooker. A six-stage bleachery process is applied to the cooked pulp in the following sequence: chlorination (C), alkali extraction with caustic soda (E), hypochlorite (H), chlorine dioxide (D), alkali extraction (E)
and chlorine dioxide (D) stages. The average AOX concentration observed in 24-hours composite samples taken
from the end of the bleachery effluent line varied between
29.6 and 66.5 mg/l. This corresponds to 2.2 and 11.5 kg
AOX/t pulp produced, respectively.
Organism and culture conditions

The Penicillium camemberti species used in this study
has been isolated from chlorination-stage acidic effluents of
SEKA-Kastamonu Pulp and Paper Plant in Turkey. The
isolated fungus was identified through elaborated biochemical tests [8]. During experiments the chlorinated pulping
effluents were supplemented with 2 g/l or 0.2 g/l of acetate and basal salts` medium having the following composition: 2 g/l KH2PO4, 0.5 g/l MgSO4, 0.1 g/l CaCl2, 0.12
g/l NH4Cl, and 0.001g/l thiamine. The pH was adjusted to
4.5-5.0, and temperature to 25±2 °C.
Adsorbable organic halogens (AOX)

These analyses were carried out according to German
DIN 38409 Norm. The soluble organics were first adsorbed
onto pure activated carbon particles and then filtered off on
polycarbonate filters, washed with a nitrate solution and
combusted in the furnace of the Euroglas 500 AOX analyzer. The chloride release was detected and recorded by the
instrument as mg/l AOX.
Color Measurements

Relative color was measured at 380 nm and 465 nm
using the Pharmacia Biotech Spectrophotometer.
Gas chromatography (GC) analysis

Firstly, the gas chromatographer was calibrated with a
“standard mix solution” including target compounds. Secondly, effluent samples were first pre-conditioned with
methanol and then passed through C18 solid phase extraction columns. Organics retained on the C18 column were
eluted with freshly distilled chloroform. The collected
chloroform phase was dried by passing through anhydrous
Na2SO4 and further concentrated down to 0.1 ml in a micro
Kuderna Danish concentrator. The concentrated samples
were then analyzed using the Chrompac GC (Perkin Elmer
Autosystem 1020 Plus Gas Chromatograph) with electron
capture detector and CP Sil-5 capillary column.
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RESULTS AND DISCUSSION

Total Organic Carbon Analysis (TOC)

Total organic carbon (TOC) content of the effluents
was determined using the total organic carbon analyzer,
model 1555B, Ionics. It was calibrated upon start-up at
the laboratory and the calibration was checked at least
once a week using a standard solution of known concentration. It can be calibrated for any range from 0-2 ppm to
0-2000 ppm. In experiments, a wastewater sample of
either 20 µl, 100 µl or 200 µl (volume depends on the
range) was injected into a reaction chamber, packed with
a catalyst and held at a fixed temperature. In the TOC
reaction chamber a copper oxide or platinum catalyst was
used and the chamber controlled at 850 °C. The carbon or
inorganic carbon is converted to CO2, which is directly
proportional to the concentration of total or inorganic
carbon by the action of the catalyst and the elevated temperature. Samples were analyzed for total carbon (TC)
and total inorganic carbon (TIC). TOC content of the
original sample was found by subtracting TIC from TC.
Anaerobic Jar Studies

The jar is made of polished stainless steel. Clear
acrylic lid contains a clip-to-view methylene blue test
strip indicator to measure anaerobiosis. Each jar was
placed in the rack and indicator test strips verify that the
jar is truly anaerobic. The methylene blue reduction test
turns the strip white under anaerobic conditions. A test
tube carrier is available as an optional tool or device minimizing the risk of spillage of broth cultures. Anaerobiosis
is achieved rapidly. The conversion to anaerobiosis occurs
with oxygen as the catalyst, and anaerobiasis is achieved
in about 30 min. Softwood chlorinated pulping and
bleaching effluents inoculated with Penicillium camemberti (20 ml in 25-ml universal tubes) were incubated
under anaerobic conditions (anaerobic jars) at 25 °C for
up to 20 days. Samples were analyzed for AOX, color and
TOC removals, and GC chromatograms of the samples
were additionally recorded for low-molecular weight
chlorinated organic compounds` removal.

The ability of Penicillium camemberti to dechlorinate
and decolorize chlorinated organic compounds was examined in oxoid anaerobic jar tests, since it was reported in
previous studies [5, 6] that AOX removal metabolism is
independent of oxygen and that the fungus should affect
AOX removal at comparable rates under totally anaerobic
conditions.
Three sets of experiments were carried out to observe
the effect of anaerobiosis on AOX removal using anaerobic jars under static conditions as listed in Table 1.
Wastewater was inoculated with Penicillium camemberti
(20 ml in 25 ml universal tubes). In the first set of experiments, the effect of carbon and nutrient sources was
examined. AOX, TOC and color contents of the tubes
were measured on the first and the 20th day of incubation,
and 61% AOX, 62% TOC and 57% color removal could
be achieved on day 20.
The second set of experiments was conducted to examine the effects of nutrients under absence of carbon
sources, and 63% AOX, 81% TOC and 52% color removal was obtained. Remarkably, TOC removal was found to
be extremely increased from 62% to 81%. There was only
a slight increase in AOX (from 61% to 63%) and a slight
decrease in color (from 57% to 52%).
In the third set of experiments, the effects without
supplementing nutrients and carbon sources were examined. The highest removal rates, 62% AOX, 81% TOC
and 59% color, were obtained. Control experiments (without fungus) were also conducted in all sets of experiments
and no removal in control experiments could be found, as
expected.
The removal efficiency of chlorinated organic compounds from pulping and bleaching wastewaters was also
verified by GC analyses (Figure 1). As can be seen from
these chromatograms, when compared with those before
the treatment, the peaks were drastically reduced, especially when nutrients were added to the softwood bleachery effluent.

TABLE 1 - Results of three sets of oxoid anaerobic jar tests.

set of experiments

AOX
conc.
on day 0

AOX conc.
on day 20

AOX
removal
on day 20
%

TOC
conc. on
day 0

TOC
conc. on
day 20

TOC
removal
on day 20
%

color (465nm)
on day 0

softwood bleachery
effluent + Penicillium
27.1± 0.1
10.26 ± 0.1
61
95± 0.1
36 ± 0.1
62
0.92± 0.01
camemberti + nutrient
+ 2 g/l acetate
softwood bleachery
effluent + Penicillium
27.1± 0.1
10.0 ± 0.1
63
118± 0.1
23 ± 0.1
81
0.95± 0.01
camemberti + nutrient
softwood bleachery
effluent + Penicillium
27.1± 0.1
10.45 ± 0.1
62
93± 0.1
18 ± 0.1
81
0.93± 0.01
camemberti
o
condition: pH 5, temperature 25 C
(Experiments were conducted with 3 replicates. Since all the results were nearly the same, they were not shown in Table 1)
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color (465 nm)
on day 20

color removal
on day 20
%

0.093± 0.01

57

0.103± 0.01

52

0.088± 0.01

59
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(A)

(B)

(C)

(D)

FIGURE 1 - Gas chromatographical analysis of bleachery effluents by a Chrompac-GC
before fungal treatment (A) and after fungal treatment (1st set (B), 2nd set (C) and 3rd set (D)).
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CONCLUSIONS
It was verified by GC analyses that the fungus was
very effective in treating low-molecular weight chlorinated organic compounds, which are known to be responsible for toxicity and mutagenesis owing to their ability to
penetrate through the cell membranes.
Since the experiments revealed 63% AOX, 81% TOC
and 52% color removal with nutrient and without any
carbon source, it can be concluded that the fungus can
dechlorinate and decolorize chlorinated organic compounds without any carbon source, but nutrients` addition
is needed by the fungus.
This was the first time that this fungal species was
used for the degradation of chlorinated organic compounds under anaerobic conditions.
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EXPERIMENTAL AND THEORETICAL STUDIES OF
TREATMENT OF INDUSTRIAL WASTEWATERS
BY A SEQUENCING BATCH REACTOR
Recep Ileri and Yasemin Damar
Department of Environmental Engineering, Engineering Faculty, Sakarya University, Esentepe Campus, 54187 Adapazari, Turkey

SUMMARY

ti
tr

Experimental and theoretical studies of treatment of
industrial wastewaters by a Sequencing Batch Reactor
(SBR) have been examined. The chosen pharmaceutical
and textile industries have been established in Adapazari,
Turkey. In the wastewater treatment plants, the experimental parameters are measured. The theoretical study for
kinetics of SBR was chosen from literature survey and
compared with the experimental results for both industrial
wastewater treatment plants.

ts
α
k

In a sequencing batch reactor system the idle
time (h)
In a sequencing batch reactor system the
reaction time (h)
In a sequencing batch reactor system the
settle time (h)
The unoccupied fraction of the total volume
of the batch reactor at the beginning of the
filling period
Reaction constant (h-1)

INTRODUCTION
KEYWORDS: Sequencing batch reactor (SBR), pharmaceutical,
textile, wastewater, kinetics, experiment, theory.

NOTATION
C
Q
V
VI
VB
VAB
S
Sf
Se
So
t
tc
td
tf

Integrating constant
The influent flow rate during the fill period
(m3 h-1)
Volume (m3)
The initial volume of a batch reactor (m3)
The volume of an empty batch reactor (m3)
The available volume at the beginning of the
filling period (m3)
The substrate concentration (mg L-1)
The substrate concentration at the end of the
filling period (mg L-1)
The substrate concentration at the end of
reaction period (mg L-1)
The substrate concentration at the beginning
of the cycle period (mg L-1)
Time (h)
In a sequencing batch reactor system the
cycle time (h)
In a sequencing batch reactor system the
draw time (h)
In a sequencing batch reactor system the fill
time (h)

SBR systems are hybrid systems with some characteristics of continuous flow PF (plug flow) and CM (complete mixed) systems, but they have other characteristics
that are truly unique. A Sequencing Batch Reactor (SBR)
differs from the conventional flow of an activated sludge
process, and, therefore, SBRs do not require separate tanks
for aeration and sedimentation. There is no returning activated sludge system in the SBR system [1-6]. The major
elements of design that accomplish population dynamics
control to prevent filamentous sludge bulking, cycle time,
oxygen supply, biological nitrification, denitrification,
phosphorus removal and solids-liquids separation need to
be set in such a way that sufficiently optimal conditions
are provided to permit the reactions and processes to take
place [7]. The SBR technology is applied in about 1.3% of
the wastewater treatment plants in Germany [8].
Our objective was to look at the optimum operational
parameters of the SBR system for pharmaceutical and
textile industry wastewaters and, additionally, at the advantages of this system type when compared to the typical
activated sludge treatment process.
MATERIALS AND METHODS
In this study, a packaged biological treatment plant
sequencing batch reactor (SBR), called BIOMASS-P500,
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has been used for treatment of mixed pharmaceutical
industry and domestic wastewater [2, 9]. The flow rates
of industrial and domestic wastewater were 5 m3 d-1 and
75-95 m3 d-1, respectively. The total amount of wastewater
was 80-100 m3 d-1. Total and active volumes of the bioreactor were 65 m3 and 20-25 m3, respectively. The flow
chart of the wastewater treatment plant is shown in Fig. 1.

Process
Wastewater

Coarse
Screen

Another packaged biological treatment plant sequencing batch reactor (SBR) has been used for the treatment of
textile wastewater. The flow rates of industrial and domestic wastewater were 900-1900 m3 d-1 and 40-100 m3 d-1,
respectively. There were three parallel bioreactors, each
with total and active volumes of 1000 m3 and 160 m3,
respectively. The flow chart of the textile wastewater
treatment plant is shown in Fig. 2.

Elevation
Tank

Fine
Screen

50 m3

Domestic
Wastewater

Manhole

Sewage
System

Biological Treatment
System (SBR)

65 m3
Manhole

Pump
Recycle

Creek

FIGURE 1 - Flow chart of treatment plant for pharmaceutical industry wastewater.

Process
Wastewater

Domestic
Wastewater

Biological Treatment
Elevation
System (SBR)
Tank Fine
Coarse
Screen
Screen
1000 m3

P
Manhole

Neutralization

Leachate
Recycle

Thickener
Filter Press

Sludge Cake

FIGURE 2 - Flow chart of treatment plant for textile industry wastewater.
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THEORY
The substrate concentration remaining at the end of the
period is a variable function of the volume and the kinetic
expression for substrate removal that applies during the fill
period. The mass balance during the fill period is [1].

volume of the reactor minus the portion occupied, but the
settled sludge remaining in the reactor after the previous
cycle. In equation form [1]:

V AB = α VB
tf =

In – Out + Generation = Accumulation

d
(V S )
dt
dS Q
Q
+ S + k S = S0
dt V
V

Q S 0 − 0 + rsf V =

S 0 Q ⎛ V I
Q S0
+ ⎜⎜
Se −
k V B ⎝ V B
VB k

(2)

⎞ − k ⎛⎜⎜ VAB ⎞⎟⎟
⎟⎟ e ⎝ Q ⎠
⎠

V AB

is the available volume at the beginning of the
fill period.
RESULTS AND DISCUSSION

(4)

where,
S f is the substrate concentration at the end of the fill
period.
S e is the substrate concentration at the end of reactperiod.
One complete cycle is composed of the fill, react, settle, draw and idle periods.

tc = t f + tr + t s + td + ti

(7)

(3)

For most of the substrate removal expressions, a numerical solution is required to solve the differential equation describing substrate removal during the fill period
[1]. Calculating the amount of removal during the reactperiod is straightforward. The equation for substrate removal is integrated directly as in the case for PF [1].

S e = S f e −k tr

V AB α VB
=
Q
Q

where,
Q is the influent flow rate during the fill period.
α is the unoccupied fraction of the total volume of
the batch reactor at the beginning of the fill period.
V B is the volume of a batch reactor when it is empty.

(1)

The equation is solved using an integrating factor.
The solution of the equation is:

Sf =

(6)

(5)

where,
the subscripts c, f, r, s, d and i indicate cycle, fill, react, settle, draw and idle, respectively.
In a sequencing batch reactor (SBR) system the fill
time (tf) for an individual reactor depends on the available
volume in the reactor. The available volume is the total

Pharmaceutical wastewater

In the pharmaceutical wastewater plant parameters,
such as BOD5, NH3, PO43-, SS, MLVSS, pH, temperature,
sludge volume and microorganisms predominance, are
studied under constant sedimentation time (30 min) against
variable aeration times. Raw pharmaceutical wastewater
characteristics are as follows: BOD5 = 90-130 mg L-1,
COD = 200-300 mg L-1, SS = 900 mg L-1, pH = 6.4-6.8, T =
20 °C, NH3 = 26 mg L-1, and PO43- = 8.5 mg L-1. The
parameters measured for different aeration times are given
in Table 1. Variation of BOD5 according to different aeration times is shown in Fig. 3. Effluent concentrations from
the SBR are determined to be BOD5 = 13-18 mg L-1, COD =
25-37 mg L-1, SS = 9-21 mg L-1, pH = 7.3-7.6, TDF = 1-2,
T = 23 °C, NH3 = 1 mg L-1, and PO43- = 8.1 mg L-1.
At the end of 6 hours of aeration time, the removal efficiency of BOD5 reaches 83% under constant sedimentation time of 30 min (Fig. 3). Removal of BOD5 from the
wastewater was more efficient with increasing aeration
time. In another study, the result indicated that successful
bio-treatment of combined leachate and sewage was possible, with the treated effluent being low in BOD5 and
COD. The system was capable of BOD5 removal efficiencies exceeding 95% [10].

TABLE 1 - Parameters measured for different aeration times of pharmaceutical industry wastewater.
Aeration time
(h)
0
2
3
4
5
6

BOD5
(mgL-1)
103
59
49
35
25
18

NH3
(mgL-1)
26.48
5.82
1.31
1.14
1.08
0.98

PO43(mgL-1)
8.53
8.38
8.39
8.34
8.29
8.16

pH
6.41
6.89
7.30
7.21
7.16
7.15
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MLVSS
(mgL-1)
3495
3920
2680
3505
4110
4010

T
(oC)
20.3
22.3
22.0
23.1
22.5
23.0

Sludge volume
(mlL-1)
650
600
605
550
545
540

SVI
(mlg-1)
149
123
181
126
106
107
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Variation of NH3 according to different aeration times
is shown in Fig. 4. At the end of the 6-hours aeration, the
removal efficiency of NH3 reaches 96% under constant
sedimentation time of 30 min. In SBR the distribution of
anoxic and oxic capacity is based by the lengths of time
periods. This means that a plant can change readily from
nitrification mode to a full denitrification mode. This
offers an interesting potential for control to compensate
the load variations. The basic principle is that a nitrification phase ended when ammonium is low and the denitrification phase ended when nitrate is low [11].

Variation of pH according to different aeration times
is shown in Fig. 6. After 6 hours of aeration, pH increases from 6.41 to 7.15 under constant sedimentation time
of 30 min.

125
100
75
50

PO43- (mg L-1)

BOD5 (mg L-1)

L-1 and 7 mg P L-1 , respectively. Acetic acid was added
to the influent from a feed solution, to increase the COD
by an extra 100 mg L-1. The effluent had, in average, a
phosphate concentration lower than 1 mg P L-1 and nitrogen was lower than 12 mg N L-1 [13]. The simulations
performed at 6 °C wastewater temperature showed that
switching from a 6 to 8-hours cycle and extension of the
aeration phase from 2.75 to 5 hours will increase the effectiveness of biological nitrification and biological phosphorus removal. The change, in practice, will not affect
the COD value in the effluent [14].

25
0
0

1

2

3

4

5

6

Aeration time (h)

8,6
8,5
8,4
8,3
8,2
8,1

FIGURE 3 - Variation of BOD5 according to different
aeration times for pharmaceutical industry wastewater.

0

1

2

3

4

5

6

FIGURE 5 - Variation of PO43- according to different
aeration times for pharmaceutical industry wastewater.

30
25
20
15
10
5
0

pH

NH3 (mg L-1)

Aeration time (h)

0

1

2

3

4

5

6

Aeration time (h)

7,4
7,2
7
6,8
6,6
6,4
0

FIGURE 4 - Variation of NH3 according to different
aeration times for pharmaceutical industry wastewater.

1

2

3

4

5

6

Aeration time (h)

Nitrate removal during the anoxic phase was approximately 99% due to the nitrification, however, the
overall nitrogen removal during a full cycle was about
50% [10]. In another study, the COD and nitrogen removal capabilities of the sludge and its settling properties
are not affected by the addition of the pure culture [12].
Variation of PO43- according to different aeration
times is illustrated in Fig. 5. At the end of the 6-hours
aeration, the removal efficiency of PO43- reaches 4% under
constant sedimentation time of 30 min.
Mikosz et al. [14] found that the averaged influent
COD, TKN and phosphate were 443 mg COD L-1, 71 mg N

FIGURE 6 - Variation of pH according to different
aeration times for pharmaceutical industry wastewater.

Variation of temperature according to different aeration times is documented in Fig. 7. At the end of 6 hours
of aeration, the temperature increases from 20.3 °C to
23.0 °C under constant sedimentation time of 30 min.
Mikosz et al. [14] observed in winter some decrease
in process efficiencies. A full-scale pilot plant using a
Sequencing Batch Reactor process was experimented with
actual wastewater emanating from a recreational centre.
BOD removal was observed to be 95% on average, while
SS removal was 89%.
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Sludge Volume (ml L-1)

Temperature (oC)

24
23
22
21
20
0

1

2

3

4

5

660
620
580
540
500
0

6

1

Aeration time (h)

3

4

5

6

Aeration time (h)
FIGURE 9 - Variation of sludge volume according to different
aeration times for pharmaceutical industry wastewater.

FIGURE 7 - Variation of temperature according to different
aeration times for pharmaceutical industry wastewater.

200

5000

Sludge Volume Index
(mlg-1)

Mixed liquor volatile
suspended solids (mg L-1)

2

4000
3000
2000
1000
0
0

1

2

3

4

5

150
100
50
0
0

6

1

2

3

4

5

6

Aeration Time (h)

Aeration time (h)

FIGURE 10 - Variation of sludge volume index according to
different aeration times for pharmaceutical industry wastewater.

The removal rates of nitrogen and phosphorus were
70% and 77%, in terms of total nitrogen and phosphorus
[15]. Variation of mixed liquor volatile suspended solids
(MLVSS) according to different aeration times is shown in
Fig. 8. Under a constant aeration time of 4 hours, MLVSS
minimally increased from 3495 mg L-1 to 4010 mg L-1 for
different sedimentation times. The average of MLVSS has
been calculated to be 3620 mg L-1. In another study, the
sludge produced showed resilience to influent phosphate
fluctuations, low-dissolved oxygen and biomass replacement [12].

Removal variation of BOD loading according to different aeration times is to be seen in Fig. 11. Removal of
BOD loading increased from 3.2 to 5.9 kg BOD cycle-1
for aeration times of 2 h and 6 h, respectively. At the end
of the 6-hours aeration, the total removal of BOD loading
has been calculated to be 5.9 kg BOD cycle-1.

Removal of BOD loading
(kg BODcycle-1)

FIGURE 8 - Variation of mixed liquor volatile suspended solids
according to different aeration times for pharmaceutical industry wastewater.

Variation of sludge volume according to different
aeration times is shown in Fig. 9. After 6-hours aeration,
the activated sludge volume decreased from 650 ml L-1 to
540 ml L-1 under constant sedimentation time of 30 min.
The average of activated sludge volume has been calculated to be 582 ml L-1.
Variation of sludge volume index (SVI) according to
different aeration times is shown in Fig. 10. At the end of the
6-hours aeration, SVI varied from 106 ml g-1 to 181 ml g-1
under constant sedimentation time of 30 min, and the
average of SVI has been calculated as 132 ml g-1.

6
5
4
3
2
1
0
0

1

2

3

4

5

6

Aeration time (h)
FIGURE 11 - Variation of removal of BOD loading according to
different aeration times for pharmaceutical industry wastewater.

The percentage of microorganisms in activated sludge
according to different aeration times is listed in Table 2.
After 6 hours of aeration, rotifers increased to 50% and
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sarcodina and algae decrease by 0.0%. In addition, the
percentages of free-swimming ciliates and stalked ciliates
have been determined to be 20% and 30%, respectively.
Sequencing Batch Reactor (SBR) process was
demonstrated at full-scale on typical domestic wastewater

by Keller et al. [16]. They found that it is possible to
achieve 90%, nitrogen and phosphate removal in such a
process. Effluent quality achievable over a six-months
operation period, directly after commissioning, was 29 mg
L-1 COD, 0.5 mg L-1 NH4-N, and 1.5 mg L-1 PO4-P [16].

TABLE 2 - Percentage of microorganisms in activated sludge according to different aeration times for pharmaceutical industry wastewater.
Aeration Time
(h)
0

Sarcodina
(%)
26.6

Free-swimming Ciliates
(%)
20.0

Stalked Ciliates
(%)
13.3

Rotifers
(%)
33.3

Algae
(%)
6.6

2

35.7

21.42

14.2

21.4

7.1

3

25.0

25.0

25.0

16.6

8.3

4

8.3

33.3

25.0

33.3

0

5

8.3

25.0

33.3

33.3

0

6

0

20.0

30.0

50.0

0

Effluent Concentration, S e (mg L-1)

Effect of flow rate (Pharmaceutical wastewater)

Effluent concentrations (Se) have been determined using variable flow rates (Q) applying the equations (3) and
(4) with constant model values and varied flow rate values, such as Qmin = 5 m3 h-1, Qave = 20 m3 h-1, and Qmax =
100 m3 h-1. The parameter values used in the model for
pharmaceutical industry wastewater are given in Table 3.
Effect of flow rates (Q) on effluent concentration according to different aeration times for pharmaceutical industry
is shown in Fig. 12. When the flow rates (Q) decreased,
also the effluent concentration (Se) decreased.
TABLE 3 - The values of the parameter used
in the model system for pharmaceutical industry wastewater.

Effluent Concentration, Se (mg L-1)

Parameter
So
Q
Se
VA
VB
VAB
k

n
g
▲

n

100

g
▲

80
60

kmin = 0.10 h-1
kave = 0.21 h-1
kmax = 0.30 h-1
k⇑

Se ⇓

4

5

40
20
0
0

1

2

3

6

Aeration Time, tr (h)

Value
103 mg L-1
20 m3 h-1
25 mg L-1
30 m3
65 m3
20 m3
0.10 h-1

70
60
50
40
30
20
10
0

120

FIGURE 13 - Effect of reaction constant (k) on effluent concentration according to different aeration times for pharmaceutical
industry wastewater.
Effect of reaction constant (Pharmaceutical wastewater)

Qmin = 5 m3 h-1
Qave = 20 m3 h-1
Qmax = 100 m3 h-1
Q ⇑ Se ⇓

Effluent concentrations (Se) have been determined using different aeration times (tr) and applying equations (3)
and (4) with constant model values and varying reaction
constant values, such as k = 0.1 h-1, k = 0.21 h-1, and k =
0.3 h-1. Effect of reaction constant (k) on effluent concentration according to different aeration times for pharmaceutical industry wastewater is shown Fig. 13. When the
reaction constant (k) increased, the effluent concentration
(Se) decreased.
Comparison of the theory results with experimental results
(Pharmaceutical wastewater)

0

1

2

3

4

5

6

Aeration Time, tr (h)

FIGURE 12 - Effect of flow rate (Q) on effluent concentration
according to different aeration times for pharmaceutical industry wastewater.

Theoretical and measured parameters for different
aeration times of pharmaceutical industry wastewater are
summarized in Table 4, and comparison of experimental
with theoretical effluent concentrations according to different aeration times for pharmaceutical industry
wastewater is shown in Fig. 14.
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Aeration Time (h)

0

0.5

1

1.5

2

3

4

5

6

Theoretical study
BOD5 (mg L-1)

103

39

37

35

33

30

27

25

22

Experimental study
BOD5 (mg L-1)

103

-

-

-

59

49

35

25

18

120

Effluent Concentration, Se (mg L-1)

Effluent Concentration, Se
(mg L-1)

TABLE 4 - Theoretical and measured parameters for different aeration times for pharmaceutical industry wastewater.

• Experimental
— Theoretical

100
80
60
40
20
0
0

1

2

3

4

5

6

70
60
50
40
30
20
10
0

n Qmin = 10 m3 h-1
g Qave = 60 m3 h-1
3 -1
▲ Qmax = 100 m h

Q ⇓

0

Aeration Time, tr (h)

1

2

3

4

Se ⇑

5

6

Aeration Time, tr (h)

FIGURE 14 - Comparison of experimental with theoretical effluent concentrations according to different aeration times for
pharmaceutical industry wastewater.

FIGURE 15 - Effect of flow rate (Q) on effluent concentration
according to different aeration times for textile industry wastewater.

Textile wastewater

Effect of flow rate (Textile wastewater)

Effluent concentrations (Se) have been determined using varying flow rates (Q) and applying equations (3) and
(4) with constant model values, but varying flow rates,
Qmin = 10 m3 h-1, Qave = 60 m3 h-1, and Qmax = 100 m3 h-1.
The parameter values used in the model for textile industry
wastewater are given in Table 5. Effect of flow rates (Q) on
effluent concentration according to different aeration times
for textile industry wastewater is shown in Fig. 15. When
the flow rates (Q) decreased, also the effluent concentration (Se) decreased.

Effect of reaction constant (Textile wastewater)

Effluent concentrations (Se) have been determined using varied aeration times (tr) and applying equations (3) and
(4) with constant model values and variation reaction constant values were k = 0.1 h-1, k = 0.21 h-1, and k = 0.3 h-1.
Effect of reaction constant (k) on effluent concentration
according to different aeration times for textile industry
wastewater is shown Fig. 16. When the reaction constant
(k) increased, the effluent concentration (Se) decreased.

TABLE 5 - The values of parameter used
in the model for textile industry wastewater.
Parameter
So
Q
Sf
VA
VB
VAB
k

Value

Effluent Concentration, Se (mg L-1)

Raw textile wastewater characteristics are BOD5 = 3003000 mg L-1, COD = 500-5000 mg L-1, SS = 10-50 mg L-1,
sulphur = 0.04-2 mg L-1, pH = 4-12, and T = 40 °C. Effluent concentrations from SBR are determined to be BOD5 =
25-55 mg L-1, COD = 151-230 mg L-1, SS = 4 mgL-1,
sulphur = 0.021 mg L-1, and pH=7.5.

375

n kmin = 0.10 h-1
g kave = 0.21 h-1
-1
▲ kmax = 0.30 h

300
225

Se ⇓

4

5

150
75
0
0

350 mg L-1
60 m3 h-1
40 mg L-1
500 m3
955 m3
160 m3
0.21 h-1

k ⇑

1

2

3

6

Aeration Time, tr (h)
FIGURE 16 - Effect of reaction constant (k) on effluent
concentration according to different aeration times for textile industry wastewater.
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TABLE 6 - Theoretical and measured parameters for different aeration times for textile industry wastewater.
Aeration Time (h)
Theoretical study
BOD5 (mg l-1)
Experimental study 1
BOD5 (mg l-1)
Experimental study 2
BOD5 (mg l-1)

0

0.5

1

1.5

2

2.5

3

4

5

6

350

51

46

42

37

34

30

25

20

16

350

79

45

30

30

28

27

26

25

20

350

121

79

55

44

-

36

32

30

23

Comparison of theoretical with experimental results
(Textile wastewater)

Effluent Concentration, S e
(mg L-1)

The theoretical and measured parameters for different
aeration times of textile industry wastewater are given in
Table 6, and comparison of experimental with theoretical
effluent concentrations according to different aeration times
for textile industry wastewater are shown in Figure 17.

400

• Experimental
⎯ Theoretical

300

one cycle was 4 hours. The treatment system could be
operated for 6 cycles per day and 160 m3 wastewater were
treated in each cycle (totally 960 m3 d-1 for each tank).
A Sequencing Batch Reactor (SBR) is observed to be
a useful system for the treatment of pharmaceutical and
textile industry wastewaters. A mathematical model was
chosen from the literature for SBR kinetics, and the predicted values successfully correspond with experimental
results. This model can be used to design and operate a
sequencing batch reactor (SBR) system under optimal
operational characteristics.
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SUMMARY

INTRODUCTION

Fly ash (FA) amendments (0, 5, 10, 20, 40, and 80 mega
gram/ha, or Mg/ha) in soils for the winter crop, a pulse,
green gram (Phaseolus aureus cv. Sujata) without and
with supplementations of a commercial Rhizobium stock
are described. Growth characteristics and biomass were
enhanced in plants grown in higher levels of FA (20, 40
and 80 Mg/ha). Further, Rhizobium supplementation caused
invariably increments in each growth parameter. The
levels of 40 and 80 Mg FA/ha were ideal for grain yield.
Biochemical analysis data of healthy leaves corroborated
growth and yield, observing that 20 and 40 Mg FA/ha
amendments with Rhizobium supplementation caused better
metabolic rates of the plant. Physico-chemical characteristics of the soil were erratically altered by FA amendments,
but Rhizobium supplementation caused improvements of
soils characteristics. The elemental composition (Na, K, P,
Fe, Mn, Ni, Co, Zn, Cu, Pb, Cr, and Cd) of soil was affected
adversely due to FA, as analyzed for the latter eight elements by atomic absorption spectrophotometry. Heavy
metals, Mn, Ni, Co, Zn, Pb, Cr, and Cd, continued to occur
in objectionable concentrations, unsafe for public health.
Fly ash (FA) amendments (0, 5, 10, 20, 40 and 80 Mg/
ha) in soils for the winter oil seed, til crop ( Sesamum
indicum cv. Kalika ) are also described. Growth was enhanced in plants grown in moderate f FA levels (10, 20
and 40 Mg/ha). Yield of the plant was ideal at 2.5 Mg FA.
The biochemical analysis of healthy leaves corroborated
growth and yield data as above, and elemental composition (Na, K, P, Fe, Mn, Ni, Co, Zn Cu, Pb, Cr and Cd ) of
soil was enhanced due to FA. Heavy metals continued to
occur in objectionable concentrations in the seeds.

KEYWORDS: Fly ash,
Sesamum, heavy metals.

Rhizobium,

pulse,

Phaseolus,

til,

Thermal power stations generate fly ash (FA) with
varying concentrations of contaminating cations depending
on the quality and the source of used coal [1]. In India,
FA is generated in a higher proportion (to the amount of
used coal) compared with station data in USA and Canada
[2]. For production of one mega watt of energy, in India
5-6 tons of coal are generally used [3], while the American figures are almost the half [2]. Consequently, the
dumping sites of FA grew faster by 80 million ha/year in
India [3]. Of course, eco-friendly methods of disposal of
FA have been followed, but heaps of FA lie unclaimed
and contaminate adjacent rice fields.
The rice field eco-system is stable due to the alternate
cropping method of rice in the water-logging condition
during the hot rainy season, with the pulse Phaseolus sp. as
the winter crop. Traditional farming excludes the use of
chemical fertilizers, particularly in unirrigated Indian low
lands. A cereal and a pulse in alternate cropping maintain
the nitrogen fertilization in soils in Asian countries [4].
Thus, the burden of FA in the rice field ecosystem should
affect both the crops. It has been seen that fly ashamendments caused a better growth and yield with residual
persistence of heavy metals in roots and seeds of rice [5].
Continuing the same line of work, with the pulse Phaseolus
aureus, this paper records growth, yield and metabolism of
the plant grown in FA-amended soils (also with Rhizobium
supplementation). The elemental analyses of soil and plants
by atomic absorption spectrophotometry are also described.
Further, higher levels of macro and micro-nutrients in
FA have been shown to affect growth and yield of several
crops in USA, Europe and India adversely, i.e. maize and
soybean [6]; barley and cabbage [7]; apples [8] and soybean [9]. But there is no report on growth, yield, metabolism and elemental composition of til (oil seed plant)
grown in uplands of India. Herein, results of a field experiment with FA-amended soils and a popular crop til
(Sesamum indicum) are described.
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MATERIALS AND METHODS

RESULTS

Electrostatically precipitated FA obtained from Talcher Thermal Station, Orissa in an un-weathered condition
consists of the following (%): sand 82.0, silt 10.0, clay 8.0,
pH 7.0, and the following elements (mg/kg soil) Na 1180,
K 3900, P 45.5, Fe 325, Mn 103, Ni 5.8, Co 5.15, Zn
36.0, Cu 5.06, Pb 8.3, Cr 0.0, and Cd 0.0, generating
weight amounts of 30-40% of the used coal [3].
The pulse, Phaseolus aureus cv. Sujata, is a popular
local cultivar and was grown in field experiments by
sowing 16-h presoaked seeds onto 1x1 m2 plots (sandy
loam soil) in January 2001 and 2002. Treatments were
without and with FA, and with Rhizobium. Thirty-six
plots (triplicates of 12 treatments) were used, and arranged
randomly. Rhizobium additions were done by 500 g soil
packets with the bacterium, obtained from Regional Biofertilizer Development Centre, Bhubaneswar.
The til crop, Sesamum indicum cv. Kalika, was also
grown in fields of 1x1 m2 size with 15 cm uniform spacing between plots and 30 cm ridges between adjacent
plots during January 2001 and 2002. For 6 FA treatments
(0, 1, 2.5, 5, 10, 15 Mg/ha) and 5 replications of each
treatment, a total of 30 plots were prepared and arranged by
randomized block designs. Sixteen hours presoaked seeds
were used in experimental plots, and harvesting was done
at the end of a 65-days period after sowing.
Leaves from 45 days old plants were used for biochemical analysis. Detailed methods of study of soil characteristics have been described previously [10]. Digestions of soil samples were done in 20 ml of mixed acids
(10 N HNO3, 12 N H2SO4, 60% HClO4 in the ratio
5:0.5:1) [11]. Harvested roots, and seeds were thoroughly
washed and oven-dried at 110 ºC for 40 h, and the dried
plant parts ground to powders. Lots of 1g of the powders
were digested with 10 N HNO3 [7] and subjected to elemental analysis using an atomic absorption spectrophotometer (Model AA1475, at Regional Research Laboratory, Bhubaneswar), whereas Na and K contents were analyzed by flame photometry.

