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STUDIES ON THE REMOVAL OF NICKEL(II) IONS
BY ADSORPTION USING VARIOUS CARBONS A COMPARATIVE STUDY
Nagarethinam Kannan1 and Gurusamy Rengasamy2
1

Department of Chemistry, Ayya Nadar Janaki Ammal College (Autonomous), Sivakasi – 626 124, Tamil Nadu, India.
2
Department of Chemistry, Sri S.R.N.M. College, Sattur – 626 203, Tamil Nadu, India.

SUMMARY
Studies on the removal of nickel(II) ions by adsorption on various carbons (commercial activated carbon
(CAC) and chemically prepared ACs (CPACs) from raw
materials like straw, saw dust and dates nut) have been
carried out under batch mode of adsorption at 30°C with
an aim to obtain information on treating effluents containing Ni(II) ions. The effect of various experimental parameters such as (i) initial concentration (ii) contact time, (iii)
dose of adsorbent, (iv) initial pH of the solution, with
CAC and CPACs, (v) particle size of CPACs (except
CAC) and (vi) ionic strength (with CAC and CPACs) at
200 rpm speed of agitation has been investigated. The
percentage removal of Ni2+ ions increased with the decrease in initial concentration and particle size of the
adsorbent and increased with the increase in contact time,
dose of adsorbent and initial pH (δ) of the slurry. Ionic
strength decreased the extent of adsorption. The adsorption data were modelled with the Freundlich, Langmuir,
Dubinin-Radushkevich and Redlich and Paterson adsorption isotherms and first-order kinetic equations such as of
Natarajan and Khalaf, Lagergren, Bhattacharya and Venkobachar and modified Elovich equations and intra-particle
diffusion model. The kinetics of adsorption is found to be
of first order with intra-particle diffusion as one of the rate
determining steps. Thermodynamic parameters were evaluated from the equilibrium studies carried out at 30°, 35°
and 40 ° C. Investigations on the desorption of Ni(II) ions
from metal loaded ACs with various eluents and the possibility of reuse of regenerated ACs have also been carried
out at 30 C. The results on the removal of Ni(II) ions by
CPACs are compared with CAC and cationic resin, Tulsion
CXO-9(H). The results conclude that these carbons could
be employed as low-cost alternative adsorbents to CAC in
wastewater treatment for the removal of metal ions, in
general, and nickel(II) ions, in particular.
°

°

KEYWORDS:
Adsorption, removal of nickel(II) ions, various carbons, adsorption
isotherms, kinetics of adsorption, intra-particle diffusion, adsorption capacity, comparison, thermodynamic parameters, desorption, reuse, water and wastewater treatment.

INTRODUCTION
It is a well-known fact that heavy metal ions are highly toxic to living beings. The effluents from metal finishing and alloy manufacturing and some other industries,
like Ni-Cd battery, casting, petroleum (gasoline additive),
ceramics, fungicide, pigments and chemical industries,
discharge Ni(II) ions in the effluents. These are the important sources of water pollution. This necessitates the
removal of Ni2+ ions from water. Biological treatment
processes are efficient in the removal of suspended solids
and chemical oxygen demand, but largely ineffective in
removing metal ions from wastewater [1]. The
wastewaters contaminated with metal ions often receive
considerable attention from researchers interested in
wastewater treatment process, because of the toxicity of
metal ions. The major ill-effects of Ni(II) ions are dermititis (nickel itch), inhibition of enzyme activity, head ache,
dizziness, nausea and vomiting, chest pain, tightness of
chest, dry cough, shortness of breath/rapid respiration,
cyanosis and extreme weakness [2]. The ubiquitous nature
of Ni(II) ions, its toxicity, tendency for bioaccumulation
into the food chain and strict environmental regulations
related to heavy metal discharges make it necessary to
develop some schemes for the economical removal of
Ni(II) ions from water and wastewaters. Therefore, Ni(II)
ions are to be necessarily removed from the effluents
before their discharge. Hence, investigations have been
made on various physico-chemical methods for removal
of these metal ions from industrial effluents.
These studies include precipitation, chemical and electro-chemical reduction, solvent extraction, membrane processes and evaporation, but also ion-floatation and adsorption techniques [3, 4]. Of these methods, adsorption has
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been found to be an efficient and economical process to
remove metal ions from water and wastewater [4]. Activated carbon (AC) [5], inorganic oxides [6], soil [7], natural
adsorbents like clays and clay minerals [8], decaying leaves
[9], red mud [10], peat [11], wood [12], fly ash [13] etc.,
have been extensively used as adsorbents for the removal of
metal ions. Among these methods, AC adsorption has been
shown to be effective and widely employed as water and
wastewater treatment technique [14]. Despite its wide use in
water and wastewater treatment industries, commercial
AC(CAC) still remains an expensive material and there also
exists difficulty in its procurement of CAC in developing
countries like India. This has led to a search for low-cost
materials, as alternative adsorbents to CAC [15, 16].
The abundance, easy availability, carbonaceous nature and the possibility of its conversion to AC makes the
agricultural wastes/ by-products as potential precursor/
raw materials for the chemical preparation of ACsCPACs [16]. The purpose of this work is to study the
kinetics and mechanism of adsorption of Ni(II) ions on
CAC and CPACs prepared from agricultural wastes and
to compare their adsorption capacity for adsorption of
Ni(II) ions, relative to commercial AC and cationic resin(CR) viz., Tulsion-CXO-9(H). Thus, the present study is
aimed at to study the kinetics and dynamics of adsorption
of nickel(II) ions on ACs and CPACs, such as dates nut
carbon (DNC), saw dust carbon (SDC) and straw carbon
(SC), to find out the possibility of applying them as lowcost adsorbents for the removal of metal ions, in general,
and Ni(II) ions, in particular. Investigations on equilibrium, desorption and reuse of regenerated ACs were also
carried out.

out in a thermostatic orbit incubator shaker (NEOLAB,
India) at room temperature (30 ± 1 °C) [17] and 200 rpm
(Table 1).
Fifty mL of non-buffered Ni(II) solution (pH 4.5) of
known initial concentration was shaken with the required
dose of fixed particle size-ACs for a specific period of
contact time. The initial pH was adjusted to the required
pH values ranging from 1 to 8 by adding either 1 N HCl
or 1 M NaOH solution, as described elsewhere [18, 19].
After adsorption, the solution pH was found to be slightly
decreased (0.03-1.00 pH units, digital pH meter supplied
by Hanna Instruments, Portugal). This may be due to the
removal of Ni(II) and release of protons from the AC
surface into the solution [19]. After attaining equilibrium,
the final concentrations (Ce) were spectrophotometrically
measured (Elico UV-visible spectrophotometer-Model
SL-159), as described earlier [20]. The percentage removal of Ni(II) ions and their amount adsorbed (mg g-1) were
calculated using the standard relationships [17-19]. The
ionic strength (µ) was varied between 0 and 1.2M by
adding electrolytes.
Blanks without Ni(II) were used for each series of
experiments as control. The errors in adsorption data were
±1-2 % for the removal and 0.03 – 0.05 mg g-1 for the
amount adsorbed.
Other Studies

The equilibrium studies were carried out at 30°, 35°
and 40 ° C with initial Ni(II) concentrations of 10-60 ppm,
10 g L-1 of AC (90 µm particle size, agitated for 24 hrs at
200 rpm and pH 4.5). The equilibrium constants, [Keqm=
[Ni2+]AC / [Ni2+]Soln.], were determined and the thermodynamic parameters like ΔG (ΔG = - RTlnKeqm), ΔH° and
ΔS° calculated from the van’t Hoff relationship. The desorption of Ni-loaded ACs was carried out at room temperature (30 ±1 °C) using DD water and various eluents,
such as NaCl, NaOH and acids (HCl, HNO3 and acetic
acid) at concentrations from 0.2-1.2 M. The possibility to
reuse these regenerated ACs (RACs) was also tested with
10 ppm Ni(II) in cycles at 30 °C. Finally, batch mode
adsorption experiments using CAC, RACs and CR were
carried out with simulated and industrial wastewaters.
°

°

MATERIALS AND METHODS
Commercial AC (CAC) was procured from E.Merck,
India. Raw materials for the preparation of ACs, such as
dates nut, saw dust and straw, were collected locally,
washed, cut into small pieces and dried. The raw materials were then carbonised (at 300 ° C) in CO2 atmosphere
and activated (at 700 ° C), acid digested (with 2N HNO3)
and washed. The materials were finally sieved to discrete
particle sizes (µm as given in Table 1) using Jayanth sieve
shaker, India. The CPACs thus produced and CAC were
finally heated at 120 °C for 5 h in an air-oven. Nickel
sulphate (AR) supplied by BDH, India was used as a
source of Ni(II) ions and as an adsorbate. All the other
chemicals used in this study were obtained commercially
and of analytical grade. Double-distilled (DD) water was
employed for preparing all the solutions and reagents. All
the apparatus were calibrated.
°

°

Batch Adsorption Studies

A stock solution of Ni(II) ions (1000 mg L-1) was
prepared and suitably diluted to the required initial concentrations. Batch adsorption experiments were carried

°

RESULTS AND DISCUSSION
The results of the adsorption experiments carried out
at varying experimental conditions (Table 1) are discussed below.
Effect of Process Parameters

The effect of initial concentration of Ni(II) ions on the
extent of their percent removal on various adsorbents viz.,
CAC, DNC, SDC and SC, was studied and the relevant
data are shown in Fig. 1A. The percentage removal decreases with the increase in Ni(II) ions, indicating a reduc-
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TABLE 1 - Experimental conditions for the adsorption of Ni(II) ions on CAC and CPACs.

Agitation speed = 200 rpm
S.No.
I
II

Parameter
varied
Initial Concentration
Contact time

Temperature = 30 ± 1 ° C
°

Initial Conc.
(mg L-1)
10-60
20*

Contact
Time (min)
30
10-60

CAC⎫
Dose

⎬ = 30

SC ⎭

20

III

Dose
(g L-1)
10
10

Initial
pH
4.5
4.5

Particle
Size (µm)
90
90

6-16

4.5

90

1-8

90

*

SDC = 35*
DNC = 35*

Initial pH

CAC⎫

20

IV

30 / 35

*

⎬ = 10

*

SC ⎭
SDC ⎫

*

⎬ = 12

DNC⎭
V

Particle size

20

30 / 35

10 / 12 *

4.5

75-250

VI

Ionic
Strength+

20

30 / 35

10 / 12

4.0

90*

* Fixed as optimum condition at which maximum removal was observed
+
Ionic strength (µ) = 0 - 1.2 M due to added electrolyte alone.

tion in immediate solute adsorption, owing to the lack of
available active sites required for the high initial Ni(II)
concentration [18,19]. The relative Ni(II) decrease above
20 ppm is less and, hence, this is fixed as optimum initial
concentration for further adsorption experiments. Similar
results have been reported on the extent of removal of
dyes [21-23], metal ions [5-7, 9-11] and carboxylic acids
[15, 16, 25, 26]. Although the adsorption capacities of
CPACs are less compared to CAC, they could be employed as low-cost alternatives for the removal of metal
ions, especially SC evidencing the highest adsorption
capacity (based on percent removal and a values).

dose 10 g L-1 of CAC and SC and 12g L-1 of SDC and
DNC, which are fixed as the optimum doses of adsorbents.

The effect of contact time on the percentage of Ni(II)
ions adsorbed was studied at the optimum initial concentration of Ni2+ ions and the data are also presented in
Fig. 1B and Table 2. The percent removal of Ni2+ ions by
the ACs examined from Fig. 1B increases and reaches a
maximum value. The relative increase in the extent of
removal of Ni2+ ions after 30 min for CAC and SC and
35 min for SDC and DNC is less and hence they are
fixed as the optimum contact time (as examined in Fig
1B). Literature reports [5-10] indicate that the percentage
removal (Y-R) of metal ions increases with increase in
contact time and, after optimum contact time, reaches a
maximum value.
The effect of dose of adsorbent on the percentage removal of Ni(II) ions was also studied. The relevant data are
given in Table 2 and Figure 2, Segment A. The percentage
removal of Ni(II) ions was found to increase with the increase in dose of adsorbent [26]. The relative increase in
the extent of removal is found to be insignificant after a
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FIGURE 1 – Effect of initial concentration of Ni(II) ions (A)
and contact time (B) on the extent removal of Ni (II) ions by ACs.
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The amount of Ni(II) ions adsorbed was observed to
vary exponentially in accordance with a fractional power
term of the dose of adsorbent:
q = m(dose)-n+C

(1)

where, n = fraction (n values for ACs: CAC = 0.135,
SC = 0.142, SDC =0.148 and DNC = 0.153). The correlations of log qe vs log (dose) are also found to be linear with
r-values close to unity (range of r values: 0.968-0.997).
This suggests that the adsorbed species/solute Ni(II) ions
may either block the access to the internal pores or cause
particles to aggregate, thereby resulting in decrease in the
availability of active sites for adsorption [21-24].

The effect of the initial pH of the Ni(II) solutions on
the amount adsorbed was studied by varying it under
constant process parameters. The results are shown in
Table 2 and Figure 2B. The increase in pH increases the
percentage removal of Ni(II) ions, and pH, after adsorption, decreases. These results are in harmony with the
reports on the adsorption of metal ions [5-7, 19]. The
percentage removal of Ni(II) ions increases linearly with
the decrease in particle size of CPACs, which are used,
except with CAC, to demonstrate the effect of particle
size on the Ni(II) amount adsorbed (Table 2 and Fig. 3A).
The linear relationship between both is evidenced by the r
values close to unity (r-value for ACs: SC = 0.988, SDC =
0.975 and DNC = 0.969).

TABLE 2 - Effect of process parameters on the percentage removal (range) of Nickel(II) ions by CAC and CPACs.
Agitation speed = 200 rpm
Parameter Varied
Initial concentration
Contact time
Dose
Initial pH
Particle size
Ionic strength

Temperature = 30 ±1 C
°

Range
10 - 60 ppm
10 - 60 min.
6 -16 gL-1
1–8
75 - 250 µm
0 – 1.2M

CAC
85.1 - 50.4
50.2 - 80.3
28.9 - 80.5
36.0 - 99.8
80.4 - 40.8

FIGURE 2 - Effect of dose(A) and initial pH (B)
on the extent of removal of Ni(II) ions by ACs.

SC
80.2 - 45.6
45.4 - 75.2
26.9 - 76.3
35.5 - 99.4
80.4 - 40.2
75.1 - 38.6

SDC
75.6 - 42.5
40.8 - 74.9
26.0 - 70.4
33.4 - 98.8
75.5 - 39.8
69.9 - 36,4

DNC
65.1 - 40.2
35.5 - 65.1
25.6 - 66.2
31.8 - 89.8
70.1 - 36.8
64.8 - 33.6

FIGURE 3 – Effect of particle (A) and ionic strength (B)
on the extent of removal of Ni(II) ions by ACs.
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The effect of ionic strength was studied by adding 01.2 M solution of salts (chlorides of Na+, K+, Ca2+, Mg2+
and Al3+, sodium salts of Cl-, NO3-, SO42-, acetate and
EDTA). As the ionic strength increases, the percentage

removal decreases (Table 2, Fig. 3B) due to the competition between Ni(II) and metal ions or other cations for
adsorption. The effect of ionic strength, µ (Fig. 3B), indicates a linear relationship (%R = a + b µ).

TABLE 3- Isotherm constants for the adsorption of Ni(II) ions by ACs*.
Parameters
CAC
1. Freundlich isotherm:Intercept (log K)
-0.16
K value
0.69
Slope (1/n)
0.41
r-value
0.986
2. Langmuir isotherm:a value (mg g-1)
4.73
102 b value (Lmg-1)
9.50
r-value
0.979
RL-value
0.41
3. Dubinin – Radushkevich isotherm:-

SC

SDC

DNC

-0.22
0.60
0.37
0.992

-0.28
0.52
0.35
0.989

-0.33
0.47
0.33
0.965

4.26
9.38
0.998
0.42

4.01
9.24
0.984
0.43

3.65
8.12
0.989
0.45

Xm' value
E value (k J mol-1)
r-value

3.96

3.80

2.78

2.43

19.1
0.998

18.84
0.994

16.45
0.992

16.01
0.969

* Data obtained in the variation of initial concentration are used.
Error range = ± 0.001 - 0.002

Adsorption isotherms

The adsorption data were analysed with the help of
Freundlich, Langmuir [27], Dubinin-Redushkevich(D-R)
[28] and Redlich-Paterson(R-P) [29] isotherms. The values of Freundlich, Langmuir, Dubinin-Redushkevich and
R-P parameters were obtained respectively, from the
linear correlations between the values of (i) log qe and log
Ce (ii) (Ce/qe) and Ce, (iii) log[(KCe/qe)-1] and log Ce and
(iv) log q and ε2 [where ε = RT ln (1+1/Ce)]. The adsorption isotherm parameters along with the correlation coefficients are presented in Table 3. The E value calculated
using D-R isotherm is of the order of 16.01-19.1 kJ mol-1
(Table 3). These E-vales (less than 20 kJ mol-1) indicates
that the Ni(II) adsorption on ACs occur mainly due to
physisorption process [28]. The observed linear relationship as evidenced by the r-values close to unity (range
0.965-0.998), indicate the applicability of these adsorption isotherms and the monolayer coverage of Ni2+ ions
on adsorbent surface. The isotherm plots are shown in
Figure 4 (A and B). The monolayer adsorption capacities
of the adsorbents (based on a values) are found to be of
the order:
DNC < SDC < SC < CAC.
Among the chemically prepared ACs, the SC and SDC
are found to possess high adsorption capacity and efficiency and hence they could be employed as low-cost
adsorbents as alternatives to CAC for the removal of metal
ions, in general and Ni2+ ions in particular. Further, the
essential characteristics of the Langmuir isotherm can be
described by a separation factor, RL [30].

FIGURE 4 – Freundlich (A) and Redlich-Paterson (B)
isotherms for the adsorption of Ni(II) ions by ACs.

Freundlich and Langmuir isotherms describe the
monolayer adsorption. R-P isotherm indicate the application of combined Freundlich and Langmuir isotherm. D-R

439

© by PSP Volume 14 – No 6. 2005

Fresenius Environmental Bulletin

isotherm gives an Evalue, which is different for different
carbons and indicates their physiosorptive nature.
The value of separation factor, RL, indicates the shape
of the isotherm and nature of the adsorption process as
given below:
RL Value
RL > 1
RL =1
0 < RL < 1
RL = 0

Nature of the
adsorption process
Unfavourable
Linear
Favourable
Irreversible

equation, for any given adsorbent(AC). Hence, any one of
these kinetic equations can be used in future to determine
the rate constant for adsorption process of metal ions [19].
The rate constant of adsorption, k is found to be high in
CAC (0.0496 min.-1) and low in DNC(0.0324 min.-1).
Kinetic plots are shown in Figure 5 (segments A and B).

In the present study, the values of RL (Table 3) computed are found to be fractional in the range of 0.41-0.45,
indicating that the adsorption process is favourable for all
these adsorbents (ACs).
Kinetics of adsorption

The kinetics and dynamics of adsorption of Ni2+ ions
by various ACs have been studied by applying the various
first order kinetic equations as proposed by Natarajan and
Khalaf–as cited by Kannan and Vanangamudi [31],
Lagergren–as cited by Panday et al., [32]. Bhattacharya
and Venkobachar [33] and modified Elovich equation [34].
The values of log(Ci/Ct), log (qe-qt) and log [1-U(t)] were
correlated with time. The values of (Ci-Ct) were also
correlated with time. The values of first order rate constants (k , in min.-1) along with the correlation coefficients
are given in Table 4. All the linear correlations were
found to be statistically significant (as evidenced by rvalues close to unity; range: 0.964-0.996) and indicate the
applicability of these kinetic equations and the first order
nature of the adsorption process of metal (Ni2+) ions on
ACs. The values of rate constant calculated from the
Lagergren [32] equation are also found to be close to that
computed from Bhattacharaya and Venkobachar [33]

FIGURE 5 – Natarjan-Khalaf (A) and Bhattacharya-Venkobacher
(B) plots for the kinetics of adsorption of Ni (II) ions by ACs.

TABLE 4
Statistical results-Kinetic equations and models for the removal of Ni(II) ions by adsorption on CAC and CPACs at 30±1°C.
Parameter
CAC
1. Natarajan-Khalaf eqn:102 k (min.-1)
1.84
r-value
0.984
2. Lagergren equation:102 k (min.–1)
4.96
r-value
0.990
3. Modified Elovich equation :135.4
α-value
4.08
102 β
r-value
0.981
4. Intra-particle diffusion model:-1
-0.5
10 kp ( mgg min. )
3.51
Intercept (c)
0.43
r-value
0.994
5. log(% removal) versus log (time) :slope
0.27
r-value
0.989

SC

SDC

DNC

1.44
0.992

1.20
0.969

0.91
0.981

4.52
0.964

4.05
0.988

3.24
0.996

125.1
4.51
0.989

118.3
4.93
0.995

109.4
5.12
0.979

3.02
0.37
0.999

2.66
0.30
0.986

2.37
0.23
0.991

0.28
0.992

0.36
0.999

0.35
0.974

* Above computations were made with data obtained from the variation of contact time.
Error range = ± 0.002-0.004.
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Elovich parameters α and β were computed from the
statistical slope and intercept, respectively (Table 4). The
decrease in β value and/or increase in α value indicate the
enhancement of sorption process [34]. This indicates that
CAC is a favourable adsorbent for Ni(II) ions. Among the
CPACs, SC is the best adsorbent
Intra-particle diffusion model

The possibility of the presence of intra-particle diffusion was explored by using the intra-particle diffusion
model [35]. The values of qt were found to be linearly correlated with the values of t1/2. The Kp values were calculated by using correlation analysis (Table 4; Fig. 6A). The
applicability of this model indicates the presence of intraparticle diffusion process [35]. The calculated values of kp
is maximum for CAC (0.351) and minimum for DNC
(0.237). The intra-particle diffusion plots are given in Figure 6A. The values of intercept (Table 4) give an idea about
the boundary layer thickness. i.e., the larger the value of
intercept, the greater is the boundary layer effect [23].

ence of intra-particle diffusion process, as one of the rate
limiting steps, besides many other processes controlling
the rate of adsorption, all of which may be operating simultaneously [36,37].
Relative adsorption capacity

The values of relative adsorption capacity of various
ACs compared to that of CAC, are calculated from the a
values, which are given in Table 3 (Relative adsorption
capacity in %:CAC=100; SC=90.1; SDC=84.8; and DNC =
77.2). The increasing order of relative adsorption capacity
(in %) is:
DNC < SDC < SC < CAC
Batch adsorption experiments for the removal of
Ni(II) ions by CAC, CPACs and CR [Tulsion CXO-9(H)]
were carried out at 30 C with simulated and industrial
wastewater. The data are given in Table 5.
°

TABLE 5
Percentage removal of Ni2+ ions by CAC, CPACs and CR.
(Ni2+) = 25 ppm
Metal ions* = 5 ppm each
Material
Simulated wastewater
Industrial effluents
100
---

100
---

89.5
(100)**

88.4
(100)

SC

81.1
(90.6)

79.5
(89.9)

SDC

72.0
(80.4)

70.1
(79.3)

DNC

64.2
(71.7)

63.3
(71.6)

CR
CAC

*Metal ions: Cu, Zn, Cd, Na, and K ions
**Values given in parentheses are with respect to CAC, taken as 100%.

The relative percentage removal of Ni2+ ions (based
on % removal) with respect to CAC for the removal from
simulated and industrial wastewater containing nickel
ions (25 ppm; with other metal ions like Cu, Zn, Cd, etc.,)
is of the order:
DNC < SDC < SC < CAC (100%)
Similar order in terms of CR for an industrial effluent
is as follows:
DNC < SDC < SC < CAC < CR (100%).
FIGURE 6
Intra-particle diffusion plots (A) and plots of log (% removal)
versus log (time) (B) for the adsorption of Ni (II) ions by ACs.

The correlations of the values of log(%removal) with
that of log(time) also resulted in linear relationships (as
evidenced by r values close to unity; range 0.974-0.999).
The data are shown in Table 4 and Fig. 6B. The divergence in the value of slope from 0.5 indicates the pres-

Among the indigenously prepared ACs, the SC has
the maximum relative adsorption capacity and DNC has
the minimum relative adsorption capacity. The high value
of surface area of SC (528m2g-1) and porosity of the material are responsible for the high adsorption capacity of SC.
SC could be used as low-cost adsorbent as alternative to
CAC for the removal of metal ions, in general and Ni2+
ions, in particular.
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Mechanism of Adsorption

The carbon surface has some carbon-oxygen functional groups (like, CxO, COx and CxO2) such as C=O, OH, -COOH, -CO-O-CO- and =CH-OH. These groups
may hydrolyse in aqueous solution. The various nickel
species present in solution are Ni2+, Ni(OH)+, Ni(OH)02,
Ni(OH)3- etc., depending upon the pH of the solution. An
increase in adsorption with increase in pH indicate the
possibility of the presence of following mechanism as
suggested by Davis and Leckie [38], that the most possible forms of adsorbed Ni(II) ions are Ni2+ and Ni(OH)+.
Hence the possible mechanism may be written as:
Cx OH+ + Ni2+ → Cx O Ni2+ + H+
+

Cx OH + Ni(OH)
+

2Cx OH + Ni

2+

+

[1]
+

+

[2]

+

+

[3]

→ CxO Ni OH + 2 H

→ 2 CxO Ni OH + 2 H

CxOH+ + Ni2+ + H2O → Cx ONi OH+ + 2 H+
+

CxO + Ni(OH) → Cx ONi

2+

-

+ OH ...

+

CxO + Ni(OH) → Cx ONi OH

that the maximum amount of Ni(II) ions adsorbed could
be removed and AC could be regenerated and reused.

[4]
[5]

+

[6]

The final pH after adsorption of Ni2+, decreases
(range: 0.3 - 1.0) which indicate that the reaction [5] is
less predominant. This is only a possible mechanism
however; the exact mechanism could be predicted only
after a detailed investigation.
Thermodynamic Parameters

Analyses of the thermodynamic parameters revealed
negative values for ΔG° (-2.92 to -4.34 kJ mol-1), but
positive values for ΔH° (5-20 kJ mol-1) and ΔS (92.6498.76 J mol –1 K-1). This is in agreement with chemical
reaction observations [39] and the above values indicate
that the adsorption of Ni(II) ions on ACs is spontaneous,
endothermic and physisorptive in nature.

FIGURE 7 – Percentage desorption of Ni(II) from
loaded ACs by HNO3 (A) and percentage removal
of Ni(II) in cycles (B) using ACs after regeneration.

The regenerated ACs were tried to be recycled and reused for adsorption of Ni(II) ions (10 ppm). The adsorption
capacities of regenerated AC is found to be slightly less and
hence suitable for the removal of Ni(II) ions from dilute
solutions. The regenerated ACs when used in repeated
cycles are found to show a decrease in their adsorption
capacity (Fig. 7B). The possibility of reuse of regenerated
ACs, further reduces the cost of treatment process.

TABLE 6 -Thermodynamic parameters
for the adsorption of Ni(II) ions at 35±1 C.

CONCLUSION

°

- ΔG°
(k J mol –1)
4.34

ΔH°
(k J mol –1)
19.81

ΔS°
(J mol –1 K-1)
98.76

SC

4.01

19.50

96.42

SDC

3.56

18.84

94.38

DNC

2.92

18.16

92.64

AC
CAC

Desorption, Regeneration and Reuse

Desorption studies with DD water and eluents like
NaCl, NaOH and acids (HCl, HNO3 and acetic acid) were
carried out at 30 ° C. Among the various eluents, nitric
acid is found to be effective. All other eluents (0.2 M)
including DD water is found to be less effective compared
to HNO3 and shows a low value of desorption. Further
studies reveal that 0.6 M, HNO3 is effective in desorption
of Ni(II) ions (Fig. 7A). The increase in concentration of
HNO3 increases the extent of desorption and reaches a
maximum value at 0.6M HNO3. Desorption studies reveal
°

Ni(II) is found to adsorb strongly on the surface of
ACs. The equilibrium adsorption is practically achieved
in 30 min for CAC and SC or 35 min for SDC and DNC.
The results suggest that pore diffusion is more important
in adsorption process. The adsorption behaviour is described by a monolayer Langmuir type isotherm. The
adsorption process is found to be of first order, with intraparticle diffusion as one of the rate determining steps. The
possible mechanism for adsorption of Ni(II) ions has been
proposed. The adsorption process is spontaneous, endothermic and physisorptive in nature. The nitric acid
(0.6M) is a suitable eluent for desorption. The regenerated
ACs could be re-used for removal of Ni(II) ions. SC is
reported to be the best, cost-effective and efficient adsorbent for the removal of metal ions, especially for Ni(II)
ions. The present study concludes that the chemically
prepared ACs (CPACs) could be employed as low-cost
adsorbents instead of CAC for the removal of metal ions
from water and wastewater, especially that of Ni(II) ions.
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SUMMARY
Since 1942 hexachlorocyclohexane was synthesized
worldwide in an amount of > 10 million tons. It was almost completely processed to the insecticide lindane (γHCH). The production of one ton of lindane gives a compulsory yield of 8–10 tons of a mixture of α-, β-, δ-, and
ε-HCH, the so-called „ballast isomers“, which was paid
less attention to than to the more acute toxic but less persistent lindane for a long time. On the basis of routine analyses for the HCH content in surface water, sediment, suspended matter and special fishes from official institutions
of all federal states of the Federal Republic of Germany
and a few institutions from Switzerland, France, the Netherlands, the Czech and the Slovakian Republic as well as
from Poland were obtained exclusively according to binding, sometimes standardized methods and yielded primary
data. These were statistically calculated and processed to
time series (partly from 1987–2004) and spatial profilings
e. g. from the Oder-Spree system, the rivers Elbe and
Rhine. From this data material with the help of an empirical method, the differential-diagnostic finding, all analytical data of one sampling point, matrix and time of sampling together with the specifics of the sampling point
were related to each other.
By doing so isomer patterns, which are characteristically for productions sites, could be elaborated (< 15 % γwithin sHCH, contents up to > 7000 µg/kg sHCH dm in
sediment). Other reflect lindane applications e. g. in
gardens, parks, wine-growing areas, agriculture, sports
grounds or river plains, partly up to the nineties of the
20th century (> 85 % γ-HCH within sHCH, contents up to
> 1000 µg/kg fw in eels). HCH enterprises in the vicinity
of small rivers like Bilina (CZ), Mulde (SaAn), Darmbach
(He) or of standing or slow flowing waters like Teltowkanal (Bln) and Hamburger Hafengewässer (HH) could
be easily identified with the first mentioned identi-

fication pattern. Sampling points e. g. at the river Upper
Rhine in Grenzach, km 160, CH, at the Lower Rhine in
Hitdorf, km 705, NRW, at the Mittelelbe (middle Elbe) in
Magdeburg, km 318, SaAn which are located near HCH
production sites were hardly or not identifiable. A cooperation with representatives of the chemical industry
would make the verification of the interpretations much
easier. Waters in the immediate neighbourhood to allotment gardens like the Wuhle and the Neuenhagener Mühlenfließ (Bln) or such in wine-growing areas like in the
Weinviertel in Lower Austria (A), the rivers Rhine, Moselle and Nahe (He, RP) were characterized by isomer
profiles according to the second mentioned scheme. Hints
as to answering the questions: when was HCH where produced or lindane applied may be given with the schemes
described here.

KEY WORDS:
typical patterns for HCH isomers, former HCH producing plants,
main application areas of lindane, Neratovice, Bilina, Mulde,
Magdeburg, Hamburg harbour waters, Teltowkanal, Darmbach,
allotment gardens, parks in Berlin, former wine-growing areas in
Lower Austria, on the rivers Rhine, Moselle and Nahe.

INTRODUCTION
1,2,3,4,5,6-hexachlorocyclohexane was used since
the beginning of the forties of the 20th century, first as
technical mixture of the isomers („HCH techn.“), later
mainly in the form of γ-HCH (lindane) in many fields of
plant, wood, material, and storage protection, control of
parasites and pests in human („household“) and veterinary
hygiene. The pure active ingredient as well as the tech-
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nical mixture has a considerable acute toxicity (in contrast
to DDT). HCH acts as a stomach and respiratory poison.
Therefore mainly in the early time of application acute
intoxications occurred, also with lethal outcome. Because
of its fast efficacy lindane („knock down effect“) was
often applied in combination with the more slowly acting
DDT, that is why lindane residues caused by application
were often combined with the presence of DDT till the
end of the eighties.
HCH techn. has a penetrating smell, so the application was soon restricted to forest protection and „technical
cultures“, e. g. cotton and beta turnip. Also the so-called
„Hexaschwelkörper“ which were produced at the VEB
Fahlberg-List in Magdeburg (FALIMA) from 1955–1969
were used as fumigants for mills and ships. „Frostschutznebelkörper“ (frost protection with fog) which were
burned down in fruit plantations in late winter also consisted of HCH techn. From the current point of view the
use of 120 t HCH wastes per year together with about 10 %
aluminium powder as smoke grenade for military purposes by the National Peoples Army of the GDR is hard to
understand. Naturally this direct intake into the environment was without any control [1].
The technical synthesis involves the photochlorination of benzene. Subsequent treatment with methanol or
acetic acid followed by fractional recrystallization will
concentrate the γ-HCH isomer until 99.9 % [2, 3].

equatorial (e) position, respectively, of the Cl atoms in the
tub-like cyclohexane ring is described in Table 1, which
also gives some assessments of the properties and parameters which are of special importance for the monitoring aims of this paper. The melting points reflect the persistence of the single compounds, also shown by the configuration. The especially persistent β-HCH has the highest melting point and all chlorines are in equatorial position. At the same time β-HCH has the highest bioconcentration factor, given here for better comparison in the BCF
values for human lipids. The γ-HCH has the lowest melting point and BCF, and with the aaaeee configuration it
has also the lowest persistence. Compared with DDT α-,
γ-, and δ-HCH have a high vapour pressure which is also
given in Table 1. The comparatively low structural differences between the HCH isomers do not only give way to
remarkable differences in their physical properties but
also in their toxicities. The highest acute toxicity we find
for γ-HCH which is also the only isomer with a real insecticide action. The β-HCH has the lowest acute but the
highest chronic and bioaccumulative toxicity. For δ and
even more for ε-HCH there are only little data, for the very
rarely given η-, and theta there are no data. That’s why
they are not given here as are the differences of the two
enantiomeric forms of α-HCH. Most data come from [2]
and [3] and come from a previous article [5], respectively.

The mixtures emerging from the technical synthesis
typically contain 60–70 % α-, 5–12 % β-, 10–15 % γ-, 6–
10 % δ- and 3–4 % ε-HCH [4]. That means that during
the production of 1 t of the aimed product, the insecticide
component γ-HCH, there is a compulsory yield of 8–10 t
of the „ballast isomer“. These relations make clear that
lindane has rather low ecological-chemical relevance, the
ballast isomers are of actual relevance. They are often
neglected but in this paper the attention is especially
turned to them.
Figure 1 shows a model configuration of the γ-HCH
with the structure of 6 HCH isomers. The axial (a) and

FIGURE 1
Model configuration of γ-HCH.

