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NITROGEN REMOVAL FROM ON-SITE EFFLUENTS: A REVIEW
Vivek Mariappan and Thiruvenkatachari Viraraghavan
Faculty of Engineering, University of Regina, Regina, Saskatchewan, Canada

SUMMARY
There is an urgent need to control nitrogen pollution
of groundwater because of possible health risks to humans
and animals. One of the major sources of nitrogen leading
to groundwater contamination is on-site wastewater systems.
On-site treatment processes and alternate nitrogen removal
systems were reviewed for nitrogen removal capabilities.
Conventional systems account for 30-80 % removal of nitrogen, while alternate nitrogen systems record more than 80 %
removal of nitrogen. Separate nitrogen removal systems are
less dependent on site characteristics, and require less space.

absorption system for secondary treatment. The effluent of
an average septic tank is comprised of solids and plant fertilizing nutrients, such as nitrogen, phosphorus, and microorganisms [5]. Walker et al. [6] reported that in a household of
four the average contribution of nitrogen would be approximately 33 kg N/year. The nitrogen after anaerobic treatment in the septic tank consists of predominately soluble
ammonium nitrogen (87%), combined with nitrite and nitrate nitrogen (1%) and organic nitrogen (13%) [7]. The nitrogenous compounds in black water (toilet water), present
as fecal matter and urine, convert into ammonium ions by
either hydrolysis or microbial digestion in aerobic or anaerobic conditions [8]. The major reaction in septic systems
can be summarized as partial anaerobic digestion of organic
matter in the tank and aerobic oxidation of organic carbon to
carbon dioxide with a conversion of nitrogen to nitrate in
the unsaturated or oxidation zone [9]. The conventional
method of treatment is not designed for nitrogen removal
and, with reduced dispersive and dilution potential, nitrate
contamination leads to groundwater pollution [10-12].

KEYWORDS: On-site systems, subsurface disposal, sand filters,
methanol, peat, sulfur/limestone.

INTRODUCTION
The growing demand for water has generated a need
for effective water and wastewater treatment strategies. This
need has enhanced our understanding of common principles
of the behavior of various pollutants in soil and water, leading to measures to minimize pollution. The control of nitrogen has been identified to be an important environmental
activity, as demonstrated by the adverse effects that excess
levels of different forms of nitrogen have had on aquatic
systems leading to eutrophication and health hazards [1].

The maximum contaminant levels (MCL) in the drinking water for nitrate and nitrite, stipulated by the Canadian
Drinking Water Guidelines, World Health Organization
(WHO) and the United States Environmental Protection
Agency (USEPA), are 10 mg/L as nitrate nitrogen (NO3—N)
and 1 mg/L as nitrite-nitrogen (NO2--N) [13]. These limits
were set to prevent the development of methaemoglobinemia or “blue baby syndrome” in infants [14, 15]. This
is a potentially lethal condition when the nitrate is converted to nitrite in the gastrointestinal tract, which then
oxidizes the ferrous-type iron content in hemoglobin to a
methemoglobin, a ferric form of hemoglobin that cannot
transport oxygen [14, 16, 17]. Methaemoglobinemia as a
disease is more likely to affect infants than adults, as hemoglobin in infants is more readily oxidizable to methemoglobin, and the intake of liquids is ten times more in
infants than in adults [18]. Schubert et al. [14] reported
that the recent incidence of methemoglobin as a disease
was unknown as it is not a reportable disease, and nitrates
could be a cause in gastric cancer, lymphoma, thyroid disorder, abortion, and birth defects to a child, born to a mother
drinking high-nitrate water. Henderson [19] reported that no
clear evidence was available to indicate nitrate as a carcin-

The increase in population of semi-urban areas has required the use of on-site treatment methods to treat and
dispose household wastewater. One-third of the population
in the United States of America (U.S.A.) use septic systems for wastewater disposal, registering an increase of 15%
from 1980 to 1990, and septic systems are the largest source
of effluent disposal to the groundwater zone [2, 3]. According to the U.S. Environmental Protection Agency (USEPA),
the volume of wastewater treated through on-site systems
is more than four billion gallons per day, and National Small
Flows Clearinghouse estimated that over 25 % of existing
housing use on-site wastewater systems, and over 35 % of
new housing will rely on them [4]. A conventional on-site
treatment system for domestic wastewater consists of a septic tank for primary treatment, followed by a subsurface soil
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ogen causing gastric cancer in the case of humans and
animals.

could be classified depending upon the nutrient uptake as
heterotrophic and autotrophic bacteria. Growth and competition of the autotrophic and heterotrophic nitrifiers depend
on environmental conditions, such as pH, oxygen demand,
temperature, and toxicity [22]. Oxygenation could either be
achieved by diffusing air through aerators or natural oxidation upon exposure to the atmosphere. Robertson and
Kuenen [23] reported that autotrophs are more common at
normal conditions, in particular chemolithoautotrophic
nitrifiers of the family Nitrobacteriaceae, such as Nitrobacter, and Nitrosomanas, that are major contributors of
nitrification. They also reported that the presence of compounds
as
ammonium ions is preferred to ammonia, for better nitrification. Nitrosomanas bacteria are responsible for the conversion of ammonium compounds to nitrite, being firstly
converted to hydroxylamine, and, on production of hydroxylamine oxidoreductase, to nitrites. The nitrites are
then oxidized by nitrite oxidoreductase in Nitrobacter to
nitrates. Table 1 provides data on oxygen requirements of
some nitrifiers.

The methodology for effective nitrogen removal involves effective oxidation of ammonia to nitrate in an aerobic stage, followed by denitrification in an anaerobic or
anoxic environment. Groundwater technology with controlled nitrification and denitrification would reduce the
nitrogen pollution caused by on-site effluents to a considerable degree.
LITERATURE REVIEW
Nitrification

Nitrification can be defined as biological oxidation of
ammonium-nitrogen to nitrate nitrogen with nitrite nitrogen as an intermediate. Conventional on-site system uses soil
absorption method as a secondary treatment, where the septic
tank effluent (STE) is distributed by a distribution box. Viraraghavan and Warnock [5] in their study of a septic system
tile field reported that complete conversion of the effluent`s
TKN to nitrates occurred on reaching the groundwater zone.
Lance [20] reported that biological nitrification could be
enhanced by certain physical parameters, such as volatilization, adsorption, and mineralization, depending on cation
exchange capacity (CEC), and plant uptake.

TABLE 1 - Oxygen requirement of nitrifiers.
Oxygen
required
(mg)
Autotrophs
Nitrosomanas
Nitrobacter
Hetrotrophs
Thiosphaera
pantotropha

Volatilization can be defined as a natural process of
releasing ammonia (NH3+) to the atmosphere depending
on temperature and pH of the effluent. At normal conditions, the ammonium ion present in effluent exists in equilibrium with ammonia at 10%. With an increase in temperature, the pH shifts to the right (as in equation 1) releasing ammonia in gaseous form [21]. According to Lance
[20], volatilization accounts for a loss of 10% of ammonium as ammonia from on-site effluents.
Δ
NH 4+ ⎯
⎯→
NH 3 ↑ + H +

NH 4+
(me / L )
1 [Ca 2+ ] + 1 [Mg 2+ ]
2
2

Reference

1 NH3-N → NO2-N
NO2-N → NO3-N

1-2

[24]
[24]
[22]

Nitrification is an acid-producing process, where the
ammonium and nitrite are oxidized by destroying 6.0-7.4
mg alkalinity as CaCO3 per mg of NH4+ oxidized.
as
NH 4+ + 1.5O2 ⎯Nitrosoman
⎯⎯⎯
⎯
→ 2H + + H 2 O + NO2− + 58 − 84kcal (3)

(1)

Nitrobacte r
NO2− + 0.5O2 ⎯⎯
⎯⎯→ NO3− + 15.4 − 20.9kcal

The positively charged ammonium compounds get
adsorbed on negatively charged particles, such as organic
and clay minerals, which have a high cation exchange
capacity (CEC). This was explained by the ammonium
adsorption ratio (AAR), the amount of ammonium ions
adsorbed by the clay minerals, defined as follows:
AAR =

3.43
1.14

Chemical conversion

(4)

This could be expressed as a single equation as follows:
NH 4+ + 1.83O2 + 1.98 HCO3− → 0.98 NO3− + 1.041H 2 O + 0.02C5 H 7 NO2 + 1.88 H 2 CO3

(5)

Liu and Capdeville [25] reported that the population
of nitrifying organisms increases with ammonium concentration and mineralization of compounds on the biofilm of
nitrifiers. A study on toxicity effects of nitrogenous compounds conducted by McCarty [26] showed that the growth
rate of Nitrosomanas was higher when compared with
Nitrobacter, and depended upon the ratio of free ammonia
and nitrous acid along with other non-nitrogenous compounds, and, furthermore, when growth-limiting compounds,
such as VOC’s, ammonium, sulfate, exceed the limit they
have been shown to inhibit the growth of nitrifying colonies. Growth-limiting factors and compounds would lead

(2)

The adsorbed ammonium ions then oxidize and leach
gradually as nitrite and nitrate ions, depending on the availability of oxygen. The oxidized nitrite and nitrates undergo
no further adsorption due to their anionic capacity and
mobility. The nitrifiers responsible for the biological conversion of the nitrogenous compounds to their oxidized forms
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to several months of proper stabilization, but these compounds are not often found in common on-site effluents.
The heterotrophic nitrifiers include species of Pseudomonas
dentrificans, Alcaligenes and Thiosphaera pantotropha [23].
(6)
RNH 2 → RNHOH → R − NO → RNO 2 → NO3−

NH 4+ → NH 2 OH → NOH → NO2− → NO3−

ing, and hydraulic gradients, and provide more aeration
time. Liu and Capdeville [25] suggested the use of different filter media, such as porous glass beads, textile materials and other synthetic material with large surface area,
and void volume as a substitute for sand filter; their study
showed equivalent or better results in terms of nitrification in a sand filter.

(7)

Denitrification

Van Niel et al. [22] reported that heterotrophic nitrifiers; such as T. pantotroph, could substitute the autotrophs
for nitrification as they require less oxygen demand of 1-2
mg, and have the ability to withstand fluctuations in pH
and temperature. Their studies further demonstrated that
they had higher nitrification abilities than autotrophs at
C/N ratios above 10, and the growth rate was less than that
of autotrophs under normal conditions. Smith et al. [27]
reported that ineffective oxidation of ammonium compounds
would lead to a build-up of nitrite. They also reported that
a major contribution of the nitrite build-up would be the
presence of free ammonia, which occurs at high temperature and pH, where ammonium ion equilibrium shifts to
free ammonia. Nitrification also depends on physical parameters, such as hydraulic conductivity, retention time
and oxygen demand, all of which depend on the hydraulic
loading rate. Jones and Taylor [28] reported that providing more retention time of the effluent in the media increased the nitrification efficiency of the system, while an
increase in hydraulic loading rate would lead to saturation
of media, thus increasing the conductivity rate. Cogger and
Carlile [29] reported that the long-term saturation of media would lead to an anaerobic environment, increasing
oxygen demand of nitrifiers, and leading to a decrease in
nitrification capability. The hydraulic conductivity (K) of
the media depending on the loading rate determines the
nitrogen removal capacity of the system, which could be
calculated by using Darcy’s law [30].

υ = − Kgrad .φ
where υ is the macroscopic

Denitrification can be defined as the biological reduction of nitrate to nitrogen gas. This process could proceed
through several steps in biochemical pathways with an
ultimate production of gaseous nitrogen [1]. Denitrification is the most plausible mechanism for reducing nitrate
contamination in groundwater. Bouma [32] reported that
in an optimal functioning disposal system less denitrification would occur, and then only in anaerobic microsites.
The general reaction occurring during denitrification could
be described as follows:

2 NO3− → 2 NO2− → ( HNO − NOH ) → N 2 O → N 2

(9)

Denitrification can take place in an anoxic or anaerobic medium with either autotrophic or heterotrophic bacteria as denitrifying organisms, requiring organic carbon
as substrate [12, 33]. Robertson and Cherry [34] and
Reneau Jr. [35] reported that an attenuation or diffusion of
nitrate into the anaerobic zone from the aerobic zone took
place with a gradient build-up, and decreased as denitrification took place.
NO3- + organic carbon ->NO2- + organic carbon ( N2 +
carbon dioxide + water)

(10)

C + NO3− → CO2 + N 2 + H 2 O

(11)

A broad range of heterotrophic bacteria are involved
in the process of denitrification with a requirement of organic carbon as an energy source. The selection of a carbon
source has mainly been made with an objective of providing a longer life, ability to withstand extreme conditions,
and availability. Two main conditions must be satisfied to
enable denitrification. At first, denitrifying bacteria must
have an electron donor or organic carbon as substrate, and
the bacteria must have an anaerobic/anoxic environment
for denitrification to be initiated. Some of the heterotrophic denitrification methods that have been applied so
far are grey water [36, 37], alcohol as ethanol and methanol
[8, 38], kitchen waste [39], peat [40-42], sawdust [34], and
molasses [43].

(8)
flow velocity, and φ is

the hydraulic head.
Another important process, which determines the nitrification of the system, is the crust formation. Crust formation is common and reported to occur in all soil absorption systems. Crust is formed on the surface of the filter
media either in conventional or alternative treatment systems. Siegrist [31] reported that crust formation is due to
an anaerobic decomposition of polysaccharides on the surface of the filter media. He also reported that the crust
formed on the surface clogs the pores on the soil and,
thus, decreases the nitrification capacity. Jones and Taylor
[28] suggested that the use of the entire infiltrative surface
for loading, followed by an extended period of resting,
would increase the efficiency of a soil absorption system.
They also reported that periodic loading of large volumes
of effluent would temporally increase the height of pond-

Viraraghavan [44] reported that anaerobic filters with
solid media for microbial support could be applied as an
alternate treatment of on-site effluent, which could be able
to reduce BOD and SS discharge, and could be applied in
the cold temperature regions. Denitrification using autotrophic bacteria, such as Thiobacillus denitrificans, takes
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place in an anaerobic medium, using sulfur as substrate,
and the bicarbonate-producer limestone as carbon source
and pH neutralizer [45-47]. Reneau et al. [48] reported
that by providing a sufficient nitrification zone and with
restricted drainage conditions for denitrification to occur in
an anoxic or anaerobic layer with the presence of soluble
carbon, denitrification would be possible in a conventional
septic system.

ered for system installation are climate variability, hydraulic loading rate, cover soil, vegetation, construction
technique, salt accumulation, and soil permeability. Treatment mainly depends on evaporation and plant uptake in
the beds and lagoons, thus, nitrogen contamination in
groundwater through an evaporation system is minimal
[30]. Though these systems are widely used across the
U.S.A, there has not been enough documentation on nitrogen removal.

TREATMENT PROCESSES

Subsurface disposal mechanism

Subsurface disposal has been in use as an effective
treatment of on-site effluents and nearly one third of US
population treat them by subsurface disposal methods [55].
Subsurface disposal through trenches and mounds is more
expensive, but has been useful in places of high groundwater level and unsuitable soil permeability conditions
[30, 50]. These disposal methods were to provide economical, effective remediation of wastewater and to avoid
groundwater contamination. The soil absorption system is
a secondary treatment option, or, in most cases, the final
treatment. It was relied as a natural treatment by microbial
colonies in soil to biodegrade the septic tank effluents
[49]. Cogger and Carlile [29] reported that the aerobic
nature of the soil absorption system provided nitrification
of ammonium nitrogen into nitrates, and denitrification
occurs in microsites present in the soil, while saturated
fields had a higher ammonium nitrogen concentration in
the groundwater. Reneau Jr. [32, 35] reported that an increase in depth of the aerobic zone would decrease the
groundwater contamination, though a depth of more than
three feet had a less effect on increasing nitrification, which
could be achieved by providing more horizontal movement of the effluent. He also reported that denitrification
was possible in the plinthic horizon, and it depended on
the fluctuating groundwater table, mainly occurring in the
anaerobic regions of the soil with nitrate movement depending on mass flow and concentration gradient created
by the denitrification layer. Viraraghavan and Warnock
[5] reported that the effectiveness of a soil treatment system varied with a number of environmental factors, such
as soil and air temperatures, groundwater table, and amount
of oxygen present in the soil. They also reported that no
significant denitrification took place under the tile.

On-site treatment processes include aerobic, evaporation, subsurface disposal, wetland, and sand filter systems, each having its own merits and demerits. The general approach for a single-household treatment system
would be a septic tank as primary treatment step, and a
subsurface disposal system as secondary treatment option.
Septic tanks have shown to be a reliable and widely practiced primary treatment option, whereas the secondary
one has been of great concern because of its variable
parameters to be considered, such as type and permeability of the native soils, slope and drainage pattern of the
site, depth of groundwater, proximity of wells nearby, and
distance from the surface water. Other influences apart
from pollution perspective would be quality of construction, installation procedures, and operation and maintenance practices [49]. Several studies have shown that complete nitrogen removal from septic tank was not achieved in
a conventional system [29, 50-53]. An efficient and consistent nitrogen removal process would include a system, where maximum nitrification and denitrification
could be achieved. Various treatment systems are briefly
discussed, concentrating on nitrification and denitrification
processes.
Aerobic and Evaporation Treatment Units

Aerobic or extended/suspended growth systems generally comprise of a septic tank with an induced aeration
or fixed aerators, followed by a fixed film system consisting of either a trickling filter, a rotating biological contractor, or an up-flow filter. Aerobic units have not been
commonly used because of the disadvantages posed in
their operation and maintenance [30]. Induced oxidation
in the septic tank reduces BOD and COD, and produces
an effluent rich in carbon dioxide and metabolized biomass. A study of Brewer et al. [54] on the operation and
use of aerobic units across the U.S.A. showed that 36% of
the operating units faced problems during the first year,
and well-operated units produced partial oxidation of
ammonium compounds into nitrates with no denitrification taking place.

Most of the research studies have shown that complete nitrogen removal could not be achieved in a conventional subsurface disposal site, due to a lack of soluble
carbon for denitrification. Dillaha et al. [51] examined the
applicability of the Niimi process in a trench system.
Niimi’s process suggested to use STE as carbon source
for denitrification, by providing a 10-15 cm impermeable
pan filled with capillary sand under reduced conditions.
They reported that in a trench condition, Niimi process
worked primarily influenced by soil types, hydraulic loading and transport, and had a nitrogen removal of 27 to
38%. Subsurface disposal depends on the hydraulic loading rate, which directly affects the aerobic, anaerobic and

Evaporation systems can be divided into two categories, evapotranspiration and lagoons, either with or without infiltration. These systems are being used in areas of
high groundwater, or with impermeable soils where subsurface disposal cannot be used. The factors to be consid-
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crust formation [32, 56, 57]. Studies carried out by
Cogger and Carlile [29], and Erickson et al. [43] have
shown that subsurface disposal has been effective in nitrification and mineralization of organic nitrogen, which
later oxidizes to ammonium. To study the possibility of
the denitrification in a conventional soil absorption system,
Robertson and Anderson [10], and Erickson et al. [43]
conducted studies by providing an anaerobic zone with a
sufficient carbon source for denitrification to take place.
Erickson et al. [43] performed studies on barriered landscape water renovation system (BLWRS), a modified
version of the mound system, by providing a barrier of
limestone as a buffering agent between the unsaturated and
saturated zone with molasses as carbon source. These
studies reported an overall removal of over 95% of the
inlet ammonia nitrogen, with an effluent nitrate concentration below MCL. The use of several carbon sources as
substrate and provision of an anaerobic zone beneath the
aerobic zone had been experimented in laboratory and
field scale studies. Some of the materials used for the
application are saw-dust [34], sulfur [58, 59] and peat
[40-42]. Franks [50] reported that the criteria for maintaining a proper disposal method in achieving an anaerobic zone beneath an aerobic layer rely on an efficient
dispersal mechanism. Dispersal mechanisms have shown
to increase the life span of the system in operation, by
providing a uniform application of the load. Magdoff [60]
reported that the crust formation reduced the nitrification
capacity of the media. Studies conducted by Simons and
Magdoff [57] evidenced that the crust formation in the
aerobic zone disturbed nitrogen transformation by providing insufficient aeration with longer wetting periods,
making the soil anaerobic. Kropf et al. [55] and Erickson et
al. [43] reported that disposal of effluent with less suspended
solids at a regularized hydraulic loading rate would provide
more aeration, which will reduce the growth of crust.
Franks [50] and Andreoli et al. [8] reported that an engineered site would prevent horizontal movement of effluent
to the groundwater, and provision of a separate gas vent
from the denitrification zone would prevent the nitrogen
gas from passing through the aerobic zone by displacing
oxygen.

attributed to plant uptake. Their studies also showed that
ammonium removal efficiency decreased with an increase
in residence time. Long-term studies in subsurface-constructed wetlands by Thom et al. [61] showed a reduction
of 60% total nitrogen and 65% ammonia nitrogen, with
less conversion to nitrates. In order to consider the wetland
process as an alternative treatment method for on-site effluents, more studies are needed on the depth, subsoil texture,
vegetation, effects of climate and other design parameters.
Sand Filters

Sand filters are being used in the secondary treatment
of wastewater for their efficient reduction in BOD, COD
and microorganisms. Harris et al. [64] reported that sand
filters would be an ideal secondary treatment procedure for
on-site effluent, as they require less maintenance and are
inexpensive to operate, with no secondary sludge and more
than 90% reduction of microorganisms, COD and BOD.
Widrig et al. [2] showed that variables influencing the
treatment performance in a sand filter were the filter depth,
particle size distribution and mineral composition of the
media, pretreatment of the wastewater, hydraulic and organic loading rates, temperature and dosing technique. A
typical sand filter system would contain no additives with
less cation exchange capacity (CEC), sufficient porosity for
ammonium-reducing bacteria to grow, and less adsorption
capability. The operation can either be free access, open,
buried or recirculating filters with sufficient aeration and
alkalinity, and then nitrification can be achieved [30].
Widrig et al. [2] recommended the use of intermittent sand
filters for on-site effluent treatment, due to their reliability,
cost-effectiveness and increased land developmental pressure on environmentally sensitive areas like shorelines and
high-relief regions. Efficient nitrification could be achieved
with a longer resting period, thus providing more retention
time for oxidation of ammonium and organic nitrogen
through physico-chemical and biological processes. It was
reported that continuous operation of the sand filter led to
saturation of the media, making it anaerobic when the requirement for nitrification was not favorable [20, 64, 65].
Brandes [65] reported that sand particle size ranging from
0.3 to 0.6 mm would provide sufficient nitrification (over
85%) with 90% reduction of BOD and COD, while operating with a hydraulic loading rate of 4 cm/d.

Wetlands

Thom et al. [61] examined wetland treatment applicability for on-site systems and reported that effective treatment for nitrogen removal would require a more controlled
environment. The principal operation of wetland treatment
involves saturated emergent and sub-mergent vegetation,
open to atmosphere with animal life, and the biological
environment accompanied by physical and chemical activities that purify the wastewater [62]. In the treatment by
wetlands, more storage or residence time is needed for
nitrification/denitrification to occur. Johns et al. [63] reported that a treatment efficiency of over 80% was achieved
in terms of ammonium removal with a residence time of
2.9 days, with an influent concentration in the range of
13-25 mg/L of NH3-N, while a reduction up to 30% was

Recirculating sand filter (RSF) studies by Lamb et al.
[11], and Loudon et al. [56] showed that they could
achieve a significant nitrification of STE with a sufficient
dosing frequency. Lamb et al. [11, 67] reported that the
use of RSF in nitrifying STE, followed by denitrification
using rock tanks or other means of a denitrification system, would show a significant nitrogen removal in the
system. Lance and Whisler [66] performed studies using a
clay loam (25% clay) with a bulk density of 1.6 g/cc on
the removal of nitrogen by varying flooding and resting
periods. Nitrification along with volatilization, mineralization, and ammonification of organic nitrogen to nitrates
increased with longer flooding days, and denitrification
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was reported to occur in lesser quantities. Kropf et al. [55]
reported that intermittent flooding decreased the amount
of effluent treated, providing less treatment efficiency.

The degree of nitrification depends on the depth of
the filter, while the major portion of nitrification occurs in
the top layers of the media in the start-up stage, which
gradually increases over a period, though hydraulic conductivity decreases with the age of the filter, regardless of
its depth. Studies by Loundon [56] on the use of sand
filters in areas of severe winter climates showed that it
could be operated efficiently, if appropriate design parameters were considered.
ALTERNATIVE NITROGEN
REMOVAL SYSTEMS

Complete nitrification would be necessary for an efficient denitrification of the effluent. Brandes [68] reported
that with additives, such as “red mud”, a mixture of compounds containing aluminum, iron, calcium, sodium silica
and limestone added to the sand filter, the effluent quality
was not significantly different from a typical sand filter
one. Laboratory studies by Lance [20] showed that the
addition of clay minerals with higher CEC to the sand
exhibited increased nitrification capacity on an intermittent
operation. Zhang and Shan [45], and Lance and Whisler [66]
reported that column height of 0.91 m provided sufficient
nitrification with 86% occurring in the first 0.6 m, and the
increase in height above 0.91 m provided minimal effect
in increasing nitrification.

A conventional soil absorption system was able to
achieve 20% removal of nitrogen and effective reduction
of BOD, COD and phosphate from the STE [70]. In areas
found unsuitable to dispose effluents because of their incomplete nitrogen removal, alternate systems with selective nitrogen removal mechanisms must be relied upon.
Effective or complete nitrogen removal can be achieved
by denitrification, which should be preceded by complete
nitrification using conventional and alternate methods.
Denitrification as an anaerobic or anoxic operating system
depends on natural or alternate sources of carbon substrate.
Several carbon-rich materials have been used as substrates
including grey water [36] in RUCK system, kitchen waste
[39], alcohol in the forms of methanol and ethanol [38],
peat [40-42, 71], molasses [43], biotextile [72], saw-dust
[34], and sulfur and limestone [45, 46, 58, 59].

Studies conducted by Nichols et al. [7], and Reneau
Jr. [33] showed that the use of a stratified filter with decreasing coarseness of sand particle along the height was
able to achieve a nearly complete nitrification with a hydraulic loading rate of 0.4 m/d. Nichols et al. [7] studied the
efficiency of stratified filter with sand particles sized from
0.4 to 1.4 mm at the top 20 cm, 12 cm filled with 0.2 to
0.7 mm, and bottom 18 cm filled with 1 to 0.5 mm, and the
layer between the packed sand was filled with pea gravel.
They reported an ammonium nitrogen conversion of nearly
100 % when operated with ¼ of the filter loading capacity
of 5.1 cm/d. When operated up to 5.0 cm/d, the effluent
was reported to have a mean inorganic nitrogen (nitrate
and nitrite) of 20.5 mg/L, and a mean ammonium nitrogen
of 6.2 mg/L. The suction developed by the smaller size
particles created a more aerobic state in the upper region
of the filter, so allowing water to seep through. The factors that would affect nitrification are a higher loading
rate, a decrease in temperature, and crusting.

RUCK system

A modification of the conventional septic tank system, the RUCK system, treats the toilet wastewater (black
water) and kitchen wastewater (grey water) in separate
tanks. The black water is then nitrified using a sand filter,
and grey water rich in organic carbon is used as substrate
in an upflow rock filter. This is on the basis that grey water
has more carbonaceous content, while the black water
contains more nitrogen [73]. Laak [36] using a passive
RUCK system, reported an average total nitrogen removal
of 70%, with a ratio of organic carbon in the gray to black
water of 0.7, and with an hydraulic residence time (HRT)
of 3-5 days. Laak [37] reported that temperature and pH
had an influence on the operation, and the alkalinity of the
nitrified black water was considered to be a limiting factor. Studies, conducted by Lamb et al. [67] on buried
RUCK and sand filter systems used across New Jersey,
showed nitrogen removal rates higher than 80%. They reported that denitrification using grey water with a 3:1 ratio
of carbon to nitrate from sand filter effluent was successful
in achieving a nearly complete nitrogen removal from the
system. They also reported that incomplete removal of
nitrogen was achieved in sand filter/grey water systems due
to the incomplete nitrification in the sand filter part, which
would have been achievable in buried or above-ground sand
filters with high alkaline media or water supply.

