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Kinetic Study of Zinc Retention Onto a River Sediment
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Heavy metals discharges in water bodies pose a significant threat to the aquatic ecosystems and human
health. Small doses of zinc have an important metabolic role, but overdoses may pose toxic effects onto the
aquatic wildlife. Sediments in water bodies act as metals accumulators and food source for the benthic
biota. The role of sediments in the bio-geochemical cycles of zinc in water bodies is partially known. In this
paper a kinetic study of zinc retention onto a sediment core sampled from Arges river (nearby Crivina,
Giurgiu County) is presented. The study was done in order to develop a chemodynamic model of zinc
dispersion into a river stream. Based on the experimental results, as variation of concentration in time, and
in order to assess the zinc retention rates, the pseudo-1st order, pseudo-2nd order and Elovich models were
used. The calculations show that Elovich model has the best applicability. Based on these data, it was drawn
up a mathematic correlation between retention rate and zinc concentration in the aqueous phase and
sediment, based on a first order Langmuir kinetic model. The calculation results shown that the model can
be successfully used to describe the kinetics of zinc retention on the chosen sediment.
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Major sources of zinc pollution are represented by non-
ferrous mining industry, electroplating, thermal plating,
corrosion protection. Zn poses an important role in
metabolic processes, acting as microelement but
exceeding doses may pose toxic effects [1, 2]. How long
the toxicity of organic micropollutants is directly related to
their bioaccumulation rates, the toxicity of heavy metals
depend on their nature, speciation, and the target organism
[3-5].

As follows from literature, the most selective method
used for removal of Zn2+ ions from the industrial
wastewaters solutions is extraction. However, apparatus
and installation to carry out extraction on a commercial
scale are too expensive for some factories. Therefore,
cheaper alternative methods are demanded. Ion exchange
seems to be a proper solution. Production of synthetic fibres
using the viscose method requires acidic baths whose main
components are zinc sulphate, sulphuric acid and sodium
sulphate. Industrial wastewaters containing Zn2+ ions are
the most toxic of all that are developed in this process.
Their disposal into rivers causes serious damages in
particular of its high Zn2+ content [4-6].

In the last decade researchers have followed different
sequential extraction techniques for the fractionation of
metals in sediments of different river systems. Rauret et
al. studied the speciation of copper and lead in the
sediments of River Tenes (Spain) while Pardo et al. studies
the speciation of zinc, cadmium, lead, copper nickel and
cobalt in the sediments of Pisuerga River, Spain, in order to
establish the extent to which these are polluted and their
capacity to remobilization. Jardo and Nickless investigated
the chemical association of zinc, cadmium, lead and
copper in soils and sediments of England and Wales. In
most samples, these four metals were associated with all
the chemical fractions. Tessier et al. studied speciation of
cadmium, cobalt, copper, nickel, lead, zinc, iron and
manganese in water and sediments of St. Fransois river,
Quebec, Canada [7].

Rivers as one of the basic resources of surface water
have ecologic and notable economic value. The
hydrochemical composition and quality of water and the
sediments of river beds have always been influenced by
natural (geologic) and unnatural (pollution) factors. The
polluting elements entry, based on natural and human
activities is one of the most important issues which
mankind faces today. Together with the fast industrial and
economic growth and producing many kinds of chemical
substances as well as the consumption increase, human
enters many kinds of contaminants to the nature which
endangers both man and environment [5]. The importance
of water resources especially surface water for supplying
water needs, declares the important need of maintaining
them from pollution, with entering effluents to the main
system, consisting urban, industrial and agricultural
sewage, they contain microbial and contaminants such
as heavy metals. Although the noted metals in low
concentration act as micro-nutrients in a food chain, their
accumulation in high concentrations cause toxicities and
adverse environmental effect and as a result endangers
water ecosystem and of course the consumers. Measuring
the heavy metals concentration alone, would not show
their pollution intensity. Therefore in recent years to get rid
of such problem, the Muller geochemical index is used to
measure the intensity of pollution. In addition the
accumulation of metal in sediments provides researchers
with suitable information about environmental conditions.
[6]. The sediments are ultimate accumulation of heavy
metals in aquatic environments, in some cases they can
act as sources of contaminations in water themselves [8].
The contaminants remains in the sediment for quite a long
time, but due to biological activities and physical and
chemical changes they can enter the surface waters,
therefore measuring the heavy metal concentration can
show a real picture of aquatic environment pollution [6].