TABLE 1
Properties and parameters of five HCH isomers [2, 3, 5].
isomer
axial (a) and equatorial (e) position of the chlorine atom

α

β

γ

δ

ε

aaaaee

eeeeee

aaaeee

aeeeee

aeeaee

melting point (°C)

159–160

309–310

112–113

138–139

219–220

vapour pressure (Pa, 20 or 25 °C)

1,6x10-2

4,2x10-5

4,4x10-3

2,1x10-3

log Kow

3,8

4,2

3,2

4,1

solubility in water (mg/l, 20 or 25 °C)

1,5

0,2

7,5–8,5

9

BCF human lipids

20

530

19

8,5

3800

3800

3800–7000

Koc sediment
LD50 rat p. o. mg/kg

500–1700
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2000

70–88

750–1000
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In the fourties the application of HCH techn. was still
widespread but it was then still restricted to only few
special areas, mainly wood and building protection. Also
in these areas prohibition followed in the FRG and later in
the GDR in the late seventies, but was never completely
sticked to. The EU decree from 2004 [6] makes allowances for these facts by the following passage for „HCH
including lindane“:
„The member states may allow exceptions for the following applications
a) till September, 1, 2006: professional protectional
application and industrial application for sliced,
and round wood and building timber; industrial
and private indoor application
b) till December, 31, 2007: technical HCH as intermediate product in chemical production; products
with at least 99 % in γ form (i. e. lindane) are restricted to the application as insecticides in public
health and veterinary service.“
In the Federal Republic of Germany since 1992 the
Plant protection application decree completely prohibits
the application of HCH techn. [7]. For lindane there were
numerous limitations and prohibitions in the legislatively
exactly controlled chemical plant protection. In the „Wirkstoffe in Pflanzenschutz- und Schädlingsbekämpfungsmitteln from IVA 2000“ [8] for plant protection still 6 lindane preparations are mentioned, but all of them with the
addition „no longer in trade“. For „non-agricultural fields“
and household hygiene 4 preparations are still offered.
In chemical plant protection in Germany lindane containing preparations were permitted till the end of 1997,
then a total prohibition followed [9]. It must, however, be
assumed that lindane (probably HCH techn.) even now
appears in the substances’ and water circle because the
technical uses are so manifold like for no other pesticide and
also because it is possible to obtain it via the internet [10].

All these facts are confirmed by recent investigations with
household dust in Germany, where 38 % off all samples
in the new and 23 % in the old federal states contain
measurable amounts of lindane [11].
Exact production data for HCH and lindane have
nearly never been published. Sometimes contradictory
data appear, therefore here are given some orientating
hints and production data of special enterprises, resp. In
Table 2 data are given for the HCH synthesis and the use
of lindane for the formulation of commercial preparations
in VEB Berlin-Chemie (BC) which come from the enterprises material [12]. The synthesis in this enterprise ended
as early as in 1967, the lindane produced was then made
from bought HCH. The yield of ballast isomers and of
waste water till 1972 must be emphasized. After an intermediate storage on the area of the enterprise the solid
waste products were disposed off into the disused mine
„Regina“ (Schiffmühle/Bad Freienwalde), the wastewater
into so-called seepage ponds on the area of the enterprise
[3, 12, 13].
In the chemical enterprise Bitterfeld (CKB) HCH was
synthesized and processed to lindane. The ballast isomers
were disposed off into the brown coal mine caverns „Antonie“ and „Freiheit“ between Sandersdorf and Greppin.
In the enterprise Fettchemie in Chemnitz HCH was synthesized and the product was transported to Magdeburg
where it was processed to lindane at the former enterprise
FALIMA. From 1977 on additional HCH from Roumania
and France was used. The ballast isomers were disposed
off in two quarries near Emden/Haldensleben. The data in
Table 3 have been researched in the „Zentrales Handelskontor für Agrochemikalien der DDR“ (central trade
office for agrochemicals of the GDR). Compared with
DDT the lindane values are lower, because of its phytotoxicity the share of lindane in the mixed preparations
was not high. Altogether the lindane amount produced in
the GDR may be estimated to about 20 000 t, it was centrally recorded only since 1967.

TABLE 2
HCH synthesis and consumption of lindane (t) for the formulation in VEB Berlin-Chemie [3, 13].
year
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960

lindane

1
6
11
14
28
46
233
231
343

HCH
3
5
74
30
26
59
29
53
53
327
365
16

year
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972

lindane
251
122
26
175
160
156
152
154
80
132
166
171

HCH
29
30
65
66
15
end

year lindane
1973
155
1974
212
1975
123
1976
122
1977
147
1978
143
1979
140
1980
144
1981
96
1982
74
1983
100
1984
229
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year
1985
1986
1987
1988
1989

lindane
65
91
53
38
27

Σ lindane
4617 t
Σ HCH techn.
1245 t

from 1951 till 1972
there was a yield of
28 452 t of „A charge“,
mostly ballast isomers
and 78 677 t of HCH
containing wastewater
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TABLE 3
Production of HCH techn. and lindane (t) in the former Chemiekombinat Bitterfeld (CKB), former
VEB Fettchemie Karl-Marx-Stadt Chemnitz (FC) and former VEB Fahlberg List Magdeburg (FALIMA) since 1967 [12].
year
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976

HCH
4415
4914
5080
5058
5390
5340
5300
5120
4578
4598

CKB
lindane
315,4
351,0
362,8
361,3
585,0
381,4
378,5
365,7
327,0
328,4

year
HCH
1977
4550
1978
4620
1979
4343
1980
3752
1981
3786
1982
2110
Σ HCH techn.
72 954 t
Σ lindane
5410,8 t

lindane
325,0
330,0
310,2
268,0
270,4
150,7

FC
HCH
3461
3205
3116
3395
3108
2913
2956
2867
2845
2444

year
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976

For the Federal Republic of Germany there are some
data from different sources, but they give only little insights into the decisive criteria like the beginning of the
HCH and lindane production, resp., the end of the production and the amounts yielded, even in orders of magnitude. Enquiries in some enterprises yielded no positive
results. This is not specific for the FRG, the data in the
Tables 2 and 3 and the analogous data for Poland are
exceptions from 1990/91. For the old federal states the
registers of the Industrievereinigung AGRAR [8] may be
regarded as authentic as are the Pflanzenschutzmittelverzeichnisse (pesticide registers) of the Biologische Bundesanstalt (BBA) which summarizes the lindane preparations which are commercially available and officially
licensed together with the producing (or selling) enterprise. The names of the enterprises given here are from
1990, these are: Shell Agrar GmbH & Co. KG Ingelheim,
Stähler Agrochemie GmbH & Co. KG Stade, Delia Freyburg GmbH Laudenbach, Frowein GmbH Albstadt, Bayer
AG Leverkusen, Rhone Poulenc AGRO GmbH Köln,
Ligtermoce Chemie B. V. Roosendaal NL, BASF Ag Limburgerhof, Schering AG Berlin/Bergkamen. For the year

year
1977 675
Σ HCH
30 985 t

year
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976

Falima
HCH lindane
359,0
376,0
380,0
461,0
383,0
385,4
391,6
404,3
420,2
448,8

year
1977
1978
1979
1980
1981
Σ lindane
5645,1 t

lindane
408,5
342,2
330,0
367,0
188,0

2000 there are only: Scotta Celaflor GmbH & Co. KG
Ingelheim, Aventis Crop Science GmbH Frankfurt/Main,
Hentschke & Sawatzki KG Neumünster and for references Inquinosa Rozinlo de Alcacron Madrid.
From the older enterprises (names) which produced
lindane (and HCH, resp.) in the FRG Boehringer Hamburg and Ingelheim and Merck Darmstadt are familiar,
the amounts produced were high (in the chapter Results
additional information especially to these two enterprises
will follow). At [9] is said that within the eighties the FRG
produced one third of the world’s lindane production.
From the former CSSR and CSFR, resp. and sometimes from the present CZ the enterprises SPOLANA
Neratovice (SPN) and SPOLCHEMIE ùstí n. L. (SPC) are
mentioned [14], also in the area of SYNTHESIA Pardubice HCH peaks are found as will be reported later on.
Production data may only be given from Poland, where
lindane was produced in the chemical enterprise AZOT
Jaworzno near Katovice till 1982. In Table 4 the production data and additionally import data for lindane are
summarized according to [12, 15].

TABLE 4
Production at AZOT Jaworzno and import of lindane active ingredient in Poland (t) according to [15].
year
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969

production

65,4
203,7
132,1
349,6
175,6
161,8

import
year
production
10,1
1970
247,1
52,7
1971
153,0
90,1
1972
200,0
89,6
1973
197,0
207,8
1974
213,0
207,9
1975
265,0
221,7
1976
265,0
274,8
1977
280,0
209,9
1978
301,0
191,5
1979
246,0
257,6
1980
238,0
70,4
1981
162,0
151,0
1982
49,9
287,8
sum
3904,0
production + import = inland use 1956 ...1992: 7510,3 t
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import
218,0
189,5
272,0
295,5
308,0
sum 3605,9
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Mostly shut down production devices for HCH and
lindane, resp. and the consequences are reported for Albania/Durres [16, 17], Rumania/Valcea [16, 18] and Macedonia/Skopje [16, 19]. Some hints there are for the production of lindane in Italy, Spain, France and The Netherlands, there are, however, indications that such syntheses
must have been done in these countries until the near past.
According to [20] the global technical HCH usage between 1948 and 1997 has been estimated to be approximately 10 million tons. In the former Soviet Union, HCH
techn. was one of the most widely used insecticides from
the 1940s to the 1980s. In China, Japan, India, and the US
the total amount of HCH techn. used added up to 6,23 million tons between 1948 and 1995 [21].
The results of the data collected by [22] suggest that
382 000 t of HCH techn. and 81 000 t of lindane were
used in Europe from 1970 to 1996.
The lack of data material about lindane production
and application is reported here in such details to point
out to this deficit of knowledge as to emission/immission.
Only very few reliable publications exist in which periods
of time in which orders of magnitude HCH/lindane were
produced in which enterprises, i. e. environmental-chemical
and toxicological investigations about the consequences
of HCH in regional dimensions lack this component. It is
the aim of this paper to partly fill this gap by results of
monitoring investigations. To do so, like described in the
introduction paper [23] and the paper about DDT [24], an
empirical method of assessment is put forward. With this

method from the results of HCH analyses for water, sediment, suspended matter and fishes and the temporal development of the different isomer profiles at different
sampling sites the sources of the HCH loads can be inferred.
The starting point of these efforts is the simple fact
that lindane applications – no matter for what purpose –
lead to analytical results with a dominance of the γ-HCH
within the HCH profile. On the contrary, HCH loads from
production – technical synthesis or processing of HCH,
deposition of the ballast isomers, release from sediment –
result in a predominance of the α-, β-, δ-, and ε-HCH
(„ballast isomers“) in contrast to lindane. The distribution
within the group of the ballast isomers are also of some
importance as was described at [13], but they are mostly
neglected here to focus on the main concern. Only the εHCH, an only rarely measured isomer, which exclusively
comes from the immission of ballast isomers, e. g. in the
vicinity of the enterprise BC will be dealt with.
These relations are to be shown in Figure 2 with its
characteristic HCH isomer distribution in eels from the
middle of the nineties – one from the river Rhine and the
other from Berlin waters. It must be underlined again, that
the percentage given here are only valid for the matrix
eel. For the mineralic matrices surface water, suspended
matter, and sediment further information will be given
later on, in the Tables 7, 8, and 9.

FIGURE 2 - Characteristic HCH isomer profiles in eels.
Primary data see [13, 25], Arithmetic means of all samples with > 10 % fat/sampling point/year
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• From the river Rhine at the sampling points Hitdorf,
Berghausen, Stockstadt, Rüdesheim and Eltivlle situated in the vicinity of HCH production sites (or landfils) ballast isomer contents of 50 % and more within
sHCH are found. In Berlin the same applies to the Teltowkanal at Wredebrücke, Altglienicker Brücke and
Kraftwerk (power station) Rudow and Barnackufer.
For the river Rhine also the industrial site Grenzach
must be mentioned with only 25 % ballast isomers. It
can be assumed here that the industrial emissions
stopped in the beginning of the eighties so that today
dominate the shares caused by scattered applications.
• The sampling points Bingerbrück, Konstanz, Grißheim;
Kleiner Wannsee, Jungfernsee and Langer See with no
immissions from the chemical industry, consist of 70 %
and more lindane. Towards the end of the nineties at
most sampling sites (if not near HCH production sites)
all HCH isomers can be found only sporadically.
Altogether the interpretation of the HCH analytical
results faces of no greater difficulties. The metabolism of
HCH does not play any role in these connections because
the polychlorobenzenes which are formed come from
different sources and are widespread, their presence is no
hint for HCH.
Maximum tolerable amounts, limit values and aims
for lindane or HCH techn., resp., are mentioned in different heights, depending on the matrix to be protected. The
numbers are not given here because they are not the object of this paper.
What is important is that „hexachlorocyhlohexane (γ
isomer, lindane)“ according to article 16 of the Wasserrahmenrichtlinie is classified as „priority hazardous
substance“ within the group of 32 priority substances.
This list is part of the decision no. 2455/2001 EG of the
European Parliament and Council from November, 20,
2001 [26].

MATERIAL AND METHODS
The numbers, data and facts processed here come
mostly from investigations made by official institutions in
the federal states of the FRG or laboratories instructed by
these, in Halle/Saale, Hamburg, Potsdam, Frankfurt/O.,
Berlin, Erlangen, Freiburg, Speyer, Wiesbaden, Darmstadt, Koblenz, and Kirchhunden-Albaum. Further data
came from organisations like ARGE ELBE, IKSE, and
IKSR and the German Environmental Specimen Banking
(GESB). More detailed descriptions can be found at [23].
The sources for the data from the Czech and the Slovakian Republic as well as Poland will be quoted later. The
analyses from the FRG were performed exclusively for
the control of the state and federal standards for maxi-

mum values, guide or limit values with the help of binding, mostly standardized methods. Similar holds for sampling, storage, and preparation of the samples. For all
following results in the graphs (time series and spatial
profiling) as well as Tables the origin of the data is
marked as literature, which also contains the sampling
and analytics.

RESULTS AND DISCUSSION
In the following HCH contents in the matrices mentioned before from waters in Berlin, Brandenburg, and
Mecklenburg (partly also from Poland), from the river
Elbe and its tributaries from the Czech Republic to the
mouth as well as the river Rhine and some tributaries
from Switzerland to The Netherlands are presented –
mostly as graphs from time series or spatial profilings. At
the end tables with comparative data available are presented, e. g. from Bavaria, Austria and the Slovakian part
of the river Danube.
Waters from Berlin, Mecklenburg,
Brandenburg, and Western Poland

Comparatively easy to interpretate are the numerous
data from the waters in Berlin and the neighbouring lakes
and rivers in Brandenburg, sometimes up to Poland, and
Mecklenburg. In the entire region there was only one
HCH production plant – BC in Berlin-Adlershof. The
production data are given in Table 2, the location of the
enterprise and the neighbouring waters, especially the
Teltowkanal are shown in the preceding publication [24]
in Figure 2. The impacts of the production of lindane
preparations at BC which stopped in 1989, i. e. 13 years
later may be seen in Figure 3.
The highest sHCH values in the Teltowkanal, bordering on BC, were measured in the sediment at km 36,5, i.
e. immediately at an outlet of BC. The 7820 µg sHCH/kg
dm is the highest HCH value in sediment we have ever
seen, they exceed e. g. the analogous values from the river
Mulde near Dessau from 1999 [28, 29], the Hamburg port
at Moorfleeter Kanal from 1990 [30] or the Bilina near
Ústí n. L. on the outlet of the enterprise SPC from 1999
[31]. Especially at this point on the Teltowkanal production waste water reached the canal, which have even
higher contents of the compounds lindane and DDT than
the other sampling points from km 37,7 to 25,0. Furthermore, at km 36,5 with 7 % the by far highest shares of εHCH have been registered. This compound has the character of an indicator substance for HCH production. These extremely high values may primarily due to the production of the lindane preparations at BC, secondarily to
deep dredging works in this part of the Teltowkanal,
which remobilized the HCH which was settled in the
sediment. Here, also the ε-HCH, apparently only little
stable under aerobic conditions, was released.
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FIGURE 3 - HCH isomers in sediment from Berlin Teltowkanal Spatial profiling 2002.
Samples with < 50 % water and < 5 % ignition loss were not considered. According to primary data from [13, 27].

FIGURE 4 - HCH isomers in eels from Berlin lakes. Time series
Arithmetic means of all samples with > 10 % fat/year. According to primary data from [13, 27].

The HCH isomers are - with the exception of β-HCH comparatively only little persistent. This behaviour can be
read from Figure 4, where time series for HCH in eels
from Großer Wannsee and Langer See are shown. Both
sampling points get water from Teltowkanal, in Figure 2
of the preceding publication [24] these point are shown at

E (Großer Wannsee) and A (Dahme, Langer See). Accordingly, the initial concentrations in 1986, and 1991 to
1993, resp., are very high. The declining behaviour is
marked and gives a textbooklike picture. There is a short
break in the sHCH decline in the Großer Wannsee in
1995/96 due to remobilisations following building works,
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but this does not change this course. This is also shown
by changes in the HCH profile: the share of ballast isomers increases and exceeds 60 % in 1996, and ε-HCH
appears in shares of > 10 % in sHCH. The latter is described in detail at [13]. Another peculiarity is that from
about 1997 on only HCH traces have been detected, the
increases consist only of lindane which comes into the
waters due to the use of residual amounts of lindane preparations.
From 2002 on HCH is no longer detectable. This effect is not only restricted to the waters in Figure 4, it can
be observed overall in Germany.
In Figure 5 the HCH contents of breams and sediments from some lakes in Mecklenburg and Brandenburg

are shown as well as for comparison the sediment from
the Berlin Plötzensee from the beginning of the nineties
[32, 33]. An influence of HCH or lindane production can
reliably be excluded for these waters. This is very clear for
the HCH profiles; the lindane share distinctly predominates
and for the sediment never remains under 90 %. Only in the
lake Stechlinsee Brandenburg the ballast isomers take
about 40 % of sHCH for the matrix bream. In the Berlin
lake Plötzensee this share amounts to about 60 %. The
Figure 5 such may be taken as a contrast to Figure 3, in
which exclusively HCH profiles due to HCH production
have been shown. At the same time these data and facts
provide a confirmation of the empirical method of assessment of the HCH analytical results presented in the
introduction.

20
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FIGURE 5 - HCH isomers in breams and sediment from lakes in Mecklenburg and Brandenburg.
Breams: arithmetic means 1990, sediment: single samples 1993. According to primary data from [32, 33].

km

FIGURE 6 - HCH isomers in sediment from parts of the rivers Neiße and Oder in Germany and Poland.
Means of two samplings in 1996. According to primary data from [34].
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Figure 6 shows the results of HCH sediment analysis
from the rivers Neiße and Oder from km 543 to 704 and the
western Oder [34]. It was attempted for each sampling
point on the German side to have a counterpart on the
Polish side. Unfortunately there are only analyses for 1996.
What can only be said for sure is that within the HCH profiles the ballast isomers predominate. This sharp contrast to
the corresponding data in the lakes in Mecklenburg and
Brandenburg may be explained by the fact that the sampling there was as early as in 1990, only a short time after
the applications with lindane containing preparations which
were still usual there. The sampling at the rivers Neiße and
Oder in Figure 6 were in 1996, the sHCH contents in sediment declined by a factor of about 10, at the expense of
the most degradable component, γ-HCH. New lindane or
sHCH immissions can be excluded. The relations shown in
Figure 6 result from this situation; the share of γ-HCH has
clearly decreased, the share of the ballast isomers has
changed only little. Similar results, concerning the height of
sHCH as well as the isomer pattern may be observed in
fishes along the Oder-Spree-Kanal, km 76 near Fürstenwalde [35], the share of ballast isomers also clearly predominates (Table 10). In the upper Oder, km 3,3 near Bohumín in the Czech Republic the sediment samples in 1999
contain only ballast isomers, the original γ-HCH was completely decomposed [31, Table 9]. Finally, a similar picture
can be offered for the surface water from the nearby OderHavel-Kanal, at the sluice, km 78,6 [36, Table 7]. Completely opposite relations we find in the surface water samples from the Neuenhagener Fließ in Berlin-Friedrichshagen and the Wuhle in Berlin-Köpenick with allotment
gardens and recreation areas which for sure got lindane
residual preparations in 1995 [13, 27]. The sHCH values
measured there contained 92 % (Neuenhagener Fließ) and
100 % (Wuhle), resp., γ-HCH.

The temporal changes not only of the sHCH values
but first of all of the profiles have already been very clearly demonstrated in Figure 4 and at [23] with the time
series of sHCH in eels from the sampling point in the
Teltowkanal, Rudow (km 33), Barnackufer (km 16,1) and
Griebnitzsee (km 3,5). There can be seen very clearly that
• the temporal decreases of sHCH and
• the simultaneous increase of the shares of the ballast
HCH isomers within sHCH as long as to e. g. Großer
Wannsee, Langer See and Griebnitzsee from 1998 and
2000, resp., result only from new lindane emissions.
The river Elbe and its tributaries

At the river Elbe and its tributaries there are some
chemical enterprises which had synthesized HCH and
produced lindane preparations, resp. For Pardubice (SYNTHESIA) this is not known in detail and from Neratovice
(SPN), Ústí n. L. (Bilina, SPC) there are no production
data available, as they were given above in Table 3 for
Bitterfeld (CKB) and Magdeburg (FALIMA). From the
partly very high HCH values in Hamburg harbour [40, 41],
as well as analytical data from the landfill Georgswerder
[42] it can be concluded that HCH was produced and/or
processed in Hamburg (Boehringer). From [8] can be
gathered that lindane preparations were produced or processed in Stade downstream Hamburg. The works concerning HCH and lindane were completed not later than
in the 1980ies, so it must be assumed that these activities
are of historic interest at most. The HCH contents of the
matrices evaluated here show that there also current approaches have to be considered. One cannot find this in
relevant publications because the main interest is almost
ever targeted on lindane, the ballast isomers are hardly
taken notice of.

FIGURE 7 - HCH isomers in surface water from the river Elbe and some tributaries 1997.
Single measurements from [31].
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The river Elbe also flows through agricultural regions
and larger horticultural areas. The contrasts to the regions
influenced by the HCH industry allow interpretations of the
HCH profiles, as was mentioned in the foregoing publication [23]. This holds especially for the Figures 3, 4, 5, and 6
in this paper which underline that the HCH profiles in
surface water of the river Elbe near Magdeburg contains
the HCH ballast isomers as main components, whereas the
water of the river Saale near Groß Rosenburg mainly, and
from 1998 on only, contains lindane. In the suspended
matter and surface water, resp., of the Elbe near Bunthaus
and Schnackenburg, resp., in 1987 and 1990, resp., not only
the sHCH maxima are found in the summer months may to
september, but also the HCH profiles point to an absolute
dominance of γ-HCH for these months.
In Figure 7 the HCH contents of unfiltered surface
water of the river Elbe and the mouths of some tributaries

are reflected. The high HCH contents at km 151 (Lysá)
and 116 (Obríství) with clear HCH maxima mark the
chemical enterprises in Pardubice and Neratovice. On the
other hand like the mouth of the river Mulde the river
Bilina is characterized by a sHCH peak but the values are
lower than in Lysá and Obrísitví. The sampling points in
Magdeburg at km 318, where lindane was produced till
1981, is inconspicuously. This may perhaps be explained
by the fact that the ballast isomers from the enterprise
were disposed off to the landfill Emden.
In Figure 8, HCH contents in sediment of the river
Elbe and some tributaries, the river Bilina was sampled
and measured at km 0,2, in Ústí, i. e. at the enterprise
SPC, yielding a sHCH value of 419 µg/kg. The value in
the river Mulde near Dessau is even higher, 973 µg/kg.
These two maxima signalize enterprises with a former
HCH/lindane production.

FIGURE 8 - HCH isomers in sediment from the river Elbe and some tributaries.
Annual means from 1999. Primary data see [29, 31]

FIGURE 9 - HCH in fishes from the river Elbe in the FRG. Spatial profiling in the eighties.
Arithmetic means of all samples/sampling point (µg/kg fw). According to primary data from [37, 38].
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Figure 9 gives HCH spatial profilings for eels [37,
38] and breams [39] from the river Elbe in the FRG from
1982. These older data are intended to show the relations
how they were short after the legislative conclusion of
lindane application and production. For eels the HCH maximum values are found in the area of km 570–573
(Barförde, Schnackenburg, Geesthacht) as well as km 634–
660 (Mühlenberger Loch to Pagensander Nebenelbe). For
the breams which were not so densly sampled the maxima
were found from km 634–657 (Mühlenberger Loch to
Haseldorfer Nebenelbe). In the region from Barförde to
Geesthacht the high sHCH may probably be attributed to
lindane applications, in the area of Hamburg to HCH
synthesis and processing.

For sediment from the Hamburger Hafen (harbour) in
the Äußerer Veringkanal for 1990 contents of 437 µg
sHCH/kg dm were given [30]. Within the mixture of
isomers the share of γ-HCH was < 1 %. More detailed
information as to the origin of the compounds are not
given. Extremely high HCH contents were found in the
landfill Georgswerder near Hamburg [41, 42]. On this
device on some areas 150 000 m3 liquid hazardous waste
from trade and industry were disposed off from 1967 to
1974, about 50 000 barrels of 200 liter each with chemical
wastes in three tiers [41, 42]. Detailled data for the HCH
contents of seepage water and oil, resp., can be gathered
from Table 5. They clearly point to waste products of
HCH synthesis. The enterprise Boehringer in Hamburg
did so until the 1970ies.

TABLE 5 - HCH isomers in the landfill Hamburg-Georgswerder [41, 42].
seepage water at petrol separator

α
β
γ
δ
ε
Σ

min
52
7
5
25
5
94

µg/l

max
245
58
31
200
29
563

min %
55
8
5
27
5

seepage oils from sampling in
October and December 1983
in sHCH max October mg/kg December
October % in sHCH December
44
3040
3300
82
81
10
195
220
5
5
6
5
10
<1
<1
35
49
550
13
14
5
3730
4080

The Rhine region

On the river Rhine and its tributaries several chemical
enterprises from Basel to Leverkusen and beyond on the
Lower and Delta Rhine synthesized HCH and/or produced lindane preparations, mainly ending up with these
works at the beginning of the 1980ies. Detailed data from
the industry are not available for this region, so the local
data and profiles can not be compared with the corresponding production data. In Figure 10 there is a simple
map. In the following Figures 11, 12, and 13 spatial profilings are given for HCH isomers in eels from the river
Rhine for the years 1990/91/92, 1995, and 2000.
The HCH peaks for 1990/91/92 in Rheinfelden, Grenzach, Mannheim-Sandhofen, Lampertheim, Eltville, Rüdesheim, Hitdorf, and Düsseldorf may without difficulty be
connected with chemical enterprises. The isomer profiles in
Rheinfelden and Grenzach with its clearly higher γ-HCH
are striking, as are Hitdorf and Düsseldorf with the clear
predomination of the ballast isomers. Here production data
from the industry would be very helpful.
In the Figure 12, i. e. five years later, a new maximum
has appeared at Berghausen, km 394, which may be due to
an industrial landfill. The predominating shares of ballast
isomers back the assumption of this origin. The peaks in
Grenzach, Lampertheim, Eltville, and Rüdesheim have got
smaller. Also the HCH contents in eels in Hitdorf are peaks
yet but clearly smaller than in 1993. The two values for the
Netherlands at km 848 and 862 can not be classified.
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FIGURE 10 - The river Rhine.
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FIGURE 11 - HCH isomers in eels from river Rhine 1990/91*/92**
Primary data see [25, 43, 44, 45, 46, 47], Arithmetic means of all samples with > 10 % fat.

FIGURE 12 - HCH isomers in eels from river Rhine in 1995.
Arithmetic means of all samples with > 10 % fat, Primary data see [25, 43, 44, 45, 46, 47].
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FIGURE 13 - HCH isomers in eels from river Rhine in 2000.
Arithmetic means of all samples with > 10 % fat, Primary data see [25, 43, 44, 45, 46, 47].

Sampling points of Figure 11 to 13.
km
3
57
78
91
139
154
160
180
210
255
309
355

Konstanz, Seerhein
Rheinau
Eglisau
Rekingen CH
Schwörstadt
Rheinfelden
Grenzach
Istein
Grißheim
Taubergießen
Gambsheim F
Neuburgweier

366
377
394
420
432
437
440
464
474
490

Wörth RP
Insel Rott
Berghausen
RheingöntheimSchutzhafen Kief
Mannhein-Sandhofen
Bobenheim-Roxheim
Lampertheimer
Altrhein
Biebesheimer Rhein
Stockstadt
Erfelder Altrhein
Bodenheim

From the data in Figure 13 of the year 2000 from the
industrial sites only the sampling point in Hitdorf has left
with a peak. New is the maximum for the french Gambsheim, with no explanation available.
In Figure 14 five, mostly short time series for HCH
isomers in eels from the river Rhine are given. For
Schwörstadt, km 139, from 1986 to 2000 a clear declining
curve is apparent, also the shares of the ballast isomers
decline, in 1999 and 2000 only lindane may be detected.
At the industrial site Grenzach, km 160, there is a similar
development, but not that continuously. In Berghausen,
the industrial landfill at km 394, the maximum from 1995
above mentioned clearly appears. In Eltville, km 512, the
declining curve goes continuously, the share of ballast
isomers predominates, but also continuously declines from
76 % in 1991 to 53 % in 1995. Also in Hitdorf there is a

512
527
590
630
642
705
755
792
848
862

Eltville
Rüdesheim
Koblenz
Linz
Bad Honnef
Hitdorf
DüsseldorfKaiserswerth
DuisburgWalsum
Emmerich
Lobith NL

clear decrease from sHCH, but stagnating from 1995 to
2000.
One of the leading producers of lindane in the FRG
was the enterprise Merck in Darmstadt. The analytical data
summarized in Table 6 come from the Hessisches Landesamt für Umwelt und Geologie (HLUG) Wiesbaden [48].
It must be stressed that the area concerned was cleaned
up. Nevertheless the sHCH content in sludge from the
water treatment outlet of the enterprise Merck in Darmstadt
was very high (4000 µg/kg dm) in 2002. In the Teltowkanal
at Stelling-Janitzky-Brücke, the outlet of the former VEB
BC, also in 2002 almost the double was determined (however in sediment). Without making inadmissible comparisons, the two values are very high, higher than all other
analogous data. It is necessary to continue the measurements which ended in 2002.
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FIGURE 14 - HCH isomers in eels from river Rhine in 2000.
Primary data see [25, 43, 44, 45, 46, 47], Arithmetic means of all samples with > 10 % fat.

TABLE 6 - HCH isomers in different matrices from the vicinity of Darmstadt [48].
µg/kg dm

% in sHCH

sampling
sHCH
α
β
γ
δ
ε
α
sludge from water treatment outlet at Merck Darmstadt, arithmetic means from 5 samples
20.08.02
231
336
234
3015
308
4124 + 1633
6
suspended matter from sewage treatment outlet from Merck Darmstadt, single samples/year
25.09.02
165
380
104
246
85
980
17
02.09.03
140
480
190
120
80
1010
14
suspended matter from brook Darmbach behind water treatment Darmstadt. single samples/year
98
671
98
135
57
61
1022
66
23.07.02
nd
nd
nd
nd
nd
nd
suspended matter from brook Schwarzbach/Ried, Trebur-Astheim (mouth Landgraben), single
samples, 2002 mean from 2 samples
95
192
nd
145
13
14
364
53
96
55
44
28
28
11
166
33
97
27
14
19
11
21
92
29
98
46
41
14
9
37
147
31
02
12
19
16
104
15
166
7
suspended matter from brook Schwarzbach, mouth. single samples/year
95
63
nd
57
5
6
131
48
96
34
44
24
26
12
140
24
97
44
30
25
40
8
147
30
98
20
22
12
20
11
85
23

Finally, in the following Tables 7, 8, 9, and 10 comparisons of the sHCH values in surface water, suspended
matter, sediment and eels from surface waters of different

β

γ

δ

ε

8

6

73

7

39
48

11
19

25
11

8
8

10
-

13
-

5
-

6
-

0
26
15
28
11

40
17
21
10
10

3
17
12
6
63

4
7
23
25
9

0
31
20
26

44
17
17
14

4
19
27
24

4
9
6
13

regions are given, considering also such waters where the
data material was not sufficient for detailed evaluations.
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TABLE 7 - HCH isomers in surface water from waters in different regions. Data for comparison
from the 1990ies. Single measurements or arithmetic means of all samples/sampling point/year.
water

sampling point, country

y

n

y

n

ng
sHCH/l

96
96

13
8

96

ng
sampling point,
% γ- lit. water
sHCH/l HCH
country
12
67
30
49 Neiße
Ratzdorf, Brb
8
14
50
34 Hohens.-Frkf.
Gatow, Brb
W.str.
8
8
95
34 Oder-Havel-Kanal, km 79, Brb

Vistula
Odra

Kiezmark, PL
Widuchowa, PL

92
96

Oder

oh. Eisenh.st., Brb

Wuhle

Bln.-Köpenick

Elbe km -228

lit.

15
19

% γHCH
95
45

91

95

11

15

100

95

1

51

26

36

11

11

92

Vály, CZ

97

1

44

15

29

Elbe km 214 Mdg. Mulde SaAn 97

27

1

58

20

Elbe km -116

Obríství, CZ

97

1

175

10

29

Mulde, km 8

Dessau SaAn

29

97

13

39

25

Vltava

C.Budejovice-Prague, CZ

96

21

4

60

Elbe km 629

Jizera

CZ

96

7

2

50

50,
51
51

29

Seemannshöft, HH

95

24

32

30

29

Elbe km 629

Elbe km +4

Schmilka Sa

97

1

33

15

29

Seemannsh. HH

97

24

39

50

29

Rhine km 590

Koblenz RP

Koblenz RP

99

6

12

100

52

Danube km 1720 Stúrovo SK

90

5

71

46

54

27 Neuenh. Fließ, Bln. F’hgn

99

6

9

100

52 Moselle km 20

pond Weinviertel A, Lower Austria

92

2

11

100

53

Danube km 1867 Bratislava SK

90

5

47

68

54

Danube km 1820 Gabcíkov SK

90

5

59

68

54

34
34

TABLE 8 - HCH isomers in suspended matter (dm) from waters in different regions. Data for comparison
from the 1990ies. Single measurements or arithmetic means of all samples/sampling point/year.
water

sampling point, country

y

Oder
Frankfurt/O., Brb
Unterspree Sophienwerder, Bln
Elbe km 4
Elbe km 475
Elbe

Schmilka, Sa
Schnackenbg., NieSa
Hamburg, HH

n

96
12
94/95
6
98
98
94/95

12
12
12

98
98

1
1

Darmbach bel. KA Darmstadt, Hess
Schwarzbach Mdg. Rhine, Hess

µg
sHCH/
kg dm

% γHCH

lit. water

19
174

15
54

34 Neiße
55

7
32
38

30
10
45

1022
83

10
15

µg
% γsHCH/ HCH
kg dm

sampling point,
country

y

n

lit.