Siegrist [31] reported that crusting or clogging was a
deposition of poly-/amino saccharides, which could inhibit aeration capacity and increase saturation. Studies by
Daniel and Bouma [69], and Jones and Taylor [28] have
shown that increased aeration or providing more resting
period of the media lowered the crust formation by decomposing the organic compounds. Reducing solid concentration and periodic removal and replacement of the
upper 10-15 cm of the sand layer could prevent crusting
[37]. The overall process of nitrification reduces alkalinity
by 7.14 mg as CaCO3 for 1 mg of nitrate-nitrogen with
the release of hydrogen ions, which increase the acidity of
the effluent, but can be neutralized with addition of buffering agents [11].

H + + HCO3− ↔ H 2 CO3 ↔ CO2 ↑ + H 2 O

(12)

Kitchen Waste
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Similar to the use of grey water in the denitrification of
the nitrified effluent, Biswas and Warnock [39] used kitchen
waste as a substitute. By varying the nitrate concentration
in the system, the denitrification capability of kitchen waste
was tested. A maximum removal of 90% was reported at
an application rate of 3.5 cm/d and C/N ratio of 4.

compounds. This activity is related to the presence of polar
functional groups, such as ketones, aldehydes, alcohols,
acids, and ethers in the lignin of peat [41]. The effectiveness of peat in nitrogen removal is attributed to its acidic
nature and organic content, and it is used in the treatment
of wastewater as a filtration and an adsorbent medium. Peat
has provided more attenuation of ammonium ions resulting in gradual nitrification to nitrates [38, 40, 41, 42, 49].
Robertson and Cherry [34], and Brooks et al. [75] reported that the attenuation was mainly due to the organic nitrogen bound to the fungal biomass, which utilizes the organic
and inorganic nitrogen for its growth in an aerobic state.

Alcohol

Methanol has been the most commonly used biological energy source in achieving denitrification of nitrified
STE, and has been used and studied widely in removing
nitrogen from individual on-site treatment [50]. Methanol
as an alternative carbon source is effective in denitrification, achieving complete nitrogen removal

H + + HCO3− ↔ H 2 CO3 ↔ CO2 ↑ + H 2 O

The degree of nitrification and denitrification in a peatbased system depends on the hydraulic loading rate and
compactness. Rana and Viraraghavan [42] conducted a laboratory column study with a varying depth of peat and
constant surface area of 314 cm2. Their study showed 95 % removal of TKN and NH3-N in a column with depths of 20,
30 and 50 cm of peat at a hydraulic loading rate of 6.37 cm/
d. The increase in hydraulic loading rate to 8.9 cm/d, decreased the nitrification efficiency to 35 % at 20 and 30 cm
depths, while the 50 cm-column showed 75 and 84 % removal of NH3-N and TKN. Viraraghavan and Rana [71]
reported that at a loading rate of 63.7 mm/day, the column
achieved a removal of over 95% NH3-N and TKN, with removal decreasing tendency when increasing depth and loading rate.

(13)

Sikora and Keeney [74] achieved an average of 90%
nitrogen removal with 12 h of residence time and 1:2 ratio
of methanol to effluent, and, when adding twice the required ratio of methanol, the same removal efficiency was
achieved with a retention time of 8.33 h. Andreoli et al.
[8] reported that denitrification occurred within a 2-hours
contact time with methanol, and over 90% removal occurred in the upper layers of the denitrification zone, but
decreased with increasing DO influent. Lamb et al. [11]
reported that methanol mixed with sand filter effluent at a
ratio of 1:2000, and C/N of 4:1 produced a 99 % removal
of nitrogen. Franks [52] reported that some of the disadvantages of methanol as denitrification agent would be
repair and monitoring by the home-owner and service
personnel, as methanol use requires frequent maintenance.

Franks [50] reported that the compactness of peat at a
range of 0.1-0.12 g/cm3 allows a hydraulic loading rate up
to 4.1 cm/d with a filter of minimum 30 cm depth, whereas
increase in hydraulic loading rate would lead to crust formation and channeling, thus making the system anaerobic.
Brooks et al. [75] reported that intermittent operation led to
a better result with the same hydraulic capacity of the peat
filter than a continuous one. Denitrification was reported
by Rock et al. [40] in anaerobic conditions, with a 62 % reduction of total nitrogen. Nichols and Boelter [76] showed
that a 90% removal at pHs of 6.3-6.9 can be achieved, using
a peat-sand filter bed with 30 mg/L as the initial total nitrogen content. The efficiency of the bed decreased with time,
and after 5 years nitrogen conversion decreased to 50%,
releasing ammonia nitrogen. Other studies show that the peat
filter bed had a higher percentage nitrogen conversion of
ammonium compounds to nitrates with an increase in color
at pHs 3-3.3 [40, 49].

Ethanol is used, because its carbon amount is higher
than that of methanol, thus decreasing risk and ethanol required. Lamb et al. [11] reported that a 1:7000 C:N mixture
from the sand filter effluent produced the same degree of
denitrification, achieved with methanol requiring 1:2000
C:N. Loudon et al. [56] reported that the use of alcohol as a
supplementary external carbon source had less effect on
application in cold regions, unless the sand filters were
below ground.
Bio-textile

A biotextile was used in the study of Townshend [72],
to determine the nitrification and denitrification potential
with a recirculation of the effluent and carbon material in
sawdust as denitrifying agent. The study reported that
more than 76% nitrogen in the non-winter months and
67% in the winter months could be removed. The mean
percentage efficiency in denitrification was 78% with a mean
effluent concentration of 20 mg ammonia nitrogen/L.

Sawdust

The use of sawdust as an alternate carbon treatment
medium in denitrification was exxamined by providing a
barrier attenuation to increase the efficiency through an
anaerobic zone below the tile bed for denitrification. Denitrification layer effluent had low ammonia and nitrate concentrations, showing a total nitrogen removal of over 90%
and nearly complete denitrification [34]. The removal of
nitrate was attributed to adsorption on the surface of the

Peat

Peat is a partially fossilized plant matter, whose major constituents are cellulose and lignin. The polar activity
of peat favors adsorption of transition metals and organic
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material, due to a decrease in sulfate and chloride levels in
the effluent, which also provided growth of anaerobic bacteria. Insufficient organic carbon in the sawdust surface,
supporting the growth of heterotrophic denitrificants in the
biofilm, was reported to be the cause of lesser denitrification.

ply, thus the need for an anaerobic or a reduced potential
system is necessary [47]. Denitrification can be increased
by reducing the particle size of sulfur, providing more surface area for the growth of biofilms, and providing more
retention time [46, 58].
The application of sulfur as a denitrifying agent below
the ground over an impermeable layer has shown considerable success in removing nitrate [58, 59]. Mann et al. [47]
studied the efficiency of nitrate removal in a four-column
study. The columns contained Hanford sandy loam and
Moreno silty clay loam, treated and untreated with 1% sulfur
and limestone with an influent nitrate-nitrogen concentration of 425 mg/L. They reported that columns treated with
sulfur/limestone showed a significant removal of over 90%
of nitrate-nitrogen at 4.87 cm/d for the Hanford soil column and 2.23 cm/d for Moreno soil column, and removal
percentage was high (over 90 %) when operated between
1.9 and 2.6, and 2.13 and 2.23 cm/d in Hanford and Moreno
soil columns, respectively. Sikora and Kenney [46] studied
the effect of denitrification using sulfur and dolomite (1/1
weight ratio), and mechanically aerated STE. The STE then
was diluted to 1:36 to resemble seepage bed effluent, and
then the required nitrate was added to maintain the influent concentration at 40 mg/L for denitrification. An almost
complete removal of nitrate was achieved in less than 3.3 hresidence time, and an increase in sulfate and alkalinity was
observed. They also reported that autotrophic denitrification
alone would be possible in an anaerobic system, as little
soluble carbon would be present.

Sulfur

Biological nitrification followed by autotrophic denitrification using sulfur-growing organisms, such as Thiobacillus, Thiomicrospira and Paracoccus denitrificans, has shown
promising results in providing an efficient method of nitrogen removal [77]. The sulfur-oxidizing bacteria exhibit an
optimal growth in both acidic and alkaline media by adapting to the pH of the effluent, and could be grown heterotrophically in the presence of organic carbon [47, 59, 74].
The autotrophic denitrificants (Thiobacillus denitrificans
and Thiomicrospira denitrificans) use inorganic carbon and
bi-carbonate compounds as their carbon source, and nitrate
as their electron acceptor. The stoichiometric equation of
the reaction is as follows:
55 S + 20 CO2 + 50 NO3- + 38 H2O + 4 NH4+ à
25 N2 + 4 C5H7NO2 + 55 SO42- + 64 H+

(14)

Maximum growth rate of Thiobacillus denitrificans
was observed in the pH range of 6-8 at temperatures of
12-30 °C [78].
6 NO3− + 5S + 2 H 2 O → 3N 2 ↑ +4 HSO4− + SO4− + energy

(15)

The application of sulfur/limestone in a mound system
was performed by Kanter et al. [59], where the mound was
split into eight cells of 36 cm width. Effluent quality of
less than 10 mg N/L was achieved with influent application of 26 cm/d and a concentration of 52 mg N/L. Studies by Zhang and Shan [45] on an in situ application of
sulfur/ limestone in a conventional lateral field with a
primary sedimentation tank effluent showed over 90%
removal of nitrogen from an initial concentration of 40 mg
N/L. Table 2 summarizes the studies using the sulfur/limestone systems. Mann et al. [47] suggested that
the addition of sulfur to energy-deficient soils may be
more practical than the addition of exogenous carbon
sources, as the competition for available carbon among
non-denitrifying bacteria is also very keen.

The release of hydrogen ions and subsequent reaction
with sulfate produces sulfuric acid, which decreases the pH
of the effluent. The use of carbonate or bicarbonate ions
would likely increase the pH. Limestone and dolomite have
been used to supplement the requirement with release of
carbon dioxide, which would be used for synthesis of cellular material [45-47, 59].

S 0 + H 2 O + 1.5O2 → 2SO 2−4 +2H +

(16)

H 2 SO4 + CaCO3 → CaSO4 + CO2 + H 2 O

(17)

The utilization of nitrate as a terminal electron acceptor occurs when the demand for oxygen exceeds the sup-

TABLE 2 - Comparison of sulfur/limestone systems.

Parameter
(mg/L)

Sikora and Kenney [46]

Kanter et al. [59]

Zhang and Shan [45]

1/1 (Sulfur/dolomite)

1/1 (Sulfur/dolomite)

3/1 (Sulfur/limestone)

HRT = 3.3 h
Influent

Effluent

Loading = 2.4 cm/d
Influent

COD
-

NO2 -N

Effluent

Loading = 16 cm/d
Influent

Effluent

300

30
<0.1
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NO3--N

40

Total-N

40

Sulfate
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1-3

0.5

1.2

25.7

3

<1
30-50

90

4
300-400

Alkalinity*

300-400

*expressed as CaCO3

11

300-400

© by PSP Volume 15 – No 1. 2006

Fresenius Environmental Bulletin

SUMMARY COMMENTS
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Treatment options have to be narrowed to apply limited modifications of the existing treatment. Denitrification
has been acknowledged to be the most successful process
for complete or partial removal of nitrogen in groundwater. The degree of nitrogen removal depends on effectivity
of nitrification/denitrification combination. Nitrification is
generally considered to be the limiting factor in achieving
complete nitrogen removal. This process depends on the
aerobic state of the system, cation exchange capacity (CEC)
of media, and ability of the system to provide growth for the
nitrifying bacteria. The aerobic state directly depends on
the hydraulic loading rate, and some systems like recirculating sand filters (RSF) and clay loam columns have shown
a capability of nitrifying ammonia above the prescribed
loading rate. An intermittent operation was able to achieve
considerable efficiency in nitrification of nitrogen-rich effluents, though the time periods have not been standardized.
Subsurface disposal with a longer retention of effluent in
the unsaturated medium has been shown to provide sufficient nitrification, and the provision of a carbon source beneath the unsaturated zone would lead to a near-complete
denitrification of the effluent.
The selection of a denitrifying agent depends on its
ability to denitrify nitrate with less retention time and no
further contamination of the groundwater. Alcohol has been
proven to be a successful denitrifying agent, but its potential of being hazardous and its poor performance at winter
temperatures greatly limits its use. Grey water systems are
dependent on sand filter nitrification systems, and a proper
evaluation of the system is difficult, due to the variability
in organic carbon content limiting such a design. Sulfurlimestone systems have been shown to achieve a nearly
complete denitrification of nitrate-rich agricultural waters,
and their ability to provide the same level of denitrification on-site effluents has been demonstrated in mound and
buried sand filter systems. Increases in sulfate and alkalinity in the effluent could probably limit the use of sulfurlimestone.
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HEAVY-METAL CONTENT OF
ROADSIDE SOIL IN MERSIN, TURKEY
Hakan Arslan and A. Murat Gizir
Department of Chemistry, Faculty of Arts and Sciences, Mersin University, 33343 Mersin, Turkey

SUMMARY

from vehicle exhausts, there is clearly a need for further
studies [4, 5].

Lead, nickel, cadmium, copper, and zinc were determined in roadside soil samples collected from different locations in Mersin metropolis. The samples were digested with
a 3/1 mixture of conc. hydrochloric/ nitric acid. The metal
content was determined by flame atomic absorption spectrometry. The method of analysis was evaluated using Soil7, a certified reference material (International Atomic Energy Agency, IAEA). For each location, the numbers of
vehicles driven on the road were counted. Results showed
that the soil contained significant levels of metals, when
compared to control values. The mean values for Pb, Ni,
Cd, Cu, and Zn in street soil were 183, 120, 3.4, 55 and
20 µg g-1, respectively. A significant correlation was found
between the number of vehicles and the metal contents in
soil samples. These values suggested that motor vehicles
form a major source of these metals in the soil. The concentrations of heavy metals in the samples were also compared with those reported by scientists in various countries.

Several studies in the world, for example, have stressed
the possibility that contaminated soil, ingested either directly
or indirectly as a result of hand-to-mouth activity, may represent a significant pathway of toxic metal intake during early
childhood [6].
Although there has been a considerable number of studies on the concentrations of heavy metals in soils, most of
them have been carried out in developed countries with long
histories of industrialization and, crucially in the case of lead,
extensive road building and use of leaded gasoline [1, 7, 8].
But very few studies in this area have been done in developing countries such as Turkey. The data on pollutant metal
concentrations and distributions are extremely sparse.
The variations in the levels of lead in roadside soil are
frequently attributed to traffic density [9-12]. The levels
of nickel, cadmium, copper, and zinc were also reported
to correlate with traffic density [10, 11, 13-17]. This contamination of roadside soil is considered to arise mainly
from motor vehicle exhaust, such as lead from tetraethyl
lead compounds in petrol [10, 18]. Lead, nickel, cadmium,
zinc, selenium, antimony and arsenic come from fossil fuel
combustion and motor vehicle tire wear [18, 19]. Nickel
emission also results from nickel added in gasoline and atmospheric abrasion of nickel-containing parts of automobiles [20].

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

INTRODUCTION
In urbanized areas, heavy metals originate from many
different sources, including vehicle emissions, industrial
discharges and other activities [1]. Atmospheric pollution is
one of the major sources of heavy metal contamination [2].
Heavy metals can accumulate in the top soil from atmospheric deposition by sedimentation, impaction and interception, and, therefore, top and roadside soils in urban areas are
indicators of heavy metal contamination from atmospheric
deposition. There is strong evidence that soil is an important pathway causing exposure of people to metals that
may reach toxic levels [3]. The toxicity of heavy metals
towards humans has been well documented, and because of
the relative paucity of data on pollution by these metals

Mersin, a seaside city, is located in the southern part
of Anatolia (36.0° N, 34.0° E). It is one of the large industrial regions in Turkey with an area of 15,853 km2 and a
population of ~1.7 million in 2000. The climate in Mersin
is moist-hot in summers and mild in winters. Temperatures range between 9 and 33 °C, the average values being
30 °C during summer and 12 °C during winter season. The
city is famous for its orange and lemon fields and also one
of the largest tourist attractions in Turkey.
The health of children and elderly people is likely to be
affected by exposure to an environment with high metal concentrations. Therefore, it is necessary to establish the levels
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of heavy metals in the cities. In this study, the concentrations of lead, cadmium, zinc, copper and nickel in Mersin

FIGURE 1 - Location map of the study area (Mersin city).

soil samples have been analyzed by AAS, and relationship
between heavy metal contents and traffic densities were
established.

Street dust samples were collected from 14 sites, to
include low and high-density traffic roads in Mersin during the period of March to June 2003 (Figure 1). The samples consisted of soil dust collected from both road sides,
about 10-15 m in length, using a brush and plastic dustpan. They were dried at 60 °C and sieved through a 170mesh (90 microns) sieve. Representative samples were then
withdrawn by coning and quartering, and were stored in
clean self-sealing bags [12].

MATERIAL AND METHODS
Reagents

Analytical reagent-grade chemicals were employed
for the preparation of all solutions. Standard solutions
(1000 mg/L) of Pb, Ni, Cd, Cu, and Zn were prepared by
dissolving respective pure metals or their salts. For each
element, six standard solutions of different concentrations
in linear ranges were prepared in 2M HNO3 [12]. Working
solutions were prepared by diluting suitable aliquots of stock
solutions with distilled water. They were prepared freshly
every day, and kept in polyethylene bottles.

Analytical techniques

The soil samples were dried at 110 °C for 3 hrs, then
ground to pass through a 200-mesh sieve, and homogenized for analysis. 1.0 g of soil samples were digested
with 15 ml conc. hydrochloric acid and 5 ml conc. nitric
acid at room temperature, and heated to 95 °C. After the
evolution of NO2 fumes had ceased, the mixture was
evaporated to dryness on a sand-bath and mixed with 20 ml
solution containing 1% (v/v) HCl and 1% (v/v) HNO3.
Finally, this mixture was filtered and the resulting clear

Sampling
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solution used for FAAS measurement, after being diluted
to 50 ml [15].

performed by acetylene/air flame with a flow rate of 2.5 L/
hr for acetylene and 6 L/hr for air. Two types of sources
from Cathedon and Perkin-Elmer were employed to excite
the elements.

The accuracy and precision of digestion procedure were
checked using a standard reference material (IAEA Soil-7,
International Atomic Energy Agency). The results shown
in Table 1 indicate good agreement among experimental
and certified values. In addition, the procedure was applied
to a sample collected from Istiklal Street Station. The sample was analyzed both with and without a spiked standard
containing a mixture of the relevant metals in different
amounts. The recovery rates for Pb, Ni, Cd, Cu, and Zn in
Istiklal Street Station were found to be 99%, 97%, 98%,
96%, and 97%, respectively, during the digestion. A preliminary test involving seven replicate digestions on one soil
sample for these metals produced relative standard deviations of about 6-12%.

Statistical Analysis

The data were analyzed statistically. Correlation matrices were produced to examine the interrelationships
among metal concentrations, but also the correlations between vehicle numbers and metal concentrations. Student’s
t-test was employed to estimate the significance of these
values.
RESULTS AND DISCUSSION
The concentrations of Pb, Ni, Cd, Cu, and Zn in street
dusts samples are listed in Table 2, together with the 24-hrs
numbers of vehicles and cars at the respective stations. Roadside dusts can indicate the short-term contamination released
from vehicle exhaust emission and vehicle components.
Ciftlikkoy station with its zero traffic volume was selected as control. In general, Istiklal Street dust data show
higher concentrations of five metals studied, compared to
those from Ciftlikkoy Station soils. This shows that traffic
volume has a strong influence on the metal pollution of
the roadside soil dusts.

TABLE 1
Observed and certified heavy metal values (mg/kg) for IAEA Soil-7.
Element
Pb
Ni
Cd
Cu
Zn

Measured values
66.7±0.05
25.9±0.06
1.8±0.04
10.1±0.08
99.7±0.07

Certified values
55-71
21-37
1.1-2.7
9-13
101-113

Apparatus

All the samples were analyzed with a Perkin Elmer
FAA spectrophotometer, Model 3110. Atomization was

TABLE 2 - Heavy metal concentrations in surface soil of different traffic volume locations in Mersin (March-June 2003).
Location
Adnan Menderes Boulevard- (Hilton)
Mersin University Road
Pozcu Center Road
Ataturk Park Square
Football Stadium Junc.
Train Station Street
Harbour Gate Road
Motorway Road
Mersin Oteli Junc.
G.M.K Boulevard -(Turizm Ok.)
Central Bus Station Road
Cetinkaya Road
Mugdat Cami Road (GMK)
Istiklal Street
Ciftlikkoy (Mersin University)
*: Uncertainty at 95% confidence level (N=6).

Concentration. x±t*s/√N. µg/g
Pb

Ni

Cd

Zn

Cu

330.1±15.9
144.5±7.5
3.75±0.23
27.4±3.3
64.6±3.3
174.9±12.1
116.5±4.7
3.40±0.39
15.7±1.2
49.8±3.4
245.2±13.8
99.5±4.3
3.42±0.28
26.2±2.7
76.4±5.7

286.1±14.3
147.5±6.5
4.06±0.44
26.5±3.1
73.9±4.8
138.4±8.8
124.6±4.2
3.42±0.38
13.1±2.0
41.1±5.4
134.8±6.5
109.9±3.9
2.92±0.17
15.3±2.6
38.1±4.5

165.7±8.2
130.5±6.7
4.08±0.41
28.9±4.2
61.7±3.2
125.3±5.9
111.9±5.7
4.26±0.52
24.7±2.5
75.1±6.1
56.4±5.3
117.2±5.1
2.91±0.21
13.7±2.8
38.1±3.1

165.7±10.6
102.2±5.3
3.17±0.21
16.6±3.7
46.9±3.7
156.6±9.7
121.7±5.3
3.42±0.30
19.1±2.6
54.7±5.4
347.9±14.8
132.7±5.8
3.98±0.37
27.8±2.3
79.4±6.9

162.8±9.4
133.7±4.1
3.17±0.29
14.5±1.7
48.8±4.1
240.1±12.9
149.2±6.8
3.82±0.36
21.6±3.5
47.0±4.3
19.9±2.1
61.7±3.5
1.63±0.12
11.9±1.1
29.3±4.5

The 14 urban street dust samples had metal concentrations in the range of 20-348 µg/g for Pb, 1.6-4.3 µg/g for
Cd, 12-29 µg/g for Zn, 29-79 µg/g for Cu, and 62-149 µg/g
for Ni, with mean values of 183, 3.4, 20, 55 and 120 µg/g,
respectively.

No. of
cars
24 hrs
77521
66816
50832
88605
27604
6880
51845
53996
18478
59809
27888
81552
62160
82749
0

No. of
vehicles
24 hrs
104112
110448
92784
119984
38925
95856
94369
98064
24912
107472
32368
123648
73685
113136
0

The Mersin Pb levels were compared with values of
other cities. In Lancaster [1, 21], 1090-2500 µg/g were reported for urban road samples, a range of 172-9660 µg/g
and a geometric mean of 1354 µg/g was found in London
[22], a range of 14-2200 µg/g found in Auckland [19], a
range of 82-450 µg/g and an average of 168 µg/g found in
Nigde [23], a range of 13-375 µg/g found in Kemalpasa

18

© by PSP Volume 15 – No 1. 2006

Fresenius Environmental Bulletin

[9], a mean of 1762 µg/g found in Riyad [24], a mean of
970 µg/g found in Manchester [8], a mean of 697 µg/g
found in Bahrain [25], and a mean of 444 µg/g found in
Pittsburgh [7]. Lower mean Pb levels of 89, 139, 180, 181,
and 210 µg/g have been reported for Des Moines, Lake
Charles, Hong Kong, Birmingham, and Bursa [7, 9, 26, 27].
The dominant source of Pb in urban street dusts is the emission of aerosol particles from gasoline vehicles [15]. High
lead concentrations are not always found in developing
cities, e.g. data reported for Merida city in Venezuela and
Nigde city in Turkey (Pb concentrations of 65 and 168 µg/g,
respectively) [23, 28]. Lead content in soil of Cetinkaya
Road Station in Mersin was the highest one and is attributed to higher traffic density there. The factors responsible for Pb enrichment in roadside soils are similar to those
of major urban areas. New automobiles should burn only
unleaded fuel, but leaded gasoline still contains alkyllead
compounds, albeit in decreasing quantities. With up to 80%
of atmospheric Pb still being derived from auto exhaust, it
should come as no surprise that roadside environments
were Pb-enriched, despite relatively low traffic volume in
this city. It is noted that the lead concentration increases
with traffic volume, as shown by a significant correlation
between lead concentrations and traffic intensity (Figure 2
and Table 3). This is in agreement with the results obtained
for other cities [6, 8, 10-13, 23, 29, 30].

geometric mean of 3.61 µg/g in Hong Kong [27], 0.89 µg/g
in Des Moines [7], 0.7 µg/g in Birmingham [26], 2.1 µg/g
in Nigde [13], 3.1 µg/g in Bursa [15], 2.5 µg/g in Riyad [24],
and 0.36 µg/g in Lake Charles [7] were reported. The mean
Cd concentration in soil worldwide is 0.5-4.0 µg/g [17].
Street dust Cd concentrations of Mersin were higher than
the worldwide average concentration. It is noted that Cd
increases with increasing traffic volume, as evident from
the significant correlation between lead concentrations and
traffic intensity (Table 3). The reason for the highest Cd concentration in dust would be its use in accumulators of motor
vehicles and carburettors. The same trend in dust Cd concentrations has been obtained for various cities [9, 11, 14].
The mean concentration of Zn in Mersin was found to
be 20 µg/g. Zn values for other cities in various countries
are as follows: a range of 64-480 µg/ in Auckland [19], a
range of 27-108 µg/g in Kemalpasa [9], a range of 1215150 µg/g and a geometric mean of 513 µg/g in London
[22], a geometric mean of 1170 µg/g in Hong Kong [27],
a mean of 152 µg/g in Bahrain [25], a mean of 443 µg/g
in Riyad [24], a mean of 57 µg/g in Bursa [15], and a
mean of 205 µg/g in Birmingham [26]. As can be seen in
Table 3, a reasonable correlation between zinc amount and
the total number of vehicles was found with a correlation
ratio of r = 0.646. High zinc concentrations in samples
can be explained by its use in lubricating oil, tires, accumulators and carburettors [9, 13, 14, 24, 27]. In addition,
a significant correlation was found between Pb and Zn
contents in soil samples (Figure 3).

In Mersin, a mean level of 3.4 µg Cd/g soil was found,
whereas mean values of 2.8 and 5.2 µg/g in Lancaster [21],
a range of <1-28 µg/g with a geometric mean of 4.2 µg/g in
London [22], a range of 1.1-5.8 µg/g in Kemalpasa [9], a

No. of vehicles in 24 h
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FIGURE 2 - The relationship between the Pb concentrations and number of vehicles in soil samples.

TABLE 3 - Coefficient correlation data (N=6).

Pb

Pb
1.000

Ni

Cu
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Ni
Cu
Cd
Zn
Cars
All vehicles

0.671
0.732
0.665
0.750
0.827
0.758

1.000
0.405
0.765
0.484
0.710
0.546

1.000
0.779
0.891
0.669
0.630

1.000
0.774
0.736
0.712

1.000
0.653
0.646

40
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FIGURE 3 - The relationship between Pb and Zn concentrations in soil samples.

CONCLUSIONS

The mean Cu concentration in dust world-wide is 100300 µg/g [17]. The mean, minimum and maximum values
of Cu in the dust samples from Mersin were found to be
55 µg/g, 29 µg/g, and 79 µg/g, respectively. The comparative Cu levels are as follows: a mean of 94 µg/g reported
for urban road samples in Riyad [24], a geometric mean of
126 µg/g found in Hong Kong [27], a mean of 44 µg/g in
Nigde [13], and a range of 12-200 µg/g in Auckland [19].
The source of Cu from traffic has been reported to be the
corrosion of metallic vehicle parts. The Cu dust sample
results in this study are in agreement with those found
for soil samples by Narin et al. [14], Kartal et al. [11] and
Arslan [9].