To determine the pollution effect, the sources and
concentrations of pollutants in aquatic environment need
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Fig. 1. Sampling point location (http://maps.google.ro)

Table 1
TECHNIQUES USED FOR SEDIMENT CHARACTERIZATION

Table 2
CONTENT OF HEAVY METALS IN SEDIMENT

assessment and monitoring [9]. The amount of pollution
in aquatic environment can be determined by analysis of
water, sediments and marine organisms [10-21].

In this paper the influence of temperature on the kinetics
of zinc retention on a sediment core was studied.

Experimental part
The kinetic experiments were done in batch systems,

by contacting synthetic aqueous solutions of ZnSO4 with
sediment, at a mass ratio L/S = 50/1, by considering the
total mass of sediment. Location of the sampling point
was preferred due to its accessibility and its relevance,
being placed upstream of the most important freshwater
supply of Bucharest municipality.

Sediment core was sampled from Arges River bed,
nearby the locality Crivina, Giurgiu County, about 600 m
upstream the supply of water treatment plant Rosu. The
sampling point DMS coordinates are 44°25’47.29" N and
25°46’4.93" E, as shown in figure 1.

During the sampling process, the following on site
measurements were done:

-air temperature: 6 °C;
-water temperature: 9 °C;
-water pH: 7.42;
-oxygen demand (DO): 6.42 mg/L;
-electric conductivity: 242µS/cm;
-sampling depth: 30 cm.
Techniques used for sediment characterization are

presented in table 1.
The grain size distribution of sediment, determined

according to the procedure mentioned in table 1, is:
-coarse fraction (> 63µm): 49.9%;
-silt (2 ÷ 63 µm): 40.0%;
-clays (< 2 µm): 10.1%.
In table 2 is presented the content of heavy metals in

sediment, reported to the reactive fraction of the sediment
(< 63 µm).

Data presented in table 2 show high concentrations of
Zn and Cr in sediment, significantly exceeding the levels of
concern (LOC), how long the Cu concentration reaches
the LOC value.

The kinetic study of zinc retention on the sediment was
done by contacting synthetic aqueous solutions of ZnSO4
with sediment samples, in the following working
conditions:

-aqueous phase volume: 100 mL;
-sediment mass: 2 ± 2·10-4 g (as total mass of dry

sediment);
-working temperatures: 5, 10, 17, and 25 ± 1°C;
-contact times: 0.5, 1, 2, 4, 6, 8, 10, 15, and 20 min.;
-initial zinc concentration in aqueous phase: 0.1, 0.2,

0.3, 0.5, 1.0, 1.5, and 2 mg/L.
At the established contact time, the phase separation

was done by vacuum filtration, and concentration of Zn in
aqueous phase was measured by atomic absorption
spectrometry (AAS model CONTRA 300). To ensure the
temperature control, was used an incubator model FOC
225E – Velp Scientifica.

Hydrodynamic conditions were ensured by using a
shaker model HEIDOLPH UNIMAX.
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Results and discussions
The experimental results were obtained as variation in

time of Zn2+ concentration in aqueous phase. This way
were built the kinetic integral curves concentration – time
C(t). To determine the variation of Zn2+ concentration in
sediment was used the mass balance equation (1):

(1)

where:
V – volume of aqueous phase (mL);
C0 – zinc concentration in aqueous phase before phase

contact (mg·L-1);
Ct – zinc concentration in aqueous phase at the moment

t (mg·L-1);
ms – mass of sediment (g);
qt – concentration of zinc in sediment at the moment t

(mg·kg-1);
q0 – concentration of zinc in sediment before phase

contact (mg·kg-1);
ωr – the reactive fraction of sediment.
Using equation (1) was calculated the variation of zinc

concentration in the reactive fraction of sediment, qt, and
were built the integral kinetic curves q(t).