Ratzdorf, Brb

96

12

14

20

34

29 Elbe km 318
Magdeburg, SaAn
29 Mulde, km 8
Dessau SaAn
56 Saale km 5 Gr. Rosenbg. SaAn

98
98
98

12
12
12

32
965
9

12
5
75

28
28
28

48 Schwarzbach Trebur-Astheim, Hess
48 Lahn
Mündung, Hess

98
98

1
1

140
5

10
100

48
48

TABLE 9 - HCH isomers in sediment (dm) from waters in different regions. Data for comparison
from 1993–2002. Single measurements or arithmetic means of all samples/sampling point/year.
water

sampling point, country

y

n

µg
% γsHCH/ HCH
kg dm

lit. water

sampling point,
country

y

n
2
1
1

µg
sHCH/
kg dm
25
16
30

Neiße km 1,1 Ratzdorf Brb
Brieskower See Brb
Oder-SpreeEisenhüttenK. km 124
stadt Brb
Tollensesee
lake, MVP

96
93
93

% γ- lit.
HCH
50
38
100

34
35
35

91

1

52

100

58

Oder km 516
Frankfurt, Brb
Odra km 3
Bohumin, CZ
Oder-Spree-Kanal Fürstenwalde, Brb
km 76
Breiter Luzin
lake, MVP

96
99
93

2
2
1

19
261
16

15
0
31

34
31
35

91

1

171

100

58

Teltowkanal
km 37
Plötzensee

Stelling-JanitzkiBrücke, Bln.
lake, Bln

96
02
93

1
1
1

1305
7820
9

35
14
45

57
27
33

Teltowk.
Unterhavel

Tempelhof Bln
Berlin

02
96

1
1

70
190

30
95

27
58

Bilina
Otava km 27
Vltava C. Budj.Elbe km 318

Ústí n. L. CZ
Písek CZ
Prague CZ
Magdebg., SaAn

99
99
95
99

1
2
19
1

419
28
7
25

38
0
45
12

31
31
51
29

96
99
99
99

6
1
1
1

8
31
973
8

45
23
8
88

51
29
29
29

99
90

1
1

27
437

45
<1

29
40

Jizera
CZ
Schwarze Elster Gorsdorf SaAn
Mulde
Dessau SaAn
Saale
Gr. Rosenb.
SaAn
Hamburger
Hafen

90

1

573

1

40

Elbe km 475
Schnackenbg., NieSa
Hamburger Hafen Äußerer Veringkanal,
HH
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Moorfleter
Kanal HH
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TABLE 10 - HCH isomers in eels (fw) with > 10 % fat from waters in different regions.
Data for comparison, measurements or arithmetic means of all samples/sampling point/year.
water

sampling point, country

y

n

µg
% γsHCH/
HCH
kg fw

lit.

water

sampling point,
country

µg
% γsHCH/
HCH
kg fw

y

n

96

3

28

42

34

Schwielowsee
Brb
Teltowkanal km 17 Barnackufer
Bln
Großer Wannsee Bln
Großer Wannsee Bln
Zeuthener See
Bln

98
97

2
5

17
50

60
47

59
27

86
03
98

4
5
5

705
nd
nd

70
-

27
27
27

Stadtspr. km 7,5

00

5

4

100

27

Oder km 550–555

Fürstenbg Brb

93

3

13

40

35

Oder-Spree-K.,
km 71–82
Schwielowsee
Teltowkanal

Fürstenwalder
Spree Brb
Brb
Barnack-

93

4

14

60

35

90
87

3
5

336
5135

70
48

59
27

km 17
ufer Bln
Großer Wannsee
Bln
Zeuthener See
Bln
Oberspree km 32 Wuhlemdg. Bln
Stadtspree km 7,5 Castle Ch.bg Bln

02
96
91
91
87

5
55
11
45
11 106
2 1275
4
440

36
50
64
93
90

27
27
27
27
27

Elbe km 492
Gorleben NieSa
Hamburger Hafen Reiherstieg HH

94
96

46
5

302
130

50
22

29
40

Elbe km 492 Gorleben, NieSa
Alster Winterhuder Br. HH

99
95

17
5

21
24

79
83

29
40

Rhein km 160
Rhein km 394
Rhein km 705
Mosel km 94
Baunach
Rednitz

90
95
95
91
91
9

3
3
4
3
3
3

73
71
51
56
141
25

20
30
30
100
100
95

44
45
47
45
60
61

Rhein km 160 Grenzach CH
Rhein km 394 Berghausen RP
Rhein km 705 Hitdorf NRW
Mosel km 94 Pünderich RP 94
Baunach Unterfranken By
Rednitz Mittelfranken By

00
00
00

10
10
8
3
2
3

5
13
43
38
6
17

100
30
40
90
100
100

44
45
47
43
60
60

Grenzach CH
Berghausen RP
Hitdorf NRW
Pünderich RP
Unterfranken By
Mittelfranken By

A common view to the four matrices may only occur
under the reservation that the accumulation for the matrices sediment and suspended matter has other prerequisites
than for the eels with > 10 % fat. The substances determined in unfiltered surface water may also be snapshots,
the result of an immission short before or a steady state
with the sediment. To meet with these uncertainties here
mainly extreme values were evaluated:
• HCH contents caused mainly by applications of lindane containing preparations are marked by γ-HCH
shares of > 85 %, as e. g. in the water of the rivers
Wuhle and Neuenhagener Fließ in Berlin-Köpenick,
the Stadtspree at Castle Charlottenburg in 2000 (gardens and parks), the sediment from lakes in MVP, like
e. g. the Breiter Luzin and the Tollensesee in 1991, the
river Saale near Groß Rosenburg in 1999 and the
Oder-Spree-Kanal, km 124 in 1993 (agriculture), in
water of a pond in the Weinviertel in Lower Austria in
1992, the rivers Rhine and Moselle near Koblenz in
1999, suspended matter from the rivers Lahn at the
Mouth in 1998 and eels from the Moselle near Pünderich in 1994 (viniculture). Most of the values registered later than in 1995 are below 30 µg sHCH/kg.
Higher contents were mostly measured before 1989, e.
g. the Stadtspree at Castle Berlin-Charlottenburg in
1987 with 440 µg sHCH/kg fw in eels with 90 % γHCH (Table 10). The most outstanding exception has
been registered in eels from the Oberspree, km 32, in
1991, the mouth of the Wuhle with 1275 µg sHCH/kg
fw and a lindane share of 93 % (Table 10).

Oder km 663

Hohenwutzen
Brb

lit.

Castle Ch.bg
Bln

96
94

• Similar distinctly are the sampling points with relicts of
HCH synthesis or processing, with γ shares of < 15 %
and sHCH contents of > 500 µg/kg dm in suspended
matter and sediment. They appear in the Mulde near
Dessau with 973 µg sHCH/kg dm and 8 % γ-HCH in
sediment in 1999 (Bitterfeld), with 573 µg sHCH/kg
dm and 1 % γ-HCH in sediment from Hamburger
Hafen, Moorfleter Kanal in 1990 (Hamburg), with
7820 µg sHCH/kg dm and 14 % γ-HCH in sediment in
Berliner Teltowkanal, km 37, Stelling-Janitzki-Brücke
in 2002 (Berlin-Adlershof) and 1022 µg sHCH/kg dm
with 10 % γ-HCH in suspended matter in Darmstadt
below the waste water treatment plant (Darmstadt).
Also in this group there are exceptions, or additional
remarks must be given. In the Bilina (CZ) in Ústí n. L. in
sediment below an outlet of SPC 419 µg sHCH/kg dm
were found in sediment in 1999, but with a lindane share
of 38 %. Additionally, the 175 ng sHCH/l surface water
from the river Elbe, km 116 in Obríství in 1997 with 10 %
γ-HCH must be mentioned which were apparently caused
by SPN in Neratovice, CZ. Especially for the evaluation
of sites with chemical industry special attention must be
paid to hydrological properties of the bordering waters.
In High Rhine, km 160 near Grenzach, a site influenced
by the chemical industry, the eels contained only 5 µg
sHCH/kg fw in 2000, with 100 % γ-HCH. In Hitdorf at
Lower Rhine, km 705, influenced by BAYER enterprise,
the eels contained 43 µg sHCH/kg fw in 2000, but with
40 % γ-HCH (Table 10). What is also striking is that e. g.
in the Middle Elbe near Magdeburg, km 318, where
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FALIMA produced lindane till 1981 (Table 3), only 32 µg
sHCH/kg dm were found in suspended matter in 1998,
but with only 12 % γ-HCH (Table 8). At the rivers Rhine
and Elbe e. g. the emitted substances have completely
other conditions for distribution and destruction than e. g.
in Bilina, CZ, Mulde, Hamburger Hafengewässer, Teltowkanal or Darmbach.
Finally, it must be pointed to the fact that the extreme
cases given here with their relatively easily interpretable
causes of application or production are only a little part of
all measured data. Much more widespread are analytical
results which do not permit such a unequivocal categorization. This may especially well be observed in the Berlin
waters where there is only one industrial emittent which
however has a long-lasting influence on the slow moving
water, and on the river Rhine with several chemical enterprises competing with lindane application in viniculture.
Figure 2 shows this situation.
The differentialdiagnostic method used here permits
clear findings of emittents, especially for HCH isomers
also by analytical data which were obtained not especially
for monitoring purposes. The assessments made here can
be used as hints for loadable controls of periods and
amounts of production and/or application, not more, but
also not less.

MVP
NieSa
NRW
PL
RP
Sa
SaAn
SPC
SPN
TK
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THE EFFECT OF S0/X0 RATIO ON INERT COD FRACTION
IN PHARMACEUTICAL WASTEWATERS UNDER
AEROBIC AND ANAEROBIC TREATMENT
Arzu Temizsoy, Ender Cetin, and Semiha Arayici
Istanbul University, Faculty of Engineering, Environmental Engineering Department, 34320, Avcilar-Istanbul, Turkey

SUMMARY
The aim of this study was to investigate the effect of
the ratio between COD and biomass (S0/X0) on inert COD
fraction in pharmaceutical wastewaters under aerobic and
anaerobic conditions. In this concept, wastewater diluted
to 2000 mg.L-1 with the same initial COD and biomass
concentration of 50 mg.L-1 were treated in batch reactors
to determine the inert COD fraction. The pharmaceutical
wastewater consists of a lot of volatile organic compounds, and high concentrations of COD may inhibit
particularly the aerobic systems. The aerobic and anaerobic batch runs were operated for 37 days and 86 days,
respectively [1]. The results of the aerobic inert COD
experiment indicated that the biological removal was only
19%, and 81 % of the initial COD level has been removed
by air stripping. The anaerobic experiments were carried
out at five different S0/X0 ratios and an efficiency of 88 %
could be provided. It was seen that increasing S0/X0 ratios
did not change the soluble inert COD (SI). Some unexpected peaks could be observed in raw wastewater, possibly originating from additive effects of particular
wastewater fractions increasing COD by degradation or
destroyed cell material. Additionally, the concentrations
of the volatile fatty acids (VFAs) and their behavior in the
inert systems were analyzed and discussed.

Well-operated biological treatment effluents contain
non-biodegradable organic fractions either initially present in the wastewater itself and/or generated by microorganisms during the biological processes. The biodegradable fraction consists of soluble, readily degradable organics and particulate, slowly biodegradable ones, while the
non-biodegradable fraction consists of soluble (SI), and
particulate (XI) inert organics. However, the microbial
products generated by the metabolic processes, and assumed to be inert during the normal retention times, were
named as particulate metabolic products, XP, and soluble
microbial products, SP [3, 4].
SI and XI fractions leave the treatment system unchanged. It is crucial to assess the effluent’s SI value in
wastewater characterization correctly, since this fraction
has a direct impact on the effluent COD level, and, consequently, the system’s performance. However, the particulate inert COD fraction did not participate in any reactions, but accumulates in activated sludge leaving the
system with it. Inert COD parameter have a great importance in meeting the discharge standards [5 ], therefore, it is necessary to assess both the inert wastewater
fractions and metabolic products generated at each stage
of the biological treatment processes.
EXPERIMENTAL APPROACH

KEYWORDS:
Pharmaceutical wastewater, inert COD, S0/X0 ratio, anaerobic
treatment, aerobic treatment.

INTRODUCTION
Pharmaceutical industry, with its wide assortment produced by chemical synthesis from organic and inorganic
reagents and catalysts [2] caused waste-streams with rather
high concentrations causing some problems in the treatment plants [3]. These highly polluted wastewaters affect
the performance of biological systems, thus requiring strict
precautions to adjust the discharge standards.

In literature, many experimental methods were proposed to determine the inert COD parameter in
wastewater. In this study, the comparison method was
used [5]. According to this method, the acclimation of
biomass was made in a stock reactor in a fill-and-draw
mode with a mixture of 50% glucose and 50%
wastewater. Two batch reactors were operated in parallel
and started with the same initial COD, one being fed with
the soluble part of the wastewater to be tested, and the
other one with glucose. The soluble COD in each reactor
was measured periodically until a plateau value was
reached, at which the biodegradable substrate was almost
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entirely depleted. In experiments, when the two reactors
with identical initial CODs get stable,
(SI)wastewater = (SI + SP)wastewater – (SP)glucose

(1)

the above result was obtained. The following assumption was done:
(SP)wastewater ≅ (SP)glucose

(2)

By the definition of yield coefficient YI, SI can be
correlated to ST0:
YI = SI / ST0

During the test period, COD, pH and VFAs were
monitored daily. For wastewater characterization, suspended solids (SS), volatile suspended solids (VSS), biochemical oxygen demand (BOD5), alkalinity, total Kjeldahl nitrogen, and ammonia nitrogen were analyzed according to
the Standard Methods [7]. The filtrates of the samples were
vacuum-filtrated using Whatman GF/C glass fiber filter
papers with a pore size of 1.2 µm. The pHs were measured
with a JENWAY 3040 ion analyzer, and VFAs with a HP
5860 GC.

(3)

The yield of soluble inert COD formed by microbial
activity, YP, was determined from:
YP = (SR – SI) / (ST0 – SI) = SP / SS0

(4)

SR was expressed to be the final or residual COD, and
assumed to be equal to the sum of SI and SP.
According to this method, when easily biodegradable
organic material was exhausted completely in a batch
system, the COD profile reached a minimum and the
remaining portion formed the sum of SR and SI.
MATERIALS AND METHODS
The wastewater was obtained from a pharmaceutical
factory, and its characteristics are given in Table 1.
TABLE 1
Pharmaceutical wastewater characteristics.

RESULTS AND DISCUSSION
Only the raw wastewater reactor in addition to the
glucose reactor was set up, since the wastewater contained low amounts of particulate matter. At the beginning, the aerobic and anaerobic batch runs had the same
initial CODs (2000 mg.L-1) and biomass concentrations
(50 mg.L-1) adjusted by wastewater dilution. In anaerobic
batch runs, a witness reactor containing only wastewater
without microorganisms was set up, in addition to the
wastewater and glucose reactors to observe the additional
removal by air stripping. The experiments were continued
until a plateau value was reached. The aerobic and anaerobic batch runs were operated for 37 days and 86 days,
respectively. In anaerobic batch runs, the wastewater
reactor reached 191 mg.L-1, while that with glucose
reached only 55 mg.L-1. The COD fractions measured and
calculated are given in Table 2 and illustrated in Fig. 1.
TABLE 2 - Evaluation of the inert soluble
COD experiments for anaerobic conditions.

Parameter
Concentrations (mg L-1)
COD
12000-18000
BOD5
2500-3500
TKN
500-1700
NH3-N
100-250
PO4-P
0.05-0.25
Alkalinity*
800-1300
SS
100-150
TVFA**
2000-3000
pH
5.9-6.8
* as mg L-1 CaCO3; **as mg L-1 HAc

Concentrations (mg L-1)
1700
140
1560
51
0.082

Parameter
S0
SI
SS0
SP
SI / S0

The seed sludge used in this study was obtained from
the anaerobic granular sludge of an UASB reactor in the
wastewater treatment plant of alcoholic industry, while
the aerobic sludge was taken from a lab-scale aerobic
reactor. Cylindrical batch reactors with 1 l of liquid volume were used for the aerobic experiments, whereas the
anaerobic experiments were carried out with glass reactors consisting of sampling parts and gas collection units.
The mixing and temperature of reactors was maintained
with an orbital incubator (Gallenkamp). The temperature
was kept at 35 °C for anaerobic treatment, while the aerobic experiment was carried out at ambient conditions. The
pH was ranging among 6.8-7.2 and adjusted by addition of
NaHCO3. Since the wastewater did not contain adequate
nutrients for anaerobic treatment, nitrogen and phosphorus
were added as urea and KH2PO4 at a COD/N/P ratio of
400/5/1.

COD (mg/L )

1800
1600

COD wastewater

1400

COD glucose

1200
1000
800
600
400
200
0
0

20

40
60
Time (days)

80

100

FIGURE 1 - Results of the inert COD
experiment under anaerobic conditions.

The results of the aerobic experiment are given in
Table 3. Their evaluation indicates that the biological
removal was only 19% under aerobic conditions, and 81%
of initial COD has been removed by air stripping.
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conditions. Wastewater and glucose runs with the same
initial CODs (1000 mg.L-1), but different biomass concentrations were carried out. The S0/X0 ratios of the inert
COD reactors were 160, 80, 40, 8, and 4, respectively.
The results of the last experiments are illustrated in Fig. 2
and outlined in Table 4.

TABLE 3 - Evaluation of the inert soluble
COD experiments under aerobic conditions.
Concentrations (mg L-1)
1964

Parameter
Initial COD concentration in
raw wastewater reactor
COD concentration for 37th day
in raw wastewater reactor
Initial COD concentration in
witness wastewater reactor
COD concentration for 37th day
in witness wastewater reactor
COD removal by air stripping
COD removal by microorganism
The net COD removal
The net COD removal efficiency (%)

149
1944

TABLE 4 - Results of the inert COD
experiment for different S0/X0 ratios.

502
ST0 /X 0

1442
373
1591
19

160
80
40
8
4

According to these results, we studied the effect of
S0/X0 ratio on inert COD concentration under anaerobic

SI
mg/L
72
74
75
82
83

SS0
mg/L
1106
979
966
922
976

SP
mg/L
45
27
26
42
46

(b) 1200

(a) 1400
1200

COD wastewater

1000

COD glucose

COD wastewater

1000

COD glucose

COD mg/L

COD mg/L

ST0
mg/L
1178
1050
1041
1004
1059

800
600

800
600
400

400
200

200

0

0
0

10 T ime(days) 20

10

T ime(days)

20

30

(d) 1200

(c) 1200
COD wastewater

1000

COD glucose

800

COD wastewater

1000

COD mg/L

COD mg/L

0

30

600
400

COD glucose

800
600
400
200

200

0

0
0

10

Time(days)

20

0

30

10

20
Time(days)

30

(e) 1200
COD wastewater

COD mg/L

1000

COD glucose

800
600
400
200
0
0

10

Time(days)

20

30

FIGURE 2 - Results of the inert COD experiment for S0/X0 ratios of (a) 160, (b) 80, (c) 40, (d) 8, and (e) 4.
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150
100
50
0

Total VFA in glucose

150
100
50
0

0

5

10
15
Time(days)

20

0

25

5

10
15
Time(days)

25

(d) 250

(c) 250

Total VFA in wastewater

200

TotalVFA mg/L HAc

Total VFA in wastewater

TotalVFA mg/L HAc

20

Total VFA in glucose

150
100
50

200

Total VFA in glucose

150
100
50
0

0
0

5

10
15
Time(days)

20

25

0

5

10
15
Time(days)

20

25

TotalVFA mg/L HAc

(e) 300
250

Total VFA in wastewater

200

Total VFA in glucose

150
100
50
0
0

5

10
15
Time(days)

20

25

FIGURE 3 - Changes in total VFA concentration for the
S0/X0 ratios of (a) 160, (b) 80, (c) 40, (d) 8, and (e) 4, respectively.

Furthermore, seven different VFAs (acetic, propionic,
butyric, iso-butyric, valeric, iso-valeric, and n-caproic
acid) were measured by GC throughout the test period.
Changes in total VFA concentrations (expressed as HaC,
mg.L-1) in the reactors are given in Fig. 3.
CONCLUSION
The results showed that the soluble inert COD value
(SI), and, consequently, the biomass of pharmaceutical
wastewater under anaerobic conditions did not change

depending on S0/X0 ratio. However, the SI/S0 ratio for
pharmaceutical wastewater ranged from 0.061 to 0.081,
and that of soluble inert COD from 72 to 83 mg.L-1. The
increase of anaerobic batch tests may result from the
slightly particulate COD fraction, initially present in the
wastewater. It was thought, although it did not enter any
substrate or COD in the reactors, the soluble COD concentrations were increased by the decomposition of this COD
fraction through cell lysis, internal and external decay of
cells, and endogenous respiration. In addition to this, the
total VFAs produced in all anaerobic batch reactors were
almost totally consumed until the end of test period.
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REMOVAL OF Cu2+, Pb2+ and Zn2+ FROM AQUEOUS
SOLUTIONS ON DIATOMITE VIA ADSORPTION IN FIXED BED
Atilla Murathan and Serdar Benli
Gazi University, Department of Chemical Engineering, Ankara-Turkey

SUMMARY
Adsorption of heavy metal ions from wastewater on
untreated diatomite was studied. The effect of particle size
of the adsorbent (4.76, 3.15 and 2.00 mm) on adsorption
efficiency of Cu2+, Pb2+ and Zn2+ in a ternary, continuous
system at constant temperature was investigated. Adsorption capacity was increased with decreasing particle size,
and the adsorption order was Cu2+>Pb2+>Zn2+ with the
2.00 mm particle adsorbent.

KEYWORDS:
Adsorption, zinc, copper, lead, fixed bed, diatomite.

INTRODUCTION
Heavy metal content of water sources is harmful to
aqueous life. Authorities rigorously control the discharge
limits of these metals. Although the best solution would be
the total prevention of metal ion entry into ecosystem, alternative methods must be developed when this is not possible.
Many processes, such as chemical precipitation, membrane filtration, ion exchange and adsorption, are used for
decreasing the concentrations of heavy metals in
wastewater. Precipitation may be the most economic
solution. However, large amounts of precipitated sludge
were produced by this technique and further costly treatment is needed. Adsorption is considered to be an efficient
method in the removal of toxic and non-biodegradable
compounds, such as heavy metals, from water. It also has
certain economic, technological and ecologic advantages
over the other methods. Many materials were studied for
their efficacy as adsorbents. Activated carbon is a commonly used adsorbent and has performed well in removing trace
quantities of heavy metals [1]. In recent years, other lowcost materials were studied [2], using especially natural and
easily found adsorbents. Some researchers have used bentonite, sepiolite, pumice stone, wheat bran, peat, agricultural product residues and fly ash as alternative adsorbents [313]. Due to the higher cost of commercially activated carbon adsorbents, cheaper and locally available materials

have been used to prepare activated carbon adsorbents for
metal ions, dyes and volatile compounds [14-19]. Interactions of microorganisms with metals have attracted considerable interest and biosorption of heavy metal ions
from aqueous solutions has emerged as a new technology
[20-22].
The main objective of this work was to study Cu2+,
Pb and Zn2+ adsorption onto diatomaceous clay and to
determine the effect of particle size on adsorption at constant temperature. Diatomite is a non-metal consisting of
remains of diatoms, indigenous to seas and lakes, deposited at the bottom and undergone changes with effects of
natural environmental action. Diatomite products are used
widely for varying purposes, such as reinforcing, stiffening, and hardening organic solids, but also for reducing
adhesion between solid surfaces, for increasing adhesion
or viscosity; for their surfactant and hydrophobic effects,
as absorbents, catalysts, for seeding clouds, etc. [23].
2+

Copper, zinc and lead are selected in this study because of their wide-spread use in many industries, such as
plating, petroleum refining and mining. These metals are
major pollutants of water sources.
MATERIALS AND METHODS
Stock solutions of Cu2+, Pb2+ and Zn2+ ions were prepared from their acetates in double-distilled water. All
chemicals used were of analytical grade. A Pyrex glass
column was used in a continuous system to simulate a
packed bed. Spherical glass beads were used as supporting material at the bottom of the column. Untreated diatomite particles were located on the supporting beads as
packing material. To obtain a good radial flow, the beads
were also placed on top of the column. To remove adhered impurities, distilled water was passed through the
bed before each experiment. Temperature was kept constant by circulating water from a thermostatically controlled water-bath through a jacket surrounding the column. The experiments were performed at constant flow
rates of feed solutions containing Cu2+, Pb2+ and Zn2+ and
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fed through the top of the column with a peristaltic pump.
Samples were taken from the bottom of the column at short
intervals and analyzed with an ATI UNICAM 929 flame
atomic absorption spectrometer. The adsorbed amounts of
Cu2+, Pb2+ and Zn2+ were determined by calculating the
difference between inlet and outlet concentrations of the
ions for each sample.

TABLE 1
Operating conditions of the heavy metal
adsorption experiments on diatomite.
Column diameter, cm
Column length, cm
Column cross section, cm2
Packing size, mm
Liquid flow rate, L/s
Initial concentration of each component,
mg/L water
Temperature, oC
Packing type

The schema of the apparatus used in experiments is
shown in Figure 1, the operating conditions are summarized in Table 1 and the chemical composition of diatomite is given in Table 2 [24].

3
40.0
7.069
4.76; 3.15 and 2.00
0.00083
5.0
25.0
Diatomite

TABLE 2
Chemical composition of diatomite.
SiO2(%)
CaO(%)
Al2O3(%)
Na2O(%)
Fe2O3(%)
K2O(%)
Heat Loss(%)

72.62
1.87
11.23
5.68
0.45
3.95
3.22

RESULTS AND DISCUSSION

2+

mg Cu /g adsorbent

FIGURE 1 - Schematic diagram of the experimental setup
(1. Packed column, 2. Liquid inlet, 3. Liquid outlet, 4.
Liquid rotameter, 5. Valve, 6. Peristaltic pump, 7 Liquid
tank, 8. Water inlet, 9. Water outlet).

Figures 2, 3 and 4 show increasing Cu2+, Pb2+ and Zn2+
adsorption with changing particle size. For a given weight,
smaller particles are expected to expose a larger surface
area resulting in increased adsorbance [25, 26]. Cu2+ and
Pb2+ ions fulfilled this expectation, but practically no difference is observed in the case of Zn2+ for diatomite particle
sizes of 4.76 and 3.15 and a sudden enhancement occured
when size was decreased to 2.00 mm.
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FIGURE 2 - The effect of particle size on the adsorption of Cu2+ onto diatomite.
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FIGURE 3 - The effect of particle size on the adsorption of Pb2+ onto diatomite.
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FIGURE 4 - The effect of particle size on the adsorption of Zn2+ onto diatomite.

Another effect leading to the behaviour observed might
arise from the formation of streams in the 4.76 mm bed,
resulting in partial wetting and efficiency reduction of the
micropores in adsorption [27].
Figure 5 shows that for a ternary system of Cu2+, Pb2+
and Zn2+, the adsorption capacities of diatomite are ac-

cording to the order Cu2+>Pb2+>Zn2+. It can be concluded
that diatomite is an efficient adsorbent [12], probably due
to the fact that its main component is SiO2, an efficient
adsorbent of metal ions. Relatively superior adsorption
efficiencies for treated diatomite over crude diatomite
were already reported [28, 29].
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FIGURE 5 - Adsorption efficiency of diatomite for Cu2+, Pb2+ and Zn2+.

CONCLUSIONS
There is a growing interest in low-cost adsorbents for
removing wastewater heavy metals. In this study, diatomite was examined as an adsorbent to remove Cu2+, Pb2+
and Zn2+ ions from aqueous solutions.
Adsorption was expected to increase with decreasing
diatomite particle sizes. This expectation was fully met in
the case of Cu2+ and adsorption increased uniformly with
decrease in particle size. Pb2+ shows the same behaviour,
but to a lesser extent. On the other hand, practically no
difference could be observed for Zn2+ and diatomite particle sizes of 4.76 and 3.15 mm, but adsorption was suddenly enhanced when size was decreased to 2.00 mm. The
mechanism of this anomaly is presently under study at our
laboratory. Adsorption capacities of diatomite for Cu2+,
Pb2+ and Zn2+ ions from ternary aqueous solutions are
ordered as Cu2+>Pb2+>Zn2+ for particle sizes of 3.15 and
2.00 mm.
The kinetics of the process, and the effect of temperature, pH, flow rate, concentration and treatment with acids
to change the negative surface charges and surface area
might be studied in the future. Single or two ion solutions
may yield different results than the present three-ions
system. Diatomite from different sources could also influence adsorption yielding different efficiencies.
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SUMMARY
Fourteen different moss samples were used as bioindicators to study the atmospheric deposition of metals
around polluted and unpolluted areas in Trabzon, Turkey.
Samples were analyzed using flame and graphite furnace
atomic absorption spectrometry (AAS) after microwave
digestion. Good accuracy was assured by the analysis of
standard reference material. A total of six trace metals
(Fe, Cu, Mn, Zn, Pb, Cd) were determined. Metal concentrations were in the µg/g range 1150.0-6137 (Fe),
13.6-33.6 (Cu), 329.2-806.0 (Mn), 84.4-144.4 (Zn), 9.230.4 (Pb), and 0.7-1.7 (Cd).

KEYWORDS: Trace metals; mosses; bioindicator; digestion;
atomic absorption spectrometry (AAS); Trabzon-Turkey.

INTRODUCTION
Industrial heavy metal pollution is a serious environmental problem all over the world in recent years. There
has been a rapid growth in pollution in Turkey and other
developing countries. Roadside soil and plants are receiving considerable amounts of toxic metals, especially from
automobile emission and transported toxic materials [1].
Mosses have been used as biomonitors of atmospheric
heavy metal pollutants [2-8]. The use of plants as biomonitors has become popular in many countries for large-scale
studies of deposition of atmospheric pollutants [9-13].
Various biological samples (mushroom, fish, sea lettuce, moss) have been analyzed with respect to trace metals in our region [14-18]. But, trace metal levels in moss
samples in Trabzon have not been determined yet. The
traffic density in Trabzon is very high and determination
of trace metals in moss samples will contribute to the
solution of environmental pollution in Trabzon.
Flame atomic absorption spectrometry is the most
widely used technique, to determine most of the concentrations of metals in environmental samples [19-23]. Lower
concentrations are determined using graphite furnace atomic

absorption spectrometry [16], or flame AAS after enrichment and separation procedures [24].
In this study, the levels of trace metals in moss samples collected from polluted and unpolluted locations in
Trabzon, Turkey were determined by flame and graphite
furnace AAS after microwave digestion method.
MATERIALS AND METHODS
Apparatus: A Perkin Elmer AAnalyst 700 model AAS
with deuterium background corrector was used in this
study. Pb and Cd in samples were determined by HGA
graphite furnace using argon as inert gas. Pyrolytic-coated
graphite tubes with a platform were used and signals
measured as peak height for Cd and peak area for Pb.
Other measurements were carried out in an air/acetylene
flame. The operating parameters for working elements
were set as recommended by the manufacturer.
Sampling: A total of fourteen moss species were collected from high-density traffic roads and near the cement
plant in Trabzon. Control samples were collected from
uncontaminated areas. The sampling area is shown in
Figure 1. The samples were dried at 105 ºC for 24 h.
Dried samples were homogenized using an agate homogenizer and stored in pre-cleaned polyethylene bottles until
analysis.
Reagents: All reagents were of analytical reagent
grade, unless otherwise stated. Double-deionized water
(Milli-Q Milli- pore 18.2 MΩcm-1 resistivity) was used
for all dilutions. HNO3 and H2O2 were of suprapur quality
(E. Merck). All the plastic and quartzware were cleaned
by soaking them overnight in a 10 % (w/v) nitric acid
solution and then rinsing with deionized water. The element standard solutions used for calibration were produced by diluting a stock solution of 1000 mg/L of the
given element supplied by Sigma and Aldrich. Matrix
modifiers as NH4H2PO4, Pd and Mg(NO3)2 were purchased from Sigma.
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FIGURE 1
Sampling area of moss species.

Digestion procedure: A Milestone Ethos D microwave closed system was used in this study and 0.50 g
sample aliquots were digested with 6 mL HNO3 (65 %)
and 2 mL H2O2 (30 %) in this system and diluted to 10
mL with deionized water. A blank digest was carried out
in the same way. Digestion conditions for microwave system were applied as 2 min for 250 W, 2 min for 0 W, 6 min
for 250 W, 5 min for 400 W, 8 min for 550 W, vent: 8
min, respectively.
TABLE 1 - Observed and certified values (µg/g) of elemental
concentrations in SRM (IAEA-336 Lichen) as average ± S.D.
Element
Cd
Cu

Certified value
0.117
3.55

Microwave digestion
0.116±0.01
3.50±0.15

Recovery, %
99
99

Mn
Pb

64
5

63±3
4.9±0.2

98
98

Zn
31.6
30.9±2.4
98
Fe
426a
422±16
99
Each value is the average of three separate digestions. aNot certified

In order to validate the method for accuracy and precision, certified reference material SRM (IAEA-336 Lichen)
was analyzed for each element. The results are shown in
Table 1.
RESULTS AND DISCUSSION
Digestion conditions for microwave were chosen as
above. When concentrated HNO3, H2SO4 and H2O2 were
applied separately, it was seen that the samples were not
digested sufficiently. Therefore, for the digestion procedure, different combinations of these acids were used. The
HNO3/H2O2 (6:2) mixture for moss samples resulted in
shortened digestion time and excellent recovery compared
to the other acid mixtures. The relative standard deviations were less than 10 % for all elements.
The mean concentrations of heavy metals in mosses
analyzed are given in Table 2. All metal concentrations
were determined on a dry weight basis. Iron has the high-
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est concentration and was followed by manganese, zinc,
lead, copper and cadmium, i.e., Fe>Mn>Zn>Pb>Cu>Cd.
These results are in agreement with those reported earlier
[1, 25]. The concentrations of Cd, Mn, Fe, Zn and Cu in
the samples analyzed were found to be higher than those
reported in other studies [11, 26, 27]. The concentration
of trace metals in the samples depended on moss species.
For example, high metal accumulation levels in the species were found in Trichostomum crispulum for Pb and
Fe, Hylocomium splendens for Mn and Cd, Platygyrium
repens for Cu, and Ctenidium molluscum for Zn, respectively.

(Racomitrium lanuginosum), respectively. However, the
iron level in Platygyrium repens is the same as in the
control samples. A cement plant is located 5 km far from
the sample area, and emitted fly ash containing trace
metals, which is transported by wind and spread over a
large area in the atmosphere [12, 25]. A potential source
of high iron levels may be connected with this cement
plant. Besides, soil in the sampling area may be rich with
respect to iron metal.
The average copper concentration in the samples was
13.6-33.6 µg/g. These values are in agreement with literature data [10]. Our results were higher than those reported
earlier [10, 26, 28]. The lowest and highest copper values
were observed in Ctenidium molluscum and Platygyrium
repens species, respectively. Control samples have 11.7
and 24.8 µg/g copper concentrations. The best bioindicator in moss samples for copper is Platygyrium repens due
to the highest copper level found.