Most authors had pointed out that all these metals are
used in parts of motor vehicles that are subject to wear, and
that vehicles are a source of metals in the street environments. Metal concentrations in Mersin roadside dusts are
found to be significantly higher than the control. This indicates that traffic volume in Mersin metropolis, a large urban center with high population and traffic density, has a
strong influence on metal pollution of its roadside soil dusts.
A comparison of Pb, Ni, Cd, Cu, and Zn in Mersin street
dust samples with the corresponding levels of cities in other
countries clearly evidenced that they are lower. There is a
good correlation between the number of cars and the metal
contents. Regarding the statistical calculations, at 95% confidence level, the correlations between both the investigated
metal contents and the number of cars with heavy metal
concentrations are significant. The heavy metal levels in
roadside soils are positively correlated with increase in traffic. It is clear that traffic plays the dominant role in metal
pollution, but values found in Mersin are within the acceptable limits. These data suggest the use of both electricity and alternative fuels would decrease heavy metal
pollution in urban areas. In addition, with further demands
on trans-port and lowering permitted emission, automotive
manufacturers and suppliers will continue to reduce emission
from engines by cleaner combustion and optimized catalyst systems.

The mean concentration of Ni in Mersin was 120 µg/g.
The relevant comparative values obtained in other cities are
8-105 µg/g in Auckland [19], 30-145 µg/g in Kemalpasa
[9], a mean of 44 µg/g in Riyadh [24], a mean of 67 µg/g in
Bursa [15], and a mean of 52 µg/g in Nigde [13]. The range
of the median of nickel in street dust samples has been
reported by Fergusson and Kim [17] to be 50-100 µg/g,
whereas in the dust samples from Mersin 62-149 µg/g
were analyzed. This shows that Ni pollution is not only of
traffic origin. Soil is a complex system and its constituents
are constantly undergoing changes due to weather conditions, geographic location and human activities, such as
traffic, industrial and agricultural ones. The source of nickel
in street dust has been reported to be corrosion of cars [9,
17, 25]. The clear correlation between the number of cars
and the nickel contents support this idea.
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PHOTOINDUCED DISSOLUTION OF FE(III) OXIDE
IN THE PRESENCE OF OXALATE LIGANDS
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SUMMARY
In the present work we analyze the reactivity of an
iron(III) oxide photodissolution system that involves inorganic complexes, as a function of ligand speciation. The
experimental procedure entails visible-light irradiation of
insoluble iron (III) oxide in aqueous media in the presence
of oxalate. The highest dissolution is observed in the vicinity of the pH value where the hydrogen oxalate anion predominates.

The objective of the present paper is to demonstrate
the photo-induced reduction/dissolution of Fe(III) in a
Fe(III) oxide–oxalate system, and the effect of pH on the
final [Fe(II)] found in solution. Three pH values: 0, 3, and
5 were selected, since each one represents a maximum (or
near maximum) in the corresponding oxalate-species distribution diagram (H2C2O4, HC2O4-, C2O42- ) [10].
The choice of pH range for this study was limited by
the increased reactivity of Fe(II) species with dioxygen at
higher pH that precludes the separate observation and analysis of a reductive dissolution. In addition, the relationship
between proton concentration and the reaction rate of the
photoinduced Fe(III) dissolution has been found to be proportional to [H+]0.27, which indicates that higher pH values
decrease the reaction rate [2]. On the other hand, low pH
values promote the dissolution of iron oxide through the
weakening of the Fe-O bond [11], adding complexity to the
reactive system. In light of these facts, we selected the pH
range 0-5 for our study. Here, the most significant reactions
involving Fe species (after complexation of Fe by the oxalate ligand in the solid phase) are the following.

KEYWORDS:
Photodissolution, ligand speciation, photoreduction.

INTRODUCTION
Numerous studies have focused on the photoreactivity
of Fe and its presence in various redox reactions. The importance of this metal to environmental processes has been
increasingly cited [1]. Among the most important processes
are: the oxidation of dissolved organic matter, the consumption and production of oxygen-containing reactive species
.

.-

a) Photoinduced reductive dissolution of Fe(III)

.

(HO2 /O , H2O2, OH), and biological processes [2]. These
reactions typically implicate a redox cycle involving two
stages: light irradiation (UV and/or visible) and a dark phase.
Such stages occur during the natural day-and-night cycle
[2, 3]. Here, the Fe(II) and Fe(III) concentrations are the net
result of a complex set of competing electron, proton, and
ligand-transfer phenomena. Whenever an insoluble solid
phase is present (typically as iron oxides and oxyhydroxides), the extent to which solubilization takes place plays
a significant role in determining some properties of certain environmental compartments and phenomena, such as
overall magnetic properties of soils and sediments [4, 5],
the mobility of many ions and molecular species (including
radionuclides) [6-8], and the availability of iron to various
forms of life [9]. Thus, an understanding of the chemical, physical and biodissolution behavior of such oxides
and hydroxides as a function of natural parameters is vital
in this regard.

(1)

Ligand-to-metal electron transfer is known to occur [2,
3] and the Fe–oxalate bond is broken in a subsequent step.
Fe(II) can also be re-oxidized before entering the solution.
b) Photoreduction of dissolved Fe(III)

(2)

This reaction is thought to follow an oxalate-to-metal
electron transfer mechanism similar to reaction 1 [12, 13].
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.

provided throughout the entire experiment by means of a
magnetic stirrer and a Teflon microstirring bar. The temperature was monitored throughout the experiment and remained at 25 +/- 2oC. All the experimental data points reported in this paper are the average of three replicates.

The CO2 - radical is a strong reductant that can reduce
another surface Fe(III) [3]).
c) Photoformation of oxidants
hv/ H+
C2O42-(aq) + 2O2(g)

2CO2(g) + HO2./O2.-(aq)

(3)

Organic and radical species formed and consumed
during such reactions play an important role in the oxidation state of dissolved iron [3].
d) Non-reductive dissolution.

(4)
FIGURE 1 - Experimental setup.

Light was turned off after a pre-selected period of time.
A test tube was then removed (together with its twin blank)
and analyzed for Fe(II) after filtration with a syringe-type
45 µm filter (Millipore) to remove any remaining solids.
Fe(II) was then measured by the standard 1,10- orthophenanthroline spectrophotometric method [10]. A calibration
curve using iron(II) sulfate (Baker Analytical Grade) as the
Fe(II) source produced the linear equation: y = 0.0024x +
0.3142 (y = Absorbance, x = Fe(II) concentration, micromolar) with a correlation coefficient r2 = 0.9884.

This reaction is independent of the extent of irradiation and may occur due to the presence of a ligand [11] or
result from acidic conditions, where Fe(III) is soluble as
shown in eq. 5 [14]:
6H+
Fe2O3(s) + 3H2O(l)

2Fe3+(aq) + 6H2O(aq)

(5)

e) Redox reactions in the presence of organic oxidizing compounds. (Note: the following reactions are only indicative and are
not balanced) [12]:
HO2./O2.-(aq) + Fe(II)(aq)
HO2./O2.-(aq) + Fe(III)(aq)

+
⎯H
⎯⎯→ Fe(III)(aq) + H2O2(aq)
+
⎯H
⎯⎯→ Fe(II)(aq) + O2(g)

(6)

After each [Fe(II)] determination, hydroxylamine chloride was added to the system so as to reduce any Fe(III)
present to Fe(II) [10], and the analytical method was performed again. In this way, we were able to measure [Fe(II)]
and the total dissolved-iron concentration (i.e., [Fe(II) +
Fe(III)] = [FeTOT]). Fe(III) can be estimated by difference.

(7)

In the following experiments, the influence of light,
irradiation time, and pH on the extent of dissolution of a
solid iron(III) oxide sample in the presence of oxalate
ligands is analyzed.

RESULTS AND DISCUSSION
EXPERIMENTAL PROCEDURE
The plots of dissolved [Fe(II)] at different times for
each pH value are shown in Figure 2.

Stock Na2C 2O 4 solutions (Baker Analyzed, purity
100.06%) were prepared, and their pH was adjusted with
sulfuric acid to the selected pH values. Eight 3-mL aliquots
of the stock oxalate solutions, containing 0.025 g of Fe2O3
(Baker Analyzed, 99.4% purity), equivalent to 8.33 g/L,
were placed inside the same number of 13-mm Pyrex test
tubes. The tubes were then bundled together and fastened
with a rubber band around an empty 50-mL glass beaker
in which a small, low-power (12V, 20W) commercial halogen light bulb was placed so as to irradiate all the tubes homogeneously. Four of these tubes were wrapped in aluminum foil and used as blanks to be compared with the results in the irradiated samples. This bundle of test tubes was
also held together by means of a rubber band. It was then
placed in a 250-mL glass beaker partially filled with roomtemperature water as a temperature-regulating medium (see
Figure 1). The system was then covered with a cardboard
box to prevent interference from ambient light. Stirring was

[Fe(II)] vs. time
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FIGURE 2
Dissolved Fe(II) concentration as a function of time and pH.
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The [Fe(II)] in solution after 60 min of irradiation (at
different pH values) is shown in Figure 3. The results for
the test tubes in the dark are also shown for comparison.

factor in the photoinduced reductive dissolution of the solid
oxide; the hydrogen oxalate species, HC2O4-, gives the
highest dissolution among the three oxalate species in this
system.

Dissolved Fe(II)

From the comparison of the results with the irradiated
vs. dark system in Figure 4, it is also clear that at pH = 0
and 5, the non-photoinduced reactions are predominant.
At pH = 0 the acidicity itself is responsible for the nonreductive dissolution of Fe(III) [14]. The high Fe(III) concentration found at pH = 5 can be interpreted as the result
of the non-reductive, ligand-induced dissolution of the
Fe(III) oxide surface (see Equation 4) (11).

50
45

[Fe(II)], µM

40
35
30
25
20
15
10
5

The dissolution of iron (III) oxide in the presence of
organic ligands whose speciation depends on pH is a complex process. It is governed by bond-dissociation and electron, proton, and ligand-transfer phenomena both in irradiated and in dark systems.

Irradiated

0
pH 0

Non-irradiated
pH 3

pH 5

FIGURE 3 - Dissolved [Fe(II)] after 60 minutes,
with or without light at different pH values.

CONCLUSIONS
The presence of carboxylic ligands in aqueous reservoirs favors the dark as well as the photodissolution of solid
iron (III) oxide, with the concomitant loss of sorption capacity of the sediments and soils that contain it. This brings
about an increase in mobility of formerly adsorbable species. The light-assisted process (in the case of the oxalate
system) yields larger amounts of Fe(II) in solution than
the dark process, which indicates that a predominant portion of the dissolved Fe(II) is due to the photoreduction of
Fe(III) (solid or aqueous). A pH of 3 favors the dissolution process more than that at pH 0 or 5, most likely because
of the predominant hydrogen oxalate ligand. On the contrary, in the dark experiments at pH 0 and 5, the non-photoinduced reactions are predominant.

At the three different pH values used, those samples
at pH = 3 showed the greatest amount of dissolved [Fe(II)].
This agrees well with optimum pH range for the ligand-induced dissolution reported in the literature, i.e., 2 < pH < 4
[11]. [FeTOT] was also measured in the same experiments,
and the results are shown in Figure 4.
Total Dissolved Fe
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30

More work needs to be done in order to determine how
much Fe(II) is produced by photoinduced reductive dissolution of solid Fe(III) oxide vs. the photoinduced reduction of
dissolved Fe(III).
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15
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5
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From the comparison of the two figures, it is clear that
dissolved [FeTOT] and [Fe(III)] are actually higher for the
dark system. By contrast, Fe(II) - which is directly related
to the photoinduced reaction discussed earlier - is indeed
higher for the irradiated system, most noticeably at pH = 3.
This fact indicates that an important portion of the dissolved
Fe(II) is due to the photoreduction of Fe(III) (solid or aqueous) in the presence of the predominant oxalate form at
pH = 3. From here it is clear that ligand speciation is a key
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SUMMARY
Lake ecosystems are, in particular, vulnerable to heavy
metal pollution. Rudd, Scardinius erythrophthalmus is one
of the aquatic organisms affected by heavy metals. Therefore, heavy metals Fe, Zn, Mn, Cr, Pb and Cd were measured in different tissues of rudd, S. erythrophthalmus, which
include muscle, liver and gill, to assess the fish pollution
with heavy metals. Among the heavy metals studied Cr,
Pb and Cd were below detection limit (<0.03). The mean
concentrations of heavy metals in muscle varied from
5.70-17.31 mg/kg Zn. In the liver the concentrations varied from 76.37-150.94 mg/kg Fe, 93.14-116.41 mg/kg Zn
and in the gills they varied from 64.58-108.13 mg/kg Fe ,
130.15-170.84 mg/kg Zn and 6.52-18.12 mg/kg Mn. The
tissues of rudd, S .erythrophthalmus showed positive relationships in Fe levels of the muscle and liver (>0.05) and
Mn levels in gill (>0.05), while there was a negative relationships in Zn levels of the muscle, liver and gill (<0.05).
The results of the study indicated that no serious pollution
in the lake is caused by heavy metals.

Fish are often at the top of the aquatic food chain and
may absorb large amounts of metals from water. Accumulation patterns of contaminations in fish depend both on
uptake and elimination rates [3]. In fish, the toxic effects
of heavy metals may influence physiological functions,
individual growth rates, reproduction and mortality [4, 5,
6]. Heavy metals may enter fish bodies by three possible
ways: through the body surface, the gills or the digestive
tract [7, 8]. The gills are regarded as the important site for
direct uptake from the water [7, 9], whereas the body surface is generally assumed to play a minor role in heavy metal
uptake of fish [7, 8]. Food may also be an important source
for heavy metal accumulation [7, 10], potentially leading
to biomagnifications, the increase of pollutants up to the food
chain [11]. Levels of heavy metals in fish have been widely
reported [12-18].
The presence of heavy metals in different foods constitutes serious health hazards, depending on their relative
levels. For example, cadmium and mercury injure the kidney and cause symptoms of chronic toxicity, including impaired kidney function, poor reproductive capacity, hypertension, tumors and hepatic dysfunction [19]. Lead causes
renal failure and liver damage [19]. Some other metals (e.g.
chromium, zinc and copper) cause nephritis, anuria and
extensive lesions in the kidney [19]. Therefore, the problem of food contamination (including fish) by toxic metals
is receiving global attention.

KEYWORDS: Scardinius erythrophthalmus, Lake Karataş, heavy
metals, pollution, Turkey.

INTRODUCTION

Gill, liver and muscle were chosen as target organs for
assessing metal accumulation. The concentrations of metals
in gills reflect the concentrations of metal in the waters. The
metal content in the dorsal muscle was analysed because
of its importance for human consumption, and the liver was
analysed since this organ tends to accumulate metals [20].
It is also a good indicator for the exposure to heavy metals, because the liver plays an important role in the metal
metabolism [21].

Trace elements occur in minute concentration in biological systems. They may exert beneficial or harmful effects on plant, animal and human life depending upon the
concentration [1]. These elements are introduced into the
environment through various routes, smelting processes,
fuel combustion and industrialization [1]. They find their
way into aquatic systems, rivers, lakes or ocean through
atmospheric fallout, dumping wastes, accidental leaks, runoff
of terrestrial systems (industrial and domestic effluents)
and geological neatening [2].

There are no studies about the pollution of the
Karataş Lake so far. Therefore, this study assesses the
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pollution effects of heavy metals on rudd, S.
erythrophthalmus at Karataş Lake. Heavy metal, Fe, Zn,
Mn, Cr, Pb, and Cd were examined in different tissues of
fish (S. erythrophthalmus), which include the muscle, liver
and gill.

each sample were dissected, washed with distilled water,
dried on filter paper, weighed, packed in polyethylene bags
and kept at -30 ºC until analysis.
The weighed samples (fish tissues), 5 ml nitric acid
(65 %) and 1 ml hydrogen peroxide were placed into digestion bombs and digested in a microwave digestion system
(CEM-MDS 2000). In recent years, microwave digestion
procedures have been used in numerous studies [22, 23]
owing to the advantages of this technique. They enhance the
speed of digestion and contamination is less possible during
the process [24]. After digestion the sample was cooled to
room temperature and diluted to 25 ml with high-quality
deionized water.

MATERIALS AND METHODS
Area descriptions

Lake Karataş (37º 35' N 29º 58' E) is located in the
southwest of Turkey (Figure 1) and is used for irrigation.
Its area is about 800 ha., respectively. It has been selected
as the sampling region because of its state of pollution. Recently, agricultural and industrial developments as well as
increase in pollution substantially increased the contamination of fish with heavy metals.

The metal analyses of samples (Cu, Fe, Zn, Mn, Cr, Pb
and Cd) were carried out by using a Perkin Elmer Atomic
Absorption Spectrometer Analyst 800. The concentrations
of heavy metals are expressed as mg/kg wet weight of
tissue. The absorption wavelengths were 248.3 nm for Fe;
324.8 nm for Cu; 213.9 nm for Zn; 279.5 nm for Mn;
357.9 nm for Cr; 283.3 nm for Pb and 228.8 nm for Cd,
respectively.
Statistical procedures

Statistical analysis of data was carried out using SPSS
statistical package programs. The Pearson test was applied
to data to compare the relationships among heavy metal concentrations in the tissues. The same tissues from the fishes
were also compared by One-way ANOVA.
RESULTS
The concentrations of heavy metals in muscle, liver
and gills of the fish samples are given Table 1. As seen in
Table 1, only Fe, Zn and Mn were detected in different
tissues of fish samples, while Cr, Pb and Cd were at undetectable levels (<0.03) in all fish samples. Fe was undetectable (<0.03) in muscle and Mn was undetectable (<0.03) in
muscle and liver.
The mean concentrations of heavy metals in muscle
varied from 5.70-17.31 mg/kg Zn. In the liver the concentrations varied from 76.37-150.94 mg/kg Fe, 93.14116.41 mg/kg Zn and in the gills varied from 64.58108.13 mg/kg Fe, 130.15-170.84 mg/kg Zn and 6.5218.12 mg/kg Mn (Table 1).

FIGURE 1 - Map of Karataş Lake, Turkey.

The lowest Fe concentrations were found in the muscle (Table 1), the highest concentrations were always found
in the liver. The contents of Zn, in the liver were generally
many times higher than in the muscle, whereas the highest
levels of Zn were found in the gills. The Mn concentrations
were determined only in the gills. Other elements were below detection limits (<0.03).

Sample preparations and chemical analysis

A total of 30 samples of rudd, S. erythrophthalmus species were collected by catching with nets from the study
area. The samples were brought to the laboratory on the
same day. The total length and weight of each sample fish
were determined. Sex was verified by inspection of gonads
after opening the body cavity.

The tissues of rudd, S. erythrophthalmus showed positive relationships in Fe levels of the muscle and liver
(>0.05) and Mn levels in gill (>0.05), while there was a

Approximately 2 g of the epaxial muscle on the dorsal
surface of the fish, the entire liver and two gill racers from
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negative relationships in Zn levels of the muscle, liver and
gill (<0.05)
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TABLE 1 - Heavy metals concentrations (mg/kg) in different tissues of rudd, Scardinius erythrophthalmus.
Tissues

Elements

Fe
Mean
S.D
Muscle
BDL *
Liver
113.66
52.72
Gill
86.36
30.79
* Below detection limit
SD: Standard deviation
CV %: Coefficient of variance

C.V.%
46
34

Mean
11.51
104.78
150.49

Zn
S.D
8.20
16.45
28.77

C.V.%
72
15
18

Mean
BDL
BDL
2.81

Mn
S.D

C.V.%

0.1

0.7

Mean
BDL
BDL
BDL

Cr
S.D

C.V.%

Mean
BDL
BDL
BDL

Pb
S.D

C.V.%

Mean
BDL
BDL
BDL

Cd
S.D

C.V.%

TABLE 2 - Pearson correlation matrix showing the relationship of metals among tissues.
Fe

Zn

Mn

Muscle
1
0.368
- 0.361

Liver

Gill

Muscle
Liver
Gill

1
- 0.992*

1

Muscle
Liver
Gill

1
- 0.948*
0.777

1
- 0.874*

1

Muscle
Liver
Gill

- 0.036
- 0.556

1
1
0.784

1

*Correlation is significant at the 0.05 level (2-tailed).

Relationships of metal in different parts of fish were
studied using the Pearson correlation matrix (Table 2). The
accumulation of Fe in liver were closely related (<0.05) to
the concentrations of Fe in gill, while Zn concentrations in
liver were closely related (<0.05) to the concentrations of
Zn in muscle and liver. No significant correlations were
found between the contents of Mn in fish organs.

industrial and domestic wastes. When such heavy metals
enter an aquatic system, they bind to the sediment and
accumulate in the different organisms causing adverse
effect to the ecosystem and human health depending on
their relative levels [32].
Analysis of the heavy metals in muscle of fish samples showed that Zn is the highest. Fe, Mn, Cr, Pb and Cd
were below the detection limits. Concentrations of Zn in
muscle samples are in agreement with those reported by
many studies [33-35]. No significant correlation was observed between heavy metal concentrations in the fish
muscles and fish position in the food chain. This may be
due to the fact that rudd, S. erythrophthalmus, is an omnivore.

DISCUSSION
Mean concentrations of both essential and non-essential
metals in the gill, liver and muscle of each fish species show
great variations. The difference in metal concentrations of
tissues might be a result of their capacity to induce metalbinding proteins such as metallothioneins. The present data
showed that the metal concentrations in the liver and gill
were highest in all the fishes. It is well known that large
amount of metallothionein induction occurs in liver tissue
of fishes. The adsorption of metals onto gill surface could
also have an important influence on the total metal levels
of the gill [25-27].

The mean values of Fe, Zn and Mn in the gill determined by the present study are higher than those determined in samples collected in the Atatürk Dam Lake [23].
Pb, Cr and Cd are below detection limits. The higher metal
concentrations in the gills might be the result of metals
complexing with the mucus. It is impossible to remove
the mucus completely from between the lamellae, before
the tissue is prepared for analysis. Thus, high concentrations of serious metals can be observed there [25].

Concentrations of heavy metals in tissues of fishes
from different regions also showed great variations. Metal
concentrations of the tissues in the present study were lower
than in fish caught from river or lakes that were highly
contaminated [16, 17]. However, studies from Turkish waters also showed high concentrations in tissues of fishes
[23, 28, 29].

The highest concentration of Fe was found in the liver.
Also, Zn was determined in the liver. Karadede and Ünlü
[23] reported that the highest concentrations of Zn were
found in the liver in samples collected in the Atatürk Dam
Lake. Studies carried out with various fish species have
shown that heavy metals accumulate mainly in metabolic
organs such as liver that stores metals to detoxification by
producing metallothioneins [36, 37].

The occurrence of heavy metal in the studied ecosystems may be attributed to materials derived from geological sources and airborne deposits [30, 31] as well as from
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Unfortunately, however, there is little empirical evidence about biologically harmful concentrations of heavy
metals in fish, and it is, therefore, difficult to evaluate the
possible ecological effects of the metal levels recorded in
the present study. Adams et al. [38] advocated the use of
bioindicators for assessing the effects of pollutants stress
in fish.

[12] Amundsen, P. Staldvik, F.J. Lukin, A.A. Kashulin, N.A.
Popova, O.A. and Reshetnikov YS. (1997) Heavy metal contamination in freshwater fish from the border region between
Norway and Russia. The Sci. of the Tot. Env. 201, 211-224.
[13] Zauke, G.P. Savinov, V.M. Ritterhoff, J. and Savinova, T.
(1999) Heavy metals in fish from the Barents Sea (Summer
1994). The Sci. of the Tot. Env. 227, 161-173.

The concentrations of heavy metals in the tissues of
rudd, S. erythrophthalmus from Lake Karataş are lower
than all the samples obtained from Keban Dam Lake and
Tigris River, which is known as a polluted site. It can be
also concluded that more toxic metals as Cd, Hg and Pb
were not detected in all samples. In addition, the levels of
detected metals in muscle are acceptable levels for food
samples. Although, there are no high levels of heavy metals
in fish, a potential danger may occur in the future depending
on the agricultural and industrial development in this region.

[14] Al-Yousuf, M.H. El-Shahawi, M.S. and Al-Ghais, S.M. (2000)
Trace elements in liver, skin and muscle of Lethrinus lentjan
fish species in relation to body length and sex. The Science
of the Total Environment. 256, 87-94.
[15] Monsour, S.A. and Sidky, M.M. (2002) Ecotoxicological studies 3. Heavy metals contaminating water and fish from Fayoum Governorate, Egypt. Food Chem. 78, 15-22
[16] Rashed, M.N. (2001) Monitoring of environmental heavy
metals in fish from Nasser Lake. Environment International.
27, 27-33
[17] Farkas, A. Salanki, J. and Specziár, A. (2002) Relation between growth and the heavy metal concentrations in organs
of bream Abramis brama L. populating Lake Balaton. Arch
Environ Contam Toxicol. 43, 236-243
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DEGRADATION OF M-TOLUATE BY BACTERIA
ISOLATED FROM CRUDE OIL-POLLUTED SOILS
IN PETROLEUM REFINERY, MERSIN-TURKEY
Gökhan Coral and Serap Karagöz
Mersin University, Faculty of Science and Arts, Department of Biology, Mersin, Turkey.

SUMMARY
In this study, twenty-five Pseudomonas (ARX) strains
were isolated from crude oil-polluted soils in petroleum
refinery of Mersin-Turkey, by selective enrichment culture
in modified M9 minimal medium containing m-toluate
as sole carbon source. Two selected strains, ARX10 and
ARX25, were used for HPLC-analyzed biodegradation
tests. While the degradation of m-toluate by ARX10 was
found to be rapid and approached a maximum of 98 %
within 4 hours of incubation, only 60 % of m-toluate was
degraded by ARX25 during the same incubation period.
Screening for the presence of plasmid encoded catechol2,3 dioxygenase (C2,3O) in all isolates, catechol spray test
was carried out. All strains turned into a yellow- green
color, due to the conversion of catechol to the 2-hydroxymuconic semi-aldehyde indicating that m-toluate was degraded via plasmid-encoded meta-pathway. Unique 21 kb
plasmids were determined in all strains after agarose gel
electrophoresis.

The genus Pseudomonas is notable for the large number and variety of compounds that serve as carbon and
energy sources for its members. In certain strains of this
genus, the gene-coding for the enzymes responsible for
catabolism of some of the less common substrates are
carried on transmissible plasmids [3]. Aromatic compounds
are converted to alcohols, aldehydes and aromatic acids
via oxidation. These aromatic acids may be degraded via
several different metabolic routes in Pseudomonas putida.
Chromosomally encoded pathways convert benzoate and
p-hydroxy-benzoate to catechol and protocatechuate, compounds that are cleaved by ortho-ring fission, and metabolized via the β-ketoadipate pathway. Some P. putida strains
carry plasmids encoding catabolic pathways for aromatic
compounds [4, 5]. Degradative plasmids, which encode
catabolic pathways for various hydrocarbons, are common
in saprophytic pseudomonads. These include the CAM,
OCT, NAH, SAL and TOL plasmids. The TOL plasmid of
P. putida is the most extensively characterized catabolic
plasmids, and it encodes enzymes for the mineralization
of toluene, m- and p-xylene, m-ethyltoluene and 1,3,4-trimethylbenzene. In the degradation of these compounds,
the methyl group at carbon 1 in the aromatic ring is sequentially oxidized to yield the corresponding carboxylic
acid (upper pathway). The carboxylic acid is then oxidized to its corresponding catechol, which undergoes metafission to produce a semi-aldehyde, which is further transformed into products (pyruvate plus aldehydes) that are
finally transformed by chromosomally encoded enzymes
into Krebs cycle intermediates [6]. The first enzyme of the
meta-route is catechol 2,3 dioxygenase (meta-oxigenase).
The genetic studies showed that these enzymes are organized in two operons on TOL plasmids. These operons
encode upper and meta-pathway enzymes [7].

KEYWORDS:
biodegradation, m-toluate, plasmid, Pseudomonas.