Ex situ germination patterns of Phaseolus seeds were
found to be better at 10-40 Mg FA/ha, but the Rhizobium
supplementation, did not cause any improvements (Table 1).
FA amendments in soil caused a gradual increasing trend
of each growth parameter observed (shoot height and a
few more, given in Table 1) and Rhizobium supplementation had invariable additive effects. Shoot height and root
nodules per plant were optimum at 20 and 40 tons FA/ha
with Rhizobium. Moreover, growth characteristics were
the highest at the both highest levels of FA amendments
(40 and 80 tons) with Rhizobium.
The germination pattern of healthy til seeds had an increasing trend with increasing FA levels in soil, and about
20% increase was recorded as the maximum in a 7-days
study in 40 Mg/ha FA-amended soils. Plant growth measured as average shoot height, leaf number, leaf area, flower
number and flower diameter clearly indicated that FA
amendment significantly supported the growth of til. The
average shoot height increased from 19.83 cm (control) to a
maximum of 76.91 cm (20 Mg/ha FA); the average leaf
number increased from 7.4 (control) to 30.3 (40 Mg/ha FA);
leaf area increased from 16.30 cm2 (control) to the maximum of 37.38 cm2 (10 Mg/ha); flower number increased
from 8.39 (control) to 14.63 (40 Mg/ha FA); and the flower
diameter increased from 1.90 (control) to 4.60 cm (40 Mg/
ha FA). Statistical analyses of the data supported this conclusion and the levels of significance are indicated in Table 2.
Yield of Phaseolus measured as number of pods per
plant, number of seeds per pod, grain yield per plant, and
weight of 1000 seeds, was the best in plants grown at the
two highest levels of FA amendment (40 and 80 Mg/ha).
Additionally, Rhizobium supplementation caused better
individual values of each amendment parameter used (Table 1). Protein contents of seeds were the highest at 40 and
80 tons FA/ha, supplemented with Rhizobium (Table 1).

TABLE 1 - Growth of green gram in fly ash-amended soils without and with Rhizobium.
Fly ash
(Mg/ha)
O
O-R

Germination
(%)
68
72

Shoot height
(cm )
27.7 ± 0.7
28.2 ±0.7

Number of
nodules/ plant
11.3 ±1.4
14.9 ± 2.5

Leaf number/
plant
11.5 ±0.3
11.5 ±0.4

Leaf area
(cm2 )
18.0 ±1.3
22.6 ±2.4

Plant shoot Plant root dry
dry weight (g)
weight (g)
1.2 ±0.4
0.1 ± 0.01
1.2 ±0.1
0.1 ±0.01

Number of
pod/ plant
11.5 ±0.9
12.5 ± 1.1

Seeds/
pod
7.0±0.3
9.3±0.3

5
5-R

86
70

27.8 ±0.8
32.4 ±0.9

13.5 ±2.7
18.2 ±2.7

13.6 ±0.2
13.2 ±0.4

21.1 ±1.8
24.9 ±3.2

0.8 ±0.1
1.4 ±0.3

10
10-R

92
87

34.8 ±1.0
35.1 ±1.5

14.3 ±1.6
16.9 ±1.8

14.6 ±0.9
15.7 ±0.6

24.1 ±1.0
26.7 ±0.5

20
20-R

91
85

34.1 ±0.9
140.9±0.6

14.0 ±1.6
18.4 ±2.0

14.9 ±0.5
16.2 ±0.4

40
40-R

92
70

36.4 ±0.7
45.2 ±0.8

14.8 ±2.7
20.9 ±2.0

80
80-R

76
68

39.2 ±0.6
42.3 ±0.6

14.4 ±1.1
14.2 ±2.7

Grain yield/
Weight of
Seed protein
plant (g)
1000 seeds (g) contents (mg/g)
95.9
564.0±26.6
30.0
115.1
630.0±15.0
31.7
109.9
676.6±15.0
27.9
111.4
705.0±5.7
30.0

0.05 ±0.002
0.07 ±0.01

13.3 ± 1.3
14.1 ±1.0

7.6±0.2
7.7±0.3

1.2 ±0.1
1.1 ±0.1

0.3 ±0.01
0.1 ±0.01

15.2 ±1.1
14.6 ± 5.7

8.8±0.3
9.1±0.3

118.8
130.0

26.7 ±1.7
30.9 ±1.0

1.1 ±0.1
1.7 ±0.1

0.1 ±0.01
0.1 ±0.01

17.5 ±1.3
19.9±1.3

8.5±0.4
9.1±0.3

125.0
139.4

17.8 ±1.2
17.9 ±0.5

32.3 ±1.8
40.0 ±2.2

1.2 ±0.2
1.8 ±0.1

0.2 ±0.02
0.2 ±0.03

21.0±1.8
22.9±1.3

9.8±0.3
9.5±0.2

123.0
160.2

17.2 ±0.3
18.3 ±0.3

33.8 ±1.6
39.9 ±2.0

2.3 ±0.2
1.8 ±0.1

0.3 ±0.04
0.2 ±0.16

19.8±0.9
23.8±1.3

8.4±0.3
9.2±0.2

120.0
148.8

30.9
33.5
32.9
35.1
34.2
36.4
33.09

781.6±13.3
783.3±43.4
726.0±13.6
790.0±19.6
775.0± 0
815.0±30.0

809.0± 3.0
803.0 ±10.0
36.9
Note: ‘ R’ denotes Rhizobium – supplementation; germination % of 100 seeds of each treatment was recorded as number of seeds germinated; shoot height, leaf number/plant and leaf area data were
of 30 days old plants, whereas the rest of data were after harvest. Presented data with standard deviations are means of 30 observations (p= 0.05).
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TABLE 2 - Growth and yield of til (Sesamum indicum) in graded levels of fly ash-amended soils.
__________________________________________________________________________________________________________________________________________________
FA Germination
Shoot
Leaf number
Leaf area
Flower
Flower
Root
Shoot
Capsule
Capsules
Seeds per Weight of
(%)
height
(cm2)
number
diameter
dry wt
dry wt
length
per plant
capsule
1000 seeds
(cm)
(cm)
(g)
(g)
(cm)
__________________________________________________________________________________________________________________________________________________
0
57.0
19.83 ± 0.7
7.40 ± 0.5
16.30 ± 1.9
8.39±1.9 1.90±0.5
34.9
36.03
1.46 ±0.03
6.30±1.34
68.04±6.60
2.31
5

61.2

41.35 ± 1.6

14.97 ± 1.2

17.85 ± 0.9

10
20
40

11.57±2.4

2.17±0.4

39.8

37.8

2.09±0.04

11.2±1.4

48.5

83.60 ±2.4

20.72 ± 1.8

73.8

76.91 ± 2.3

20.97 ± 2.0

75.5

63.56 ± 2.4

30.30 ± 2.1

75.4±6.0

2.36

37.38 ± 1.2

14.0±1.1

7.47±0.9

65.0

180.8

4.01±0.05

34.20 ± 3.1

15.33±2.6

4.40±0.7

48.4

117.7

2.93±0.06

16.4±3.5

8.0±10.3

3.91

15.1±2.2

130.9±9.2

3.78

28.28 ± 0.8

14.63±1.5

4.60±1.3

38.8

67.3

2.79±0.04

13.3±2.0

110.7±6.6

3.65

80
67.0
49.27 ± 2.1
16.00 ± 0.3
23.08 ± 0.2 14.13±5.9 2.93±0.5
36.2
43.9
2.12±0.08
12.6±4.0
86.33± 8.1
3.07
__________________________________________________________________________________________________________________________________________________
75 days
45 days
45 days
85 days
45 days
____________________________________________________________________________________________________________________________________________________
Note: FA = fly ash (Mg / ha); Germination % data were of 50 replications (7th day); readings were taken on days mentioned against each column and the data are means and
standard deviations of 30 replications. The number of days mentioned against each parameter is the sampling day.

The yield data of til are presented as capsule length,
number of capsules per plant, number of seeds per capsules, and weight of 1000 seeds (Table 2). The capsule
length of the plants increased from 1.46 cm (control) to
4.01 cm (10 Mg/ ha FA); capsule number per plant from
6.30 (control) to its maximum, 16.37 (10 Mg/ha); number of
seeds per capsule from 68.04 (control) to 158.00 (10 Mg/ ha
FA), and weight of 1000 seeds from 2.31 (control) to 3.91g
(10 Mg/ha FA). But at higher FA amendments (20-40 Mg/
ha FA), a gradual decline in the above parameters was recorded and the obtained data were statistically significant.
Contents of both chlorophyll a and b of Phaseolus
leaves had decreasing trends with increasing FA amendments up to 20 Mg FA, but at higher levels of FA chlorophyll contents were steadily increasing. Carotene contents
also decreased like chlorophyll and carotene contents were
highest at 20 and 40 Mg/ha FA. Enzyme activities steadily
increased with FA amendments in soil up to 40 Mg FA.
With all these parameters, Rhizobium supplementation
caused increases in the individual values (Table 3).

two enzymes in detached leaves were studied to monitor
the observed increases in growth of til due to FA amendments. The chlorophyll a of the detached leaves increased
from 0.75 (control) to 1.01 mg/g (40 Mg/ha FA) and chlorophyll b increased progressively from 0.39 (control) to
0.57 mg/g (20 Mg/ha FA). At the highest level of 80 Mg/
ha, the leaves showed lower levels of both chlorophylls. For
carotene contents, an initial decline was recorded and the
maximum level at 10 Mg/ha FA amendment, but then decreasing at higher FA amendments (20-80 Mg/ha, Table 4).
Catalase activities of detached leaves increased progressively up to 20 Mg/ha. FA amendments, but leaves at higher FA levels showed a constant activity as in 20 Mg/ ha FA
(Table 4). Peroxidase activities in detached leaves increased from 0 to 10 Mg/ha FA, while a decreasing trend
was observed in the leaves of the plants grown in soils
with 20-80 Mg FA/ha.
TABLE 4 - Biochemical analysis of leaves
of S. indicum grown in fly ash-amended soil.
FA
(Mg/ha)

TABLE 3 - Biochemical analyses of leaves of green gram
grown in fly ash-amended soils without and with Rhizobium.
Chlorophyll a Chlorophyll b Carotene
(mg/g)
(mg/g)
(mg/ g)

Catalase
Perxidase
activity
activity
(mM/g)
(mM/g)
_________________________________________________________________
O
1.6± 0.04
1.05±0.04
7.2 ± 0.1 3.1 ± 0.2
3.5 ± 0.1
O -R

1.6 ± 0.06

1.0± 0.04

7.1 ± 0.4

3.3 ± 0.4

3.6 ± 0.2

5

1.6 ± 0.07

0.9 ± 0.08

7.1 ± 0.7

3.1 ± 0.2

3.0 ± 0.2

5-R

1.6 ± 0.11

0.9 ± 0.00

7.1 ± 0.3

3.5 ± 0.4

3.7 ± 0.1

10

1.1± 0.00

0.7 ± 0.06

5.1 ± 0.5

5.2 ± 0.2

4.1 ± 0.4

10-R

1.2 ± 0.09

0.7 ± 0.03

5.9 ± 0.7

5.9 ± 0.1

4.1 ± 0.0

20

1.5 ± 0.88

0.9 ± 0.02

6.8 ± 0.5

4.0 ± 0.4

3.9 ± 0.5

20-R

1.4 ± 0.37

1.1 ± 0.07

8.0 ± 0.2

6.4 ± 0.4

4.2 ± 0.4

40

1.6 ± 0.14

1.0 ± 0.09

7.6 ± 0.3

6.4 ± 0.0

4.5 ± 0.2

40-R

1.6 ± 0.12

1.5 ± 0.07

7.6 ± 0.2

7.0 ± 0.5

4.1 ± 0.1

80

1.7 ± 0.25

1.9 ± 0.1

7.4 ± 0.6

5.6 ± 0.7

3.9 ± 0.2

80-R

2.1 ± 0.12

1.2 ± 0.01

9.0 ± 0.06

6.5 ± 0.1

4.3 ± 0.2

(mg.g-1)

Chlorophyll b
(mg.g-1)

Carotene

Catalase

Peroxidase

content

activity

activity

(mg.g-1)

(mM.g-1)

(mg -1)

0
0.75 ± 0.04
0.35 ± 0.02
2.54 ± 0.61
1.87 ± 1.73 3.76 ± 0.08
5
0.73 ± 0.04
0.40 ± 0.02
1.94 ± 0.26
2.75 ± 7.22
3.36 ± 0.02
10
0.97 ± 0.08
0.49 ± 0.06
2.58 ± 0.24
3.00 ± 2.04
5.13 ± 0.02
20
0.99 ± 0.08
0.57 ± 0.04
1.8 ± 0.54
4.75 ± 7.22
4.43 ± 0.05
40
1.01 ± 0.01
0.44 ± 0.01
2.11 ± 0.36
4.66 ± 1.36 4.10 ± 0.08
80
0.83 ± 0.01
0.44 ± 0.01
2.11 ± 0.36
4.66 ± 1.36 4.10 ± 0.08
Note: FA = fly ash; data presented are means of 30 replications and standard deviations
are given for leaves of 40 days old plants used for pigment and enzyme assays.

_______________________________________
Fly ash
(Mg/ha)

Chlorophyll a

Note: ‘R’ denotes Rhizobium supplementation.

During the 45-days growth period of til plants, acetone-soluble pigments were measured and the activities of

FA amendments in soil caused a gradual decrease in
sand, but increase in clay percentages, and Rhizobium supplementation caused insignificant increases in clay and silt
percentages (Table 5). The pH value increased from neutral
to 8.3, due to FA amendments, whereas electrical conductivity (EC) and cation exchange capacity (CEC) remained
almost unchanged. Also Rhizobium supplementation did
not show any significant effect on EC and CEC values.
Values of organic carbon and organic matter increased
with increasing FA amendments. The water holding capacity (WHC) of soils also increased steadily with FA
amendments (Table 5). Rhizobium supplementation caused
an insignificant alteration in these properties of soils.
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Elemental analysis of soil without and with different
grades of FA, and, separately, with Rhizobium supplementation, revealed that the net content of Na was not affected, whereas a gradual increase of K level in soil was noticed. The P content of soil increased steadily from 45.5
(control) to 70.0 mg/kg (80 Mg/ha FA). Rhizobium supplementations also caused increases in P contents of soil.
The Fe contents of soil remained almost unchanged due to
FA amendments. Microelements, Mn, Ni, Ca, Zn and Cu,
had progressive increases due to increasing FA amendments (Table 6), and contaminating elements, Pb, Cr, and
Cd, had too (Table 6). Rhizobium supplementation caused
lowering of the concentration to negligible levels in soils.
Elemental analysis of Phaseolus roots revealed insignificant changes in Na contents, but K contents increased
steadily from 4800 to 12200 mg/kg roots from control to
80 Mg/ha FA level, respectively (Table 7). P contents of
roots increased, while Fe contents decreased with increases
in FA amendments. Microelements, Mn, Ni, Co, Zn and
Cu, individually increased step-wise due to FA amendments. Rhizobium supplementation caused an invariable

decrease of each value (Table 7). Toxic elements, Pb, Cr
and Cd, had individual increasing trends due to FA amendments. The increase of Pb was 3-fold, and that of Cr and
Cd approximately 100-fold (Table 7). Rhizobium supplementation caused significant reduction in elemental contents of roots.
Elemental analysis of Phaseolus seeds revealed that
Na was unaffected, while K and P contents gradually
increased, but Fe remained unchanged due to FA amendments (Table 7). Microelements were accumulated in the
following rate at the 80 tons FA level, when compared
with the respective control values: Mn (1½-fold ), Ni (6–
fold), Co (10-fold), Zn (2-fold) and Cu (7-fold). Moreover, Pb, Cr and Cd had alarming levels in seeds grown at
80 tons FA as detailed: Pb increased from 0.85 (control)
to 9.01, Cr increased from 0.06 (control) to 6.45, and Cd
from 0.18 (control) to 2.63 mg/kg seeds (Table 7). Rhizobium supplementation, however, had the already known
deductive effect, individually, on each element (Table 7).

TABLE 5 - Influence of FA on soil physical properties without and with Rhizobium.

___________________________________________________________________
Fly ash
(Mg/ha)
O

Sand

Silt

Clay

pH

EC

CEC

OC

OM

WHC

82.0

O-R

83.0

10.0

8.0

7.0

210

2.35

0.58

0.99

33.68

10.0

7.0

6.8

216

2.30

0.61

1.05

5

32.85

81.0

11.0

8.0

7.5

265

1.78

0.54

0.93

34.69

5-R

81.2

10.6

8.2

7.7

252

2.45

0.49

0.84

32.05

10

80.0

11.5

8.5

8.1

265

2.56

0.60

1.03

33.75

10-R

79.0

12.4

8.6

7.9

302

2.6

0.71

1.22

35.40

20

77.0

14.0

9.0

8.0

280

2.48

0.58

0.99

36.13

20-R

75.6

14.2

9.2

8.1

292

2.58

0.7

1.21

37.01

40

70.0

19.0

11.0

8.1

320

3.0

0.64

1.10

39.93

40-R

68.0

20.0

12.0

8.2

310

2.90

0.78

1.35

39.37

80

66.0

23.0

11.0

8.2

346

2.82

0.73

1.26

42.93

80-R

65.0

23.0

12.0

8.3

218

2.68

0.81

1.39

43.08

_______________________________________________________________________________________________________________________________________________________________________

Note: ‘R’ denotes Rhizobium- supplementation ; all values except pH, electrical conductivity (EC) cation exchange capacity (CEC), are in
percent values ( %). EC: micro mhos cm -1, CEC: cmols kg -1. OC = organic carbon; OM = organicmatter; WHC = water holding capacity.

TABLE 6 - Influence of FA on soil elemental status without and with Rhizobium.
____________________________________________________________________________________________
FA
Na
K
P
Fe
Mn
Ni
Co
Zn
Cu
Pb
Cr
Cd
O
1180
3900
45.5
325
03
5.80 5.15 36.0 5.06
8.3
0.0
0.0
O-R

1200

3600

45.5

389

128

6.00

4.49

40.0

5.11

8.50

0.0

0.0

5

1215

4280

36.9

267

100

5.79

6.10

39.6

5.73

9.50

0.02

0.0

5-R

1005

4600

45.5

350

130

6.91

5.93

41.3

6.10

10.0

0.01

0.0

10

1180

6500

46.0

340

161

6.67

6.88

46.0

5.97

13.46

0.20

0.0

10-R

1215

5890

68.2

239

159

7.05

7.01

45.7

8.31

11.3

0.12

0.0

20

900

7050

50.3

263

195

8.50

7.36

49.8

7.50

12.97

1.06

0.005

20-R

950

7700

90.9

270

176

9.18

9.01

50.0

10.86

12.0

0.88

0.008

40

850

8290

46.8

300

211

12.05 10.22

51.0

10.0

17.58

1.39

0.02

40-R

1005

8000

68.0

285

216

12.91

12.6

50.0

11.3

16.91

1.62

0.01

80

1025

10150

70.0

310

240

15.37 17.31

67.0

14.38

20.00

1.89

0.06

80-R

1050

9650

82.0

250

257

10.06 16.51

64.9

12.61

18.60

1.20

0.04

Note : ’R’ denotes Rhizobium supplementation ; Unit of fly ash (FA): Mg / ha
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TABLE 7 - Root and seed elemental uptake (mg/kg) of green
gram grown in fly ash-amended soils with and without Rhizobium .

__________________________________________________________
FA

Na

K

P

Fe

Mn

Ni

Co

Zn

Cu

Pb

Cr

Cd

________________________________________________________________________________________________________________________________________________

Root
O

950

4800

27.5

200

38.9

3.83

3.68

20.64

2.75

4.80

0.01

0.03

O-R

1010

5000

28.0

189

34.5

3.307

2.55

19.40

2.19

4.01

0.003

0.02

5

940

6620

26.0

196

39.0

4.00

4.42

29.71

3.26

8.27

0.018

0.75

5-R

915

5850

29.0

185

37.2

3.79

3.00

21.00

2.88

6.86

0.008

0.65

10

926

6860

31.0

190

43.0

4.43

4.69

32.85

4.17

12.10

0.025

1.28

10-R

955

7650

36.8

180

39.0

4.15

3.71

28.61

3.78

11.00

0.016

0.90

20

875

8110

40.0

180

46.5

6.12

5.79

36.50

5.37

13.75

0.68

1.82

20-R

855

8560

40.2

186

42.7

5.30

4.30

32.18

4.95

12.68

0.31

1.12

40

880

9160

51.3

175

53.4

7.69

8.52

41.15

8.22

16.90

0.93

3.09

40-R

865

8880

46.8

173

44.8

6.50

5.13

38.60

6.84

15.85

0.66

2.87

80

941

12200

48.7

169

57.0

11.43

11.19

45.53

10.05

21.48

1.67

4.86

80-R

850

11500

46.5

165

47.4

9.86

8.66

40.11

8.59

15.06

0.85

3.12

__________________________________________________________________________________________________________________________________________________

FA

Na

K

P

Fe

Mn

Ni

Co

Zn

Cu

Pb

Cr

Cd

__________________________________________________________________________________________________________________________________________________

Seed
O

800

5060

25.8

48.0

20.4

1.61

0.5

23.00

0.85

0.85

0.06

0.18

O-R

930

5600

26.0

47.0

21.0

0.92

0.20

21.7

0.88

0.52

0.04

0.01

5

940

7750

29.0

47.0

23.6

3.64

1.48

32.6

1.69

2.24

1.67

0.64

5-R

950

7600

32.0

49.5

22.3

2.40

1.10

28.9

1.20

1.03

0.94

0.23

10

968

8060

32.3

50.0

25.3

5.36

3.22

39.0

2.5

3.71

3.0

0.91

10-R

955

8950

32.5

51.3

23.8

4.10

2.73

36.7

1.58

2.38

1.43

0.45

20

875

10000

40.0

52.2

30.9

5.85

4.95

47.6

3.00

4.99

3.88

1.00

20-R

785

11200

38.3

48.6

25.0

5.21

3.65

43.8

2.01

3.85

2.11

0.80

40

780

10000

42.0

54.2

36.7

8.03

6.40

53.7

4.85

7.81

5.63

2.46

40-R

860

10000

45.8

53.2

28.3

7.38

4.10

49.2

3.51

5.03

3.91

1.50

80

845

16200

38.0

50.1

42.3

9.79

5.11

51.2

3.96

6.00

3.86

1.87

’R’ denotes Rhizobium supplementation; Unit of fly ash (FA): Mg/ha.

TABLE 8 - Influence of fly ash on soil and seed elemental status (mg/kg) of til.

____________________________________________________________________________________
FA

Na

K

P

Fe

Mn

Ni

Co

Zn

Cu

Pb

Cr

Cd

________________________________________________________________________________________________________________________________________________________________________________________________________________

Soil
0
5
10
20
40
80

487
640
673
695
888
420

510
596
631
689
824
730

36.0
38.0
40.0
45.5
42.8
46.0

325.0
165.9
196.3
201.0
200.0
317.5

145.0
251.3
209.5
261.0
280.0
340.0

4.7
7.7
6.9
8.9
9.0
12.8

4.90
4.49
4.80
4.91
5.08
5.42

30.60
30.99
32.51
44.10
46.30
46.80

4.48
8.51
10.6
10.7
9.96
10.8

7.5
6.5
7.9
7.8
10.0
9.8

-------

-------

_________________________________________________________________________________________________________________________________________________________________________________________________________________

Seed
0
5
10
20
40
80

230
498
560
430
536
590

310
412
620
638
660
700

26
28
30
25
28
29

200
112
108
156
208
239

26.0
39.3
43.0
46.0
50.1
54.0

1.1
2.9
10.0
5.2
5.8
6.4

0.09
0.61
0.68
10.2
1.60
3.34

10.0
19.0
29.0
32.8
33.0
38.8

2.00
2.43
2.09
2.77
3.00
3.84

0.40
2.06
2.77
4.11
5.61
5.73

0.003
0.01
5.00
2.08
2.04
2.96

0.04
0.12
2.00
5.00
5.60
6.88

__________________________________________________________________________________________________________________________________________________________________________________________________________________

Note: FA = fly ash (Mg/ha); -- = not detected; the experiment was repeated twice and data of the second experiment are presented.

FA amendment caused progressively increases in Na
and K contents of soil from 487 (control) to 888 mg/kg
soil (40 Mg/ha FA) and 510 (control) to 824 (40 Mg/ha
FA) mg/kg soil, but at the higher dose (80 Mg/ha FA) Na
and Kwere declining. Levels of P increased and that of Fe
decreased in soils with increasing levels of FA amendments (Table 8). At the higher level of 80 Mg/ha FA, a
regain of Fe content in soil was observed. The micronutrients, Mn, Ni, Co, Zn and Cu, increased progressively with
increases in FA rates, and the toxic Pb ions increased to a
comparatively high extent of 10.8 mg/kg soil at 80 Mg/ha

FA. The levels of the other toxic ions, Cr and Cd, were
low in soil and could not be detected (Table 8), whereas
in til seeds they accumulated with increasing FA to detectable levels (Table 8).
DISCUSSION
Field experiments, carried out with P. aureus and S.
indicum grown in FA amendments, clearly indicated that
growth and yield of both crops was significantly increased
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by FA, particularly around 40 Mg FA/ha for P. aureus
and 10 Mg FA/ha for S. indicum. Similar results of
growth and yield enhancements by FA were recorded for
rice in this laboratory, however, 15 Mg FA/ ha was the
highest level tolerated by rice [5]. Similar FA-related
growth enhancements have been recorded for several
crops, grown in other countries [7-9]. Ecological studies
on effects of FA contaminating terrestrial and aquatic
habitats have also been well-documented [12, 13]. All these
reports recorded heavy metal pollutions due to FA and
accumulations of such recalcitrant ions in all the crops
observed. The present report, for first time recorded the
accumulation of 5 microelements and 3 toxic ions in concentrations objectionable for consumption of seeds. Physical properties of FA-amended soil had also significant improvements, supporting growth, yield and unaffected metabolism of green gram.

[3]

S. Sen and A. Kumar (1995) NTPC’s experiences in utilisation of
coal ash. In: Proceedings of workshop on fly ash management in
the state of Orissa, Bhubaneswar, Orissa, p. 7-25.

[4]

M.S. Swaminathan (1984) Rice. Scintif. Amer. 250, 62 - 71.

[5]

M. Mishra, R.K. Sahu and R.N. Padhy (2005) Growth, yield, metabolism and elemental status of rice (Oryza sativa L.) grown in
fly ash amended soils. Plant and Soil (in press).

[6]

L.C. Mishra and K.N. Shukla (1986) Effect of fly ash deposition on
growth metabolism and dry matter production of maize and soybean. Environment Pollution (series A) 42, 1- 13.

A.

Wadge and M. Wutton (1986) The uptake of cadmium, lead and
selenium by barely and cabbage grown on soils amended with refuse incinerator fly ash. Plant and soil 96, 407-412.

[7]

R.F. Koracak (1995) Utilization of coal combustion by-product
agriculture and horticulture. In: Agricural utilization of urban and
industrial by-products. ASA Spec. Publ. 58. (Eds. D. L. Karlen
et. al.) ASA. CSSA, and SSSA, Madison, Wi, p. 107-130.

Rhizobium supplementation at the FA levels used in
soil had also additive effects concerning all growth parameters examined and metabolic activities of leaves, whereas,
particularly, deductive effects on accumulation of toxic
elements in roots and seeds were recorded. Nitrogen fixation by Rhizobium in legumes is very high compared to any
other nitrogen-fixing micro-organism, as it can fix 59.874
to 119.747 kg of nitrogen/acre/year, symbiotically [14].
Thus, Rhizobium supplementation must have contributed to
the ideal nitrogen nutrition of the crop. This is substantiated
by the increase of number of nodules per plant and protein
contents of the seeds. But, persisting effects of heavy
metals in FA-amended soil can not be ruled out, as Rhizobia enter into the food chain of soil ecosystems [15]. In
view of heavy metal and toxic metal contaminations of
plants and seeds of both crops, FA amendments must be
discouraged in agricultural fields to prevent bioaccumulation of these elements in trophic levels, as detailed elsewhere [8, 16].

[8]

J.L. Fail and Z.S. Wochok (1977) Soybean growth on fly ash
amended strip mine spoils. Plant and soil 48, 437 - 484.

[9]

S.E. Allen, H.M. Grimshaw, J.A. Kensin, and C. Quarmby (1974)
Chemical analysis of ecological materials. Blackwell Scientific,
Oxford, p. 569.

[10] D.J. Harper, G.F. Fileman, P.V. May and J.E. Portmann (1989)
The analysis of trace metals in marine and other samples. Aquatic
environment protocols: Analytical methods. MAFF Direct Fish
.Research. Lowestroft, UK .p 450.
[11] P.J.A. Shaw (1992) A preliminary study of successional changes
in vegetation and development on unamended fly ash (FA) in
Southern England. J. Appl. Ecol. 29, 728 - 736.
[12] I. Twardowska (1990) Buffering capacity of coal mine spoils and
fly ash as a factor in the protection of the aquatic environment.
The Sci.Total Environ. 91, 177-189.
[13] E.N. Mishuntinand and V.K. Shilinikova (1971) Biological fixation of atmospheric nitrogen. McMillan, London. p. 215.
[14] M. Alexander (1971) Biochemical ecology of microorganisms.
Annual Reviews of Microbiology 25, 361-392.
[15] D.M. Miller, W.P. Miller, S. Dudka and M. E. Sumner (2000)
Characterization of industrial by-products. In: SSSA Book series
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SUMMARY
The feasibility of the adsorption of malachite green
from an aqueous solution by a magnetic nano-adsorbent
with polyacrylic acid (PAA) covalently bound on iron
oxide nano-particles was studied. The zeta potential and
the effects of pH, malachite green concentration, temperature, and KCl concentration were investigated. The adsorption amount of malachite green was found to increase
with increasing pH and the concentrations of malachite
green or KCl. The adsorption behavior at 25 ºC was similar to Freundlich isotherm, due to the combination of pH
and malachite green concentration effects. The KClenhanced adsorption was referred to the increased hydrophobic interaction between malachite green and PAA
molecules. The temperature effect revealed that adsorption
was exothermic, with a ΔH of –15.1 kJ /mol at 25-75 ºC.
The adsorbed malachite green could be almost completely
desorbed using the acetic acid-containing methanolic
solution, and the magnetic nano-adsorbent showed excellent reusability. In addition, both the adsorption and desorption rates were quite fast and their equilibria could be
reached within 1 min. The whole results revealed the
PAA-based magnetic nano-adsorbent to be quite fast and
efficient for the adsorption of malachite green from aqueous solutions.

KEYWORDS: Adsorption, polyacrylic acid, malachite green,
magnetic nano-particles, nano.

INTRODUCTION
Malachite green (Scheme 1) is a basic dye belonging
to the group of triphenylmethane dyes. It has been extensively used as a biocide in aquacultural and medical industry, a coloring agent and additive in the food industry,
an indicator in analysis, as well as a dye in the dyeing
industry [1-5]. Especially, it is used as a therapeutic agent

against important protozoal and fungal infections in the
aquaculture and medical industry [5]. Therefore, its importance has grown with each passing day. However, malachite green has now become a highly hazardous compound
due to the risks including its influences on the immune and
reproductive systems and its genotoxic and carcinogenic
properties [1, 4 - 6]. So, it has to be removed prior to its
discharge into the environment.

SCHEME 1
Molecular structure of malachite green.

Dyestuff wastewater is usually treated by physical,
chemical and biological processes. These processes include flocculation, coagulation, adsorption, precipitation,
membrane separations, chemical oxidation and reduction,
photo-catalytic decolorization, ozonation, ion exchange,
etc. [7-12]. Among these treatment methods, adsorption is
a conventional and efficient technique to remove dyes
from wastewaters [8-11]. Many kinds of adsorbents for
various applications have been commercialized or are
developing [7, 13]. In general, these adsorbents are highly
porous particles in order to ensure an adequate surface
area for adsorption. However, the existence of intraparticle diffusion may lead to the decreases in the adsorption rate and available capacity, particularly for macromolecules. Therefore, to develop an adsorbent with large
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surface area and small diffusion resistance has significant
importance in practical use [14].
Magnetic nano-particles have great applications in the
fields of high-density data storage, ferrofluids, magnetic
resonance imaging, wastewater treatment, bioseparation,
and biomedicine [15-20]. They meet the above requirements and can be easily recovered or manipulated with an
external magnetic field. Numerous types of magnetic
nano-particles for various applications could be tailored
by using functionalized natural or synthetic polymers to
impart surface reactivity [15].
Recently, we developed a novel magnetic nanoadsorbent using iron oxide nanoparticles as cores, and
polyacrylic acid (PAA) as ionic exchange groups [21]. It
possessed a high ion-exchange capacity and was quite
effective for the adsorption of enzyme and dye [21, 22].
For the treatment of the environmental problem of malachite green dye, we first use this magnetic nano-adsorbent
to adsorb and remove it from aqueous solutions. However, the adsorption of malachite green by the PAA-based
magnetic nano-adsorbent should be performed in acid
solutions, since malachite green is completely ionized at
pH<4 and the degree of ionization decreases with increasing pH values [5]. Unfortunately, this may result in the
competitive adsorption of H+ ions. Therefore, in this
work, the feasibility of the adsorption of malachite green
by the magnetic nano-adsorbent was studied. Additionally, in order to obtain information on treating malachite
green from the industry, the reusability of magnetic nanoadsorbents and the influences of experimental conditions,
such as pH, malachite green concentration, temperature,
salt concentration, and desorption solution, were also investigated.
MATERIALS AND METHODS

The ferric and ferrous chlorides (molar ratio 2:1) were
dissolved in water containing 0.3 M iron ions. Chemical
precipitation was achieved at 25 ºC under vigorous stirring by adding NH4OH solution (29.6 %). During the
reaction, the pH was maintained at about 10. The precipitates were heated at 80 ºC for 30 min, then washed several
times with deionized water and ethanol, and finally dried
in a vacuum oven at 70 ºC.
For the binding of PAA, 100 mg of iron oxide nanoparticles were first added to 2 ml of buffer A (0.003 M
phosphate, pH 6). Then, the reaction mixture was sonicated for 10 min after adding 0.5 ml of carbodiimide solution
(0.025 g/ml in buffer A). Finally, 2.5 ml of PAA solution
(60 mg/ml in buffer A) was added and the reaction mixture was sonicated for 30 min. The binding process was
carried out at a constant temperature of 4 ºC. The PAAbound iron oxide nanoparticles were recovered from the
reaction mixture by placing the bottle on a permanent magnet with a surface magnetization of 6000 gauss. They settled within 1-2 min and then were washed with deionized
water. From our previous study, the resultant magnetic
adsorbent was super-paramagnetic with a mean diameter of
12 nm and a saturation magnetization of 62 emu/g at 25 ºC.
The weight ratio of bound PAA to Fe3O4 was 0.12.
Zeta potential measurement

The zeta potentials of the PAA-bound and bare iron
oxide magnetic nanoparticles were measured using a Malvern zetameter, model ZEN2600. The solutions at different pH values were prepared by mixing different proportions of HCl, NaCl and NaOH solutions. For each measurement, 10 mg sample was added into 100 ml solutions
at a specified pH value. After sonication, an appropriate
amount of mixture was added into a measurable cell and
then placed in the zetameter. In order to obtain more accurate data, the conductivity of solution was controlled
within one order.

Materials

Polyacrylic acid solution (25 %, degree of polymerization = 2000 - 3000) was purchased from Showa Chemical Co. (Tokyo). Carbodiimide and malachite green were
supplied by Sigma Chemical Co. (St. Louis, MO). Ferric
chloride 6-hydrate and ferrous chloride tetrahydrate were
products of J. T. Baker (Phillipsburg) and Fluka (Buchs),
respectively. Ammonium hydroxide (29.6 %) was supplied by TEDIA (Fairfield). The water used throughout
this work was the reagent-grade water produced by a MilliQ SP ultra-pure-water purification system of Nihon Millipore Ltd., Tokyo. All other chemicals were guaranteed
analytic grade reagents, commercially available and used
without further purification.
Preparation of magnetic nano-adsorbent

The magnetic nano-adsorbent was prepared according
to our previous work [21]. Iron oxide nanoparticles were
prepared by co-precipitating Fe2+ and Fe3+ ions with ammonia solution and treating under hydrothermal conditions.

Adsorption and desorption studies

The adsorption of malachite green on the magnetic
nano-adsorbent was investigated in deionized water at 2575 ºC. For the study of pH effect, the values measured
by TOA AUT-211 pH meter were adjusted by mixing
the appropriate volume of sodium hydroxide or hydrochloric acid solutions. For the study of salt effect, the
adsorption experiments were performed at 25 ºC in deionized water containing 0.0-2.0 M potassium chloride.
In general, 112 mg of magnetic nano-adsorbent was added
to 5 ml malachite green solution (100-10000 mg/l) in deionized water at 25 ºC. After mixing by Vortex for 1 min,
the magnetic nano-adsorbents could be completely removed magnetically from the malachite green solution
using a permanent magnet with a surface magnetization of
6000 gauss. The amount of malachite green adsorbed on
the magnetic nano-adsorbent was estimated from the
concentration change of malachite green in solution after
adsorption by the colorimetric method at 620 nm [18].
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The blank test indicated that the adsorption of malachite
green to the glassware was negligible in this work, because the adsorption time was only several min. From the
establishment of calibration curve, the extinction coefficient was found to be 0.1324 l/mg/cm within the concentration range of 0-10 mg/l. Desorption of malachite green
was studied by removing the malachite green-adsorbed
magnetic nano-adsorbent from the solution and transferring it into the methanolic solution containing 0.0-8.0 %
acetic acid. After mixing for several min and removing
the magnetic nano-adsorbent, the concentration of malachite green in the liquid was measured to estimate the
amount of malachite green desorbed.
The preliminary experiments revealed that both the adsorption and desorption equilibria were reached within 1 min
due to the absence of internal diffusion resistance, similar to
those effects observed in our previous works [21].
Reusability assay

significantly enhanced by increasing solution pH, and
reached a maximum at pH 4. From the pH-dependence of
zata potential, this could be reasonably attributed to the
increase in the un-protonated carbonyl groups of PAA,
which were capable of adsorbing malachite green. Since
malachite green was not ionized completely at pH > 4 and
its solubility was less than 1000 mg/l, the adsorption at
pH > 4 was not examined.