The lowest and highest iron concentrations were found
to be 1150 µg/g in Platygyrium repens and 6137 µg/g in
Trichostomum crispulum, respectively. These values have
been reported as 443-3494 µg/g in the literature for different moss species [26]. Iron concentrations in Trichostomum
crispulum and Dicranum majus species were found to be
5 times and 4 times higher than those of control samples

TABLE 2 - Concentrations (in µg/g) of six trace metals in investigated mosses species.
Samp
No

Moss Species

Area

Fe

Cu

Mn

Zn

Pb

Cd

p

2377.1±11.0

14.3±0.3

806.0±4.0

84.4±0.5

21.6±0.8

1.7±0.1

c

2225.4±22.3

11.7±0.7

584.2±0.9

46.2±1.2

8.4±1.6

0.4±0.1

1

Hylocomium splendens

2

Platygyrium repens

p

1150.0±30.8

33.6±0.5

497.7±1.2

93.6±0.4

28.6±2.7

1.2±0.2

3
4

Racomitrium canascens
Racomitrium lanuginosum

c
c

2804.7±11.7
1292.9±21.8

24.8±0.2
19.1±0.4

357.2±1.1
387.7±0.8

50.0±1.3
84.8±0.9

8.3±0.6
3.9±0.4

0.9±0.4
0.6±0.2

5

Racomitrium heteromalla

p

2550.7±21.2

18.1±0.6

617.4±1.3

130.1±1.5

9.2±0.1

0.8±0.1

c

2350.9±25.3

12.7±0.8

373.1±1.8

77.2±0.4

6.3±1.2

0.3±0.1

6

Trichostomum crispulum

p

6137.4±11.3

16.5±0.5

575.6±3.5

114.6±1.5

30.4±0.4

0.7±0.3

7

Dicranum majus

p
c

4826.5±6.2
4153.3±12.6

15.6±0.4
13.2±0.7

566.7±1.2
389.4±7.3

144.4±0.6
45.1±1.3

19.4±0.6
3.2±0.2

1.3±0.3
0.5±0.2

8

Gymnostomum aeuruginosum

c

4826.1±1.2

20.1±0.6

235.2±1.0

96.3±1.3

8.7±0.3

0.5.±0.1

9

Ctenidium molluscum

p

3500.0±10.7

13.6±0.4

329.2±4.3

200.0±0.8

16.1±0.2

1.4±0.2

10

Hypnum lindbergi

p

6047.0±8.6

14.7±0.2

581.7±0.9

107.9 ±0.6

12.9±0.3

1.6±0.6

11

Amblystegium serpens

p

3479.3±1.1

17.9±0.4

499.7±4.6

167.6±0.6

17.5±0.3

0.8±0.1

c
c
c

1682.5±30.3
5819.2±31.3
1418.4±11.7

14.4 ±0.1
15.0±0.5
23.5±0.1

322.1±3.4
108.7±2.1
344.4±2.7

54.8±0.8
95.3±1.2
36.5±0.2

2.8±0.3
6.9±0.5
7.5±1.4

0.6±0.2
0.7±0.3
1.6±0.1

12
Rhyntidiadelphus squarrosus
13
Eurhynchium striatulum
14
Cirriphyllum crassinervium
p: polluted; c: control (unpolluted)

TABLE 3 - Correlation between metal concentrations.

Fe
Cu
Mn
Zn
Pb
Cd

Fe
1.000
-0.365
-0.090
0.353
0.219
0.012

Cu

Mn

Zn

Pb

Cd

1.000
-0.092
-0.121
0.317
0.386

1.000
0.136
0.538
0.386

1.000
0.474
0.260

1.000
0.441

1.000
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Manganese, one of the least toxic metals, if inhaled as
MnO2 dust, is more hazardous than ingested manganese
[10, 29]. Average manganese concentration ranged from
329.2 to 806.0 µg/g in moss samples. Manganese is the
second-highest concentration range after iron in moss
samples, and manganese level is almost eight times higher
than that of the control samples in Hylocomium splendens. Manganese values are in good agreement with
Rahman et al. [10], who found max. 860 µg/g. The mean
manganese content in moss samples at sites away from
the point sources was 184 ppm [30]. Toxicity limits of
manganese for plants are high (400–1000 µg/g), and our
values are between these toxicity limits.
Zinc average levels were found to be 84.4 and 200 µg/g
in Hylocomium splendens and Ctenidium molluscum. The
average levels of zinc in moss are higher than those of the
control samples. Zinc level is six times higher than that of
control sample (Cirriphyllum crassinervium). This species may be a good indicator for zinc. Zinc average values
are in good agreement with those already reported (86.69
and 86 µg/g), respectively [10, 12].

copper, manganese-iron and zinc-copper were found to be
–0.365, -0.092, -0.090 and –0.121, respectively.
CONCLUSION
Trace metal concentrations in mosses emitted from
the cement plant are polluting the atmosphere of Trabzon,
threatening the population in this area. Generally, the
concentrations of trace metals increased in moss samples
collected from polluted areas. Some species can be used
as biomonitors for regional studies of atmospheric trace
metal deposition, such as Hylocomium splendens for
manganese, Trichostomum crispulum for lead, Ctenidium
molluscum for zinc, and Platygyrium repens for copper
and iron. Further investigations are necessary to determine the trace metal pollution trends in this region.

The maximum lead concentration was found to be
30.4µg/g in Trichostomum crispulum. Control samples
contained 2.8 and 3.2 µg/g lead in Rhyntidiadelphus
squarrosus and Dicranium majus, respectively. The lead
levels in Platygyrium repens and Trichostomum crispulum species collected from the roadside were found seven
times higher than the control samples. The adding of lead
to the petrol increases the concentration of lead. In literature, the highest lead concentrations have been observed
in the samples of high-density traffic areas [16]. Figueira
et al. [7] have reported 22.80 µg/g lead in moss as biomonitor in Portugal. The lead level of this study is similar
to that of Figueira et al. [7]. Our value is two times smaller than that of Culicov et al. [12], 46 µg/g. In this study,
Trichostomum crispulum was found to be ideal as bioindicator for lead in mosses.
The mean Cd concentration ranged between 0.5 and
1.7 µg/g in Gymnostomum aeuruginosum, and Hylocomium splendens species. The cadmium levels in all moss
samples were found to be higher than those of earlier
studies [7, 10, 25]. As known, cadmium is one of the most
toxic metals. The main route of absorption is through
inhalation of industrial Cd oxide dust or fume. Cadmium
can be accumulated into moss from the soil. Its highest
concentration was found in Hylocomium splendens and it
may be a good bioindicator.
A linear regression correlation test was carried out to
investigate the correlations between metal concentrations.
These values are given in Table 3. There is a good correlation between lead and manganese (r=0.538). The other
correlations between metals were found not to be significant. There were positive correlations of lead-zinc, zinciron, cadmium-copper, and cadmium-lead with corresponding r values of 0.474, 0.353, 0.386, and 0.441, respectively.
The negative correlations between copper-iron, manganese-
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OZONE EFFECTS ON VEGETATION IN THREE DIFFERENT
LOCALITIES OF CAMPANIA REGION (SOUTHERN ITALY)
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SUMMARY
Ozone is a secondary pollutant with a mobility and
distribution higher than its precursors (VOCs, NOx),
which causes injuries to vegetation in rural areas.
The experiment was carried out over three years
(2000-2002) in three localities of the Campania region
characterized by different elevations (plain and hill) and
atmospheric pollution (sub-urban and rural).
The aim of the present research was to study the pattern
of ozone concentration and its injuries to plants and to compare the response of two white clover biotypes with different sensitivities to ozone, which were grown according to
the experimental protocol defined by the ICP-Vegetation.
In this trial, the pollution threshold (40 ppb) was always overcome. The highest ozone concentrations were
recorded during the first year and the sub-urban site was
the more polluted.
The daily trend of ozone shows reduced nighttime degradation at the hilly sites, which tended to have relatively
high concentrations also during the night. This involves the
importance to consider also nocturnal stomatal conductance
for studying ozone uptake through stomata and damage to
vegetation in hill or mountain localities.
Ozone injuries were estimated using the yield ratio of
the sensitive to the resistant biotype [1-(S/R)*100]. Average yield losses were 20% without differences among the
three localities, confirming that ozone pollution can cause
injuries to plants also in rural areas located faraway from
the emission sources of atmospheric pollutants.

during the last sixty years [3], and several researchers
think that it will continue increasing at a 0.5-2.5% rate in
the coming years [4, 5]. Ozone is a secondary pollutant,
and it has a mobility and distribution higher than its precursor primary pollutants (VOCs, nitrogen oxides) [6].
Nitrogen oxides are responsible both of production and
degradation of ozone. NO2 determines ozone production
when temperature and solar radiation are high, while NO
allows ozone degradation during the night [7]. The
amount of ozone is a function of its precursors` concentration, temperature and solar radiation intensity. Wind carries
polluted air to rural localities, where the ozone level is
higher also due to low concentrations of NO available to
reduce ozone by degradation. Latitude and altitude can also
affect the potential of pollution production. Thus, the maximum risk of ozone pollution occurs in areas characterized
by high solar radiation intensity (as in the Mediterranean
basin) and in localities of high altitude [8].
Ozone has a high oxidant activity [9], and, once penetrated into the leaf through the stomata [10], alters the
normal plant functions causing yield losses in several
species [11], such as grapes [12], plums [13], bean [14,
15] and tobacco [16]. The aim of the present research was
to study the pattern of ozone concentration and its injuries
to plants and to compare the response of two white clover
(Trifolium repens L.) biotypes, which were selected on
the basis of their sensitivity to ozone [17]. Clover plants
were grown in three different sites in the Mediterranean
area, characterized by different elevations (plain and hill)
and atmospheric pollution (urban and rural site).
MATERIALS AND METHODS

KEYWORDS:
Ozone, pollution, Italy, bio-monitoring, yield losses, white clover.

Experimental sites and plant cultivation

INTRODUCTION
Tropospheric ozone is considered the most spread atmospheric pollutant in many zones of Europe, Northern
and Central America [1, 2]. Its concentration has increased

The experiments were carried out during three years
(2000-2002), between the end of May and mid-October in
three localities of the Campania region, Portici (Naples),
(14°20’ E; 40°49’N; 20 m a.s.l.) in the park of the Faculty
of Agriculture, University of Naples, located near an area
with high pollution mainly due to car emissions; S.Angelo
dei Lombardi (Avellino), (15°10’E; 40°55’N; 700 m a.s.l.)
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in the experimental farm “Centro Rotary” located in a hilly
rural area faraway from emission sources of pollutants;
and Bellizzi (Salerno), (14°56’E; 40°37’N; 30 m a.s.l.) in
the experimental farm “Torre Lama” located in a plainy
rural area close to the sea.
The effect of ozone on vegetation was studied comparing two biotypes of white clover (Trifolium repens L.
cv. ‘Regal’), which were selected at the North Carolina
University on the basis of their resistance and sensitivity
to ozone [17]. These two biotypes were used in an European biomonitoring net of ozone injuries [18], and proved
to be either resistant (R) or sensitive (S) to ozone investigated in a previous research with open top chambers in a
Mediterranean environment [19].
Cuttings, provided by the Coordination Center of the
UN/ECE, were grown according to the experimental protocol defined by the ICP-Vegetation [18]. This protocol
recommends the use of a continuous water supply system
in order to avoid differences among sites in regards to the
effect of plant water status on stomata conductance, which
directly affects ozone uptake by plants. Clover cuttings were
rooted in pots (14 cm in diameter) and placed in a shaded
greenhouse. During this phase, the substrate was inoculated with a Rhizobium slurry. After rooting, individual
cuttings were placed in pots with a diameter of 28 cm and
filled with a topsoil (10% perlite and 3 g m-3 of a slow
fertiliser Osmocote®, NPK = 14:14:14), and afterward
placed in the open field.
Each pot was placed on top of a water reservoir and
continuous water supply to plants was ensured by means
of four fiberglass wicks. Water reservoirs were refilled
twice a week. In addition, treatments against aphids and
acari were performed with Confidor® and Omite®.
Measurements

Temperature and rainfall were measured with weather
stations located at the experimental sites, while ozone concentration was measured using spectrophotometric analyzers connected to a datalogger. Probes for ozone monitoring
were placed at a height of 1.5 m from the ground. Ozone
pollution was studied computing two indices: O3max (daily
maximum concentration) and AOT40(8-8) (sum of differences between ozone concentration and the threshold of
40 ppb, calculated between 8 am and 8 pm as recommended by the G.U.C.E. L. 67 del 09/03/2003).
Plant water consumption was measured twice a week
(when water reservoirs were refilled) by double weighing
the pot-reservoir systems (before and after the refill).
Above-ground biomass was harvested 4 times during
the season at 7 cm above soil surface and the following
parameters were analysed: total biomass, number, weight,
and area of leaves, number and weight of flowers.
The data were subjected to ANOVA, using a randomized complete block design combined over Localities and
Years, with the same Localities each Year, but randomized
(Table 1).

TABLE 1 - ANOVA design used for analysis of biometric data.
Source of variation
YEAR
LOCALITY
YEAR x LOCALITY
R (LY)
BIOTYPE
YEAR x BIOTYPE
LOCALITY x BIOTYPE
YEAR x LOCALITY x BIOTYPE
error
TOTAL

Degrees of freedom
2
2
4
27
1
2
2
4
27
71

Ozone injuries to plants were estimated using the
yield ratio of the sensitive to the resistant biotype [1(S/R)*100]. S/R ratio values were transformed into angular values (arcsine of the square root of S/R) prior to be
analyzed with ANOVA, using a randomized complete
block design for the factor Year, with the factor Locality a split plot on Year (Table 2).
TABLE 2 - ANOVA design used for analysis of S/R ratio data.
Source of variation
replication
YEAR
error
LOCALITY
YEAR x LOCALITY
error
TOTAL

Degrees of freedom
3
2
6
2
4
18
35

RESULTS AND DISCUSSION
Seasonal pattern of weather data and ozone concentration

The highest maximum temperature was recorded in
2001 at the Bellizzi experimental site (Table 3), whereas
the lowest one occurred at S.Angelo in 2002. The highest
minimum temperature occurred at Portici (in particular in
2001), whereas the lowest one was recorded at S.Angelo
(in 2002). Therefore, S.Angelo appeared to be the experimental site with the lowest temperature. The largest daily
temperature range was measured at Bellizzi, whereas
Portici had the lowest temperature range. The high concentration in the air of greenhouse gases (mainly water
vapour and CO2) in urban areas (like Portici) may limit
the night-time heat flux to the atmosphere causing a low
decrease of the temperature at night.
No significant differences between the localities were
detected in the total amount of rainfall with values between
178.8 and 201.4 mm, recorded in Bellizzi and S.Angelo,
respectively, whereas the number of rainy days recorded in
S.Angelo was almost double than that in Bellizzi. Indeed,
41 rainy days were recorded in average of the three years in
S.Angelo, whereas 25 and 22 rainy days were recorded in
Portici and Bellizzi, respectively. The highest number of
rainy days in S.Angelo appeared to explain the lowest solar
radiation measured at this experimental site. The most rainy
year was 2002 and, in particular, the highest amount of
rainfall was measured at Bellizzi, whereas the highest
number of rainy days occurred during the same year in
S.Angelo (64 of 150 monitored days).
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TABLE 3 - Minimum and maximum temperature and their difference, rainfall (measured in mm and number
of rainy days), and solar radiation measured during 2000, 2001, and 2002 at Portici, S.Angelo and Bellizzi.
Locality

Year

Portici

2000
2001
2002
00-02
2000
2001
2002
00-02
2000
2001
2002
00-02

S. Angelo

Bellizzi

Temperature (°C)
min
19.0
19.1
18.3
18.8
16.0
15.5
15.0
15.5
17.4
18.6
18.3
18.1

max
26.8
27.9
26.9
27.2
26.0
25.0
23.2
24.7
28.4
30.1
27.3
28.6

The daily patterns of ozone concentration measured
from 2000 to 2002 at Portici, S.Angelo and Bellizzi are
reported in Figure 1.
80

2000

60

ppb
20
0
0

4

8

80

12

16

20

2001

60

ppb

mm
64.8
178.0
351.2
198.0
101.0
127.5
375.8
201.4
73.0
50.0
413.4
178.8

Rainfall
no days
10
20
46
25
28
32
64
41
18
13
35
22

Radiation
(MJ)
21.1
20.4
17.9
19.8
17.3
17.4
17.4
17.4
21.6
20.5
18.9
20.3

In Portici, the pollution threshold (40 ppb) was overcome between 9 am and 11 am. The ozone concentrations
increased in the morning and daily maximum peaks were
detected between 1 pm and 3 pm (66.4, 56.9 and 52.4 ppb
on 2000, 2001 and 2002, respectively). Minimum values
were recorded between 6 am and 7 am (15.7, 11.8 and
12.2 ppb in 2000, 2001 and 2002, respectively).
In Bellizzi, the pollution threshold (40 ppb) was overcome between 9 am and 12 pm and daily maximum peaks
were detected between 1 pm and 3 pm (49.7, 54.8 and
46.9 ppb in 2000, 2001, and 2002, respectively). Minimum
values were recorded between 7 am and 8 am (12.9, 14.2
and 13.7 ppb in 2000, 2001, and 2002, respectively).

40

40
20
0
0

4

8

80

12

16

2002

20

Portici
S.Angelo
Bellizzi

60

ppb

difference
7.7
8.8
8.6
8.4
10.0
9.5
8.2
9.2
11.1
11.4
9.0
10.5

40
20
0
0

4

8

12

16

20 hours

FIGURE 1 - Daily pattern of ozone concentration measured
during 2000, 2001, and 2002 at S.Angelo and Bellizzi.

Therefore, a large difference between daily minimum
and maximum ozone concentration was detected in the
plain localities: 50.7, 45.1 and 40.2 ppb (Portici), 36.8,
40.6 and 33.2 ppb (Bellizzi) during the three years, respectively.
A different daily pattern was measured at the hilly site
(S.Angelo dei Lombardi), where ozone concentration was
almost always higher than the pollution threshold (40 ppb).
In particular, ozone concentration during 2000 was always
very close to 50 ppb (however, never lower than 40 ppb).
In addition, at this experimental site the daily maximum
peaks were recorded between 4 pm and 5 pm (62.0, 48.7
and 46.8 ppb in 2000, 2001 and 2002, respectively); the
minimum values occurred between 8 am and 9 am (47.6,
37.5 and 36.1 ppb for three years, respectively). Therefore,
the daily fluctuation of ozone concentration was very low
at the hilly site (the difference between daily minimum and
maximum values were 14.4, 11.2 and 10.7 ppb, in the three
years, respectively).
These results appear to confirm that the daily pattern
of ozone concentration in hilly areas is different from that
of sites located in plain. In particular, this difference appeared to be related to the small decreasing phase, which
occurred at the hilly sites and caused relatively high concentrations of the pollutant during night-time. Indeed, in
the present experiment, night-time ozone concentration at
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S.Angelo was more than double that of Bellizzi. The
reduced daily fluctuation of ozone concentration, which
occured in areas located above 500 m a.s.l. [8], may be
due to the low NO level that allows ozone degradation
and the low intensity of vertical air fluxes.

Ozone indices were negatively correlated to rainfall
(Table 5) and, in particular, to the number of rainy days,
confirming previous research [19].
The amount of solar radiation that reaches the troposphere during the days, characterized by overcast sky, is
low, and, therefore, the formation potential of ozone is
also low. In addition, rainfall directly removes ozone, and
thus contributes to lower ozone concentration.

Ozone concentration at the hilly site had a daily peak
between 4 pm and 5 pm, whereas in Bellizzi it occurred
between 1 pm and 3 pm. This time shift of the peak to
later in the afternoon, as occurred at S.Angelo, may be
due to the time necessary for the polluted air to reach
internal hilly areas from coastal urban sites.

Furthermore, in the present study ozone indices were
often correlated to temperature, and this confirms that
ozone formation in the troposphere is enhanced when temperature is high as previously reported by Fagnano [20] and
Merola [21].

O3 max and AOT 40(8-8) values suggested that ozone
concentration decreased progressively from 2000 to 2002,
even though for the Bellizzi site the highest AOT 40(8-8)
value was detected on 2001 (Table 4).

Ozone effect on yield

On the average of the three years, Portici site was
more polluted according to both pollution indexes, whereas
Bellizzi was the least polluted site.

In this trial, ozone caused typical foliar symptoms in
the sensitive biotype. In particular, small white spots were
detected on the upper surface of the leaf blade [22, 23].

The largest difference among rural localities was observed mainly in terms of AOT 40(8-8).

With regards to biometric measurements, ANOVA
revealed significant effects of Year, Locality and their
interaction for the parameters measured. The effect of
Biotype was significant for all the parameters considered,
but the interactions Biotype x Year and Biotype x Locality were significant only for some parameters (Table 6).

The differences of O3 max, and especially of AOT
between rural experimental sites suggested that
S.Angelo was more polluted than Bellizzi over the three
year average.
40(8-8),

TABLE 4 - O3max (daily maximum ozone concentration) and AOT40(8-8) (cumulated ozone concentration
above the threshold of 40 ppb) measured during 2000, 2001, and 2002 at Portici, S.Angelo and Bellizzi.
Portici
Year
2000
2001
2002
00-02

O3 max
(ppb)
76.0
64.2
52.1
64.1

S.Angelo
AOT 40(8-8)
(ppm x h)
20.3
14.8
7.4
14.2

O3 max
(ppb)
68.3
53.7
49.4
57.1

Bellizzi
AOT 40(8-8)
(ppm x h)
24.1
8.6
6.6
13.1

O3 max
(ppb)
55.7
55.8
52.7
54.7

AOT 40(8-8)
(ppm x h)
8.8
12.5
4.3
8.5

TABLE 5 - Determination coefficients (R2) and their statistical significance calculated for the linear regression
analyses between weather parameters (minimum and maximum temperature, temperature range, radiation, and rainfall).
Locality

Index
O3 max

Portici

AOT 40
O3 max

S. Angelo

AOT 40
O3 max

Bellizzi

AOT 40

Temperature
max
+0.51
n.s.
+0.51
n.s.
+0.75
**
+0.65
*
+0.85
**
+0.73
**

Temp. range
min
+0.61
*
+0.60
*
+0.66
*
+0.55
n.s.
+0.73
**
+0.42
n.s.

-0.39
n.s.
-0.39
n.s.
+0.69
*
+0.63
*
+0.47
n.s.
+0.73
**

* = significant for P≤0.05; ** =s ignificant for P≤0.01; n.s. = not significant
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Radiation
+0.67
*
+0.70
*
+0.52
n.s
+0.38
n.s.
+0.81
**
+0.51
n.s.

Rainfall
mm
-0.63
*
-0.64
*
-0.64
*
-0.52
n.s.
-0.70
*
-0.56
n.s.

n° days
-0.87
**
-0.90
**
-0.60
*
-0.47
n.s.
-0.68
*
-0.78
*

© by PSP Volume 14 – No 6. 2005

Fresenius Environmental Bulletin

TABLE 6 - ANOVA results for parameters measured during 2000, 2001, and 2002 at Portici, S.Angelo and Bellizzi.
Factor
Year
Locality
Y xL
Biotype
YxB
LxB
Y xL x B

Dry weight
**
n.s.
**
**
n.s.
n.s.
n.s.

No flowers
**
**
n.s.
**
n.s.
n.s.
n.s.

No leaves
**
*
*
**
n.s.
n.s.
n.s.

SLW
**
**
**
**
*
*
n.s.

Area per leaf
**
**
**
**
**
n.s.
n.s.

Leaf area
**
**
**
**
n.s.
n.s.
n.s.

WU
**
**
**
**
n.s.
**
n.s.

WUE
**
**
**
**
n.s.
n.s.
n.s.

* = significant for P≤0.05; ** = significant for P≤0.01; n.s. = not significant

TABLE 7 - Biomass yield, number of flowers and leaves per plant, specific leaf weight (SLW), area of the leaf, total
leaf area per plant, water use (WU), and water use efficiency (WUE) of the resistant (R) and sensitive (S) clover biotypes.
Dry weight
Flowers
Leaves
(g plant-1)
(No plant-1)
(No plant-1)
R
138.0
312
1700
S
110.6
217
1320
**
**
**
** Significant differences according to the ANOVA (P≤0.01)
Biotype

SLW
(g m-2)
50.1
44.7
**

The resistant biotype had a biomass yield significantly higher than that of the sensitive biotype, over the average of years and across localities (Table 7).
The higher biomass of the resistant biotype, compared to the sensitive one, was related to the higher number of flowers and leaves, and the higher specific leaf
weight measured for these plants. The resistant biotype
had smaller leaves than the sensitive biotype, even though
the total leaf area per plant was highest in the resistant
biotype, since the high number of leaves compensated the
small leaf dimension (area per leaf).
The highest leaf area caused a higher water consumption (WU) in the resistant biotype, which used water more
efficiently (WUE) than the sensitive biotype.
In the present study, yield losses were not significantly different among the years and locations, with values
ranging from 14% to 27% (20% on the average), approximating those reported in previous experiments carried
out in Italy [19, 24, 25].

Area per leaf
(cm2 leaf-1)
12.8
14.7
**

Leaf area
(m2 plant-1)
2.2
2.0
**

WU
(kg plant-1)
82.9
78.6
**

WUE
(g kg-1)
1.8
1.5
**

values during the night. On the other hand, at the hilly site
the daily fluctuation of ozone concentration was smaller
because of a reduced night-time degradation phase (possibly due to the absence of NO and low intensity of vertical air fluxes).
Ozone caused 20% yield losses on average in the sensitive biotype compared to the resistant biotype.
These results confirm that ozone is a dangerous pollutant, also in rural areas, even when located far away from
localities of intense car pollution (as in the case of
S.Angelo and Bellizzi).
At the same time, these results suggest that further
studies under natural conditions are needed to better understand the relationships among water conditions, stomatal conductance (during daytime and/or night-time),
ozone fluxes through plant tissues, and yield losses.

CONCLUSION
The biomonitoring carried out between 2000 and
2002 at three sites highlighted that high ozone concentrations were reached during summer when high temperature
and solar radiation occurred.
The differences observed between the localities (hilly
vs. plain sites) in the ozone pattern are in agreement with
previous researches.
In particular, at the plain sites the daily pattern of
ozone concentration had the typical bell shape with a
maximum peak during the hottest part of the day and low
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SUMMARY
In this work, a new titanium alkoxide complex [titanium(IV)-n-propoxide-(4-nitrophenoxide)] was synthesized by the reaction between titanium(IV)-n-propoxide
[Ti(OPrn)4] and 4-nitrophenol (4-NP) in different mole
ratios at room temperature. GC, FT-IR and 1H-NMR analyses showed that each Ti(OPrn)4 mole reacts with 2 moles
of 4-NP in maximum. This complex was hydrolyzed
with 2 moles water per mole of Ti(OPrn)4, and hydrolysis
products were characterized by thermal analyses and FTIR. The optimum conditions for the adsorption of 4-NP
on the calcinated powder from its aqueous solutions were
determined. Adsorption experiments showed that the
calcinated powder is a quite suitable material for the removal of 4-NP.

KEYWORDS:
4-nitrophenol, sol-gel process, adsorption.

radation, etc. Adsorption is currently being widely used for
the removal of phenolic compounds from aqueous phases.
In recent years, various adsorbents, such as metal oxides,
clays, activated carbon, agricultural byproducts and commercial resins, have been used for adsorption of phenolic
compounds [3-14]. Among these, two adsorbents of metal
oxide origin were synthesized by the sol-gel process and
characterized in this work. We have previously reported on
metal oxide adsorbents prepared by the sol-gel process, and
their capacity in removing synthetic organic and inorganic
pollutants [15-20]. The reason for preferring 4-NP as a
modifier lies in the expectation to obtain an adsorbent porosity of comparable size to that of 4-NP, following the
careful hydrolysis and calcinations of the complex derived
from Ti(OPrn)4 and 4-NP. Thus, the preparation of adsorbent powders, that might offer selective removal of 4-NP,
used as a model component of phenolic pollutants, and the
determination of the optimum conditions for maximum
adsorption were the objectives of this study.

MATERIALS AND METHODS
Chemicals

INTRODUCTION
Phenolic compounds are present in wastewaters from
pesticide, plastic, pharmaceutical, paper, phenol-producing
industries, etc. These compounds have been classified as
hazardous pollutants because of their potential toxicity to
human health [1, 2]. Furthermore, phenolic compounds
are resistant against biodegradation. Consequently, there
has been a growing interest in developing processes of
removing these compounds from water.
There are many methods for the removal of phenolics
from aqueous solutions, eg. adsorption, chemical oxidation (using agents, such as ozone or hydrogen peroxide),
chemical precipitation, solvent extraction, microbial deg-

Titanium(IV)-n-propoxide (Fluka), Ti(OPrn)4, was
used as precursor for the adsorbent synthesis, whereas 4nitrophenol (4-NP) (Merck) was used as modifier for
Ti(OPrn)4 and also model pollutant. These chemicals were
used without further purification. Methyl isobutyl ketone
(MIBK) (Merck) and methanol (Merck) were used as
solvents and stored over molecular sieves (Fluka, 3 Ao
XL8) for a 24-h period before use.
Apparatus

The amount of n-propanol, liberated by the reaction between Ti(OPrn)4 and 4-NP, was determined by a Perichrom
Peri 2000 Model GC, using calibration curves, internal
standard technique, and MIBK as standard. The infrared
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spectra were recorded on a Perkin-Elmer Model Fourier
Transformed Infrared spectrophotometer (FT-IR), using
KBr pellets for solids and CaF2 disks for solutions. 1HNMR spectrum of the 4-nitrophenoxide complex was
recorded on a 60 MHz Perkin-Elmer spectrometer in
CDCl3. The hydrolysis-condensation product of 4-nitrophenoxide complex was dried at 100 °C, and its thermal
analysis was carried out with a Shimadzu 50 Model
Thermal Analyzer. The amounts of 4-NP remaining in the
filtrate were measured by a Shimadzu UV-1601 Model
UV-VIS spectrophotometer at 318 nm, using the calibration method. Several surface characteristics of the adsorbents were determined with a Micromeritics ASAP 2000
model BET analyzer.
Preparation of adsorbents

In order to find out the highest combining ratio between Ti(OPrn)4 and 4-NP, 1 to 2.5 times as much 4-NP
(on molar basis) was added to 0.015 mole Ti(OPrn)4 in
MIBK. After two hours of reaction at ambient temperature,
the volatiles were removed under vacuum. The product,
thus obtained, is a viscous liquid. The amount of npropanol liberated in the complexation reaction was measured by GC and the complex product was characterized by
FT-IR and 1H-NMR.
The complex product was hydrolyzed by adding dropwise 2 moles of water per mole of Ti(OPrn)4. The mixture
was left for a day at ambient temperature after stirring
for 2 h. The liberated n-propanol was removed under vacuum, and the final product dried in a vacuum sterilizer at
100 °C for 4 h before being characterized by FT-IR and
thermal analyses (TG, DTA).
The hydrolysis product, an orange solid, was ground
and sieved to the desired particle size (175-200 mesh).
While one portion of the powdered material was used for
4-NP adsorption without any treatment, the other portion
was calcinated at 900 °C for 1 h, using a heating rate of
20 °C/min. The calcinated powder thus obtained was
employed as a second adsorbent for 4-NP removal. Realization of calcination was checked by FT-IR.
Adsorption Experiments

In order to find out the optimal conditions for the adsorption, contact time, initial 4-NP concentration, and the
amount of the adsorbent were changed in a series of batch
adsorption experiments in 25 mL beakers at constant
temperature (21±2°C) and solution pH (6.9). Thus, a
given amount of adsorbent was placed into the beaker and
10 mL of 4-NP solution of a given concentration was
added. The mixture was stirred magnetically for predetermined periods,then filtered, and the filtrates were
passed through 0.2 µm microfilters. The amount of 4-NP
in the filtrate was analyzed by UV-VIS at 318 nm (λmax of
4-NP). The adsorption percentage was calculated by applying the following equation:
Adsorption (%) = (C0-C/C0) 100

where C0 is the initial concentration of 4-NP (mg/L)
and C its equilibrium concentration in solution (mg/L).
RESULTS AND DISCUSSION
Characterization of the prepared adsorbents

The stoichiometry of the complexation was determined
by monitoring the amount of alcohol released in this reaction. The maximum of alcohol liberated was 2 moles when
treating 1.0-2.5 moles of 4-NP with one mole of Ti(OPrn)4.
For complexing ratios higher than 2/1, -OH bands in
the FT-IR spectra are displayed to be indicative of unreacted 4-NP; whereas at lower ratios, the disappearance of
the -OH bands is clearly attributable to the absence of
unreacted 4-NP. This is in agreement with the inferences
of GC analysis. Therefore, the stoichiometry of complexation reaction is as follows:
Ti(OPrn)4 + 2[4-(NO2)C6H4OH]
Ti(OPrn)2[4-(NO2)C6H4O]2 + 2 PrnOH
The chemical shifts of 4-nitrophenoxide and npropoxide groups bonded to Ti atoms are shown below:
1

H-NMR (in CDCl3): 0.9 ppm (t,3H,CH3CH2CH2-);
1.5 ppm (m,2H,CH3CH2CH2-); 4.0 ppm (t,2H,CH3CH2CH2-);
6.9 ppm (t,2H,Ar-H ), 8.1 ppm (t, 2H,Ar-H)
Addition of water to 4-NP-modified Ti(OPrn)4 gives
rise to a hydrolysis, in which substitution of some –OR
groups of alkoxide by –OH groups of water produces an
intermediate complex [hydroxide-alkoxide product]. Thus,
the intermediate invariably undergoes a condensation
reaction yielding an oxide network [21].
In the FT-IR spectrum of the hydrolysis-condensation
product dried at 100 °C, a small band at 1132 cm-1 corresponding to Ti-O-C and a series of bands in the 29032976 cm-1 range corresponding to the stretching vibration of
aliphatic –CH2 and –CH3 groups could be observed. These
bands indicate incomplete hydrolysis of alkoxy groups
bonded to titanium. The broad band at 3413-3006 cm-1 and
the weak band at 1623 cm-1 are attributed to the stretching
and bending vibration of –OH groups in Ti-OH, whereas
that observed at 1594 cm-1 corresponds to the vibration of
aromatic C=C groups. The bands at 624 cm-1 and 950 cm-1
are characteristically for Ti-O-Ti and Ti-O, respectively,
thus evidencing the expected condensation step.
The thermal analysis of the hydrolysis-condensation
product showed weight losses in three steps, approximately 4% of its original weight upon heating to 280 °C. The
weight loss was accompanied by an exothermic peak in
DTA curve, indicating that the weight loss is caused by
water evaporation, but also volatilization and thermal
decomposition of the remnant in organic solvent. The
endothermic peak in DTA curve between 280-480 °C, to-
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gether with a weight loss of approximately 23.5 % in TGA
curve, was attributed to the combustion of the organic
compounds. The exothermic peak around 640 °C in DTA
curve and a weight loss of 26.4 % in TGA curve can be
ascribed to the further combustion of organic matter. The
total weight loss was determined to be 53.9 % and no additional significant weight loss was observed up to 640 °C.
A portion of the powder dried at 100 °C was calcinated
stepwise. In the FT-IR spectrum of the calcinated product,
–OH, C=C and C-H stretching and bending vibration bands
were not observed. In the lower frequency region, the Ti-O
stretching vibration appears at 771-667 cm-1 as a broad
band, and Ti-O-Ti vibration at around 624 cm-1.
This shows that the calcinated product was converted
into TiO2. Thus, calcinated and uncalcinated powders
were obtained and used as adsorbent material.
Surface areas and average pore diameters of calcinated
and uncalcinated powders were evaluated by BET and N2
adsorption methods to be 0.86m2/g and 1.94 nm for the
calcinated powder, and 1.55m2/g and 1.77 nm for the uncalcinated one. The surface area of the latter decreased

significantly with increasing temperature, while the average
pore diameter increases from 1.77 nm to 1.94 nm.
Adsorption experiments

The optimization of adsorption conditions (contact
time, initial 4-NP concentration and amount of adsorbent)
was only carried out for the calcinated product, since
preliminary experiments have shown that the uncalcinated
product did not adsorb 4-NP significantly.
The effect of contact time

The adsorption of 4-NP onto calcinated powder was
investigated as a function of contact time with 2.5 mg/L
initial 4-NP concentration and 1.0 g adsorbent dose at
constant temperature and pH for different time intervals
(0, 10, 20, 40, 60, 80 and 100 min). As shown in Fig. 1,
the percentage of adsorption increased with increasing
contact time below 20 min, remained constant between
20-60 min, but dropped within the contact time range of
60-100 min. The highest percentage of adsorption (100%)
was observed from 20 to 60 min, and 60 min was adopted
as contact period for subsequent experiments.