INTRODUCTION
Among the most abundant environmental pollutants,
the aromatic compounds are of major concern because of
their persistence and toxicity. Although many of them are
recalcitrant to utilization by most organisms, large genetic
plasticty and metabolic versatility of bacteria allow them
to acquire the necessary catabolic abilities to use aromatic
compounds as their sole carbon and energy source [1].
For example, benzene, toluene, ethyl benzene and xylenes
are widely used as industrial solvents for organic synthesis and equipment cleansing. They are major aromatic components in many petroleum products, and often found in
groundwater as a result of leaks in underground storage
tanks and pipelines, improper waste disposal particles, inadvertent spills, and leaching from landfills [2].

The responsible genes for the degradation of toluene,
and m- and p-xylene, and their oxidation products in P.
putida mt-2 cells, have been shown to reside on a transmissible plasmid, referred to as the TOL (pWW0) plasmid. Then, it was reported that non-conjugative TOL like
plasmids, which were iso-functional with the original TOL
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plasmid, were isolated from other pseudomonads [8]. TOL
plasmids from different strains are diverse with regard to
molecular sizes and fragmentation patterns by restriction
endonucleases. Their molecular sizes differ from 105 to
270 kb [9], and pWW0 is about 117 kb in size and belongs
to IncP9 incompatibility group. Unlike other TOL plasmids, pWW0 is self-transmissible, and on solid agar plates
the frequency of conjugal transfer between different pseudomonads can be as high as 10-1 to 1 transconjugant per
cell. pWW0 can also be transferred to Enterobacteriaceae,
although at much lower frequencies. Replication of plasmid is thermo-sensitive [7]. Catabolic operons borne on
the TOL plasmid pWW0 can also be integrated into the
host chromosome, because the toluene catabolic genes for
these pathways are located on nested transposons Tn 4651
and Tn 4653. These transposons are closely related to the
Tn 1721 family of class II transposons [10].

Cultures were enriched in this medium by 5-days transfers. The cultures were plated onto GSP agar (soluble starch
20 g/L, Na-L-glutamate 10 g/l, MgSO4 0.5 g/l, KH2PO4
2 g/l, phenol red 0.36 g/l, agar 12 g/l, pH 7.2) [11]. After
incubation at 30 °C for 24 h, colonies which have red
precipitation zones were selected for identification and
further characterization. The isolates were identified on the
basis of morphological, cultural and biochemical characters according to the Bergey’s Manual of Systematic Bacteriology [12]. Bacteria were maintained on 5 mM m-toluate
MM9 agar slants at 4 °C for further studies.
Chatechol spray test

Catechol 2,3-dioxygenase (C2,3O) activities of the
isolates were determined by using the catechol spray test.
For this purpose, bacteria were streaked on MM9 agar
plates and incubated at 30 °C for 5 days. TOL plates were
screened for the presence of C2,3O by spraying them
with a 100 mM catechol solution. Positive strains turned
to yellow-green, due to the conversion of catechol to 2hydroxymuconic semi-aldehyde [13, 14].

In this study, different Pseudomonas strains which can
degrade aromatic hydrocarbons, such as m-toluate, were
isolated from the crude oil-contaminated soils in petroleum refinery, Mersin-Turkey. This is the first study on
isolation of bacteria that degrade aromatic compounds in
this location. The present investigation was also undertaken
to determine the genetic origins of the degradation capabilities of these isolates. Determination of mobile genetic
elements, such as plasmids and transposons, from indigenous bacteria is also important in order to explain bacterial adaptations to organic pollutants in contaminated areas.
In addition, preparation of culture collections of such capable bacteria, and inoculation of them to newly contaminated soils, is the most economic way to solve such pollution problems.

Biodegradation

Bacterial strains were incubated in 5 ml Nutrient Broth
at 30 °C for overnight. At the end of incubation period, the
cultures were centrifuged at 6,000 rpm for 15 min, and
cells collected. Cells were washed three times with MM9
liquid medium and resuspended in a small volume (5 ml)
of MM9 medium. Cell density in the initial inoculum was
equilibriated by measuring the optical density at 600 nm
(OD600) using a Perkin Elmer Lambda EZ 210 UV-VIS
spectrometer. 500 µl of this suspension was inoculated
into 100 ml of MM9 medium. The cultures were incubated
on an orbital shaker at 150 rpm at 30 °C for 24 h. At 4-h
intervals, 2 ml of culture samples were withdrawn for spectrophotometric and chromatographic analyses. Culture density of each sample was estimated by measuring OD600.

MATERIALS AND METHODS
Sampling location

For the isolation of hydrocarbon-degrading bacteria,
soil samples were collected from a petroleum refinery in
Mersin-Turkey. All soil samples were stored at 4 °C for
further study.

High Performance Liquid Chromatography (HPLC)

Concentrations of m-toluate in culture supernatants
were quantified by HPLC. The supernatants were filtered
through 0.45 µm pore size nylon membranes, and transferred to separate Eppendorf tubes, which were stored at
4 °C. 10 µl of sample was injected into an Agilent 1100
HPLC Analytic System. Analysis was carried out using
a C 18 column (Ace, 24 cm x 4.6 mm). The flow rate
was set at 1 ml min-1. The mobile phase was composed
of 0.05 M potassium phosphate (pH 3.2): methanol (60:40).
m-toluate was detected at 254 nm, and peak areas of both
standards and samples were used to calculate peak area
ratios. Ratios obtained for each sample, as well as for controls, were compared to those of m-toluate standards, and
concentrations calculated using the corresponding calibration graphics.

Isolation and identification of hydrocarbon-degrading bacteria

Wild type bacteria were isolated from soil samples by
selective enrichment culture in modified M9 minimal medium (MM9), which contains 5 mM m-toluate (m-toluic
acid) as sole carbon source. The MM9 medium contained
NaH2PO4 (7H20) 60 g/l, KH2PO4 30 g/l NH4Cl 10 g/l, NaCl
5 g/l, MgSO4 0,52 g/l, m-toluate 5 mM, and mineral salt
solution 2.5 ml. Mineral salt solution was composed of
ZnCl2 50 mg/l, MnCl2 30 mg/l, CoCl2 200 mg/l, NiCl2
20 mg/l, Na-molybdate 10 mg/l, and CuCl2 10 mg/l. Soil
samples (5 g) were added to 10 ml sterile distilled water.
Soil suspensions were centrifuged at 2,000 rpm for 10 min,
and supernatants were collected. 500 µl of supernatant
fluids were then inoculated into 100 ml of MM9 medium.
Flasks were incubated at 30 °C with agitation at 150 rpm.

Isolation of plasmid DNA and agarose gel electrophoresis

Plasmid DNA was isolated by alkaline lysis method,
described by Kado and Liu [15]. Plasmid DNAs were elec-
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trophoresed in 0.7% agarose gel at 50 V for 3 h. Gels were
stained with ethidium bromide, and bands visualized on
UV trans-illuminator [16]. The molecular sizes of plasmids
were determined by comparison with supercoiled DNA size
marker (Sigma D5292) using a computer program (DNA
Size Version I) [17].

minimal medium containing m-toluate as sole carbon
source. Some biochemical properties of two isolates are
shown in Table 1. All isolates belong to the genus Pseudomonas, and were especially very similar to P. putida
species according to their physiological characteristics.
ARX10 and ARX25 strains selected randomly were
used for biodegradation tests. Biodegradation rates of these
strains were detected by HPLC analysis. The HPLC elution profile of m-toluate obtained from culture supernatant
is shown in Figure 1. While the degradation of m-toluate by
ARX10 was found to be gradual and approached a maximum of 98 % within 24 hours of incubation, only 60 % of
m-toluate was degraded by ARX25 during the same time
(Figures 2 and 3). Degradation of aromatic hydrocarbons
in oil-polluted environments by indigenous bacteria is the
most important mechanism for the remediation of such
toxic, carcinogen and mutagen compounds. Inoculation
of these specific bacteria to the polluted soils is the most
economic way to solve pollution problems. However, determination of the potential of these strains to degrade different aromatic compounds in polluted areas requires more
detailed and sophisticated studies.

Plasmid curing

The plasmid curing was carried out as described by
Trevors [18]. Ethidium bromide was used to eliminate the
plasmids from the strains, and also heat treatment was
applied as a second control. In brief, the culture was grown
in the presence of ethidium bromide (500 µg/ml) for 24 h
at 30 °C, and then plated on Nutrient Agar. The isolated
colonies were then streaked on both Nutrient Agar and
MM9 agar containing m-toluate. The colonies that failed to
grow on MM9 agar plates were considered to be eliminated
from those colonies that grow on Nutrient Agar only.
RESULTS AND DISCUSSION
The crude oil polluted soils were collected from the petroleum refinery to prepare an enrichment culture in MM9

TABLE 1 - Some physiological properties of Pseudomonas sp. ARX10
and ARX25, which were isolated from the ATAŞ petroleum refinery.
Strain

Motility

ARX10
ARX25

Pigment production

Gelatinase

Lesitinase

Growth at 42 °C

-

-

-

-

-

-

-

-

Water- soluble

Chloroform-soluble

+

+

+

+

FIGURE 1 - HPLC elution profile of the culture
filtrate containing m-toluate (retention time 8.84).
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FIGURE 2 - m-toluate degradation by Pseudomonas sp. ARX10.
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FIGURE 3 - m-toluate degradation by Pseudomonas sp. ARX25.

FIGURE 4 - Separation profile of plasmids from Pseudomonas sp.
ARX 1 to12 (Lane 1; DNA ladder (11 super-coiled fragments), lane
2 to 13; plasmids of Pseudomonas sp. ARX1 to 12).

FIGURE 5 - Separation profile of plasmids from Pseudomonas sp.
ARX 13 to 25 (Lane 1; DNA ladder (11 super-coiled fragments),
lane 2 to 14; plasmids of Pseudomonas sp. ARX14 to 25).

Catechol spray test was carried out to determine TOL
plasmid encoded catechol-2,3 dioxygenase (C2,3O) enzyme in the Pseudomonas isolates. The yellow-green color
appearing in all strains, due to the conversion of catechol
to the 2-hydroxymuconic semi-aldehyde, indicated that

m-toluate was degraded via a plasmid-encoded metapathway. A 21 kb unique plasmid was detected in all strains
(Figures 4 and 5), but all these plasmids are smaller than
the other TOL plasmids. Nevertheless, it was reported that
the molecular sizes of TOL plasmids vary between 105 to
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270 kb [9]. Similarly, twenty different Pseudomonas strains
utilizing m-toluate were isolated from oil-contaminated
soil samples, seventeen of them carried plasmids ranging
in size from 78 to about 200 kb, and encoding the metacleavage pathway for toluene metabolism [19]. The results
of the plasmid-curing experiment showed that there was
no difference in the degradation of m-toluate. Therefore,
it is highly possible that this situation might be due to the
integration of plasmids into the chromosome. Furthermore,
after electrophoretic separation, no plasmid DNAs could be
seen on the gel lines of the cured strains (Figure 6). We
thought that this might be the result of an integration event,
since some m-toluate-degrading pseudomonads could not
transfer TOL genes by conjugation, and it was thought that
either these genes might be integrated into the chromosome
or located on a non-conjugative plasmid [20]. Furthermore,
it is known that genetic elements, integrated into the genome, such as episomal plasmids, could not be eliminated
by plasmid-curing agents, such as mitomycin-c and ethidium
bromide. It is interesting to note that the TOL plasmid
appears to be somewhat insensitive to mitomycin-c, particularly when compared to the high frequencies of curing
found with the CAM and the NAH plasmids [5]. Thus,
evidence for the chromosomal location of TOL genes is
limited to non-transmissibility at conjugation, lack of ability to demonstrate a free plasmid, and DNA hybridization
evidence by probing whole cell DNA [21]. Several workers have reported the isolation of hybrid plasmids between
the TOL plasmid pWW0 and various R plasmids, and it
has been suggested that the TOL genes may be carried on a
transposon-like element [21].

nested transposons Tn 4651 and Tn 4653. These transposons are closely related to the Tn 1721 family of class
II elements [22]. But, the origin of these catabolic genes
within the Tn 4651 element remains unresolved [7].
CONCLUSIONS
Finding new plasmids and transposons in indigenous
bacteria isolated from petroleum-contaminated ecosystems will show the way to further research on the adaptation mechanisms of pollutant-degrading bacterial populations. More detailed molecular studies should be done to
understand the structure of mobile genetic elements that
lead to genetic variability in bacteria. Isolation and preparation of culture collections of indigenous bacteria, which
are capable to degrade aromatic compounds, are important issues in terms of cleaning newly contaminated
ecosystems by these native strains efficiently.
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SUMMARY
A monitoring procedure based on soil magnetic susceptibility measurements seems to be an interesting method
to evaluate in real time the presence and distribution of soil
pollutants on large areas in a not-invasive and not-expensive
way. In this paper, we present the results of an in situ field
survey aimed to evaluate level and distribution of pollutants
in an industrial area by means of magnetic susceptibility
measurements used as proxy variable. We carried out the
field survey in the industrial area of Potenza, characterized
by the presence of industrial settlements, many commercial
activities and a high traffic volume in all the area. Results
show that soil magnetic susceptibility measurements are a
good indicator of the anthropogenic impact, mainly from
urban busses pollution and iron industry smelting. In relation to this type of contamination, magnetic susceptibility
may be used as a useful tool for the first screening of
polluted zones.

Soil magnetic susceptibility measurements have been
used to monitor industrial dusts of ferro(i)magnetic materials and particulate samples coming from waste combustion and traffic emissions [4], and as proxy variable for
monitoring heavy metal presence in soil samples [5].
In this paper, we present a field survey aimed to study
the anthropogenic emission impact in the industrial area
of Potenza (Southern Italy).
In particular, here we show the measurement field surveys of superficial soil magnetic susceptibility, discussing
the results on the basis of the geomorphologic characteristics and the location of the potential sources of contamination. The main aims are to carry out a proxy spatial pattern
of the pollutants, and to determine sub-areas, in which it is
interesting to collect soil samples suitable to be analyzed by
means of well-established analytical techniques.
In the first step, we carried out a preliminary magnetic
screening of all the industrial area. In the second step, we
worked out detailed magnetic maps in the sub-areas put
in evidence during the first field survey.

KEYWORDS:
soil pollution, magnetic susceptibility.

THE TEST SITE

INTRODUCTION

Potenza industrial area is located at the bottom of the
urban agglomeration. The extension of industrial settlement
is about 2 km2 (about 660 m above sea-level). It is crossed
by the Basento, the most important river in Basilicata region. Besides the closeness to the urban centre, this industrial district is located in the neighborhood of areas in which
the main land use is agriculture.

Monitoring methods based on measures of soil magnetic susceptibility have gained a great importance for the
characterization of pollution levels in different environmental systems [1], and for the definition of areas suffering from strong anthropogenic stresses [2, 3]. With respect
to traditional surveys based on analytical techniques, magnetic susceptibility measurements are not invasive and not
expensive, and give results directly in situ and in real time.
They may be carried out both in zones with different anthropogenic impacts (industrial areas, urban areas, agricultural zones) and in remote zones, in which it is not possible to install other monitoring systems.

From a geological point of view, the industrial area of
Potenza is mainly characterized by alluvional deposits,
whereas the low hills surrounding the area are characterized by polygenic conglomerates with sandy intercalation.
The soil of the area contents a high percentage of clay.
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The activities in the area mainly consist of commercial
sector, mechanic and steel industries. They represent a direct source of environmental pollution, producing gaseous,
liquid and solid wastes as well as an indirect cause for the
increased vehicular traffic in the surrounding areas. As regards the characterization of point sources, most of activities consist of small factories, except for iron and steel and
mechanic sectors. Taking into account both these kinds of
sources, CO2, SO2, NOx and CO are the most significant
emissions arising from combustion processes, while VOC
and TSP emissions are mostly due to mechanic and building activities [6].

tromagnetic noise due to the presence of power lines or
buried pipe-lines.
In the industrial site of Potenza, we planned the field
survey in two steps.
The first step consisted of a preliminary screening of
the entire area. On an area of about 2 km2 we individuated
57 geo-referenced sampling points. We choosed these points
taking into account the uniformity of the geology, the landuse and the pollution sources. In particular, some sampling
points are located near industrial plants, and other points
suffer the influence of traffic emission, and four sampling
points are located out of the industrial area (background
zone). In all the chosen sampling points we carried out soil
magnetic susceptibility measurements by means of MS2D
probe (KD) at the vertices of a square with L=1 m. We considered the mean as the magnetic susceptibility value in
each sampling point. We removed the vegetation layer for
preventing a dilution of the magnetic signal coming from
the soil surface.

The experimental equipment

We used a GPS mapping and GIS data collection/
maintenance system Trimble geoexplorer, for the
georeferentiation of the sampling points. This instrument is extremely
portable, because it is small and light-weight. The precision
of the instrument is 1-5 m, after differential correction.

In the second step, starting from the results of preliminary screening, we identified the sub-areas in which we
measured magnetic susceptibility minimum values, and the
sub-areas in which we measured magnetic susceptibility
maximum values. In these zones, we carried out detailed
maps along geo-referenced regular sampling grid. At each
sampling point, we measured soil magnetic susceptibility
by means of MS2D and MS2F probes (KD and KF, respectively), soil humidity (H), and soil temperature (T).

The magnetic susceptibility measurements have been
performed using a Bartington MS2-meter, a field survey
MS2F probe with a diameter of 15 mm for high resolution
surface measurements and a MS2D-loop with a diameter
of 185 mm for surface measurements. The MS2-meter with
the field survey probes is a portable instrument that allows data acquisition with a range of 10-1–10-6 SI. The
MS2D-loop is designed for rapid assessment of the magnetic susceptibility of the land surface. The shape of the
field generated by this probe is a toroid. The MS2F probe
is a miniature probe for the stratigraphic study of exposed
geological and archaeological sections, and is also used
where difficult surface conditions are present. The shape
of the field generated by this probe is a dipole field. Both
the probes measure volume magnetic susceptibility, expressed as dimensionless value x10-5 SI.

RESULTS AND DISCUSSION
Preliminary screening

In Table 1, we show the explorative statistical analysis of the magnetic susceptibility values measured in the
industrial area of Potenza.

At last, we measured in situ soil temperature and humidity by means of a portable thermo-hygrometer. For this
instrument, the resolution is 0.1% for the relative humidity and 0.1 °C for temperature.

TABLE 1 - Explorative statistical analysis of magnetic susceptibility
values measured in the industrial area of Potenza during the preliminary screening. Legend: KD = magnetic susceptibility measured by
means of MS2D probe.

The field survey plan

n
m
sd
CV%
md
mod
r
s
k

Concerning soil analysis, it is generally recognized that
sampling has a high influence on field survey results [7].
Not all European countries have standard soil sampling
guidelines imposed by law. The sampling strategies adopted
to characterize the site overcome the problems arising from
the observed heterogeneity of the natural area. Moreover,
soil sampling is a crucial step for the description of soil
pollution kind, pattern and spatial distribution. The criteria for the definition of a sampling grid have to take into
account geology, land use, the presence of industrial settlements and of other punctual and diffuse pollution sources.
In the case of electromagnetic monitoring, it is of fundamental importance to take into account the presence of elec-

KD
(x10-5 SI)
57
72
78
108
49
17
8 - 636
4
22

The parameters of explorative analysis are n = sample
number; m = mean value; sd = standard deviation; CV% =
percentage variation coefficient; md = median; mod =
mode; r = range of variability; s = skewness; k = kurtosis.
In particular, we observe that the CV%-value is high
(108%), and that the value distribution shows a marked
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asymmetry (s = 4). The values range from 8 x 10-5 SI to
636 x 10-5 SI. Variations of the same magnitude order were
found in another European industrial area [8]. The soil of
Potenza industrial area is a clayey one. Generally, this kind
of soil shows low magnetic susceptibility values comparable to those measured in the background sampling points
(KD=8 x10-5 SI) [9, 10]. Because of this, the industrial area
is characterized by a uniform geology, variations may be
mainly ascribable to anthropogenic input of magnetic material. The main interest of our study was the analysis of soil
magnetic susceptibility variability caused by anthropogenic
emissions. If we define as anomalies the highest ten values of magnetic susceptibility, we highlight that we found
them in areas characterized by the presence of traffic or
industrial emissions. The anomalies are numbered on the
map in Figure 1. We found anomaly 1 (ΚD=636 x10-5 SI),

anomaly 2 (Κ D=240 x10-5 SI), and anomaly 3 (Κ D=98 x
10-5 SI) near the bus-parking. In this area, all the busses of
Potenza city are parked. These busses use gasoline as fuel,
and so, the zone suffers from a great amount of combustion
process emissions. We recorded anomalies 4 (ΚD=292 x
10-5 SI) and 5 (ΚD=154 x10-5 SI) near to the main crossroad for the access to the industrial area, so in this zone
we may suppose that contamination is mainly due to traffic emissions. Anomalies 6 (ΚD=228 x10-5 SI) and 7 (ΚD=
162 x10-5 SI) were recorded near to S. Vito bridge, another
important incoming way for the industrial area. Also in
this case, contamination is mainly due to traffic emissions. At the end we recorded anomaly 8 (ΚD=178 x10-5
SI), anomaly 9 (ΚD=173 x10-5 SI), and anomaly 10 (ΚD=
166 x 10-5 SI) near to the iron and steel industrial plant.

10

10

6
77

8

8

9

9

6
2
3

5
4
4

5

1

1

2

3 1

FIGURE 1 - Potenza industrial area map. The anomalies are numbered on the map.

Detailed magnetic susceptibility maps

this peculiarity prevents soil direct contaminations coming from fertilizers or pesticides.

Based on these results, we developed detailed maps,
the first one in the area in which we recorded the lower
values of magnetic susceptibility (zone A – background
area), and the second one near to the bus-station where we
recorded the first three anomalies (zone B – parking bus
area). This area is affected by the emissions coming from
a high volume of traffic. The third one was measured near
to the iron and steel plant, in a zone that is characterized
by the depositions of the industrial dust (zone C – iron
and steel industry area). In these sub-areas, we carried out
detailed maps of magnetic susceptibly, measuring KD and
KF. Furthermore, at each sampling point, we measured also
the values of soil humidity (H) and soil temperature (T).

In order to carry out detail maps, we defined a regular
sampling grid with cells of 5x5 m2 and covering an area
of 30x10 m2 (21 sampling points). Statistical analysis of
the data measured in this area is shown in Table 2.
TABLE 2 - Explorative statistical analysis of variables measured in the zone A (background area). Legend: KD = magnetic
susceptibility measured by means of MS2D probe; KF = magnetic susceptibility measured by means of MS2F probe; H = soil
humidity (n.d. = H<0.1%); T = soil temperature.

n
m
sd
CV%
md
mod
r
s
k

Zone A

The zone in which we measured the minimum values
of magnetic susceptibility is a rural area located far both
from industrial/commercial settlements and streets with a
high volume of traffic. Moreover, this is an untilled area and
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KD
(x10-5 SI)
21
16
7
44
16
5 -34
1
1

KF
(x10-5 SI)
21
14
7
50
12
6 - 38
2
7

H
(%)
21
32
19
59
31
80
9-54
0.6
0.5

T
(°C)
21
24
2
8
24
28
0-129
0.4
1.4
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Magnetic susceptibility maps and soil humidity map
obtained by means of a Kriging procedure are shown in
Figure 2.
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FIGURE 2 - Magnetic susceptibility and humidity maps obtained by means of a spatial kriging of
the values measured in the background area a) KD probe values, b) KF probe values c) humidity values.

Zone B

From the maps, we note that magnetic susceptibility
values measured by means of both the probes in the background area show low variability and similar distributions.
In fact, KF-values range from 6 x10-5 SI to 38 x10-5 SI, and
KD-values from 5 x10-5 SI to 34 x10-5 SI. Moreover, correlation coefficient between the two data sets is meaningfully
high (ρ= 0.87 with a statistical significance of 5%). The
good agreement between the data measured by means of
two probes with different investigation depths highlights a
uniform distribution of magnetic susceptibility values of
different soil layers. On the basis of these results, we may
suppose that magnetic susceptibility values of soil are not
due to anthropogenic influences, and, therefore, this site
may be considered to be a good background site.

In an area very close to the bus parking, we defined a
regular sampling grid with cells of 5x5 m2 covering an
area of 25x35 m2 (48 sampling points).
The explorative statistical analysis is shown in Table 3,
and the maps obtained by means of a Kriging procedure are
shown in Figure 3.
From the maps, we note that magnetic susceptibility
values show a great range of variability. In particular, KFvalues range from 9 x 10-5 SI to 159 x 10-5 SI, and KDvalues from 9 x 10-5 SI to 129 x 10-5 SI. Moreover, magnetic
susceptibility mean values recorded in this area (m(KF)=
31 x 10-5 SI and m(KD)= 40 x 10-5 ) are higher than those
recorded in the background area.

Concerning with soil parameters, we observe that, during the filed survey, the water content is quite low with a
limited range of variability on the spatial grid (m(H)= 32 ±
19), while the soil temperature shows a uniform spatial pattern. The comparison between magnetic susceptibility maps
and humidity map (Figure 2) puts in evidence that we measured higher magnetic susceptibility values in the areas of
lower humidity. The correlation coefficients between magnetic susceptibility values and soil humidity are negative
(ρD = -0.5 and ρF = -0.3). These results confirm that an increase in soil humidity causes a decrease in soil magnetic
susceptibility values. This observation suggests that soil
humidity has a not negligible effect on soil magnetic susceptibility measurements.

TABLE 3 - Explorative statistical analysis of variables measured in
the zone B (bus parking area). Legend: KD = magnetic susceptibility
measured by means of MS2D probe; KF = magnetic susceptibility
measured by means of MS2F probe; H = soil humidity (n.d. =
H<0.1%); T = soil temperature.

n
m
sd
CV%
md
mod
r
s
k
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KD
(x10-5 SI)
48
40
24
60
32
26
9-129
2
4

KF
(x10-5 SI)
48
31
23
74
26
25
9-159
4
22

H
(%)
48
14
13
93
9
6
4-63
3
9

T
(°C)
48
23
3
13
23
20
19-31
1
0.5
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FIGURE 3 - Magnetic susceptibility maps and humidity maps obtained by means of a spatial kriging of
the values measured near to the bus parking a) KD probe values, b) KF probe values, c) humidity values.

From the observation of the maps in Figure 3, we note
that there is not a good agreement between the data measured by means of the two probes (m(KD)>m(KF))

In Table 4, we show the statistical analysis of the data
measured in this area. Magnetic susceptibility maps and
humidity map, obtained by means of a Kriging procedure,
are shown in Figure 4.

This is probably due to different distributions of contaminants in the different soil layers. Based on these results,
we may suppose that magnetic susceptibility values are
highly influenced by anthropogenic contamination sources,
such as the emission coming from busses.

TABLE 4 - Explorative statistical analysis of variables measured in
the zone C (iron and steel industry area). Legend: KD = magnetic
susceptibility measured by means of MS2D probe; KF = magnetic
susceptibility measured by means of MS2F probe; H = soil humidity
(n.d. = H<0.1%); T = soil temperature.

Concerning soil parameters, the comparison between
magnetic susceptibility maps and that of humidity (Figure 3)
puts in evidence that also in this case we measured higher
magnetic susceptibility values in low-humidity areas.

n
m
sd
CV%
md
mod
r
s
k

Zone C

In this case, for the peculiarity of the area (the industrial plan is on the river of Basento), we might define an
irregular sampling grid covering an area of about 20x60 m2,
with 15 sampling points.

44

KD
(x10-5 SI)
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28%
138
52-184
-1
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46%
322
108-780
1
4

H
(%)
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5
3
60%
4
2-12
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3

T
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FIGURE 4 - Magnetic susceptibility maps and humidity maps obtained by means of a spatial Kriging of the values measured
near to the iron and steel plant in the industrial area of Potenza. a) KD probe values, b) KF probe values, and c) humidity values.