60
Zeta potential (mV)
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The reusability of magnetic nano-adsorbent was examined by conducting the adsorption/desorption measurement
at 25 ºC as stated above at a time interval of 10 min. After
each adsorption/desorption measurement, the magnetic
nano-adsorbent was washed several times with methanol
and deionized water.

40
20
0
-20
-40
-60
-80
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2

4

6

8

10

pH
FIGURE 1 - pH-dependence of zeta potential for the PAAbound (Δ) and bare (¯) iron oxide magnetic nanoparticles.

RESULTS AND DISCUSSION

32

pH dependence of zeta potential

Effect of pH

As stated above, solution pH might change the surface charge of magnetic nano-adsorbent and, hence, affect
its adsorption capacity. The effect of pH on the adsorption
of malachite green (1000 mg/l) by magnetic nanoadsorbent at 25 ºC is illustrated in Figure 2. It was found
that the adsorption amount of malachite green (q) was

28
q (mg/g)

The solution pH might affect the surface charge of
magnetic nano-adsorbent [12, 23]. In this work, the effect
of pH on the surface charge of magnetic nano-adsorbent
was studied by the measurement of zeta potential, and
pH-dependence of those for the PAA-bound and bare iron
oxide magnetic nanoparticles are shown in Figure 1. For
both cases, the zeta potential decreased with increasing
solution pH. At pH 6.0, the zeta potential is zero (pHzpc)
for the bare iron oxide nanoparticles, while that of the
PAA-bound iron oxide nanoparticles was significantly
shifted to about 1.5. This provides a clear evidence to
confirm the binding of PAA onto the surface of iron
oxide nano-particles. In addition, when pH < pHzpc, the
surface charge became positive, this means that more
carbonyl groups of PAA have been protonated. Hence,
the pH-dependence of zeta potentials also revealed that
the adsorption of malachite green by the PAA-based
magnetic nano-adsorbent should be preferentially conducted at pHs > 1.5.

24
20
16
12

1

2

3

4

pH
FIGURE 2 - Effect of pH on the adsorption amount of malachite green at 25 ºC. [Magnetic nano-adsorbent] = 22.4 mg/ml
and [Malachite green] initial =1000 mg/l.
Effect of malachite green concentration

The preliminary experiments revealed that the pH of
malachite green solution depended on its concentration.
Therefore, the relationship between pH and concentration of
malachite green solution was firstly investigated at 25 ºC.
As shown in Figure 3, the semi-logarithmic plot of pH
against malachite green concentration gave a linear relationship and clearly indicated that pH decreased with increasing malachite green concentration. Thus, when studying the concentration effects of malachite green, the influence of pH could not be neglected.
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FIGURE 3 - Relationship between the pH and concentration of
malachite green at 25 ºC. [Malachite green] =100-10000 mg/l.

The adsorption of malachite green (100-10000 mg/l)
on magnetic nano-adsorbent (22.4 mg/ml) was studied in
deionized water at 25 ºC. The equilibrium data were shown
in Figure 4 as a log-log plot. It was obvious that the logarithmic values of q and Ce (the equilibrium malachite green
concentration in solution (mg/l)) followed a linear relationship. This seems to reveal that the adsorption behavior of
malachite green obeyed the Freundlich isotherm as reported
by Guo et al. [4] and Solé et al. [24]. However, according
to Figures 2-4, the large range of Ce values (3-8000 mg/l)
might result in the significant change of pH, further affecting the adsorption amount of malachite green. So, the
Freundlich isotherm should result from the combined effect of malachite green concentration and pH.

1000

Malachite green desorbed (%)
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FIGURE 5 - Effect of acetic acid content on the percentage of malachite green desorbed in the methanol solution containing acetic acid
at 25 ºC. [Magnetic nano-adsorbent] = 22.4 mg/ml and [Malachite
green] initial = 500 mg/l.
Effect of temperature

The effect of temperature on the adsorption of malachite green (1000 mg/l) on magnetic nano-adsorbent
(22.4 mg/ml) was investigated in deionized water at 2575 ºC. As shown in Figure 6, the adsorption amount of
malachite green decreased with increasing temperature.
This might be due to the fact that the electrostatic interaction between malachite green and PAA is lower at higher
temperatures. The plot of ln(q/Ce) vs. 1/T is indicated in
the inset of Figure 6. From the slope (-ΔH /R), the change
of enthalpy (ΔH) at 25-75 ºC could be determined to be
–15.1 kJ /mol [25]. For the negative value of the enthalpy
change, it was suggested that the adsorption process was
exothermic.
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FIGURE 4 - Logarithmic plot of q vs. Ce for the adsorption of malachite green in deionized water at 25 ºC. [Magnetic nano-adsorbent] =
22.4 mg/ml and [Malachite green] initial = 100-10000 mg/l.
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FIGURE 6 - Effect of temperature on the adsorption amount of
malachite green adsorbed in the deionized water. The inset is
the plot of ln (q/Ce) against 1/T. [Magnetic nano-adsorbent] =
22.4 mg/ml and [Malachite green] initial = 1000 mg/l.

Desorption of malachite green

The desorption of malachite green can be achieved
using a methanol solution containing acetic acid [18]. As
shown in Figure 5, the percentage of malachite green
desorbed increased with increasing the content of acetic
acid. When the content of acetic acid in methanol solution
was above 2 vol %, more than 95% of malachite green
could be desorbed.

24
ln (q/Ce) (l/g)

q (mg/g)

q (mg/g)

28

Effect of salt

The effect of salt (potassium chloride) concentration
on the adsorption of malachite green on magnetic nanoadsorbent in deionized water, 1000 mg malachite green/l,
at 25 ºC is illustrated in Figure 7, revealing that adsorp-
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tion amount of malachite green increased with increasing
potassium chloride concentration. The adsorption experiment is not carried out when [KCl] > 2M, the solubility
limit of malachite green. Generally, the adsorption amount
decreased with increasing the salt concentration. However, in this work, a contrary phenomenon was observed,
implying that other interactions might have taken part in
adsorption. Since the preliminary experiment indicated
that malachite green was not adsorbed by the bare iron
oxide nanoparticles in the presence of KCl, the KClenhanced adsorption of malachite green by magnetic
nano-adsorbent should not be attributed to the formation
of electrical double layers by Cl- anions, as suggested by
Guo et al. [4], in the adsorption of malachite green by
active carbon. Because the increase in salt concentration
might decrease the water activity and led to the increase
in hydrophobic interaction, it was suggested that the enhancing effect of KCl on the adsorption of malachite
green might be due to the increased hydrophobic interaction between malachite green and PAA molecules.

40
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36
32
28
24
20
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FIGURE 7 - Effect of KCl concentration on the amount of malachite green adsorbed in deionized water at 25 ºC. [Magnetic nanoadsorbent] = 22.4 mg/ml and [Malachite green] initial = 1000 mg/l.

100

Reusability of nano-adsorbent

The reusability of magnetic nano-adsorbent is important in practical application. According to Figure 8, the
adsorption capacity of magnetic nano-adsorbent had no
significant loss after being reused 10 times. This revealed
its excellent reusability, and, in addition, that PAA did not
peel off the Fe3O4 nanoparticles.
CONCLUSIONS
The PAA-based magnetic nano-adsorbent has been
demonstrated to be useful for the adsorption of malachite
green from an aqueous solution. The ionization of malachite green and the zeta potential of magnetic nanoadsorbent suggested the appropriate pH range to be 1.5-4.
The adsorption amount increased with the increase in pH
and malachite green concentration, and the adsorption
behavior at 25 ºC could be described by the Freundlich
isotherm via the combined effect of pH and malachite
green concentration. The addition of KCl could enhance
the adsorption amount, probably due to the increased
hydrophobic interaction between malachite green and
PAA molecules. From the descending tendency of adsorption amount with the increase in temperature, the adsorption of malachite green on the PAA-based magnetic nanoadsorbent is an exothermic process with the change of
enthalpy of –15.1 kJ /mol at 25-75 ºC. In addition, more
than 95 % of malachite green could be desorbed in the
methanol solution containing acetic acid up to 2 vol %.
Also, the adsorption and desorption rates were quite fast
(equilibria could be reached within 1 min) and the reusability of magnetic nano-adsorbent is excellent. This work
should be helpful for the treatment of malachite greencontaining wastewaters.
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STANDARD CONDITIONS FOR THE FLUORIMETRIC
DETERMINATION OF BISMUTH WITH CRYSTAL VIOLET
Vassilios Kabasakalis, Fotios Teas and Stergios Theodoridis
Laboratory of Analytical Chemistry, Chemical Engineering Department,
Faculty of Engineering, Aristotle University of Thessaloniki, Thessaloniki 54124, Greece

SUMMARY

MATERIALS AND METHODS

A simple and rapid fluorimetric method for the determination of Bi3+ (5-100 µg/L) was developed, based on
the formation of an ion-associated complex between BiI4and the cation of crystal violet, which gives fluorescence
at 521 nm after excitation at 256 nm. The fluorescent
complex is formed immediately after mixing the reagents
and no extractions are needed. The experimental optimum
conditions for the complex formation were pH = 2.0,
crystal violet concentration = 2.0 mg/L, and KI concentration = 200 mg/L. The detection limit of the method, under
the conditions described, was found to be 1.2 µg/L. The
validity of the method was verified by applying it in a
sample of potable water and analyzing bismuth minerals.

Apparatus

KEYWORDS:
Bismuth determination, fluorimetry, crystal violet.

Materials

All fluorimetric measurements were made with a
Perkin-Elmer fluorescence spectrometer, Model 3000,
equipped with a xenon lamp and using a quartz cell of
10 mm path-length. A Metrohm pH-meter, Model 503,
was used for pH measurements.
Reagents

A BDH stock solution of 1000 mg/L of Bi3+ was used
for the preparation of the working standards by proper
dilution. A solution of 1000 mg/L of crystal violet (BDH)
was prepared by dissolving it in distilled water. Potassium
iodide was used for preparing a solution of 5000 mg/L
iodide ions. Sulfuric acid (0.05 and 2 N) and sodium hydroxide (0.1 N) solutions were used for pH adjustments.
The recovery of added Bi3+ was examined in a sample
of potable water and Bi3+ content of the mineral Bi2S3 was
assayed after dissolving it in 1:1 HNO3.

INTRODUCTION

Recommended procedure for constructing the calibration
curve and preparing the samples

In the last fifteen years, only a few papers dealed with
the fluorimetric determination of bismuth. In 1997, Xu
Mianyi et al. [1] reported a fluorescence-quenching method
for bismuth determination with rhodamine B and KI in
steel and brass. Also, Zhao Huichun and Zhang Lianqing
[2] proposed a fluorescence-quenching method for bismuth determination in cast iron. Earlier (1971), Fakeeva
and Bozhevolnov [3] determined bismuth in sodium hypophosphite, and Kilk et al [4] in chemical and biological
samples.
The objectives of our work were: a) to examine the
parameters that influence bismuth fluorimetric determination when an ion-associated complex is formed using crystal violet in the presence of KI and b) to develop a method
for the determination of Bi3+ based on the linear relationship between the fluorescence intensity of the complex and
the amount of Bi3+ present.

Suitable aliquots of the 10 mg/L standard bismuth or
the sample solutions were placed in 50 mL volumetric
flasks. Bismuth concentrations must be in the range of 5
to 100 µg/L. One ml of the potassium iodide solution
(5000 mg/L) was added, followed by drop-wise additions
of diluted H2SO4 or NaOH solutions to bring the pH to a
final value of 2.0. Then, 0.1 mL of the crystal violet solution (1000 mg/L) were added, then the flasks immediately
swirled, brought to volume with distilled water, stoppered, and shaken well. Measurements were made at λexc.
256 and λem. 521 nm, 10 min after mixing the reagents.
RESULTS AND DISCUSSION
The excess of iodide ions in a bismuth solution leads
to the formation of an iodo-bismuthate anion complex,
which reacts with the crystal violet cation, giving an ion-
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association fluorescent complex of the type RBiI4, where
R is the crystal violet cation. This complex was formed
immediately after mixing the reagents and exhibited fluorescence at 521 nm after excitation at 256 nm. The optimum experimental variables for the complex formation
and its maximum fluorescence intensity were examined
involving pH, concentrations of KI and crystal violet, and
stability of the complex formed with regard to time. The
optimum pH was found to be 2.0 (Fig. 1), the optimum
concentrations of KI and crystal violet were 200 mg/L
(Fig. 2) and 2.0 mg/L (Fig.3).
The fluorescence intensity remained constant from 2 to
15 min after mixing the reagents, but decreased afterwards. The stability was investigated by measuring a fresh
portion of the solution at 5-min intervals.
The interfering ions in this proposed method were examined in a previous work [5], with similar complexes at

the same wavelengths. Strong interference was exerted
only by the ions Ag+, Hg2+, Cd2+, Cr6+, Pt4+ and Ti4+. The
interference of other cations was negligible, and so, K+,
Na+, Li+ and Mg2+ in concentrations up to 10000 mg/L,
Ca2+, Mn2+, Fe2+, Co2+, Ni2+, Sn2+, Zn2+, Fe3+, Al3+ and
As3+ up to 1000 mg/L and Cu2+, Sr2+, Ba2+ and Sb3+ up to
200 mg/L did not interfere. Also the anions Cl-, Br-, F-, NO3and SO4-, up to 5000 mg/L, and PO43-, up to 500 mg/L, did
not interfere.
Calibration curve

The calibration curve was obtained using the above
optimum experimental conditions and 11 calibration
standards covering the range of 5 to 100 µg Bi3+/L. Emission intensity (y) was a linear function of concentration
(x) over the range 5 to 100 µg Bi3+/L, described by the
equation y = 4.87x + 7.07, with r2 = 0.998. The detection
limit was found to be 1.2 µg/L, defined as 3xσ of six
replicates of blank solutions [6].

FIGURE 1 - Effect of pH on the fluorescence intensity.
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FIGURE 2 - Effect of KI concentration on the fluorescence intensity.
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FIGURE 3 - Effect of crystal violet concentration on the fluorescence intensity.

Application

The proposed method was applied for the analysis a)
of potable water and b) of mineral Bi2S3. Bismuth levels
in potable water were below the detection limit of the
method and, therefore, only the recovery of added Bi3+
and its repeatability was tested. A sample of potable water, in 10 replicates, was doped with 80 µg Bi3+/L and the
recoveries ranged from 101.8 to 103% with a coefficient
of variability of 1.3%. The bismuth content (b) in a sample of Bi2S3 was determined by the proposed method and,
additionally, by atomic absorption technique which
served as a reference value. The relative error (Er) of this
method was calculated as Er% = (Bi3+ found fluorimetrically – Bi3+ found by AAS).100 : (Bi3+ found by AAS), and
found to be 3.1%.

[4]

I. Kilk, M. Alsalu and M. Kerikmae (1971) Luminescent determination of Bi based on acrystal phosphor Tartu Utikodi
Toim, 289, 117-24.

[5]

V. Kabasakalis, R. Tsitouridou and C.A. Alexiades (1991)
Fluorimetric determination of mercury (||) based on its reaction with iodide and triphenylmethane compounds Intern.
Environ. Anal. Chem, 43, 267-275.

[6]

L.H. Keith, W.Crummett, J. Deegan, R.A. Libby, J.K. Taylor
and G. Wentler (1983) Principles of environmental analysis
Anal. Chem, 55, 2210-2218.
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EFFECTS OF ESSENTIAL OILS OF THREE PLANT SPECIES ON
Tribolium confusum du Val AND Sitophilus granarius (L.)
(COLEOPTERA: TENEBRIONIDAE AND CURCULIONIDAE)
Erol Yildirim, Memis Kesdek and Saban Kordali
Atatürk University, Faculty of Agriculture, Department of Plant Protection, 25240, Erzurum-Turkey

SUMMARY
Essential oils obtained from three different plant species, Hypericum hyssopifolium Vill., Pistacia lentiscus L.
and P. terebinthus L., were tested against adults of Tribolium confusum du Val and Sitophilus granarius (L.). The
results show that the oils of H. hyssopifolium, P. lentiscus
and P. terebinthus have an insecticidal effect on adults of
T. confusum and S. granarius, in comparsion with controls.
The mortality of adults of T. confusum and S. granarius
increased significantly after treatment with the essential
oils (P<0.01). The insecticidal effect was influenced by
the doses of the essential oils and the exposure time. Higher
doses and longer exposure resulted in maximum toxicity on
both pests. Adults of T. confusum and S. granarius do not
show similar susceptibility against the essential oils of H.
hyssopifolium, P. lentiscus and P. terebinthus. T. confusum adults were only affected by essential oils of H.
hyssopifolium and P. lentiscus.
The mortality rates after 96 h exposure at maximum
dose (40 µl) of essential oils of H. hyssopifolium, P. lentiscus and P. terebinthus were determined to be 50%,
67% and 40% for T. confusum and 43%, 33% and 43%
for S. granarius, respectively. However, no mortality was
observed in control of each species.

KEYWORDS: Stored product insect pests, essential oils, toxicity,
Tribolium confusum, Sitophilus granarius

INTRODUCTION
Insect Pest Management (IPM) has to face up to the
economic and ecological consequences of the use of pest
control measures. Sixty years of sustained struggle against

harmful insects using synthetic and oil-derivative molecules has produced perverse secondary effects. The diversification of the approaches inherent in IPM is necessary
for better environmental protection [1]. Among the alternative strategies, the use of different insecticidal allelochemicals of plants appears to be promising. Aromatic
plants and their oils are among the most efficient botanical substances, and their activities are manifold. They
induce fumigant and topical toxicity, as well as antifeedant and repellent effects [2]. Essential oils are presently
regarded as a new class of ecological products for controlling insect pests, and they are among the best-known
substances tested against insects. Essential oils are potential sources of alternative compounds to the currently used
fumigants, because of their low toxicity to warm-blooded
animals, high volatility, and toxicity to stored grain insect
pests [3-5]. The major constituents, monoterpenes, are
also of interest for the industrial markets because of other
potent biological activities, in addition to their toxicity to
insects [6-8]. Some essential oils were found to have
potential for the control of stored product insect pests.
The insecticidal activity of many plant derivates against
several stored-product pests has been already demonstrated [9-22].
The confused flour beetle, Tribolium confusum du
Val (Coleoptera: Tenebrionidae) and the granary weevil,
Sitophilus granarius (L.) (Coleoptera: Curculionidae)
were well-known pests causing economically important
yield losts in stored products in Turkey and many other
countries. So far, there has been no study to isolate the
bioactive compounds from medicinal plant species and to
test them for management of storage-food pests. Thus,
the aim of the present study was to evaluate the insecticidal effect of hydro-distilled essential oils of Hypericum
hyssopifolium Vill. (Hypericaceae), Pistacia lentiscus L.
and P. terebinthus L. (Anarcadiaceae) on adults of Tribolium confusum and Sitophilus granarius under in vivo
conditions.
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MATERIALS AND METHODS
Insects and rearing conditions

Adults of Tribolium confusum and Sitophilus granarius
were obtained from laboratory cultures maintained on
wheat at 25±1 0C, 65±5 r.h. and 8-h light/16 h-dark photoperiod. The insects were collected from an Eastern Anatolian storage house. The wheat was purchased from a local
market, maintained in a freezer at -20 0C, and washed in
tap water, dried and heated to prevent pre-infestation
before its use.

Initial tests were done to establish the appropriate dose and
exposure time ranges. The amounts of essential oils applied
were 0, 10, 20 and 40 µl in each Petri dish. Mortality was
counted after 12, 24, 48 and 96 h of treatment. Three replicates were used for each dose and exposure time combination. Experiments were repeated three times. Each dose
was dissolved in 100 µl acetone and applied with an automatic pipette. In control jars, only acetone was applied.
After evaporation of the acetone, the strip was attached to
the underside of the desiccators by an adhesive tape in
order to avoid direct contact of test materials. After exposure, the final mortality was determined 96 hours later.

Determination of the age of the adults

Only 4-days old adults of T. confusum and S. granarius
were used in the experiments. In order to receive adults of
the same age, some wheat grains that included larvae and
pupae of the beetles were placed in Petri dishes. Adults were
collected immediately after emergence and kept together
separately for four days until their use in the experiments.

Data analysis

The differences among the insecticidal activities of
essential oils tested were determined according to analysis
of variance (ANOVA) test by using the SPSS 11.0 software package. Duncan’s Multiple Range Test was used
for comparison of means.

Extraction of essential oils

The essential oils tested were extracted by water steam
distillation from leaves and stems of Hypericum hyssopifolium Pistacia lentiscus and P. terebinthus. The plants were
collected in the middle of July 2003 from the region of
Erzurum (East Turkey). Air-dried leaves of each plant
sample were steam-distilled for 8 h using a circulatory
Clevenger-type apparatus. The distilled essential oils were
dried over anhydrous sodium sulphate and stored in a refrigerator at 4 0C.

RESULTS AND DISCUSSION
The toxic effects of essential oils extracted from Hypericum hyssopifolium, Pistacia lentiscus and P. terebinthus on adults of Tribolium confusum and Sitophilus
granarius are summarized in Tables 1, 2 and 3.

Bioassays

The results show that essential oils of H. hyssopifolium, P. lentiscus and P. terebinthus have an insecticidal
effect on adults of T. confusum and S. granarius (Tables 1,
2 and 3).

To test the toxicity of essential oil vapors to adults of
T. confusum and S. granarius, desiccators with a volume
of four liters were used as exposure chambers. Adults of
T. confusum and S. granarius were placed on Petri dishes,
afterwards placed in the desiccators. Each replicate consisted of 10 adults of T. confusum and S. granarius. Tests were
carried out under rearing conditions. The essential oils were
applied with an automatic pipette on a blatting paper strip
(6 x3 cm), attached to the underside of the desiccators.

The analysis of variance demonstrates that the effects
on the mortality rate of T. confusum and S. granarius
adults are highly significant, on the basis of doses and
exposure time tested (P<0.01) (Table 1). Higher doses
and longer exposure times result in maximum toxicity on
both pests. Treatment with essentials oils of H. hyssopifolium and P. lentiscus leads to a higher mortality of T.
confusum, whereas essential oils of P. terebinthus have no
effects (Tables 1, 2 and 3).

TABLE 1 - The results of ANOVA belonging to dose and exposure time.

Source
Dose (µl)
Time (h)
Dose x Time
Error
Total

Df
3
3
9
32
48

Dose (µl)
Time (h)
Dose x Time
Error
Total
*
P< 0.05

3
3
9
32
48
**

Sitophilus granarius (L.)
Hypericum hyssopifolium Vill.
Pistacia terebinthus L.
Mean square
F
Mean square
F
2529.86
37.92**
3683.33
44.20**
740.97
11.12**
405.57
4.87**
100.23
1.50
125.93
1.51
66.67
83.33

3300.00
1150.00
342.59
654.17

Tribolium confusum du Val
5.045**
2374.31
1.76**
296.53
0.53
79.86
50.00

P<0.01

576

47.49**
5.93**
1.60

Pistacia. lentiscus L.
Mean square
F
3013.89
31.50**
830.56
8.87**
169.44
1.77
95.83

5579.86
1285.42
311.34
381.25

14.64**
3.37*
0.82
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TABLE 2 - The results of multiple comparisons with the mean dose of essential oils.
Sitophilus granarius (L.)
Tribolium confusum du Val
Hypericum
Pistacia
Hypericum
Pistacia
Dose
N
P. lentiscus
P. lentiscus
hyssopifolium
terebinthus
hyssopifolium
terebinthus
10 µl
12
23.33b
17.50c
32.50a
15.00b
14.17b
21.67b
20 µl
12
28,33ab
27.50b
31.67a
21.67ab
27.50a
26.67b
40 µl
12
32.50a
41.67a
30.83a
40.00a
30.83a
52.50c
Control
12
0.01c
0.01d
0.01b
0.01b
0.01c
0.01a
Values followed by different letters in the same column differ significantly at P≤0.01.

TABLE 3 - The results of multiple comparisons with mean of time.
Sitophilus granarius (L.)
Tribolium confusum du Val
Hypericum hysPistacia tereP. lentiscus
Hypericum hysPistacia tereP. lentiscus
sopifolium
binthus
sopifolium
binthus
12
12
10,00b
14,17b
12,50b
10.00a
10.83b
10.00b
24
12
21.67a
20.00ab
22.50a
14.17a
19.17a
27.50a
48
12
24.17a
25.83a
29.17a
20.00a
20.83a
30.83a
96
12
28.33a
26.67a
30.83a
32.50a
21.67a
32.50a
Values followed by different letters in the same column differ significantly at P≤0.01
Time
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FIGURE 1
Mortality of Sitophilus granarius (L.) on wheat, in relation to exposure time and dose of essential oils of three plant species.
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FIGURE 2
Mortality of Tribolium confusum du Val on wheat, in relation to exposure time and dose of essential oils of three plant species.

Adults of T. confusum and S. granarius do not show
similar susceptibility against essential oils of H. hyssopifolium, P. lentiscus and P. terebinthus (Tables 1, 2 and 3).
The mortality rates after 96 h treatment with the maximum dose (40 µl) of essential oils of H. hyssopifolium, P.
lentiscus and P. terebinthus are 50%, 67% and 40% for T.
confusum and 43%, 33% and 43% for S. granarius, respectively (Figures 1 and 2). However, there was no mortality in the controls of each species.
The observed fumigant activity shows that essential
oils are sources of biologically active vapor, which are
potentially efficient insecticides. Consequently, the possibility of employing these natural fumigants to control
insects in stored products may be worthy of further investigation [4]. A large number of essential oils extracted
from different species and herb plants were screened for
their activity [5]. Some essential oils were found to be the
most potential fumigants of all the oils tested against
some major stored product insect pests. Some essential

oils showed activity against T. confusum and S. granarius
[2]. In this study, 96 h of treatment with the maximum
dose (40 µl) of essential oils of P. lentiscus was found to
cause the highest mortality rate in T. confusum.
However, up-to-now there has been no study to show
any plant-derived compounds with insecticidal effects
against adults of T. confusum and S. granarius. The compounds tested in this study may be used as potential insecticidal agents for controlling T. confusum and S. granarius
adults in stored food products.
Our results and those reported earlier clearly indicate
variations in the activity of essential oils with regard to
the stage and species of the insect, but also the plant
origin of the essential oils. Not all the essential oils tested
showed satisfactory activity, but the essential oils of H.
hyssopifolium, P. lentiscus and P. terebinthus proved to
be promising as control agents against stored products`
insects, especially T. confusum and S. granarius.
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SUMMARY
This work presents an experimental approach to test
Mesopodopsis slabberi as a potential indicator of pollution.
The toxic effects of 3,4-dichloroaniline (DCA) on the histology of this estuarine mysid were studied. After an acclimation period of two days, the mysids were exposed to
different sublethal 3,4-DCA concentrations (0.10, 0.30,
0.50, 0.90, 1.00, 1.10, 1.20, 1.30 and 1.40 mg/L), for a
period of 48 h. Each concentration had seven replicates,
and one control. After the exposure period, organisms were
sacrificed and submitted to a standard histological procedure with some modifications. Histological effects were
analyzed in several tissues and damages were found in
organisms exposed to concentrations higher then 0.30 mg/L.
Muscular tissue, cuticular lens and gonads were clearly
affected by 3,4-DCA, presenting accumulations of this
toxic substance and lesions on the structures.

KEYWORDS: Mesopodopsis slabberi, 3,4-DCA, toxicology,
experimental, histological effects.

INTRODUCTION
Most basic knowledge about toxic actions on ecosystems results from the study of toxic effects on the individuals of different species, thus, on the elementary components. A toxicant may act on the physiological and biochemical processes and, subsequently, may affect individual life-history parameters in a variety of ways, depending
on life-parameter and species [1]. Public concern on the
toxicity and persistence of chemicals released into the
environment has led to increased interest in the environmental fate of man-made pollutants [2]. Small adult and
larval crustaceans are important components of a number
of food webs. Therefore, it is important to determine the
sensitivity of these crustaceans to environmental contami-

nants and as well as to select the most sensitive species as
test organisms to help establishing the permissible levels
of contamination [3].
3,4-Dichloroaniline (3,4-DCA) is a hydrolysis product of several herbicides and has been detected in natural
aquatic environments at substantial concentrations during
the last decade. This metabolite often gets into the environment from agricultural activities, either subsequent to
the application or to the industrial production processes of
chemicals [1].
Mesopodopsis slabberi (van Beneden 1861) is an euryhaline and suprabenthic mysid that presents a wide
geographic distribution [4], and is one of the most important mysids` species in coastal temperate Atlantic
shallow waters [5]. There is an increasing need to develop
tests, which measure sublethal responses to toxicants at
environmentally realistic concentrations and may be used
to predict environmental impact [6]. Even though M.
slabberi is an important estuarine species, there is a lack
of data concerning possible effects of pollution and pesticides on this organism. In the present work, the toxic effect
of 3,4-DCA on the histological structure of M. slabberi was
studied, using sublethal concentrations, with the purpose
of contributing with new data about its toxicity and the
potential for experimental ecotoxicology. Histology was
selected as method, since it allows the evaluation of internal morphology, observing for bioaccumulation and, also
damage.
MATERIALS AND METHODS
Sampling. Mysids were collected at Ria de Aveiro
(NW Portugal), where depths vary from 5 to 7 m, with a
salinity of 35 PSU, about 2 hours after high tide. All samples were collected during the day, when supra-benthic
mysids are known to be near the bottom [7]. Capture was
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made using a supra-benthic sledge with a collecting cup,
both with 500 µm-mesh net, operated from a vessel, with
3-4 min drags. The content of the collecting cup was
placed in 20 L-buckets, in order to keep the organisms
alive until reaching the laboratory.
Acclimation. In laboratory, the organisms were separated from the samples, using only adult specimens,
from the same class size (adults, about 11 mm). A total
of 80 organisms was placed in 5 glass bottles (16 in each)
with 500 mL of artificial seawater (prepared by dilution
of marine salt SERA PREMIUM in distilled water), with
25 PSU salinity (± 1 PSU) [4], and permanent and moderate aeration in a room with constant temperature (20 ±
1ºC), and without sediment. Light was provided by florescence lamps, controlled automatically, with a 14:10 h
light:dark photoperiod. Acclimation took place for 48 h,
in which mortality, temperature, pH, salinity and O2 level
were monitored, and 250 mL of water renewed (semistatic system) daily. A very narrow mesh net was carefully placed inside the bottles to prevent the removal of
specimens, while 250 mL of water was removed. The
fresh water was dripped in the bottles, with the aid of a
glass rod. Organisms were fed daily with nearly hatched
Artemia nauplii, ad libitum, because cannibalism has been
observed when enough food is not provided [8]. Excessive food that accumulated in the bottom of the bottles
was removed.
®

3,4-DCA exposure regime. Mysids were exposed, for a
period of 48 h, to five 3,4-DCA (98% Cl2C6H3NH2) concentrations: 0.10, 0.30, 0.50, 0.70 and 0.90 mg/L (all
prepared from a stock solution of 100 mg/L), and one
control was used. All solutions were prepared with artificial seawater (prepared by dilution of marine salt SERA
PREMIUM in distilled water) with salinity 25 ± 1 PSU.
Organisms were placed in bottles with 100 mL 3,4-DCA
solution, one per bottle in a non-feeding regime. Seven
replicates per concentration were used, totaling 42 organ®

isms. Exposure was carried out at 20 ± 1 ºC with ambient
laboratory lighting programmed for a 14:10 h light:dark
photoperiod. During the exposure period, moderate aeration was kept. Salinity, pH, O2 level, water temperature
and mortality were monitored at 0, 24 and 48 h of exposure. After the histological analysis of exposed and unexposed organisms, another group of concentrations was
tested (1.00, 1.10, 1.20, 1.30 and 1.40 mg/L), following
the protocol described before.
Histological process. Mysids were submitted to standard histological procedures. The process suffered little
modifications, due to size, fragility of the structures and
chitinous coating of the species [9]. The procedure consisted of fixation in Bouin’s solution for 24 hours, 70%
ethanol for 24 hours, dehydration, paraffin embedding,
sectioning (8 µm), staining using Haematoxyline-Eosin
and mounting (with EukittTM). The slides obtained after
this process were observed in a light microscope, searching for damages caused by lead exposure. Photographs
were taken with a NIKON microscope and a NIKON
‘FX-35 DX machine, controlled by a NIKON AFX-DX.
Statistical Analysis. For statistical analyses, the overall
effects of the days and concentrations on the mortality,
through a 2-way analysis of variance (ANOVA) [10], using
STATISTICA 6.0 Software Package, were investigated.