4-NP adsorption (%)
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FIGURE 1 - The effect of contact time on 4-NP adsorption.
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FIGURE 2 - The effect of adsorbent dose on 4-NP adsorption.
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FIGURE 3 - The effect of initial concentration on 4-NP adsorption.

Effect of adsorbent dose

The adsorption of 4-NP on the calcinated powder was
studied by changing the quantity of adsorbent (0.25, 0.50,
0.75, 1.0 and 1.25 g) at constant values of initial 4-NP
(2.5 mg/L), temperature (21±2°C), solution pH, and contact time (60 min). Fig. 2 shows that the amount of adsorbed
4-NP as a function of adsorbent dose increases up to 100 %
with adsorbent quantities from 0.25 to 1.0 g. Increasing the
adsorbent amount makes a large number of sites available,
leading to an increase in adsorption. However, the percentage of adsorption remained at its maximum when adsorbent
dose was higher (1.0-1.25 g). This can be attributed to the
binding of almost all 4-NP molecules to the adsorbent and
the establishment of an equilibrium with those remaining
not adsorbed in the solution. 1.0 g of adsorbent is adequate
for removing 4-NP in this case.

time: 60 min; initial 4-NP concentration: 2.5mg/L;
temperature: 21±2°C; pH: 6.9). This could be attributed to a favorable change in the average pore size of
the adsorbent after calcinating.
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POLAROGRAPHIC DETERMINATION OF SOME
TOXIC TRACE ELEMENTS IN FISH MUSCLES
Recai İnam and Çiğdem Toprak
Gazi University, Faculty of Science and Arts, Department of Chemistry, 06500 Ankara, Turkey

SUMMARY
This paper recommends a simple and reliable method
for the determination of some toxic elements in fish muscles. They are present in the aquatic food chain, becoming
dangerous for humans too, as a consequence of consumption of marine products. The experiments were performed
simultaneously on dropping mercury electrode (DME)
and hanging mercury drop electrode (HMDE) using differential pulse polarography (DPP) and differential pulse
anodic stripping voltammetry (DPASV). In this method,
the three different fish samples were digested in HNO3:
HClO4 (4: 1) by wet digestion procedure. The DP polarograms of digested fish samples in 0.1 M HCl solution gave
peaks for Cu, Pb, Se and Zn at – 0.15 V, -0.35 V, -0.50 V
and -0.98 V, respectively. The method was applied to 0.5 mL
of three different digested fish sample and 0.61 - 1.12 µg
Cu/g, 1.70 - 5.90 µg Pb/g, 1.10 - 5.10 µg Se/g and 27.9 51.2 µg Zn/g dry mass could be determined with the maximum relative standard deviations of 6.3 %, 9.5 %, 6.3 %
and 5.7 %, respectively and with a 90% confidence interval (n=5). A recovery test performed for the accuracy of
the method was between 96-98 %.

KEYWORDS: Fish; toxic elements; determination; differential
pulse polarography.

INTRODUCTION
The accumulation of toxic and persistent substances
in the environment continuously increases owing to anthropogenic activities. Particular attention is being paid to
the presence of heavy metals, because of their irreversible
effects on man [1]. In fact such elements tend to concentrate in all aquatic environmental matrices [2] and for this
reason they are present in the aquatic food chain, becoming dangerous for humans too, as a consequence of consumption of marine products. Lead determination in seafood samples is of great importance for environmental
chemistry, considering that the concentration of this metal in
samples of mussels, shrimps, fishes and lobsters, can serve
as a base to characterize the level of pollution of certain

area. Copper(II) is also toxic to fish life, even when its
content is low in natural water. Selenium is a metalloid
which is an essential micronutrient at low concentrations
but becomes toxic at higher concentrations, with the range
between being very narrow [3]. Long–term exposure to
high zinc intakes substantially in excess of requirements
has been shown to result in interference with the metabolism of other trace elements.
The need for regular monitoring of toxic and essential
trace elements in biological materials has led to an increasing demand for suitably sensitive and selective analytical techniques with multi-element capabilities [4-7]. A
number of methods are available for the determination of
trace elements in biological samples. These methods
include fluorimetry, chromatographic techniques, neutron
activation analysis, various atomic absorption (or emission), spectrometric procedures and various electroanalytical methods. Of these, voltammetric techniques such as
differential puls polarography (DPP) [8, 9], anodic stripping voltammetry (ASV) [10, 11], cathodic stripping
voltammetry (CSV) [12, 13] and a more recent approach
of adsorption voltammetry (AV) [14, 15] require relatively inexpensive instrumentation, are capable of determining elements accurately at trace to ultra-trace levels and
demonstrate ability for mutielement determination. In
general, the accurate voltammetric determination of trace
elements in biological and environmental sample matrices
requires a complete and thorough decomposition of the
organic matter. With biological materials the most hazardous steps from the point of view of loss trace elements
are ashing, drying and evaporation to dryness. Two types
of decomposition method commonly employed for the
determination of trace elements in biological and environmental materials are wet digestion and dry ashing [8,
16]. Dry ashing of biological materials, especially of
samples intended for multielement analysis should generally be avoided (even at low temperature) due to the loss
of several elements from a variety of matrices. Wet ashing
is relatively safe if the ashing mixture is used with discretion such as choices of open or closed digestion systems,
the mixture of acid, oxidizing conditions maintained during ashing.
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In this work, useful procedures for the determination
of trace elements such as Cu, Pb, Se and Zn, which tend
to concentrate in all aquatic environmental matrices, were
recommended. For this purpose, the fish samples collected from different parts of Turkey were decomposed with
the mixture of HNO3: HClO4 (4:1) to destroy organic
contents and then HCl is used to reduce Se (VI) to Se (IV).
The proposed method employs polarographic and anodic
stripping voltammetry together with sequential simultaneous determination of Cu, Pb, Se and Zn in 0.5 mL digested fish muscle samples. There is no need for sophisticated instruments, tedious separation procedure, preconcentration techniques such as ion exchange or solvent
extraction and limitations.

MATERIALS AND METHODS
Apparatus

A PAR model 174A polarographic analyzer system,
equipped with a PAR mercury drop timer, was used. A
Kalousek electrolytic cell with reference saturated electrode
(SCE), separated by liquid junction, was used in a threeelectrode configuration. The counter electrode was platinum wire. The natural drop time of the mercury electrode
was in the range 2-3 s (2.37 mg/s). The polarograms were
recorded with a Linseis LY 1600 X-Y recorder. DP polarograms were recorded under the conditions of a drop life of
1 s, a scan rate of 5 mV/ s and a pulse amplitude of 50 mV.
For the DPASV procedure, a Metrohm E 410 hanging
mercury drop electrode (HMDE) was used as a working
electrode, scan rate and pulse amplitude was 20 mV/s and
50 mV, respectively.
Reagents

All chemicals used were analytical-reagent grade
(Merck). Triply distilled water was used for the preparation of all solutions and at other stages of analysis. The
mercury (pro-analysis) was obtained from Merck (Darmstadt, Germany). Contaminated mercury was cleaned by
passing it successively through dilute HNO3 and water
columns in the form of fine droplets. The collected mercury was dried between sheets of filter paper. Before use,
a differential pulse polarogram of this mercury was recorded in order to confirm the absences of impurities.
A 0.1 M stock solution of Se (IV) was prepared by dissolving SeO2 in hot water. 0.1 M copper, lead and zinc
solutions were prepared by dissolving nitrate salts in water.
1.0x10-3, 1.0x10-4, 1.0x10-5 M working solutions were
prepared by daily dilution. Britton-Robinson (B-R) buffer
solution was prepared in such a way that 2.3 ml glacial
acetic acid, 2.7 ml phosphoric acid and 2.4720 g boric acid
dissolved by dilution with water to 1.0 L. 50.0 ml portions
of this solution were taken and the desired pH was adjusted between 2.0 and 7.0 by addition of appropriate amount
of 2.0 M NaOH.

Procedure
Preparation and digestion of fish samples

Three different fish samples, anchovy, canned tunny
and salmon trout obtained from different parts of Turkey,
were cut into pieces and dried for one day in oven at 80 oC
to remove water content and obtain a constant weight.
Two gram of dried fish sample and 10 ml acid or acid
mixtures such as nitric acid and mixture of HNO3: HClO4
(4:1), HNO3: HClO4 (1:1) HNO3: HClO4: H2SO4 (2:2:1),
HNO3: HClO4: H2SO4: HCl (4:2:2:1) was transferred into
100 ml long-necked glass flask and tried to completely
digest samples. These samples were kept in the acid mixtures for about ten minutes. A pre-cleaned glass funnel
was inserted into the glassware to prevent rapid evaporation, heated directly and gently with a Bunsen flame. This
mixture was heated until nitrogen oxides fumes were just
given off. When the digestive sample from yellowish to
deep-dark, this indicated a danger of explosion, so three
separate additions of 2.0 ml acid mixture must be done,
cooling the flask for about two minutes between each
addition. After final addition of acid mixture, the heating
was continued until the nitrogen oxides were completely
evolved and obtained clear colourless solution. The digestion was completed with the appearance of white fumes of
perchloric acid and approached approximate dryness.
Finally, 2.0 ml of HCl (37 %) was added and heated at
least ten min to reduce Se (VI) to Se (IV). During the
digestion period, care was taken to ensure that no charring
of the sample occurred, since it can cause loss of selenium
as volatile SeCl4 and SeO2. The final solution was evaporated to approximately dryness. Cooled to room temperature, the funnel rinsed into the flask with water and the
contents transferred into a 10.0 ml calibrated flask which
was made up to the mark with triply distilled water. As a
digestive acid mixture, HNO3: HClO4 (4:1) was preferable
for voltammetric analysis of fish samples since, it gave a
more clearly colourless solution enabled to obtain well
defined peaks and also no residue or organic contents
remained. Acid mixture of HNO3: HClO4 (4:1) was used
for further studies.
Polarographic and voltammetric determination

9.5 ml of supporting electrolyte solution containing
100 µl HCl (37 %) was put into the polarographic cell and
de-oxygenated with high-purity nitrogen (99.999 %) for
about five min. Polarogram was taken by scanning the
potential from 0.0 V to about – 1.1 V. Then 0.5 ml of
digested fish sample was added and the polarogram was
recorded once more. The peaks at about –0.15 V, –0.33 V,
–0.50 V and –0.98 V belonged to Cu, Pb, Se, and Zn were
observed. After the standard addition of 1.0x10-6 -1.0x10-5 M
ions, the polarograms were recorded and concentrations
of copper, lead, selenium and zinc in the mentioned peaks
were calculated from the increments due to the addition of
known quantities. For the stripping analysis (DPASV),
9.5 ml of supporting electrolyte containing 100 µl HCl
(37 %) was put into voltammetric cell, and nitrogen gas
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was passed for five minutes for removing of dissolved
oxygen. Then a mercury drop was suspended and deposition was carried out for 60 s at a deposition potential of –
0.80 V while stirring the solution by passing nitrogen gas
at a flow rate of 100 ml/min. Following the deposition, the
solution was left in quiescence for 10 s, then the DPAS
voltammogram was recorded from –0.80 V for copper and
lead at a scan rate of 20 mV/s in the positive potential direction by applying a pulse amplitude of 50 mV (pulse
duration 50 ms). After the standard addition of Cu2+ or
Pb2+, the concentrations of these elements were calculated
from the increments of peak currents.
RESULTS AND DISCUSSION
The pH of the supporting electrolyte has to be investigated to provide highest sensitivity or prevent possible
overlapping of the peaks for the determination of trace
quantities of Cu, Pb, Se ,Cd and Zn in fish samples. For
this purpose, the polarograms of 1.0x10-5 M Cu2+, Pb2+
and Zn2+ solutions were recorded at different pH’s in the
same solution. Acidic electrolytes gave much better sensitivity for Cu2+, Pb2+ and Zn2+ than neutral or basic electrolytes. Figure1 shows the dependence of the peak currents
(ip) of the ions on pH. A pH of about 1 was chosen for the
polarographic determination of each element due to the
higher sensitivity and non-overlapping peaks.

FIGURE 2 - Determination of Se in fish muscle by DPP. a) 9.5 ml
0.1 M HCl + 0.5 ml digested fish sample. b) standard addition of
5.0x10-6 M SeO32– c) standard addition of 1.0x10-5 M SeO32–. Drop time:
1 s , pulse duration: 50 ms , pulse amplitude: 50 mV, scan rate: 5 mV/s.
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FIGURE 1 - Effect of pH on the peak currents of Cu , Pb and Zn.

Differential pulse polarogram of the fish sample obtained during the scanning of the potential from –0.1 V to
– 0.7 V was given in Fig. 2. The peak observed at about –
0.50 V must be for selenium since the peak potential
shifted toward the negative potential direction with increasing pH, as expected [9] and magnitude of shifting for
selenite solution and fish samples are nearly the same.
Because the peak current at –0.50 V showed appropriate
increments with standard selenite additions, selenium
calculation based on this peak was carried out.
6 H+ + SeO32- + 4e- + Hg D HgSe + 3 H2O

FIGURE 3 - Determination of Pb in fish muscle by DPP. a) 9.5 ml
0.1 M HCl + 0.5 ml digested fish sample. b) standard addition of
5.0x10-6 M Pb2+ c) standard addition of 1.0x10-5 M Pb2+ d) standard
addition of 1.5x10-5 M Pb2+. Drop time: 1 s, pulse duration: 50 ms,
pulse amplitude: 50 mV, scan rate: 5 mV/s.

For the determination of lead in 0.5 mL digested fish
muscles by differential pulse polarography, the peaks obtained at about –0.35 V gave well increment on standard
lead ions additions (Fig.3). In the preliminary work, the
peak potential of lead solution shifted 50 mV toward the
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positive potential with pH increasing from 1 to 6, as observed in fish samples. This qualitative observation proved
it to be lead. The sample was also analysed by an independent electro-analytical technique that involves anodic
stripping procedure. For the stripping procedure, accumulation of lead and copper was carried out at optimised conditions of 60 s deposition time and –0.80 V depositions potential while stirring the solution by passing nitrogen gas at
a flow rate of 100 ml/min. After standard additions of both
ions, their amounts were calculated from their quantitative
peak increments. The consistence of the results obtained
from both techniques indicated the validity of the method
(Table 1). Figure 4 shows the characteristic zinc peak obtained just before hydrogen reduction at –0.98 V and gave
quantitative increments on standard zinc additions.
According the results obtained, the highest amount of
copper were found in salmon trout (1.12 µg/g) whereas
lowest one in anchovy (0.61 µg/g). The lowest lead content was found in salmon trout (1.70 µg/g) and highest
one in canned tunny (5.90 µg/g). The amount of lead
determined in fish tissue by using flame atomic absorption spectrometry [17] ranged 0.83 – 4.58 µg /g. As seen
in Table 1, the amounts of lead and zinc detected in
canned tunny higher than the others. Since the braindamaging effects of lead poisoning in young children is
associated with anaemia, fatigue, poor attention span and
learning ability [18], it is important to take care of such
kind of foods and food products. Excess intake of selenium also leads to pronounced toxic symptoms [19]. The
selenium contents analysed for18 common fish species by

using hydride generation atomic absorption spectrometry
[16] ranged from 0.49 to 2.90 µ/g dry mass. The amount
of zinc in three fish samples was found to be higher than
other elements, as also indicated in other works [20].

FIGURE 4 - Determination of Zn in anchovy by DPP. a) 9.5 ml 0.1 M
HCl + 0.5 ml digested sample. b) standard addition of 1.0x10-5 M
Zn2+. c) standard addition of 2.0x10-5 M Zn2+. Drop time: 1 s, pulse
duration: 50 ms, pulse amplitude: 50 mV, scan rate: 5 mV/s.

TABLE 1 - The amounts of Cu, Pb,Se and Zn determined by DPP and DPASV in fish samples (µg / g dry mass).
x ± tas/n1/2

Sample
Anchovy

Cu
0.64 ± 0.04
0.61 ± 0.03c

Pb
2.40 ± 0.12

Se
5.10 ± 0.32

Zn
33.6 ± 1.9

Cu
6.3
4.9

Canned tunny

0.84 ± 0.03

5.90 ± 0.56
5.71 ± 0.13c

4.10 ± 0.14

51.2 ± 1.7

3.6

RSDb (%)
Pb
Se
5.0
6.3
9.5
2.3

3.4

Zn
5.7
3.3

1.8
4.1
3.6
5.0
1.10 ± 0.04
27.9 ± 1.4
1.12 ± 0.02
1.70 ± 0.07
Salmon trout
t : 90 % confidence interval , bRSD ( % ) : Relative standard deviation , cDPASV : Differential pulse anodic stripping voltammetry, n : number of
experiment (5 )
a

Table 1 summarizes the amount of traces of copper,
lead, selenium and zinc from three different fish samples
(anchovy, canned tunny and salmon trout) collected from
various parts of Turkey. The copper, lead, selenium and zinc
contents were between 0.61-1.12 µg/g, 1.70- 5.90 µg/g,
1.10-5.10 µg/g, 27.6 -51.2 µg/g with the maximum relative standard deviations of 6.3 %, 9.5 %, 6.3 % and 5.7 %,
respectively. To show general accuracy and applicability
of the method, the recoveries were tested by analysis of

fish samples to which two-fold of their Cu, Pb, Se and Zn
contents had been added. The recoveries after acid digestion were between 96 –98 %.
The present method, which was used for the determination of multiple elements in fish samples, enabled the
direct determinations without any separation and preconcentration techniques. Trace and heavy metal determination in seafood samples is of great importance for envi-
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ronmental chemistry, considering that the concentration of
these metals can serve as base for to characterize the level
of pollution of certain area. These elements are also toxic to
human life, even when their contents are small in natural
water. Some of these elements are essential micronutrient
at low concentrations but becomes toxic at higher concentrations, with the range between being very narrow.
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SUMMARY
A rapid determination method for trace diethylhexylphthalate (DEHP) in aqueous solutions by solid phase
micro-extraction (SPME) coupled with high performance
liquid chromatography (HPLC) was developed. In these
experiments, the extraction effects of three solid phase
micro-extraction fibers (polydimethylsiloxane (PDMS),
PDMS/divinyl benzene (DVB), carbowax (CW)/DVB)
were compared, and PDMS/DVB has the best effect on
trace determination of DEHP. The variables, such as pH,
extraction and desorption time, affecting SPME-HPLC
analysis were optimized. The method`s linear range was
from 0.62 mg/L to about 15.60 mg/L, the correlative coefficient 0.9991, the detection limit 0.06 mg/L (3σ, n= 11),
and the relative standard deviation (RSD) 3.3%. The method
was used for the determination of trace DEHP in leachates
of Qingshan and Liufang landfills and distilled water stored
for 100 days in plastic tubes. The recoveries ranged between 89.9 and 101.3%. This method is fast, convenient,
sensitive, solvent-free, and especially suitable for the
determination of trace DEPH in aqueous solutions.

KEYWORDS:
Solid Phase Microextraction (SPME); High Performance Liquid
Chromatography (HPLC); Aqueous Solution; DEHP.

INTRODUCTION
Phthalate acid esters (PAEs) are used as antioxidants
or stabilizing material for plastics, containing more than
50% high polymers [1]. Recently, garbage of epoxy resin
productions with super-polymers, such as poly-carbonate,
have increased and waste plastics containing DEHP are
buried in city landfills. During the course of stacking fermentation and degradation, a hydrolytic or leaching process,
DEHP release may occur from the waste to the leachates
immersing into the soil and flowing into the water. DEHP
threatening human health is in discussion [2]. It has been
demonstrated that DEHP is related to reproductive difficulty,

abnormal development and some disease of immune and
nerval system in animals [3]. Since having become widespread in all kinds of water, DEHP has been one of six
kinds of PAEs inspected prior to other pollutants in water
by USEPA, and USEPA stipulated a max-content of 6 µg/L
[4]. At present, low carbonaceous PAEs are not used for
their toxicities in China, while DEHP is widely used there,
accounting for a quarter of PAEs [5]. Environmental pollution by DEHP is widespread in China, and 1998 DEHP
levels in hazardous waste landfills of Beijing reached
30.7µg/L [6].
Because of DEHP’s low content in water samples,
separation and pre-concentration should be applied before
analysis. Liquid-liquid extraction (LLE), the traditional
method, is overlaborate, time-consuming, polluting and
needs a great deal of organic reagent [7]. Comparatively,
SPE is easy to operate and needs not so much reagents, but
has some defects: its operation steps are more complicated
than others, the pretreatment of samples is time-consuming
and the efficiency of pre-concentration would be greatly
influenced by the speed of water passing the column. Compared with LLE and SPE, SPME is a newly developed
method for sample pretreatment, in which sampling, extraction and concentration have been united [8]. It is quite
simple, solvent-free, sensitive, and less sample is needed.
SPME samples can be easily analyzed by GC and LC.
SPME-GC is generally used to analyze evaporable organic
matter [9]. SPME-HPLC, which was reported firstly in
1995 [10], has been used to analyze the strongly polar or
thermally unstable organic matter, which is difficult to
volatilize to be determined by GC, such as polycyclic aromatic hydrocarbons (PAHs), protein, surfactants, some
medicines, pesticides, etc [11]. SPME-HPLC technology is
seldomly reported in China, and still at the beginning of
development, and its application on leachates is not mentioned there. Therefore, a new determination method for
trace DEHP in leachates by SPME-HPLC, under optimized
operational conditions, is developed. As a result, the
method has been successfully used to analyze traces of
DEHP in leachates of Qingshan and Liufang landfills in
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Wuhan, and also distilled water samples stored for 100
days in plastic tubes.
MATERIALS AND METHODS
Apparatus and experimental conditions

The WATERS 481 HPLC system consisted of a UV
detector (America), an LC-6A pump, and a C-R3A chromatogram data processor from SHIMADZU (Kyoto, Japan), The SPME system consisted of a SPME/HPLC Interface Rheodyne® Valve, an SPME Holder and PDMS,
PDMS/DVB or CW/DVB extraction fibers from SUPELCO
company (USA).

Qualitative analysis of DEHP in leachates by standard addition method

A peak in the chromatograms of leachate sampled on
9th of March appears almost at the same retention time as
that of standard DEHP. To ensure DEHP content in the
leachate, the standard addition method was applied (1 mL
of 18.72 mg/L standard DEHP solution to leachate sample). The peak area of bisphenol-A in leachate increased
evidently (Fig. 1) from 1173 to 8284, proving the existence of DEHP.

Separation was accomplished by a Discovery®C18 column (15 cm x 4.6 mm, 5µm) from SUPELCO (Bellefonte,
PA, USA) with acetonitrile/water (9:1, v/v) as mobile
phase. Ultrasonic degassing treatment was necessary before
use, and the flow rate was 0.8mL/min.
Reagent and Sample

DEHP and acetonitrile (Shanghai LingFeng Chemical
Reagent Limited Company) were both AR. The leachate
samples were collected from Wuhan Qingshan and
Liufang landfills, filtered through 0.45µm filter films
before analysis, and stored in distilled water in plastic
tubes. Double-distilled water was used in experiments.
Determination method

A magnetic rotor was put into the extraction bottle,
and 10 mL sample aliquots were added. Then, the SPME
needle tube was inserted and adjusted to the extraction
fiber package, the electromagnetic mixer of the operating
platform started, and extracted directly for 20 min at room
temperature. Plugged into the interface of SPME-HPLC
(turning the valve to the load position), the handle piston
was pushed to help the fiber into desorption chamber,
which must be filled with mobile phase or other desorption solvents in advance. Desorption was performed in
static mode, and after 15 min the valve was returned to its
initial position (inject mode). Then, the mobile phase was
passed through the desorption chamber and the analytes
were introduced into the column. If desorption is dynamically, the interface should be switched off instantly after
the extraction fiber gets into the desorption chamber.
Then turn the valve to the inject position. Desorption and
analysis should be processed at the same time.

FIGURE 1 - HPLC analysis of DEHP [acetonitrile/water (9:1), flow
rate 0.8 mL/ min]; 1: leachate of Liufang landfill (9th March) +
18.72 mg/ L standard DEHP; 2: leachate of Liufang landfill (9th
March).
The optimization of analysis parameters
Selection of test model and type of extraction fibers: In
HPLC, acetonitrile/water (volume ratio 9/1) with a flow
rate of 0.8 mL/min was selected as mobile phase and 20 µL
of leachate (filtered through 0.45µm filter) was injected
by needle. The direct HPLC analysis of leachate samples
did not allow the detection of DEHP at trace levels because
of the complex composition of the leachate. However, an
enrichment of the sample was achieved by a simultaneous
extraction and pre-concentration using SPME.

The mainly effecting parameters were absorption
wavelength, test model, type of extraction fibers, acidity,
extraction and desorption times.
RESULTS AND DISCUSSION
Selection of absorption wavelength

At 278 nm, DEHP could absorb light strongly with less
disturbance, as observed by UV wavelength scanning.

FIGURE 2 - Chromatograms of three solid phase micro-extraction
fibers [acetonitrile/water (9:1), flow rate 0.8mL/min]; 1: CW/DVB
chromatogram; 2: PDMS chromatogram; 3: PDMS/DVB chromatogram).
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There are two models for SPME, the static and the
dynamic one. The static model extraction proved to be
more efficient. In this model, standard DEHP solution and
the leachate sampled from Qingshan landfill, on 9th March,
were extracted using separately three types of extraction
fibers, PDMS, PDMS/DVB, and CWX/DVB. Extraction
time was 20 min and that of desorption 15 min. DEHP
areas of 35808, 114202, and 66709, corresponding to the
extraction fibers above, could be determined. As a result,
PDMS/DVB was the most effective extraction fiber to
determine DEHP in leachate (see Fig. 2).

tions. The linear regression equation was Y = -1042.589 +
3865.469 x. The correlation coefficient was 0.9991, the
linear range between 0.62 and 15.60 mg/L, and the detection limit 0.06 mg/L (3σ, n=11). The parallel determination of a 0.62 mg/L standard DEHP solution was repeated
for 11 times, and RSD determined to be 3.3%

Effect of pH

The 15.7 mg/L standard DEHP solution was selected
for experiments and adjusted to the working pH by addition of HCl or NH4OH solutions. Variations in the peak
areas obtained by SPME-HPLC were recorded in the pH
range of 1.0 to 10.0. The curves clearly show that the
determination depends on the pH, and pH 8.0 was found
to be optimal (see Fig. 3).

FIGURE 4 - Effect of extraction time(desorption time
15 min) [acetonitrile/water (9:1), flow rate 0.8mL/min].

FIGURE 3 - Effect of pH [acetonitrile/
water (9:1), flow rate 0.8mL/min].
Selection of extraction time and desorption time

Extraction time is a significant factor in SPME, influencing efficiency and analytical sensitivity. Accounted for
practical analytic speed and sensitivity comprehensively,
the extraction time was decided to be 20 min, and that of
static desorption 15 min, with 90 % acetonitrile as desorbing solvent. 15 min was not the equilibrium time of extraction for SPME, however, for the substance analyzed,
the relation between its extraction quality and original
concentration in sample solution presents linear signals,
according to the equilibrium theory of SPME. Not only
extraction time, but also temperature and stirring speed
should be controlled strictly to ensure high analytic precision (see Figs. 4 and 5).
Linear range, Detection limit and Reappearance

The peak area (Y) was taken into consideration as
operating curve to present the quality of DEHP concentration (x, mg/L) under the optimized experimental condi-

FIGURE 5 - Effect of desorption time (extraction time
20 min) [acetonitrile/water (9:1), flow rate 0.8mL/min].
Determination of DEHP in leachates and its correlation recovery rate by SPME-HPLC

Under optimized conditions, the leachates sampled at
Liufang and Qingshan landfills on 9th of March, and that
sampled at Liufang landfill on 21st of March, and distilled
water stored for 100 days in plastic tubes, were analyzed
for three times with PDMS/DVB extraction fiber in static
model mode. As a result, the average concentrations of
DEHP were 1.262 mg/L, 0.569 mg/L, 0.629mg/L and
0.442 mg/L, respectively, Then, a standard DEHP solution was added to each leachate for control of determination level. The peaks of DEHP were presented in Fig. 6.
The values and recovery rates of DEHP could be counted
accordingly on the basis of the peak area in the chromatograms (see Table 1).
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TABLE 1 - The determination and recovery of DEHP.
Sample
Leachate of Liufang landfill (March 9th)
Leachate of Qingshan landfill ( March 9th)
Leachate of Liufang landlill (March 21st)
Distilled water in plastic tubes

Content(mg/L)
1.262
1.268
1.260
0.570
0.561
0.576
0.629
0.635
0.622
0.442
0.338
0.447

Added(mg/L)
0.936
1.248
1.560
0.936
1.248
1.560
0.936
1.248
1.560
0.936
1.248
1.560

Found(mg/L)
2.146
2.406
2.840
1.472
1.689
1.983
1.535
1.757
2.179
1.336
1.470
1.888

Recovery (%)
94.5
91.2
101.3
96.4
90.4
90.2
96.8
89.9
99.8
95.5
90.7
92.4
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FIGURE 6 - Chromatograms of aqueous solutions [acetonitrile/water (9:1), flow rate 0.8mL/min]; 1: Leachate of
Liufang landlill (21st of March); 2: distilled water stored for
100 day in plastic tubes; 3: Leachate of Qingshan landlill (9th
of March; 4: Leachate of Liufang landlill (9th of March)].
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CONCLUSION
SPME coupled with HPLC was successfully applied
to determine trace amounts of DEHP in leachates. The
various parameters, that affected both absorption and
desorption in SPME-HPLC, were optimized and DEHP
could directly determined in the Qingshan and Liufang
landfill leachates with complicated matrix.
The relative standard deviation of the method is less
than 3.3%, and the detection limit is 0.06 mg/L. Both the
reappearance and precision of SPME-HPLC can satisfy
the demands for trace analysis. Thus, this fast method is
convenient, simple and suitable for the determination of
DEHP trace levels in aqueous solutions.
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VOLATILE ORGANIC COMPOUNDS CONCENTRATION LEVELS
ON A DAY WITHOUT TRAFFIC IN THE CENTRE OF ATHENS
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SUMMARY
Volatile Organic Compounds (VOCs) play an important role in airborne air quality deterioration. With the
occasion of the traffic restriction in the centre of Athens,
associated with the European project “In town, without
my car!”, air samples were collected and analysed with a
combination of thermal desorption/ gas chromatography.
VOC values were compared between areas where vehicles circulated or not. The VOCs investigated include
benzene, toluene, ethylbenzene, m-, p-, o- xylenes, hexane, heptane and octane. Analysis of the samples showed
that VOC concentrations in air, during the day without
traffic were reduced by more than 50%.

KEYWORDS:
Volatile Organic Compounds, traffic, urban area.

INTRODUCTION
In the framework of the LIFE European project “In
town, without my car!” for a healthier and friendlier city,
on September 22nd, 2000, an area in the commercial centre of Athens was reserved for pedestrians, bikes, clean
vehicles and public transport.
Air samples were taken during that day, and also the
day before, at the same location, every 3 hours, from 8 am
to 8 pm, in order to examine the extent in which traffic
restriction would affect VOC concentrations.
Concerning the 22nd of September, samples were also taken at a location where vehicle circulation was permitted.
The presence of Volatile Organic Compounds (VOCs)
in ambient air is associated with the deterioration of air
quality due to the formation of photochemical smog and
tropospheric ozone [1, 2]. Exposure to VOCs, particularly
to those classified by the United States Environmental

Protection Agency (USEPA) as known or suspected carcinogens, can cause adverse health effects because of
their toxicity and potential health hazards. For instance,
benzene is a carcinogenic compound and is closely linked
to the induction of leukemia [3]. The main sources of
hydrocarbons in the atmosphere are certain industrial
processes and human activities, principally motor vehicle
exhausts.

MATERIALS AND METHODS
The method EPA-TO1 [4] was used in order to determine the VOCs in ambient air. Air samples were
passed with the aid of personal pumps (SKC) through
preconditioned glass tubes filled with Tenax TA
(Chrompack) at flow rates of about 100 mL/min. The
sampling pump was calibrated by a flow meter (Gilian,
Gilibrator flow calibrator) before and after each sample
collection. The average of these two flow rates was used
as the sample flow rate in all concentration calculations.
In this study, no final flow rate shifted more than 5%
from the initial flow rate. All the VOC samples were
analysed within 1 day after sampling.
The analysis of the VOCs was performed in a thermal
desorption unit (Chrompack) coupled to a Gas Chromatograph (Hewlett-Packard, 5890, series II) using a flame
ionization detector. The tubes were heated up to 240 oC
for 10 minutes and the desorbed compounds were transferred to a capillary cryogenic trap held at -100 oC. The
cryogenic trap was then ballistically heated up to 200 oC
and the compounds were injected into the analytical column. A VA-5 MS, (30 m x 0.25 mm x 0.32µm) capillary
column was used with GC and pure helium gas was used
as carrier gas. The oven temperature of the GC was initially
held at 35 oC for 5 min. It was then raised to 80 oC at a rate
of 5 oC/min, held for 5 min and then raised to 150 oC at a
rate of 12 oC/min and from 150 to 260 oC at a rate of 35 oC/
min, without hold time.
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Eight hydrocarbons (namely, the aromatic benzene,
toluene, ethyl-benzene, m+p-xylene, o- xylene, and the
aliphatic hexane, heptane, octane) were selected for
measurement. Each target compound was identified by its
retention time. The quantification of target VOCs was
accomplished by using multi-point external standard
curves. The analysis reports were checked for errors that
may be caused by the shifts in retention time.

RESULTS AND DISCUSSION
Four air samples were taken at each location at each
sampling session. The average, maximum, and minimum
ambient concentrations of each of the VOCs are presented
in Tables 1-3.

TABLE 1
Mean and range values of atmospheric concentrations (µg/m3) of VOCs on 22/9/2000, in the center of Athens (area with traffic restriction).

(µg/m3)
hexane
heptane
octane
Benzene
Toluene
Ethyl-benzene
m-,p-Xylene
o-Xylene

22/9/2000, 8:00
Mean
Range
10.4
8.00-11.7
4.10
3.30-4.40
4.10
3.10-5.80
14.5
13.9-15.0
190
172-199
14.3
12.2-15.9
56.1
50.1-62.1
19.8
18.6-20.7

22/9/2000, 11:00
Mean
Range
6.10
5.10-7.00
2.60
2.40-2.90
2.50
2.30-2.90
8.60
8.00-9.00
113
102-120
9.00
8.10-9.20
35.7
31.3-39.2
12.5
10.8-14.4

22/9/2000, 14:00
Mean
Range
4.50
4.00-5.00
2.70
2.20-3.10
1.60
1.20-1.80
8.10
7.40-9.20
55.1
51.7-58.1
10.5
10.0-11.2
31.3
29.0-33.1
10.6
9.60-11.1

22/9/2000, 17:00
Mean
Range
4.80
4.10-5.20
3.00
2.00-3.50
2.10
1.70-2.40
7.90
7.00-8.80
60.3
56.1-63.3
8.70
8.10-9.20
34.9
31.5-37.3
12.2
11.8-12.7

22/9/2000, 20:00
Mean
Range
6.00
5.00-7.20
2.30
1.90-2.50
1.50
1.30-1.80
6.50
6.00-7.00
58.0
54.0-61.6
7.40
7.10-7.90
24.4
22.3-26.1
8.00
7.10-9.10

TABLE 2
Mean and range values of atmospheric concentrations (µg/m3) of VOCs on 22/9/2000, in the center of Athens (area without traffic restriction).