In this zone, we measured very high magnetic susceptibility values. The mean values (m(KF) = 343 x10-5 SI
and m(KD) =134 x10-5 SI) are much higher than that recorded in the background area (one order of magnitude).
Moreover, we noted that, in this case, the variation coefficient shows the lowest values (28% for KD-values and
46% for KF-values). It is clear that in this area the presence of the iron and steel plant has a relevant influence on
the magnetic susceptibility soil values. In this case m(Κ F)>
m(Κ D), we suppose that the contamination is mainly superficial. From the observation of the map in Figure 4, we
deduce a good agreement between the data measured by
means of the two probes. In fact, higher magnetic susceptibility values are recorded in the same areas of the map.
Furthermore, with regard to soil parameters, the comparison between magnetic susceptibility maps and humidity
map (Figure 4) evidenced that also in this case we measured higher values in the areas with lower humidity.

industry. The joint use of MS2D and MS2F probes allows
us to make a hypothesis on the depth reached by the contaminants. Moreover, humidity seems to have not a negligible effect on magnetic susceptibility measurements; hence,
for improving data interpretation, we suggest to measure this
parameter jointly with magnetic susceptibility, and to take
into account also its variability.
We conclude that this method is fast, cheap and allows
a preliminary definition of pollutant distribution. However,
in order to correctly interpret the results, it is necessary to
take into account the geological characteristics of the test
site, the magnetic characteristics of uncontaminated soil,
and soil humidity percentage.
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EFFECTS OF IMPORTANT REACTION CONDITIONS ON
LANDFILL LEACHATE TREATMENT BY FENTON PROCESS
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SUMMARY
A semi-batch mode was employed to treat landfill
leachate by Fenton process. The results showed that the
statistical model, which was established from the treatment
of recirculated leachate, could not predict COD removal
efficiency well, when young leachate was treated. Both
COD and TOC of the leachate decreased during Fenton
oxidation, but less TOC was removed than COD. This
was due to the increase of average oxidation state. COD
removal changed little, when ferrous ion dose was fixed at
0.044 mol/L, and hydrogen peroxide to ferrous ion molar
ratio was changed from 2.86 to 7.03. When hydrogen peroxide to ferrous ion molar ratio was fixed at 4.0, COD
removal would increase and reach over 80% with the increase of hydrogen peroxide to initial COD molar ratio.

acteristics during Fenton process. Kim and Huh [9] employed Fenton oxidation to enhance biological treatability
of landfill leachate. The ratio of BOD20/COD increased
after the oxidation, indicating a Fenton-type one, could be
effective prior to the biological process. Similar results
were reported by Kim et al. [3], Pala and Erden [10], and
Lopez et al. [11].
In Fenton process, iron and hydrogen peroxide are two
major chemicals determining operation costs as well as efficacy. To understand better and improve the Fenton process,
numerous studies have been conducted to find the optimal
reaction conditions [12]. Recently, a statistical model was
developed based on laboratory data using Response Surface Methodology (RSM) [13]. In this model, four operating parameters were chosen as model inputs, i.e., pH, hydrogen peroxide to ferrous ion mole ratio, ferrous ion dosage, and initial COD. The model predicts COD removal
efficiency as a function of input variables. The model has
generated four optimal cases (Table 1). All cases yield over
80% COD removal efficiency.

KEYWORDS:
Landfill leachate, Fenton reagent, treatment.

TABLE 1 – Summary of COD removal from previous work [1].

INTRODUCTION

Case Fe2+ dose (mol/L)
1
0.050
2
0.050
3
0.050
4
0.045 ± 0.001

Since the 1990s, more and more researches have been
focused on the treatment of landfill leachate by Fenton process [1, 2], which was used as a post- or pre-treatment, because direct biological treatment is impossible to remove
bio-refractory organics in leachates [3]. Papadopoulos et al.
[4] reported on chemical oxidation of leachate with Fenton’s
reagent after aerobic biological treatment, and observed up
to 33% COD reduction. Welander and Henrysson [5] obtained 72% COD removal after landfill leachate was nitrified in an activated sludge reactor. Lau et al. [6] employed
Fenton coagulation to treat landfill leachate following UASB
treatment. Under optimal conditions, 70% of residual COD
in the UASB effluent was removed. Gulsen and Turan [7]
also obtained 85% COD removal, when landfill leachate
was treated by a combined anaerobic fluidized bed reactor
and Fenton’s oxidation system. Zhang et al. [8] investigated the variation of young and old landfill leachate char-

H2O2/Fe2+ molar ratio
3.90
3.55 ± 0.01
3.18
4.00

COD (mg/L)
2450
2450
2450
2450

pH
3.0
3.0
3.0
3.0

In this paper, these four cases will be applied to treat
landfill leachate. The COD removal efficiency will be obtained and compared with the model-predicted values. In
addition, the effect of two important factors, i.e., hydrogen peroxide to ferrous ion molar ratio and hydrogen peroxide to initial COD molar ratio, on Fenton process
would be evaluated.
MATERIALS AND METHODS
Leachate samples were taken with polyethylene bottles from Cell 3 on the South Solid Waste Management
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Center (SSWMC) in Jones Crossroads Landfill, Sussex
County, DE, USA. Samples taken were preserved in a refrigerator at 4 °C, in accordance with the Standard Methods
[14]. Prior to the experiments, large particles and debris
were removed by centrifuge to minimize particulate effects
in oxidation reactions. The leachate samples were centrifuged for 10 min at 10,000 rpm using a Sorvall super-speed
refrigerated centrifuge (Dupont Co., Wilmington, DE, Model
RC-5). It contained 4530 mg/L of COD and 1925 mg/L of
total alkalinity.

tor. COD concentration was measured at 620 nm using a
Hach spectrophotometer (Hach DR/2000), after the vial
was cooled down to room temperature. TOC was measured with a TOC analyzer (Rosemount Dohrmann, USA,
Model DC-190). The concentration of hydrogen peroxide
was analyzed using titanium sulfate with a visible spectrophotometer (Hach DR/2000, Loveland, CO, USA) [16].
Ferrous ions were determined using a 1,10-phenanthroline
colorimetric method with a visible spectrophotometer (Hach
DR/2000, Loveland, CO, USA), according to the Standard
Methods [14].

All chemicals used were of ACS (American Chemical
Society)-certified grade and obtained from Fisher Scientific
Company, Springfield, NJ, or Aldrich Chemical Company,
Milwaukee, WI.

RESULTS AND DISCUSSION
The variation of COD, TOC and oxidation state with oxidation time: Since the operational conditions of four runs

Semi-batch mode was employed for Fenton treatment
experiments, similar to our previous work [15]. The experiments were performed in a 1-liter double jacket spherical plastic reactor with four baffles to minimize vortexing
and rotational flow. Mixing was provided by a variable
speed motor (FISHER Dyna-Mixer, Fisher Scientific Co.,
Pittsburgh, PA, USA), connected to an epoxy-coated steel
shaft and standard four-blade propeller. It was vertically
mounted above one propeller diameter from the reactor
bottom. Mixing speed was about 1,400 rpm, which was
measured by a Strobotac electronic stroboscope (General
Readi Co., West Concord, MA, USA, Type 1531). During
the experiment, pH was controlled with a pH-controller
(Horizon Ecology Co., Chicago, IL, USA, Model 599720), connected to an acid and a base pump (New Brunswick Scientific Co., Edison, NJ, USA, Model pH-CONTR),
and using 10% sulfuric acid and 25% sodium hydroxide
solutions.

are almost identical, it is expected that the COD removal
for the same leachate will be similar, as shown in Figure 1.
However, the measured COD removal efficiencies are quite
lower than the predicted values (see Table 2). This is mainly
due to the different composition between the present leachate
and the leachate that was employed to establish the statistical model. The latter was from Central Solid Waste Management Center (CSWMC) at Sandtown, DE, USA. The
leachate in CSWMC was recirculated, but that in SSWMC
was not. Although both leachates were young, the composition of the recirculated leachate was close to that of the old
leachate. Generally, young leachate contains a very high
percentage of organic substances with low molecular weight
(LMW), which are recalcitrant but readily biodegradable.
On the contrary, old leachate contains a relative high percentage of organic compounds with high molecular weight
(HMW), which are non-biodegradable but readily destroyed
by chemical oxidation [17]. Our previous work clearly confirmed that HMW to LMW ratio has positive effects on the
degradation of landfill leachate by Fenton process [15],
and COD removal efficiency of old leachate was better
than that of young one [8]. Therefore, we cannot expect
the same COD removal for the leachates with different
chemical composition.

Leachate samples were diluted to the desired COD
strengths of 2450 mg/L with distilled water. A 1-liter
leachate aliquot was applied into the reactor, and conc.
sulfuric acid used to adjust pH around the operating value.
To initiate the experiment, two peristaltic pumps were
switched on and the hydrogen peroxide solution (Masterflex C/L , model 77120-62, USA) and the ferrous iron
solution (Ismatec Sa, Model 7341-10, Switzerland) were
separately injected into the reactor. The feeding time was
60 min, while the reaction time was 75 min. Samples were
taken at pre-selected time intervals with a syringe, and neutralized to about pH 7.5−8.0 with 10M sodium hydroxide
and 1M sulfuric acid. They were mixed for 10 min with a
magnetically stirred bar. After leaving alone for 20 min,
the supernatant was centrifuged for 10 min at 15,000 rpm,
and then COD or TOC was measured. Separate aliquots
would be taken and filtered with a 0.45 µm filter, if residual hydrogen peroxide and ferrous ions need to be determined.
®

1.0

0.8
0.6

0.8

0.4
0.6

0.2
0.0

Case 1, COD/COD0

0.4

Case 2, COD/COD0

-0.2

Case 3, COD/COD0

0.2

Case 4, COD/COD0

-0.4

Case 1, TOC/TOC0

0.0

The closed reflux colorimetric method was used to
determine COD values. COD sample was introduced into
a Hach vial containing digestion solution, and the mixture
was then incubated for 120 min at 150 °C in a COD reac-

Average oxidation state

0

20

40

60

Average oxidation state

Residual concentration

®

-0.6
80

Time (min)

FIGURE 1 – The variation of normalized COD, TOC, and average
oxidation state with reaction time.
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The above reactions will compete with the reactions
between hydroxyl radical and organic matter in the leachate.
Therefore, the utilization of hydrogen peroxide will decrease.

TABLE 2 – The comparison of COD removal efficiency between
measured and predicted values [13].
Case
1
2
3
4

The measured COD
removal efficiency (%)
60.7
67.9
65.9
59

The predicted COD
removal efficiency [13] (%)
87.5
86.6
85.7
82.5

According to the definition of oxidation efficiency
(O.E.), as suggested by Bishop et al. [22],
O.E. = [Δ COD (mg/L)/available O2 (mg/L)]×100

where the available oxygen is the theoretical amount
of reactive oxygen in the added hydrogen peroxide.

The trend of TOC variation was similar to that of COD,
as shown in Figure 1. However, 46.0% of TOC removal
efficiency was lower than 60.7% of COD removal efficiency. This can be explained by the change of average
oxidation state [18]. The average oxidation state is defined
as follows:
Average oxidation state = 4[1 – (COD/TOC)]

Results indicate that oxidation efficiency decreases with
increasing hydrogen peroxide to ferrous ion molar ratio
(Figure 2). Accordingly, the residual hydrogen peroxide
concentration increases with hydrogen peroxide to ferrous
ion molar ratio (Figure 3).

(1)

where COD is expressed in moles of O2 per liter and
TOC in moles C per liter.
oxidation efficiency (%)

•

Residual concentration (mmol/L)

(2)

(3)

H2O2 + OH → HO2 + H2O

(4)

Fe3+ + HO2 → Fe2+ + H+ + O2

(5)

Fe2+ + HO2 → Fe3+ + HO2

(6)

•

•

•

•

−

60

60

40

40

20

20

3

4

5

6

7

0

15
H2O2

12

Fe

2+

9
6
3
0
3

At high H2O2/Fe(II) molar ratios, one or more side
reactions would occur [reactions (3)∼(7)]. The mechanism
changed, and the reaction became independent of hydrogen peroxide [20, 21].
•

80

FIGURE 2 – The effect of hydrogen peroxide to ferrous ion molar ratio on COD removal efficiency and oxidation efficiency.

•

H2O2 + Fe3+→ Fe2+ + HO2 + H+

80

H2O2/Fe(II) molar ratio

changes, when ferrous ion dose is fixed at 0.044 mol/L
and hydrogen peroxide to ferrous ion molar ratio varied from
2.86 to 7.03. In Fenton oxidation, OH radical is the most
important oxidant due to its strong oxidizing ability. During Fenton oxidation, ferrous ion reacts with hydrogen
peroxide to produce hydroxyl radical:
•

100

0

The effect of hydrogen peroxide to ferrous ion molar ratio
on COD removal: Figure 2 shows that COD removal slightly

−

100

COD removal efficiency (%)

The average oxidation state usually increases during
oxidation process, such as Fenton oxidation (see Figure 1)
[19]. Although OH radical is a very strong oxidant, it cannot convert all leachate organic carbon into inorganic carbon, such as carbonate/bicarbonate or carbon dioxide. This
is due to the complicated composition of leachate’s organic
carbon and the complex mechanism of Fenton oxidation.
Therefore, only portions of the organic carbon would be
mineralized into carbonate/bicarbonate or carbon dioxide.
The other would be partially oxidized into organic intermediates, such as low-molecular weight organic acids. This
leads to an increase of the average oxidation state of the
leachate during Fenton oxidation, as shown in Figure 1.
The increase of the average oxidation state means that
COD to TOC ratio should decrease, i.e., the degree of COD
decrease is more than that of TOC during Fenton oxidation.

H2O2 + Fe2+ → Fe3+ + OH + OH

(7),

4

5

6

7

H2O2/Fe(II) molar ratio
FIGURE 3 – The effect of hydrogen peroxide to
ferrous ion molar ratio on residual chemicals.
The effect of hydrogen peroxide to initial COD molar ratio on COD removal: As seen in Figure 4, when the hydro-

gen peroxide to ferrous ion molar ratio is fixed at 4.0,
COD removal efficiency will increase and reach over 80%
with the increase of hydrogen peroxide to initial COD molar
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CONCLUSION
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Fenton’s reagent could remove organic matter in the
landfill leachate effectively, and over 80% COD removal
efficiency was achieved at high molar ratio of hydrogen
peroxide to initial COD. Less TOC was removed than COD,
due to the increase of average oxidation state during Fenton oxidation. The statistical model established from the
treatment of recirculated leachate by Fenton process could
not predict COD removal efficiency well, when young
leachate was treated, indicating the degradation of organics in leachate using Fenton’s reagent will depend on the
chemical composition of leachate.
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oxidation efficiency (%)

COD removal efficiency (%)

ratio. Since the initial COD value is kept at 2450 mg/L, the
dose of hydrogen peroxide would increase with the increase
of molar ratio of hydrogen peroxide to initial COD. Therefore, the dose of ferrous ions would increase due to the constant molar ratio of hydrogen peroxide to ferrous ions. There
would be enough ferrous ions reacting with hydrogen peroxide to produce hydroxyl radicals. The higher the dosage
of hydrogen peroxide and ferrous ions, the more amount of
hydroxyl radicals is produced to degrade the organic matter
in the leachate. Therefore, the extent of COD removal will
increase. However, the oxidation efficiency still decreases
with the increase of molar ratio of hydrogen peroxide to
initial COD (Figure 4), and the residual hydrogen peroxide
increases with the increase of hydrogen peroxide to initial
COD molar ratio (Figure 5). This means that the utilization
of hydrogen peroxide was not high, even when more than
80% COD removal was achieved, at high molar ratio of
hydrogen peroxide to initial COD.
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BENTHIC ALGAL FLORA OF KARANLIK LAKE
AND DIVERSITY OF EPIPELIC ALGAE
Bülent Akar and Bülent Şahin
Department of Biology, Fatih Educational Faculty, Karadeniz Technical University 61335 Söğütlü-Trabzon, Turkey

SUMMARY
The seasonal variations in composition and density of
benthic algae of Karanlık Lake, and diversity of epipelic
algae, have been investigated in 2001 and 2002. A total of
86 taxa were determined, and Cymbella minuta, Pinnularia
maior and Surirella splendida were the most conspicuous
algae, regarding frequency of occurrence and relative abundance in the benthic algal flora. While the highest density of
the epipelic community was found to be 12079 cells/cm2 at
station I in October 2001, the lowest density was 5911 cells/
cm2 at station II in September 2002. The highest ShannonWeaver diversity index (H') in the epipelic flora was found
to be 2.979 at station I in July 2002. Considerable differences were observed between the two stations in the seasonal fluctuations of total cell numbers and diversity index.
In this study, ice, light and water temperatures were found
to be more important factors in regulating the growth of
benthic algal flora in Karanlık Lake, which is according
with that of oligotrophic high mountain lakes of the Northern hemisphere.

widely unaffected by human impact. Epipelic and epilithic
algae of high-mountain lakes were studied with the emphasis on taxonomy, floristic inventory and abundance in
Turkey [3-6].
The present paper reveals quantitative characteristics
of the epipelic and epilithic community structures, and provides insights into the factors controlling species composition and diversity of epipelic algae in Karanlık Lake.
STUDY AREA
Karanlık Lake is located in the Artabel Lakes Natural
Park in Gümüşhane, Eastern Black Sea Region of Turkey
(39o 42' 00" E, 40o 44' 30" N) (Fig. 1). Its surface area is
approximately 0.05 km2, its average depth 5 m, and its ele-

KEYWORDS:
Benthic algae, diversity, high mountain lake, Karanlık Lake.

INTRODUCTION
High-mountain lakes are subjected to extreme environmental conditions. The ice-free and open-water season is
short, thus low water temperatures prevail throughout the
year. Moreover, lakes above the tree-line without glaciers
in their catchment area are commonly poor in nutrients, but
usually with clear water conditions that allow high water
transparency. These extreme environmental conditions can
only be tolerated by well-adapted aquatic organisms. Algae
are an important group of organisms in high-mountain lakes,
and they are present both as plankton in the water-column
and periphyton growing on different substrate types [1].
The continuous increase of pollution pressure on aquatic
biota makes it increasingly urgent to study intact, natural
ecosystems prior to their disturbance [2]. High-mountain
lakes are among the few aquatic ecosystems that are still

FIGURE 1 – Map of the Karanlık Lake.

52

© by PSP Volume 15 – No 1. 2006

Fresenius Environmental Bulletin

vation 2880 ma.s.l. The shore of the lake is swampy and
covered with pebbles. The study area is under the influence
of the East Anatolian regional climate. In general, this region
is cold in winter, and hot and dry in summer (seasonal average temperature 16.2 0C, the highest temperature 39.5 0C,
the lowest – 8.9 0C, and precipitation 39 mm). Terrestrial
vegetation is composed of trees, shrubs and herbs, including Picea orientalis, Fagus orientalis, Ranunculus caucasicus, Pinus silvestris and Rhodendron sp. [7].

Digi 88 model pH-meter. Dissolved oxygen was analysed
according to the method of Winkler [10].
The taxonomic identification of algae was carried out
according to Krammer & Lange-Bertalot [11-14], Lenzenweger [15-18], and Prescott [19].
The species diversity was estimated with the Shannon-Weaver’s species diversity index (H) [20].
S

H = ∑ Pi log Pi
İ =1

MATERIALS AND METHODS

where s is the total number of taxa in the sample, and
Pi the proportion of number individuals in the i-th species
to the total number of individuals.

Sample collections were made during the snow-free
period from August to October in 2001, and from July to
October 2002. The samples were taken on a monthly
basis, and collected from two stations at 20-30 cm depth,
50-100 cm offshore. Vascular plants were absent at all stations in the lake. A PVC-pipe with 0.8 cm in diameter was
used for sampling at the surface sediment, and probes were
immediately transported to the laboratory. At each sampling
station, sediment samples were taken from about 15 cm2
areas, and used for identification and enumeration of all
epipelic algae within 2-3 days after collection [8]. In order
to study the epilithic algae, stones and rocks with 5-10 cm
in diameter were collected and brought to the laboratory [9].
Epipelic and epilithic algae were preserved in a 5% formaldehyde solution. At each sample, the epiplithic algae were
scraped from 25 cm2 surface of the stones and rocks, and
used to identify and determine the abundance of all epilithic
algae.

RESULTS
Physical and Chemical Characteristics

The water temperature varied from 5 to 16 0C (mean
10.5 0C). Low temperatures generally prevailed during
September, and the highest one was found in August. The
pH fluctuated between 6.28 and 7.22 (mean 6.75), indicating a circumneutral character. Dissolved oxygen varied between 9.52 and 12.26 mg/l.
Benthic Algal Flora

The epipelic and epilithic algal flora of Karanlık Lake
contains 86 taxa, and 46 taxa belong to Bacillariophyta,
24 taxa to Chlorophyta, 14 taxa to Cyanophyta, and 2 taxa
to Euglenophyta divisions at the two stations (Table 1).
As expected, Bacillariophyta was predominant, and comprises 53.48% of all recorded taxa (Table 1). Chlorophyta
and Cyanophyta represent 27.90 % and 16.27% of all recorded taxa, respectively, whereas species of Euglenophyta
(2.32 %) make up only an insignificant part.

All algae were identified on many temporary slides.
Only diatoms (Bacillariophyta) were identified on permanent slides, prepared according to the Round’s method [8].
The frequency of presence of each species in epilithic diatoms was calculated by counting 100 valves per sample.
At the time of sampling, water temperature and pH
were measured using a mercury thermometer and a WTW

TABLE 1 - List of epipelic and epilithic algae collected from Karanlık Lake.
Taxa

Epipelic
I. Station

Division: Bacillariophyta
Class: Pennatibacillariophyceae
Order: Pennales
Achnanthes dispar Cleve
Amphora ovalis (Kützing) Kützing
Caloneis silicula (Ehrenberg) Cleve
Cymbella amphicephala Naegeli in Kützing
C. cymbiformis Agardh
C. helvetica Kützing
C. minuta Hilse ex Rabenhorst
Diatoma vulgare Bory
Eunotia alpina (Naegeli) Hustedt
E. diodon Ehrenberg
E. exigua (Brébisson) Rabenhorst
E. gracilis (Ehrenberg) Rabenhorst
E. paludosa Grunow
E. praerupta Ehrenberg
E. valida Hustedt
Frustulia vulgaris (Thwaites) De Toni
Gomphonema olivaceum (Hornemann) Brébisson
G. olivaceum var. calcarea (Cleve) Cleve

Epilithic
II. Station

I. Station

II. Station

+
+
+

+
+
+
+
+

+
+
+
+

+
+
+

+
+
+
+
+
+
+
+

+

+
+

+

+
+
+
+
+

+
+
+

53

+
+
+

+
+

+

© by PSP Volume 15 – No 1. 2006

Fresenius Environmental Bulletin

G. olivacoides Hustedt
G. parvulum (Kützing) Kützing
Hannae arcus (Ehrenberg) Patrick
Hantzschia amphioxys (Ehrenberg) Grunow
Meridion circulare Agardh
Navicula arvensis Hustedt
N. bacillum Ehrenberg
N. gysingensis Foged
Neidium iridis (Ehrenberg) Cleve
N. temperei Reimer
Pinnularia appendiculata (Agardh) Cleve
P. braunii (Grunow) Cleve
P. borealis Ehrenberg
P. gibba Ehrenberg
P. interrupta W. Smith
P. maior (Kützing) Rabenhorst
P. mesolepta Ehrenberg
P. microstauron var. brebissonii (Kützing) Mayer
P. sublinearis (Grunow) Cleve
P. viridis (Nitzsch) Ehrenberg
Stauroneis anceps Ehrenberg
S. smithii Grunow
Surirella angusta Kützing
S. brebissonii Krammer & Lange-Bertalot
S. capronii Brébisson in Kitton
S. robusta Ehrenberg
S. splendida (Ehrenberg) Kützing
S. tenera Gregory
Division: Chlorophyta
Class:
Chlorophyceae
Order:
Chlorococcales
Chlorella sp.
Scenedesmus sp.
Order:
Ulotrichales
Ulothrix subtilissima Rabh
U. sp.
Class:
Oedogoniophyceae
Order: Oedogoniales
Oedogonium sp.
Class:
Zygnemaphyceae
Order: Desmidiales
Actinotaenium cucurbita (Bréb) Teilling
Closterium dianae Ehrenberg ex Ralfs
C. acerosum var. acerosum (Schrant) Ehrenberg ex. Ralfs
C. lunula (O. F. Müll.) Nitzsch ex Ralfs
C. lunula var. biconvexum (Schmidle) Kossinskaja
C. lunula var. intermedium Gutwinski
C. lunula var. massartii (Wildermann) Krieger
C. pritchardianum Archer
C. subcostatum var. minus (W.& G.S. West) Förster
Cosmarium vexatum W. West
C. sp.
Euastrum oblongum (Grev.) Ralfs
Penium margaritaceum (Ehrenb.) ex Bréb.
P. sp.
Staurastrum dispar Bréb.
S. pilosum (Naeg.) Arch.
S. punctulatum Bréb. ex Ralfs
Order:
Zygnemales
Spirogyra sp.
Zygnema sp.
Division: Cyanophyta
Class:
Cyanophyceae
Order: Chroococcales
Chroococcus limneticus var. subsalsus Lemmermann
Chroococcus sp.
Merismopedia elegans A.Braun
Order: Hormogonales
Lyngbya aerugineo-caerulea (Kuetz) Gom.
L. sp.
Nostoc sp.
Oscillatoria agardhii Gom.
O. amoena (Kütz.) Gom.
O. formosa Bory ex Gom.
O. limnetica Lemmermann
O. limosa C. Agardh ex Gom.
O. subbrevis Schmidle
O. sancta Kütz ex Gom.
Spirulina major Kütz. ex Gom.
Division: Euglenophyta
Class:
Euglenophyceae
Order: Euglenales
Euglena sp.
Trachelomonas sp.

+
+

+
+
+

+
+
+

+
+

+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
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+
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+
+

+
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+
+
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+
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+
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Epipelic Algal Flora

Most of the algal species in the epipelic community
exhibited variation during the study. Surirella splendida, for
example, reached its greatest abundance (5140 cells/ cm2) at
station II in August 2002. The same pattern was exhibited
by Pinnularia maior (3341 cells/cm2) at station I in October
and September 2002. Cymbella minuta reached its greatest
abundance (1542 cells/cm 2) at station I in August 2001
(Fig. 4).

Epipelic algae of Karanlık Lake consisted of 66 taxa
from four divisions. The members of Bacillariophyta display the greatest taxa diversity, with 39 in epipelic flora, followed by Chlorophyta (18 taxa), Cyanophyta (7 taxa), and
Euglenophyta (2 taxa) at the two sampling stations (Table 1).
Total cell number of epipelic algae at station I was
8995 cells/cm2 in August 2001, and then gradually increased
in September and October, when cell number was highest
(12079 cells/cm2). In 2002, it was determined also to be
8995 cells/cm2 in July, then increased from August reaching its maximum (10537 cells/cm2) in October (Fig. 2). The
cell number of epipelic algae at station II was 9766 cell/
cm2 in August 2001, gradually decreased during September-October period, then displayed its smallest period,
8738 cells/cm2, was 9252 cells/cm2 in July 2002 and increased during August, peaking at 10023 cells/cm2 (Fig. 2).
Except for August 2001 and July 2002, total cell number
at station I was higher than that at station II.
During the study period at station I, the highest species diversity index values were 2.979 in July 2002 and
2.341 in July 20012, the lowest ones, 1.729 and 1.228, occurred in September 2002 and 2001 (Fig. 3).

FIGURE 2 – Seasonal changes in the
total density of the epipelic algae.

FIGURE 4 – Seasonal changes in the
density of common epipelic algae.

Several other less common species also showed only
one period of maximum abundance: Pinnularia mesolepta
(at station I in August 2001), Closterium lunula (at station
II in October 2001) and Merismopedia elegans (at station
II in September 2001), while the members of Euglenophyta were represented by two species, unidentified at
station I and not found at station II.
Epilithic Algal Flora

A total of 62 species belonged to the epilithic community, and 35 of them to Bacillariophyta, 13 to Chlorophyta,

FIGURE 3 – Seasonal changes in the diversity index.
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13 to Cyanophyta, and 1 to Euglenophyta (Table 1). Typical attached algae were found to be rather sparse, because
of sediment cover on the stones.

Filamentous Chlorophyta were represented by unidentified species of Spirogyra and Zygnema, commonly
found at station I during September and October. Members of Desmidiales were the mostly encountered unicellular Chlorophyta species, but also common were Cosmarium vexatum and Staurastrum dispar. Cyanophyta included Oscillatiria formosa and O. limnetica, while Euglenophyta was represented by Trachelomonas sp. The mean
relative abundance values of epilithic diatom taxa at both
sampling stations are presented in Table 2.