RESULTS
Throughout the acclimation period, important variations in registered physicochemical parameters were not
observed and the mortality was low (1.7%). These factors
suggest that a good water quality was maintained, a critical factor in mysids` acclimation [11]. During the exposure to 3,4-DCA, no significant variations were observed
in the physicochemical parameters measured and mortality was also low (Tables 1 and 2). The obtained standard

TABLE 1 – Physicochemical parameters and mortality during 3,4-DCA exposure (0.10 to 0.90 mg/L)
Hours
0

24

48

Concentration (mg/L)
Control
0.10
0.30
0.50
0.70
0.90
Control
0.10
0.30
0.50
0.70
0.90
Control
0.10
0.30
0.50
0.70
0.90

Salinity (PSU)
24.73±0.018
24.69±0.014
24.61±0.014
24.61±0.014
24.54±0.020
24.50±0.000
24.77±0.018
24.70±0.000
24.69±0.014
24.71±0.014
24.55±0.014
24.63±0.029
24.79±0.014
24.73±0.018
24.70±0.000
24.70±0.022
24.73±0.018
24.74±0.030

Temperature (ºC)
19.97±0.113
19.66±0.048
19.81±0.086
19.44±0.078
19.74±0.069
19.66±0.081
19.79±0.055
19.63±0.036
19.79±0.040
19.77±0.057
19.72±0.047
19.87±0.018
19.80±0.038
19.76±0.030
19.76±0.030
19.74±0.072
19.81±0.040
19.90±0.022

Note: means ± standard error

581

pH
8.110±0.0053
8.107±0.0029
8.090±0.0062
8.083±0.0036
8.090±0.0049
8.083±0.0052
8.130±0.0000
8.104±0.0020
8.103±0.0057
8.101±0.0055
8.090±0.0053
8.093±0.0046
8.149±0.0014
8.106±0.0030
8.100±0.0031
8.101±0.0046
8.109±0.0026
8.101±0.0036

DO2 (%)
83.06±0.892
85.89±0.844
83.73±0.947
90.69±0.624
84.90±0.285
84.94±0.932
82.87±0.813
83.71±0.722
85.47±0.773
86.99±0.878
84.38±0.636
85.87±0.865
83.37±0.545
85.09±0.528
84.73±0.992
86.63±0.817
84.66±0.898
85.50±0.721

Mortality (# organisms)
0
0
0
0
0
0
0
0
3
0
1
3
1
1
3
1
1
3
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TABLE 2 – Physicochemical parameters and mortality during 3,4-DCA exposure (1.00 to 1.40 mg/L).
Hours
0

24

48

Concentration (mg/L)
Control
1.00
1.10
1.20
1.30
1.40
Control
1.00
1.10
1.20
1.30
1.40
Control
1.00
1.10
1.20
1.30
1.40

Salinity (PSU)
24.81±0.014
24.50±0.000
23.94±0.557
24.51±0.014
24.49±0.014
24.56±0.020
25.40±0.022
24.89±0.014
24.91±0.014
24.83±0.018
24.67±0.029
25.70±0.000
25.47±0.018
25.10±0.000
25.06±0.020
25.10±0.000
24.90±0.000
25.77±0.018

Temperature (ºC)
20.33±0.057
20.47±0.057
20.44±0.057
20.44±0.057
20.27±0.047
20.34±0.053
17.37±0.047
19.83±0.036
19.97±0.036
19.83±0.029
19.84±0.030
19.87±0.036
17.77±0.018
19.90±0.049
20.01±0.040
19.83±0.047
19.89±0.051
19.96±0.030

pH
8.027±0.0018
8.030±0.0022
8.031±0.0014
8.023±0.0018
8.023±0.0018
8.021±0.0026
8.113±0.0018
8.110±0.0000
8.110±0.0000
8.110±0.0000
8.110±0.0000
8.110±0.0000
8.130±0.000
8.130±0.0000
8.130±0.0000
8.130±0.0000
8.130±0.0000
8.130±0.0000

DO2 (%)
84.97±0.547
84.64±0.618
84.73±0.596
84.63±0.538
84.59±0.642
85.13±0.638
83.84±0.745
83.11±0.527
84.30±0.536
83.11±0.423
84.17±0.442
83.47±0.477
83.50±0.739
83.56±0.466
84.09±0.487
83.87±0.670
84.14±0.638
83.09±0.563

Mortality (# organisms)
0
0
0
0
0
0
1
1
0
1
1
3
1
2
1
1
2
3

Note: means ± standard error

errors for the physicochemical parameters measured during exposure period, were very low. Among the different
tested concentrations and between replicates, pH was the
more constant parameter, presenting the lowest standard
errors as expected, since no food was administered. Oxygen level showed some high standard errors, which can be
explained by the constant aeration that did not let the
probe stabilize correctly. By the analysis of means and
standard errors, it can be stated that it was possible to
maintain water with the same physicochemical parameters
in the replicates at different concentrations.
All tested concentrations proved to be sublethal, and
highest mortality rates were observed at 0.30, 0.90 and
1.40 mg/L. After statistical analysis (Tables 3 and 4), it can
be stated that neither the factor day neither the factor concentration significantly affected the mortality (p > 0.05).
Only the mortalities on concentrations between 0.10 and
0.90 mg/L were significantly different (p < 0.05).
TABLE 3 - Two-way ANOVA for mortality at
3,4-DCA concentrations between 0.10 and 0.90 mg/L.
Day
Concentrations

F
F1,72 = 0.69
F5,72 = 2.84

p
p > 0.05
p < 0.05

TABLE 4 - Two-way ANOVA for mortality at
3,4-DCA concentrations between 1.00 and 1.40 mg/L.
Day
Concentrations

F
F1,72 = 1.20
F5,72 = 1.38

p
p > 0.05
p > 0.05

All tested concentrations produced changes in the histological structure of M. slabberi, except that of 0.10 mg/L.
Mysids exposed to 3,4-DCA concentrations in the range
of 0.30 to 1.40 mg/L presented a number of histological
effects. Hence, bioaccumulations and some tissue damages were found in the organisms exposed to that range of
concentrations. More affected structures were gonads, mus-
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FIGURE 1 - M. slabberi longitudinal sections. A - HaematoxylinEosin staining showing a control muscular tissue (MT) (40x; scale
bar = 10 µm). B - Haematoxylin-Eosin staining showing a control
gonad (N = nucleus) (40x; scale bar = 10 µm). C - HaematoxylinEosin staining showing a part of a control eye, presenting the cuticular lens (CL) (40x; scale bar = 10 µm).
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observed in the hepatopancreas, digestive cavity, intestine, heart, pericardial cavity and gills of the specimens
submitted to the tested concentrations.
DISCUSSION AND CONCLUSIONS
Several recent studies tested the effects of 3,4-DCA
on reproductive activity, feeding rate and mortality, both
on freshwater and estuarine organisms. According to
Adema and Vink [12], 3,4-DCA showed sublethal effects
in the range of 0.01 to 1.0 mg/L, in a semi-static aquatic
toxicity testing. Effects of 3,4-DCA on reproduction, the
most sensitive of the biological responses measured, of
the planktonic crustacean Daphnia magna occurred at
concentration of ≤ 0.02 mg/L [13], but when the toxic
effects are studied on mortality of D. magna, the value
obtained was 0.20 mg/L [14]. For Brachionus calyciflorus, another freshwater organism, the LC50 was found to
be 61.5 mg/L [14], and effects on the feeding rate were
observed at 41.2 mg/l of 3,4-DCA [15].
There are much less references for estuarine species.
Gammarus pulex LOEC was found to be 8.7 mg/L [16],
and NOEC of Pristina longiseta, an oligochaeta, 0.8 mg/L
[17]. The sublethal effects of 3,4-DCA, observed in this
work for the studied species M. slabberi, were in the
range of 0.30-1.40 mg/L.

FIGURE 2 - M. slabberi longitudinal sections. A – HaematoxylinEosin staining showing the muscular tissue (MT) after exposure to
0.90 mg/L of 3,4-DCA. Note the accumulations resulting from the
toxic exposure (DCA ac) (40x; scale bar = 10 µm). B - Haematoxylin-Eosin staining showing a gonad with accumulations (DAC ac)
after an exposure to 1.00 mg/L of 3,4-DCA (40x; scale bar = 10 µm).
C – Haematoxylin-Eosin staining showing the cuticular lens with
3,4-DCA accumulations (DCA ac), from an organism exposed to
0.50 mg/L (40x; scale bar = 10 µm).

cular tissue and the eye. Exposed gonads (Fig. 2-B) showed
accumulations in nucleus and cytoplasm that seem to be
the result of contact with the toxic substance. 3,4-DCA
accumulations were also found in the eye, particularly in
the cuticular lens (Fig. 2-C). Another histological difference observed was the presence, in great number, of accumulations in muscular tissues (Fig. 2-A). These accumulations presented no regular distribution in the tissues,
or a much defined form. Muscular tissue was extremely
affected by the exposure to 3,4-DCA, not only by accumulation, but also a high level of disruption of normal
structure.
All the described histological damages were observed in organisms exposed to concentrations from 0.30
to 1.40 mg/L of 3,4-DCA, and histologically there were no
differences between them. No histological damages were

The results indicated that histological structures of
this mysid are affected at toxic concentrations of 3,4DCA. Regarding the toxic effects, the results point to
some histological damages, especially on M. slabberi’s
eye, gonads and muscular tissue, and especially the presence of 3,4-DCA accumulations, causing rather oval to
spherical forms, which are visible in some essential structures. The destruction caused on the structure and organization of the muscular tissue and on gonads was also
considerable.
Histological method revealed to be appropriate for
this work, since it allowed the evaluation of tissues damages and other alterations, caused by 3,4-DCA. M. slabberi histological changes are sensitive indicators of sublethal concentrations of 3,4-DCA, accumulating in muscles,
gonads and eyes.
Furthermore, the results underline the importance of
toxicity studies with this mysid that has an important position in the estuarine food chain [18-20]. Since M. slabberi
organisms undertake vertical migrations between sediment and water column [21], this species should play an
important role in the process of energy and chemical
compounds` transfer throughout that food chain [20]. This
study may provide a baseline for future works to evaluate
histological damages caused by toxic materials on mysids.
The authors believe that standardized mysids` exposure
toxicity tests can have an important future in the first level
of hazard assessment schemes.
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SUMMARY
The commercial organic manure formulation of a
processed organic municipal solid waste (MSW) was used
in field experiments with rice (Oryza sativa), and MSW
being composted by an earthworm (Lampito mauritii) was
also added to the soil to assess growth, yield and heavy
metal contents of soil and plants. MSW incorporated in
soil caused significant increase of many growth parameters, germination of seeds, and chlorophyll contents of
rice. Vermicomposted (VC) MSW (0, 50, 100, 150, 200,
250 kg/ha) caused further increases in growth. At the
highest level of MSW, rice yield was also the highest, and
VC+MSW amendments had additive effects. Physicochemical properties of soil were progressively improved
with increasing MSW levels. Heavy metals (Cr, Ni, Cu,
Zn, Cd and Pb) increased in soil and plant parts with
MSW addition, analyzed by atomic absorption spectrophotometry. Maximum uptake of these heavy metals was
observed in rice roots, and decreased in leaves and seeds.
But the amounts of Cu, Zn, and Pb remained in one range
in roots, leaves or seeds of rice grown in MSW-treated
soils. Vermicomposting of MSW caused ameliorations of
heavy metal contents in plant parts.

KEYWORDS: Growth, yield of rice, heavy metals, municipal solid
waste, vermicomposting.

INTRODUCTION
Municipal solid wastes (MSW) are extremely heterogeneous materials differing in their detailed chemical compositions, heavy metal loads and organic contents [1]. The
most common method of management of any MSW is its
use as material for land filling [2]. Most municipal landfills are not adequately protected against the consequent
environmental impact of leachates contaminating the
ground water [3]. One of the methods of sustainable management of organic MSW is their incineration for energy

production to be utilized in industry [3], and gas production
by pyrolysis of cellulosic materials, such as packing materials and polyethylenes [4]. As a manure for agriculture,
use of MSW is not a new solution of waste management
problems, but it requires processing of the organic wastes
generated from an urban area or other sources [5]. Organic wastes are never free from detergents, contaminating
leachates of metal residues and chemical wastes, because
of which MSW become a source of contamination by
heavy metals [6]. There is no report in literature on the
assessment of consequences of the use of MSW as a processed farm manure, from the aspect of contaminations of
soil and plants by toxic metals, despite studies on individual toxicity due to heavy metals in many crops [7, 8], and,
particularly, in rice [9].
In this report, a processed organic manure (composted
MSW), available commercially, has been used to asses the
soil conditions during cultivation of rice and to monitor any
possible contaminations of representative heavy metals in
soil as well as the crop. This would help to decide whether
organic manure from MSW could be sustainably used in
commercial rice cultivation. The use of a processed organic
manure would have a lasting effect of nutrient richness on
soil and, consequently, the use of chemical fertilizers during cropping might be redundant, as it was theoretically
realized that the majority of productive crop lands may fail
for crops in 2040 [10], due to over-uses of lands as well as
chemical fertilizers required for intensive commercial
farming. Further, vermicomposting has been known to
have many additive effects on soils and crops [11, 12]. This
report examines the aspect of vermicomposting of a processed MSW in rice cultivation.
MATERIALS AND METHODS
Material and field experiments

Rice (Oryza sativa L.) cv. Swarna was used as the crop
plant that needs 135 days for the harvest and a water-logging
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condition till fruiting. Croppings were done in two rainy and
three winter seasons. The experimental fields were of 120 x
150 cm2 size, with 30 cm wide and 20 cm high ridges separating the adjacent plots. Five replicates of each treatment
(16 in total) were designed, and 80 plots were arranged
randomly. The usual farm practice of transplantation of
seedlings (15-18 days old) were done with an uniform spacing of 15 cm between seedlings, so that each plot had 75 80 plants. Data of three winter crops were considered and
mean values of growth parameters and grain yield characteristics are presented. For chlorophyll estimation, 50 mg
(fresh weight) of leaf samples (50 days old plants) were
crushed with 25 ml of 80 v/v % of acetone. Chlorophyll
estimations were carried out as detailed previously [13].
General soil analysis

The soil of the rice field was sandy loam, and its pH
was measured by a digital pH meter (Degison model D1 –
707) in a soil/water mixture at the ratio of 1:2.5. The
electrical conductivity (EC) of soil samples was determined by a digital conductivity meter (Digison model D1909). Nitrogen was estimated with 8 g of sun-dried soil by
Kjeldahl method [14]. Organic carbon (OC) contents of
the soil samples were determined by potassium dichromate in acid medium in 5g soil samples. Phosphorus in
10g soil sample aliquots was determined with Bray’s
solution and fluoride. After filtering through a Whatmann
No. 44 paper, the pH was adjusted to 3.0 by 2,4-dinitro
phenol, which was followed by addition of 2.5% sulphomolybdic acid. After an addition of chlorostannous acid
solution (0.1 N), the optical density at 660 nm was noted
with a spectrophotometer, Systronics 105.
Municipal solid waste (MSW)

The commercial MSW formulation (from Krushi Rasayan, Puri) had the following composition (per g): total
bacterial count 1010, actinomycetes 1010 cells, fungi 105 cells,
Azotobacter 105, Rhizobium 105, phosphate bacteria 1010,
Nitrobacter 105; and the following chemical composition
(pH 7-8): organic carbon (OC) 14-18%, N 1.5-1.8%, P (soluble) 1.25-1.30%, P (insoluble) 2.5-3.2%, K 1.05-1.10%, Ca
2.0%, Mg 0.7%, SO4 0.5%, Fe 0.6 %, Zn 705 ppm, Mn 740
ppm, Cu 375 ppm, and traces of Co, Mo and B.
For vermicomposting (VC), the top-soil was removed
upto a depth of 0.5m and a plastic mosquito-net was spread
out thoroughly to prevent any migration of the added
earthworms (Lampito mauritii) to the deep soil. On the net,
the removed soil was replaced and different treatments,
control, NPK and MSW (at levels of 50, 100, 150, 200, and
250 kg/ha) were added to the plots. To each plot, lots of
50 numbers of earthworms were introduced and thoroughly
mixed with the soil. The earthworm-treated plots were
allowed to compost for 2 months by sprinkling them with
water before the transplantation of rice seedlings.
Elemental status of soil and plant

Digestions of soil samples were done in 20 ml of
mixed acids (10 N HNO3: 12 N H2SO4:60% HClO4 =

5:0.5:1). Harvested roots, leaves s and seeds of rice were
thoroughly washed and oven-dried at 110 0C for 40 h.
Then the dried plant parts were ground to powders. Lots
of one g of the powders were digested with 10 N NHO3,
and digested soil and plant samples were subjected to
elemental analysis by an atomic absorption spectrophotometer (model AA 1475, at Regional Research Laboratory, Bhubaneswar). Na and K contents were determined
with a flame photometer.
RESULTS
Growth of rice

Germination of healthy rice seeds increased with increasing MSW levels in soils, and a 22% increment was
recorded as the maximum, at an MSW level of 200 kg/ha
in a 9-days study, and another 22 % of increment was also
noticed in this soil with additional VC. Increases in
growth parameters, shoot length , leaf number, leaf area,
tiller number and dry weight of plants, in MSW-amended
soils was noticed and further increase of them was recorded
with each MSW + VC soil. The average shoot length increased from 36.8 cm (control) to 40.7 cm (MSW 200 kg/
ha) and 40.2 cm (NPK, a chemical fertilizer). A further
increase in shoot length was noticed from 41.3 cm (control)
to 43.9 cm (MSW 200 kg/ha +VC) and 43.2 cm (NPK +
VC). The average leaf number increased from 9.6 (control)
to 11.9 (MSW 200 kg/ha) and 11.7 (NPK).With VC soil,
it increases from 9.8 (control) to 12.1 (MSW 200 kg/ha +
VC) and 11.9 (NPK+VC). Student’s t test for seed germination and leaf number data with and without VC were
insignificant at p = 0.05, while the shoot height mean data
were statistically significant at p = 0.01, which means that
VC caused increases in shoot height.
The average leaf area values increased from 73.8 cm2
(control) to 81.6 cm2 (MSW 200 kg/ha) and 82.6 cm2 in
NPK. Further increases were recorded in VMSW soil from
97.4 cm2 (control + VC) to 108.4 cm2 (MSW 200 kg/ha +
VC) and 105.5 cm2 (NPK + VC). The average tiller number increased from 4.0 (control) to 4.5 (MSW 200 kg/ha)
and 4.4 (NPK), and in VC soil, it increased from 4.1 (control + VC) to 5.4 (MSW 200kg/ha + VC) and 5.4 (NPK +
VC). Average plant dry weight data increased significantly, and the maximum growth was recorded to be 180 g
(MSW 200 kg/ha ) and 170 g (NPK). In VC soil, the average dry weight of plants increased from 153g (control +
VC) to 184 g (MSW 200kg/ha + VC) and 189 g (NPK).
Plant growth measured as average shoot-length, leaf
number, leaf area, tiller number and average plant dry
weight (presented in Table 1), clearly indicated that
MSW amendments significantly supported the vegetative
growth of rice, and vermicomposting caused a further enhancement of growth. Contents of chlorophyll a and b were
gradually increased with MSW levels up to 200 kg/ha, but
a further increase in MSW caused a decrease of chlorophyll contents (Table 1). A further increase in chlorophyll
was noticed in plants grown in vermicomposting along
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Yield of rice

with MSW. Only the average leaf area data were recorded
to be increased significantly, as known from t value =
14.5 (p = 0.01, tabulated t = 3.01, at degree of freedom =
14), which means that VC caused a significant expansion
of leaf lamina. But tiller number, plant dry weight, chlorophyll a and b increased due to VC, and the paired data
sets were statistically insignificant, even at p = 0.05.

The yield data of rice are presented as the length of
panicle, number of seeds per panicle and grain yield per
plant, all of which were increased progressively in MSWgraded soils. Further increments in the above parameters
were recorded in soils amended with vermicomposted
MSW and NPK + VC. The panicle length increased stead-

TABLE 1
Growth and yield of rice cultivated in soils amended by municipal solid wastes (MSW.)

__________________________________________________________________________________________
Treatment

Germination

Shoot height

(kg/ha)

( %)

( cm)

Leaf number

Leaf area

per plant

(Cm2)

Tiller

Plant dry

number

weight (g)

Chlorophyll

Control

47.29 (54)

36.8 ± 0.9

9.6 ± 0.4

73.6 ± 2.4

4.0 ± 01

146

0.45

0.8

14.6 ± 0.9

65.0 ± 2.1

20.1

Control + VC

49.02 (57)

41.3 ± 0.9

9.8 ± 0.4

97.4 ± 2.6

4.1 ± 0.1

153

0.47

0.9

16.2 ± 1.2

69.1 ± 2.2

21.3

OC

51.35 (62)

36.0 ± 0.7

9.9 ± 0.3

77.8 ± 2.6

4.2 ± 0.2

161

0.47

0.8

15.0 ± 1.0

69.3 ± 1.8

21.6

OC+ VC

54.94 (67)

42.9 ± 0.6

10.2 ± 0.4

99.0 ± 2.7

4.2 ± 0.1

162

0.52

0.9

18.0 ± 1.5

71.9 ± 2.4

23.2

NPK

58.89 (73)

40.2 ± 0.7

11.7 ± 0.5

82.6 ± 2.5

4.4 ± 0.2

170

0.52

1.1

16.0 ± 1.3

79.8 ± 3.1

22.9

NPK+VC

62.03 (78)

43.2 ± 0.8

11.9 ± 0.5

105.5 ±3.4

5.4 ± 0.2

189

0.54

1.3

19.0 ± 1.0

83.9 ± 3.9

25.1

MSW 50

47.29 (55)

37.3 ± 0.6

10.7 ± 0.5

75.0 ± 2.6

4.1 ± 0.1

168

0.47

0.7

15.0 ± 0.7

73.6 ± 3.7

21.1

MSW 50+ VC

50.18 (59)

42.2 ± 0.8

10.8 ± 0.4

104.8 ±3.3

4.4 ± 0.2

169

0.49

0.8

17.0 ± 0.8

76.0 ± 3.2

22.6

MSW 100

50.77 (60)

39.1 ± 0.7

10.9 ± 0.4

75.9 ± 3.3

4.2 ± 0.1

169

0.48

0.9

15.0 ± 0.7

78.7 ± 3.0

21.7

MSW100+VC

54.33 (66)

42.9 ± 0.8

11.1 ± 0.4

105.6 ±3.1

4.8 ± 0.1

172

0.5

0.9

17.0 ± 0.8

81.7 ± 3.0

22.9

MSW 150

54.33 (66)

39.1 ± 0.8

11.3 ± 0.4

81.0 ± 2.0

4.4 ± 0.2

175

0.5

0.9

16.0 ± 1.4

80.5 ± 3.6

22.8

MSW150+VC

57.42 (71)

43.2 ± 0.7

11.6 ± 0.4

106.0 ±2.0

5.0 ± 0.1

179

0.5

1.1

18.0 ± 1.1

82.3 ± 2.7

23.5

MSW 200

60.67 (76)

40.7 ± 0.6

11.9 ± 0.4

81.6 ± 3.0

4.5 ± 0.1

180

0.5

1.1

17.0 ± 1.0

92.6 ± 2.9

23.3

MSW200+VC

62.72 (79)

43.9 ± 0.5

12.1 ± 0.4

108.4 ± 2.1

5.4 ± 0.1

184

0.6

1.2

19.0 ± 1.1

100.4 ± 3.0

24.7

MSW 250

57.42 (71)

38.1 ± 0.7

11.2 ± 0.3

78.2 ± 4.2

4.3 ± 0.0

182

0.5

0.9

16.0 ± 0.7

86.7 ± 2.9

23.1

MSW250+VC

60.00 (75)

42.1 ± 0.9

11.3 ± 0.3

106.8 ±3.7

4.7 ± 0.1

183

0.5

1.0

19.0 ± 0.9

90.4 ± 2.2

24.6

t value

1.10

6.61

0.49

14.52

2.60

0.84

1.77

1.42

4.60

0.77

2.34

NS

**

NS

**

*

NS

NS

NS

**

NS

a

b

Length of

Seeds per

panicle (cm)

panicle

Weight of
1000 seeds (g)

*

VC = Vermicompost; NPK = chemical fertilizer (N:P:K: = 100:287:77); 100 healthy seeds were allowed to germinate, and arch sign percentages of original data in parentheses are presented; shoot
height and average leaf area were measured with 50-days old plants; leaf number and cholorophyll estimations were done with leaves of 40-days old plants; numbers of tillers were counted with
60-days old plants; plant dry weight data are mean values of 20 measurements; the other value are means of 9 replications, for which standard deviation are presented; data without standard
deviations are means of 5 replications. * = significance at p = 0.05 (tabulated t value = 2.16), ** = significant at p = 0.01 (tabulated t value = 3.01); NS = not significant.

TABLE 2
Effect of different concentrations of composted municipal solid waste (CMSW) on physical and chemical properties of soil.
Treatments
(kg/ha)
Control
FYM( 100)
NPK (100)
MSW 50
MSW 100
MSW 150
MSW 200
MSW 250

pH
3.2
5.1
5.8
6.3
6.5
6.4
6.5
6.6

EC
139
199
194
201
215
225
285
297

N%
0.25
0.29
0.36
0.45
0.58
0.68
0.68
0.78

OC%
0.41
0.48
0.39
0.48
0.51
0.63
0.68
0.84

P%
0.45
0.39
0.86
0.59
0.76
0.84
0.86
1.12

K%
0.42
0.42
0.61
0.65
0.71
0.76
0.78
0.86

For explanations see Table 1; EC = electrical conductivity (micro mohs/cm); N = Kjeldahl N, OC = organic carbon. Presented data are means of two winter crops with three replications in each season.

TABLE 3
Influence of composted municipal solid waste (MSW) on soil elemental status (mg/kg dry soil).
Treatments (kg/ha)
Ni
Cu
Zn
Cr
Cd
Control
0.73
0.53
8.15
0.35
0.41
Control +VC
0.61
0.65
9.02
0.31
0.32
MSW 50
1.02
1.05
18.46
0.61
0.73
MSW 50 +VC
1.02
1.03
20.01
0.55
0.68
MSW 100
1.09
1.87
18.86
0.72
1.09
MSW 100+VC
0.99
1.92
19.02
0.69
0.89
MSW 150
1.71
3.08
19.07
0.78
1.24
MSW 150+VC
1.55
3.35
21.35
0.65
1.01
MSW 200
1.83
4.23
19.18
0.83
1.69
MSW 200+VC
0.81
4.07
23.08
0.41
0.91
MSW 250
1.88
5.86
20.85
0.98
2.31
MSW 250+VC
0.91
6.65
25.65
0.51
1.65
VC = Vermicompost. Presented data are means of two winter crops with three replications in each season.
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1.9
0.95

© by PSP Volume 14 – No 7. 2005

Fresenius Environmental Bulletin

ily from 62.6 cm (control) to 65.5 cm (MSW 200 kg/ ha)
and 64.2 cm (NPK), and in VC-supplemented soil, it further
increased from 64.2 cm (control + VC) to 67.3 cm (MSW
200 kg/ha + VC) and 64.2 cm (NPK + VC). Numbers of
seeds per panicle increased from 65.02 (control) to 92.6
(MSW 200 kg/ha) and 79.8 (NPK), and in VC-soil from
69.1 (control) to 100.4 (MSW 200 kg/ha + VC) and 83.9
(NPK + VC). The data of 1000 seeds weight also continuously increased with increase of MSW amendment and
additional vermicomposting as above (Table 1). Student’s
t values for length of panicle and weight of 1000 seeds were
significant at p = 0.01 and 0.05 levels, respectively, which
means that VC helped to increase rice yield (Table 1).
Soil properties

MSW amendments in soil caused a gradual increase
in pH from 3.2 (control) to 6.6 (MSW 250 kg/ha). EC of
the soils increased with increases in MSW amendments
from 139 (control) to 297 micro mohs/cm (MSW 250 kg/
ha). OC also increased with MSW in soils from 0.41%
(control) to 0.84% (MSW 250 kg/ha).
Elemental status of soils

The elemental analysis of the soil revealed a gradual
increase in N, P, and K (Table 2). The N content increased
from 0.25% (control) to 0.75% (MSW 250 kg/ha), and
those of P from 0.45 % (control) to 1.12% (MSW 250 kg/

ha) and K from 0.42% (control) to 0.86% (MSW 250 kg/
ha). Microelements (Ni, Cu and Zn) also increased with
MSW and MSW + VC in soil (Table 3). Contents of the
contaminating elements, Cr, Cd and Pb, also showed
increasing trends with increases of MSW in soil. Further,
it was recorded that there were little decreases in contents
of Cr, Cd and Pb, individually in MSW-graded soils alone
and, similarly, with additional VC (Table 3).
Elemental status of rice roots

The elemental analysis of rice roots revealed that the
microelements, Ni, Cu and Zn, individually increased
step-wise due to the graded MSW amendments. Further,
increases of microelements in roots were noticed in soils
amended with vermicomposted MSW. Pb, Cr and Cd had
increasing tendency due to MSW amendments, and Pb
increased 1½-fold, Cr increased 4-fold and Cd 1½-fold,
respectively, compared to their control values. Pb, Cr and
Cd levels negligibly decreased MSW +VC-amended soils
(Table 4). Average soil-root transfer coefficient values
(ratio of ions in roots to those in soil available for plants)
of these metals are computed and shown in Table 5.
Elemental status of leaves

Elemental analysis of leaves showed that Cr and Cd
were not detectable in leaves of the control soil, unlike Ni,
which was only not found in leaves of VC-amended con-

TABLE 4
Plant elemental uptake in rice grown under graded levels of MSW with and without vermicomposting amended soil (mg/kg dry plant part).
Treatments
Ni
Cu
Zn
(kg/ha)
Root
Control
0.13
0.18
0.95
Control + VC
0.11
0.63
1.33
MSW 50
0.17
0.5
1.08
MSW 50 +VC
0.15
0.8
1.46
MSW 100
0.28
0.58
1.25
MSW 100 +VC
0.19
0.89
1.56
MSW 150
0.31
0.83
1.63
MSW 150 +VC
0.25
1.03
1.89
MSW 200
0.38
1.62
1.84
MSW 200 +VC
0.31
1.75
2.56
MSW 250
0.48
2.33
2.61
MSW 250 +VC
0.29
2.81
2.99
Leaf
Control
0.17
0.35
0.89
Control + VC
0.76
1.01
MSW 50
0.19
0.73
1.13
MSW 50 +VC
0.1
1.21
1.25
MSW 100
0.38
0.79
1.61
MSW 100 +VC
0.21
1.26
1.78
MSW 150
0.56
0.98
1.78
MSW 150 +VC
0.43
1.45
2.03
MSW 200
0.63
1.85
1.91
MSW 200 +VC
0.51
2.01
2.35
MSW 250
0.79
1.93
2.03
MSW 250 +VC
0.66
2.03
2.55
Seed
Control
0.33
0.88
Control + VC.
0.46
1.02
MSW 50
0.15
1.01
0.12
MSW 50 +VC
0.08
1.33
0.07
MSW 100
0.33
1.52
0.20
MSW 100 +VC
0.21
1.75
0.10
MSW 150
0.49
1.53
0.31
MSW 150 +VC
0.35
1.85
0.23
MSW 200
0.56
1.78
0.42
MSW 200 +VC
0.45
2.01
0.28
MSW 250
0.72
1.99
0.53
MSW 250 +VC
0.58
2.35
0.38
VC = Vermicompost. Presented data are means of two winter crops with three replications in each season.
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Cr

Cd

Pb

0.20
0.16
0.35
0.28
0.46
0.33
0.58
0.51
0.71
0.63
0.88
0.75

0.3
0.21
0.33
0.28
0.41
0.33
0.56
0.45
0.68
0.58
0.8
0.66

0.15
0.11
0.17
0.11
0.21
0.15
0.33
0.21
0.34
0.23
0.39
0.31

0.08
0.02
0.09
0.05
1.02
0.75
1.06
0.78
1.32
0.93

0.18
0.11
0.23
0.12
0.35
0.23
0.45
0.32
0.56
0.48

0.13
0.08
0.11
0.08
0.18
0.11
0.29
0.18
0.33
0.21
0.37
0.29

0.08
0.06
0.09
0.03
1.12
1.01
1.16
0.86

0.12
0.07
0.2
0.1
0.31
0.23
0.42
0.28
0.53
0.38

0.09
0.03
0.13
0.08
0.23
0.11
0.31
0.21
0.33
0.28
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TABLE 5
Average transfer coefficients of heavy metals from soil to roots, leaves and seeds of rice.
Cu

Zn

Cr

Cd

Pb

Root / Soil

Criterion

0.25

Ni

0.39

0.12

0.89

0.35

0.20

Leaf / Soil

0.42

0.32

0.09

1.34

0.24

0.19

Seed/ soil

0.38

0.31

0.09

1.18

0.22

0.17

Leaf / Root

1.64

0.82

0.77

1.5

0.68

0.94

Seed / Root

1.5

0.78

0.76

1.31

0.64

0.84

Seed / Leaf

0.91

0.94

0.98

0.87

0.94

0.89

Data of triplicate readings were used. Transfer coefficient is the ratio in particular plant part to the ions in the soil available to the plant part.

trol soil plots. Ni, Cu, Zn and Pb in leaves increased 4 ½fold, 5 ½-fold, 2 ½-fold and 3-fold at MSW of 250 kg/ha,
respectively, with regard to their respective controls. Furthermore, Cr and Cd increased 14- and 3-fold at an MSW
of 250 kg/ha, respectively, when compared with control
leaf levels.
There were further decreases in Ni, Pb, Cr, and Cd
contents in leaves from soils amended with VC (Table 4).
Average transfer coefficient values of these ions from soil
to stems and leaves are presented in Table 5.
Elemental status of rice seeds

The elemental analysis of rice seeds revealed that Ni,
Cd, and Pb were absent in seeds from the control soil, as
well as from that amended with 50 kg /ha MSW. Contents
of the microelements Cu and Zn in seeds increased 5½-fold
and 2½-fold at 250 kg/ha MSW, respectively, compared to
their respective controls. Ni, Cd and Pb contents in seeds
increased 5-fold, 3-fold and 4-fold at this MSW (250 kg/
ha), compared to MSW 50 kg/ha amendment. Cr level in
seeds increased 12-fold at MSW treatment of 100 kg/ha,
compared with its control (Table 4). Average transfer coefficient values of the metal ions from soil to root to leaf to
seeds, in the order of flow, are listed in Table 5.
DISCUSSION
Data obtained from field experiments clearly indicated that both growth and yield of rice were enhanced by a
commercial MSW. Vermiculturing of MSW caused further
enhancements of these parameters studied. In fact, the
processes of metal uptake and accumulation by different
plants depend on concentrations of available metals in
soils, solubility sequences of source of metals and the
plant species [8]. Heavy metals were also released from
MSW as leachates, and remain sorbed to soil`s organic
matter [15], and are emitted in a major proportion into the
aquatic phase [16], so that plants are in a position of ready
uptake. The extents of metal uptake, reflected from the
transfer coefficient values, clearly indicated metal uptake
by the plant parts. In the present set of investigations, the
following elements were examined in soil:plant (root or
leaf or seed) ratio as follows: Cr 98:88 or 132 or 116, Ni
188:48 or 79 or 72, Cd 231:80 or 56 or 53, Cu 586:233 or

193 or 183, Zn 2085:261 or 203 or 199, and Pb 190:39 or
37 or 33, respectively, for soil:root or leaf or seed of rice.
These figures reflect the uptake of each ion into root, leaf
or seed, with respect to specific ion availability in soil.
In field and greenhouse experiments with Zea mays, it
was reported that heavy metals (Cu, Zn, Pb, Ni, Cd, and Cr)
occurred in roots in the order of quantity as shown in parenthesis above, when grown in incinerated MSW with alkaline
pH [17], and in leaves the heavy metal contents were lower
compared with the roots. In literature, the toxic levels of
heavy metals are mentioned as follows, 100-900 mg Zn, 20100 mg Cu, 10-220 mg Ni, 100-300 mg Pb, 2-30 mg Cr,
and 0.7-200 mg Cd/kg dry weight for other plants [18, 19].
In the present study with rice, these levels, except Zn and
Cd, were not in the threshold concentrations as specified
above. Moreover, non-scientific methods of disposal of
MSW include land filling, burning and use of organic
wastes as manures. A major fraction remains in India as
unclaimed heaps around urban dwellings [20]. Mortality
rates of selected countries due to non-scientific disposal
of MSW leads to 324 in Bhutan, 279 in Nepal, 247 in
Bangladesh and 236 in India, compared to 30 in USA and
27 in UK per 1000, according to UNICEF data [20].
Many metal ions have affinity to humic and fluvic acids present in decomposing solid wastes, and Jonasson
[21] has established such binding strengths in the order
Hg> Cu> Pb> Zn> Ni> Co. Calmano et al. [22] have shown
that binding forms of heavy metals (Zn, Cd, Pb, and Cu)
change significantly with the periodic redox changes in
low-buffered sediment. The present state of increase of
EC values with increase of MSW in soil suggests binding
of metal ions readily from the solid waste to the soil particles, hence, causing availability to the growing plants. It
is also suggested that heavy metals are released to an
aquatic phase due to sulphide oxidation in water-logging
conditions, which is favoured in acidic environment [22].
Occurrence of heavy metals in MSW have been wellrecorded [23-25]. Cd, Pb, Zn and Cr are released from
plastics in a weakly acidic medium at/or around pH 5 [25].
In the present report, Cr, Ni., Cd, Cu, Zn, and Pb were only
detected by atomic absorption spectrophotometry, and pH
values of field soils were between 3.2 and 6.6. This would
be due to the wide-spread uses of plastic materials of various types, and their irresponsible burning in urban areas.
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Anaerobic degradations of MSW also provide the following heavy metals, Zn, Cu, Pb, Cr, Ni, and Cd [26].
Sustainable waste management strategies, particularly
of MSW, include many practices like recycling, land filling, thermal and biological treatment, which includes anaerobic digestion and composting [3]. In the present study,
amelioration of heavy metals from soil as well as plant
parts including seeds by earthworms is an interesting finding obtained from water-logging rice fields. From the data
embodied here, it could be concluded that a processed
MSW can be used as manure in rice, since the heavy metal
contaminations are insignificant (except that of Zn and
Cd), according to the fixed norms on metal toxicity, in
comparison to other plants. The progressive contamination
of ions (Ni, Cu, Zn, Cr, Cd and Pb) is objectionable for use
of MSW as a manure, especially for rice, which is the
staple food of more than 50 % of people.
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SUMMARY
The effects of nitric oxide (NO), salicylic acid (SA)
and hydrogen peroxide (H2O2), known as messenger molecules, on the physiological processes were investigated
in biotic and abiotic stress conditions in plants. The present study explored the effects of NO, SA and H2O2 on
the content of photosynthetic pigments and anthocyanin,
an antioxidant polyphenolic compound, in excised cotyledons of red cabbage Brassica oleraceae L. comparatively.
As the experimental material, the cotyledons of 10-dayold etiolated B. oleraceae seedlings, excised from the
petiole were incubated in 10 ml distilled water (control
group) and in sodium nitroprusside (SNP), SA and H2O2
of various concentrations (0.1, 0.5 and 1 µM) in the
course of 4 hours light period. Following incubation, the
pigments were spectrophotometrically measured from the
extracts of the cotyledons, of which fresh weights were
recorded. A comparative evaluation of the correlation
between the applied messenger molecules and the measured values of chlorophyll a, chlorophyll b, total chlorophyll, carotenoid and anthocynanin was presented here.
As a result, in case of total chlorophyll and carotenoid,
inducing concentrations of SNP, SA and H2O2 were found
to be 0.5 µM, 1 µM and 0.1 µM, respectively. Of these
messenger molecules, SNP was the most effective on
anthocyanin at a concentration of 1 µM.

KEYWORDS: Nitric oxide, salicylic acid, hydrogen peroxide,
chlorophyll, carotenoid, anthocyanin.