(µg/m3)
hexane
heptane
octane
Benzene
Toluene
Ethyl-benzene
m-,p-Xylene
o-Xylene

22/9/2000, 8:00
Mean
Range
20.3
18.0-22.6
13.2
10.8-15.0
10.1
9.20-11.0
56.9
53.7-59.9
329
307-340
63.6
60.2-65.8
238
224-248
86.3
81.2-90.1

22/9/2000, 11:00
Mean
Range
9.30
9.00-9.50
6.70
6.00-7.70
5.50
4.80-6.00
25.4
22.2-28.5
153
140-161
28.9
26.2-30.4
109
100-122
39.5
33.4-42.8

22/9/2000, 14:00
Mean
Range
6.50
6.20-7.00
3.20
2.50-3.50
2.70
2.20-3.30
15.4
13.0-17.2
95.8
90.3-99.6
14.1
12.4-15.5
61.2
59.3-64.0
21.3
19.6-24.7

22/9/2000, 17:00
Mean
Range
8.00
7.20-8.90
4.20
3.10-5.00
3.80
3.00-4.50
20.9
17.5-23.0
128
112-139
20.0
18.2-23.0
78.4
72.0-85.0
27.1
25.3-29.3

22/9/2000, 20:00
Mean
Range
12.4
11.1-12.9
6.40
6.00-7.30
5.20
4.50-5.90
34.6
32.0-37.1
213
198-231
33.6
31.1-36.6
136
120-140
46.6
42.0-50.8

TABLE 3
Mean and range values of atmospheric concentrations (µg/m3) of VOCs on 21/9/2000, in the center of Athens (area without traffic restriction).
(µg/m3)
hexane
heptane
octane
Benzene
Toluene
Ethyl-benzene
m-,p-Xylene
o-Xylene

21/9/2000, 8:00
Mean
Range
20.3
17.8-22.4
11.8
10.1-14.0
9.00
7.10-11.5
57.9
50.7-62.9
271
238-295
50.0
45.8-57.2
187
170-202
68.0
62.9-73.3

21/9/2000, 11:00
Mean
Range
15.2
14.1-16.7
22.4
20.6-24.6
9.40
8.80-10.1
38.8
35.0-42.9
263
240-290
48.4
45.0-52.2
183
168-199
62.9
55.7-69.4

21/9/2000, 14:00
Mean
Range
12.4
10.1-13.9
11.1
10.0-13.6
10.0
8.8-11.0
33.6
30.2-37.0
272
244-295
53.2
50.2-55.7
208
188-225
76.3
70.7-82.2

In the atmosphere of the center of Athens VOCs were
determined at relatively high values. Traffic-related aromatic hydrocarbons, and mainly toluene, xylenes, ethyl-

21/9/2000, 17:00
Mean
Range
6.40
5.50-7.50
4.20
3.40-5.00
4.10
3.40-5.00
13.5
12.1-15.1
110
100-123
18.6
16.6-20.7
73.2
61.6-90.0
25.3
19.9-30.0

21/9/2000, 20:00
Mean
Range
6.00
4.80-7.00
4.70
4.40-5.50
4.60
4.00-5.30
14.1
13.0-15.7
122
109-132
22.0
20.0-15.1
76.3
69.7-86.0
30.2
27.4-34.9

benzene and benzene (BTEX) were always the dominant
compounds. Diurnal variation of BTEX concentrations is
presented in Figures 1-3.

503

© by PSP Volume 14 – No 6. 2005

Fresenius Environmental Bulletin

350
08:00

300

11:00

14:00

17:00

20:00

µg/m3

250
200
150
100
50
0
Benzene

Toluene

Ethylbenzene

m,p-xylene

o-xylene

FIGURE 1 - Diurnal variation of ambient air concentrations of BTEX
on 22/9/2000, in the center of Athens (area with traffic restriction).
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FIGURE 2 - Diurnal variation of ambient air concentrations of BTEX
on 22/9/2000, in the center of Athens (area without traffic restriction)
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FIGURE 3 - Diurnal variation of ambient air concentrations of BTEX
on 21/9/2000, in the center of Athens (area without traffic restriction).
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In both days the highest concentrations were observed at 8 a.m., the peak-hour of Athens’ traffic. In general, the VOC levels of evening peak-hour transports were
only slightly higher than the levels recorded during the
less busy afternoon traffic period.

Analysis of the samples showed that VOC concentrations in air were reduced more than 50% in the areas of
traffic restriction.
Although the reduction of VOCs was significant, the
values of traffic-related hydrocarbons were still higher
than the levels that were measured in a sub-urban area of
Athens (Ag. Paraskevi) as well as in a rural area (Table 4)
[6]. The sub-urban site was located in the area of the
research centre “Demokritos”, which is located at 6 km
distance from the centre of Athens. This site is on the foot
of the Ymittos Mountain, in an area vegetated with pine
trees. The nearest road with light traffic in rush hours is
located at 500 m. The rural site was located 10 Km from
Korinthos near the national highway. Concerning the
concentration of n-alkanes were at the same levels in the
three sites (Urban-traffic restricted, sub-urban, rural-near
highway). As it was expected the maximum concentration
levels of all hydrocarbons were observed during the sampling in the urban area without restriction (Fig 4, 5, 6).

Benzene, known for its carcinogenic properties, presented an average concentration of 31.6 and 30.6 ng/l on
21/9 and 22/9/2000 respectively, in the centre of Athens
(without any traffic reduction). The value in the centre of
Athens far exceeded the limit of 10 ng/l, proposed for an
average period of a calendar year by the EU [5]. The
average benzene concentration on 22/9/2000 in the commercial centre of Athens, where no vehicles were circulating, dropped to 9.1ng/l.
The results of this study indicate that Athens citizens
are sometimes exposed to high levels of VOCs during
daily transports.

TABLE 4
Mean and range values of atmospheric concentrations (µg/m3) of VOCs in the sub-urban and rural area during autumn.
(µg/m3)
Compound

Sub-Urban site (DEMOKRITOS)
Range
Mean

hexane
heptane
octane
Benzene
Toluene
Ethyl-benzene
m-,p-Xylene
o-Xylene

Rural site (Korinthos – near highway)
Range
Mean

0.60-30.2
0.20-6.80
0.30-7.30

6.60
1.40
1.90

0.10-11.0
0.10-9.70
0.10-11.5

3.40
3.10
3.10

0.10-18.7
0.10-16.0
0.10-1.90

7.60
5.30
0.70

0.10-6.40
0.10-199
0.10-2.60

2.80
71.7
1.10

0.50-7.40
0.10-2.30

2.90
0.90

0.10-91.9
0.10-3.80

32.8
1.40
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FIGURE 4 - Mean daily concentrations of VOCs in the four sites.
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FIGURE 5 - Mean daily values of n-alkanes in the four sites.
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FIGURE 6 - Mean daily values of BTEX in the four sites.
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SUMMARY
This study aims to determine the amount of organochlorine pesticides (OCPs), especially DDT, its metabolites, and
BHC isomers, in human milk samples obtained from Afyon
city. For this purpose, OCP contamination levels were determined in 80 human milk samples from healthy donors
living in Afyon for at least 5 years by GC-ECD analysis with
aldrin as internal standard. Alpha-benzenehexachloride
(0.027±0.05), beta-BHC (0.285±0.286) gamma-BHC
(0.014±0.055), HCB (0.073±0.087), heptachlor epoxide
(0.061±0.061), p,p’-DDE (2.098±1.379), and p,p’-DDT
(0.111±0.294), expressed on a fat basis (ppm), could be
detected. The results have been discussed in terms of
regions and OCPs.

KEYWORDS:
Human milk, organochlorine pesticides, Turkey.

INTRODUCTION
Since the middle of the last century, large numbers of
man-made synthetic chemicals have been released into
the environment as a consequence of efforts expended to
increase agricultural productivity and modern manufacturing processes.
Organochlorine pesticides (OCPs) are one of the best
representatives of the above-mentioned group of chemicals. Although their usage has been banned in most of the
developed countries in the last 35 years, due to their persistency in the environment, these compounds are still to
be found in the various tissues of humans and animals,
even in the African fauna and Antarctic area, where no
use of these compounds is available [1].
Determinations of environmental pollutants and their
metabolites in different compartments are very important
to evaluate their extent of exposure. Human breast milk is

one of the sources suitable for accumulation of environmental contaminants, such as organochlorine pesticides
(OCPs), polychlorinated biphenyls (PCBs), dioxins, dibenzofuranes, etc. Many OCPs have been implicated in problems to human health and the environment, including
impaired reproduction, endocrine disruption, immunosuppression and cancer [2-4].
In Turkey, OCPs have been firstly used in 1945, and
large quantities of these chemicals were used during 1960s
and 1970s, and since 1983 their usage, excluding endosulfan, have been severely restricted. However, measurable
levels of OCPs are still to be found in human adipose
tissue and milk samples [5-8] as well as in environmental
ones [9-11].
In Turkey, OCP residues have been monitored in
breast milk and adipose tissue of the Turkish population by
carrying out regional surveys at given time intervals since
1976. In these studies, mainly concentrations of DDT and
its metabolites, but also HCB, α-,β-, and γ-BHC have
been determined. However, although there are 81 provinces in Turkey, only results obtained from 8 provinces
have been available until today with both mother milk and
adipose tissue. Therefore, the values belonging to Afyon
province in this study will play a critical role in determining the general contamination of OCPs.
MATERIALS AND METHODS
Sample Collection

Between April 2003 and December 2003, 80 human
milk samples were taken from the Afyon Kocatepe University, School of Medicine, Department of Family Medicine, from different nursing mothers living in Afyon area
for at least 5 years and voluntarily participating in the
study. Milk samples (15-30 ml) were taken from one of
the breasts by manual expression at the end of the feeding,
and between 3rd and 38th day of postpartum. They were
kept frozen at -20 °C until analysis. The age of mothers
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ranged from 17 to 40 (mean age 27±5.0). Each donor
completed a questionnaire to provide personal information,
such as weight, place of occupation, smoking habits, previous nursing time, food pattern, and place of residence. The
mothers were mixed food consumers, most of them, except
seventeen, were non-smokers, and 26 had one, 32 two
children and 22 were multiparous (more than 3). Afyon,
situated in the middle of Turkey, is a city that has been in
attempt of industrialization, but is also agricultural and
stockbreeding region.
Analytical Procedure

fortified sample (0.2 ppm each level) were in the range of
83-95 %, including the internal standard, and results were
not corrected for the percentage recovery. Detection limits
for α-BCH, β-BCH, γ-BCH, HCB, heptachlor epoxide,
p,p-DDE, and p,p’-DDT were 1, 1, 1, 1, 1, 2, 3 ppb, respectively. Values below detection limits were assigned
as not detectable (ND).
All solvents used were pesticide analytical grade reagents free of interfering residues tested by GC. All glassware equipment used for analysis was rinsed with nhexane before use.

The milk OCPs were extracted according to Krauthacker et al. (1986) [12]. Before extraction, each milk sample
was totally defrosted, homogenized and kept 10 min in a
30°C water-bath. After adding aldrin as an internal standard, 2.5 g of milk was mixed with 17 ml of chloroform/
methanol 1:1(v/v) and 7 ml redistilled water. Then the
mixture was centrifuged until separation. The lower phase
containing fat was transferred into a weighed tube and the
upper phase was re-extracted twice with an additional 5 ml
aliquot of the solvent mixture. The pooled extracts were
evaporated to dryness under a stream of nitrogen and the
fat content was weighed. The fat was redissolved in 4 ml
hexane and 5 ml conc. H2SO4 was added for purification.
After centrifugation, the organic phase was concentrated
to 2.0 ml and 1.0 µl injected into the GC.

Statistical treatment of data

OCPs and metabolites (including HCB, α-BHC, βBHC, γ-BHC, p,p’-DDE, heptachlor epoxide, and p,p’DDT) were analyzed on a 50m x 0.2mm x 0.33 µm fused
silica capillary column Ultra-2 (Hewlett-Packard) using a
Hewlett-Packard Model 5890 GC equipped with 63Ni
electron capture detector and HP 3396 integrator. The
operating conditions were as follows: injector temperature
260 °C; detector 320 °C; column 120 °C, isothermally for
3 min and 10 °C/min to 280°C. The mobile phase was
helium. Peak areas were used for quantification with regard
to a spiked quality control sample. Residue levels are expressed as mg/kg fat extracted (ppm). Recoveries from a

OCP concentrations in human breast milk vary with
factors, such as age and number of the mothers` children
[13]. In this study, the mothers were grouped into three
categories, 1 (n=26), 2 (n=22) and 3+ (n=32) births, but
no significant relationship between the number of childbirths and the levels of analyzed pesticides was found
(p>0.05). Some of the studies demonstrated that primiparous women have higher residues of OCPs in milk than
those nursing their second or third child [14, 15]. However, some studies have found no significant differences
between OCP residues in milk and parity [7, 16, 17].

The different data sets were examined for statistical
differences by the Mann–Whitney U-test. Spearman rank
correlation was calculated to measure the relation between
residues. In order to test differences between the subgroups,
Kruskal–Wallis non-parametric ANOVA test was applied.
RESULTS AND DISCUSSION
In the present study, the residues of β-BHC, p,p’DDE and p,p’-DDT were found to be the major contaminants in human milk samples from Afyon. The residue
levels of OCPs are shown in Table 1, and p,p’-DDE was
dominating and found practically in all milk samples.

TABLE 1
Organochlorine pesticide residues (mg/kg fat) in human milk samples in Afyon residents.
Pesticide
HCB
α-BHC
β-BHC
γ-BHC
∑-BHCa
HEPTACHLOR EPOXIDE
p,p’-DDE
p,p’-DDT
∑-DDTb

Mean (±S.D)
0.073±0.087
0.027±0.050
0.285±0.286
0.014±0.055
0.339±0.283
0.061±0.061
2.098±1.379
0.111±0.294
2.559±1.608

N.D: under the limit of detection
a
∑-BHC= α-BHC+β-BHC+γ-BHC
b
∑-DDT= 1.115xp.p’-DDE+p.p’-DDT
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Range
N.D - 0.448
N.D - 0.445
N.D - 1.469
N.D - 0.459
0.0 - 1.030
N.D - 0.362
0.075 - 5.881
N.D - 2.390
0.160- 7.170

Frequency (%)
57.5
61.2
86.2
21.2
35
100
61.2
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TABLE 2
The change of residue levels of OCPs in human milk by age ( mg/kg fat basis).
Pesticide

α-BHC
β-BHC
γ-BHC
HCB
Heptachlor epoxide
p.p’-DDE
p.p’-DDT
∑-BHC
∑-DDT

Age Groups (Years)
24-30
31-40
(n=21)
(n=21)
0.052±0.085
0.071±0.077
0.293±0.333
0.419±0.352
0.012±0.032
0.035±0.103
0.058±0.069
0.079±0.078
0.049±0.046
0.090±0.083
1.575±1.176
2.481±1.672
0.066±0.114
0.145±0.213
0.358±0.328
0.428±0.307
1.888±1.414
3.025±1.965

17-24
(n=38)
0.059±0.106
0.209±0.186
0.005±0.014
0.090±0.103
0.055±0.055
2.181±1.264
0.141±0.391
0.270±0.229
2.695±1.435

TABLE 3
Mean levels of OCP residues in human milk from different provinces (1984-2003 in Turkey).
Year
(City)

n

1983
(Sivas)

18

1984-85
(Ankara)
1985
(Adana)
1985
(Kocaeli)
1988
(Diyarbakır)
1989
(Kayseri)
1995-96
(Van)
1995-96
(Manisa)
2002
(Ankara)
2003
(K.maraş)*
2003
(Afyon)

β-BHC

γBHC

HCB

H.E**

p.p’DDE

p.p’DDT

∑DDT

∑BHC

DDE/DDT

0.26

0.94

0.3

0.08

--

--

--

13.97

--

--

61

0.135

1.30

0.022

--

--

3.28

0.73

4.39

1.45

4.5

52

0.037

1.65

0.037

--

--

1.57

9.69

12.37

1.73

6.17

50

0.026

0.66

0.12

--

--

3.37

0.45

4.19

0.81

7.49

30

0.545

1.410

0.430

0.349

--

4.09

0.42

5.12

1.71

9.74

51

0.096

0.522

0.156

0.084

0.011

2.39

0.41

3.16

0.775

5.83

41

0.05

0.417

0.016

0.058

0.078

2.26

0.14

2.67

0.483

14.74

63

0.067

0.355

0.017

0.044

0.069

1.851

0.07

2.15

0.441

17.45

101

0.05

0.49

0.01

0.15

0.06

2.28

0.13

2.66

0.55

17.67

37

--

0.149

0.003

0.02

--

1.522

0.065

1.595

0.151

28

80

0.027

0.285

0.014

0.073

0.061

2.10

0.11

2.56

0.34

19.09

α-BHC

References
Çetinkaya
et.al., 1983
[18]
Karakaya et
al., 1987 [19]
Karakaya et
al., 1987 [19]
Karakaya et
al., 1987 [19]
Kelle,1989
[20]
Ustunbas et
al., 1994 [21]
Çok et
al.,1997 [5]
Çok et
al.,1997 [5]
Çok et al,
2004 [7]
Erdoğrul et
al., 2004 [8]
Present Study

*Median; **H.E: Heptachlor Epoxide

Subjects were also classified arbitrarily according to
their age into three groups: 17-24 (n=38), 25-30 (n=21),
and 31-40 (n=21) years. Also, no correlations were found
between OCPs concentrations and age, except for β-BHC
levels and heptachlor epoxide. In terms of β-BHC
(p=0.0278) and heptachlor epoxide (p=0.0423) significant
increase was found between the 17-24 age group with 3140 age group, and for all 3 age groups, although there were
differences in α-BHC, γ-BHC, HCB, p,p’-DDE, p,p’-DDT,
∑-BHC and ∑-DDT amounts, these variations were not
found to be statistically significant. The residue levels of
OCPs in human milk by age are shown in Table 2.
Although the use of OCPs, except endosulfan, has been
banned in Turkey since 1985, measurable amounts can still
be found in human tissues evidencing decreasing trends in
the levels of analyzed pesticides, total BHC and total
DDT. Table 3 shows the trend for mean levels of the main

OCP residues in human milk over the 20-years period of
experiments in Turkey.
HCB is the most striking OCP analyzed. It is a widespread contaminant and has been used in the manufacture
of industrial chemicals, including chlorinated pesticides,
but also as a fungicide and seed-dressing agent in agriculture. Its production and use have decreased since the
1970s owing to bans and usage restrictions in many countries, but it still occurs as a by-product in a number of
chlorinated solvents and other industrial chemicals [22].
Despite its low acute toxicity, HCB is toxic to humans
and animals, when long-term exposure occurs. The product
has been banned for most food crop uses throughout the
world due to its chronic toxicity. US EPA has determined
that HCB is a possible carcinogen, while the International
Agency for Research on Cancer (IARC) has classified
HCB as possibly carcinogenic to humans (Group 2B) [23].
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In a poisoning epidemic in Turkey, exposure to HCB
via breast milk caused a very high rate of lethality among
infants. It has been associated with both Porphyria cutanea tarda and spontaneous abortions among survivors of
wide-spread exposure in the 1950s in Southeastern Turkey [24]. Although the agricultural usage of HCB was
prohibited 1959 in Turkey, the usage of pesticides and
industrial activities, such as waste by product in specific
manufacturing processes, have created considerable
amounts of HCB impurities. In this study, its levels were
found to be lower than in Ankara [7], but higher than those
of Kahramanmaras [8], Manisa and Van provinces [5].
Heptachlor epoxide was clearly detected in 35% of
the samples. Its levels in human body might have origi-

nated from heptachlor, used as pesticide until 1985 in
Turkey, as an oxidation product. The presence of heptachlor epoxide in different regions of Turkey has been
reported earlier [5-7].
DDE/DDT ratio does indicate recent use of DDT rather than environmental exposures to DDE. A DDE/ DDT
ratio of <1–5 indicates recent exposure to the parent
DDT, whereas ratios >5 indicate that the DDT residues
arise from the food chain [25]. In the present study, the
ratio of DDE/DDT residues in human milk is found to be
19.09 underlining the continuous downward trend in
mean concentration since the first study in 1984-85 [19]
(p<0.001).

30

DDT (mg/kg)
BHC (mg/kg)

25

DDE/DDT
y = 0,9034x - 1786,9 R 2 = 0,8586

20

15

10

5
y = 3E+59e -0 ,0 6 8 1 x R 2 = 0,6288

y = 6E+73e -0 ,0 8 5 5 x R 2 = 0,7416

0
1980

1985

1990

1995

2000

2005
Years

FIGURE 1 - Time trend for the concentrations of BHCs, ΣDDT and
ratio of DDE/DDT in Turkish human milk samples between 1983 and 2003.

TABLE 4
Human milk DDE/DDT ratios from various countries.
Country
Jordan
Slovak Republic
Thailand
Ukraine
Indonesia
Saudi Arabia
Mexico
Iran
China
Brazil
Greece
England
Japan
Turkey
New Zealand
Canada

DDE/DDT
0.96
3.15
3.16
3.36
4.67
4.97
5.60
5.67
7.16
8.44
10.94
11.32
15.16
19.09
24.47
78.44

Reference
Alawi & Khalil, 2002 [26]
Veningerova et al., 2001 [27]
Stuetz et al., 2001 [14]
Gladen et al., 1999 [28]
Burke et al., 2003 [29]
Al Saleh et al., 2003 [30]
Waliszewski et al., 2002 [31]
Çok et al., 1999 [32]
Yu et al., 2003 [33]
Paumgartten et al., 2000 [34]
Schinas et al., 2000 [35]
Harris et al., 1999 [36]
Konishi et al., 2001 [37]
Present study
Bates et al., 2002 [38]
Newsome et al.,1995 [39]
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TABLE 5
Comparison of daily intake of OCPs (µg/kg body weight/day) from breast milk with ADIs*.
Residue

n

Mean.± S.D

γ-BHC
17
0.312±0.509
HCB
46
0.428±0.369
Heptachlor Epoxide
28
0.342±0.240
∑ DDT
80
10.748±6.754
*Quinsey et al., 1996 [40]; **Conditional

Median

Range

0.489
0.364
0.239
6.711

0.013-1.93
0.071-1.82
0.092 -1.52
0.706-30.12

When we consider DDE/DDT ratios, it is seen that
the limitation and legislation for OCPs in Turkey has been
effective and the exposure to these compounds tends to
decrease in time. According to results of some of the
recent studies, obtained DDE/DDT ratios in human milk
from different countries are shown in Table 4.
We calculated the daily intakes of γ-BHC, HCB, heptachlor epoxide, and ∑- DDT by breast-fed children assuming that a child daily consumes 130 g milk per kg of body
weight [41]. In these calculations, the fat content is regarded as 3.24% (w/w), but individual values ranged widely
from 0.38 to 9.22 %. On this basis, the mean and maximum
daily intakes are shown in Table 5, together with Acceptable Daily Intakes (ADIs) established for adults by
FAO/WHO Expert Groups. Although the daily intake rates
of particular OCPs of infants were generally low, but some
of them, HCB and heptachlor epoxide, were considerably
above the ADIs. As can be seen from Table 5, the daily
intake of γ-BHC and ∑- DDT by infants were low.
Over the past few decades, levels of the OCPs have
declined in breast milk in countries where these chemicals
have been banned or otherwise regulated. The results of
this Turkish study seem to support this inclination, and
presence and persistence of OCPs and their metabolites
worldwide are still problems of great relevance to public
health. Further research needs to be conducted in highly
industrialized and polluted areas in Turkey and should
focus on the toxicological implications (for instance, the
effects on fertility) on humans and wild life.

[2]

8
0.6**
0.1
20

Samples exceeding
ADI (%)
0
17
75
2.5

[3]
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A COMPARISION OF ADSORPTION KINETICS:
CR(VI) REMOVAL FROM AQUEOUS SOLUTIONS
Emine Malkoc and Filiz N. Acar
Department of Environmental Engineering ,Ataturk University,25240, Erzurum, Turkey

SUMMARY
Batch sorption studies have been carried out to determine the effects of initial pH and metal concentration
on the adsorption of Cr(VI) on Fagus orientalis L. The
process was found to be dependent of pH and initial metal
concentration. The most effective initial pH was determined to be 1.0 for Cr(VI) ions. The experimental data
were analysed using the pseudo-first and pseudo-second
order adsorption kinetic models, and kinetic constants
were calculated depending on initial pH and Cr(VI) concentration values. The experimental data were fitted by
the second order kinetic model, which indicates that
chemical adsorption is the rate-limiting step, both for
initial pH and initial Cr(VI) level.

KEYWORDS:
Chromium removal, adsorption, adsorption kinetics.

Adsorption on activated carbon (ACR) has been
found to be an effective, but expensive process for Cr(VI)
removal. Consequently, numerous low-cost alternatives
have been studied including Casurina leaves [5], leaf
mould [6], moss peat [7], green algae [8, 9], wool [10],
Fagus orientalis L. [11], or activated carbon fibers [12].
But new economical, easily available and highly effective
adsorbents are still needed. Sawdust is a waste by-product
of the timber industry that is either used as cooking fuel
or packing material [13].
In this work, the adsorbent used was Beech sawdust,
which is a low-cost available material, and the experimental investigation of its Cr(VI) sorption kinetics in
aqueous solution was carried out to explore the comparative feasibility of Cr(VI) removal, dependent on initial its
concentration and pH of solution.
KINETIC MODELLING

INTRODUCTION
The presence of heavy metals in aqueous waste
streams has become a problem due to its harmful effects
on human health and the fauna and/or flora of receiving
water bodies. It is known that legal standards in environmental control are becoming strict and, as a result, the
discharge of heavy metals into aquatic bodies and sources
of potable water is being rigorously controlled [1].
Chromium exists in two stable oxidation states, Cr(III)
and Cr(VI). The Cr(VI) state is of particular concern because of its toxicity. The recommended limit of chromium
in potable water is 0.05 mg/l. With increasing use of
Cr(VI) compounds in various industries, such as metal
plating, tanneries, etc., large quantities of toxic (chrome)
pollutants are produced. Several methods are available to
treat wastewaters polluted with Cr(VI) compounds [2] and
utilized to remove chromium from industrial wastewater.
These include reduction followed by chemical precipitation, ion exchange, adsorption, electrochemical precipitation, and membrane separation [3]. Among these, adsorption is the most promising technique [4].

In order to investigate the mechanism of adsorption
and the potential rate-limiting steps, such as mass
transport and chemical reaction processes, the pseudofirst order and pseudo-second order kinetic models have
been used to test the experimental data.
The pseudo-first order equation (Lagergren equation)
is as follows:
dq / dt = k1(qe-q)

(1)

where k1 is the pseudo-first order rate constant. After
integration by applying the conditions q = 0 at t = 0 and q =
q at t = t, Eq. (1) becomes:
log (qe-q) = logqe – (k1/2.303)t

(2)

where qe must be obtained beforehand from equilibrium adsorption and may be expressed in the form (Ho
equation):
dq / dt = k2(qe-q)2

(3)

where k2 is the pseudo-second order rate constant. Integrating Eq. (3) and applying the initial conditions, we have
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t / q = 1 / k2qe2 + (1/ qe) t

(4)
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It is noted that k2 and qe in Eq. (4) can be obtained
from plot of (t/q ) vs t, and there is no need to know any
parameter beforehand [14].
EXPERIMENTAL PART
Adsorbent

Fagus orientalis L. was obtained from Erzurum Forest Products Management, Turkey. Surface area of the
sawdust determined by the BET method was 0.52 m2 g-1
using a Quantasorb Surface Area Analyser, Model QS-17
(Quantachrome Corp., USA). In this work, the adsorbent
characteristics were determined by scanning electron
microscopy (Fig. 1).

take of Cr(VI) ions was investigated at pHs 1, 2, 4, and 8,
where Cr(VI) ions’ precipitation was not observed. As
shown in Fig. 2, the maximum adsorption efficiency of
Cr(VI) was determined to be 100 % at initial pH 1 for the
solution containing 50 mg L-1 Cr(VI). When the initial pH
of solution was increased, the percentage adsorption of
Cr(VI) decreased. It is well-known that the dominant
form of Cr(VI) at this pH is the acidic chromate ion
(HCrO4-), and increasing pH will shift the concentration
of HCrO4- to other forms, CrO22- and Cr2O72- [15].

% 	
   R emoval
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FIGURE 2 - Cr(VI) removal at various initial pH (initial Cr(VI)
concentration = 50 mg L-1, sawdust concentration = 10 g L-1 ).

FIGURE 1 - SEM photograph of the Beech sawdust used.
Adsorbate

A 1 g L-1 stock solution of Cr(VI) was prepared by
dissolving analytical grade potassium dichromate in distilled water. Cr(VI) concentration was determined spectrophotometrically based on the reaction of Cr(VI) and
diphenyl carbazide, which forms a red-violet complex.
Adsorption studies

Adsorption experiments were carried out using the
batch technique at room temperature (25 °C) in 250 ml
Erlenmeyer flasks containing known quantities of metal
solutions. The flasks were agitated at 100 rpm on a thermostated shaker for 80 min to reach equilibrium of adsorption. Samples (5 ml) were taken before mixing the
adsorbent and metal-bearing solutions at predetermined
time intervals to determine the residual metal concentrations (UV-spectrophotometer Shimadzu 160–A) in the
solutions filtering them with Whatman GF/A.
Before mixing with the adsorbent, the initial pH of
metal solution was adjusted with H2SO4 and NaOH solutions.
RESULTS AND DISCUSSION
Effect of pH

The pH is an important parameter affecting the adsorption processes, and its effect on the equilibrium up-

Similar results have been reported by many authors in
Cr(VI) removal studies using various adsorbents. Ajmal et
al. [16] have reported 100% Cr(VI) adsorption at pHs < 2
for initial Cr(VI) concentrations of 8-50 mg L-1 on phosphate-treated sawdust. According to Hamadi et.al. [17],
the amount adsorbed increased when pH decreased from 5
to 2 for pyrolyzed sawdust adsorbents. Other authors also
found that the maximum adsorption capacity was reached
at pH 1 for Cr (VI) removal in aqueous solutions [15, 9].
In order to analyze the adsorption kinetics for Cr(VI),
the pseudo-first and second order kinetic models were
used. Fig. 3 shows a plot of the linearized form of the
pseudo-first order model at 50 mg L-1 Cr(VI) for the initial
80 min of adsorption. From the slopes and intercepts of
plots of log (qe – q) vs t, obtained at various pH, the first
rate constants, k1 and qecal1, were determined (Table 1).
While the smallest correlation coefficient was 0.960, the
highest one was 0.996 for the pseudo-first order kinetic
model. The result indicates that the pseudo-first order rate
constants increased with decreasing initial solution pH.
Using pseudo-second order model, t/q was plotted
against t at various initial pH, and pseudo-second order
rate constants, k2 and qecal2, were also determined from the
slope and intercept of the plots (Fig. 4). These values with
their correlation coefficients are shown in Table 1. The
smallest correlation coefficient was 0.985 for the second
order model, which is even better than those of the first
order reaction model. In this case, based on the assumption that the rate-limiting step may be chemisorption, the
best correlation of data for initial pH are provided.
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FIGURE 3 - First order reaction kinetics plot for adsorption of Cr(VI) on Fagus orientalis L. at various initial pHs.

FIGURE 4 - Second order reaction kinetics plot for adsorption of Cr(VI) on Fagus orientalis L. at various initial pHs.

TABLE 1 - Comparison of first and second order kinetic models rate constants
calculated and experimental qe values obtained at various initial pH.
Pseudo-first order model
k1
qecal1
R2
(min-1)
(mgg-1)
0.07139
0.960
4.55
0.04376
0.996
4.09
0.03915
0.996
2.18
0.03224
0.990
1.37

pH
1
2
4
8

Pseudo-second order model
k2
R2
(gmg-1 min-1)
0.02213
0.998
0.01036
0.998
0.02225
0.997
0.03007
0.985

qeexp
(mgg-1)
5.00
4.80
2.90
1.70

Effect of initial Cr(VI) concentration

The initial concentration provides an important driving force to overcome all mass transfer resistances of the
metal between the aqueous and solid phases [15]. The
experimental results of sorption of Cr(VI) on Fagus orientalis L. at various initial concentrations are shown in
Fig. 5. The sorption capacity at equilibrium increases
from 5 to 13.5 mg g-1 with an increase in the initial metal
concentration from 50 to 200 mg L-1 at initial pH 1.0. It is
clear that the metal sorption capacity increased with initial
metal concentration.

In our previous work, Langmuir and Freundlich adsorption isotherms` constants were determined for Cr(VI)
adsorption onto Fagus orientalis L. According to various
initial Cr(VI) ion concentrations, Langmuir maximum
adsorption capacity was 16.13 mg g-1 and the correlation
coefficient 0.9954 [11].
As can be seen in Fig. 6, a linearized plot of the pseudo-first order kinetic model at initial Cr(VI) concentrations ranging between 50 and 200 mg L-1 with the first
order rate constant (k1) and qecal1 values, was obtained for
Cr(VI) removal.
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FIGURE 6 - First order reaction kinetics plot for adsorption of
Cr(VI) on Fagus orientalis L. at various initial metal concentration.

FIGURE 5 - Effect of initial concentration on
the sorption of Cr(VI) on Fagus orientalis L.
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A comparison of the results with the correlation coefficients is shown in Table 2. The calculated qe values
obtained from the first order kinetic model do not give
reasonable values, which are generally too low compared
with the experimental qe values. This finding suggests that
the adsorption of Cr(VI) onto Fagus orientalis L. is not a
first order model.
50	
   mg/L

1

100	
   mg/L
150	
   mg/L

0
t/q

200	
   mg/L

-‐1
-‐2
0

50
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D oğrus al	
   (50
mg/L )
D oğrus al	
   (100
mg/L )
D oğrus al	
   (200
mg/L
)
100
D oğrus al	
   (150
mg/L )

The second order adsorption rate constant (k2) and the
qecal2 values were determined from the slope and intercept
of the plots in Fig. 7.
The values of the parameters k2 and calculated/experimental qe together with their correlation coefficients are presented in Table 2.
The calculated qe values also agreed very well with
the experimental ones in the case of second order kinetics.
The correlation coefficients for this kinetic model were
found to range from 0.996 to 0.999. These results indicate
that the sorption system is not a first-order reaction, and
the metal uptake followed the pseudo-second order kinetics for initial Cr(VI) concentration. In this case, the adsorption process agreed with chemical adsorption of the
rate-controlling mechanism.
Cr(VI) adsorption onto low-cost adsorbents fitted to
the pseudo-first order kinetic model in some literature
[18-20], but in some reports it followed the second order
kinetic model [6, 21] (Table 3).

FIGURE 7 - Second order reaction kinetics plot for adsorption of
Cr(VI) on Fagus orientalis L. at various initial metal concentrations.

TABLE 2 - Comparison of first and second order kinetic models rate constants, and
calculated or experimental qe values obtained at various initial Cr(VI) concentrations.