At all stations, the most common diatoms were Cymbella minuta and Surirella splendida. In addition to these,
Pinnularia maior and Surirella angusta were also common in the epilithic community at station I.

TABLE 2 - Mean relative abundance of epilithic diatom taxa in Karanlık Lake at stations I and II.
Mean relative abundance (%)
Station I
Station II
0.00
0.55
0.15
2.45
0.30
0.30
3.00
5.45
0.00
0.85
0.60
0.00
14.85
44.40
0.15
0.00
0.15
0.00
0.55
0.00
0.00
5.85
0.15
0.00
3.70
0.00
6.15
1.85
2.00
3.60
3.00
10.00
0.00
0.70
0.15
0.00
0.00
0.55
0.40
0.00
1.30
0.00
1.30
0.00
0.15
0.70
0.15
0.00
2.00
2.45
0.30
0.85
27.00
3.00
0.60
0.70
2.15
0.00
1.85
0.85
0.85
3.30
0.40
0.00
7.55
0.00
2.15
0.30
16.95
11.30

Taxa
Achnanthes dispar
Amphora ovalis
Caloneis silicula
Cymbella amphicephala
C. cymbiformis
C. helvetica
C. minuta
Eunotia diodon
E. exigua
E. gracilis
E. praerupta
E. valida
Gomphonema olivaceum
G. olivaceum var. calcarea
G. olivacoides
G. parvulum
Hannae arcus
Hantzchia amphioxys
Meridion circulare
Navicula bacillum
N. gysingensis
Neidium iridis
Pinnularia appendiculata
P. branuii
P. borealis
P. interrupta
P. maior
P. mesolepta
P. sublinearis
Stauroneis anceps
Surirella angustata
S. brebissonii
S. capronii
S. robusta
S. splendida

DISCUSSION

and Desmidiaceae are best-presented, comprising 32.55 %
and 19.76 % of all recorded taxa, respectively. Also,
Achnanthaceae, Eunotiaceae, Fragilariaceae and
Closteriaceae are typical northern algal families [2], and 13.95%
of Karanlık Lake taxa belong to them.

The epipelic and epilithic algal flora of Karanlık Lake
shows great similarity with those of Aygır and Balıklı [4],
Dağbaşı [5] and Yedigöller [6], found in high-mountain
lakes. The reason for this can be due to similar environmental conditions among the lakes examined [4-6], and
diatoms and desmids dominated the epipelic and epilithic
communities of these lakes. Lenzenweger [18] and Cremer
[21] pointed out that diatoms and desmids are the most
abundant algal groups in high-arctic and alpine lakes.

The most abundant genera in the algal flora of Karanlık
Lake are Eunotia, Pinnularia, Surirella and Closterium.
Tolotti [22] has pointed out that the members of Eunotia,
Pinnularia and Surirella are the most abundant species in
alpine lakes, whereas the prevalence of Closterium evidenced its uniqueness [2].

Diverse families are of great diagnostic importance in
floristic analyses [2]. In the present study, all of the species found belong to 14 families, and that of Naviculaceae

Lenzenweger [15] has mentioned that alkalinity of
water is one of the main factors affecting the occurrence of
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desmid species. Desmids are prevailing mainly in acidic
and pH-circumneutral waters, and this would suggest that
the lake`s pHs ranging between 6.28-7.22 enhance the
growth of desmids.

The species found in Karanlık Lake mainly reflect the
trophic state of Karanlık Lake, which is of oligotrophic
character, as can be seen from the existence of the species
and their abundance.

Round [23] notified that Cyanophyta members grow
in eutrophic waters and on organically polluted sediments.
In this study, Cyanophyta is represented by 14 species,
which were not abundant during the study in Karanlık Lake.
Euglenophyta members (Euglena and Trachelomonas
sp.) were also not abundant and common in the algal flora
of Karanlık Lake, although they are known to be abundant
in eutrophic waters and on sediments polluted with organic
matter [23].
Simon [24] reported that growth of algae was limited
chiefly by physical factors, such as ice, light and temperature. The present study emphasized this finding, since high
water temperatures supported the growth of algae, whilst
ice and low temperature inhibited their growth.
Karanlık Lake situated in a high-mountain region offers good conditions for the development of a rich algal
flora, because it is ecologically intact and remote from industrial and agricultural centers of Turkey.
A number of previous reviews focused on phytoplankton diversity [25]. In general, when using a diversity index like that of Shannon-Weaver, phytoplankton diversity
varies with a strong seasonal component [26]. However,
details concerning the diversity of epipelic algae in lakes
of Turkey are not available. In Karanlık Lake, the diversity
of epipelic algae showed seasonal variations, but also the
features of stations I and II were quite different from each
other. At station I, relationship between the seasonal changes
of diversity index and total species number was not significant, and the seasonal changes of diversity index were only
partly relatable to that of total species number. It was observed that the seasonal changes of diversity index showed
an inverse pattern with regard to total species number. This
means that species evenness greatly decreased with increasing size of algal population. Pinnularia maior, for example,
increased and occupied 27.65 % of the total algal flora in
October 2001, when total cell number increased. The same
trend was true in October 2002, when Surirella splendida
occupied 34.14 % of the total algal flora (Fig. 5). The decrease in diversity index values during these months was
probably caused by the high relative abundance of the
dominant species. In July, when total species number was
small, the dominant species (Pinnularia maior) occupied
only 14.28 % of total species number, and such a low relative abundance resulted in a high diversity index (Fig. 5).
According to May [27], the Shannon-Weaver diversity
index is related to both the total number of species and their
relative abundances, and can be designated as a positive
function of total number of species. At station II, seasonal
changes of diversity index corresponded to total species
number, except for July and August 2002 (Fig. 5).

FIGURE 5 – The changes in the total organism and
species diversity of the epipelic algal communities.
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CHANGES IN MICROBIAL BIOMASS C AND DEHYDROGENASE
ACTIVITY OF FINE AND COARSE-TEXTURED SOILS AMENDED
WITH FRESH AND COMPOSTED HAZELNUT HUSK
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SUMMARY
The objective of this research was to determine the
effects of fresh and composted hazelnut husk (FHH and
CHH, respectively) on total organic carbon content (TOC),
soil microbial biomass carbon (SMBc), the ratio of SMBc
to TOC (SMBc/TOC), and dehydrogenase enzyme activity
(DHA) in fine (soil A) and coarse-textured (soil B) soils.
The greatest values in TOC, SMBc, SMBc/TOC and DHA
were found in the soil amended with FHH. On these findings, it was concluded that FHH more affected soil`s biological properties than CHH. OM mineralization, SMBc and
SMBc/TOC were higher in coarse-textured soil than in finetextured one, but conversely, DHA was found to be higher
in fine-textured soil. In general, significant positive correlations between DHA, TOC and SMBc were found in both
soils. Results indicated that the addition of HH not only
increased the TOC content of both soils, but also led to an
increase in SMBc, SMBc/TOC and DHA values of the soils.
We suggested that soil texture and pH were the key determinants of biological parameters of soils.

Turkey holds the first place in the world with respect to
hazelnut production and export. Hazelnut is one of the major agricultural products in Turkey with a yield of 455 million tons per year, and it is especially produced in the Black
Sea Region. Hazelnut husk (HH) was used for fuel in the
region. Many papers have been published on the influence
of HH on the soil’s physical [2] and chemical [3, 4] parameters, although little is known about the effects on microbial activity in soil.
The aim of this paper was to determine, under laboratory conditions, the effect of fresh and composted hazelnut
husk (FHH and CHH, respectively) on total organic carbon
(TOC), soil microbial biomass C (SMBc), the ratio of SMBc
to TOC (SMBc/TOC), and dehydrogenase enzyme activity
(DHA) of two differently textured soils.
MATERIALS AND METHODS
Soils and mixtures

Soils used in this study were collected from Eastern
Black Sea Region (Soil A, fine-textured), and the research
area of the Agricultural Faculty of the University of Ankara (Soil B, coarse-textured). Soil samples were dried in
laboratory, but not in an oven, up to workable moisture content and sieved through 0-2 mm screens. The pH of the soils
A and soil B were 5.50 and 7.58, particle ratios 46:35:19
(clay loam) and 19:21:60 (sandy loam) of clay:silt:sand, and
TOC contents were 0.37 % and 0.45 % by weight, and ECs
0.21 and 0.40 dSm-1, respectively.

KEYWORDS: Hazelnut husk; microbial biomass C, dehydrogenase activity, organic matter mineralization.

INTRODUCTION
The soils of Turkey, low in organic carbon (OC), need
organic amendments to improve their physicochemical and
biological properties, and, thus, their productiveness and
natural fertility. Increasing demand and rising costs for peat
as growing medium in horticulture have led to searches for
alternative high-quality but low-cost substrates. Native as
well as imported peats are commonly used as growing media in Turkey. Native peat has some quality problems, such
as salinity and high pH [1], while imported peat is quite
expensive. For this purpose, hazelnut husk (H) was suggested as alternative to peat [2].

HH collected from hazelnut trees in the Eastern Black
Sea Region was dried, ground, and then composted as described by Kacar [5]. CHH and FHH samples were sieved
through 6.38 mm screens and mixed with soil samples at
0 % (control), 2 % (low dose), and 8 % (high dose) by
weight. The TOC contents of FHH and CHH were 70.8 %
and 41.7 %, and their C/N ratios 58 and 27.8, respectively.
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Setting up experiment

in all cases (except LFHH in soil A), which is a positive
development from the soil quality-point of view. This increase has been observed by several authors [17, 18].

The experiment was carried out in the laboratory, and
the design was a completely randomized plot with three
replicates. Mixtures prepared were put into 400-ml plastic
pots. All pots were moistened at 70 % of field capacity,
and kept at 28 °C in an incubator to incubate materials for
56 days. Samples were taken after 1, 14, 28 and 56 days for
analyses.

T O C ,	
  %

S oil	
  A

Analyses

Soil texture was determined as described by Bouyoucos [6]; pH and electrical conductivity in saturation
paste (EC) [7]; and total organic carbon (TOC) by oxidation with potassium dichromate in sulfuric acid [8]. Soil
microbial biomass carbon (SMBc) was determined by
fumigation of the sample with ethanol-free CHCl3 and the
50M K2SO4 extraction method [9]. The SMBc/TOC ratio
was also calculated [10]. Dehydrogenase enzyme activity
(DHA) was estimated with the procedure of Casida et al.
[11]. Total N was assessed using the Kjeldahl method, as
specified by Bremner [12]. Organic matter (OM) in HH
was analysed by Schinitzer [13]; pH and EC were determined according to Gabriels and Verdonck [14], and OC
to Nelson and Sommers [8].
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RESULTS AND DISCUSSION
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Total organic carbon content (TOC)

The decrease in the control soil’s TOC level can be
attributed to the disturbance of the “soil ecosystem”, which
is inevitable when a laboratory study is set up (Figure 1). In
both soils, a significant increase in TOC in response to the
application of the organic amendments was observed (P<
0.05). During the incubation period, TOC decreased significantly in both amended soils as a consequence of soil
OM mineralization. OM mineralization in the controls was
similar for both types of soils (22.47 % and 23.73 % of the
organic matter was mineralized in soils A and B, respectively). However, there was a significant increase in mineralization degree of both soils, regardless of the doses,
although the increase observed was greater with high doses
of both FHH and CHH [for low dose of FHH (LFHH),
34.79 and 33.86 % in soils A and B, respectively; for high
dose of FHH (HFHH), 39.62 and 44.630 % in soils A and
B, respectively; for low dose of CHH (LCHH), 28 % and
30.85 % in soils A and B, respectively; for high dose of
CHH (HCHH), 31.45 and 34.25 % in soils A and B, respectively]. In both soils, mineralization of the OM from
FHH was slightly higher than from CHH, due to the stability of the composted hazelnut husk. These observations
agree with laboratory results obtained on stability of wastes
by Benito et al. [15]. Madejon et al. [16] recommended that
the composting process reduces the content of easily biodegradable C, and increases the fraction of C more resistant to
rapid decomposition.

C

L FHH

HFHH

L C HH

HC HH

LSD: 0.052

FIGURE 1 - Changes of TOC content in soils A and soil B during the
incubation. Control soil (C), soil amended with low dose fresh hazelnut
husk (LFHH), soil amended with high dose fresh hazelnut husk (HFHH),
soil amended with low dose composted hazelnut husk (LCHH), soil
amended with high dose composted hazelnut husk (HCHH), Least significant difference (LSD, P<0.05).

In all treatments, OM mineralization was greater in
soil B than in soil A. This is most probably related to lower
clay content in soil B than soil A (19 and 45 %, respectively). Sigmard and N’Dayegamiye [19] reported that degradation of the OM in soil depends upon several factors including soil texture and clay content. Milne and Haynes [20]
indicated that there is commonly a positive correlation between soil organic C and clay content, since adsorption of
organic matter against microbial attack. Although soil B had
less clay content, its TOC content was higher compared to
soil A. In our study, the results confirmed that the rate of
mineralization of the OM was normally higher in sandy soil
with lower clay content (soil B).
Soil microbial biomass carbon (SMBc)

SMBc, although a small fraction (<5%) of total organic
C, is a sensitive indicator of soil quality [21]. According to
Garcie et al. [22], SMBc can be used more effectively than
the TOC content as an indicator of variations in soil fertil-

In our study, at the end of the incubation period, the
TOC content was significantly higher than that of control
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ity, since it responds more rapidly and with a greater degree
of sensitivity to soil changes. Thus, short-term measurements
of SMBc can reflect the long-term tendency of the OM [23].

mineralization of organic matter. The decrease of mineralization with increasing clay content indicates that the SMBc
was more active in sandy soils than in fine-textured ones
[16]. This contradicts the results of Quilchano and Maranon
[26], who reported an increase in SMBc in fine-textured soil.

S oil	
  A

The fact that, the lower SMBc in soil A than soil B,
may not only be related to clay content but also to the
very low pH (i.e 5.5) in soil A. Soil acidity is known to be
an important factor that can limit microbial biomass activity [27].
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The SMBc/TOC has been proposed as a sensitive index of the changes undergone by the OM content of soil,
and it has also been used effectively to follow the state of
soil OM after the addition of organic materials [10]. The
ratio of SMBc to TOC ranged from 1.19 to 5.79 in the control and amended soils (Figure 3).
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FIGURE 2 - Changes of SMBc in soil A and soil B
during the incubation (for abbreviations, see Fig. 1).

Shifts in SMBc during incubation are shown in Fig. 2.
For all treatments, SMBc showed a decline throughout. In
short-term laboratory experiments without vegetation, the
SMBC decreased with incubation time to initial values at
low dose, because of the decline in the easily biodegradable
organic compounds, which had been incorporated and were
used by microorganisms [18]. However, in the soils
amended at high dose, SMBc levels were always significantly higher than those of the control soil, which indicates the soil recovered its quality with the report by Opperman et al. [24]. In both soil types, SMBc was higher in
FHH treatment than CHH treatment. This is probably due
to the high amount of carbon in that material serving as
energy for the microorganisms and, hence, microbial activity was very high. Perucci [25] reported that this increase
can be attributed to incorporation of easily biodegradable
organic materials, which stimulates the autochthonous
microbial activity.
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FIGURE 3 - Changes of SMBc/TOC ratio in soils A and
soil B during the incubation (for abbreviations, see Fig. 1).

In all treatments, SMBc/TOC ratio decreased with time.
Generally, addition of OM to the soil caused an increase
in the SMBc/TOC ratio. The highest SMBc/TOC ratio was
found in the HFHH treatment in both soil types, compared
with the control and CHH treated soils, whereas low or highdose FHH-amended soils had higher SMBc/TOC ratios,
especially in soil A. A possible explanation for the higher

In our study, in all treatments SMBc was greater in
soil B than in soil A. This can be primarily related to the
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values of SMBc/TOC found in FHH treatments might be
due to different decomposition degrees. The increase of the
SMBc/TOC ratio with FHH application might indicate,
therefore, an enhancement of vulnerability of the OM in
FHH-amended soils. In light of these results, it seems that
the organic matter in the form of FHH stimulated both
microbial growth and activity in soil.

ported that the lower soil pH in northern forest’s values
lead to less DHA with regard to southern forest soils. But,
the northern forest soils, which had lower pH, had also
lower clay content. We suggested that clay content of soil
is a key determinant of DHA in soil. Soil texture has also
been reported as a key determinant of microbiological ecology by Stotzky [33].

SMBc/TOC ratio, except HFHH treatment, was greater
in soil B than in soil A, which exhibited the same behavior as OM mineralization and SMBc. SMBc/TOC ratio is
a reflection of the potential of organic matter mineralization, and, the lower the ratio, the lower the tendency of the
organic matter to mineralize. According the Sparling [28],
the larger the ratio the more active organic matter is present in the soil, and the more susceptible the soil organic
matter is to change.
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Dehydrogenase enzyme activity (DHA)

DHA was chosen as an index of microbiological activity, because it refers to a group of mostly endo-cellular
enzymes, which catalyze the oxidation of soil OM [29].
DHA in soil is believed to be an intracellular type, mainly
linked with microbial respiratory processes. The DHA assay
also has a potential advantage, because no additional substrate is added to the soil. Therefore, there is no preferential stimulation of any particular group of soil microorganisms. For these reasons, DHA is considered to be an index
of endogenous soil microbial activity [30].
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All treatments with HH had significantly greater DHA
than the controls during the incubation (P<0.05). The DHA
increased, 14 days after the first FHH and CHH application, and decreased 28 days after both HH applications (Figure 4). However, in all treatments, DHA was significantly
higher than in control soils by the end of the incubation.
Martens et al. [31] showed that a range of organic residues
generally caused a significant increase in activities, 30 days
after the first application. They hypothesized that a trigger
molecule or promoter is released by decomposing organic
compounds that stimulates the production of hydrolytic
enzymes.
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FIGURE 4 - Changes of DHA in soils A and soil B
during incubation (for abbreviations, see Fig. 1).

There was a significant increase in DHA of both soils,
regardless of the doses, although the increase observed was
greater with the high doses of both FHH and CHH. In both
soil types, the addition of FHH resulted in greater DHA
than in the CHH treatment (P<0.05).

Relationship between properties

Linear correlation coefficients between the various
properties measured in this study are shown in Table 1.
Soil TOC, SMBc and DHA were positively correlated
with each other in both soil A and B. The SMBc/TOC
ratio was positively correlated with SMBc, but not with
TOC in both soils A and B. The SMBc/TOC ratio was positively correlated with DHA in soil A, however; there was no
correlation between SMBc/TOC and DHA in soil B.

In all treatments, DHA was higher in soil A than in
soil B. The results obtained in this study confirm that the
DHA was higher in fine-textured soil than in coarse-textured
one. This is also supported by Dick et al. [32], who indicated that enzyme activity increased with increasing clay
content, and, thus, sandy soils tend to be lower in enzyme
activity. In our study, DHA was higher in soil A, which
had lower pH and higher clay content, than in soil B, which
had higher pH and lower clay content. Our results contradict the results of Quilchano and Maranon [26], who re-

In general, significant positive correlations between
DHA, TOC and SMBc were found in both soils. Organic
residues added to soil promote microbial and soil enzyme
activity [34].
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TABLE 1 - Pearson correlation coefficients between DHA, SMBc,
TOC and SMBc/TOC for soils A and B (for abbreviations, see Fig. 1).
Soil A

DH-ase

SMBc

TOC

SMBc/TOC

SMBc
0.764***
TOC
0.531*
0.699**
SMBc/TOC
0.750***
0.858***
0.274 NS
Soil B
SMBc
0.793***
TOC
0.716**
0.882***
SMBc/TOC
0.419 NS
0.535*
0.092 NS
***: Significant at the 0.01 probability levels, **: Significant at the 0.05 probability levels,
*: Significant at the 0.1 probability levels, NS: not significant.

On the basis of the results, the following conclusions
could be drawn:

[4]

Unsal, T. and Ok, S. (2001) Description of characteristics of
humic substances from different waste materials. Bioresource
Technology, 78, 239–242.

[5]

Kacar, B. (1997). Gübre Bilgisi. Ankara Üniversitesi Ziraat
Fakültesi Yayınları, No: 1490, Ders Kitabı No. 449, Ankara.

b) OM mineralization, SMBc and SMBc/TOC were
higher in coarse-textured soil, which had high soil pH,
than in fine textured one, which had low soil pH.

[6]

Bouyoucos, G.D. (1951) A recalibration of the hydrometer
method for making mechanical analysis of the soil. Agronomy Journal 43, 434–438.

c) Conversely, DHA was higher in fine-textured soil
than in coarse-textured one.

[7]

US Salinity Lab. Staff (1954). Diagnosis and improvement of
saline and alkali soils. USDA, Agricultural Handbook, no.
60, Washington D.C.

In the soils amended with hazelnut husk (HH), these
microbiological properties were always significantly higher
than those of the control soil, indicating that supplementing
soil with organic material, i.e., HH, probably could improve soil quality, since the close link between soil quality
and microbiological properties of soil [18, 35].

[8]

Nelson, D.W. and Sommers, L.E. (1982) Total carbon, organic carbon and soil organic matter. In: Page, A.L., Miller R.H.
and Keeney, D.R. (Eds.) Methods of Soil Analysis, Part II.
ASA-SSSA, Madison, WI, pp. 539–579.

[9]

Vance, E.D., Brookes, P.C. and Jenkinson, D.S. (1987) Microbial biomass measurements in forest soils: the use of the
chloroform fumigation-incubation method in strongly acid
soils. Soil Biol. Biochem., 19, 697-702.

a) With respect to CHH, FHH showed higher amounts
of TOC, SMBc, SMBc/TOC and DHA in both types
of soil.

The results of this study suggested that HH manure
application is an alternative source for organic fertilizers,
and long-term utilization of HH leads to a sustainability
of soil fertility. On the other hand, pH and clay content of
soil are the key factors of soil microbial activity. However, the beneficial effects of HH need also be proved in
long-term field experiments.

[10] Hart, P.B.S., August, J.A. and West, A.W. (1989). Long-term
consequences of two New Zealand loessial soils under grazed
pasture. Land Degrad Rehabil. 1, 77-88.
[11] Casida Jr., L.E., Klein, D.A. and Santoro, T. (1964) Soil dehydrogenase activity, Soil Sci, 98, 371-376.
[12] Bremner, S.M. (1982) Total Nitrogen. In: Page, A.L., Miller,
R.H. and Keeney, D.R. (Eds.) Methods of Soil Analysis, Part
II. ASA-SSSA Madison, USA. pp 595-624.
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SUMMARY

their potential adverse effects that may result from their
exposure [1]. Like bisphenol A (BPA), bisphenol F (BPF)
is also a kind of endocrine disruptor, which can be used in

Enhancement of β-cyclodextrin (β-CD) on TiO2 photocatalytic degradation of bisphenol F (BPF, bis(4-hydroxyphenyl)methane) was investigated under a 250W metal halide lamp (λ ≥ 365 nm). In the system of photocatalytic
BPF degradation, the photodegradation rate of BPF in
aqueous solutions containing β-CD and TiO2 was obviously faster than that in those containing only TiO2. After
40 min of irradiation, β-CD could increase the photodegradation efficiency by about 21% for 10 mg l-1 BPF in the
UV-VIS/TiO2 system, and for 2.5-20.0 mg l-1 BPF in aqueous solutions efficiency was found to follow pseudo-first
order law, and the adsorption constant and the reaction rate
constant of BPF in the system containing β-CD and TiO2
are obviously higher than those in the system without βCD. The factors influencing BPF photodegradation, such
as β-CD concentration, pH and BPF initial concentration,
were studied and described in detail. The formation of CO2
as a result of BPF mineralization was observed during the
photodegradation process. After 120 min of irradiation, the
mineralization efficiency of BPF reached 48% in the presence of β-CD, whereas it was only 18% in the absence of
β-CD. The enhancement of BPF photodegradation could be
dependent on the enhancement of adsorption of BPF on
TiO2 surface, and moderate inclusion-depth of BPF in the
β-CD cavity.

the production of epoxy resins and polycarbonates for lining
large food containers and water pipes. The release into the
natural environment as well as surface water is possible
during manufacturing process and also by leaching from
the final products. BPF was reported to have a 48-h EC50
of 56 mg l-1 against Daphnia magna, and estrogenic activity of BPF is comparable to that of BPA [2]. Therefore,
it is necessary to develop a technology for their elimination and decomposition, as soon as possible. In the recent
20 years, TiO2 semiconductor photocatalysis was a wellestablished technique for the destruction of environmental
pollutants [3]. Ohko et al. [4] reported on TiO2 photocatalytic
degradation of BPA, and evaluated the estrogenic activity
in treated water during photocatalysis concluding that this
technology is useful for the purification of BPA-containing
water, without generating any serious secondary pollution.
Cyclodextrins (CDs) are cyclic oligosaccharides of six
to eight α-D-glucose units connected through glycosidic
α-1,4 bonds, and are composed of hydrophobic internal
cavity and hydrophilic external surface. This special molecular structure allows them to form host/guest inclusion
complexes with various guest molecules having suitable
polarity and dimension. In the field of environmental research, CDs have been applied to promote degradation of
hazardous pollutants discharged into aqueous environments,
because of their non-toxicity and biodegradability. Mamoru Kamiya et al. [5] investigated the inclusion effect of
CDs on photodegradation rates of parathion and paraoxon.
They observed that β-CD highly inhibited parathion photodegradation rate, but strongly promoted that of paraoxon,
whereas γ-CD showed a considerable inhibition effect on
the photodegradation rates of both parathion and paraoxon,

KEYWORDS: Bisphenol F, photocatalytic degradation,
β-cyclodextrin, enhancement.

INTRODUCTION
Recently, endocrine-disrupting chemicals (EDCs) have
generated growing scientific concern and public debate on

66

© by PSP Volume 15 – No 1. 2006

Fresenius Environmental Bulletin

placed in a cooling trap for maintaining constant temperature by water circulation. Aqueous BPF and β-CD/BPF
solutions containing TiO2 were prepared, the desired solution pHs adjusted with HCl and NaOH, before being
placed in a photochemical reactor and purged with air at a
fixed flow-rate throughout the experiment. Prior to irradiation, the TiO2 suspensions were equilibrated in the dark
for 30 min. At different time intervals during irradiation,
samples were collected and centrifuged at 5,000 rpm for
30 min in an LD5A-2A centrifuge (Beijing, PRC), and,
finally, the BPF concentration was determined by HPLCUV analysis.

and α-CD exerts a weak promotion effect on those of both
parathion and paraoxon [5].
At present, many methods have been adopted for improving TiO2 photo-catalytic efficiency [6-10]. β-CD has
been found to be able to improve the kinetics for charge
transfer from the photo-excited semiconductor to electron
acceptors retained in the β-CD cavity [11], so it is highly
important to study the effect of β-CD on photodegradation behavior of organic substrates. In this work, a representative endocrine disruptor, BPF, was used as a model
compound, and its photodegradation behavior based on βCD modified TiO2 was investigated for the first time
under a 250W metal halide lamp (λ ≥365 nm), and formation and characterization of the inclusion complex between β-CD and BPF were studied. The effects of initial
pH, initial concentration of BPF and β-CD concentration
were evaluated, and kinetics analysis was conducted.
The mineralization efficiency of BPF was also determined
during photodegradation. A supra-molecular photodegradation system based on cyclodextrin is a kind of promising treatment method for some organic pollutants.

HPLC-UV analysis and calculation

The UV absorbance spectra of BPF solution were recorded with an UV-1601 spectrophotometer (Shimadzu,
Japan). The characteristic absorbance peaks appeared at 227
and 280 nm, respectively. BPF in aqueous solution was
detected by HPLC (Shimadzu LC-10ATVP pump, Shimpack VP-DDS-C18 column (4.6 mm × 150 mm, 5 µm)
with a flow-rate of 1.0 ml min-1, and Waters 481 UV detector) at 280 nm. The mobile phase was an acetonitrile/ water
mixture (50/50, v/v), the injection volume 20 µl, and retention time of BPF about 4.8 min. The calibration curve equation for BPF detection used was as follows: peak area =
15389.4CBPF-3444.5 (r = 0.9990), where CBPF was BPF
concentration ranging from 0-10.0 mg l-1. Measurements
were made in triplicate, in each experiment with errors less
than 5%.