INTRODUCTION
In addition to hormones which are internal factors that
control plant growth, certain messenger molecules of increasing importance have been discovered recently. Similar
to hormones, also messenger molecules are of great importance in the coordination of distant sections in plants

representing highly complex structures. As in many biochemical and physiological events, the effects of these
messengers are being studied on the basis of biotic and
abiotic stress conditions in plants [1-10]. Especially, NO,
SA and H2O2 were defined as key messengers acting in
the signal transduction involved in response to pathogens
[3, 7, 8, 10-15].
The pigments that give colour to higher plants are
generally sequestered into plastids (chlorophyll and carotenoids) and vacuoles containing cell sap (anthocyanin). It
is known that levels of composition of these pigments
which exist in distinct parts of the plant differ depending
on species, season and physiological events. Anthocyanin,
a recently much studied pigment, is a secondary product,
and is a member of the group of phenolic compounds [1618]. It is of antioxidant characteristics, and responsible for
red, blue and violet (purple) colour of such sections as
root, stem, leaves, flowers and fruits in higher plants [1922]. Anthocyanin synthesis which emerges as an inherent
characteristic in the early phases of plant development is
regulated by various internal and external factors such as
hormones, pathogens, light (especially UV-B radition),
temperature and salinity in the later phases of development. Furthermore, increased anthocyanin under biotic
and abiotic stress conditions is known to protect the plant
from hazardous effects [23-27]. Besides its photooxidant
characteristics, anthocyanin plays a role in the continuity
of structural stability of cell membranes and DNA [2829]. As a part of plant ontogenesis, the transformation of
etioplasts to chlorophyll-carrying chloroplasts with the
effect of light is also utterly important in the early seedling phase after germination. Although light is an essential factor in chlorophyll (chlorophyll a and b) synthesis,
etiolated seedlings grown in dark contain protochlorophyll, a green byproduct of chlorophyll synthesis, though
little in amount. This substance is in turn converted into
chlorophyll a under strong light. Protopchlorophyll and
carotenoids found in choloroplasts together give etiolated
seedlings the yellow-green colour [30]. Apart from genet-
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ic factors, chlorophyll biosynthesis is known to be regulated by various factors including light, oxygen, nitrogen,
carbohydrates, temperature, water, magnesium and other
mineral elements [30-32]. Moreover, several stress conditions may result in a change of chlorophyll amount [33-35].
Carotenoids which are auxiliary pigments in photosynthesis play an important role in the protection of chlorophyll
molecule from the light. Because of their antioxidant characteristics, these pigments are paid attention in terms of the
fact that they keep free radicals, reduce cancer risk and
have positive effects on the immune system in humans [3638].

weighed, and their pigment contents were determined for
initial measurements. Then, experimental solutions of 0.1,
0.5 and 1 µM concentrations were prepared from the stock
solutions of SNP (NO donor), SA and H2O2. 10 excised
cotyledons were put in petri dishes that contain these solutions and distilled water as the control (10 ml in each petri
dish) and they were incubated in the plant growth room
under light (5000 lux, 25±2 ºC) for 4 hours. Following this
incubation, the cotyledons, of which fresh weights were
measured, were extracted for use in the measurements.

NO which is a liopohilic bioactive molecule, is a reactive nitrogen species, and acts as a secondary messenger in the cell. In addition to its roles in developmental
processes such as programmed cell death, root growth,
gravitropism and stoma closure, it also plays a role in
defense mechanism against pathogens and in defense
responses of various types under enviromental stress
conditions [14, 15, 39-42]. Furthermore, several studies
proved that it inhibits hypocotyl growth (expansion),
promotes de-etiolation and seed germination, increases
chlorophyll synthesis, prevents chlorosis, delays senescence and elevates ethylene emission [2, 15, 39, 43].
Another messenger molecule, H2O2 is a reactive oxygen
species and is produced as a result of oxidative stress in
plants. Tolerance aganist cold and salt, programmed cell
death, stoma closure and lipid peroxidation are among the
events in which it plays a role [7, 42, 44-46]. SA which is
defined as a plant growth regulator and involved in plant
defense is a phenolic substance and endogenously synthesized in plants. The events where it plays a role are plant
development and growth, germination, flowering, ion
uptake, opening and closure of stomata, photosynthesis and
inhibition of ethylene and jasmonic acid biosynthesis [4752]. The applied concentrations of these three messenger
molecules are extremely important in terms of the resulting
effects in plant growth and development.

After fresh weights of the cotyledons of 10-day-old
etiolated B. oleraceae were recorded, they were extracted
in 90% acetone, and the extracts were kept in the dark at
4 ºC for 24 hours. The amounts of chlorophyll a, b, total
chlorophyll, and carotenoid in the extracts were determined in µg/g.FW, by employing Parson and Strickland’s
method [53].

From the current literature, we know that there is little
knowledge of understanding the relationship between
these messengers and the contents of the above mentioned
pigments. Thus, we aimed to investigate the effect of 0.1,
0.5 and 1 µM concentrations of SNP, SA and H2O2 on the
contents of chlorophyll a and b, total cholorophyll, carotenoid and anthocyanin, and consequently contribute to fill
the knowledge gap in this field.
MATERIAL AND METHODS
Plant material

The seeds of Brassica oleraceae L. (red cabbage)
were washed under running tap water, sown in sawdust
and kept for 10 days in dark. At the end of this period,
cotyledons of etiolated red cabbage were cut from the
petiole under green light and put in distilled water. A
group of etiolated excised cotyledons were freshly

Determination of chlorophyll and carotenoid

Determination of Anthocyanin

The method of Mancinelli [54] was used in the determination of anthocyanin content of the extracts. After
thorough extraction in 3ml methanol-HCl (HCl 1%, v/v),
plant samples of approximately 200 mg fresh weight were
kept in the refrigerator at 3-5 ºC for 2 days with occasional shakings. Then, the extracts were filtered, and anthocyanin and chlorophyll contents were measured at 530 nm
and 657 nm wavelength, respectively. Puting in the formula A530-A657, and subtracting chlorophyll absorption,
the anthocyanin content was expressed as O.D. 530/g.FW.
Statistical Analysis

All experiments were repeated 5-7 times, and the
symbols ± in the table and the vertical bars in the histograms show the standard error of the mean. Student’s ttest was employed to establish the importance of differences among the obtained data.
RESULTS
Following the incubation of cotyledons of 10-day-old
etiolated red cabbages in the solutions of SNP, SA and
H2O2 at the concentrations of 0.1, 0.5, 1 µM, and in distilled water as the control in the growth room for 4 hours
under light, the data of the contents of chlorophyll a, b,
total chlorophyll, carotenoid and anthocyanin are given in
Table 1. As seen from the table, the pigment contents of
etiolated cotyledons in the control group are much higher
than the initial values. Especially, there is a marked increase in the amounts of chlorophyll a and total chlorophyll under the light effect. When the control group was
compared to the experimental groups, the most promoting
effect on the amounts of chlorophyll a and b, total chlorophyll and carotenoid were by 0.5 µM SNP, 1 µM SA and
0.1 µM H2O2 concentrations. The amount of anthocyanin

594

© by PSP Volume 14 – No 7. 2005

Fresenius Environmental Bulletin

increased in parallel to the increasing concentrations of
these substances. The most effective concentration with
regard to anthocyanin was determined as 1µM SNP (71%),
SA (37%), and H2O2 (31%).

grams. While there is an increase in chlorophyll a contents of the cotyledons incubated in 0.1 µM and 0.5 µM
SNP by 7% and 19%, respectively, a decrease was seen
with 1 µM SNP. However, this decrease is higher by 4%
than the control value. The contents of chlorophyll b, total
chlorophyll and carotenoid showed the highest increase in
0.5 µM SNP by 22%, 20% and 13%, respectively.

Figure 1 shows the data related to the contents of
chlorophyll a and b, total chlorophyll, and carotenoid in
etiolated B.oleraceae cotyledons incubated in different
concentrations of SNP under light for 4 hours, as histo-

TABLE 1 - The effect of SNP, SA and H2O2 on the content of chlorophyll a and b, total chlorophyll,
carotenoid, and anthocyanin in 10-day-old etiolated red cabbage cotyledons. Each value represent of
five experiments and the vertical bars show the standard error. *P<0.05, ** P<0.01 (Student’s t-test)

Chlorophyll a
(µg /g FW)

Applications
Initial

Chlorophyll b Total Chlorophyll Carotenoid
(µg /g FW)
(µg /g FW)
(µg /g FW)

Anthocyanin
(O.D.530/g FW)

24 ± 1.376

88 ± 1.303

112 ± 1.865

137 ± 1.843

5.66 ± 0.106

Control

168 ± 1.895

94 ± 3.932

262 ± 5.827

151 ± 3.425

7.77 ± 0.469

0.1 µM SNP

180 ± 6.820*

109 ± 3.712* 289 ± 10.532**

164 ± 11.288*

9.12 ± 0.277*

0.5 µM SNP

200 ± 9.557**

114 ± 6.337* 314 ± 15.894**

170 ± 5.720** 10.58 ± 0.523

1.0 µM SNP

175 ± 6.180*

108 ± 4.056* 283 ± 10.236*

160 ± 7.705*

0.1 µM SA

179 ± 6.460*

99 ± 2.862* 278 ± 9.322*

156 ± 8.140*

0.5 µM SA

188 ± 9.343*

101 ± 2.955* 289 ± 12.298*

168 ± 6.740* 10.91 ± 0.809

1.0 µM SA

194 ± 14.335*

107 ± 5.235* 301 ± 19.570*

175 ± 17.950* 12.27 ± 0.479

0.1 µM H2O2
0.5 µM H2O2
1.0 µM H2O2

202 ± 4.030
188 ± 8.885*
180 ± 6.475*

115 ± 3.176** 317 ± 7.206
105 ± 2.595* 293 ± 11.480**
101 ± 3.788* 281 ± 10.263**

178 ± 7.451** 8.64 ± 0.555*
165 ± 4.915* 10.81 ± 0.470
158 ± 4.897* 11.28 ± 0.520

13.29 ± 0.918
9.06 ± 0.745*

350
Initial
Control
0.1 µM SNP
0.5 µM SNP
1.0 µM SNP

Pigment Content (µg/g.F.W.)

300
250
200
150
100
50
0
Chlorophyll a

Chlorophyll b

Total
Chlorophyll

Carotenoid

FIGURE 1 - The effect of SNP on the contents of chlorophyll a, b, total
chlorophyll and carotenoid in 10-day-old etiolated red cabbage cotyledons.
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Initial
Control
0.1 µM SA
0.5 µM SA
1.0 µM SA

Pigment Content (µg/g.F.W.)

350
300
250
200
150
100
50
0
Chlorophyll a Chlorophyll b

Total
Chlorophyll

Carotenoid

FIGURE 2 - The effect of SA on the contents of chlorophyll a, b, total
chlorophyll, and carotenoid in 10-day-old etiolated red cabbage cotyledons.

Figure 2 shows the effect of SA concentrations of 0.1,
0.5, and 1µM on the pigment contents of the etiolated
cotyledons. When compared with the control group, it
was determined that as the concentrations increased there
was a direct proportional increase in the contents of chlorophyll a (7, 12, 16%), chlorophyll b (5, 8, 14%), total
chlorophyll (6, 10, 15%) and carotenoid (3, 11, 16%),
respectively.

When the data related to the pigment contents of 10day-old etiolated red cabbage cotyledons incubated in
H2O2 solution at different concentrations are compared to
the control group, there was intriguingly a certain decrease in all the three concentrations, and this decrease
did not go below the control group (Figure 3). In terms of
the effect of H2O2 on the whole pigment contents of the
cotyledons, the optimum concentration was found to be
0.1 µM H2O2.

Initial
Control
0.1 µM H2O2
0.5 µM H2O2
1.0 µM H2O2

Pigment Content (µg/g.F.W.)

350
300
250
200
150
100
50
0
Chlorophyll a

Cholorophyll b

Total
Cholorophyll

Carotenoid

FIGURE 3 - The effect of H2O2 on the contents of chlorophyll a, b, total
chlorophyll and carotenoid in 10-day-old etiolated red cabbage cotyledons.
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FIGURE 4 - The effect of SNP, SA, and H2O2 on the
anthocyanin content in 10-day-old etiolated red cabbage cotyledons.

Figure 4 represents histograms of anthocyanin contents of the cotyledons incubated in the experimental
concentrations of SNP, SA, and H2O2. A gradual increase
was determined in the amount of anthocyanin, depending
on the increasing concentrations of all the three substances compared to the control group. This reveals that the
highest anthocyanin synthesis in the cotyledons took
place in SNP, in that especially 1 µM SNP increased
anthocyanin content by 71%, compared to the control.
DISCUSSION
One of the much studied subjects of today is the effects of messenger molecules on plant growth and development. Like various physiological and biochemical
events resulting from the exogenously applied messenger
molecules, the effects of the messenger molecules under
biotic and abiotic stress conditions are being investigated
[1-10]. The concentrations of the messenger molecules
applied exogenously to the plant are very important, and it
is still controversial whether those concentrations are
toxic or protective [7, 15, 55]. Of the messenger molecules, NO, SA and H2O2 are especially known as key
messengers of signal transduction involved in defense
response to the pathogens in plants [3, 7, 8, 10-15]. Studies related to the relationship between pigment contents
and these messengers are few. Thus, we studied comparative effects of different concentrations of NO, SA and
H2O2 on the cotyledons of B. oleraceae grown in the dark,
and obtained valuable data.
When the results of pigment content of etiolated red
cabbage cotyledons incubated in different concentrations
of SNP, are compared to those of the control group, a
gradual increase was observed at 0.1 and 0.5 µM SNP
concentrations, while the values of 1 µM SNP are almost
similar to those of the control. Higher content of initial
chlorophyll a in the control and in the concentration series
suggests that SNP has an effect on cholorophyll a espe-

cially. The result of this effect is of statistical importance
(P<0.005, P<0.001). A dramatical increase in total chlorophyll may be related to increased chlorophyll a. As to
cholorophyll b and carotenoid, SNP does not seem to
cause important changes to the contents of these pigments. From the results of anthocyanin, it is obvious that
the content of this pigment increases in parallel to increasing SNP concentrations applied exogenously. Strikingly,
an increase by 71% occured at 1 µM SNP (P<0.005). The
fact that the initial anthocyanin content of the cotyledons
is 73% of the control reveals that this pigment occurs as a
result of inherent characteristic, and its synthesis is increased with the light in the control. Chlorophyll results
of this study are in concordance with Beligni and
Lamattina’s study [2] where SNP was shown to promote
de-etiolation and increase chlorophyll content in potato,
lettuce and Arabidopsis. Our results are also in agreement
with Leshem and coworkers’ study [56] implying that
chlorophyll synthesis is increased in the leaves, especially
in the stoma cells of peas. The study of Laxalt et al. [57],
in which SNP prevents chlorophyll loss in infected potato
leaves confirms our study.
Pigment contents of the cotyledons incubated in SA
concentrations were observed to be increased in comparison with the control. SA promoted especially chlorophyll
a and carotenoid synthesis, thus both pigments increasing
by 16% at 1 µM SA (P<0.005). SA also resulted in an
elevation of anthocyanin, which is 17% (P<0.005), 29%
(P>005) and 37% (P>0.005) at experimental SA concentrations, respectively. Li et al. [58] reported that SA inhibited ACC synthase activity, and in turn prevented ethylene production and chlorophyll loss. Moreover, Czerpak
et al. [59] found in their study with Wolffia arrhiza L. that
SA strongly promoted the amount of chlorophyll a and b,
and carotenoids. It is obvious that our study is well confirmed by these studies.
Turning to H2O2, pigment contents appeared to be decreased as H2O2 concentrations were elevated. In incubation
with 0.1 µM H2O2, contents of chlorophyll a and b, total
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chlorophyll and carotenoid elevated by 20% (P>0.005),
22% (P<0.001), 21% (P>0.005) and 18% (P<0.001),
respectively, whereas amounts of chlorophyll and carotenoids were declined by 7% and 5%, respectively at 1 µM
when compared to the control, the later values being of
statistical significance. However, anthocyanin content
increased with the elevated H2O2 concentrations. Measurements of anthocyanin were found to be significantly
increased by 10% (P<0.005), 28% (P>0.005) and 31
(P>0.005) at H2O2 concentrations, respectively in comparison with the control. Our findings are parallel to the
results of the study of Uchida et al. [7] where they revealed that H2O2 preserved the chlorophyll content
against salt stress in rice seedlings pretreated with H2O2
of lower concentrations.

[7]

Uchida, A., Jagendorf, A.T., Hibino, T., Takabe, T. and
Takabe, T. (2002) Effects of hydrogen peroxide and nitric
oxide on both salt and heat stress tolerance in rice. Plant Science. 163, 515-523.

[8]

Neill, S.J., Desikan, R. and Hancock, J.T (2002) Hydrogen
peroxide signalling. Curr. Opin. Plant Biol. 7, 405-410.

[9]

Taşgın, E., Atıcı, Ö. and Nalbantoğlu, B. (2003) Effects of
salicylic acid and cold on freezing tolerance in winter wheat
leaves. Plant Growth Regulation. 41, 231-236.

As a result, one can say that these three substances
have a promoting effect on the synthesis of photosynthetic
pigments and anthocyanin. They may perform their actions by regulating expression of enzymes or enzyme
systems involved in the biosynthesis of these pigments, or
by affecting activities of plant growth regulators. Our
results indicate that exogenously applied concentrations
are extremely important. In the light of the obtained data,
it is evident that concentrations of 0.5 µM SNP, 1µM SA
and 0.1 µM H2O2 result in maximum activity of the photosynthetic pigment, while 1 µM concentration of SNP,
SA and H2O2 cause maximal activity of anthocyanin.
However, further studies in which these three messenger
molecules will be applied in combination are needed to
elucidate their reciprocal actions and roles on the pigments in question.

[12] Durner, J. and Klessig, D.F. (1999) Nitric oxide as a signal in
plants. Current Opinion in Plant Biology. 2, 369-374.

[10] Laloi, C., Apel, K. and Danon, A. (2004) Reactive oxygen
signalling: the latest news. Current Opinion in Plant Biology.
7, 323-328.
[11] Klessig, D.F and Malamy, J. (1994) The salicylic acid signal
in plants. Plant Molec. Biol. 26, 1439-1458.

[13] Hancock, J.T., Desikan, R., Clarke, A., Hurst, R.D. and Neill,
S.J. (2002) Cell signalling following plant/pathogen interactions involves the generation of reactive oxygen and reactive
nitrogen species. Plant Physiol. Biochem. 40, 611-617.
[14] Neill, S.J., Desikan, R., Clarke, A. and Hancock, J.T (2002)
Nitric oxide is a novel component of abscisic acid signaling
in stomatal guard cells. Plant Physiol. 128, 13-16.
[15] Neill, S.J., Desikan, R. and Hancock, J.T (2003) Nitric oxide
signalling in plants. New Phytologist. 159, 11-35.
[16] Brouillard, R. and Dangles, O. (1994) Flavonoids and flower
color. In: Harborne, J.B. (ed.). The Flavonoids, Advances in
Research since 1986. Chapman & Hall Publishing Co., London, UK.
[17] Iwashina, T. (2000) The structure and distribution of the flavonoids in plants. J. Plant Res. 113, 287-299.
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EFFECTS OF MUNICIPAL SOLID WASTE (MSW) COMPOST ON
NODULATION, PLANT GROWTH AND MINERAL COMPOSITION
OF CHICKPEA IN MARGINAL LAND
Saim Ozdemir
Sakarya University, Environmental Engineering Department, 54187 Sakarya, Turkey

SUMMARY
Field experiments were conducted to compare the effects of municipal solid waste compost amendment and
mineral nitrogen fertilization on the growth, nodulation
and chemical composition of chickpea in a low fertility
soil. MSW compost was applied at three rates: 25, 50 and
100 MT/ha. Total of 100 kg/ha mineral nitrogen applied
as urea, was divided into two parts, 50 Kg/ha at presowing and 50 Kg/ha just before flowering. There was
also a control treatment without any fertilization. All compost rates and fertilizer treatment gave higher seed yields
than unamended control, but there was no yield response to
the increasing application rate of MSW compost. Significantly higher pod and seed number per plant in compost
amended treatments had increasing effects on seed yield.
50 MT/ha MSW application was optimal with respect to
increasing plant yield characteristics and nodule formation. Crop growing duration was not affected by tissue
trace mineral contents. Concentrations of trace metals in
the plant, grain and straw were similar to those in the fertilizer treatments. Grain and straw Cu, Zn, Mn, Cr and Ni
were well below their toxic thresholds, and Pb and Co
were not detected at any plant part.

KEYWORDS: chickpea, MSW compost application, fertilizers,
marginal land, plant yield.

INTRODUCTION
Chickpea is generally grown on low native fertility
soils without fertilizers and this results in low yield. Organic wastes such as MSW compost that is usually inexpensive and available locally could be used as fertilizer to
increase yield and to improve soil properties together with
legume crop of marginal lands. According to the previous
reports, compost incorporated into soil plays a significant
role in the development and maintenance of soil fertility
by improving soil organic content, physicochemical prop-

erties, and nutrient availability [1-3]. Although compost
application to soil has been attributed to improve physical
properties due to increased organic matter concentration,
significant quantities of nutrients particularly N, P, and
micronutrients become bio-available with time as compost
decomposes in the soil. Amending soil with mature and
stable composted materials has been reported to increase
yields of various crops both leguminous and others [4-6].
The presence of trace metals on the other hand, is the
main factor leading to restricted agricultural use of MSW
compost. The contents of trace metals in composts are
known to be much higher than most agricultural soils [7].
However, availability of heavy metals varies according to
soil type, plant species and compost quality. Soil pH is
the main soil property that determines the heavy metal
availability to plants. The solubility of heavy metals decreases with increasing pH [8]. In some cases, higher
application rates of compost do not restrict the availability
of metals to plants irrespective to varying pH [9]. Increased Zn and Cu levels have often been observed in
plant tissue, while other heavy metals such as Pb, Cr, and
Cd are observed less consistently [10]. However, various
researches on crops grown on soil where MSW compost
was applied showed no trace metal accumulation in the
edible plant parts [11, 12]. On the other hand, recent emphasis on the use of micronutrient fertilizers such as Zn
indicated that micronutrient deficiencies are widespread,
especially Zn and Fe is common in many chickpeagrowing regions [13-16]. Therefore, compost amendment
could be considered as an alternative fertilizer source to
supply crop demand.
Chickpea (Cicer arietinum L.) is an important grain
legume in Turkey. It serves as an important source of
protein in human diet, especially for those with low income. In addition, as a legume crop, it improves the fertility of the soil via providing a substantial input of N2 fixation. Thus, chickpea cultivation under the application of
compost has potential to increase crop production and
maintain soil fertility.
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Compost production from city refuses or farm yard
organic wastes and utilisation in agricultural soil is not
well established in Turkey. More effort and research is
needed for composting both municipal and farm yard
organic wastes to obtain information regarding its impact
on soil and crop. In general, research on MSW compost
shows that the potential benefits and problems of compost
application vary with, source, method of compost production, type of soil, type of crop, and climate. Here, in this
study, we measure the effects of MSW compost on the
yield of chickpea in low native fertility soil. Transfer of
trace minerals and heavy metals from compost to plant at
higher application doses is also investigated.
MATERIALS AND METHODS
Experimental site

The experimental field was in the city of Sakarya located in the northwest region of Turkey (latitude 41°02”N,
longitude 30°18”E, altitude 50 m). The experimental site
is marginal as a result of eroded shallow profile depth.
Two field experiments were conducted to measure the
effects of municipal solid waste compost (MSW) on chickpea in the winter and spring cropping seasons. Aerobicallycomposted MSW compost from the Istanbul municipal
composting facility was used in both experiments. Characteristics of the soil in the experimental site and MSW
compost are given in Table 1.

nitrogen was determined by the Kjeldahl method [18].
Exchangeable Ca, Mg and K were determined by neutral
ammonium acetate. Calcium carbonate was determined by
titrimetric method [17]. The heavy metal concentrations of
the soils, such as Fe, Mn, Zn, and Cu were determined by
DTPA extraction solution. For compost, electrical conductivity (EC) and pH were analysed in a 1:5 (weight/ volume)
water extract. The organic matter content was determined
by the loss on ignition of the dry mass at 550 °C. The total
content of K, Fe, Cu, Mn, Zn and heavy metals such as Pb,
Cr, Ni, Co in compost samples were measured by dryashing samples at 480 °C, followed by digestion of the ash
in 5 M HNO3, and then drying at 400 °C and digestion in
concentrated HCL [19]. All the elements were then analyzed by an atomic absorption spectrophotometer (Shimadzu, AA6701F model, Tokyo, Japan). Phosphorus was determined by the vanado-molybdophosphoric yellow colour
method in a spectrophotometer.
For the analysis of mineral elements in plants (at full
flowering stage), straw and seed samples were dried,
grinded and dry-ashed at 450°C in a muffle furnace.
White ashes were dissolved in 1 N HNO3 [20]. The concentration of heavy metals was determined by an atomic
absorption spectrophotometer equipped with a graphite
furnace. The metal content of each sample was obtained
by three replicate determinations and mean value subject
to statistical analysis.
TABLE 1
Chemical properties of compost and soil used in the study.

Winter crop was sown on November 7, 2002 and
spring crop was sown on March 10, 2003. Five treatments
comprising three rates of MSW compost (25, 50 and 100 t/
ha), 50 kg/ha mineral fertilizer as urea (25 kg/ha nitrogen
at sowing and 25 kg/ha just before flowering) and non
amended control were arranged in randomized complete
block design with three replications. Plots were 4 m in
length and contained four rows, with 30 cm between rows
within plots and 100 cm between plots. MSW compost
was distributed and incorporated into 20 cm of soil profile
prior to sowing. Crops were grown under rainfed conditions without supplementary irrigation. The growing period was 8 months for the winter crop and 4 months for the
spring crop. The most vegetative and reproductive growth
stage of chickpea was in May and June. However, the
climate in this period was dry and hot.
The following observations were recorded: effective
nodule number and nodule dry weight at full flowering
stage, plant height, number of pods per plant, number of
seeds per plant, seed weight per plant, biological yield and
seed yield. From each treatment, plant in full flowering
stage, grain, and straw at harvest were sampled for chemical analysis of Mn, Zn, Cu, Co, Ni, Cr, Pb plant tissues.

Organic matter (%)
Total N (%)
P (mg kg-1)
K (mg kg-1)
CaCO3 (%)
Fe (mg kg-1)
Cu (mg kg-1)
Mn (mg kg-1)
Zn (mg kg-1)
Cr (mg kg-1)
Ni (mg kg-1)
Pb (mg kg-1)
Co (mg kg-1)
pH
EC µScm-1

Compost
43.7
1.95
710
5120
3.46
403
546
985
243
94
255
8
7.56
7610

Soil
1.68
0.084
4.6
129.6
33.6
5.685
0.882
4.655
0.043
7.45
354

Results were analyzed by analysis of variance using
the ANOVA computer program. The differences between
means were compared by using the least significant differences (LSD) at the 5% level of probability.
RESULTS

Chemical Analysis

Soil pH and electrical conductivity (EC) were measured in a saturation extract. Organic matter was determined by a modified Walkley-Black method [17]. Total

Nodulation

There was no significant difference with respect to
nodule number and nodule dry weight per plant among
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the treatments in the autumn-sown crop. However, effects
of treatments were significant for the spring crop (Table 2,
3). Significantly higher nodule number per plant in the 50 t/
ha compost application and nodule dry mass in 50 and 25 t/
ha compost application were obtained than other treatments (Table 3).
Yield and Yield Parameters

Effects of treatments on pods per plant, seeds per
plant, seed yield per plant, seed yield and biological yield
were significant both in the winter and spring crop. Plant
heights were not affected by compost or fertilizer treatment (Table 2, 3).
The winter crop produced significantly higher biological and seed yield than the spring sown crop as expected,
because of an extended plant growth period in favourable
climatic conditions. MSW compost application significantly (p<0.01) increased seed yield and yield increasing
components of the chickpea plants relative to non amended control (Table 2, 3), in the two sowing times. Total dry

mass and seed yield were increased with compost and
fertilizer application; however, plants did not respond to
higher rates of compost application i.e. 100 t/ ha, and they
produced equivalent seed yield with 50 t/ha compost
treatment. 50 t compost/ha application produced significantly higher dry matter and seed yield than other treatments in the winter crop. Nitrogen application produced
significantly higher dry matter and seed yield in the
spring crop, whereas the difference in dry matter yield
and seed yield did not vary significantly at two cropping
seasons. 50 t compost/ha, 100 t compost/ha and the fertilizer nitrogen application produced similar dry matter and
seed yield, but higher than those in 25 t compost/ha and
non amended control. The yield was increased (average of
the two sowing time) by 15%, 30%, 28%, and 29%, for
25, 50, 100 t compost/ha and N fertilized treatments, respectively, compared to the non amended control (Table 2,
3). The yield responses to the treatments were mainly due
to the effects of the treatments on the number of pods per
plant and consequently, seeds/plant (Table 2).

TABLE 2
Effects of MSW compost application on autumn-sown chickpea crop.
Plant height
Pods plant
Seeds
Seed yield
Biological
(cm)
plant
plant (g)
yield (kg/ha)
25 t compost/ha
76
26.67bc
29.33b
14.89cd
4711b
50 t compost/ha
76
29.33ab
35.00a
17.28a
5580a
100 t compost/ha
75
27.00abc
29.33b
16.50ab
5537a
50 kg/ha urea
75
30.00a
33.33a
15.41bc
5368a
Control
75
24.00c
27.00b
13.76d
3956c
LSD
3.216
3.007
1.600
475.9
ANOVA
NS
*
**
**
**
* significance at p<0.05, ** significance at p<0.01 and NS not significant
Means followed by the same letter within columns are not significantly different at <0.05.
Treatment

Seed yield
(kg/ha)
2366b
2795a
2786a
2647a
2129c
158.0
**

Nodules
plant
19
20
17
17
18
NS

Nodule dry
weight (mg)
178
196
180
150
158
NS

Nodules
plant
15.67b
19.67a
16.00b
15.33b
15.34b
2.967
*

Nodule dry
weight (mg)
170ab
194a
161b
140b
150b
32.20
*

TABLE 3
Effects of MSW compost application on spring-sown chickpea crop.
Plant
height (cm)
25 t compost/ha
39
50 t compost/ha
40
100 t compost/ha
40
50 kg/ha urea
40
Control
39
LSD
ANOVA
NS
See Table 2 for abbreviations
Treatment

Pods
plant
15.67b
20.00a
16.67b
21.33a
15.33b
3.197
**

Seeds
plant
16.67b
21.33a
17.33b
22.00a
16.33b
3.377
*

Seed yield
plant (g)
7.067b
9.553a
7.913b
9.693a
6.970b
1.195
*

Nutrient and Heavy Metal Concentrations

Results of analyses for Zn, Mn, Cu, Ni, and Cr in
chickpea plant (at flowering stage), seed and straw are
summarized in Table 4, 5, 6. The effects of sowing time
on mineral composition of chickpea were not significant.
Concentrations of Pb and Co in chickpea plant parts were
below the limits of detection of the atomic absorption
equipment used for the analysis. At the full flowering

Biological yield
(kg/ha)
3988bc
4215ab
4190ab
4738a
3482c
622.4
*

Seed yield
(kg/ha)
2183bc
2370ab
2292ab
2472a
1831c
308.6
**

stage, ANOVA analysis showed that the Cu, Zn, Mn and
Ni levels did not vary significantly (P<0.10) among the
five treatments. Treatment effects were significant
(p<0.01) only for the Cr levels. The higher application
dose of MSW compost (100 t/ha) slightly increased the Cr
and Ni content in plants. However, significant effects
were determined only for Cr.
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TABLE 4
Effects of MSW compost application on mineral composition of chickpea at flowering stage.
Treatment
25 t compost/ha
50 t compost/ha
100 t compost/ha
50 kg/ha urea
Control
LSD
ANOVA
See Table 2 for abbreviations.

Zn
29.54
29.75
29.16
29.45
31.46
2.848
NS

Mn
43.51
45.14
43.65
43.85
44.20
1.561
NS

Cu
1.87
1.85
2.09
2.25
2.11
0.0913
NS

Cr
0.55c
0.87b
2.03a
0.73bc
0.98b
0.2917
**

Ni
2.56b
2.39b
3.07a
2.43b
2.54b
0.4573
NS

TABLE 5
Effects of MSW compost application on mineral composition of chickpea straw.
Treatment
Zn
25 t compost/ha
4.15
50 t compost/ha
4.25
100 t compost/ha
4.17
50 kg/ha urea
3.94
Control
3.61
LSD
0.5087
ANOVA
NS
See Table 2 for abbreviations.

Mn
12.52
10.59
17.19
11.52
12.84
1.561
NS

Cu
1.22
1.28
1.33
1.25
1.30
0.3094
NS

Cr
1.03
1.11
1.12
1.21
1.31
0.3283
NS

Ni
0.23cd
0.63b
1.05a
0.33c
0.16d
0.1331
**

TABLE 6
Effects of MSW compost application on mineral composition of chickpea seed.
Treatment
Zn
25 t compost/ha
32.44c
50 t compost/ha
33.21b
100 t compost/ha
34.95a
50 kg/ha urea
34.60a
Control
31.79d
LSD
0.6329
ANOVA
**
See Table 2 for abbreviations.

Mn
18.78b
18.38b
19.28b
20.26a
20.38a
0.9619
*

The effects of MSW compost and nitrogen fertilizer
applications on the straw Zn, Mn, Cu and Cr concentration were not significant (Table 5). The higher application
rate of MSW compost caused significant increases in
straw Ni concentration. Zn concentration in plant was
mostly translocated to seed; the level detected in straw
was around eight times smaller than in the plant tissue Zn
level at flowering stage. Mn was also translocated into the
seed to a lower extent.
Treatment effects on mineral composition of seed
were significant for Zn, Cr, Ni (p<0.01) and Mn (p<0.05)
levels but not for Cu. Zn and Cr contents in seed were
higher in all composts and mineral nitrogen treatment
compared to unamended control. However, Mn and Cu
were lower in compost treatments than mineral nitrogen
and control. Elevated application doses of compost significantly increased seed Zn, Cr and Ni levels. These metal
levels were similar to the mineral nitrogen application and
the range among the treatments was narrow.

Cu
11.10
11.87
11.07
12.07
12.41
1.623
NS

Cr
0.46b
0.60a
0.72a
0.64a
0.39b
0.1331
**

Ni
0.43b
0.37b
0.80a
0.69a
0.49b
0.1786
**

DISCUSSION
Chickpea is grown mostly on low fertility, calcareous
marginal land world-wide and often experience nutrient
stress. Thus, applications of macro and micronutrient
fertilizers are often required to achieve maximum yield.
The soil of the experimental site in this study was low in
natural fertility with regard to the limited available micro
nutrients, total organic matter, total nitrogen and higher
CaCO3 and pH (Table 1). The compost applications improved the growth and yield parameters of chickpea in
this soil. The overall improvement is due to cumulative
effects, such as enhanced supply of nitrogen and other
macro and micro elements to the crop in addition to
growth promoting substances produced by compost [5]. In
general, nodule number and dry mass were lower than in
the previous reported studies [13], because the soil in
experimental field lacks the native Rhizobium that nodulates chickpea. It seems likely that mineral elements released from the decayed compost and positive effects on
nodulation would be closely related to the improved growth
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and yield. In addition, yield increase of chickpea could
also be due to the improvement of soil physical characteristics [6].
Total biomass and seed yield were not significantly
affected by both compost treatments (50 t/ha, 100 t/ha)
and inorganic nitrogen fertiliser (100 N kg/ha), but by a
lower dose of compost application (25 t/ha). The similar
biomass and seed yield between mineral nitrogen and
compost treatments (Table 2, 3) indicate the high fertilising value of compost application in low natural fertility
soil. Mean seed yield (winter+spring crop) was 30% of
the control in the 50 T/ha compost treatment.
Micronutrient fertilizer research showed that chickpea
plants positively responded to micronutrient fertilizer; thus,
regular application is recommended [16]. In the present
study, tissue Zn, Mn and Cu concentrations at the flowering
stage for both experiments were at a lower limit [13] and
treatment effects were not significant. Autumn sown crop
was grown on well moistened soil, but tissue nutrient concentrations were similar to the spring sown crop. High soil
and compost pH values might be possible reasons for low
micronutrient uptake from the compost [8, 11].
As regards to the accumulation of potentially toxic elements in chickpea plant at flowering stage and straw, only
the concentrations of Cr and Ni were significantly affected
by the application rate and treatment type (Table 4, 5). The
Zn, Cu, Cr and Ni concentrations both in vegetative plant
parts and seeds were similar to that of the plants receiving
mineral fertilizer. This is likely a consequence of increased
biomass and seed yield that is also observed in rye grass by
Soumare et al. [6]. In contrast, the lower Mn levels in seeds
might have been due to a high pH in soil and interferences
with Cu and FeMnOX [12]. In a laboratory study by Ibrikci
et al. [21], higher mineral composition of chickpea at flowering initiation was reported. Under field conditions, nutrient availability is restricted by environmental factors, and
therefore, lower concentrations of some minerals can be
observed [22]. Plant mineral composition, uptake of trace
elements from soil and fractionation is also influenced by
plant species [23] and varietals differences have been frequently recorded for chickpea [13, 15, 21, 24]. The lower
content of elements in plant, straw and seed in chickpea in
the present study could be attributable to the chickpea or
specific cultivar used. The measured element levels in seed
were normal according to previous findings for chickpea
[13], but below the maximum permitted limit of metals for
vegetables and fruits [25, 26]. It appears likely that no
remarkable metal contamination has taken place, e.g. Zn,
Cu, Cr and Ni in seed is not higher than that in a nitrogen
fertilizer given plant (Table 6). A slight increase in Cr in
plant and Ni in straw (Table 4, 5) by the highest dose of
MSW compost application is non-practical, because large
amounts of compost application are not practicable for
amendment in agricultural purposes. The essential plant
nutrients i.e. Zn, Mn and Cu, at the plant tissue during
flowering stage were just at the lower limits of the sufficiency level 30-40 ppm Zn, 10 ppm Mn, 5 ppm Cu [13].