Co
(mgL-1)
50
100
150
200

Pseudo-first order model
k1
qecal1
R2
(min-1)
(mgg-1)
0.07139
0.960
4.55
0.04154
0.995
5.25
0.02994
0.906
1.99
0.09903
0.982
8.73

qeexp
(mgg-1)
5.00
8.60
11.19
13.50

Pseudo-second order model
k2
qecal2
R2
(gmg-1 min-1)
(mgg-1)
0.02213
0.998
5.52
0.01383
0.996
9.26
0.04531
0.999
11.36
0.02193
0.999
14.08

TABLE 3 - Comparison of kinetics of Cr(VI) sorption from literature data.
Adsorbent
Coconut shell carbons
Fly ash / Wollastonit
Biogas residual slurry
Peat
Leaf mould

Model
First order
First order
First order
Second order
Second order

References
Rao et al. [18]
Panday et al. [19]
Namasivayam and Yamuna [20]
Sharma and Forster [21]
Sharma and Forster [6]

CONCLUSION
• Experiments were performed as a function of initial
pH and Cr(VI) concentrations.

• The adsorption kinetics of Cr(VI) to adsorbent fitted
well to the second order kinetic model.

• The adsorbed amounts of Cr(VI) increased with decreasing initial pH of solution.

• The correlation coefficients are around 1 for this
model data.

• The adsorbed amounts of Cr(VI) increased with increasing initial metal concentration.

• While experimental qe is 13.5 (mg g-1), the calculated qe is 14.08 (mg g-1) at pH 1.0 and Co = 200 mg L-1
for the pseudo-second order model.

• The suitability of pseudo-first and second-order kinetic models for the adsorption of Cr(VI) onto
Fagus orientalis L. was discussed.
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SUMMARY
Nitrate concentrations in groundwater strongly depend
on denitrification rates in soil and sediments. The objective
of this study was to derive denitrification rates in different
soil layers in a Eutric Fluvisol. Four intact soil cores were
incubated under anaerobic conditions after adding 0, 19-78,
58-116, and 97-115 mg N-NO3 L-1, respectively. The effect
of adding 250 mg L-1 glucose C was tested at a nitrate
nitrogen concentration of 58-116 mg L-1. Soils were incubated for seven days at a temperature of 18°C. The denitrification rate varied at soil depths of 10-20 cm, 30-40 cm,
50-60 cm, and 90+ cm, which correspond to soil horizons
Ap, A1,2, Aburied and C between 0.23±0.005 to 3.23±0.7,
between 0.042±0.003 to 1.63±0.20, between 0.15±0.04 to
1.7±0.1 and between 0.004±0.001 to 1.05±0.09 mg N-NO3
kg-1 of dry soil (or parent material in the last case) per day
respectively. The added nitrate and glucose induce a
greater increase denitrification rate in the parent material
than in the upper soil layer. The relative increase of denitrification rate induced by added nitrate is more enhanced
that relative increase induced with additional glucose in
almost all soil layers of observed soil.

KEYWORDS:
soil water, denitrification, soil horizons.

for soils, because it decreases available nitrogen to plants
[1, 2]; the same holds true for nitrate ions leaching to the
groundwater. The amount of nitrate that is removed from
the soil due to denitrification varies considerably, and
reaches values from 5 to 50 % of applied nitrogen [3, 4].
Within deeper soil layers, nitrate ions are not available to
plants and they are carried along with soil water towards
the groundwater. At these depths, denitrification is a positive process from an environmental point of view, because it decreases the influx of nitrate ions into the
groundwater [5-9].
Denitrification is the only mechanism that can decrease the amount of leached nitrate below root depth,
before it reaches the groundwater. Furthermore, denitrification is the most important natural process which influences the transformation of nitrate in groundwater [10].
Dispersion and denitrification are the only processes that
reduce nitrate concentration in the deeper portions of the
vadose zone [11]. The understanding that denitrification
can be an active process in the extraction of nitrate from
aquifers, which are commonly used as drinking water
source, is an important step forward in unravelling the
dynamics of this nitrate sink and can lead to measures for
nitrate leaching reduction.
The aim of the present research is to determine the
impact of nitrate and glucose concentrations on the denitrification rate in different soil layers, including subsoil
and parent material, of an exemplar soil.

INTRODUCTION
Although groundwater is often thought as a renewable resource, its quantity is limited. All potential processes that can potentially decrease the nitrate concentration
in groundwater or can prevent groundwater from nitrate
pollution should be identified and evaluated.
Denitrification is a process in which a nitrate ion
passes from soil to air in a di-nitrogen form. Denitrification in the upper soil layer is generally thought to be bad

MATERIALS AND METHODS
Experimental design

The fundamental part of the experiment was designed
as an incubation experiment with undisturbed Eutric Fluvisols (FAO classification) soil samples from the Apače
Valley (NE part of Slovenia). At the location where the
samples were gathered, the parent material, i.e. gravel and
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sand, appeared at a depth of 80 cm. The soil profile sits on
the gravely loamy river sediment and is uniform and
brown with the exception of an unusual buried layer
(Abur.), known for its altered texture and increased proportion of organic mass (Table 1). Similar studies have utilized PVC cylinders to gather undisturbed soil samples
for incubation experiments [12-14]. Our PVC cylinders
were 16 cm in diameter (inner diameter 15.2 cm) and 10
cm in height (Figure 1). The samples were collected at
depths of 10-20 cm, 30-40 cm, 50-60 cm and more than
90 cm. The depths correspond to identified soil horizons,
including the gravely parent material. The A1,3 layer was
not included in the experiment.

nitrogen added to the Ap horizon 155, 116 and 78 mg NNO3 L-1 correspond to application of 85.3, 63.8 and 42.9 kg
N-NO3 ha-1, respectively.

16 cm

PVC cylinder
Paraffin oil
Nitrate solution
Rubber belt
PVC cylinder
with the soil

The nitrate nitrogen concentrations in our soil layers
were 0.46, 0.08, 0.20, 0.02, and 0.01 mg (100 g of a soil)-1
from the upper layer to the lowest one at the beginning of
the experiment.

10 cm

© by PSP Volume 14 – No 6. 2005

Silicon
compound
PVC plate

In the seven-days incubation experiment at a temperature (T) of 18°C, we investigated the impact of different nitrate doses (higher: 97-155 mg N-NO3 L-1, medium: 58-116 mg N-NO3 L-1, lower: 19-78 mg N-NO3 L-1
and the control- without added nitrate) and also the impact of added carbon at the medium nitrate dose (carbon
added and not added) on the reduction rate at four soil
layers (Table 2). Nitrate doses were chosen to mimic
decreasing N-NO3 concentrations with depth, through a
soil profile. These doses were added to the soil columns
in the form Ca(NO3)2 with a content of 15.5% nitrogen.
Mimicking agricultural fertilisation, the concentrations of

PVC tube for
sampling
soil water
Valve

Soil water
sample

FIGURE 1
Schematic view of the undisturbed soil column.

.
TABLE 1 - Some chemical and physical properties of Eutric Fuvisols on gravely
loamy river sediment as a parent material from the Apače Valley (NE Slovenia).

Horizon

Depth

pH

Ap
A1,2
Abur.
A1,3
C

(cm)
0-30
30-46
46-67
67-80
80+

5.3
6.0
6.3
6.3
6.3

Org.
C
mat.
(%)
1.6
0.9
0.8
0.5
1.3
0.8
0.7
0.4
0.5
0.3

C/N

N tot.

Sand

Silt

Clay

10.0
16.7
13.3
8.0
7.5

(%)
0.09
0.04
0.06
0.05
0.03

51.7
71.2
44.6
45.4
86.2

(%)
36.5
20.5
43.1
41.9
8.9

11.8
8.3
12.3
12.7
4.9

Texture(1)
Sandy loam
Sandy loam
Loam
Loam
Loamy sand

Dry bulk
density
(g cm-3)
1.54
1.50
1.43
1.57
1.73(2)

Total
porosity
(%)
44.1
45.2
48,5
42.8
35.0(2)

Notes: (1)Texture based on the conventional soil textural classes [15]. (2)For the parent material parameters were calculated based on Saxton’s model [16].

TABLE 2 - The incubation experiment treatments and concentration of added nitrate (mg N-NO3 L-1) to different soil layers.

Treatment description
Higher nitrate, without glucose
Medium nitrate, without glucose
Medium nitrate, with glucose
Lower nitrate, without glucose
Without nitrate, without glucose

Concentration of added nitrate (mg N-NO3 L-1)
to soil columns of different layers
Ap
A1,2
Abur.
C
155
136
116
97
116
97
78
58
116
97
78
58
78
58
39
19
0
0
0
0

Treatment
number
1
2
3
4
5
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Carbon was added in the form of glucose. This same
procedure was performed by the majority of authors investigating denitrification [7, 13, 17]. Clough et al. [13]
added the equivalent of 140 kg C ha-1, or 333 kg glucose
ha-1 to the soil. We added the same amount to the soil
column i.e. – 600 mg glucose, or 250 mg C. Each treatment encompassed five replications.
In the laboratory, the soil columns were closed at the
bottom and a pipe was inserted through the bottom for
sampling the soil water. The soil columns were slowly
irrigated with a solution of water, nitrate and glucose
following the experimental scheme. Solution was added
to each soil column in twenty rations of 50 ml each, totalling 1.0 litre. Denitrification has often been investigated
in flooded soil samples in order to create the characteristics of an anaerobic system [18, 19]. One litre of solution
was enough to soak the soil sample and to over-fill it by a
few centimetres, which corresponds to several hundred
cm3 of water on the soil surface. To achieve anaerobic
conditions, the water surface was covered with 100 cm3 of
paraffin, creating an approximately 0.55 cm thick layer
(Figure 1).
The first soil water samples were taken 24 hours after
the soil columns had been treated with the solution. We
took 50 ml of soil water sample using the valve on the
bottom of the soil column (Figure 1). We sampled every
24 hours until day seven. At the end of the experiment the
soil surface was still covered with water. We also sampled
the surface water on day seven. The soil sample for the
analysis of nitrate ion concentrations was prepared at the
end of the experiment as well.
Analyses

All analyses except the particle size analysis were
performed according to SIST ISO methods [20-25]. The
particle size analysis was performed using the pipet method [26].
The statistical analysis - two-sample comparison
analysis was done with the Statgraphics for Windows 2.1.
Program. T-tests were performed to confirm statistically
significant differences. Prior to testing, the outliers defined with Box-and-Whisker Plot were excluded from
further analyses (i.e. one outlier in each of the following
treatments and soil horizons were excluded: treatment 2
A1,2 and Abur., treatment 4 A1,2 and treatment 5 Ap). Outliers were defined as points with more than three interquartile ranges below the lower quartile or above the upper
quartile.
The denitrification rate was measured for each soil
column separately. First we established how much nitrogen was reduced from the soil column during the experiment. The balance was done by comparison between the
added amount of nitrogen (input) and the amount of nitrogen (residue) still in the soil at the end of the experiment.
Inputs = In1 + In2

In1 = the amount of N-NO3 in solution
added into a soil column
In2 = the amount of N-NO3 already present in a soil
Residues = Res1 + Res2 + Res3
Res1 = residue of N-NO3 in solution above
a soil column at the end of the experiment
Res2 = residue of N-NO3 in soil water solution at the
end of the experiment
Res3 = the amount of N-NO3 taken from the system
with sampling
Difference = Inputs – Residues = Denitrification
Total denitrification is the amount of nitrogen (mg),
which was reduced during the seven-day experiment in
each soil column. This amount was used in to calculate
the denitrification rate. We defined the denitrification rate
as the amount of N-NO3, which was reduced in 1 kg of
dry soil (or dry parent material) per day (mg N-NO3 kg-1
d.s. per day).
RESULTS AND DISCUSSION
The impact of added nitrate

The comparison of results between the treatments 1,
2, 4 and 5 shows how different doses of added nitrate,
without additional glucose, influence the denitrification
rate for different soil depths. At all depths there is a trend
towards a higher denitrification rate when the nitrate dose
increases and no glucose had been added. Relative nitrogen reduction rate shows that the added nitrogen has the
biggest impact on the denitrification rate in the parent
material (Table 3) in all the observed treatments. Among
these, the difference between treatment 4 (the lower
amount of added nitrate) and treatment 5 (the control) is
the biggest one (0.16±0.03 versus 0.004±0.001 mg NNO3 kg-1 dry soil per day). Due to the great variability
observed, which is also usually present in natural soilwater systems, only some of the differences between
treatments are also statistically significant (p=0.1, p=0.05
or p=0.01) (Table 4). As expected, the strongest, statistically significant differences (p=0.01) are between soils in
all depths when the higher nitrate dose was added (treatment 1) and the control (treatment 5).
The level of denitrification is commonly thought to
depend on the nitrate concentration already present in the
soil [5, 12, 27]. However, Bremner and Show [28] discovered that the amount of denitrified nitrate was the
same at different amounts of nitrate if a suitable amount
of glucose was added. Korom [2]) reports that the denitrification rate is independent of the nitrate concentration
when the concentration is greater than 1 mg NO3-N L-1. In
our experiment, the denitrification rate rises with increasing nitrate concentration even in cases in which they exceed 1 mg NO3-N L-1.

521

© by PSP Volume 14 – No 6. 2005

Fresenius Environmental Bulletin

TABLE 3 - Average denitrification rate (mg N-NO3 kg-1 dry soil per day) and relative denitrification rate in the treatments with
caption in table (e.g. higher, medium and lower amounts of added nitrate and control) and increases at four soil layers (s.l.) (n= 5).

s.l.
Ap
A1,2
Abur
C

1
1.66±0.30
1.10±0.34
0.70±0.31
0.26±0.06

Denitrification rate (mg N-NO3 kg-1 per day)
2
4
5
1.39±0.28
1.02±0.10
0.23±0.005
0.95±0.24
0.51±0.13
0.042±0.003
0.31±0.12
0.24±0.07
0.15±0.04
0.19±0.09
0.16±0.03
0.004±0.001

1
7.2
26
4.7
65

Relative denitrification rate
2
4
6.0
4
23
12
2.1
1.6
47
40

5
1
1
1
1

TABLE 4 - Statistically significant differences in average denitrification rate between the treatments
(e.g. higher (1), medium (2) and lower (4) amounts of added nitrate and control (5)) at four soil depths.

treatment combination
1-2
1-4
1-5
2-4
2-5
4-5

Ap
a
c(c)
b
c
c

Denitrification rate (mg N-NO3 kg-1 per day)
A1,2
Abur
a(a)
b(b)
a
c
c
b
c
b
c

C

c
c
c

Note: a p=0.1; b p=0.05; c p=0.01

TABLE 5 - Average denitrification rate (mg N-NO3 kg-1 dry soil day-1) in the
treatments 2 and 3, differences between them and relative denitrification rate.

Soil
layer

Ap
A1,2
Abur
C

Difference between
2 and 3

Average denitrification rate
2
3
(mg N-NO3 L-1)
1.39±0.28
3.23±0.69
0.95±0.24
1.63±0.20
0.31±0.12
1.73±0.13
0.19±0.09
1.05±0.09

(mg N-NO3 L-1)
1.84±0.90(a)
0.68±0.41(a)
1.42±0.30(b)
0.86±0.17(a)

Relative denitrification rate
2

3

1
1
1
1

2.3
1.7
5.6
5.5

Note: a p=0.01, b p=0.05

The impact of added glucose

The impact of additional glucose on the denitrification rate (mg N-NO3 kg-1 dry soil per day) was studied in
the soil with a medium nitrate dose using treatment 2
(without additional glucose) and treatment 3 (additional
glucose). The denitrification rate was significantly higher
in the soil where glucose was added (p= 0.05, p=0.01).
The relative denitrification rates were 2.3, 1.7, 5.6, and
5.5-fold (depending on depth) higher in the soil with
additional glucose than in the soil without additional
glucose. Differences in the denitrification rate between
these two treatments are statistically significant in all soil
depths (Table 5).
In the soil columns where 600 mg glucose L-1 was applied, corresponding to 250 mg C L-1, and C/N ratios of
2.2:1. 2.6:1. 3.2:1 and 4.3:1 were achieved, the following
shares of nitrate in the soil and water solution were reduced in the 7 days experiment: 95, 84, 93 and 90 %. The

inputs and residues of nitrate were: 121.0 and 5.9 mg NNO3 in layer Ap; 100.5 and 16.0 mg N-NO3 in layer A1.2;
82.1 and 6.0 mg N-NO3 in layer Abur; and 59.36 and 5.85
mg N-NO3 in layer C. Bremner and Shaw [28] defined a
3:1 C/N ratio to be optimal for denitrification as almost all
of added nitrate was denitrified under such condition.
There was enough glucose in our experiment in the treatment 3 to enable unrestricted denitrificatiom; Castle et al.
[9] report that 12-15 mg C L-1 is enough to provide the
effective potential energy needed to drive denitrification
process.
The amounts of organic carbon are 0.9, 0.3, 0.8 and
0.5 % in soil layer Ap, A1.2, Abur, and C respectively. Although Stanford et al. [30] report that denitrification does
not take place in soils with less than 1.0 % of organic
carbon, we found that denitrification occurred in all
treatments, including those without additional carbon in
the form of glucose.
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In the parent material, with added glucose, the denitrification rate increased 5.5-fold. In the upper layer, the
denitrification rate increased 2.3-fold. Previous authors
defined the source of organic mater [9] or dissolved organic matter [31] as the limiting factor for denitrification
in deeper soil layers or vadose zone. However, in our
experiment, a huge increase in denitrification rate takes
place throughout the soil (especially in the soil parent
material) also when only nitrate was added and the C/N
ratio was not optimal for denitrification (< 3:1). In treatment 2, for which a medium dose of nitrate was added to
the parent material, the denitrification rate increased 47fold, and an additional 5.5-fold when glucose was added
as well. In the upper soil layer, the reduction rate increased 6-fold when nitrate was added and an additional
2.5-fold when glucose was added.
Extra organic matter in the buried layer (Abur) seems
not to induce very much an additional denitrification when
only nitrate was added. An increase of denitrification rate
in this layer was smaller as in other soil layers in this case.
The quality of organic matter seems to be an important
factor for denitrification [32]. The results from the buried
layer indicate, that only simple carbohydrates can be utilised readily by the resident microorganisms [33]. The
abundance and activity of soil microbial population in the
observed soil should be investigated in the future.

[6]

Xue, Y., Kovacic, D.A., David, M.B., Gentry, L.E., Mulvaney, R.L. and Lindau, C.W. (1999) In situ Measurements
of Denitrification in Constructed Wetlands. J. Environ. Qual.
28, 263-269.

[7]

Cambardella, C.A., Moorman, T.B., Jaynes, D.B., Hatfield,
J.L., Parkin, T.B., Simpkins, W.W. and Karlen, D.L. (1999)
Water Quality in Walnut Creek Watershed: Nitrate-Nitrogen
in Soils. Subsurface Drainage Water and Shallow Groundwater. J. Environ. Qual. 28, 25-34.

[8]

Blicher-Mathiesen, G. and Hoffman, C.Chr. (1999) Denitrification as a Sink for Dissolved Nitrous Oxide in a Freshwater
Riparian Fen. J. Environ. Qual. 28, 257-262.

[9]

Castle, K., Arah, J.R.M. and Vinten, A.J.A. (1998) Denitrification in intact subsoil cores. Biol. Fertil. Soils 28, 12-18.

[10] Guimera, J. (1998) Anomalously high Nitrate Concentrations
in Ground Water. Ground Water 36, 275-282.
[11] Herbel, M.J. and Spalding, R.F. (1993) Vadose Zone Fertilizer-Derived Nitrate and δ15N Extracts. Ground Water 31, 376382.
[12] Maltby, E., Jewkes, E.C., Baker, C.J., Mockler, N.J., Flynn,
N. and Gardner, P.J. (1998) Soil Use and Management 14,
90-95.
[13] Clough, T.J., Jarvis, S.C., Dixon, E.R., Stevens, R.J., Laughlin, R.J. and Hatch, D.J. (1999) Carbon induced subsoil denitrification of 15N-labelled nitrate in 1 m deep soil columns.
Soil Biology and Biochemistry 31, 31-41.
[14] Ambus, P. (1998) Nitrous oxide production by denitrification
and nitrification in temperate forest, grassland and agricultural soils. Eur. J. Soil Sci. 49, 495-502.

CONCLUSIONS
Our study indicates that added nitrate and glucose induce a greater increase in denitrification rate in the parent
material (approximately 1 m below the surface in this
case) than in the upper soil layers in the Eutric Fluvisol
from the Apače Valley. The relative increase of denitrification rate induced by added nitrate is more enhanced
than the relative increase induced with additional glucose
in almost all soil layers (the exception is a buried layer
with unusual chemical and physical properties).
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REMOVAL OF FLUORIDE USING THE
ADSORBENTS PRODUCED FROM MINING WASTE
Adem Çınarlı, Özlem Biçer and Mehmet Mahramanlıoğlu
Istanbul University, Engineering Faculty, Chemistry Department, Avcılar, 34320, Istanbul, Turkey.

SUMMARY
The capability of the use of the adsorbent produced
from coal mining wastes for uptaking fluoride from aqueous solutions was investigated. Experiments were carried
out as a function of initial concentration, time, and pH.
Lagergren equation was used to describe the adsorption
rate of fluoride and rate constant was calculated. The effect
of kinetic mechanism was also investigated. Both intraparticle diffusion and film diffusion played roles in the
adsorption of fluoride. The equilibrium data were fitted to
the Langmuir and Freundlich isotherms. The values of Q
and k obtained from the Langmuir and Freundlich equations were found to be 15.67 mg/g and 8.55. Data obtained at various pH indicated that the removal of fluoride
was favourable at low pH. The optimum pH for fluoride
adsorption was found to be 3.5. The capacity of the adsorbent was compared with other adsorbents. The results
showed that the capacity of the adsorbents were higher
than alum sludge, lignite, bituminous coal, fine coke,
spent bleaching earth, lantanum impregnated silica gel,
activated alumina.

Fluoride is recognized as an essential constituent in
human diet. Skeletal and dental problems can be prevented by suitable amount of fluoride while excess fluoride
intake causes bone structure disturbance [1]. Some studies
show that children with dental fluorosis have an average
lever intelligence scores and these findings are supported
by animal experiments in America which showed that
fluoride also accumulated in certain areas of the brain
affecting behaviour and ability to learn [2-6].

KEYWORDS:
Adsorption, Defluoridation, Fluoride adsorption equilibrium,
Langmuir adsorption isotherm, Intraparticle diffusion.

Many investigators have also studied the possibility
of cheap, commercially available materials to use in
defluoridation processes and the removal of organic and
inorganic pollutants [1, 7-24].

INTRODUCTION
The release of fluorides into atmosphere and waters is
associated with industrial processes such as aluminium
melting, phosphate, rubber, glass, ceramic and semiconductor. On the other hand, some natural processes such as
volcanity also can lead fluoride being expelled into atmosphere.
Fluoride in drinking water can be either beneficial or
detrimental to health depending on its concentration. No
other naturally occurring inorganic constituent in drinking
water has been given so wide importance as compared to
fluoride [1].

Several methods have been tried to remove fluoride
from water, namely adsorption, precipitation, electrodialysis, ion exchange and reverse osmosis [1].
Among these methods, adsorption has been extensively used for defluoridation of water. Activated carbon
has been widely used as an adsorbent to remove inorganic
and organic pollutants in treatment systems since they
have high surface area and porosity.
But activated carbon is very expensive. Due to economic restraints, the low cost adsorbents have been investigated.

On the other hand, a great quantity of solid waste remains and contaminates the environment after mining
processes and the problem of solid waste has attained
complex dimensions. It is necessary to find a suitable
ways to suggest novel uses, considering them as byproducts since environmental policies put up forward pressures on production, processing and product costs in mining industry.
Coal mining waste is a mixed alumina-silicate/carbon
material. A great quantity of coal mining waste remains
after coal mining processes and contaminates the environment [25-27]. It contains a considerable amount of
carbon material which may be activated, thus changing
the substrate to a porous structure. Therefore, coal mining
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waste can be considered as a starting material to produce
a new adsorbent due to its availability and cheapness.
Hence, a good solution from environmental and economic
standpoint is to produce a new adsorbent by utilizing
activation methods from coal mining waste.
Conversion of this method to the adsorbents represents cost effective and environmentally sound option.
In this context, the objective of this research was 1).
to modify coal mining waste in order to test the adsorption of fluoride and 2) to compare the effectiveness of the
adsorbent produced with that of other adsorbents used in
the adsorption of fluoride.
MATERIALS AND METHODS
Coal mining waste was obtained from a coal mine in
Marmara Region. It was crushed and sieved to a particle
size < 1 mm. Coal mining waste used in this study contains: C: 30.2%, SiO2: 37.1%, Al2O3: 17.2%, and other
oxides (Ca, Mg, Fe, Mn, Cr) 15.5%. Surface area of the
adsorbent was measured by nitrogen adsorption experiments.
Coal mining waste consists of soil and coal and has a
low surface area (8.5 m2/g ). It is necessary an activation
method that increases surface area of coal mining waste
since adsorbents used in treatment systems must have both
a high surface area and porosity, allowing large amounts of
adsorption.
20 g of coal mining waste was blended with 1%
ZnCl2 solution and this mixture preheated at 300 0C in
flowing N2 for 4 hours. After pretreatment process samples were cooled to room temperature and washed with
hot and cold water to remove chloride ions. The material
obtained was dried at 110 0C for 6 hours and stored for
activation process.

Outgassing of the adsorbent

Prior to surface area and batch experiments all the
products were outgassed at 300 0C for three hours. Surface areas and pore volumes of the coal mining waste and
adsorbent produced were given in Table 1.
Adsorption experiments

Batch adsorption experiments were carried out by
shaking 0.1 g amount of adsorbent with aqueous solutions, of the desired concentrations and pH in a temperature controlled shaking water bath (200 C ). At predetermined intervals of time, the aqueous solutions were separated from the adsorbent by centrifugation and supernatant was analyzed. Measurement of fluoride concentrations in the solutions was based on fluoride ion selective
electrode operated in conjunction with a JENWAY 3040
model ion-meter, calibrated against standard NaF solutions [12]. NaF was used to prepare fluoride solutions.
The pH of the solutions was adjusted with 0.1 M HCl
and NaOH, using a pH meter. All the chemicals used in
this study were obtained from Merck. All the solutions
used in the study were prepared using bidistilled water.
RESULT AND DISCUSSION
Effect of time and initial concentrations
on the adsorption of fluoride

Fig.1 shows that the concentration of fluoride at various intervals of time decreaseas with time and attains an
equilibrium at 24, 58, 67 minutes for the initial concentrations of 10, 20 and 30 mg/L It is seen that the initial concentration affects the equilibrium time. It is also seen that
the rate of removal of fluoride is high in the initial period
and thereafter the rate significiantly levels off and eventually attains equilibrium.
30.0

Activation process [26, 27].

10 mg/L
20 mg/L
20.0

30 mg/L

C (mg/L)

10 g of pretreated sample was mixed with 5 g of
ZnCl2 and pyrolyzed at 900 0 C for 1 hour under nitrogen
flow. After activation process sample was cooled to room
temperature and washed with hot and cold water. The
adsorbent obtained was dried at 110 0 C for 6 hours and
sieved again to a particle size < 1 mm and then stored for
adsorption experiments. Surface area was measured using
BET method. Pore values were obtained using mercury
porosimeter.

10.0

TABLE 1 - Surface areas, pore volumes and carbon contents for
coal mining waste, adsorbents produced from coal minnig waste.
Sample
Coal
mining waste
Adsorbent
produced

Surface
area
m2 /g

Carbon
content
%

Pore volume
cm3/g
Vt
Vm

10.4

30.2

0.0311

----

161.9

16.2

0.0878

0.0752

0.0
0

20

40

60

80

100

time (minute)
FIGURE 1
Effect of the initial concentration on the equilibrium time.
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15.0

Adsorption kinetics for the removal of fluoride:

The rate constant for the adsorption of fluoride on the
adsorbent produced from coal mining wastes was determined using the Lagergren equation.
ln (qe –q)= lnqe –k a .t
Where qe and q (both in mg/g) are the amount of fluoride adsorbed at equilibrium and time t (minute), respectively, and ka (min-1) is the rate constant.

q (mg/ g)

10.0

The values of k constants for the adsorption of fluoride were calculated from the slopes of the linear plots of
ln (qe –q) vs t and found to be 0.065, 0.063 and 0.058 min-1
for the initial concentrations of 10, 20 and 30 mg/L respectively.

5.0

20 mg/L
30 mg/L
0.0

4.0

0.0

2.5

5.0

time (

10 mg/L

7.5

10.0

minute )

FIGURE 3
Intraparticle diffusion for the adsorption of fluoride.

20 mg/L
30 mg/L

2.0

ln( q -q)

Adsorption isotherms

e

The analysis of equilibrium data has been done using
the Langmuir and Freundlich isotherm models.
0.0

2.0

-2.0
0

20

40

60

80

C /q (g/L)

time(minute)
FIGURE 2
Lagergren plot for the adsorption of fluoride.

1.0

Intraparticle diffusion

Due to its porous nature of the adsorbent intraparticle
diffusion is expected in addition to surface adsorption.
Therefore in order to show the existence of intraparticle
diffusion in the adsorption process, the amount of fluoride
adsorbed at time t, q was plotted versus the square root of
time, t0.5 (Fig. 3). As seen in Fig. 3 an initial curve is
followed by a straight line, indicating that two types of
mechanism was operating in the adsorption of fluoride.
The initial curve can be explained by the boundary layer
effect (film layer) while the linear part corresponds to
intraparticle diffusion [12, 28]. The linear portions of the
curves do not pass the through the origin indicating that
intraparticle diffusion is not only the rate control ling step
for the adsorption of adsorption of fluoride onto the adsorbent produced from elutrilithe [28].

0.0
0.0

20.0

40.0

C (mg/L)
FIGURE 4
Langmuir isotherm for the adsorption of fluoride.

Langmuir equation can be defined as

Q=

q.b.C
1 + b.C

where C is the equilibrium concentration ( mg/L ) and
q is the amount of adsorbed at equilibrium ( mg /g) and Q
and b are the Langmuir equation constants.

The rate constants of intraparticle diffusion were calculated from the slopes of the linear portion of the curves
and found to be 1.120 and 1.128 mg/(g.√min) for the
initial concentrations of 20 and 30 mg/L.
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The linear plots of C/q and C suggest the applicability
of Langmuir isotherm for the present system. The values
of Q and b were determined from the slope and intercept
of plots and found to be 15.67 mg/g and 0.73 L/g. As seen
from Figure 4 the Langmuir isotherm represents the adsorption process very well. The fact that the Langmuir
isotherm fits the experimental data very well may be due
to homogenous distribution of active sites for fluoride
adsorption on the adsorbent surface.
Dimensionless equilibrium parameter

The dimensionless equilibrium parameter can be written as follows,
1
( R = ⎯⎯⎯ )
1+b.C
where R is the dimensionless constant, b is the
Langmuir constant and C is the concentration. The R
values less than unity indicates that the adsorption process
becomes favourable [28]. The value of R for the concentration of 20 mg/L was found to be 0.064 showing favourable adsorption of fluoride on the adsorbent produced
from elutrilithe.

The adsorption of fluoride by various adsorbents has
been investigated in recent years and some of these studies
provide Q and k values. Although these values were obtained at different pH range they can be useful criterion of
the adsorbent capacity for fluoride. The Q value obtained in
this study is greater than the values reported for alum
sludge [1] (Q= 5.394mg/g ), lignite [10] (Q= 7.09mg/g),
bituminous coal [10] (Q= 7.44 mg/g), fine coke [10] (Q=
6.90 mg/g), spent bleaching earth [12] (Q= 7.752 mg/g),
lantanum impregnated silica gel [29] (Q=0.20mmol/g=
3.8 mg/g), activated alumina [15, 30] (Q=0.637mmol/g =
12.103 mg/g and Q=2.41 mg/g) and hydoxtapatite [14]
(Q=4.54 mg/g), fluorspar[14] (1.79 mg/g), activated quartz
[14] (Q=1.16 mg/g), calcite[14] (0.39 mg/g), quartz [14]
(Q=0.19 mg/g) and the k value obtained in this study is
greater than the values reported for lignite [10] (k= 1.1473),
bituminous coal [10] (k=0.0611), fine coke [10] (k= 0.6287).
100

80

percent removal
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The Freundlich equation can be defined as
q= k.Cn
where C is the equilibrium concentration (mg/L) and
q is the amount of adsorbed at equilibrium (mg/g) and k
and n are the Freundlich equation constants. The values of
the constant k and n in the Freundlich equation show the
adsorption capacity and intensity.

40

20

This equation can be linearized as
ln q=lnk+n. lnC

0
2

The values of k and n were calculated from the intercept and the slope of the linear plot of lnq vs ln C and
found to be 8.55 and 0.19.
2.8

lnq

60

4

6

8

10

pH
FIGURE 6
Effect of pH on the adsorption of fluoride.
Adsorption mechanism and pH effect
on the adsorption of fluoride

2.4

2.0
-1.5

0.0

1.5

3.0

ln C
FIGURE 5
Freundlich isotherm for the adsorption of fluoride.

4.5

It is known that the pH of the aqueous solution is an
important variable which controls the adsorption processes
at adsorbent water interfaces. Hence, the adsorption of
fluoride was examined for initial concentration of 20 mg/L
at different pH values covering a range of 3.5 to 8.2 and the
results were presented in Fig .6. It is seen from this figure
that the increase in the pH values decreases the adsorption.
The adsorbent contains oxides and carbon surface. Therefore different mechanisms affect the adsorption of fluoride.
The influence of pH on the fluoride adsorption and other
adsorption mechanisms can be explained as follows: One
of the mechanisms depends on the change of surface
charge of the adsorbent. The surface of the adsorbent is
highly protonated in acidic medium while it tended to have
negative charge in alkaline medium. Therefore high efficiency in acidic medium can be attributed to the gradual
increase in attractive forces and the low efficiency in alka-
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line medium can be explained by the repulsion between the
negatively charged surface and fluoride and the competition for active sites by excessive amount of hydroxide ions.
On the other hand, fluoride ions interact with phenolic hydroxy groups on the carbon structure via hydrogen
bonding [10]
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SUMMARY
Coal fly ash with a large amount of carbon is an excellent adsorbent in the removal of pollutants from aqueous phase. 2,4-Dinitrophenol(DNP) is highly toxic and
often observed in industrial effluents of dyes and pesticides production. This study was carried out to investigate
the effects of carbon content in coal fly ash on the adsorption of 2,4-dinitrophenol. Different fly ash carbon contents were prepared by a thermal process in the laboratory. Maximum adsorption capacity was observed after
about three hours of processing. The adsorption amount
of 2,4-dinitrophenol clearly decreased with increasing the
solution pH, regardless of carbon content. Besides, adsorption on carbon was more pH-sensitive than on metal
oxide. 2,4-DNP adsorption on fly ash with carbon conforms to the Langmuir adsorption model, but that without
carbon fits the Freundlich model. Adsorption of 2,4-DMP
could be attributed to the electrostatic charge interaction
between ionized 2,4-DMP molecules and positive charge
of carbon remaining on the surface of the coal fly ashes.

portant role in the pollutants` removal, its effects were not
investigated quantitatively in fly ashes from the same
source. Hence, by thermal decarbonation of the bulk fly
ash at 550 °C for various times, it was likely to get fly
ashes with different carbon content, but with the same
mineral ingredients and crystallites.
DNPs are highly toxic, carcinogenic and/or mutagenic,
and they must be removed from industrial wastewaters
before discharging them [14, 15]. In this study, 2,4-DNP
was chosen as model compound and fly ashes with different proportions of carbon content prepared by thermal
decarbonation in laboratory were used as adsorbents. The
contributions of carbon and mineral fractions to the adsorption were evaluated by 2,4-DNP batch adsorption
experiments, and influence of initial 2,4-DNP concentration, pH value of solution, and carbon content on the
adsorption reaction was studied.