MATERIALS AND METHODS
Materials

BPF was purchased from Test Scientific and Technology Co. Ltd (Changsha, PRC) (GC grade >99%), and
used without further purification. Its chemical structure is
given in Fig. 1. β-CD was purchased from Shuanxuan Microbe Medium Products Factory (Beijing, PRC), and also
used without further purification. The photocatalyst nanoTiO2 (particle size 10-20 nm, surface area 120 m2 g-1, and
crystal structure 100% anatase, as determined by X-ray
diffraction analysis) was purchased from High Technology Nano Co. Ltd (Nanjing, PRC). Acetonitrile was of
HPLC grade (Lingfeng Chemical Reagent Co., Shanghai,
PRC). HCl and NaOH were used to adjust the pH values
of the solutions. All the other reagents were of analytic
grade, and double-distilled water was used for experiments.
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The initial geometry of BPF and β-CD were constructed
with the help of a model in ChemOffice (2004). The structure of BPF, β-CD and BPF/β-CD were firstly optimized
using molecular mechanics (MM) methods, and then PM3
method was used, which is a semi-empirical one. Its performance is better than AM1 in biochemical systems because of the improved description of interactions between
non-bonded atoms, such as Van der Waals, hydrogen bonding, and hydrophobic forces. All calculations were carried
out at a P4 personal computer.
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Carbon dioxide produced upon irradiation was determined as BaCO3 [12], to inspect the mineralization efficiency of 200 ml BPF solution (CBPF =10.0mg l-1) with
and without β-CD at pH 6.0. CO2 was removed from the
solution by oxygen and transferred into a concentrated
Ba(OH)2 solution to produce BaCO3. The solutions were
collected, BaCO3 was allowed to precipitate, and the excess
of Ba(OH)2 was titrated with HCl and phenolphthalein as
indicator. A blank experiment without BPF was performed
under the same conditions.
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FIGURE 1 - Chemical structure of bisphenol F (BPF).

Characterization of inclusion complex and determination of
formation constant

Photodegradation experiments

β-CD can form a host-guest inclusion complex with
BPF. In this experiment, the inclusion complex was characterized by UV and fluorescence spectra. The results are
shown in Figs. 2 and 3, respectively. Fig. 2 shows that the

Irradiation experiments were carried out in a cylindrical
reactor, with a 250W metal halide lamp (λ ≥365 nm,
Chenguang Illumination Instrument, Jinzhou, China)

67

© by PSP Volume 15 – No 1. 2006

Fresenius Environmental Bulletin

absorbance of the inclusion complex increases with increasing β-CD concentration, and its maximum absorption wavelength shifts toward long wavelengths. As can
be seen in Fig. 3, the fluorescence intensity of BPF was
also enlarged with increasing β-CD concentration. Based
on the data of fluorescence spectra, a modified BenesiHildebrand equation was employed to calculate the formation constant Kf (Kf = 6.33 x 103 l mol-1), and it was
concluded that the molar ratio β-CD : BPF is 1:1.
0.20

complex with β-CD in aqueous solutions showed no absorption to light with wavelengths above 365 nm, and no
direct photolysis occurred in the experiment. Photodegradation of BPF occurred in solutions containing only TiO2,
and degradation rate of BPF in aqueous solutions containing β-CD and TiO2 was obviously faster than that without
β-CD. No β-CD was degraded during the photochemical
process, because it was bonded onto TiO2 surface, and
formed a stable supramolecular semiconductor receptor
assembly unit [6, 13].
1.0
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0.05
0.00
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FIGURE 4 - BPF concentration change vs time in the control experiments. [BPF]= 10.0 mg l-1, [β-CD]=5.0×10-5 mol l-1, [TiO2]=1.0 g l-1.

FIGURE 2 - UV absorbance spectra of BPF/β-CD
inclusion complex [BPF]=10.0 mg l-1, pH=6.0.

Effect of initial pH values

1200
-5

The effect of initial pH values on photodegradation of
BPF was investigated and results are shown in Fig. 5. In the
system containing TiO2, BPF degradation decreased with
increasing pHs from 3-12. This is due to the change of
surface charge on TiO2 solids from the positive to the negative, causing a decrease of phenolic anion adsorption onto
solids. However, adding β-CD into the TiO2 system firstly
caused increasing photodegradation, but then its decrease
with increasing pHs. The maximum reaction rate for BPF
was observed at pH 6. This might have to do with the inclusion of BPF/β-CD and the surface interaction between
β-CD and TiO2. Ping Lu et al. [6] studied the pH effect on
β-CD adsorption amount on TiO2, and found that it is pHdependent with higher adsorption efficiency at pHs 4-6, but
lower one in acidic and alkaline solutions, and, thus, the
better enhancement effect of BPF photodegradation was
obtained at pH 6 in a system containing TiO2 and β-CD.

-1

β-CD (10 mol l )

1000

Intensity

TiO2 + BPF
TiO2 + BPF + β-CD
BPF
BPF + β-CD

0.8

8.0
7.0
5.0
3.0
0.9
0.7
0.5
0

800
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400
200

0
280 300 320 340 360 380 400 420
λ(nm)
FIGURE 3 - Fluorescence spectra of BPF/β-CD inclusion
complex λ ex=276nm, λ em=325nm, [BPF]=10mg l-1, pH = 6.0.
Error analysis

The data are presented as means from triplicate experiments. The errors were found to be below 5%.
RESULTS AND DISCUSSIONS
The control experiment

The BPF solutions were irradiated under the metal
halide lamp (250W) with or without addition of β-CD and
TiO2 .The results are shown in Fig. 4. BPF concentration
in aqueous solution in the absence of TiO2 does not change
after 60 min of irradiation, because BPF and its inclusion
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therefore, photodegradation rates of BPF decrease at higher
β-CD concentrations.

TiO2 + BPF
TiO2 + BPF + β-CD

Effect of initial BPF concentration on degradation efficiency

To investigate the effects of initial BPF concentration
on degradation efficiency, at pH 6.0, 5.0 × 10-5 mol l-1 βCD and 1.0 g l-1 TiO2, experiments were carried out at different BPF levels of 5.0, 10.0, 15.0, and 20.0 mg l-1. The
results are shown in Fig. 7 and indicate that the higher
initial BPF, the lower its photodegradation efficiency, and
that in aqueous solutions additionally containing β-CD was

0.02

0.01

0.00

2

4

6

8

10

12

pH
FIGURE 5 - Effect of pH value on photocatalytic oxidation rates
of BPF. [BP]=10mg l-1, [β-CD]= 5.0×10-5mol l-1, [TiO2]=1.0g l-1.
Effect of β-CD concentrations

Under the experimental conditions of pH 6.0, 10 mg l-1
BPF and 1.0 g l-1 TiO2, the effects of β-CD concentration
on BPF photodegradation were investigated (Fig. 6). It is
clearly shown that BPF degradation rates firstly increase, but
then decrease with β-CD in the range of 0-20.0 × 10-5 mol l-1,
and the maximum reaction was at a β-CD level of 5.0 ×
10-5 mol l-1.
0.025

-1

kobs(min )

0.020
0.015
0.010
0.005

0

4

8
12
16
-5
-1
β-CD (10 mol l )

20

FIGURE 6 - Effect of the β-CD concentration on photocatalytic
oxidation of BPF. [BPF] = 10.0 mg l-1, [TiO2] = 1.0 g l-1, pH = 6.0.

Early in 1994, Willner et al. [13] reported on the adsorption behavior of β-CD on TiO2, and they suggested a
monolayer adsorption process on TiO2, and adsorption isotherm of β-CD on TiO2 to be in accordance with Langmuir
adsorption theory. Using this adsorption model, we assumed
that equilibrium adsorption amount of β-CD on TiO2 increases with increasing β-CD concentration to a maximum,
and adsorption amount of BPF on TiO2 increases with increasing β-CD, and photodegradation rates of BPF increase,
when β-CD reaches an equilibrium on TiO2 surface. Furthermore, no more β-CD can be adsorbed onto TiO2, which
results in competing toward hydroxyl radicals between unadsorbed β-CD and BPF during the photoreaction, and,
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obviously higher than that in those solutions containing only
TiO 2. After 40 min of irradiation, β-CD could increase
photodegradation efficiency by about 21% for 10 mg l-1
BPF in the UV－VIS/TiO2 system.

Degradation efficiency (%)

100

In this experiment, a semi-log plot of initial BPF concentration vs. irradiation time was linearly, indicating
overall pseudo-first-order kinetics. The experiment was
repeated with initial concentrations from 2.5 to 20 mg l-1.
The initial rates for each concentration were determined
from the pseudo-first-order rate constants and initial concentrations. The data were then fitted to the LangmuirHinshelwood kinetics rate model, which has been applied
to the initial rates of photocatalytic degradation of many
organic compounds [14]. The rate law is shown in Eq. (1),
where R is the initial rate of disappearance of substrate and
C is the initial concentration, kre is the reaction rate constant, and Ks is taken to be the Langmuir adsorption constant. However, the value of Ks is not directly equivalent to
the Langmuir adsorption constant determined in the dark.

TiO2 + BPF
TiO2 + BPF + β-CD

80
60
40
20
0

5

10

15

R = −dC / dt = kre K sC /(1 + K sC )

20
-1

(1)

The constants kre and Ks were determined from a plot
of 1/R vs.1/C, with the slope equal to 1/kre Ks and an intercept equal to 1/kre, and the above calculation results are
shown in Table 1.

Intial BPF concentration (mg l )
FIGURE 7 - Effect of initial concentration of BPF on the degradation efficiency. [TiO2] = 1.0g l-1, [β-CD] = 5.0 × 10-5mol l-1, pH =
6.0, time = 40min
Analysis of photodegradation kinetics

TABLE 1 - Kinetics analysis of the photodegradation of BPF.
System

TiO2

TiO2 /β-CD

BPF Initial concentration C (mg l-1)
2.5
5.0
10.0
15.0
20.0
2.5
5.0
10.0
15.0
20.0

Initial rate R (mg l-1min-1)
0.06427
0.09510
0.1271
0.1417
0.1434
0.08028
0.1403
0.2328
0.2938
0.3224

r1 represents the correlation coefficient between 1/R and1/C.

70

Kinetics equation

Reaction rate constant kre(mg l-1min-1)

0.0398C
1 + 0.219C
(r = 0.9992)
1

0.182

0.0370C
1 + 0.0616C
(r1 = 0.9998)

0.600

R=

R=
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It could be seen that the initial rate of BPF degradation
increased with increasing initial concentration of BPF.
The photodegradation rate of BPF in aqueous solutions
containing β-CD and TiO2 was obviously faster than that
in those only containing TiO2, because of the higher reaction rate constant in β-CD/TiO2 system.

is already lower than that in TiO2 system, which indicates
that more BPF molecules are adsorbed on TiO2 surface in
the presence of β-CD, thus enhancing BPF photodegradation by inclusion effects of BPF with β-CD and surface
interaction between β-CD and TiO2.

(a) TiO2 + BPF

Effect of β-CD on Mineralization of BPF

To investigate the effect of β-CD on the mineralization
degree of BPF, the amount of CO2 produced by the photocatalytic degradation was measured (Fig. 8). It is clearly
demonstrated that mineralization efficiency increases with
increasing irradiation time, and is obviously higher in the
β-CD/TiO2 system. After 120 min of irradiation, the mineralization efficiency of BPF reached 48% in the presence
of β-CD, but only 18% in the absence of β-CD, which indicates that β-CD markedly enhanced mineralization of BPF.

(b) TiO2 + BPF + β-CD

0min
5min

0min
5min
15min
30min
50min

10min
30min
50min

Minerization efficiency(%)

100

TiO2 + BPF
TiO2 + BPF + β-CD

80

FIGURE 9 - HPLC chromatograms of BPF with and without
β-CD during photodegradation (UV detector wavelength 280nm).

60
Preliminary study on the mechanism of the enhancement

40

From previous studies [6, 13] we know that β-CD can
be bonded or adsorbed on TiO2. Therefore, to inspect the
mechanism of the enhancement of BPF photodegradation,
we firstly investigated the adsorption of BPF on TiO2 surface in the presence or absence of β-CD, in order to confirm that β-CD can enhance adsorption of BPF on TiO2
surface. The adsorption of BPF on TiO2 surface follows
the Langmuir-type isotherm, which is described as follows [4]:

20
0

40

60

80
time(min)

100

120

FIGURE 8 - Comparison of mineralization efficiency of BPF with
and without β-CD. [BPF]= 10.0 mg l-1, [β-CD]=5.0×10-5 mol l-1,
[TiO2]=1.0 g l-1, pH=6.0.

M −1 = θ −1 + (θK ad C ) −1

Result of HPLC analysis

(2)

where θ is the maximum adsorption amount of BPF
on TiO2 (µ mol g-1), and Kad is the adsorption binding
constant (l µmol-1), M is the equilibrium adsorption
amount of BPF on TiO2 (µ mol g-1), and C is the equilibrium concentration of BPF in solutions (µ mol l -1). The
results are listed in Table 2, and it can be clearly deduced
that maximum adsorption and adsorption constant of BPF
in the system containing β-CD and TiO2 are higher compared to those in the system containing only TiO2. Therefore, more BPF molecules can be adsorbed on TiO2 surface because of inclusion effects with β-CD, resulting in
enhanced BPF photochemical degradation.

HPLC chromatograms of BPF with and without βCD during photodegradation are shown in Fig. 9. It can be
seen that the peak areas of BPF decrease with increasing
reaction time, and some products with lower molecular
weight and higher polarity are formed at shorter retention
time [15]. No other product peaks were observed in
HPLC chromatograms, because they have low absorption
at 280 nm. Comparing groups (a) and (b), we find that
peak area of BPF in the system containing both β-CD and
TiO2 decreases faster than that in TiO2 system during
photodegradation. Moreover, at the beginning of irradiation, the peak area of BPF in the system containing both,

TABLE 2 - Adsorption behavior of BPF on the TiO2 surface in the aqueous solutions examined.
Adsorption equation
without β-CD
with β-CD

Maximum adsorption amount θ (µmol g-1)

1 / M = 0.03644 + 12.65 / C
(r2 = 0.9991)
1 / M = 0.01013 + 1.709 / C

(r2 = 0.9993)

r2 represents the correlation coefficient between 1/M and1/C
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Adsorption constant Kad (l µmol–1)

27.44

2.88×10-3

98.72

5.92×10-3
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concentrations, which makes BPF degradation more easily
in the presence of hydroxyl radicals photo-produced by
TiO2.

On the other hand, based on the molecular modeling,
the structure of the BPF/β-CD inclusion complex can be
obtained (Fig. 10). It is well-known that BPF molecules
partly enter the β-CD cavity, and the remarkable enhancing effect of β-CD on BPF photodegradation could be dependent on the moderate inclusion-depth [5], which allows sufficient proximity of the reaction center of BPF
(the positions of C3 and C8 in the phenyl groups of BPF
[16]) to catalytically active secondary hydroxyl groups of the
β-CD cavity, which enhance the oxidation of excited BPF.

CONCLUSIONS
β-CD can enhance BPF photodegradation under the
irradiation of a near-UV light, and BPF degradation rate
depends on β-CD concentration, pH, and BPF initial concentration. BPF degradation in aqueous solutions containing β-CD and TiO2 was obviously faster than that in aqueous solutions only containing TiO2. The reaction rate and
adsorption rate constants were found to be 0.600 mg l-1 min-1
and 5.92×10-3 l µmol-1, respectively, in TiO2 / β-CD system, whereas they are only 0.182 mg l-1 min-1 and 2.88 ×
10-3 l µmol-1 in TiO2 system. The degradation efficiency
of BPF decreased with increasing initial BPF concentration, and that in aqueous solutions containing both β-CD
and TiO2 was obviously higher than that in aqueous solutions containing only TiO2. After 40 min of irradiation, βCD could increase the photodegradation efficiency by
about 21% for 10 mg l-1 BPF in the UV-VIS/TiO2 system
at pH 6.0. After 120 min of irradiation, the mineralization
efficiency of BPF reached 48% in the presence of β-CD,
whereas it was only 18% in the absence of β-CD. The
enhancement of photodegradation of BPF mainly results
from increasing adsorption of BPF on TiO2 and moderate
inclusion-depths of BPF in the β-CD cavity.

FIGURE 10 - The proposed structure of the BP/β-CD inclusion
complex.

Based on the above results, we can draw a preliminary
conclusion that the enhancement of photodegradation of
BPF mainly results from enhanced adsorption of BPF on
the TiO2 surface and moderate inclusion-depth of BPF in
the β-CD cavity.
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of TiO2, it could play a role as “bridge” or “channel” for
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THE EFFECTS OF SOME PLANT GROWTH REGULATORS
ON THE LEVEL OF GLYCOGEN PROTEIN AND LIPID
IN VARIOUS TISSUES OF RATS
Necati Ozok and Ismail Celik
Yuzuncu Yil University, Science and Art Faculty, Department of Biology, 6580 Van, Turkey

SUMMARY
The study was carried out to investigate whether plant
growth regulators (PGRs) could affect carbohydrate, protein and lipid metabolism in liver and muscle tissues. Fortyeight Sprague-Dawley albino rats were divided into four
experimental groups; control and PGR-treated [indole acetic
acid (IAA), indole butyric acid (IBA) and kinetin (Kn)].
100 ppm of PGRs was administered orally to 12 rats ad
libitum for 25 days continuously. The PGR treatments
caused different effects on the level of protein, glycogen
and lipid in comparison to those of control rats.

and egg viability changed in different insects by treatment
with PGRs [2-5]. But reports concerning vertebrates are
very limited. However, Hsiao et al. [6] results’ show that
kinetin has an effective free radical-scavenging activity in
vitro and an antithrombotic activity in vivo. Frukawa et
al. [7] indicated that IAA might induce the neuronal apoptosis in the S phase and leads to microencephaly. Also, de
Melo et al. [8] determined that incubation for 24 h in the
presence of IAA (1 mM) showed increase in the activities
of superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPX). The addition of exogenous antioxidant enzymes (SOD and CAT) prevented the loss of
cell membrane integrity induced by IAA. John et al. [9] observed that IAA had teratogenic effects in mice and rats.
El-Mofty and Sakr [10] found that Gibberellin A3 (GA3)
induced liver neoplasm in Egyptian toads, and they suggested that the tumours could be diagnosed as hepatocellular carcinomas. IAA and Kn also affect the hematological
and biochemical parameters of rats [11]. Ozmen et al. [12]
observed that abscisic acid and gibberellic acid affect sexual differentiation and some physiological parameters of
laboratory mice. Also, it is reported that PGRs cause increase in the number of splenic plaque-forming cells and
circulating white blood cells, hematocrit values, and thymus weight in young deer mice [13]. On the other hand,
some PGRs have been shown to affect the antioxidant defense systems and MDA content [14]. The effects of IAA
and Kn were also investigated on human serum enzymes
in vitro. IAA was found to inhibit aspartate aminotransferase (AST) and activate amylase, creatine phosphokinase
(CPK) and lactate dehydrogenase (LDH). Kn inhibited
muscle creatine kinase (CK-MB), while it activated AST
and alanin aminotransferase (ALT) [15]. On the other
hand, we have found in a previous study that the levels of
IAA AST, LDH and CPK were increased significantly by
IAA, and the levels of AST, LDH and CPK were increased
significantly by Kn [16]. In addition, PGRs may induce
oxidative stress, leading to generation of free radicals and
cause lipid peroxidation as one of the molecular mechanisms involved in PGRs-induced toxicity [17, 18]. Accord-

According to the results, while the level of lipid and
glycogen in muscle and liver of rats exposed to IAA increased statistically, the protein levels remained unchanged
in both muscle and liver in comparing with the controls.
IBA treatment caused a statistically important decrease in
the levels of protein in liver, and an increase in the glycogen level in muscle. Also, kinetin caused a statistically important decrease in the glycogen level in liver and muscle.
The protein and lipid levels remained unchanged in both
muscle and liver. It is concluded from this study, that PGRs
may cause toxicity in different tissues of rats.

KEYWORDS:
Plant growth regulators, glycogen, protein, lipid, rat.

INTRODUCTION
Many chemicals are currently used in agriculture, and
PGRs are among those widely used. The amounts of these
substances placed into the environment may soon exceed
those of insecticides [1]. Although PGRs are used against
harmful agricultural pests and rise plants yield, little is
known about the biochemical or physiological effects in
mammalian organisms.
The effects of different PGRs on insects have been investigated so far. It is reported that fecundity, longevity
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Analysis

ing to the U.S. Environmental Protection Agency (EPA),
toxic xenobiotic chemicals irritate the eye, skin and mucous
membrane and since they are easily absorbed dermally,
orally or by inhalation, they can injure liver, kidney, muscle and brain tissues.

At the end of the treatment, rats were anesthetized by
inhalation of diethyl ether, and they were sacrificed to obtain tissues. The tissues were dissected and put in petri
dishes. After washing the tissue samples with physiological saline (0.9% NaCl), they were kept at -78°C until analysis. Glycogen content in tissues was determined after KOH
hydrolysis by anthrone reagent [20]. Protein was determined by the Kjeldahl method [21]. Total lipid of liver and
muscle was estimated by the method of Folch [22]. Results
were expressed as percentage in tissue for protein and lipid
composition, milligram per gram tissue for glycogen, and
calculated as mean ± standard deviation (SD).

In spite of the reason above, there is still great contradiction between results. Therefore, in order to achieve a
more rational design of PGRs, it is necessary to clarify the
mechanism of toxicity for PGRs and develop an understanding of structure-toxicity relationships. For this aim,
the treatment of PGRs was done orally because the effect
of chemicals represents a well characterized in vivo toxicity model system. The tissues were chosen due to their
important role during detoxification in degradation and
bioactivation of PGRs.

Analysis of Data

All data were expressed as mean ± standard deviation
(SD). For statistical analysis the Minitab for Windows
was used. For all parameters, means and SD were calculated according to the standard methods. The MannWhitney U-test was employed to test differences between
means of the treatments and the control rats. The significance level was p≤ 0.05 for all tests.

MATERIALS AND METHODS
Materials

The chemicals in the present study were obtained from
the indicated sources: IAA, IBA and kinetin, sodium hydroxide (NaOH), thiourea, sulfuric acid (H2SO4), Kjeldahl tablet
(K2SO4 + Se4), boric acid (H3BO3), hydrochloric acid (HCl),
methylene red, methylene blue, chloroform, glucose were
obtained from Merck Germany. Trichlorophenoxyacetic
acid (TCA), methanol and anthrone were supplied by
the Sigma Chemical Co. (St. Louis, MO, USA). Ethanol
was obtained from Tekel (Turkey).

RESULTS
The results of the experiment showed that the treatment of rats with IAA, IBA and kinetin hormones produced some changes in the levels of protein, glycogen and
lipid in muscle and liver in comparison with control rats
(Table 1 and Figures 1, 2, 3).

Animals

Rats (Sprague-Dawley albino) weighing 150-200 g
were provided by the animal house of the Medical School
of Yüzüncü Yıl University, and were housed in 4 groups,
each group containing 12 rats. All animals were fed a group
wheat-soybean-meal-based diet and water ad libitum in
stainless cages, and received human care according to the
criteria outlined in the ‘Guide for the Care and Use of
Laboratory Animals’ prepared by the National Academy
of Science and published by the National Institutes of
Health [19]. The animals were housed at 20±2°C in a daily
light/dark cycle.

TABLE 1 - Effects of 100 ppm of PGRs on the total protein, glycogen and lipid content in the muscle and liver of rats (mean ± SD).

Muscle

Liver

Tissues

PGR Treatment

This investigation was performed on female rats. A
dosage of IAA and kinetin was used. The rats were exposed to 100 ppm of IAA, IBA and kinetin ad libitum for
3 weeks. 100 milligrams of PGRs were dissolved in 1 ml
of 1 N NaOH, and then were diluted with tap water to
obtain a 100 ppm dose. For the control rats, only 1 ml of
NaOH was added to 1000 ml of tap water. The control
rats were given only this drinking tap water. Since all rats
have the same physiologic characters, daily water consumption of all groups rat was approximately 28±3 ml
during the tests. Consequently, the PGRs intake amount
of each rat was about 1.5±0.3 and 3±0.5 mg per day.

Groups
Control
(n=12)
IAA
(n=12)
IBA
(n=12)
Kinetin
(n=12)
Control
(n=12)
IAA
(n=12)
IBA
(n=12)
Kinetin
(n=12)

Protein (%)

Lipid (%)

Glycogen (mg/g)

21.379±1.486

32.78±5.95

0.6740±0.1277

22.090±1.258

36.23±6.77

0.8063±0.1410*

19.821±0.992*

34.11±6.66

0.7356±0.3008

20.691±1.317

33.23±13.84

0.2970±0.1041*

20.640±3.036

27.37±6.42

0.2726±0.0495

21.230±1.175

35.48±7.36*

0.6010±0.1091*

20.773±1.048

40.24±17.20

0.6964±0.1670*

20.269±0.580

33.33±12.43

0.1653±0.0437*

Each value represents the Mean ± SD. * p<0.05

According to the results, the exposure to IAA caused
statistically important increases in the levels of muscle
and liver glycogen, and muscle lipid whereas the protein
level remained unchanged. Also, while the IBA treatment
caused a significant decrease in the levels of liver protein,
the level of muscle glycogen increased. On the other hand,
the kinetin decreased the levels of liver and muscle glycogen. But the other parameters remained unchanged.
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FIGURE 1 - Effects of 100 ppm of PGRs on the glycogen content in the muscle and liver of rats.
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FIGURE 2 - Effects of 100 ppm of PGRs on the protein content in the muscle and liver of rats.
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FIGURE 3 - Effects of 100 ppm of PGRs, on the lipid content in the muscle and liver of rats.
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following sub acute exposure to kinetin. High levels of
glycogen in a cell may be an indicator of diminished
usage and pathological accumulation rather than a sign of
increased metabolic activity [26]. Also, when muscle
macromolecules are mobilized to support the metabolic
requirements of other tissues, both the levels of energetic
reserves, such as glycogen and lipid, and those of enzymes or contractile proteins can be affected. Glycogen
phosphorylase liberates glucose from glycogen and would
be important for transfer of carbohydrate reserves from
muscle to other tissues, particularly if glucosidase activities are in the range typical of muscle [27].

The effects of pollutants on nature became a subject
of interest for scientists from the beginning of the second
half of 20th century, and subsequently investigations on
the effects of these pollutants on human beings, plants,
and animals were initiated. PRGs are commonly used agricultural chemicals, and they regulate plant development
with their inhibitory or activator effects. In our study, IAA,
IBA and kinetin were chosen because information on their
toxicological biological effects in higher animals is very
limited.
As far as we know, no study examining the effect of
PGRs in vivo has been made on the level of protein, glycogen and lipid in liver and muscle of rat. Because of this,
we have not had the chance to compare our results with
previous results. In addition, because of the high variability in analyzing these macromolecules profile and inconsistent factor like treatment time, manner and the setting
of studies, it is difficult to compare the present data with
different studies.

The results of experiment showed that the IAA and
kinetin treatment did not change the muscle and liver protein levels, but IBA treatment caused a significant decrease
in the levels of liver protein. Then, it can report that the
protein content of liver is depressed by IBA treatment in
the hepatic cells (Table I, and Figure 2). According to
Sweeting and McKeown [28], the reported stable muscle
protein level in salmon fish and the depletion of liver
protein level may explain the lowered hepatosomatic index
(HSI) in salmon fish. Decrease in protein content of liver
may indicate decreased functional status of the hepatic cells.
It is probably due to the inhibition of protein biosynthesis
as met-RNA is not properly formed. A fall in muscle protein is indicative of reduced protein synthesis. As mRNA
has a direct relationship with protein content, it may be
concluded that the reduction of RNA was due to proteolysis as well as retardation of protein synthesis. Another
explanation that IBA conjugates with the –SH group of
glutathione, which has been postulated as a potential
regulator for protein synthesis.