Some authors reported that compost applications to
soil reduced the bioavailability and the transfer of some
trace elements to plant tissue [11, 12]. However, if it is
applied in high amounts to soil or over long periods, heavy
metals can reach a dangerous level for public health. Even
though the soil in Turkey and the experimental site are
generally calcareous and have a pH value above 7.0, it is
an advantage for preventing against the toxic effects of
heavy metals [9]. The heavy metal contents of soil and
plants to which MSW compost is applied have to be controlled.

CONCLUSION
The data show that MSW compost application was
effective on the natural low fertility soil to improve plant
growth and yield of chickpea. The analysis of heavy metals both in grain and straw demonstrated the absence of
pollution or toxic levels even with high accumulative
doses of MSW compost. Lower rates may be advisable to
avoid rapid accumulation of growth limiting and nonnutrient constituents such as heavy metals and salinity
found in some compost. Therefore, 50 MT/ha is preferable for achieving the greatest plant biomass production.
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SUMMARY
In the present work we investigated the stress-70 proteins in different tissues of the mussel Mytilus galloprovincialis using two-dimensional gel electrophoresis. For
isoelectric-focusing, precast immobilized pH gradient
strips with pH ranges from 3-6, 4-7 and 3-10 were used.
Staining of proteins after 2-DGE with GelCode Blue
Stain Reagent, followed by image acquisition with a laser
excited Odyssey LI-COR scanner allowed the detection of
the separated proteins in the range of silver staining, and
to perform Western blot immunodetection with the same
gel. Results indicated that detection and quantification of
stress-70 proteins on 2-D nonspecific stained gels without
WB analysis is possible, once the spots have been identified. Therefore such a 2-D protein analysis after exposure
of mussels to pollution and/or environmental stress can be
used to establish databases and furthermore to use the
characterized proteins in monitoring environmental impacts and stress.


KEYWORDS: Mytilus galloprovincialis, 2-D gel electrophoresis,
Immunodetection, Stress-70 proteins, Proteome.

dyes or radioisotope detection of metabolically labeled
proteins [2]. When the resulting protein patterns are studied using computer-assisted programs [3, 4], the technique
becomes an excellent method for qualitative and quantitative analysis of protein expression.
The success of proteome analysis depends on such
highly resolving 2-DGE and sensitive identification techniques. Various protocols can be used for protein identification following the analysis of cell lysates by 2-DGE.
Many of such analyses exist for organisms whose complete genome sequences have been determined. However
this is not the case for M. galloprovincialis, for which only
poor sequence information in databases is available [5].
Once the complete genome sequence of an organism has
been determined, open reading frames in the nucleotide
sequence can be predicted, thus identifying most of the
proteins encoded in the genome. However these considerations do not reliably predict the nature of the synthesized
protein, especially since it can undergo further processing
by a variety of post-translational modifications leading to
isoforms, and since each isoform may have different biological activities in cellular metabolism.
In order to elucidate the usefulness of GelCode Blue
Stain Reagent staining followed by Western blot immunodetection (WB) and identification in proteomics approach after 2-DGE, stress-70 proteins as model biomarkers and mussel M. galloprovincialis as sentinel
marine organism were chosen. These organisms have
been widely used in the assessment of pollution in coastal
environments [6-9]. Laboratory and field studies have
shown the potential of the stress-70 proteins as biomarkers
for monitoring environmental pollution and toxicants [1012]; thus a wide variety of stressors are followed by increased synthesis of stress-70 proteins [13-17]. In unstressed cells they play diverse roles in accurate folding,
assembly, translocation, and causing secretion of other
proteins [18, 19].


INTRODUCTION
High-resolution two-dimensional gel electrophoresis
(2-DGE) as developed by O’Farrell [1] is a powerful and
sensitive technique for analyzing complex protein mixtures. 2-DGE involves separation of proteins in the first
dimension according to charge isoelectric-focusing gel
electrophoresis (IEF), followed by separating the focused
proteins in the second dimension according to molecular
weight by sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE). The proteins may be visualized by staining with coomassie, silver stain, fluorescent
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The aim of the present study was to show how immunodetection after 2-DGE is a possible method for identifying certain proteins of interest, and how computer 2-D gel
pattern comparison software allows understanding complex protein expression pattern analysis from different
tissues, under changing conditions, and varying stress. The
usefulness and the problematic of the detection, quantification, and characterization of such proteins as biomarkers
for environmental pollution are discussed.
MATERIALS AND METHODS
Reagents

Monoclonal mouse antibody against bovine brain
HSP70 (H-5147), anti-mouse IgG1 alkaline phosphatase
conjugate (A-3563), p-nitroblue tetrazolium chloride
(NBT), 5-bromo-4-chloro-3-indolyl phosphate (BCIP),
bromophenol blue (BrPh Blue), CHAPS, bovine serum
albumin (BSA), dithiothreitol (DTT), phenylmethylsulphonylfluoride (PMSF), and iodoacetamide (IAA)
were obtained from Sigma (St. Louis, USA); ReadyStrip
IPG Strips pH 3-10, 4-7, 3-6, Bio-Lytes ampholytes different pH range from BioRad (München, Germany); GelCode Blue Stain Reagent from Pierce (Rockford, USA).
Roti-PVDF nitrocellulose membrane was purchased from
Carl Roth GmbH (Karlsruhe, Germany). All other reagents and chemicals were of commercial quality available
(analytical or chromatographic grade).


M. galloprovincialis Protein Extraction

Mussels M. galloprovincialis Lamarck 1819. (Mollusca: Bivalvia) were from Limski kanal (Northern Adriatic, Croatia). Dissected mussel tissue (gill, mantle and
foot) was immediately frozen in liquid nitrogen and stored
at –80oC before HSPs determination. Tissue samples (100
mg wet weight) were homogenized in 0.4 ml buffer (0.1 M
Tris, 0.5 M NaCl, 0.01 M EDTA, pH 7.5) containing 10 µl
40 mM PMSF in acetone. After centrifugation
(12000g/4oC/10 min.) supernatants were stored at -20oC.
Proteins were determined according to Lowry [20] using
bovine serum albumin as a standard.
1-D Gel Electrophoresis

tein sample in low buffer concentration (50 mM Tris) was
dissolved in 250 µl buffer (8 M Urea, 1% CHAPS, 10 mM
DTT, 0.25% Bio-Lytes) over ice and applied during active rehydration of IPG strip (50 V/20oC/12 h) with maximal 50 µA per strip. IEF includes: 1. Conditioning (250
V/15 min), 2. Ramping (250-4000 V/2 h), 3. Final focusing (4000 V/4 h) all at 20oC. After IEF, strips were equilibrated for 30 min. in buffer I (6 M Urea, 0.375 M Tris
pH 8.8, 2% SDS, 20% Glycerol, 2% DTT) and in buffer
II (6 M Urea, 0.375 M Tris pH 8.8, 2% SDS, 20% Glycerol, 2.5% IAA, 25 µl BrPh Blue). Second dimension was
done in SDS-PAGE 10% gel 1 mm thickness as previously described. Applied IPG strip was covered with 1%
agarose solution (80oC) and separated until BrPh Blue
reached end of the gel (100 V/V const.).
2-D gels were washed 3 times in ultrapure water, and
stained with GelCode Blue Reagent over night. After
washing (3 x 30 min.) in ultrapure water gels were scanned
using an Odyssey laser scanner and software v.1.1 (LICOR Corp., USA) at 700 and 800 nm (84 µm resolution,
high quality, 1 mm focus offset). This scanner was linked
to Windows NT workstation.


Immunoblotting

The level of stress-70 proteins in mussel tissue was
detected by Western blot analysis after 1-D and 2-D separation. Proteins were transferred to Roti-PVDF membranes using a transfer buffer containing 150 mM glycine
in 20 mM Tris and 20% methanol (v/v). Transfer was
carried out for 120 min at +4oC using a BioRad blotter.
Membranes were blocked over night at +4oC in Tris buffered saline pH 8.0, which contained 0.05% Tween-20 and
3% BSA. Membranes were probed with primary monoclonal antibody against bovine brain HSP70 and secondary antibody anti-mouse IgG1 alkaline phosphatase conjugated. The immune complexes were visualized using
NBT/BCIP.
Western blots were scanned using an Epson 3200 Perfection scanner (Epson Corp., USA), and the obtained TIFF
files (300 dpi, 16 bit/pixel) were analyzed with Odyssey
software v.1.1 (LI-COR Corp., USA). Molecular weights
were determined using BioRad broad range standards.
2-D gel software analysis

One-dimensional (1-D) analysis was performed by
discontinuous SDS-PAGE according to Laemmli [21].
Briefly, 20 µg total protein was applied in loading buffer
(150 mM Tris pH 6.8, 4% SDS (w/v), 20% Glycerol
(w/v), 2-mercaptoehanol (v/v), 0.02% BrPh Blue) and
separated according their molecular weight (10% gel/100
V/V const.).
2-D Gel Electrophoresis

For isoelectric focusing 100 µg of total gill, mantle
and foot proteins were applied, using precast immobilized
pH gradient strips (IPG) of different pH ranges (3-6, 4-7
and 3-10, length 7 cm) available from BioRad. Total pro-

For identifying stress-70 proteins on 2-D gels after
staining and WB analysis we used freeware gel comparison software Flicker [22]. Commercial software Proteomweaver 2.2 (Definiens AG, Munich, Germany) was
used for study of protein expression of mussels and for
generation of reference maps (gels) and subsequently to
detect, quantify, compare protein of interest (stress-70),
and protein expression pattern. Protein spots were analyzed without filtering images to avoid artificial effects on
images when comparisons were made. Using 2-D BioRad
standards, protein spots were characterized with respect to
their apparent molecular weight (Mw) and isoelectric
point (pI). Mw and pI were automatically calculated for
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the remaining protein spots by Proteomweaver software.
Spots were normalized by expressing the intensity of each
protein spot in a gel as a proportion of the total protein
intensity detected for the entire gel [23].
RESULTS AND DISCUSSION
One and two-dimensional gel electrophoresis and
Western blotting techniques are often used to identify stress70 proteins and establish which proteins and isoforms are
recognized by antibodies. Various antibodies cross-react
with stress proteins of different molecular weight depending on the species examined [24]. Two bands of stress-70
proteins (ca. 73 and 78 kDa) were detected with antibody
against bovine brain HSP70 (clone BRM-22) by Western
blot analysis after SDS-PAGE constitutively present in
mussel gills, mantle and foot tissue (Fig. 1.). Smerdon et al.
[25] detected in gills of Mytilus edulis four different stress70 proteins 78, 72, 72 and 70 kDa recognized by the antibodies IgG clone 5A5 (Affinity BioReagents) after 2DGE. 72 kDa and 78 kDa isoforms were constitutively
present in mantle and gill tissue, and after heat stress
induction a third band at 70 kDa was observed [26, 27].
Previously we identified in gill tissue of mussel these two
stress-70 proteins, as HSP70 and HSP72 and proved its
inducibility with different model pollutants [28], and in a
field study their potential as biomarkers of environmental
pollution [12].
(kDa)
201
116
97

Mw standards

1

2

antibodies to identify single protein spots from 2-D gels.
The technique we currently use for immunodetection
protein identification is colorimetric (NBT/BCIP), and it
is possible to use enhanced chemiluminescence (ECL).
The PVDF membrane can also be used many times for
different antibodies if ECL is used. 2-D gels are first
stained to visualize proteins, following which the immunodetection is undertaken. That allows matching of proteins detected with antibodies against those detected with
the non-specific protein stain through computer comparison of both images.
2-DGE was applied as a proteomic approach in the
study of protein expression of mussels for generation of
reference maps (gels) and subsequently to detect, quantify
and compare protein expression pattern. 2-D analysis using
IEF IPG strips with different pH ranges showed that for
quantification and expression analysis of stress-70 proteins
IPG strip of pH 3-10 is better, but for study of isoforms
IPG strip 4-7 pH is most suitable (Fig. 2.). Using strip 310, we detected 3 spots of stress-70 proteins (78, 73 and
72 kDa), and proved that Sigma antibodies anti-HSP70
cross-react with three stress-70 proteins, instead of 2
bands detected using 1-D analysis [29].

3

a)
78 kDa

66
73 kDa
45

b)
31

21

FIGURE 1 - Western blot analysis using Sigma monoclonal anti-HSP70 antibodies after SDS-PAGE of mussel M.
galloprovincialis proteins: 1) gill, 2) mantle, 3) foot.

c)

1-DGE, 2-DGE and electroblotting onto PVDF membranes followed by immunodetection are widely used
techniques for the characterization of proteins. Recent
improvements have allowed a higher protein load, a better
transfer yield and a higher sensitivity. Immunodetection is
a sensitive technique, which relies on the specificity of

FIGURE 2 - Western blot analysis of stress-70 proteins after 2DGE using different IEF IPG strips: a) 3-6, b) 4-7 and c) 3-10 pH.

The application of the 2-DGE technique to separate,
analyze and characterize proteins contained in biological
samples would not have been possible without the development of complementary non-specific detection meth-
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ods. Today one of the most popular non-radioactive protein
detections is silver staining, which is 30-50 fold more sensitive than Coomassie Brilliant Blue staining [30-33].
Staining of proteins after 2-DGE with GelCode Blue
Stain Reagent followed by image acquisition using a laser
excited Odyssey LI-COR scanner allowed the detection of
separated proteins in the range of silver staining (8 ng)


with the advantage of the possibility to perform Western
blot analysis using the same gel (Fig. 3). GelCode Blue
Stain Reagent utilizes colloidal properties of coomassie
G-250 dye for protein staining on polyacrylamide gels,
and allows spots to be viewed directly on the gel during
the staining process and after water wash further enhances
staining sensitivity and yields a clear background [34].


FIGURE 3 - 2-DGE of mussel M. galloprovincialis 1) foot, 2) mantle, 3) gill protein extracts with 2-D markers, 4) corresponding
WB immunodetection of stress-70 proteins, 5) average gel and 6) 2-D markers. After WB analysis it was easy to identify abundant
stress-70 proteins spots on 2-D gel images. The antibodies against stress-70 proteins recognized three spots on the blot and these
spots correspond to HSP78, HSP73 and HSP72.

611

© by PSP Volume 14 – No 7. 2005

Fresenius Environmental Bulletin

Image analysis of 2-D gels stained with GelCode and
corresponding Western blot were done using gel comparison program Flicker and Proteomweaver 2.2. The Flicker
program lets us flicker-compare 2-D gels images either
among our own data, and against 2-D reference gels
found in Internet databases such as Swiss-2DPAGE also.
Many published Internet gels have a subset of spots identified, which were not useful for comparison with our
gels. We were not able to draw putative conclusions as to
the identification of some spots in our gels that visually
appear to be the same spot. Using Flicker made it possible
to identify stress-70 proteins on 2-D gels after WB analysis, but for comparison of complex protein expression
pattern (different tissues, conditions, stress) we used Proteomweaver which includes sophisticated algorithms for
spot detection, spot quantification, spot matching, simultaneously analyzing up to 50 gels and integrated database
support [22, 35]. Each spot in such a gel image represents
a single protein. We detected a large series of proteins
(450 distinct spots) after 2-DGE using cytosolic fraction
of mussel foot, mantle and gill tissue. Using a narrow pH
range 4-7 IPG strip, the number of detected spots increased because of better resolving and presence of different isoforms (data not shown). In order to identify
stress-70 proteins relatively abundant (ca. 1% of total proteins), pattern matching between foot 2-DGE gel image and
corresponding WB analysis (3 spot) which contains information on the identity of the proteins, and another mantle
and gill gel images was performed (Fig. 3).


Results indicated that detection and quantification of
stress-70 proteins on 2-D stained gels is possible without
WB analysis, once the spots are identified; such 2-D protein analysis (qualitative and quantitative) can be achieved
in databases and after identifying of spots (proteins) of
interest analyzed backwards.
Many investigators have examined protein expression
patterns (protein synthesis) after exposure of the organism
to different stresses using 2-DGE. The proteins detected
represent the equilibrium between synthesis and degradation rate, and observed pattern changes can be used as an
indicator of the state of organism metabolism and gene
expression. This approach can be used, with little information on the identities of the proteins investigated, to
simply provide a database of synthesized proteins and
their pattern of synthesis under defined conditions to help
target future investigations [36].

(HSP70, HSP60, HSP90) as biomarkers of environmental
and anthropogenic stresses. M. galloprovincialis occurring
in the intertidal zone of the marine environment are exposed to a wide range of environmental factors (temperature, salinity, food availability, low-high tide) and pollution [12, 19, 40-42]. Due to the physical characteristics of
water, the aquatic environment can be extremely stressful
to its inhabitants, and animal response to stresses is a
complex reaction, which depends on the type of stress and
is influenced by many internal and external factors.
CONCLUSIONS
Staining of proteins after 2-DGE separations with
GelCode Blue Stain Reagent followed with image acquisition using laser excited Odyssey scanner allows detection of separated proteins in the range of silver staining.
Once the spots are identified the detection and quantification of stress-70 proteins on 2-D nonspecific stained gels
is possible. Such 2-D protein analysis after exposure of
mussels to pollution and environmental stress can be
achieved in databases and after identifying proteins of
interest analyzed retrospectively. The simultaneous separation of hundreds of proteins using 2-DGE, and their
further identification combining immunodetection and
high-throughput post-separation analysis including mass
spectrometry, followed by dedicated computer software
analyses are the only bioinformatic tools possible to unravel the complexity of biological systems during the
stress response.
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We intend to develop a publicly available database of
2-DGE gel patterns of proteome of M. galloprovincialis
containing data on proteins synthesized in different tissues under different environmental conditions (stress,
pollution), or to update SWISS-2DPAGE [37-39]. This
research represents a preliminary approach, while further
investigations using 2-DGE separations will continue with
nonspecific (GelCode and silver staining) and immunodetection study of p-glycoprotein (MXR), P-450 (MFO), p53
(carcinogenesis), carbonic anhydrase (biomineralisation),
and of course different heat shock family proteins
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SUMMARY
In this paper, the photochemical reduction process of
Cr(VI) in aqueous solutions containing ferric oxalate (Ox)
and alginate (Alg) complexes was studied. Under the radiation of high-pressure mercury lamp (λ ≥ 365 nm, 125W),
Fe(III)-oxalate and Fe(III)-alginate complexes undergo
photolysis to produce ferrous ions and other organic reductive species, which reduce Cr(VI) subsequently. The photochemical reduction efficiency is comparatively higher in
the solution at pH 3.0 than that over the range of 3.0-7.0.
The reduction efficiency decreases with increasing initial
Cr(VI) concentrations from 0.5 to 2.0 mg/L in the solutions
containing 10.0 µmol/L ferric ions and 48.0 µmol/L oxalate
ions. For 10.0 mg/L Cr(VI), the reduction efficiency could
reach 92.3% by increasing the concentrations of both ferric
and oxalate ions from 10.0 and 48.0 µmol/L to 100 and
480 µmol/L, respectively, in the solutions after radiation
for 80 min. Under the conditions of [Cr(VI)]0 = 1.0 mg/L,
[Fe(III)]0 = 20.0 µmol/L, [Na-Alg]0 = 0.5 g/L and pH = 3.0,
the reduction efficiency of Cr(VI) could achieve 97% after
80 min of radiation. The increase of the ferric, oxalate and
alginate concentrations studied in this work result from the
increase of reduction efficiency of Cr(VI).

interest [2]. Several ferric species (ferric hydroxy complex, ferric oxides and ferric carboxylate complex etc.)
have been applied in photochemical processes for degradation of organic pollutants. There have been many publications on the oxidative photodegradation of organic pollutants in water induced by ferric species [3, 4], while only
few research reported on the reduction of heavy metal
ions of high valence in ferric carboxylate complexcontaining system. In 1997, Hug and Laubscher [5] investigated Fe(III) catalyzed photochemical reduction of
Cr(VI) by oxalate and citrate in aqueous solutions. It was
believed that Fe(II), HO2/O2-·and H2O2 are reductants of
Cr(VI), and the reaction product with oxalate was mainly
soluble, Cr(III)-oxalate.
Ferric carboxylate complexes, especially ferric polycarboxylates like oxalate and citrate complexes have
photoactivity. The photolysis of these ferric carboxylate
complexes can produce ferrous ions and other reactive
species as shown in reactions (1)-(7) [6, 7].

KEYWORDS: Hexavalent chromium; Fe(III)-carboxylate complexes; photoreduction; alginate.

RCOO-Fe(III) + hν → Fe(II) + RCOO·

(1)

RCOO· → R· + CO2

(2)

R· + Fe(II) → Fe(III) + products

(3)

R· + O2 → O2‾· + products

(4)

+

H + O2‾· → HO2·

(5)

HO2· + HO2· → H2O2 + O2

(6)

+

HO2· + H + Fe(II) → H2O2 + Fe(III)
INTRODUCTION
Hexavalent chromium (Cr(VI)) is a priority pollutant
and associated with the development of cancer and various
chronic health disorders including organ damage, dermatitis
and respiratory impairment. Trivalent chromium (Cr(III)) is
much less toxic than Cr(VI), but its chemical reduction by
various methods is known to dramatically decrease the
toxicity and bioavailability of this metal [1]. Currently, the
photochemical processes for pollutants` removal, especially
by using nano-semiconductors as catalysts, are of great

(7)

Sodium alginate, Na-Alg, is one of the natural polysaccharides extracted from kelp and gulfweed. Its formula
is (C5H7O4COONa)n, with a molecular weight 32000250000. Alginate has wide-spread applications in foods
and drinks, but also pharmaceutical and bioengineering
industries. It was concluded that the browning of alginate
during irradiation was due to double-bond formation by
chain scission [8]. Ferric ions might form a complex with
alginate, similar to the ferric gluconate complex. Transformation of pollutants in the presence of ferric ions and
alginate under light has not yet been reported.
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Our group has reported on the photodegradation of
organic compounds in water in the presence of ferrichydroxy and ferric-oxalate complexes in several researches.
Photoreduction of Cr(VI) was also investigated by using a
ferric-hydroxy complex [9]. In this work, the photochemical reduction process of Cr(VI) in aqueous solutions
containing ferric ions, oxalate and alginate was studied. It
is helpful to understand the transformation of Cr(VI) in
water in the presence of ferric ions and natural macromolecular polysaccharides.
MATERIALS AND METHODS
Materials

K2Cr2O7	
   was	
   of	
   analytical	
   grade	
   and	
   used	
   as	
  
Cr(VI).	
   FeCl3·6H2O,	
   Na2C2O4	
   and	
   Na-‐Alg,	
   analytical	
  
reagents,	
   were	
   used	
   as	
   ferric,	
   oxalate	
   and	
   alginate	
  
ions,	
   respectively.	
   HCl	
   and	
   NaOH	
   were	
   used	
   to	
   adjust	
  
the	
   pH	
   values	
   of	
   the	
   solutions.	
   Double-‐distilled	
   water	
  
was	
   used	
   throughout	
   experiments	
   and	
   the	
   other reagents were all of reagent grade.

the effect of carboxylates (oxalate and alginate) on the
photoreduction of Cr(VI) in aqueous solutions containing
ferric ions, control experiments were carried out. Figs. 1
and 2 are the plots of reduction efficiencies` change vs.
time in aqueous solutions containing ferric and/or oxalate
ions and alginate. From Fig. 1, we can see that no Cr(VI)
reduction is occurring in aqueous solutions containing
Fe(III)-oxalate complexes in the dark, whereas under light
Cr(VI) is reduced in the presence of ferric and oxalate
ions, respectively. Under radiation for 40 min, less than
10% of 1 mg/L Cr(VI) is reduced in the presence of oxalate ions. The reduction efficiency reaches 19.8% in the
solution containing ferric ions, which is attributed to the
photolysis of ferric hydroxy complexes to produce reactive
ferrous ions [9]. When adding both ferric and oxalate ions
into aqueous Cr(VI) solution, the efficiency of Cr(VI)
photoreduction raises to 93.8%. This indicates that the
photolysis of ferric-oxalate complexes can promote the
reduction of Cr(VI).
100

Reduction efficiency (%)
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Photoreduction experiment

The photochemical reaction under visible light was
carried out in a concentric reactor with a high-pressure
mercury lamp (λ ≥ 365 nm, 125W, Haoma	
  Illumination	
  
Instrument	
   Co.,	
   Shanghai,	
   PRC) as light source in the
central axis. The reaction solutions containing Cr(VI),
ferric ions and oxalate ions or alginate were prepared and
adjusted to desired pHs with HCl or NaOH. The reaction
solutions were filled into 8 quartz glass tubes (about 8 cm
long, 1.5 cm diameter, 2 mm thickness of tubes` wall). At
different time intervals during the irradiation, one of the
eight tubes was picked out to determine the concentrations of the remaining Cr(VI).

80
Fe(III) + Ox
Ox + light
Fe(III) + light
Fe(III) + Ox + light

60
40
20
0

0

10

The Cr(VI) in aqueous solutions were determined by
the diphenyl carbazide photometric method (ASTMD
1687-02) with an UV-Vis spectrophotometer (Shimadzu
UV1601, Japan).

40

Fe(III)+NaAlg
NaAlg+Light
Fe(III)+NaAlg+Light

Reduction efficiency (%)

100

Error

All the quartz glass tubes were calibrated by the photochemical decolorization of an azo dye, Orange II, with
errors less than 2%. All the experiments were done in
triplicate and the results presented are mean values with a
total error less than 5%.

80
60
40
20
0

RESULTS AND DISCUSSIONS

As known, Cr(VI) cannot be reduced by direct photolysis under light with wavelengths above 365 nm. To express

30

FIGURE 1 - The plot of Cr(VI) reduction efficiency change vs time in
aqueous solutions containing ferric and/or oxalate ions. [Fe(III)] =
10.0 µmol/L, [Ox] = 48.0 µmol/L, [Cr(VI)] = 1.0 mg/L, pH = 3.0.

Analysis

The control experiment results

20
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FIGURE 2 - The plot of Cr(VI) reduction efficiency change vs time
in aqueous solutions containing ferric ions and/or sodium alginate.
[Cr(VI)]0 = 1 mg/L, [Fe(III)]0 = 10.0 µmol/L, [Na-Alg]0 = 0.5 g/L,
pH = 3.0.
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The photolysis of ferric-oxalate complexes produces
ferrous species and organic radicals (Ox•-) as primary
products. The organic radicals (Ox•-) are believed to be
responsible for the reducing dechloration of perchloroalkanes [10], while ferrous species are certainly the major
reductants of Cr(VI). The mechanism of ferrous species
production and the subsequent reduction of Cr(VI) induced by photolysis is believed to be common for ferriccarboxylate complexes of low molecular weight. A interesting question is whether macromolecular ferric-carboxylate
complexes, such as the ferric-alginate complex, have the
same mechanism of producing ferrous species through
photolysis and have the potential to reduce Cr(VI). Fig. 2
shows no reduction of Cr(VI) in aqueous solutions containing ferric ions and alginate in the absence of light. The
reduction efficiency of Cr(VI) is up to 43.2% by adding
0.5 g/L Na-Alg to the solution of 1.0 mg/L Cr(VI) at pH
3.0 after radiation for 80 min. In the presence of both 0.5
g/L Na-Alg and 10 µmol/L ferric ions in the solution at
pH 3.0, 87.1% of 1.0 mg/L Cr(VI) is reduced under radiation. This reduction efficiency of Cr(VI) is more than the
sum of the efficiencies in the solutions containing ferric
ions or alginate, respectively, which implies that alginate
can promote the photochemical reduction of ferric ions to
ferrous ions or produce other reactive species.
Influence of initial pH value

To examine the influence of initial pH on photoreduction of Cr(VI), the concentrations of ferric ions,
oxalate and alginate were kept constant at 10.0 µmol/L,
12.0 µmol/L and 0.5 g/L, respectively, in the solutions at
different initial pH values from 3.0 to 7.0. The results are
shown in Table 1. The reduction efficiency of Cr(VI) in
aqueous solution containing ferric ions and oxalate decreased from 29.5 to 6.1 with increasing initial pHs from
3.0 to 6.0. The similar trend of initial pH value influence
on photoreduction of Cr(VI) for Fe(III)-Alg system is
presented in Table 1. It is well-known that acidic pHs are

in favor of reduction of Cr(VI) by ferrous ions, hexavalent
chromium has higher oxidative potential at pHs below
3.0. On the other hand, photolysis of ferric carboxylate is
of higher efficiency at acidic pH values.
TABLE 1 - Influence of initial pH value.
Reduction efficiency
Reduction efficiency
(%) at 10 min in
(%) at 80 min in
Fe(III)-Ox system
Fe(III)-Alg system
3.0
29.5
87.1
4.0
22.9
34.2
5.0
20.4
16.2
6.0
6.1
ND
7.0
ND
8.4
[Cr(VI)] = 1.0 mg/L, [Fe(III)] = 10.0 µmol/L, [Ox] = 12.0 µmol/L, [NaAlg]0 = 0.5 g/L. ND: Not done.
Initial pH value

Influence of Fe(III) ion concentrations

To examine the influence of Fe(III) concentration on
photoreduction of Cr(VI), the concentrations of oxalate and
alginate were kept constant at 48.0 µmol/L and 0.5 g/L,
respectively, in the solutions at initial pH 3.0 (Table 2).
The reduction efficiency of Cr(VI) in aqueous solution
containing ferric ions and oxalate or alginate increases
with increasing initial concentration of ferric ions from
2.5 to 25.0 µmol/L. However, the increasing trend is not
significant over the range of 15.0 - 25.0 µmol/L.
TABLE 2 - Influence of ferric ion concentrations.
Fe(III)
Reduction efficiency
Reduction efficiency
concentration
(%) at 6 min in
(%) at 80 min in
(µmol/L)
Fe(III)-Ox system
Fe(III)-Alg system
2.5
ND
66.7
5.0
61.9
79.0
10.0
87.3
87.1
15.0
93.4
ND
20.0
94.5
97.0
25.0
94.7
ND
[Cr(VI)] = 1.0 mg/L, [Ox] = 48.0 µmol/L, [Na-Alg]0 = 0.5 g/L, pH =
3.0. ND: Not done.

TABLE 3 - Influences of oxalate ion and alginate concentrations.
Oxalate concentraReduction efficiency (%)
Reduction efficiency
tion
at 6 min in Fe(III)-Ox
(%) at 10 min in Fe(III)system
Alg system
(µmol/L)
6.0
14.3
15.3
12.0
28.5
29.5
24.0
47.5
52.2
48.0
87.3
93.5
96.0
100
100
[Cr(VI)] = 1.0 mg/L, [Fe(III)] = 10.0 µmol/L, pH = 3.0.

Influences of initial concentrations of oxalate ions and alginate

To examine the influence of the concentrations of oxalate ions and alginate on photoreduction of 1.0 mg/L
Cr(VI), the concentrations of ferric ions was kept constant
at 10.0 µmol/L in the solutions at initial pH 3.0 (Table 3).
The reduction efficiency of Cr(VI) in aqueous solution

Alginate concentration
(g/L)
0.25

Reduction efficiency
(%) at 80 min in Fe(III)Alg system
81.8

0.5

87.1

1.0

92.8

containing ferric ions and oxalate or alginate increases
with increasing initial concentration of oxalate ions from
6.0 to 96.0 µmol/L and alginate from 0.25 to 1.0 g/L. Over
the oxalate ions` concentration range studied in this work,
photoreduction efficiency of Cr(VI) is not changed very
much after radiation for 6 min. However, the increasing
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trend for Fe(III)-alginate system is not as significant as that
of the Fe(III)-oxalate system in the range 0.25 - 1.0 g/L.
Influence of initial concentration of Cr(VI)

cooperation project (2004-2005). We thank the anonymous reviewers for their comments.
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CONCLUSIONS
The photolysis of ferric-oxalate and ferric-alginate
complexes can promote the reduction of Cr(VI) under light
with wavelengths above 365 nm. Acidic pHs favor the
reduction of Cr(VI) in the solutions. Higher photoreduction
efficiency is observed at low initial Cr(VI) concentrations.
Photoreduction of high-level Cr(VI) solutions can be realized by increasing the concentration of ferric and oxalate
ions, or alginate as well as radiation time. This work is
helpful for understanding the transformation of Cr(VI) in
water in the presence of ferric ions and carboxylate. Additionally, these ferric-carboxylate complexes may be potential reagents for photochemical remediation of Cr(VI).
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TOXıC EFFECTS OF AQUEOUS EXTRACT OF
Nerium oleander (APOCYNACEAE) LEAVES AND
ıTS LATEX ON TOTAL PROTEıN LEVEL ıN FRUıT FLY
Drosophila melanogaster (DıPTERA: DROSOPHıLıDAE)
Güleray Agar, Handan Uysal and Yusuf Kaya
Atatürk Üniversitesi, Fen- Edebiyat Fakültesi, Biyoloji Bölümü, 25240 Erzurum, Turkey

SUMMARY
The toxicity of diet containing aqueous extract of Nerium oleander leaves and its latex at different concentrations was determined. We found out that continuous feeding with oleander extracts during the metamorphosis (≈ 910 days) affects the protein level in D. melanogaster.
Extracts of N. oleander and its latex caused a significant
reduction (P<0.05) in protein level in the offsprings of
treated parental generation. The ranking of toxicity of the
three extracts was latex > unboiled extract > boiled extract.

KEYWORDS: Drosophila melanogaster, Nerium oleander, protein
level, latex, chronic toxicity.