EXPERIMENTAL
KEY WORDS: Coal, fly ash, carbon content, 2,4-Dinitrophenol
(2,4-DNP), pesticides.

Characteristics of Fly Ash

INTRODUCTION
Fly ashes are now widely used in cement manufacturing. It was also reported that they could serve as a stabilizer or binding reagent for the fixation of heavy metals
and nutrients in hazardous and organic wastes [1-3]. The
feasibility of regenerating fly ashes as an adsorbing material has been well discussed [4-7]. In addition, the coal
ash may be used to increase the agricultural productivity
of wastelands in India [8].
Many researchers have reported qualitatively on the
relation between organic pollutants` removal and chemical constituents of fly ashes from various power plants [912]. However, their pollutant removal efficiencies are different, depending on their characteristics originating from
different plants [13]. Although carbon content plays an im-

Fly ash used in this study was obtained from the China Steel Company in Southern Taiwan. It was microwave-digested (digester Milestone 1200, USA) and then
analyzed for its chemical composition by ICP-AES
(JY2300, Jobin-Yvon, France). As shown in Table 1, the
major components of the fly ash were silica, ferric, alumina, magnesium and calcium oxides. The bulk fly ash
collected was also oven-dried and sieved (Retsch vibrator,
Germany) to determine its particle size distribution. An
elemental analyzer (VARIO EL, Germany) was used to
examine the carbon content. The specific surface area of
fly ash was determined by a surface area analyzer (Micromeritics, Gemini 2360).
To prepare fly ashes with different carbon contents,
they were baked at 550 °C for fixed periods to remove the
carbon residue. The carbon content of the products was
then examined by an elemental analyzer and a scanning
electronic microscope coupled with an energy-dispersive
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X-ray spectrometer (Hitachi S-2500, Japan). The specific
surface areas and cation exchange capacities were also
determined to understand the adsorption potential of each
decarbonated fly ash in removing 2,4-DNP from aqueous
solutions. To identify the major crystals of minerals and
those in the baked fly ashes after decarbonation, the X-ray
spectra were evaluated by an X-ray diffractometer
(Rigaku D/Max III.VXRD, Japan).
TABLE 1 - Chemical analysis of the
coal fly ash used for experiments.
Constituents
SiO2

Percentage by Weight
28.7

Al2O3

9.7

Fe2O3

22.6

CaO
MgO
Loss on ignition

8.1
4.8
25.9

moval differences must be the changes of carbon amount,
not the variation of mineral crystals.
Adsorption is a time-dependent process. Figures 1
and 2 illustrate the adsorption amount of 2,4-DNP onto
the surface of the fly ashes as a function of contact time.
Figure 1 shows a high initial rate of 2,4-DNP removal,
which subsequently decreased, when the initial DNP
concentration was 1.0x10-5 M. Most of 2,4-DNP was
adsorbed in the first 200 min, and then the reaction decreased subsequently to an equilibrium state. When further increasing initial 2,4-DNP, the process equilibrium
was not delayed. Figure 2 shows the adsorption behavior
of 1.0 x 10-3 M 2,4-DNP with different carbon fractions of
fly ashes, which is quite similar as that shown in Figure 1.

40

Adsorption amount, x10-7 mole/g
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Adsorption Experiments

All chemicals used in this study were of reagent
grade. Sodium perchlorate solution (0.1 M) was used for
the modification of ionic strength in the adsorption experiments carried out in capped 250-ml flasks using 2 g/ 100
ml fly ash sample. To obtain the adsorption isotherms, the
samples were allowed to equilibrate on a shaker at 30 °C.
At specific time intervals, the samples were taken and
membrane-filtrated (0.45 µm). The adsorbed 2,4-DNP
amount in the filtrtates was spectrophotometrically determined (Hitachi U-1100 , Japan).
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FIGURE 1 - Effect of carbon content on the removal of 2,4dinitrophenol at initial concentration of 1x10-5 M (Experimental
conditions: Initial pH, 6; temperature, 30 °C; [NaClO4] = 0.1 M).

RESULTS AND DISCUSSION
Effect of Carbon Content

2.5

Adsorbent amount, x10-5 mole/g

Table 2 shows the carbon contents and cation exchange capacities of the thermally prepared fly ashes. It
was found that both decreased with duration of decarbonation. By thermally decarbonating the bulk fly ash at 550
°C for various definite times, fly ashes with different
carbon content, but the same mineral ingredients and
crystallites, were obtained, and carbon contribution in 2,4DNP removal from aqueous solution was evaluated by
batch adsorption experiments.

1
23.5
15.0
4.85

4
6.09
10.2
4.08

2.0

1.5

with 23.5 % carbon
with 6.09 % carbon
with 0.13 % carbon

1.0

0.5

0.0

0

200

400

600

800

1000

1200

1400

1600

Time, min

TABLE 2 - Carbon contents, specific areas and cation
exchange capacities of the thermally prepared fly ashes.
Baking time（h）
Carbon (%)
BET (m2/g)
CEC( meq/100g)

with 23.5 % carbon
with 6.09 % carbon
with 0.13 % carbon

30

FIGURE 2 - Effect of carbon content on the removal of
2,4-dinitrophenol at initial concentration of 1x10-3 M (Experimental conditions: see Fig. 1).

24
0.13
0.13
1.61

This study also employed the XRD analytical techniques to observe changes of the crystals after decarbonation. It was found that there was not any crystalline formation or disappearance after decarbonation, and the XRD
patterns of every fly ash sample consisted of the same
crystalline phases. Thus, we assumed that 2,4-DNP re-

The data presented in Figures 1 and 2 indicate that
carbon in fly ash has a definite effect on 2,4-DNP removal from aqueous phase. These isotherms show that carbon
is a strong adsorbent, and the mineral fraction is a weaker
one. The adsorption amount of 2,4-DNP increased with
increasing carbon content as well as its specific surface
area in fly ash (Table 2).
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One of the primary objectives of this research was to
explore the influence of chemical constituents of fly ash
on its adsorptive properties. Therefore, an attempt was
made to establish a relationship between adsorption capacity of fly ash and its major chemical constituents, such
as mineral oxides (aluminum oxide, calcium oxide, silica,
etc.) and carbon. The latter with its larger specific surface
area and cation exchange capacity can work better than
the mineral fraction in the adsorption reaction. The higher
the carbon content, the better the removal efficiency. An
identical trend was observed in some reports about the
removal of pollutants using various fly ashes as adsorbents. For example, the removal of ABS increased with
carbon content of fly ash [10]. Similarly, it was reported
that the higher the carbon content, the better the removal
of butanol, methyl isobutyl ketone (MIBK) and o-xylene
[12]. All of these tendencies strongly implied that the
carbon content in fly ashes was the most important parameter in the removal of organic pollutants.

of carbon. The Freundlich model can describe the adsorption of 2,4-DNP using fly ash with 0.13 % of carbon (Table 3), which can be almost neglected. This means that fly
ash adsorbed 2,4-DNP on its surface by metal oxides.
However, when carbon is present on the surface of coal
fly ash, the adsorption behavior was obviously changed,
and the reaction increased. This can only be described by
the Langmuir model. In other words, carbon changed the
surface characteristics of the fly ash, even in small portions. Consequently, carbon has a critical effect on the
adsorption of 2,4-DNP.
TABLE 3 - Langmuir and Freundlich equations for 2,4dinitrophenol adsorption on fly ash containing different
carbon contents.
Carbon content (%)

Model

23.5
6.09
0.13

1/(x/m)=8760+22.7 (1/C)
1/(x/m)=17590+23.5 (1/C)
Log(x/m)=-0.795+1.4 logC

Correlation
Coefficient
0.99
0.99
0.99

Effect of Initial 2,4-Dinitrophenol Concentration

The initial concentration of 2,4-DNP varying from
1.0x10-5 M to 1.0x10-3 M affected the adsorption capacity.
As shown in Figure 3, the adsorption with fly ashes containing 23.5 % and 6.09 % of carbon increased linearly, and then
reached a plateau at an initial concentration of 7.0 x 10-4 M.
However, the adsorption capacity of fly ash with only
0.13 % of carbon also exhibited the linear relationship within
the range of initial 2,4-DNP amounts used in this study.
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FIGURE 4 - Effect of pH on the removal of 2,4dinitrophenol (Experimental conditions: see Fig. 1;
initial 2,4-dinitrophenol concentration, 1.0x10-3 M).
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FIGURE 3 - Effect of initial 2,4-dinitrophenol concentration on the
removal of 2,4-dinitrophenol (Experimental conditions: see Fig. 1).

The adsorption characteristics of fly ashes with different fractions of carbon were analyzed and evaluated
using the Langmuir and Freundlich isotherm equations for
comparison. The Langmuir (1) and Freundlich (2) equations are, as follows:
X/M=abC/(1+KC)
X/M=kC

1/n

The effect of pH on 2,4-DNP adsorption on fly ash
was studied by varying it from 3 to 11. Figure 4 shows
that removal decreased with a decrease in pH from 3 to 11
at 30 °C. It can clearly be seen that adsorption on carbon
is more sensitive to pH than on metal oxides. This effect
may be explained on the basis of complex formation of
carbon and oxides in the fly ash. A positive charge develops on the surface of carbon and oxides in fly ash is
shown as follows:
MOH + OH- → MO- + H2O

(1)
(2)

where X = amount of solute adsorbed; M = weight of
adsorbent; C=concentration of solute in the solution; and
a, b, K, and n are constants.
Adsorption data were found to fit well to the Langmuir isotherm for fly ashes containing 23.5 % and 6.09 %

-

(3)

where MOH and MO are neutral and/or negative
functional groups on the fly ash, respectively. The fly ash
used in this study was a mixture of metal oxides and carbon, and, therefore, it cannot have a specific ionization
constant. However, it can be confirmed that the amount of
negative functional groups increased with increasing the
solution pH as shown in Figure 5. Korczak et al. [16]
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have proposed surface characteristics of fly ash samples,
which indicated that the negative functional groups took
place at pHs ranging from 3.5 to 10. Most of 2,4-DNP
molecules have an ionic form at pHs higher than 4.1,
because the ionization constant of 2,4-DNP is 10-4.1 [17].
Therefore, the 2,4-DNP-molecule has a negative charge at
these pHs, leading to the adsorption decrease on fly ash
surface. However, the fly ash with 0.13 % of carbon was
less influenced by pH.
-40

-50

Zeta potential, mV
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tion. The carbon content of the fly ash was found to be a
highly significant parameter for its 2,4-DNP removal. It
influenced the specific surface area of the fly ash, and
terminated the removal efficiency of 2,4-DNP. It can also
be inferred that the principle mechanism of 2,4-DNP
absorbance onto coal fly ash surface could be electrostatic
charge interactions.
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SUMMARY
To dissolve and decolourise a commonly used disperse dye, Setopers Black RD-ECO, by a filamentous
fungus, Aspergillus oryzae, solutions and dispersions of
Setopers Black RD-ECO with distilled water, sulphuric
acid, acetic acid, ethanol, acetone and acetone-acetic acid
mixture were prepared. As the highest absorbance is shown
by the dye solution in acetone (k = 14.1), it was chosen for
dye solubilisation. High concentrations of acetone (10/90
and 15/85 v/v acetone/water ratios) inhibited microbial
growth and absorptive values of both solutions are found
to be similar (k=16.125 and k=16.2). Therefore, 10/90 v/v
acetone/water was chosen for stock dye preparation in all
decolourisation tests. The k values dropped to 9, 9.25,
9.33 and 8.8 in decolourisation media, which have 10, 20,
30 and 50 mg nutrients for growth per l dye. After cultivation, the fungal cells were coloured, indicating that adsorption and/or absorption of the dye to the cells had
occurred. Under a bright-field microscopy, a black colour
based on Setopers Black RD-ECO was observed both outside and inside the fungal cells, revealing the sorption of
dye to the cells. Microscopic examinations show us that the
dye particles accumulate in the cells, but were also entrapped in the hyphal intermediates of the mycelium.

the choice of a suitable organic solvent to be added and the
determination of the optimum mixture ratio of aqueous
dispersion/ organic solvent are of great importance in the
visible spectroscopy of disperse dyes, widely used for
colouring polyester textiles. In dyestuff plants, the
wastewaters containing these dyes are treated by physical
[1], chemical [2, 3] or biological [4-7] methods. However,
large amounts of most of disperse dyes are released into
the environment because they are not readily degraded,
even by biological treatment. As disperse dyes are insoluble in water, they are dispersed with addition of detergents, which may be a reason for their insusceptibility to
biological degradation. The microbial degradation of some
water-soluble dyes by using bacteria [8, 9], algae [10],
yeasts [8, 11], filamentous fungi [8, 12-15] and white rot
fungi [8, 16-19] has already been reported, but there is
only few information on the biodegradation of waterinsoluble disperse dyes [4-6]. Furthermore, there is no
information about the solubilisation of disperse dyes prior
to biological decolourisation. From the above reasons,
new biodegradation and bio-treatment systems are required and we report here on the solubilisation and removal of a disperse dye, Setopers Black RD-ECO, commonly used in Turkey, by Aspergillus oryzae.
MATERIALS AND METHODS

KEYWORDS: Disperse dye, Setopers Black RD-ECO, Aspergillus oryzae, decolourisation.

INTRODUCTION
Disperse dyes are non-ionic aromatic compounds,
scarcely soluble in water, but soluble in organic solvents.
The majority of them are azo and anthraquinone dyes. In
decolourisation studies, the dyes` uptake is usually followed by spectrophotometric analyses of the liquid media.
In the analysis of wastewaters containing disperse dyes,
the presence of water cannot be eliminated, and, therefore,

Microorganism

Aspergillus oryzae was obtained from the University
of Mersin, Department of Environmental Engineering,
Turkey. The cultures were maintained on Sabouraud Dextrose Agar (SDA) slants and stored at +4 °C. This fungal
species, previously not used in decolourisation studies,
was chosen for our work.
Inoculum Preparation

For inoculum preparation, the conidia of the fungi
were harvested from a 5-days old slant culture by adding
50 mL sterile saline and 1 mL of sterile 1% (vol/vol)
Tween-80, and vortexed thoroughly to disperse the fungal
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spores. The spore suspension was then filtered through a
sterile cotton filter to free the spore suspension of any hyphal fragments [20]. The density of the spore suspension
was adjusted to give an absorbance of 1.025 at 650 nm,
corresponding to about 5x107 spores per ml [21]. The medium (100 mL) was inoculated with 1 mL spore solution.

of SBM is given in Table 1. Medium pH was adjusted to
3.5 with sodium tartrate buffer.
TABLE 1 - Stock basal media used for decolourisation experiments.

Chemicals

Setopers Black RD-ECO was obtained from Berdan
Textile Industry, Tarsus, Turkey and the other chemicals
used were purchased from Merck and Riedel in the highest available purity.
Solubilisation of Dye

Setopers Black RD-ECO was selected for this work
due to its difficulty to work in industry. The chemical
structure of this dye was not given by the company. Stock
solutions and dispersions of Setopers Black RD-ECO
with distilled water, sulphuric acid, acetic acid, ethanol,
acetone and acetone-acetic acid mixture (9:1, v/v) were
prepared. The solvent/water ratio was adjusted to 3/7, v/v
and 40 mg l-1 solutions were prepared from the stock dye
solutions and their absorbance was measured immediately
with an UV/VIS spectrophotometer (Shimadzu 160A).
The relationship between absorbance and concentration is
governed by the Beer-Lambert’s Law [22].
Determination of Optimum Acetone/Water Ratio

Various amounts of acetone were added (dye concentration remains constant, 40 mg l-1) to reach 5, 10, 15, 20
and 25 % of organic solvent in stock solution, and absorbance in 40 mg l-1 dye solutions was measured as described
above.
Toxicity of Acetone on Microbial Growth

Addition of acetone was chosen to reach 1.25 mL/
100 mL, 2.5 mL/100 mL, 3.75 mL/100 mL, 5 mL/ 100 mL
and 6.25 mL/100 mL organic solvent in stock basal medium (SBM). Media without organic solvent were used as
controls. The media (100 mL) were inoculated with 1 mL
spore suspension, and incubated in a shaking incubator
(150 rpm) at 30 °C for 24 hours.

Amount (g l-1)
10.0

Material
Glucose
Ammonium dihydrogen phosphate
(NH4H2PO4)
Magnesium sulphate (MgSO4.7H2O)

0.2

Calcium chloride (CaCl2.2H2O)

0.1

0.5

100 ml biosorption medium was prepared in 250 mL
Erlenmeyer flasks by inoculating 4 x 107 fungal spores in
sterile SBM. The flasks were placed on the shaker and
incubated at 150 rpm and 30 °C. Decolourisation and
microbial growth were established by spectrophotometric
analysis and dry mycelium weight (DMW) measurements
that were done at determined time intervals.
During incubation period, all analyses were carried
out at certain time intervals and separate flasks were used
to prevent contamination. Samples were filtered. Filter
residue was used for DMW analysis and filtrated liquid to
determine the medium pH with a Nell pH-meter, but also
the colour intensity. All analyses were done in triplicate.
The dye remaining in medium was determined spectrophotometrically in the filtrated liquid at 607 nm. Percentage
decolourisation was calculated from absorption values
obtained versus those of control. Pellets that were separated from the medium by filtration were dried at 65 °C
for 24 hours to estimate DMW [23]. Sterile control flasks,
which contained only the dye-free synthetic medium,
were also inoculated and incubated at 30 °C to determine
the absorbance of the dye-free medium. Non-inoculated
sterile control flasks that contained both dye and synthetic
medium were incubated at 30 °C to investigate the abiotic
colour removal efficiency. As colour removal efficiencies
were found to be less than 5 % under abiotic conditions,
the total colour removal was completely attributed to
biotic actions.
RESULTS

Bioaccumulation Assays

Solvent Effect

Stock Basal Medium (SBM) was prepared and autoclaved at 121 °C and 1.2 atm. for 15 min. The composition

The λmax shifts and absorption coefficients change
with that in solvents are presented in Table 2.

TABLE 2 - Spectral data of the disperse dye Setopers Black RD-ECO in the solvents used.

Visible
Solubilization
λmax
k (L/g cm)

Sulphuric acid

Acetic acid

Water*

Ethanol

Acetone

Mixture**

+

+

-

+

+

+

454

574

572

567

614

614

11.26

10.06

7.55

12.66

14.1

12.34

*: aqueous dispersion of dye; **: acetone-acetic acid
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TABLE 3 - Spectral data for Setopers Black RD-ECO in acetone-water mixtures with different ratios.
Acetone/water ratio (v/v)
λmax

0/100
572

5/95
611

10/90
607

15/85
601

20/80
606

25/75
612

k (L/g cm)

7.55

15.85

16.125

16.2

15.525

14.7

The highest absorbance was shown by the dye dissolved in acetone. It was found to be the most powerful
solvent, and chosen for dye solubilisation. The optimum
ratio between water and acetone was studied using 40 mg l-1
dye solutions and acetone-water mixtures of different
ratios (5/95, 10/90, 15/85, 20/80, 25/75, v/v). To obtain
accurate measurements of Setopers Black RD-ECO, 10%
or 15% acetone should be added to the aqueous dispersion
of the dye as shown in Table 3.
Smaller pellets were observed in the media containing 1.25 mL/100 mL and 2.5 mL/100 mL acetone than in
controls, and pellet formation was not observed in 24hours incubation experiments in the media with 3.75 mL/
100 mL, 5.0 mL/100 mL and 6.25 mL/100 mL acetone
used in the toxicity tests.
As high concentrations of acetone inhibited microbial
growth and absorptive values (k) for 10/90 and 15/85
acetone/water ratios were found to be similar, the first
ratio was chosen for stock dye preparation in all decolourisation tests.

Decolourisation of Setopers Black RD-ECO

Pellet formation was observed 24 hours after spore
inoculation. Spectrophotometric, DMW and pH analyses
were initiated when the pellets appeared. Dye concentration, DMW and biosorption capacity changed during the
78-hours incubation period in media with initial dye concentrations of 10 mg l-1, 20 mg l-1, 30 mg l-1, 50 mg l-1
(Tables 4a-d).
During incubation, the pHs of the media did not
change remarkably (3.5-3.4) because of the buffering
compounds used in experiments.
It can be seen in Tables 4a-d that the initial concentrations are found to be definitely lower than the adjusted
ones. The k values dropped to 9, 9.25, 9.33 and 8.8 for 10,
20, 30 and 50 mg l-1 dye concentrations, respectively.
Under a bright-field microscopy, a black colour based on
Setopers Black RD-ECO was observed both outside and
inside the fungal cells, revealing the dye’s sorption.
Amounts of 5.48, 14.99, 28.78 and 51.47 mg g-1 dye were
removed by Aspergillus oryzae for 10, 20, 30 and 50 mg l-1
initial dye concentrations, respectively.

TABLE 4 - Dye concentration, DMW and biosorption capacity changes during the 78-hours incubation
period in media of different initial dye concentrations ( a) 10 mg l-1, b) 20 mg l-1, c) 30 mg l-1, d) 50 mg l-1).
(a)

(c)

Time (hours) Concentration (mg l-1)
0
6.0403

DMW (g l-1)

q (mg g-1)

Time (hours) Concentration (mg l-1) DMW (g l-1)
0
18.7920

q (mg g-1)

24
27

4.6980
1.4094

0.587
0.860

2.2862
5.3844

24
27

11.4765
11.0738

0.296
0.334

24.7077
23.1023

31
47
54

0.9396
0.8053
0.6040

0.930
1.120
1.340

5.4843
4.6738
4.0567

31
47
54

9.6644
6.8456
5.1007

0.392
0.415
0.571

23.2795
28.7816
23.9743

78

0.4027

1.410

3.9981

78

2.2148

0.692

23.9527

DMW (g l-1)

q (mg g-1)

DMW (g l-1)

q (mg g-1)

(b)

(d)

Time (hours) Concentration (mg l-1)
0
12.4161
24
10.2685

Time (hours) Concentration (mg l-1)
0
29.5302
24
23.0873

0.367

5.8625

0.226

28.5078

27
31
47

8.6577
5.9060
3.6913

0.411
0.489
0.587

9.1540
13.3210
14.8701

27
31
47

19.9329
17.2483
10.5369

0.310
0.350
0.369

30.9584
35.0905
51.4718

54
78

3.2886
1.4094

0.609
0.860

14.9941
12.8030

54
78

9.7315
8.8591

0.459
0.505

43.1339
40.9326

DMW =Dry Mycelium Weight, q =Adsorption capacity of fungus.
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DISCUSSION
In spite of the fact that acetone could dissolve the dye,
this dye-solvent system could not be used prior to dye
decolourisation by active Aspergillus oryzae because of the
obligatory use of nutrients in decolourisation medium.
Although Aspergillus oryzae can effectively remove
Setopers Black RD-ECO, the confidence of the spectrophotometric analysis was reduced, as the solubility of dye
became less by nutrient addition. Another dye-solvent
system, not re-precipitating the dye by the addition of
SBM, could be tried, and, in addition to this, by using
inactivated cells of Aspergillus oryzae for decolourisation,
the use of SBM will be eliminated. By this way, ascertaining the validity of the Lambert-Beer’s law, decolourisation mechanism could be understood. Decolourisation of
Setopers Black RD-ECO by inactive Aspergillus oryzae is
in progress.
The aqueous dispersion of disperse dyes shows completely different absorption spectra due to light-scattering
when compared to that of the solvent solutions of the dye.
Similar k values for acetone were obtained by Golob and
Tusek [24], who used three organic solvents (ethanol,
N,N-dimethyl-formamide, acetone) and two disperse dyes
(disazo dye, C.I. Disperse Orange 29, and anthraquinone
dye, C.I. Disperse Blue 56) to study the effects of different solvents and water on the shape and intensity of the
absorption spectra of the dyes. The changes in the spectra
of different solvents were attributed to the intermolecular
solute-solvent interactions (ion-dipole, dipole-dipole,
dipole-induced dipole, and hydrogen bonding, etc.), which
tend to alter the energy difference between the ground and
the exited states of chromophores [24]. Aqueous dispersions show different types of spectra primarily due to undissolved dye. The validity of the Lambert Beer`s law in
each system was ascertained by the addition of an organic
solvent to the dye bath dispersion.

that Cunninghamella polymorpha can efficiently remove
various types of dyes and high concentrations of disperse
dyes from the medium and wastewaters by their sorption to
the cells. They found that Cunninghamella polymorpha
could remove 93%, on average, of the 17 disperse dyes
tested within 120 hours. Spadaro et al. [4] reported that
ligninolytic enzymes of Phanerochaete chrysosporium are
able to decolourise 100 % of Disperse Yellow 3 (0.8 µmol)
in 120 hours, and 5.59 mg g-1 dye (Disperse Red 1) removal was obtained within 48 hours by Fu and Viraraghavan
[7] using inactive Aspergillus niger as biosorbent. They
also indicated that the mechanism is different from that of
ionic dyes in biosorption of Disperse Red 1 on fungal biomass and concluded that physical and chemical adsorption
could occur simultaneously, and phosphate groups could
be potential binding sites.
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Although the use of buffers inhibited reactive dye decolourisation, it induces disperse dye decolourisation
(data not shown), also indicated by Sugimori et al. [20],
who found that drop in pH might have caused disperse
dye removal termination.
In decolourisation media, the k values dropped to 9,
9.25, 9.33 and 8.8 for 10, 20, 30 and 50 mg l-1 dye concentrations, respectively, as shown in Table 4. It is clear
that SBM components reduce the solubility of dye. After
the cultivation, the fungal cells were coloured, indicating
that adsorption and/or absorption of the dye to them had
occurred. In spite of the fact that high q values (dye concentration adsorbed by 1 g dry mycelium) were obtained
for all dye concentrations, confidence of spectrophotometric analysis reduced as the solubility of dye decreased.
Microscopic examinations show us that the dye particles
both accumulate in cells and were entrapped in hyphal
intermediates of the mycelium, most probably because of
the re-precipitation of dye. Sugimori et al. [6] concluded
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SUMMARY
In this study, the acute toxicity of m-cresol on fry
rainbow trout, Oncorhynchus mykiss, was investigated.
Liquid m-cresol (C7H8O) was applied at concentrations of
1, 2, 3, 4, 5, 6, 7, 8, 10, 16, and 32 ppm in 80-L aquariums
with micropipette. Temperature, pH and dissolved oxygen
of aquarium water were also measured and for each
treatment, three replicates and control groups were used.
The statistical acute toxicity bioassay was performed
to determine the lethal concentrations, (LC10, LC50 and
LC90 values) and lethal times (LT10, LT50 and LT90 hours)
of m-cresol after 24, 48, 72 and 96 h. No mortalities were
observed at the concentrations of 1, 2, and 3 ppm. The
LC50 values for 96 h were 3.88 ppm. The LT50 time at 4
and 8 ppm levels of m-cresol were 112 00', 29 55', respectively.

KEYWORDS:
Acute toxicity, m-cresol, Oncorhynchus mykiss, rainbow trout.

INTRODUCTION
Fish and all other living organisms in water are affected by alterations in their environmental conditions.
Phenolic compounds, defined as hydroxyl-derivatives of
benzene and its condensed nuclei [1], derive from processing of coal, petroleum, wood distillation, many chemical industries and also from domestic and animal wastes.
Many phenolics are more toxic than pure phenol, but its
toxicity is often used as a guide to the toxicity of other
phenolics to fishes when no other data are available. The
toxicity of phenolic compounds varies widely between
fish species and under varying environmental conditions
[2, 3]. U.S. Environmental Protection Agency recommends a maximum permissible concentration of 0.1 ppm
m-cresol in water for fish and wildlife [4].

m-Cresol is an effective matter of lysol used as a
strong disinfectant and anti-parasites` agent in fishfarming and agriculture [2, 5, 6]. It is also used as lysol to
control metazoan fish external parasites, such as leeches
[7].
The aim of the present study was to determine the
LC10, LC50 and LC90 values of this chemical and to observe its behavioural effects on fry rainbow trout, Oncorhynchus mykiss.
MATERIALS AND METHODS
Fry rainbow trouts, O. mykiss (mean weight: 0.78±
0.04 g; range: 0.5-1.1g; mean length: 4.6±0.09 cm; range,
3.9-5.2 cm) were transported to the laboratory from a fish
farm and acclimatized to lab conditions for 10 days under
natural photoperiod and ambient temperature (14 °C). They
were fed daily with commercially prepared pellets and no
feeding occurred after 96-h exposure to m-cresol. The
dissolved oxygen, pH and temperature of the test water
were found to be 7.21±0.11 mg/L (range, 6.1-7.6); 7.92±
0.04 (range, 6.60-8.20) and 14 °C, respectively. Toxicity
tests were designed according to Ward and Parrish [8].
The test concentrations of m-cresol were arranged between 1-32 ppm (1, 2, 3, 4, 5, 6, 7, 8, 10, 16, 32 ppm).
Each m-cresol concentration was prepared in carefully
shaken 80-L aquariums with a Microlit VVCS-10 micropipette. Ten fry rainbow trouts were then placed into
the test aquariums. For each treatment, three replicates
and control groups were used.
The statistical acute toxicity bioassay was performed to
determine the lethal concentrations, LC10, LC50 and LC90
values, and lethal times, LT10, LT50 and LT90 hours of mcresol after 24, 48, 72 and 96 h. The values of lethal concentrations and times were calculated by appropriate statistical methods (95 % confidence limits). Mortality rate between each concentration and 24-96 hours time periods
depending on time was correlated [8-12]. However, in the
toxicity tests a computer software (PROBIT) was also used.
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RESULTS
Effect of m-cresol on the fry rainbow trout, O. mykiss

Initially, fish normally swam in 3-32 ppm m-cresol
water, but later, swimming was observed to be abnormal,
they became inactive, the caudal fin hanged down, they
revolved reverse and, finally, were dead.
Lethal Concentrations of m-cresol

The correlation coefficients belonging to each mcresol concentration between mortality rate and exposure
time were listed in Table 4. No mortality was observed at
1-3 ppm, but all animals died in 10-32 ppm m-cresol
concentrations. There is no significant difference at 4 ppm
m-cresol between mortality rate and exposure time
(r=0.961±0.277, p>0.05). At 5-8 ppm significant differences between mortality rate and exposure time were
observed (p<0.05) (Table 4).

Table 1 shows the LC10, LC50 and LC90 values of mcresol for fry O. mykiss at four time intervals. The LC50
values for 24, 48, 72 and 96 h of exposure were 8.13,
6.02, 4.87 and 3.88 ppm, respectively.

TABLE 4
The correlation coefficients, standard errors (±S.E.)
and levels of significance (P) between mortality rate
and exposure times (24, 48, 72 and 96 h) for m-cresol.
Concentration of
m-cresol (ppm)
1
2
3
4
5
6
7
8
10
16
32

TABLE 1 - Lethal concentrations (LC10,
LC50, LC90) of m-cresol depending on time (h).
Times (h)
24
48
72
96

LC10
6.61
3.43
2.98
2.67

Lethal Concentrations (ppm)
LC50
8.13
6.02
4.87
3.88

LC90
9.65
8.61
6.76
5.09

The correlation coefficients of each time between mortality rate and concentrations of m-cresol were determined
(Table 2). There was a significant difference at 24, 48, 72
and 96 hours between mortality ratio and concentrations of
m-cresol at the 5 % level (p<0.05). The correlation between
the mortality rate and concentrations of m-cresol was positive, and mortality of fry rainbow trout increased with
increasing m-cresol concentrations (Table 2).
TABLE 2 - The correlation coefficients, standard
errors (±S.E.) and levels of significance (P) between
mortality rate and concentrations (1-32 ppm) of m-cresol.
Correlation of
m-cresol solutions
0.987
0.932
0.870
0.947

Times (h)
24
48
72
96

±S.E.

P

0.112
0.182
0.246
0.227

p<0.05
p<0.05
p<0.05
p<0.05

Lethal time of m-cresol

The lethal times (LT10, LT50 and LT90) of m-cresol
concentrations (4, 5, 6, 7 and 8 ppm) for fry O. mykiss were
defined (Table 3). The LT50 times for 4, 5, 6, 7 and 8 ppm
were 112 00', 54 51', 50 55', 42 51', and 29 55', respectively. Ten percent mortality were observed at 8 ppm after
21 min.
TABLE 3 - Lethal times (LT10, LT50,
LT 90 ) of m-cresol concentrations.
Concentrations of
m-cresol (ppm)
4
5
6
7
8

LT10
64:00 h
27:26 h
21:49 h
08:34 h
00:21 h

Lethal Times (h)
LT50
112:00 h
54:51 h
50:55 h
42:51 h
29:55 h

LT90
160:00 h
82:17 h
80:00 h
77:09 h
59:29 h

Correlation coefficient
to exposure time
0.961
0.973
0.947
0.885
0.993
-

±S.E.

P

0.277
0.163
0.227
0.229
0.118
-

p>0.05
p<0.05
p<0.05
p<0.05
p<0.05
-

DISCUSSION
Many phenolics are more toxic than pure phenol [2],
causing extensive damage to the reproductive system and
gill epithelium of the trouts within seven days at a concentration of 6.5 ppm [1, 2, 13]. In this study, m-cresol
was observed to damage gill of fry rainbow trout and
anoxia, but also swimming of the fish at the water surface.
The LC50 value of m-cresol has been reported to be
6.4-24.5 ppm for a 24-hours exposure [2] and is similar to
our results (LC50 value 8.13 ppm for 24 h). Acute toxicity
of m-cresol for bacteria, fish and water has been reported
at levels of 4.3, 4.7 and 4.0 ppm, respectively [14]. The
Turkish Law of Fisheries and Regulations of Fisheries
recommends 6.5 ppm as maximum permissible concentration of m-cresol in water for fish and wildlife [5, 6]. In
this study, the LC10 and LC90 values for 96-h exposure
were 2.67 ppm and 5.09 ppm, respectively. The lethal
concentration of m-cresol for 96 h was observed to be
slightly lower than that of the Turkish Law of Fisheries
and Regulations of Fisheries, but higher than that nof the
U.S. Environmental Protection Agency [4].
The LC50 values on Gambusia affinis, being exposed
to m-cresol for 24, 48, 72 and 96 h, have been reported to
be 40, 38, 33 and 33 ppm, respectively [3]. The LC50 mcresol value has been defined as 189 ppm for bioluminescent bacteria [15], much higher than those examined for
the fry rainbow trout.
This study points out that mortality rate of fry rainbow trout increased with increasing m-cresol concentrations, however, mortality times were found to be shorter.
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PRODUCED FORMATION WATERS:
A PRELIMINARY STUDY ON CHEMICAL CHARACTERIZATION AND
ACUTE TOXICITY BY USING FISH LARVAE (Dicentrarchus labrax L.,1758)
Mariani L., Manfra L., Maggi C., Savorelli F., Di Mento R. & Cicero A.M.
ICRAM, Central Institute of Marine Research, Via di Casalotti, 300, 00166 Roma, ITALY, e-mail: l.mariani@icram.org

RESULTS
Chemical characterization
TABLE 3 - Particulate PFW characterisation.

Components

Unit

Particulate
PFW

Total carbon

%

84

Total organic carbon

%

60

Total nitrogen

%

3

Total oils

mg/l

6.000

Hydrocarbons >C12

mg/l

6.000

Hydrocarbons <C12

mg/l

d.l.

Phenols

µg/l

d.l.

(d.l. indicate value below quantification limits)
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