The present study indicates that excessive PGRs consumption might possess toxic risk. It is evidenced by our
observation that, PGRs caused an appreciable increase or
decrease in glycogen, lipid and proteine levels, which may
cause physiopathology disorders at the 20th day of PGRs
treatment. The reasons for such effect of PGRs are not
understood at present, but one reason might have brought
about a stimulation glycogenesis and/or inhibition glycogenolysis in the rat liver and muscle glycogen metabolism. As known, glucose is stored in the form of the
branched glucose polymer, glycogen, in many organisms.
In mammals, liver and muscle are the two major sites of
glycogen synthesis and storage. Glucose is transported
into cells by glucose transporter proteins [23]. Glycogen
metabolism is controlled predominantly by the coordinated action of two enzymes, glycogen synthase and glycogen phosphorylase, both of which are regulated by
phosphorylation and allosteric modulators [24, 25]. Consequently, it can be speculated that the PGRs possess
altering activity on the enzymes participating glycogen
metabolism.

The contents of lipid in muscle and liver tissues did
not significantly change at 25 days exposure to PGRs,
IBA and kinetin. But the muscle and liver lipid enhanced
significantly (Table 1 and Figure 3). An increase in liver
lipid content is associated with an increase in the hepatosomatic index (HSI) [29, 30]. The glycogenesis and lipogenesis are greatly enhanced. Lipogenesis in mammals
involves the conversion of acetylCoA, arising from carbohydrate, to fatty acylCoA and posterior conversion into
triacylglycerols. Efficient storage of energy reserves indicates that the first step of glycolysis, namely the conversion of glucose into glucose-6-phosphate, is functional in
vivo. This enzyme responds to carbohydrate intake in
mammals and stimulates the storage of glucose as glycogen and lipid in the liver [31, 32]. Most glucose is taken
up by the liver and, if glycogen stores are already filled,
used for lipogenesis. Similar increases in the lipid content
were also observed in the result of the present study. Our
observations on the lipid content agree with the explanation that authors. IAA may be stimulating lipid synthesis
enzymes and inhibits lipolysis in muscle and liver tissues.

However, it is conceivable that Kn might be interacting primarily with the tissues, resulting in glycogen synthesis by way of induce glycogenolysis and glycolysis in
the tissues as result of stressed condition in the rats, leading to an decrease in glycogen. On the other hand, the
reason for depletion of glycogen may be due to utilization
of carbohydrates for energy production as a result of kinetin induced hypoxia. Also, it might be suggested that
the rat is under stress and needs more energy. This glycogenolytic condition might be due to a hypoxic state
occurred following kinetin exposure. The stress of hypoxia is accompanied by depletion of muscle and liver glycogen reserves. However, the decreased levels of tissue
glycogen may demonstrate that the Sprague-Dawley albino rat has the ability to mobilize its energy resources
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[12] Ozmen, M., Topcuoglu, S.F., Bozcuk, S. and Bozcuk, N.A.
(1995) Effects of abscisic acid and gibberellic acid on sexual
differentiation and some physiological parameters of laboratory mice, Turk. J. Biol, 19, pp 357-364.

Assessment of glycogen, protein and lipid content in
the liver and muscle can be considered as a diagnostic tool
for monitoring environmental toxicity. It can also be postulated that the assessment of these content might offer a
marker of choice for monitoring biotoxicity of direct acting
compounds such as PGRs. It is impossible to forbid the
utilization these kinds of chemicals, which are used against
harmful insects and giving rise losing product under these
conditions today. However, the necessity of using regulators should be decreased by improving resistant plants
species to diseases and unfavorable conditions. This kind
of plant species can be developed with the aid of biotechnological and plant improving procedure.
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SUMMARY
In this study, a combination of enzyme-linked receptor assay (ELRA) and yeast estrogen screen (YES) assay
was firstly applied to determine whether automobile tires
immersed in fresh water can leach chemicals, which display estrogenic activity. We optimized ELRA substituting
the chromogene substrate by a luminescent one, and found
that luminescent ELRA was more sensitive to 17β-estradiol
(17β-E2) with a detection limit of 0.016 µg/l, compared to
0.088 µg/l in the chromogene version. In ELRA, all tire
leachates obviously showed estrogenic activity, which was
increased with duration of immersion. Moreover, the
leachate from hackled tires showed more potent estrogenicity than that from the whole ones. In comparison to ELRA,
no detectable estrogenic activity was found in all tire
leachates with YES assay. The results from YES assay
further evidenced that antiestrogenic compounds can be
leached from tires. As tire leachates contain estrogenic compounds, they could be important pollution sources, potentially harmful to wildlife and human health. Thus, use of
shredded tires as road fill or in landfill sites should arouse
our attention.

ratory studies have found out that exposure of aquatic organisms to water, in which whole or cut tires are immersed, resulted in lethality of fish and invertebrates [57]. However, little is known about the potential estrogenic
effects of tire leachates.
Enzyme-linked receptor assay (ELRA) is a newly developed receptor assay, which uses recombinant human
estrogen receptors (a) for binding estrogenic substances [8,
9]. Compared with classical radio-receptor assay, ELRA is
non-radioactive and rapid, and enables analyses without
complicated and expensive laboratory instrumentation. This
special approach has proved to be robust and highly suitable for the detection of natural and synthetic estrogens,
as well as xeno-estrogens in field studies. The detection
limit of ELRA was found to be about 0.1 µg/l 17β-E2 [8],
but with this limit very low concentration of estrogens in
many water samples could not be detected. Therefore, in
this investigation, ELRA was optimized by applying luminol as a substrate for the peroxidase reaction, to lower this
detection limit. The estrogenic potencies of tire leachates
have been investigated using a combination of ELRA and a
widely used yeast estrogen screening (YES) assay [10, 11].
MATERIALS AND METHODS

KEYWORDS:
ELRA, YES assay, estrogenic activity, tire leachate.

Chemicals

17β- E2 was purchased from Sigma (Deisenhofen,
Germany). Stock solutions of 17β-E2 (1 mg/l) were prepared in absolute ethanol (Sigma) and stored at -20 °C in the
refrigerator in tightly closed glass bottles. All other reagents,
unless otherwise noted, were obtained from Merck or Sigma.

INTRODUCTION
Millions of used tires are discarded annually, and it is
estimated that waste or scrap tires amount to about 60,00065,000 t per year in Germany [1]. Although rubber tires
are not easily degraded, whole or shredded tires in landfill
sites or road fill embankments may possibly leach toxic
chemicals into ground or surface waters [2-4]. Several labo-

Enzyme-linked receptor assay (ELRA)

The optimized ELRA was carried out in polystyrene
96-microwell plates according to the principle method
described by Seifert et al. [8] and Li et al. [12], however,
with some modification and substitution. The plates were
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Data analysis

coated and left to incubate overnight with 150 µl of 17βestradiol-BSA conjugate (1:3000) per well at 4 °C. All subsequent reactions were carried out at room temperature.
After washing the plates with PBS buffer and blocking
them for 1 h, 17β-E2 standards (0-1000 µg/l, 100 µl per
cavity) or samples were added and incubated together with
the estrogen receptor (ER), diluted 1:100 with PBS-EDTA
buffer for 1 h. After a further washing step, 200 µl of 1:1500
dilution of the biotinylated mouse anti-ER antibody (Dako
Diagnostica, Hamburg) was added to each well prior to a
30-min incubation. An additional washing-step followed,
and 200 µl of a streptavidin/POD/biotin complex was pipetted into each well and incubated for 1 h. After washing
the plates, 100 µl of luminescent substrate solution was
incubated. An inverse relation between enzyme activity and
effect concentration (17β-E2) was measured by a luminometer.

Each experiment was carried out in triplicate. To determine the detection limit (DL) and EC50 in ELRA, a complete standard curve was included in each assay. The standard curves were fitted by applying the 4-parameter logistic function. For quantification of the estrogenic potency of tire leachates, a suitable response of leachate was
interpolated in the linear range of the 17β-E2 standard
curve, and the 17β-estradiol equivalent (EEQ) for each
sample was determined by comparing its response to the
17β-E2 standard. All equivalent E2 values of a sample were
divided by their relevant concentration factors to produce
equivalent E2 values for the original raw water sample. Data
analyses for ELRA and YES assays were performed with a
Microcal Origin software (Microcal, Northampton, MA).
RESULTS

Yeast estrogen screen (YES) assay
Optimization of ELRA

YES assay was performed according to the method of
Routledge and Sumpter [10], but with some modification.
Briefly, 0.125 ml of a 10-fold concentrated recombinant
yeast stock solution was added to 45 ml growth medium
and incubated overnight at 28 °C in a shaking incubator,
until turbid. Stock solutions of 17β-E2 were serially diluted in absolute ethanol, and then 5 µl-aliquots of them or 50
µl sample solution were transferred to a 96-well optically
flat bottom microtitre plate, and tested in triplicate. Assay
medium was prepared by adding 0.5 ml of the substrate,
chlorophenol red-βb-D-galactospyranoside (CPRG), to 50
ml fresh growth medium. 4 × 107 yeast cells from the overnight culture were used to seed this medium. Aliquots (200
µl) of the seeded assay medium were added to each well
using a multi-channel pipette. Each plate contained at
least one row of blanks (solvent and assay medium only),
as well as a standard curve for 17β-E2. The plates were
sealed with autoclave tape and shaken vigorously for 2 min
on a titer plate shaker, prior to incubation at 32 °C in a
naturally ventilated heating cabinet. After 3 days of incubation, shaking the plates for 2 min daily, the color development of the medium was measured at 540 nm (for CPRG)
and 620 nm (for turbidity) using a plate reader.

The substitution of chromogene substrate by luminescent substrate is an important step in the optimization of
ELRA. This not only improves the sensitivity, but also
reduces the measuring time and the amounts of materials
needed. The dose-response curves of 17β-E2 measured by
chromogene ELRA and luminescent ELRA are shown in
Figs. 1 and 2, respectively. The DL is represented by the
EC80-values for the standard estrogen 17β-E2. The comparison of 17β-E2 standard lines in both assays demonstrated that luminescent ELRA is nearly 6-fold more
sensitive. The calculated DL and EC50 values for luminescent ELRA were 0.016 µg/l and 0.082 µg/l, respectively, and that for chromogene ELRA 0.088 and 0.192 µg/l,
respectively (Table 1). The maximum induction with regard to solvent control was similar in both assays, about 5to 7-fold.
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Preparation of tire leachate
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A preliminary study was carried out to determine if
estrogenic activity is to be found in tire leachate. Whole
and hackled tires were used for testing, and placed into
glass aquaria containing 300 l of water. Gentle aeration
was provided. The whole tires were immersed in water for
one month, and the samples were collected after 1, 2 and
4 weeks. Then, the container was drained, and fresh water
was returned to the tank for another 1-month immersion.
Water samples were again collected after 1, 2 and 4 weeks.
Hackled tires were immersed for one month, and the samples were collected after a 4-weeks period. All collected
samples were analysed for their 17β-E2 equivalent (EEQ)
both using ELRA and YES assays.
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FIGURE 1 - Dose-response curves of 17β-E2 in chromogene
ELRA (Error bars represent the standard deviation; n=3).
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5 and 6 were 0.08, 0.10, 0.06, 0.07, and 0.09, respectively, all around the DL (0.088 µg/l ) of chromogene ELRA,
but significantly higher than the DL (0.016 µg/l) of luminescent ELRA. This comparison clearly demonstrates that
luminescent ELRA is more sensitive than chromonogene
ELRA.
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Estrogenic potencies in tire leachates

800

In order to investigate the possible estrogenic activity
of tire leachates, both the whole and hackled tires were
used, and a combination of the optimised ELRA and a
wildly used YES assay was applied. Samples 1, 2, and 3
were leachates collected from whole tires immersed at 1,
2 and 4 weeks, whereas leachate samples 4, 5 and 6 were
from whole tires immersed for another 1, 2 and 4 weeks.
Sample 7 was collected from hackled tires immersed for
4 weeks. All samples were tested in triplicate, and the estrogenic potency of tire leachates was expressed as 17βestradiol equivalent (EEQ).
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FIGURE 2 - Dose-response curves of 17β-E2 in luminescent
ELRA (Error bars represent the standard deviation; n=3).

TABLE 1 - Response to 17β-E2, and characteristics of both
ELRA and amount of material needed to determine the estrogenic potency with both assays.
ELRA
(chromogene
substrate)
Parameter
Detection limit (µg/l)
0.088
0.196
EC50 (µg/l)
Material needed
Estradiol-BSA
1: 1500
Estrogen receptor (ER)
1: 30
Anti-ER
1: 500
Detecable tire leachate
Sample 1
Sample 2
Sample 3
+
Sample 4
Sample 5
Sample 6
Sample 7
+
+ = detectable, － = not detectable.

As shown in Fig. 4, all these tire leachates show obviously estrogenic activity with ELRA. The whole tires
immersed in water for 1 week released materials displaying estrogenic activity. Immersion of whole tires up to
4 weeks did not result in equilibrium between water and
tire material, and the activity was increased with duration
of immersion. Further testing of leachate with renewal of
water and whole tires indicates that the chemicals, which
elicit a estrogenic response, remain in the water for another 4 weeks, however, unlike the first immersion month, the
estrogenicity was slowly increased. In addition, the estrogenic activities of leachates from hackled tires were observed to be more potent (by a factor of 3) than those
from whole tires.

ELRA
(luminescent
substrate)
0.016
0.082
1: 3000
1: 100
1: 1500
+
+
+
+
+
+
+

When applied with YES assay to measure these above
tire leachates, no detectable estrogenic activity for all tire
leachates could be detected (data not shown).

In spite of DL and EC50, Table 1 also shows that different amounts of material, such as coating material (17βestradiol-BSA conjugate), estrogen receptor (ER) and antibody (anti-ER), are needed to determine the estrogenic potencies of 17β-E2 in both assays. All materials were used
from the corresponding stock solutions with different factors of dilution. As shown in Table 1, the amounts of material needed for luminescent ELRA were reduced by a factor
of 2-3, compared to chromogene ELRA. Moreover, analysis time was reduced by 30%, from 4 to 3 h.
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For direct comparison of actual water samples to
chromogene and luminescent ELRA, seven tire leachate
samples were measured with both assays and results shown
in Table 1, Fig. 3 and Fig. 4. All 7 tire leachates were detectable in luminescent ELRA, but only 2 of them in
chromogene ELRA (samples 1, 2, 4, 5 and 6 below DL).
In luminescent ELRA, the mean EEQs of samples 1, 2, 4,
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FIGURE 3 - Estrogenic equivalencies (EEQ) of tire leachates measured with chromogene ELRA (error bars represent the standard
deviation).
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tions of estrogens in water samples. Therefore, this optimized ELRA is more feasible than the original one in
environmental monitoring, especially for drinking water
samples.

17β-Estradiol Equivalents (µg/l)

0.7
0.6
0.5

Like the competitive radio-receptor assay, ELRA is
designed to identify substances that bind to the ER and
might act as an ER agonist or antagonist in vivo. It detects
both agonist and antagonist, but cannot distinguish between them, and is, therefore, not sufficient to predict subsequent cellular effects, or to predict adverse effects in
animals [20]. YES assay is a widely used ER-TA assay,
and designed to measure the transcriptional activation of a
gene in yeast cells that have been artificially manipulated
by transfection of an expression vector for the receptor, and
a vector for the report gene [10, 21]. Opposite to receptorbinding assays, YES assay can only measure the agonistic
action, and the antagonists are not active in this assay. Thus,
YES assay can differentiate between agonists and antagonists. Because of the varying degrees of toxic, agonistic and
antagonistic effects of undefined chemical compounds
potentially present in environmental samples, it would be
rare to find a good correlation between two bioassays for
estrogenicity. Therefore, a combination of bioassays was
suggested to monitor estrogenic effects of contaminants in
environmental samples [16, 22], and, in this study, a combination of ELRA and YES assay was applied to determine
whether automobile tires immersed in fresh water can leach
chemicals, which display estrogenic activity.
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FIGURE 4 - Estrogenic equivalencies (EEQ) of tire leachates measured with luminescent ELRA (error bars represent the standard
deviation).

DISCUSSION
The estrogenic potential of a substance can be measured by a number of assays or tests, but many of them
provide different types of information. In vitro test systems can be used in characterizing the mechanism of action
and potency, and are powerful for screening large numbers of chemicals [13-16]. The most rapid and sensitive in
vitro tests for estrogenicity are based on binding to an
isolated estrogen receptor (ER) or on stimulating its transcriptional activity (TA). Currently, ER binding and TA
assays have been proposed as part of USEPA’s EDSP
Tier 1 screening battery, and subjected to validation and
standardization [17, 18]. A competitive radio-receptor
assay based on ER and radioactive-labeled 17ß-E2 is a
classic ER binding assay, and is not only time-consuming
and expensive, but also requires specialized laboratory
equipment because of the radioactive substance. Thus, the
expert panel of the Interagency Coordinating Committee
for the Validation of Alternative Methods (ICCVAM) and
the Interagency Center for the Evaluation of Alternative
Toxicological Methods (NICEATM) recommended to
replace the use of radioactivity methods by non-radioactive
ones [19].

Modern tires are composed of elastomers, carbon
blacks, pigments, and other chemicals, such as vulcanising
agents, accelerators, plasticizers and initiators [23]. Tires
have generally been considered to be relatively harmless in
the environment, unless subjected to high temperatures,
but the results from ELRA suggest that they contain watersoluble compounds with estrogenic activity, which leach
into water. Moreover, the duration of the immersion of tires
in water could affect the concentration of estrogenic compounds in water. The longer the tire is immersed in water,
the more the estrogenic compounds are leached. Further
tests of tire leachates with monthly renewed freshwater
show that whole tires can continue to release estrogenic
compounds over extended periods of time. However, contrary to the first immersion month, the estrogenicity was
slowly increased. In comparison to ELRA, the results from
YES assay showed no detectable estrogenic activities in all
tire leachates, thus evidencing that automobile tires immersed in water can leach the chemicals that can bind to
ER, but do not stimulate its transcriptional activity. Since
ELRA can measure both agonists and antagonists, not
active in YES assay, we can conclude that tire leachates
might contain chemicals that display anti-estrogenic activity. But, no matter the chemicals are agonists or antagonists, they are estrogens that may disrupt endocrine systems and produce adverse reproductive effects [24-26]. In
addition, ELRA has also shown that the estrogenic activity of leachates from hackled tires was higher than that
from whole ones, simply because their surface area is

ELRA is a newly developed receptor assay, which
uses a recombinant human ER (a) for binding the estrogenic
substances. ELRA is non-radioactive, time-saving and costeffective, and has a comparable sensitivity to radio-receptor
assays. In order to lower the DL, in this investigation we
have optimized the protocol of ELRA, firstly described by
Seifert et al. [8], using luminescent instead of chromogene
substrate. This modification not only increased sensitivity, but also saved time and materials needed. The DL for
natural 17β-E2 in luminescent ELRA was determined to
be 0.016µg/l, which is approximately by a factor of 6
more sensitive than the 0.088 µg/l levels of E2 in chromogene ELRA, and high enough to detect low concentra-
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Subject of Debate: „Variability Factor“ for the Analysis of
Pesticide Residues in Fruit and Vegetables
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One whole section of the Fresenius Conference was
devoted to the „Variability Factor“ question. In a batch of
food items previously treated with a pesticide, the residue
of the pesticide remaining on/in single food items at the
time of consumption varies between items, due to a variety of factors. So there is a distribution of residues, with
some items containing more pesticide than others. It is
important to take account of this variation when assessing
the risk to consumers from acute dietary exposure to pesticides in medium and large-sized food items (e.g. apples
or melons). Therefore, international assessment procedures are based on the 97.5th percentile of the distribution
of residues; i.e. the level that is exceeded by 2.5% of
residues in food items (i.e. 1 in 40). This residue level is
not measured directly, but estimated by measuring the
concentration in a small batch of items and multiplying it
by a “variability factor” to estimate the 97.5th percentile
residue. Recently, it has been proposed that a default
value of 3 should generally be used for the variability
factor, replacing a range of default values for different
commodities. This proposal was, of course, also discussed
at the Fresenius conference. Andy Hart of the Central
Science Laboratory in York/Great Britain, put forward the
opinions of the EFSA Panel for Plant Health, Plant Protection and their Residues (PPR Panel): On average, variability factors estimated from samples collected in the
marketplace were higher than those from samples obtained in experimental studies (supervised trials). The PPR
Panel therefore recommends that consideration be given
to using different variability factors when doing exposure
assessments with data from these two types of study. The
average variability factor for supervised trials was 2.8.
However, the variability factor is itself variable and the
Commission may wish to consider this when choosing an
appropriate default value for use in dietary exposure assessments.
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Press Release

Tracking Down Multiple Residues
Fresenius Symposium Discusses Assessment
of Pesticides in Food
January 2006, Dortmund/ Mainz, Germany
On December 12 and 13, 2005 international experts
from both the agrochemical and food industries met in
Mainz. Akademie Fresenius (Dortmund) and the SGS Institut Fresenius (Taunusstein) hosted the fourth international
“Food Safety and Dietary Risk Assessment” symposium
to which both European and Australian representatives
from the authorities, the scientific field and the industry
were invited to discuss the latest developments in risk
assessment and residue analysis.
Strawberries, grapes, tangerines and peppers: A large
number of samples contain residues from multiple pesticides. According to an EU report, multiple residues were
detected in around one third of the vegetable-origin food
samples taken in Germany in 2002. A general upwards
tendency for the number of active components found in
each sample has been observed, leading to increased consumer anxiety with regard to the effects of these so-called
“gift cocktails”. The simultaneous occurrence of traces of
several active components in a single foodstuff is without
doubt one of the most important challenges facing the risk
assessment experts.

Risks and Benefits of Fish Consumption

Convincing Concept for the Assessment of Multiple Residues Still Lacking

Diane Benford of the Food Standard Agency in London reported the recent UK review of risks and benefits of
fish consumption. Although eating one portion of oily fish
per week should be good for everyone, there is no straightforward answer to the question as to whether more frequent fish consumption is generally beneficial or harmful
as the risks and benefits are not the same for different
groups. Also, there is generally a lack of quantitative data
for the beneficial effects. Consequently, it is not possible
at present to provide a sound risk-benefit analysis for fish
consumption as the data currently available is insufficient.
However, it is possible to advise on upper levels of fish
consumption advise on intakes without undue risks from
the contaminants, for different population groups to help
consumers to take advantage of the nutritional benefits.

Currently, however, there is no general agreement on
how to assess multiple residues. Alan R.Boobis of the
Imperial College London stressed that the current approach used in reviewing the effects of various combinations is based to a large extent on the effects of substances
with the same active profile. This confirms an even greater need for more research and increased exposure testing
(i.e. the extent to which a consumer comes into contact
with a substance), above all, testing the effects of particular substances and how they interact. Based on information thus gained, groups of active agents with a common mechanism of action can be identified allowing
deductions to be made with regard to their equivalence
factors. This research is, or course, complex and “resource-intensive”, which Boobis did not fail to point out.
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Sequel in March 2006: Fresenius Symposium in Cologne set
to Discuss New Legal Guidelines, Analytic Demands and the
Impact on Producers and Official Surveillance Bodies

The experts will continue their round of discussions
on risk assessment methods and the latest findings at the
Fresenius Symposium “Residues and Contaminants” in
Cologne. The agenda includes not only new measures to
reduce the acrylamide danger but also the latest information on PAH (polycyclic aromatic hydrocarbons) exposure as a result of the curing process. The panel of international experts will be discussing in depth the most recent political developments in Brussels. Particular attention will be paid to what impact the inclusion of dioxinlike PCBs (polychlorinated biphenyls) in the EU maximum quantity regulations will have on both producers and
official surveillance bodies. Also included on the agenda:
The risk of food contamination through packaging materials, the difficulties encountered in mycotoxin sampling
and measurement uncertainty when analysing residues.
The conference will be held in German but will be simultaneously translated. The complete programme can be
found at: www.akademie-fresenius.de

FEB

Book Review

Value Creation
Strategies for the Chemical Industry
Budde, F./ Felcht, U.-H./ Frankemölle, H. (eds.)
470 Pages, Hardcover - Practical Approach Book, 2. completely revised and enlarged edition, November 2005
ISBN 3-527-31266-8, Wiley-VCH, Weinheim 85.- Euro/
136.- SFR/ £60.00/ US $105.00. Sample chapter: http://
www.wiley-vch.de/publish/en/books/ISBN3-527-31266-8/
Written by a global team of top managers and senior
McKinsey experts, this expanded and completely revised
second edition provides a wide-ranging manual on the
subject of value creation in the chemical industry.

Contact Information:
Die Akademie Fresenius GmbH
Monika Stratmann
Alter Hellweg 46
44379 Dortmund
Tel.: +49 231 75896-48, Fax: +49 231 75896-53
E-Mail mstratmann@akademie-fresenius.de
http://www.akademie-fresenius.de

Drawing on extensive first-hand management experience, several hundred consulting engagements, and in-depth
research projects, the authors outline the key ingredients
for managing chemical companies successfully.
Starting with an overview of the chemical industry,
the book discusses the elements that are relevant to strategic decision-making in the chemical industry in general
and in a number of key industry segments.
In the next section, all the key elements of the chemical business system are addressed, reflecting the importance of functional excellence as a major driver of the
industry's performance.
The final set of chapters deals with special topics of
interest to chemical companies, including hot topics such
as China, industrial biotechnology and the role of private
equity.
Although mainly directed at executives and managers
in the chemical industry, the knowledge contained in this
comprehensive overview will also benefit scientists,
engineers, investors, students, and anyone else dealing
with management issues in this sector.
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From the contents

• Industrial Biotech at DSM: From Concept to Customer

• Today's Chemical Industry: Which Way is it up?

• Leveraged Buyout Transactions in Chemicals Challenges and Learnings

• Shareholder Value Orientation: Not a Question of
Whether, but How

• What Attracts Private Equity Firms to the Chemical
Industry?

• Structural Drivers of Value Creation in the Chemical
Industry

• Facing China

• Chemicals - Driving Innovation in Other Industries

• China - Key for Success in Asia

• Today's Challenges and Strategic Choices

About the Authors

• An Approach to Determining the Long-term Attractiveness of Commodity Chemical Businesses

Florian Budde is a Director in the Frankfurt office of
McKinsey & Company, Inc. He co-leads the firm's European Chemicals Practice and has served a large number of
chemical clients on strategic, organizational, and operational issues, with an emphasis on capital market-oriented
corporate strategy. He holds a PhD in physical chemistry.

• Middle East: Opportunities and Challenges from the
Rapid Emergence of a Global Petrochemical Hub
• Survival when it's Hard to be Special: A Perspective
on Specialty Chemicals
• Creating the World's Leading Specialty Chemical
Company

Utz Hellmuth Felcht is Chairman of the Board of
Management of Degussa AG and a member of the Board
of Management of RAG Aktiengesellschaft. He also serves
as Vice President of the German Chemical Industry Association (VCI) and as a member of the Board of the German Association for Chemical Technology and Biotechnology (DECHEMA e.V.). He has a PhD in chemistry
and is an honorary Professor of the Technical University
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• Prospects for the Agribusiness: An Essential Contribution to Global Food Demand
• Industrial Gases - Growth by Continued Selfrenewal
• Perspectives of Chemical Distributors as Partners of
Industry
• Systematically Revitalizing Innovation in the Chemical Industry

Heiner Frankemölle is a Director of McKinsey &
Company, Inc. based in the Cologne office. He leads the
firm's Global Chemicals Practice. The main areas of emphasis in his client work are corporate transformation,
strategy, M&A and post-merger management. He holds a
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• Innovation of Growth
• The Four Pillars of Sustainable Purchasing Transformations
• Feedstock Price Volatility and How to Deal with it
• Taking a Leap in Purchasing
• Operational Excellence - A Never-ending Journey
Continues
• State-of-the Art Production Concepts in the Chemical Industry
• The Role of Site Services and Infrastructure for
Productivity Management
• Creating a Revenue Advantage Through Sales and
Marketing Excellence
• Achieving Top Performance in Supply Chain Management
• Right Second Time - Unlocking Value with IT
• Managing Organizational Performance
• Post-merger Management: It's all in the Design
• M&A - the UCB Case
• The Chemical Industry and Public Perception
• Industrial Biotech: From Promise to Profit
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