INTRODUCTION
The common oleander (Nerium oleander L.) is an ornamental evergreen shrup, ubiquitous in temperature and
subtropical areas [1]. Plants of the family Dogbone
(Apocynaceae), Nerium oleander Linneus (Pink oleander)
and Thevetia peruviana Juss (yellow oleander), are widely
recognized for containing compounds that are very toxic
to mammals [2]. All parts of the oleander plants (seed,
bark, flower) are poisonous to man, animals and certain
insects. Inhalation of smoke or the ingestion of sap or
honey produced from oleanders has resulted in poisonings
of human and animals. Ingestion of a single leaf can be
considered potentially lethal in children [3].
Szabuniewicz et al. [4] examined oleander toxicity in
monkey, goats, mice, rat and chickens. These animals were
found to be very sensitive. In addition, the extract optained
from Nerium indicum delayed larval and pupal development and decreased adult longevity of Muscina stabu lans
(Diptera: Muscidae) [5]. Ingestion of the milky sap of the
N. indicum reduced also fertility in males of the oriental

tal tobacco budworm Helicoverpa assulta [6]. Anatomical
defects were observed in reproductive system with oleander treatment in the red cotton bug Dysdercus similis
(Pyrrhocoridae: Heteroptera).
Apart from all the toxic effects, the extract of Nerium
has caused significant biochemical changes at different
animal groups. For example, total protein level was reduced in the fresh water snails Lymnaea acuminata and
the fishes Channa punctatus after treatment with aqueous
latex extract of N. indicum [7]. Similar effects were obtained also in rats [8]. The amount of some enzymes associated with development in the oriental tobacco budworm
Helicoverpa assulta (Lepidoptera: Noctuidae) decreased
too [6]. But, most previous studies do not focus on insects
and therefore very little literature information is available.
In the present paper, we aimed to describe the effects
of the aqueous extract of Nerium oleander leaf and its
latex on total protein level in D. melanogaster.
MATERIAL AND METHODS
Organism

The original parental stocks of Drosophila melanogaster
Meigen (Diptera: Drosophilidae) used in the experiments
were homogeneous (i. e. highly inbred for years). They
were kept in Drosophila culture cabinets at 25 ±1 oC in
culture bottles containing Standard cornmeal, sugar and
agar medium (Standard Drosophila Medium: SDM) and
40-60% relative humidity.
Collection and preparation of
the aqueous extract of N. oleander

The leaves of N. oleander were collected locally from
their natural habitat and were identified by Asst. Prof. Y.
Kaya, a plant taxonomist at the Department of Biology,
Atatürk University, Erzurum/Turkey.
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Leaves of N. oleander (15 g) were homogenized with
100 mL distilled water in a Waring blender for 10 min.
Half of the obtained N.oleander extract (NoE) was boiled
for one hour (bNoE). The other half was not boiled (ubNoE). Both extracts were filtered through a filterpaper
(Whatman no. 1) and kept in a refrigerator at -20 oC. The
latex of N. oleander (LNo) was drained into a glass tube
by cutting the stem apex and was purely used at once.
Application of N.oleander latex and extracts to flies

The parental flies were exposed for 9-10 days to five
different concentrations (2.0; 4.0; 6.0; 8.0; 10 mg/mL) of
the LNo, bNoE and ubNoE. For this purpose, extracts of
N. oleander were added to 100 mL of SDM. The flies
with the same age and virginity (for females) were mated
(7♀ x 7♂). Control group was kept in culture vials containing only the SDM without treatment. The culture vials
were incubated for 9 days till completion of metamorphosis. The F1 generation belonging to exposed parental were
used for the determination of total protein level.
Total Protein Determination

F1 individuals belonging to application groups (LNo,
bNoE, ubNoE) were homogenized in liquid nitrogen.
After that the homogenate was put into 2 mL of 0.05M
phosphate buffer (pH 6.8). The homogenates were centrifuged at 15.000g for 15 min and sediments were collected.
Total protein level in supernatant was estimated according
to the method of Bradford [9] using bovine serum albumin
as standard. Values have been expressed as µg protein /mg
of tissue.

P rotein	
  C ontent	
  ( µ g /m L )

140

C ontrol

2

4

RESULTS AND DISCUSSION
In the present study, the effects of N. oleander on the
protein level of D. melanogaster by continuous feeding of
LNo, bNoE and ubNoE mixed with diet throughout the
methamorphosis period were investigated. LNo, bNoE
and ubNoE affected the total protein level in the F1 generation. Table 1 shows a significant (P<0.05) dose- dependent decrease in protein level of D.melanogaster exposure
to Nerium extracts and its latex at different concentrations, according to control. For example, exposure to 10.0
mg/mL (highest dose of application groups) of bNoE,
ubNoE and LNo caused the greatest decrease in the total
protein level, 80 µg/mL, 59.2 µg/mL and 46.4 µg/ mL,
respectively. The negative effects (on total protein level) of
different extracts of N.oleander changes depend on application groups and increasing dose as shown in Figure 1. The
ranking of toxicity of three extracts are LNo > ubNoE >
bNoE (Figure 1).
TABLE 1
Effects of chronic exposure of ubNoE, bNoE and LNo at different
concentrations on the total protein level (µg/mL) in D .melanogaster.
Concentration
(mg/mL)

bNoE

ubNoE
a

125 ±4.16
125 ±4.16
(100)
(100)
119 ±2.01ab
91 ±2.65b
0.2
(95,2)
(72,8)
115 ±2.64bc
90 ±2.08b
0.4
(92,0)
(72.0)
110 ±2.51cd
84 ±3.21bc
0.6
(88.0)
(67.2)
103 ±2.64de
79 ±2.04cd
0.8
(82.4)
(63,2)
100 ±2.51e
74 ±4.58d
1.0
(80.0)
(59.2)
Values are mean ±SD of three replicates.
Values in parentheses are % change with control.
Control
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C onc e ntra tion	
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FIGURE 1 - Comparisons of the effects on the total protein level of
LNoE, bNoE, ubNoE at different concentrations in D.melanogaster.
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125 ±4.16a
(100)
85 ±3.21b
(68.0)
80 ±2.05bc
(64.0)
73 ±2.04d
(58.4)
65 ±1.73e
(52.0)
58 ±2.64f
(46.4)
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Similar results have also been observed by previous
researchers at different organisms. Guzman and Ambros
[10] observed that the aqueous extract of Nerium indicum
is an effective insecticide against house pest Blatta orientalis (Cockroaches). According to Singh and Singh [11,
12], latex of N.indicum is highly effective in killing the
snail Lymnaea acuminata and freshwater fish Channa
punctatus. These findings are similar to those of Tiwari
and Singh [7]. Besides, N .indicum caused also a significant decrease in the level of protein in Lymnaea acuminata snails. An earlier report [12] showed that the extract of
N. indicum usage against on Tribolium castaneum adult
were altered at total protein level. Al-Yahya et al. [8],
reported that feeding with the extract of N. oleander
leaves caused more serious toxic effects and changes the
total protein level of rats.

In conclusion, the obtained results show that both
aqueous leaf extract of N.oleander and its latex caused a
significant reduction in the total protein level in D. melanogaster. Moreover, the toxicity was enhanced in D.
melanogaster fed with the latex mixture. But, further studies are necessary to elucidate the possible mechanisms of
negative effects of oleander on protein level.

Decreasing of protein can be caused by following
reasons. Natural plant products belonging to Leguminosae, Papaveraceae and Apocynaceae are piscicidal,
insecticidal and molluscicidal [6, 14, 15]. These products
show toxic effects (especially developmental abnormalities or malformations of extremities) and also alters the
enzyme pattern in the animal body. According to the
“American Medical Association Handbook on Poisonous
and Injurious Plants” [16], common oleanders contain two
toxic principles that are biologically active components
within the oleander (e.g. oleandrin and nerioside). These
components cause both toxic effects and stress.
It is well known that protein levels decrease under
various physical and chemical stresses [15]. During stress
conditions, animals need more energy to detoxify the
toxicants to overcome stress [7]. At the chronic period of
stress, the proteins were synthesized as a source of energy. If the carbonhydrates are limited, the next alternative
source of energy is protein to meet the increased energy
demand. Perhaps, total protein level can also be low in
Drosophila melanogaster because of the reason mentioned above. On the other hand, the toxic effect of NoE
may have severe implications for the permeability of
membrans. This leads to the release of some proteases,
enzymes that degrade protein molecules. Vorbrodt [17]
has reported that alkaline phosphatase plays an important
role in the transport of metabolites across the membranes
and protein synthesis. Aqueous extract of leaf of N. oleander and its latex may also have anti-phosphatase activity. It is probably that reduction in protein level may be
due to the inhibition of alkaline phosphatase activity.
Apart from this, the decreasing of soluble protein level may be due to the inhibition of DNA synthesis by NoE.
Natarajen [18] suggested that inhibition of DNA synthesis
might affect the protein level by decreasing the level of
RNA in protein synthesis. It appears that the lack of DNA
synthesis might have affected both RNA and protein
synthesis. Besides, decrease in the protein levels may be
due to inactivation of the ribosomal units [14].
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SUMMARY
A method for isokinetic sampling of metals in the
particulate and vapour phase in flue gases is described.
The particulate matter was trapped on quartzfibre filters,
held by a custom made 45 mm filter holder. The metals in
the vapour phase were trapped in absorption solutions. The
calculations of necessary gas flow for obtaining isokinetic
gas sampling conditions and the calculations for normalizing the sampled gas volume are described in detail.
The developed method was used for sampling flue
gases from the incineration of the following five waste
fuels: household waste (MSW), pelletized return plastics,
pig manure mixed with sawdust, wooden building materials and small particulate residue remaining after splintering of the wooden building materials. A considerable
level of lead was observed in flue gas from incineration of
return wood. Flue gases from household waste contained
the lowest levels of metals.

control authorities and the waste incinerator operators to
have accurate and reproducible means of sampling and
measuring gas emissions.
By using a gas-sampling probe under isokinetic conditions, a representative sample of the flue gas can be collected directly [2]. This is the preferred method for metal determinations in flue gases [3, 4] in the US. No standard
procedure has been proposed in the EU, though the USEPA method is commonly applied [4]. Volatilised metals
can be quantitatively sampled by capturing the metals in an
absorbent solution, while the particulate emissions can be
sampled by capturing the particles on filters.
In this work a method for sampling gaseous and particulate emissions is described. The flue gases from a
small-scale waste incinerator burning five types of wastes
have been sampled to verify the described method, and to
assess the potential metal content in flue gases from incineration of these waste-fuels.

KEYWORDS:
Isokinetic sampling; heavy metal emissions; method development; incineration; waste fuels, small scale incinerator.

MATERIALS AND METHODS
Equipment

INTRODUCTION
Due to the high combustion temperatures obtained
during waste incineration, fractions of potentially harmful
metals in the waste are either evaporated or mobilized as
particulate matter, and thus emitted with the flue gas [1].
Cyclones, electrostatic filters and gas scrubbers will remove most particulate and gaseous metals from the flue
gas. In many countries the governmental pollution control
authorities have issued strict limits for maximum allowed
metal contents in the flue gas finally emitted from incineration plants. It is thus necessary for both the pollution

An EVA 1.0 quartz-glass gas-sampling probe from
MetLab AB (Enköping, Sweden), which was constructed
according to ISO 9096:2002 [5], was used for the sampling. The measurement of the flue gas velocity to ensure
isokinetic conditions when sampling was performed with
a Testo 445 or Testo 360 (Lenzkirch, Germany) gas analyser with pitot tube.
The filter holder and thimble supplied with the gas
sampling probe was exchanged for a custom made 45 mm
planar quartz filter holder (Fig. 1), as the original filter
thimbles were difficult to fit into the used microwave
digestion vessels. Munktell MK-360 quartzfibre filters
(45 mm diameter) (Munktell AB, Sweden) were used for

624

© by PSP Volume 14 – No 7. 2005

Fresenius Environmental Bulletin

capturing the particulate matter. The sampling train containers, the quartz probe parts and the quartz filters were
all immersed in 2.5 M nitric acid for 24 hours, rinsed with
de-ionised water and dried before use.

sampling, by use of a hot air blower connected to the probe
housing. The absorption solution, containing 5 % (V/V)
HNO3 and 10 % (V/V) H2O2, is known to oxidize and
quantitatively absorb metals in the gas phase (mercury
excluded) [4, 7]. In order to protect the probe and filter
from potential back flow of gas and liquid, the first bottle in
the sampling train was empty. After sampling, the absorption solutions were heated at just below 100 ºC, to remove
H2O2 and to pre-concentrate the analytes.

FIGURE 1 - Quartz filter holder. The holder was made to fit into
the Metlab EVA sampling probe. A: Brass attachment screw, B:
Teflon filter support, C: Quartzfibre filter.
Materials

All reagents were prepared from suprapur grade chemicals, and only de-ionised water (> 18 MΩ/cm) was used.
The five kinds of waste incinerated and sampled
were: dry household waste (MSW) with potential wet organic matter removed (a mixture of cardboard, plasticbags
and other plastic items, pieces of wood and newspapers),
pelletized return plastics (a mixture of various fragmented
return plastics, mixed with clean woodchips (1:1 v/v)), pig
manure mixed with sawdust and woodchips (1:1 v/v), splintered wooden building materials (return wood, 3 - 15 cm
fragments) and small particle residue (with a large content
of paint chips) remaining after splintering of the wooden
building materials.
Metal determinations

Determinations of selected elements were performed
by ICP-MS (Perkin Elmer Sciex ELAN 6000) with indium as internal standard. Filters were microwave digested
with 5 ml concentrated nitric acid prior to analysis. Accuracy in the analysis was controlled by concurrent analysis
of CRM BCR-176 City waste incineration ash [6]. Where
certified values were lacking, spiked samples were used.
The found results from the CRM and the spiked CRM
were all within ± 8 % of the true values.
Sampling of flue gas metal emissions
from an incineration oven

The sampling of volatilised metals and particulate matter in the flue gas was performed by extraction of the gas
through a sampling probe, as shown in Fig. 2. The particulate matter was trapped on a filter and the volatilised metals
in absorption solutions (Fig. 2). The method is described in
US-EPA method 0029 [4], and has also been utilized elsewhere in the literature [7, 8]. When particulate matter is
sampled in a gas stream, it is important to ensure isokinetic
conditions, i.e. that the gas-velocity through the sampling
probe is the same as the flue gas velocity in the stack, and a
representative part of the particulate matter is collected [2].
During sampling, particulate matter (fly ash) was
trapped on the quartz-fibre filter (Fig. 1). To avoid condensation of water and potential clogging of the particulate
filter, the gas-sampling probe was heated to 120 ºC during

FIGURE 2 - Equipment for sampling of particulate and gaseous flue
gas emissions. (A) Quartz sampling probe with filter-holder and
quartzfibre filter. The sampling probe is heated during sampling
with a hot air blower (not shown). (B) Sampling train with absorption solutions, (C) Container with chilled water, (D) Silica gel gas
dryer, (E) Combined dry-gas flow meter and thermometer.

The particulate filter provided with the sampling
probe was exchanged for a smaller filter in a customized
filter holder (Fig. 1). A 45 mm quartzfibre filter was used.
This worked well, except that the backpressure over the
filter became too high under conditions with low temperatures in the flue gases (< 90 ºC), resulting in condensation
of water and breakage of the sample filter, even though a
filter support was used. This was improved by using double filters and a Teflon grid as support behind the filters
(Fig. 1).
To calculate the fly ash content of the flue gas, the
dry filter was weighed before and after sampling. After
sampling the sampling probe was flushed with acetone,
and the spent acetone was collected. After evaporation,
the mass of the particles in the sampling probe was added
to the mass of the particulate matter on the filter.
To quantitatively calculate the metal content of the
normalized volume of the flue gas, the sampled gas vol-
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ume was estimated using a flow meter (Fig. 2). The gas
was dried with silica gel before passing through the flow
meter. The temperature of the gas was also measured. If
no automatic equipment for the determination of the vapour content of the flue gas is available, the amount of
water in the gas can be calculated by weighing the silica
gel and the three bottles in the sampling train before and
after sampling.
According to the EU regulations for waste incinerator
plants, the final metal and fly ash content in the flue gas is
reported as the content per normalized gas volume (dry
gas, 273 K and 11 % oxygen) [9].

In order to avoid particle size segregation in the sampled gas, it should be sampled at a linear gas velocity that
matches the velocity of the flue gas in the stack [2, 10].
To achieve this, the gas velocity in the stack is measured,
and then the speed of the vacuum pump used for extracting the gas through the sampling probe is adjusted accordingly, after choosing the probe tip with the appropriate
diameter. Better precision and accuracy is gained if it is
avoided to use small diameter (< 5 mm) probe tips [11].
The gas velocity can be measured directly in the stack
using a pitot tube. However, when sampling flue-gas, the
gas flow will be measured and adjusted on dry and also
cooler gas than in the stack, which would lead to a loss in
measured volume at the vacuum pump compared to the
stack. A correction for temperature and water content must
therefore be made when the flue-gas volume is estimated.
The ideal gas equation (pV = nRT) can be used to
calculate the settings of the vacuum pump according to
the water content in the flue gas and the temperature in
the stack and at the vacuum pump, as shown in eq 1. The
volume (V) of the gas equation can be substituted with
flow (F) when dividing the volume with time on both
sides of the equation (V t-1 =F).

F
⇒ F = v⋅S
S

Assuming that a mole fraction of water vapour is
equal to the partial pressure of water, and that all the
water vapour is removed before the gas enters the vacuum
pump, we can correlate the gas flow F1 and F2 as shown
in eq 4.
F2 = F(Dry gas) = F1 (1-X H2O)

X H 2O =

(4)

mole-fraction of water vapour in gas (=

Combining eq 1, 2 and 3, we can express the gas flow
rate at the vacuum pump as in eq 5.

F2 =

(2)

The flow (F) will be equal to v · S (eq 2), where v is
the gas velocity in the probe tip (m s-1), and S is the cross
section of the probe tip (m2). S can also be expressed as in
eq 3, where D is the inner diameter of the probe tip (m):

(

v ⋅ π ⋅ D 2 ⋅ 1 − X H 2O
4

)⋅ p

T2
p2 T1
1

⋅

(5)

This equation was used to calculate the required gas
flow through the vacuum pump to obtain isokinetic conditions at the probe tip. The diameter of the probe tip, the
gas temperature at the tip and at the vacuum pump, the
vapour level of the gas and the gas velocity in the stack
are required to solve the equation. The equation is based
on calculations for an ideal gas, and the fugacity of gases
is not considered. However, the potential error generated
from this omission is small compared to the measurement
uncertainties when sampling flue gas.
Calculating normalized gas volume

Metal concentrations in flue gas are reported as mass
per normalized dry gas volume, i.e. usually atmospheric
pressure, 0 °C and 11% oxygen [9]. The normalized gas
volume can be calculated using the ideal gas equation,
pV = nRT. At constant atmospheric pressure and mole
we get eq 6.

V1 V2
=
T1 T2

(1)

p1 = pressure in the stack, Pa
p2 = atmospheric pressure, Pa
F1 = gas flow at probe tip, m3 s-1 (wet gas)
F2 = gas flow at the vacuum pump, after the drying of
the gas, m3 s-1 (dry gas)
T1 = gas temperature in stack, K
T2 = gas temperature at the vacuum pump, K

v=

(3)

4

Vwater vapor/Vtotal)

Calculating conditions for the isokinetic gas sampling

p1 ⋅ F1 p2 ⋅ F2
=
T1
T2

S=

π ⋅ D2

(6)

If Xr is the measured mole fraction of oxygen in the
sampled gas, and XN is the normalized mole fraction (11
% = 0.11), the normalized gas volume can be expressed
as shown in eq 7.

VN =

Vr TN (1 − X r )(1 + X N )
Tr

(7)

Vr, Xr and Tr are sampled gas volume, mole fraction
of oxygen in dry gas, and temperature measured at the
flow meter, respectively.
If the O2 content of flue gas is measure in wet gas, the
mole fraction “wet” oxygen ( X r ( wet gas ) ) was converted
to dry gas, as shown in eq 8.
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X r ( wet gas)

(8)

(1 − X H 2O )

Equation 8 can be inserted into eq 7, giving eq 9.

⎛
X r ( wet gas )
Vr TN ⎜1 −
⎜ 1 − X H O
2
⎝
VN =
Tr

⎞
⎟(1 + X N )
⎟
⎠

(9)

Equation 9 can thus be used to normalize flue gases
where “wet” oxygen is measured, and eq 7 for “dry” oxygen measurement.
RESULTS AND DISCUSSION
Metal level in flue gases from
incineration of five selected waste fuels

To investigate the potential emission of metals from
incinerator plants fueled by various waste-sources, flue
gases were sampled and analysed during incineration of
five selected waste fuels. All the selected materials have a
high calorific value but limited use, making energy recovery in waste incineration plants an attractive alternative.
The incinerations were done in a 40 kW small-scale
incinerator oven (Organic Power SK-50), where approximately 100 kg of the fuel was incinerated per sampling
day. During the sampling of the five waste fuels the fly
ash bag filter was disconnected to record the worst-case
flue gas emissions. The intensity of the fire was controlled
according to the temperature of the central heating water
boiler in the oven, by automatically adjusting the oxygen
supply. The flue gas was sampled isokinetically, with a
particle filter attached (Fig. 1).

It can be seen from Table 1 that the highest metal
emission in the flue gas was caused by incineration of
recycled wooden building materials and the residue left
after the splintering process of the building materials. All
the measured metals had a significantly higher level in
these two wastes, compared to the other fuels tested. Some
of the incinerated wooden building material was painted,
and the residue after the splintering also had a high content of paint chips. Some old paints have a high level of
metals, especially Pb [12], which probably explains the
very high concentration of this metal in the flue gas. Even
though the wooden building materials were supposed to be
free from copper-chromium-arsenic (CCA) -impregnated
materials, the high levels of chromium and copper measured, suggests that impregnated materials were in fact
present in the waste. For the return wood and the residue
left after the splintering process of the building materials,
the higher metal level in the particulate matter compared
to the vapour phase is even more pronounce than for the
other fuels.
As expected, the highest metal levels were found in
the particulate matter. Metals are known to condense on
particulate matter [8]. The found results confirm the importance of conducting flue gas sampling isokinetically,
since the particulate matter represents such a large part of
the total metal content in the flue gas. This also shows the
significance of utilizing cyclones or electro filters to remove particulate meter from the flue gas before discharge.
Of the five fuels tested, the lowest metal emission values were obtained from incineration of household waste.
This waste consisted of a non-homogenized mixture of
plastics, magazines, cardboard and other dry household
waste. The incineration of plastic pellets gave a relatively
high emission of lead, probably as a result of leadcontaining colour-pigments and stabilizers that are present
in some plastics [13].

TABLE 1 - Metal content in the flue-gas (particulate matter and vaporized metals)
after incineration of five selected waste fuels. Metal concentrations reported as µg/Nm3 (0 ºC, 11 % 02).

Metal

a

Dry MSW a

V
Cr
Mn
Co

Vapour
phase
0.10
< 0.67
3.5
< 0.03

Ni
Cu
Cd
Tl
Pb

< 0.16
4.0
0.98
0.24
18

Particles
0.14
1.0
21
0.04
0.68
15
5.2
1.4
100

Dried pig manure
mixed with sawdust
Vapour
Particles
phase
0.47
0.21
< 0.67
< 0.5
11
61
0.07
0.05
1.1
2.4
0.80
0.20
8.3

< 0.31
39
7.0
2.4
37

Return-plastic pellets
Vapour
phase
0.09
< 0.67
6.4
< 0.03
2.6
< 0.36
0.71
0.11
14

Particle filter burst during sampling

627

Particles
0.19
1.3
32
0.06
1.2
14
9.0
2.4
250

Wooden building
materials
Vapour
Particles
phase
0.38
0.78
< 0.67
31
4.3
65
< 0.03
0.43
4.7
0.85
1.6
0.07
22

1.1
60
58
1.4
1400

Wooden building
material residue
Vapour
Particles
phase
0.64
1.8
< 0.67
21
7.5
66
< 0.03
0.82
7.9
1.3
2.7
0.13
39

1.5
84
64
2.2
3300
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CONCLUSION
A method for sampling metals in flue gas and subsequently calculating the normalized volume of the sampled
gas is described. The equations presented enable the calculation of the sampling flow rate necessary to ensure isokinetic sampling of the flue gas. In practice, it is the setting of
the vacuum pump for a suitable tip diameter that is adjusted.
The use of a 45 mm quartzfibre filters to trap particulate matter was not satisfactory in the preliminary sampling runs, since the filters lead to high backpressure,
thereby causing the filter to burst. Double filters and a
filter support were therefore used for the final sampling,
but there were still incidents of burst filters.
Sampling of the flue gases from the incineration of
five selected waste fuels showed that incineration of recycled wooden building materials present a potential pollution problem, due to the relatively high content of a variety of metals. The high metal content was probably a result
of small portions of paint and impregnated wood mixed
with the clean wooden material. The emissions from these
fuels can be significantly reduced if particulate matter is
reduced in the flue gas before discharge. Household
waste, which accounts for a large part of the annual waste
flow produced, generated the least metal polluting flue
gas of the five wastes investigated.

[6]

Community Bureau of Reference (1984) Certified Reference
Material BCR No. 176. Trace Elements in a City Waste Incineration Ash. Institute for Reference Materials and Measurements, European Commission Joint Research Centre,
Geel, Belgium.

[7]

Wey, M.Y., Ou, W.Y., Liu, Z.S., Tseng, H.H., Yang, W.Y.,
and Chiang, B.C. (2001) Pollutants in incineration flue gas. J.
Hazard. Mater. B82 (3), 247-262.

[8]

Chang, M.B., Jen, C.H., Wu, H.T., and Lin, H.Y. (2003) Investigation on the emission factors and removal efficiency of
heavy metals from MSW incinerators in Taiwan. Waste
Manage. Res. 21, 218-224.

[9]

European Commission (2000) Directive 2000/76/EC of the
European Parliament and of the Council of 4 December 2000
on the incineration of waste. Official J. Eur. Commun. L332,
91-111.

[10] Seltzer, M.D. and Green, R.B. (1994) Instrumentation for
continuous emission monitoring of airborne metals. Proc.
Cont. Quality 6 (1), 37-46.
[11] Yoshida, H., Yamashita, K., Masuda, H., and Iinoya, K.
(1978) Effect of probe diameter on isokinetic sampling errors. J. Chem. Eng. Jpn. 1 (1), 48-52.
[12] Allen, P.D. and Burns, M. (1999) Evaluation of lead concentration in runoff from paint structures. Water Res. 33 (13),
2949-2958.
[13] Rigo, H.G. and Chandler, A.J. (1994) Metals in MSW: Where
are they and where do they go in an incinerator. National
waste processing conference proceedings ASME, 49-63.

ACKNOWLEDGEMENTS
The authors acknowledge the financial support given
by the Norwegian Research Council to acquire the
MetLab gas sampling equipment.

REFERENCES
[1]

Chang, M.B., Huang, C.K., Wu, H.T., Lin, J.J., and Chang,
S.H. (2000) Characterization of heavy metals on particles
with different sizes from municipal solid waste incineration.
J. Hazard. Mater. A79 (3), 229-239.

[2]

Lodge, J.P. (1989) Methods of air sampling and analysis.
Lewis publishers, Chelsea, MI, USA.

[3]

Lemieux, P.M., Ryan, J.V., French, N.B., Haas, W.J., Priebe,
S.J., and Burns, D.B. (1998) Results of the September 1997
DOE/EPA demonstration of multimetal continuous emission
monitoring technologies. Waste Manage. 18 (6-8), 385-391.

[4]

[5]

U.S. Environmental Protection Agency (1999) Determination
of metals in stack emissions from stationary sources. EPA
SW-846, METHOD 0029, U.S. Government Printing Office,
Washington, DC.
ISO 9096:2002 (2002) Stationary source emissions - Manual
determination of mass concentration of particulate matter.
ISO Central Secretariat, Geneva, Switzerland.

628

Received: April 29, 2005
Accepted: May 11, 2005

CORRESPONDING AUTHOR
Joar Karsten Øygard
Department of Plant and Environmental Sciences
Norwegian University of Life Sciences
1432 Aas - NORWAY
Phone: (+47) 64 96 55 35
Fax: (+47) 64 94 82 11
e-mail: joar.oygard@umb.no
FEB/ Vol 14/ No 7/ 2005 – pages 620 – 624

© by PSP Volume 14 – No 7. 2005

Fresenius Environmental Bulletin

GENOTOXIC SUB-LETHAL INJURIES,
FILAMENTOUS GROWTH AND CULTURABILITY
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SUMMARY
Enteropathogenic and coliform indicator bacteria become damaged with exposure to sub-lethal doses of various
biological, chemical and physical agents. Stressed bacteria
can grow, increase biomass, stay viable, divide very slowly
or not at all, which leads to filamentous growth as result of
the bacterial SOS-response. This can cause false negative
estimation of contamination and misinterpretation of results. To examine filamentous bacteriostatic growth, we
treated Salmonella typhimurium TA1535/pSK1002 with
model genotoxic agents (UV and 4-NQO). Dose-related
induction of bacterial SOS response was proved, measured
as umuC’-‘lacZ gene expression (error prone repair) and
co-expression of β-galactosidase activity. After UV and 4NQO treatment, the optical density of incubation mixture at
600 nm, the number of bacteria, percent incidence of normal-sized bacteria and the colony forming units decreased
significantly compared to control. The ability to form colonies on solid TGA media decreased rapidly and represented
only a small fraction of total counts obtained by fluorescence microscopy analysis. Consequences of sub-lethal
effects on the detection of S. typhimurium and other coliform bacteria as indicator organisms of contamination by
human and domestic wastes are discussed.

KEYWORDS: Salmonella typhimurium, UV, 4-Nitroquinoline-Noxide, SOS response, Cell division inhibition, Filamentous growth,
Culturability.

INTRODUCTION
The spread of water-borne diseases through consumption of faecally contaminated water and food products is a
major concern for many communities [1]. Contamination
sources of surface water include urban and farm runoff, dis-

charges from wastewater treatment facilities, wildlife, and
storm sewers. Different treatments (UV, ionizing radiation,
chlorination, H2O2, trisodium phosphate, etc.) were proposed for disinfection [2]. Enteropathogenic and indicator
bacteria become injured with exposure to sub-lethal levels
of various biological, chemical and physical agents, as well
as after disposal into the marine environment [3]. The
manifestation of this injury is the inability to grow and
form colonies on selective media, and can lead to a false
negative estimation of contamination. Controlling the
quality of water discharged from urban areas into water
along the coastline is a priority.
The response of bacteria to DNA-damaging agents of
natural and anthropogenic origin in the environment involves the triggering of a complex system of genes, termed
SOS response. Strains of Salmonella typhimurium have
been used as tester bacteria, a fast system for the detection
of genotoxins by monitoring SOS response in the SOS/
umu-test [4-7]. This response can be induced by genotoxic
chemicals, UV, X-rays and other stressors, e.g. temperature
and starving conditions [8-11]. The SOS system involves
more than 30 ’damage inducible genes‘ (recA, lexA, uvrA,
uvrB, uvrC uvrD, umuD,C, sfiA…) that participate in DNA
repair, recombination, and translesion DNA synthesis,
regulated by the production of RecA and LexA [12-14].
The strain TA1535 contains the multicopy plasmid
pSK1002, which carries the umuC'-'lacZ fusion gene, and a
gene for resistance to ampicillin [15]. Therefore, the level
of umuC gene expression (SOS repair induction) can be
monitored by the β-galactosidase activity in the cells.
Expression of SOS genes is tightly regulated. One of
the latest genes induced is sfiA (sulA), which codes for a
protein that inhibits cell division and causes filamentous
growth of the cells [16]. A filamentous growth analysis
by fluorescence microscopy was also applied here for
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monitoring induction of the SOS response. Induction of
SOS repair (sulA) resulted in inhibition of cell division of
bacteria and elongation into filaments. Stressed, filamentous, non-dividing or very slowly dividing bacteria can
grow, increase biomass and stay viable (active). During the
normal cell cycle, the size of S. typhimurium is 2-5 µm.
The completion of the replication cycle is connected with
growth and division of the cell [17]. But when DNA replication is impaired, septum formation is inhibited and long
filaments are formed [18, 19]. Such sub-lethally stressed
bacteria with lower culturability, growth division rate,
induction of tolerance responses with higher mutation
frequency (adaptive mutations) are of possible public
health concern [20-28].
With the model agents, UV and 4-NQO, we examined bacteriostatic growth, culturability, adaptive stress
responses and possible consequences on detection of sublethally stressed enteropathogenic coliform bacteria, S.
typhimurium.

MATERIALS AND METHODS
Reagents: Chemical sources were as follows: Dimethylsulfoxide (DMSO), 4-nitroquinoline-N-oxide (4NQO); phenylmethylsulfonylfluoride (PMSF), bromophenol blue (BrPh Blue), obtained from Sigma (St. Louis,
USA); 2-mercaptoethanol from Merck (Darmstadt, Germany); bactotryptone from Difco Laboratories (Detroit, USA).
Ampicillin
and
o-nitrophenyl-β-D-galactopyranoside
(ONPG) were purchased from Serva (Heidelberg, Germany). GelCode Blue reagents from Roth (Karlsruhe, Germany); SDS-PAGE molecular weight standards were obtained from Bio-Rad (München, Germany). All other
chemical reagents were of the highest commercially available quality.


activity (E420) was assayed by the colorimetric method
using ONPG as a substrate [29]. The genotoxic activity of
4-NQO was calculated as β-galactosidase units and expressed in enzyme induction ratios (IR), β-galactosidase
units of treated bacteria related to control. For fatty acids`
analyses, the incubation volumes were increased (50x)
and performed in Erlenmeyer flasks (100 ml).
The UV irradiation was carried out after bacteria
reached log phase growth. Preculture aliquots (2 ml) were
irradiated using UV Crosslinker (HL-2000, UVP Laboratory Products) in petri dishes (1.75 cm radius) with the following energies (0, 500, 1000, 2000, 3000 and 10000 µJ/ cm2).
Experiments were repeated three times, and all concentrations were tested in triplicate.
Fluorescence microscopy analysis: Bacterial samples
were fixed with glutardialdehyde at a final concentration
of 1%, and stored at +4 oC until work-up. Samples were
stained with 4’,6’-diamidino-2 phenylindole (DAPI; Sigma) with a final concentration of 1 µg/ml for 10 min and
filtered onto Nucleopore black polycarbonate filters of 0.2
µm pore size [30]. To determine bacterial abundances, a
Nikon Microphot-SA epifluorescence microscope was
used, equipped with a 100 W mercury lamp, a filter set
providing a 330-380 nm excitation band and a Fluor 100x
objective. At least 500 single cells were counted for each
sample at a final magnification of 1000x. Images were
recorded with a Hitachi KP-M1A camera and images
analyzed with the image analysis software LUCIA (Laboratory Imaging, Prague, Czech Republic).
Colony forming unit – CFU: Samples (100 µl) for CFU
determinations on solid TGA plates were taken at the end
of incubation. Culturable cells of control and treated bacteria were counted on TGA plates following serial 10-fold
dilutions in TGA liquid media (48 h, 37 oC).

Bacterial strains: S. typhimurium TA1535 used in this
study bears some genetic features: uvrB - excision repair
deficiency; rfa - corresponds to deficiency in a lipopolysaccharide which allows better diffusion of certain substances into the cell, and multicopy plasmid pSK1002 essential for measurement of SOS response induction and
ampicillin resistance.

SDS PAGE analysis and immunoblotting: Samples of
incubation mixture (1 ml) were centrifuged, 2 times washed
with distilled water and resuspended in 50 mM carbonate/
bicarbonate buffer (1 ml), pH 9.5. After sonication of
bacteria (2 x 30 sec) with an ultrasonic disintegrator
(Soniprep 150, MSE England), protein amounts were
determined according to Lowry et al. [31] using BSA as a
standard.

4-NQO and UV treatments: The SOS/umu-test test was
performed according to Oda et al. [4]. The overnightculture was diluted 50-fold with fresh TGA medium (1%
bactotryptone, 0.2% glucose, 0.5% NaCl) with the addition of ampicillin (20 µg/ml), and incubated at 37 oC until
the bacteria reached log-phase bacterial growth (preculture). The incubation mixture consisted of the test
compound, 4-NQO, dissolved in DMSO (20 µl), logphase bacterial culture (800 µl) and 0.1 M phosphate
buffer, pH 7.4 (180 µl). After 2 h of exposure, at the end
of incubation, the bacterial growth was measured as optical
density at 600 nm (E600) and the level of β-galactosidase

One-dimensional (1-D) analysis of cellular proteins
was performed by discontinuous polyacrylamide gel electrophoresis (SDS-PAGE) according to Laemmli [32].
Briefly, 20 µg of total bacterial proteins were applied in
loading buffer (150 mM Tris pH 6.8, 4% SDS (w/v), 20%
glycerol (w/v), 2-mercaptoehanol (v/v), 0.02% BrPh Blue)
and separated according to their molecular weight (10%
gel/100 v/v const.). The levels of heat shock proteins in
the bacteria were detected by Western blot analysis after
1-D separation as previously described [33]. Membranes
were probed with primary monoclonal antibody against
HSP70 (H-5147), HSP90 (H-1775) and secondary anti-
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body anti-mouse IgG1 alkaline phosphatase conjugated
(A-3563), obtained from Sigma, USA. The immune complexes were visualized using NBT/BCIP. Gels stained
with GelCode Blue reagents and corresponding Western
blots were scanned using an Epson 3200 Perfection scanner
(Epson Corp., USA), and the obtained TIFF files (300 dpi,
16 bit/pixel) analyzed with Odyssey software v.1.1 (LICOR Corp., USA). Molecular weights were determined
using Bio-Rad broad range standards.

resulted in DNA damage and a dose-related induction of
bacterial SOS response (Fig. 1). As expected, the treated
cells showed higher increased IR compared with control.



After treatment with serial dilutions of 4-NQO, Salmonella cells were collected by centrifugation at 4000x g for 20 min, washed twice with
deionized water and analyzed for fatty acids. Bacterial
pellets in 100 mm x 13 mm screw cap test tubes were
saponified, methylated and analyzed as described. The
samples were added to 1.2 N NaOH in 50% aqueous
methanol solution. The tubes were placed in a boiling
water-bath for 30 min. After cooling, the saponificate was
acidified with 6 M HCl (pH<2), 12% BF3 in methanol
was added and again boiled for 10 min. After cooling, the
fatty acid methyl esters (FAMEs) were extracted with dichloromethane and analyzed by gas-liquid chromatography
(GLC) on a 6890N Network GC System, equipped with a
5973 Network Mass Selective Detector and a capillary
column (30 m x 0.25 mm x 0.25 µm; cross-linked 5% phenylmethylsiloxane) using ultra high purity helium as carrier gas. The GLC settings were as follows: programmed
column temperature, 145 °C by 4 °C/min up to 270 °C and
constant column pressure, 15 psi. Retention times, peak
areas and mass spectra were recorded on ChemStation
Software. FAMEs in the samples were identified by mass spectral data and family plot of equivalent
chain length data (ECL) for the GC used. Bacterial FAME
standard mix (Supelco, USA), and various individual pure
standards (Sigma, Germany) were used for quantification.
Fatty acid analysis was performed two times after treatment of bacteria with serial dilutions, 1:2 and 1:3 of 1 µg/
ml 4-NQO, with similar results.

Induction ratio (IR)
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8
6
4
2
0

Fatty acid analyses:

0
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1,000

UV (x 100 µJ/cm2)

Induction ratio (IR)

12
10
8
6
4
2
0
Control

0,063

0,125

0,250

4-NQO (µg/ml)

FIGURE 1 - Induction of bacterial SOS response measured as
expression of umuC’-‘lacZ gene by a) UV and b) 4-NQO treatment of S. typhimurium TA1535/pSK1002. Induction ratios at
least 1.5 are sufficiently positive results, estimated as minimal
concentrations of genotoxin required to produce statistically
significant increases from background controls.
Effect of UV and 4-NQO on bacterial growth: Bacteriostatic effects on bacterial growth were measured as biomass
(E600), counted number of bacteria and CFU (Table 1)
after 2 hours of UV irradiation and incubation of serial
dilutions of 4-NQO with the tester strain. Results of
counting and length measurements by epifluorescence
microscopy from this study showed filamentous growth
of the treated bacteria (Fig. 2). The number of bacteria
decreased, and incidence of filamentous bacteria increased depending on genotoxic agents` dose (Table 1).

Results are presented as mean values
of three separate replications with standard deviations.
Data were tested for significance level using Welsch
multiple comparison test [34].
Analysis of data:

RESULTS
Induction of SOS response: The induction of SOS repair/response by genotoxic activity of model agents, UV
and 4-NQO, was measured after 2 hours of incubation
with S. typhimurium TA1535/pSK1002 in the SOS/umutest. After β-galactosidase determination, genotoxic activity was expressed as enzyme induction ratio (IR). The
amount of β-galactosidase formed during incubation is a
function of the growth rate, increase of biomass and SOS
repair (umuD,C) induction. The results as IR of different
doses of UV and 4-NQO proved that treatment of bacteria
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a)

c)

b)

d)

FIGURE 2 - Filamentous growth of S. typhimurium after exposure to genotoxic stress: 4-NQO - a) Control, b) 1.00 µg/ml, and
UV - c) Control, d) 10000 µJ/cm2. All photos were taken under
epifluorescence microscopy at 1000x magnification. Bar represents 5 µm, normal-sized bacteria during dividing cycle and exponential growth in liquid TGA media.
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TABLE 1 - Bacteriostatic effect of different doses of UV and 4NQO measured as decreased bacterial growth (biomass, E600),
counted number of bacteria, percent incidence of normal size bacteria, and CFU after incubation treatment. Results are presented
as mean values of three separate replications. Values were tested
for significance level using Welsch multiple comparison test.
Biomass

(µJ/cm2)
Control
500
1000
2000
3000
10000

E600
0.992
* 1.071
* 1.094
1.022
0.994
** 0.853

4-NQO

Biomass

(µg/ml)
Control
0.063
0.125
0.250
0.500
1.000

E600
1.062
1.068
1.035
1.023
* 0.958
** 0.863

Number of
Bacteria
(107/ml)
83.2
** 52.0
** 38.7
** 34.3
** 31.7
** 31.6

Bacteria
(< 5 µm)
(%)
100
* 80.6
** 71.8
** 63.8
** 29.9
** 35.7

Number of
Bacteria
(107/ml)
90.5
76.7
** 61.5
** 59.1
** 57.1
** 53.0

Bacteria
(< 5 µm)
(%)
100
100
* 82.4
**65.1
**43.5
**20.4

CFU
(107/ml)
93.2
* 45.6
** 41,8
** 28.3
** 11.1
** 1.3

C)

D)

E)

d)

e)

f)

*

350

**

**

300

*

250

*

hsp85
hsp78
hsp74

200
150

*

*

*

100
50
0
0,063

0,125

0,250

0,500

1,000

CFU
FIGURE 4 - Western blot analysis of HSPs using anti-HSP70
and anti-HSP90 antibodies after incubation of bacteria with
4-NQO: a) Control, b) 0.063, c) 0.125, d) 0.250, e) 0.500, and f)
1.000 µg/ml. The molecular weights of the detected HSPs are
indicated on the left, 85, 78 and 74 kDa. Level of significance,
* P<0.05, ** P<0.01.

(107/ml)
85.6
69.9
* 45.8
** 25.0
** 10.3
** 3.8

Heat shock response induction: Cellular proteins were
also studied by electrophoretic separation. S. typhimurium
TA1535/pSK1002 was characterized by a pattern containing 30 protein bands (Fig. 3).
B)

c)

4-NQO (µg/ml)

After incubation, growth is strongly reduced at higher
doses of UV and 4-NQO, measured as reduction of biomass, number of bacteria, percent incidence of bacteria
normal size (< 5 µm) and CFU. Regardless of the inducing
SOS response, consistent morphological and physiological
changes occur, including increased resistance to additional
treatment by 4-NQO (0.125 µg/ml) (data not shown).

A)

b)

400

Control

* P<0.05, ** P<0.01

MW MARKERS

a)

85
78
74

Relative optical density (ROD)

UV

Mw (kDa)

Protein analysis using SDS-PAGE showed considerable
homogeneity, some qualitative differences (changes) in 1-D
protein profile of control and bacteria treated with the highest dose of 4-NQO (1 µg/ml) were observed. Induction of
three heat shock proteins (approx. 74, 78, 85 kDa) was
detected using Western blot analysis (Fig. 4). As shown,
4-NQO treatments of bacteria resulted in a dosedependent increase in level of expression of all three
HSPs detected. Maximal levels of hsp74 and hsp85 were
detected in bacteria treated with 0.5 µg/ml, and hsp78
with 0.25 µg/ml 4-NQO. Treatment of bacteria with the
highest dose of 4-NQO (1.0 µg/ml) caused no difference
induction compared to control.
TABLE 2 - Fatty acid composition of S. typhimurium in control
and after exposure to 0.063 µg/ml, 0.125 µg/ml, 0.250 µg/ml,
0.500 µg/ml and 1.000 µg/ml 4-NQO.

F)

Fatty acid
(%)
12:0
14:0
unknown
16:1
16:0
cy17:0
18:1
18:0
cy19:0

FIGURE 3 - 1-D protein analysis of bacteria after incubation
with 4-NQO: a) Control, b) 0.063, c) 0.125, d) 0.250, e) 0.500,
and f) 1.000 µg/ml. Proteins from total bacterial lysates (20 µg)
were separated by SDS-PAGE (10% gel). The sizes of the molecular weight standards indicated by lines on the left are 201,
116, 97.4, 66, 45, 29, and 19 kDa.

4-NQO (µg/ml)
Control 0.063
6.3
6.1
12.1
13.7
1.9
2.8
14.9
11.5
41.2
48.4
10.6
8.1
8.7
6.6
0.6
0.5
3.2
2.4

0.125
6.7
13.7
3.6
12.4
45.1
7.0
7.6
0.7
2.1

0.250
6.4
13.6
2.8
11.6
45.8
9.0
7.0
0.5
2.4

0.500
6.4
13.6
2.8
10.7
48.1
9.0
6.2
0.4
2.3

1.000
6.0
13.3
2.6
10.8
48.5
9.2
5.9
0.5
2.3

SSFA
MUFA
CFA
SFA

60.2
23.6
13.8
73.9

68.6
18.1
10.5
79.1

67.1
20.1
9.1
76.2

67.0
18.6
11.4
78.3

68.4
16.9
11.3
79.8

68.3
16.7
11.4
79.7

16:1+cy17
18:1+cy19

25.4
11.9

19.6
9.0

19.4
9.7

20.6
9.4

19.7
8.5

20.0
8.2

cy17:0/16:1
cy19:0/18:1
SAT/UNS

0.71
0.37
3.14

0.70
0.38
4.37

0.56
0.28
3.80

0.78
0.34
4.21

0.84
0.37
4.72

0.85
0.38
4.76
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Effects of 4-NQO on fatty acid composition: To test
whether 4-NQO caused changes of fatty acid composition
during growth of S. typhimurium, we monitored and compared the fatty acid composition after exposure of the cells
to a series of different 4-NQO concentrations (Table 2).

The predominant fatty acids of the control cells growing exponentially in the absence of 4-NQO were hexadecanoic acid (C16:0), cis 7-hexadecenoic (C16:1) and cis
9,10-methylene hexadecanoic acid (C17:cyclopropane)
(Table 2). Generally, regarding to standard fatty acid profile of S. typhimurium in 4-NQO exposed cells, the degree
of saturation (SAT/UNS) increased resulting from increased proportions of saturated straight-chain fatty acids
(SSFA) and decreased proportions of the cyclopropane
(CFA) and monounsaturated (MUFA) fatty acids. After
initial decrease, the sum of the later fatty acids (CFA;
cy17:0, cy19:0) and their precursors (MUFA; 16:1, 18:1)
remained more or less constant, irrespective of the increasing 4-NQO concentrations (Table 2). However, same
changes occurred in their ratio and the proportion of each
of both pairs of acids.
DISCUSSION
With UV as natural and 4-NQO as anthropogenic model agents` known potent genotoxins with carcinogenic properties [4, 35-37], we examined bacteriostatic growth and
adaptive stress responses. Treatment of S. typhimurium
TA1535/pSK1002 bacteria with 4-NQO and UV induces
SOS response in a dose-dependent manner, measured as
umuC induction and filamentous growth (sulA).
The umuD,C gene is responsible for ’error-prone repair’ induced chemical and radiation mutagenesis. Singlestranded DNA gaps, formed when DNA lesions have
escaped repair block replication [12], lead to SOS stress
response. Cells activate a tolerance response, which involves filling in the DNA gaps without removal of the
lesion [38-40]. Increase of mutation frequency is caused
by miss-insertion opposite the lesion. This inducible mutator activity requires the SOS-inducible proteins UmuC,
UmuD’, RecA [41] and also polymerase III [42, 43]. It
should be noted that DNA alterations do not necessarily
depend on exposure to toxic/genotoxic compounds, but
they could be due to free radical production deriving from
normal oxygen metabolism during starvation and other
environmental stresses. Generation of mutations is consistent with the notion that SOS response has evolved as a
means of increasing genetic diversity under stress, thereby
accelerating adaptation of bacterial populations to hostile
environments [44-46].
Bacteria start filamentous growth after treatment with
UV and 4-NQO, because induction of sfiA (SulA) gene
product prevents cell division by interacting with the
division protein FtsZ that directs cytokinesis in prokaryotic organisms [47-49]. Treated bacteria decrease biomass
(optical density) only by 15% (UV 10000 µJ/cm2) and

20% (4-NQO 1 µg/ml), compared to other measured
parameters; total number of bacteria (62, 41%), incidence
of normal sized bacteria (64, 80%) and CFU (98, 95%),
indicating inhibited DNA replication, cell dividing arrest,
and physiological cell alteration. The ability to form colonies on solid TGA media decreased rapidly and represents
only a small fraction of total bacteria counts. Under SOS
response-induced conditions, bacteria can grow but cannot divide into two daughter cells before the DNA damage is repaired, which means that genotoxic effects resulted in bacteriostatic activity. Similarly, bacteriostatic
growth as immediate and prolonged or complete growth
inhibition was observed by temperature shift, addition of
toxic agents (4% ethanol, sodium azide), disinfectants,
CdCl2, Trp-P-2, nalidixic acid, puromycin, and starvation
[50, 5]. The injured state is transient, resulting from cumulative cellular damage and can be reversed after successful repair members of the population. Bacterial
growth continues due to the regrowth of the remaining
culturable (repaired) and/or undamaged cells.
In addition to filamentous growth after sub-lethal injuries, many of the investigations reported that S. typhimurium possesses the ability to switch into a viable, but
non-culturable (VBNC) state in response to different
environmental conditions [51, 21, 52]. VBNC state describes cells that remain metabolically active, but are
unable to divide in or on nutritional media that normally
support their growth. Such a dormant state could serve as
a survival strategy, which can be resuscitated upon receiving appropriate signals, e.g. extreme change of environmental conditions, such as the transition from the aquatic
system upon ingestion into the human intestinal environment [53, 54]. Roszak and Colwell [21] suggested to use
microscopic observation of division inhibition and filamentous growth after exposure to 3% urea [55] or 0.002%
nalidixic acid [56], to distinguish between viable culturable growing and short (dead) non-growing cells.
This study confirmed that also stressed filamentous
bacteria possess certain properties similar to VBNC state.
Villarino et al. [57] evaluated the capacity of current
viability markers to distinguish between live and dead E.
coli cells. They found differences in residual metabolic
activities, cellular integrity and cell elongation in live, UV
and heat-killed cells within hours, and even 48h after
treatment. Although filamentation of Salmonella cells is
accompanied by decrease in culturability, only a small
fraction of total bacteria were able to form colonies on
solid media. An explanation could be the expression of
cea and caa genes, which are included in SOS response
also. Except the genes umuC, umuD, and sulA, that of cea
and caa in E. coli are expressed as the last genes in response to SOS induction [58]. The genes cea and caa of
colicinogenic plasmids coding for colicin E1 and colicin
A, can be regarded as apoptosis genes because their induction causes lysis and death of the cells.
Patterns of changes in gene expression in response to
DNA damage include a large number of genes with dif-
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ferent response profiles. Khil and Camerini-Otero [59]
reported that more than 1000 genes change their expression levels after DNA-damaging treatment with mitomycin C. In addition to the SOS response, other stress regulons are induced, including σ32 – the major adaptive heat
shock response. Heat shock factor σ32 coded by rpoH
gene is a regulator of hsps gene expression during growth,
stationary phase, and other cellular stresses including
DNA-damaging agents, amino acid analogues, starvation
for carbon source, unfolded protein, alkaline shift, ethanol, oxidative stress, osmotic stress and general stresses
including nutritional starvation. This suggests that HSPs
may protect cells against a variety of environmental
stresses [60-62]. Significant induction of three HSPs (74,
78 and 85 kDa) as bacterial homologues after 4-NQO
treatments was observed. The antibodies used, anti-HSP70,
cross-react with bacterial ca. 74 kDa HSP70 (DnaK), a
molecular chaperone [63] that plays a critical role in exponential and stationary phase physiology and certain
forms of stress. There are some indications that heat
shock proteins (lon) and DnaK play a role in degrading
and stabilizing interactions of SulA and FtsZ proteins [64,
65]. Future studies should, therefore, include analyses of
possible relationships between different cellular stresses
and stress responses included (increasing bacterial resistance), essential for our understanding of the ability of
the bacterial cell to survive and adapt to various stressful
environmental conditions.

cells likely underestimate faecal colifom content. Similar
studies [74, 75] examined effects of simulated solar disinfection, UV-A, UV-C and artificial seawater on infectivity, pathogenicity, viability and culturability of S. typhimurium cells. Pathogenicity tested in a mouse model was
lost with culturability, whereas cell viability remained
undamaged.
The present results confirmed that stressed, sublethally damaged filamentous bacteria with lower culturability could be a problem for detection of faecally contaminated water and food products. Standard methods and
media used in medical and environmental microbiological
laboratories do not take into consideration those conditions described above. New methodologies are now being
employed to identify the pathogens and their sources,
application of molecular biology techniques to address
questions concerning water quality may offer the tools for
researchers and regulators to continue efforts for better
sanitation [76, 77]. Further investigations of the interrelations of sub-lethal injuries, filamentous growth, culturability of S. typhimurium and stress responses under different environmental stress conditions at individual single
bacteria cell level are needed.

Bacterial cells alter their fatty acid and phospholipid
composition when grown in the presence of sub-lethal
concentrations of a variety of organic solvents, food additives and pesticides [66, 67]. Many of the observed
changes are consistent with the hypothesis that cells adapt
their membrane lipids to compensate for the presence of
these compounds in the environment [68-70]. The presented results showed a typical response of stressed gramnegative bacteria, increasing in the following ratios: saturated to unsaturated fatty acids, trans- to cis-monoenic
fatty acids and cyclopropyl fatty acids to their monoenic
precursors. Although filamentation of Salmonella cells is
accompanied by decrease in culturability, the relatively
constant fatty acid profile suggests that the majority of
cells remain viable (or at least non-lysed) under the incubation conditions with 0.5 and 1.0 µg/ml 4-NQO. Injury
4-NQO induced changes in bacteria appear to be similar
to the changes induced by environmental stress.
A number of studies have shown that stressed and
starved bacteria are more resistant to physical and chemical stress treatments than exponential-phase bacteria [71,
72]. Furthermore, coliform bacteria as indicator organisms of contamination by human and domestic wastes and
such reduced growth of sub-lethally stressed bacteria,
followed by lower culturability, standard most probable
number determination (CFU) and enhanced stress tolerance, are of public health concern. Rockabrand et al. [73]
suggest that the current standard procedures for
wastewater analyses that rely on detection of culturable
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THE EFFECTS OF PARAQUAT ON
POPULATION GROWTH OF Scenedesmus acutus
A. Kadri Cetin and Nurdogan Mert
Firat University, Faculty of Science, Biology Department, 23169 Elazig, Turkey

SUMMARY
In this study, the effects of paraquat on algae were investigated using Scenedesmus acutus. The results showed
toxic effects of paraquat on S. acutus on the third day. In
general, the growth rate of S. acutus in control cultures
are always high between 0 to 5 days, but that of cultures
treated with paraquat were suddenly decreasing between
3 to 5 days. In contrast, in all control cultures the growth
rate of S. acutus was always positive between 1 to 5 days,
but that at 8 µg/L of paraquat was only positive from 0 to
3 days and decreased at 4 to 5 days.

KEYWORDS:
Paraquat, Scenedesmus acutus, algal sensitivity.

INTRODUCTION
The use of pesticides has increased substantially in the
last four decades and contributed to both increased crop
yields and decreased production costs. However, pesticides also pose a threat to both the environment and human health. While many agricultural industries have taken
measures to reduce pesticide use in recent years, problems
can still arise when these chemicals are dispersed beyond
their target area.
Herbicides are widely used in modern agricultural
practices, and as most of their residues end in surface
waters, their behavior and effects in rivers, ponds, and
lakes are of global concern. Among the living organisms
in aquatic ecosystems, phytoplankton communities are
key targets for herbicide contaminations because of their
eco-physiological similarities with terrestrial plants (i.e., a
potent sensitivity of the same metabolic processes) and
their function of primary producers (i.e., a change in quality and quantity of primary producers will lead to a global
ecosystemic perturbation) [1]. Effects of herbicides in the
ecosystem do not remain restricted to target organisms,
but rather extend to non-target organisms, such as algae,

which play an important role in the primary production of
the aquatic ecosystem. Algae have been considered to be
indicators of the bioactivity of industrial wastes [2].
Most of the information on the ecotoxicity of pesticides
are related to the chemical tests either under laboratory
conditions, or separately, in experimental ecosystem studies.
Single species laboratory tests may indicate the approximate
pesticide concentration, at which particular species are
likely to be directly affected in natural waters [3].
It is very important to expand the knowledge about
harmful effects of toxic substances on population growth
of planktonic algae, since they are being an important
component of aquatic systems [4]. Toxicity of some pesticides on algae is higher than that reported by several
authors on organisms like zooplankton, filter-feeding
invertebrates and fishes [5-7]. This is an important fact,
because in the freshwater ecosystem algae are important
primary producers in the food chain, with phytoplanktonproviding food for a diverse community of invertebrates
and fishes. Depending on the pesticide toxicity, wetland
contamination could result in a die-off of many present
algal species, decreasing this food source [8].
The significance of phytoplankton species as primary
producers as well as their ability to intrinsically alter the
balance of the aquatic ecosystem has warranted greater
concern, due to the toxic effects of widely accepted insecticides. The effects of pesticides on growth, photosynthesis,
survival, reproduction, membrane permeability and other
metabolic activities of algae were studied by different authors [9, 10].
Paraquat is the most highly toxic herbicide to be marketed over the last 60 years. Yet it is the third most widely
used herbicide in the world. In most countries where it
has been registered, it can be used without restriction. It is
used on more than 50 crops in more than 120 countries.
Paraquat has been banned or restricted in 13 countries,
mainly for health reasons [11]. There is scarce information about the toxic effects of paraquat in microalgae.
This study reports the effects of different paraquat concentrations on population growth of Scenedesmus acutus.
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MATERIAL AND METHODS
Scenedesmus acutus was isolated from plankton samples in a fish-pond. This alga was grown in Jaworski’s
Medium, sterilized at 121 ºC, 1.05 kg cm-2 for 30 min.
Paraquat was used as test chemical. Single-species
experiments were carried out to know the change in the
total cell number. The stock and experimental cultures
were grown in the same liquid medium at a temperature
of 23± 1 ºC and a light intensity of 2000 lux on a 16-h
light and 8-h dark photoperiod. The inocula were prepared from this culture to provide an initial cell density of
12000 Scenedesmus acutus cells/mL in treated and control cultures. The media of Scenedesmus acutus were then
treated with 6-14 µg/L paraquat, just after inoculation.
Control cultures were incubated in the same medium
without the pesticide.
The experimental sets were run in triplicate, and all cultures were hand-shaken twice daily. After the cultures were
incubated, S. acutus cells were counted with an inverted
microscope at 0, 24, 48, 72, 96 and 120 h (1, 2, 3, 4, 5 days).

48 h, paraquat has no significant effect on growth rates of
Scenedesmus acutus in both control and treated cultures
(Figure 1).
The effects of paraquat on Scenedesmus acutus were
noticed, when the growth of all exposed cultures significantly decreased at the third day. Scenedesmus acutus was
counted in the control culture as 76000 cells/mL. However,
at the third day a non-significant increase of Scenedesmus
acutus growth in 6 and 8µg/L-treated cultures could be
observed, when compared to the control (Figure 1). The
toxicity data of some pesticides to the species of phytoplankton and those published for several species of phytoplankton with other herbicides have shown that the variations in sensitivity may be considerable [12]. The loss of a
few, particularly sensitive phytoplankton species from a
community containing hundreds of species may not be
considered to be significant, as long as the function of the
community remains unchanged. Most of the work in mixed
cultures of algae showed that pesticide application resulted
in elimination of sensitive species [9].
CONCLUSION
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RESULTS AND DISCUSSION
Control cultures with the same cellular density as the
treated ones were prepared, in order to determine the
effect of paraquat on population growth of Scenedesmus
acutus. S. acutus was affected in a different manner from
each concentration of paraquat as shown in Figure 1. At
the second day of inoculation, all concentrations of the
toxicant including the lowest ones exhibited significant
reduction in culture growth, with respect to the control. At
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INTERPRETATION OF ANALYTICAL VALUES
FROM RESIDUE ANALYSES OF FOOD SAMPLES
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SUMMARY
When applying instrumental analytical methods in residue analyses of food, sometimes the blank values can be
confused. For example, when interpreting HRGC- or
HPLC-spectra to answer the question of significance upon
the exceedance of permissible levels, the problem may
arise from registered peaks that cannot be assigned definitely. In this work, possibilities are presented to overcome these limiting factors in residue analyses.

KEYWORDS:
Analytical data, interpretation, food residues.

INTRODUCTION
For the correct evaluation of residue analyses data of
food samples, it is desirable to emphasize the following
aspects:
a) What criteria are normally used to ensure that a detectable residue in a food sample is not interfered by a
blank value?
b) How high is the degree of certainty of the residual
contaminant’s identity?
c) Does the determined value significantly exceed the
given threshold-value?
The first two questions can be answered with the aid
of statistical methods. Thereby, however, the certainty of
identity cannot be estimated, and the 3rd question can only
be answered when it is clear that the detected peak is free
from interferences. Every analyst is confronted with these
problems, but not everyone can start from the same initial
conditions. If the degradation rate of a chemical in the
food matrix shall be examined, then, providing that this
compound is well-known, the analyst can take food samples of the same type to determine the blank residues.

Also registered agencies who randomly take samples from
the market for analyses neither know what special kind of
residues exists, nor do they have comparable control samples. Therefore, in this study different approaches are discussed to cope with the above problems.
RESULTS AND DISCUSSION
In the following part, statistical methods are elucidated to avoid gross mistakes that can be made upon the
determination of residues, which lie in the vicinity of
magnitude of the blank values. The method of calculation
has to be simple, but valid for a limited number of random
samples. Then, an example must be followed to prove the
identification of a substance, which cannot be isolated,
and methods should be applied that are rich in information
about its structure, e.g. Mass Spectrometry (MS) or Fourier
Transform Infrared Spectroscopy (FTIR), etc. Finally, the
judgement whether a residue lies under the Permissible
Level (PL) or has already reached it, will be proved by
means of a mathematical statistical process.
As to the first question: For the evaluation, whether the
average analysis value can be distinguished with confidence
from that of the blank, it is possible to apply the t-test. The
preconditions are that both series compared are nearly
normally distributed and have similar and comparable
standard deviations (S). Then, the first step would be to test
with the help of the F-test. When the conformity of the S
values has been determined with sufficiency, the common
S of both series has to be calculated according to Eq. 1:
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S2 =

Σ (XiA - XA) 2 + Σ (XibL - XbL) 2
nA + nbL - 2

XiA:

Determined value

XA :
XibL:

Mean value
Blank value

XbL :

Mean blank value

(1)
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nA: No. of measurements of the determined value
nbL: No. of measurements of the blank value

postulate an infinite no. of degrees of freedom, t(s, f) is
converted to u. Further, if the analysis of the blank and
the food sample is carried out only on the value of the
square root-term of the t-test, then the following results
for both, nA and nbL, equals 1:

The t-test is followed as shown in Eq. 2:

t=

XA − XbL
s

×

nA × nbL
nA + nbL

(2)

Then it is tested whether t > t(s, f); where s is the
chosen statistical confidence (%) and f is the no. of “degrees of freedom” (Eq. 3):
f = nA + nbL – 2

(3)

When this condition is satisfied, it means nothing else
that the average blank value nA is not equal to the average
analysis value nbL, and, therefore, the existence of a residue has to be proven with the statistical confidence of s (n
is the true average value). The statistical confidence, i.e.
the threshold value, can be chosen freely, and t can be
tested against two threshold values using the t-test:
1st: t

>
>
= t (90%, f), or 2nd: t = t (60%, f)
<
<

XA − XbL is indicated to be, with a certainty of 90%,
higher than the blank value. If, on the other hand, t (90%,
f) > t > t (60%, f), then we state:
= N < t (90%, f) × s × ,

where N is the net-value.

Now, we will discuss this above suggestion and also
other ones, which have to be presented. We can indicate
as a basis of calculation that the blank value should be
determined 10 times, for which S according to Eq. 4 is as
follows:

Σ(XibL − XbL) 2
n −1

=

2

The chosen statistical certainty of the first threshold
values is s = 71%, and the corresponding value of u =
1.06. We substitute in the following equation:

nA + nbL
nA × nbL

t (95%, f) × s ×

1+ 1
1

⇒ 1.06 × s ×

2

⇒ u (71%) × s ×

≅ 1.5 s

and have as a result the limit, e.g. the threshold values. The second threshold value is obtained with u (27%)
= 0.35:

When the two blank and analysis values are obtained,
then the certainty for the threshold values 1.5 s and 0.5 s
is increased to:
u(s) × s ×

nA + nbL
,
nA × nbL

If, however, t > t (60%, f), then the results should be
N, “not detected”. In the first case, the existence of a
residue is very probable, but less probable in the second
case (not evaluated), and improbable in the third case,
which means that a residue can be designated as “not
detected”.

S=

1+ 1
1

=

u (27%) × s × 2 ≅ 0.5 s

Thus, the following evaluation of the results can be
stipulated: When t > t (90%, f), then the net-value

XA − XbL

nA + nbL
nA × nbL

(4)

The standard deviation applies then for a particular
type of fruits, e.g. apples, and an exactly described procedure. If now an analysis is carried out, the analyst fixes a
blank value and and compares the analytical results with
the threshold values obtained from the t-test. When we

4
4

u = 1.5
u = 0.5

= u(s) s
s = 87%
s = 38.3%

Many authors have already indicated that this procedure contains a long list of simplifications [2]. Above all,
it has to be kept in mind that the chosen certainties apply
not necessarily to the two formulated questions. However,
the important step is the establishment of standard deviations for a definite process and type of food samples. In
many cases, this may be admissible, but often the researcher will find from analysis to analysis that the magnitude of
the blank values as well as their dispersion (UV/VIS
analysis) are different. Therefore, this has to be verified in
each case with new determinations of the magnitude of
the blank value and its dispersion. This is a considerable
effort under normal circumstances, unless the t-test is
applied.
For example, if three blank values are determined and
two analytical ones, then the common standard deviation
is calculated according to the given formulas (Eq. 3 and
Eq. 4) and then turns to the t-test.
Example 1: The three blank values (3, 4, and 5), as
well as the two analytical ones (7 and 9) were found. Then
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Xbl = 4 and XA

= 8. Applying Eqs. 3 and 4 results in:
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s = 1.15 and t = 3.8; t (90; 3) = 1.64, t > t (90; 3).

is less frequent than their non-correspondence. The high
frequency then is superposed to the peaks (Figure 1).

Therefore, the value XA = 8 with 90% certainty is
higher than the average blank value. If t is smaller than t
(90; 3), then the following can be stated for the net-value:
N < 1.64 × s ×

5
; N < 1.72
6

For the n.d.-threshold, t (s = 60, f) has to be used.
Formally, the process is also valid for three blank values
and one analysis value, e.g. the blank value is 3.45 and
that of analysis is 9, for which t = 4.32.
4.32 = t > t (90; 2) = 1.9
If the analyst wishes to avoid the calculation of S, by
means of the first given formulas (Eq. 4), then S can be
estimated from the range w, whereby the weighed average
value of SWA and SWbL is avoided and preferably only SWbL
is used for the t-test.
The example then is calculated as follows:
Blank value = 3, 4, 5;
9; w = 5–3 = 2

X = 4; analysis value = 9; X =

w
Kw
2
0.89
3
0.59
4
0.49
5
0.43
Sw = 2 × Kw(u=3) = 2 0.59 = 1.18
t=

9−4
1.18

3
= 3.63
4

3.66 = t > t (90; 2) = 1.9
This test, in fact, is better due to small random samples; the estimation of S from the range is more effective
than following the common formula. The insignificant
difference in calculating S using both methods is not worthy to be demonstrated by these examples.
In residue analysis, the results are presented as recorded graphs. For example, every gas chromatogram
shows a background noise, which more or less is according to the chosen amplification. This noise presents an
average frequency, which is independent from the duration of the run. The detector registering the compounds
under evaluation, however, has a higher frequency at the
beginning of the chromatogram than at its end. When the
abscissas of the peak-turning points (z) are used in order
to describe the peaks, it can happen that z of a pertinent
small quantity-peak is similar to z of the noise peak, thus,
the noise signal is to be fully included in the errorcomputation. However, the correspondence of the z-values

FIGURE 1 - Postulated chromatogram from a flame photometric
detector; the detector displays a significant signal, even when the
measurement is smaller than 3 δ R.

The question here is not to test the significance of a
particular peak from one chromatogram, but to obtain and
compare the average values from many chromatograms of
control and analysis samples. As afore-mentioned, graphical evaluation processes are subject to a certain arbitrariness for the evaluator. As a general rule, however, the
researcher should always employ an identical process of
evaluation for the whole series [1–4]. In this way, many
blank and analytical values are obtained, which can be
evaluated using the t-test. At the beginning of this part we
already mentioned that the given formulas are only valid
if the values are normally distributed.
Some series of blank values were tested in our laboratory, establishing that the normal distribution of some
values was quite acceptable, but others showed a pronounced unsymmetrical distribution [5–10]. For example,
during the photometrical distribution of fluorine residues,
the following records for the blank tests were obtained
(Figure 2).

FIGURE 2 - Postulated blank values during the
determination of fluorine ions by UV/VIS analysis.

A first check is made with the aid of a tally-chart. An
asymmetry in the tally-chart indicates that a different
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distribution is possible. Whether the distribution curve is
super-elevated or flat-lined can only be determined when
the cumulative distribution function gives a straight line,
the so-called “Hacen Line”.
Many similar investigations with gas chromatograms
showed extremely asymmetrical curves of distribution (Figure 3), so that, under extreme circumstances, the test for
whose validity the normal distribution has to be presented,
cannot be applied anymore with confidence.

From that is calculated:

6 (6 + 1)
− 25 = 20
2
4 (4 + 1)
U2 = 6.4 +
− 30 = 4
2
U1 = 6.4 +

and the smaller value is compared with threshold value:
U2 = 4 > U(6; 4; 5 = 95%) = 2
Therefore, a 95% certainty, that the results of the
analysis reflect the presence of a residue, does not exist.

FIGURE 3 - Postulated asymmetrical curve of distribution.

In this case, the test of Mann-Whitney-Wilcoxon is applicable. The question whether two random samples (one is
blank and two are analytical values) are from the same
sample series can be tested using the following equations:

n1 (n1 + 1)
− R1
2
n 2 (n 2 + 1)
U2 = n,n2 +
− R2
2
U1 = n,n2 +

(5)
(6)

The smallest of the two U-values is compared with
the listed threshold values (n1, n2, s), where
n1 = Number of samples from the first random samples
n2 = Number of samples from the second random samples
R1/2 = Σ of the order of numbers.
The method is demonstrated by an example:
Values from analyses are 11, 12, 14, 26, 31, 40, and
values from blanks are 25, 35, 41, 45.

To date the certainty, with which the researcher can
consider the nature of the residue as identified, cannot be
established mathematically [11]. Normally, it is not easy
to apply techniques, such as IR or MS, when a residue is
present only in µg- trace ranges. With other methods,
doubts often emerge from residue values misinterpreted
as blanks, especially when a control is not available. The
determination technique must be varied accordingly, so
that always new quantitatively measurable parameters/
characteristics should be searched for as substitutes.
When in each case the residue with the proposed characteristics exists, then the probability is consolidated that its
identity corresponds to that of the compound under investigation.
In the sale of products, certain guarantee limits are established by the customers and producers [12], and continuously observed by means of quality control. It has
been suggested that the risk in analytical control should
be equally shared by the customers and producers. Analogously, this can be applied to the control of tolerance. The
producer judging a food sample as fit for the market, on
the basis of residue analysis, has to recognize that the
residue in the sample is not higher than the tolerance
value, reduced by the value covering its own analytical
risk. The regulatory agency in question may reject the
goods only when the residue analysis exceeds the tolerance augmented by the value covering the analytical risk
of the controlling laboratory. The producer, therefore, can
only place his food stuffs on the market if the value of
this residue analysis, X, satisfies the following equation:

The researcher provides the numbers in both series
with the order numbers:
1
11
4
25

2
12
7
35

3
14
9
41

5
26
10
45

6
31

8
40

X≤T−

2

; where T is the tolerance level

On the other hand, the regulatory agency rejects the
food stuffs due to exceedance of the tolerance only, when
the following relationship is satisfied:

X≥T−

Now, the order numbers are added in both series, and
then those of the second series.
R1 = 1 + 2 + 3 + 5 + 6 + 8 = 25
R2 = 4 +7 + 9 + 10 = 30

0.842

0.842
2

, where T is the tolerance level

R = 2 × 1.96 × Sv, where Sv is the comparative
standard deviation.
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To examine whether the residue peak is really free
from interferences, it is possible to inject the sample with
varied concentrations into the analytical system, by means
of increased or decreased injection volumes. The interferences from a compound with another response factor than
that of the substance to be determined result in analytical
diagram areas that do not lie on the calibration curve of
the external standard – in this case, the substance itself.
The following scheme depicts how the interfering peak
behaves at the increase of concentration.
Additionally, peak area difference diagrams (PADDs)
can be applied for judging the uniformity of the peak.
Therein, differences in peak areas of the peaks to be determined are plotted against those of different pure peaks,
and; when straight lines are shown, the peak is uniform.
Thus, interferences occur that have to be dealt with.
FIGURE 4 - Postulated calibration curve of a substance and the
peak areas registered from varying injection volumes. A: calibration curve of the pure substance; B: peak areas that are registered by the detector at different initial solution concentrations.

FIGURE 5 - A) Peak areas of non-interfering (x) and interfering (y) peaks at different injection volumina; B) PDDA-diagram.

CONCLUSION
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