In order to calculate the zinc retention rate in sediment,
expressed as differential kinetic curves q(t), were used
three kinetic models: the pseudo-1st order, the pseudo-2nd

order and Roginsky – Zeldovich (Elovich) model.
Differential form of the pseudo-1st order model is

expressed according to equation (2):

(2)

where:
qt – zinc concentration in the reactive fraction of

sediment at moment t;
q* – zinc concentration in the reactive fraction of

sediment at equilibrium;
k1 – constant of the pseudo-1st order kinetic model
        (min-1).

Considering the boundary conditions t = 0 → q = q0, and
at the moment t  → q = qt, results the integral form of the
pseudo-1st kinetic order:

(3)

which can be expressed in the linear form

(3’)

The pseudo 1st model parameters were calculated by
linear regression, considering the variable changes in
equation .

Differential form of the pseudo-2nd order model is
expressed according to equation (4):

(4)

where:
qt – zinc concentration in the reactive fraction of

sediment at moment t;
q* – zinc concentration in the reactive fraction of

sediment at equilibrium;
k2 – constant of the pseudo-2nd order kinetic model

(kg·mg-1 min-1).

Considering the boundary conditions t = 0 → q = q0, and
at the moment t → q = qt, results the integral form of the
pseudo-2nd kinetic order:

(5)

which can be expressed in the linear form

(5’)

Model parameters were calculated considering in

equation (5’) the variable changes x = t, y .

Model Elovich is an empirical model, applicable for
chemisorption processes, and its differential form is
characterized by the equation (6):

(6)

Considering the boundary conditions t = 0 → q = q0, and
at the moment t → q = qt, the integral form of the Elovich
model can be expressed according to equation (7):

(7)

If the term αβ >> 1, the term  can be

neglected, and equation (7) has the form:

(7’)

otherwise, the term  is a time-dimension parameter, t0,
and equation (7) becomes

(7")

Model parameters, α and β, were calculated by linear
regression, by using the variable changes x = ln(t), y = qt,
and considering the term t0 = 0. After the calculation of the

model parameters, the term  was calculated

too, and if its value was significant, it was re-introduced in
equation (7"), and the regression calculation was done
again, until the difference between two iterations was
smaller than 10-4 min.

To validate each individual kinetic curve, and in order to
select the most appropriate kinetic model, was used the
relative standard deviation, defined according to equation
(8):

(8)

For each individual kinetic curve q(t), the model was
considered as appropriate if ∆q(%) ≤ 2%.

The kinetic curves for zinc retention on the sediment
are presented in figures 2 – 13.

The shapes of the integral kinetic curves C(t) show that
retention process is a very fast one, in the first minutes of
contact zinc concentration in aqueous phase decreases
with an order of magnitude.

The regressions calculations results are presented in
tables 3 – 6.
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Fig. 2 Integral kinetic curves for zinc retention on sediment at the
temperature 5°C, C(t)

Fig. 3 Integral kinetic curves for zinc retention on sediment at the
temperature 5°C, q(t)

Fig. 4. Differential kinetic curves for zinc retention on sediment at
the temperature 5 °C, q(t)

Fig. 5. Integral kinetic curves for zinc retention on sediment at the
temperature 10 °C, C(t),

Fig. 6. Integral kinetic curves for zinc retention on sediment at the
temperature 10 °C, q(t)

Fig. 7. Differential kinetic curves for zinc retention on sediment at
the temperature 10 °C, q(t)

Fig. 8. Integral kinetic curves for zinc retention on sediment at the
temperature 17 °C, C(t)

Fig. 9. Integral kinetic curves for zinc retention on sediment at the
temperature 17 °C, q(t)

Fig. 10. Differential kinetic curves for zinc retention on sediment at
the temperature 17 °C, q(t)

Data in tables 3 – 6 show that the applicability of the
selected models varies from each kinetic curve to another.
Generally, the pseudo-1st order model has a limited
applicability in order to calculate the zinc retention rate.
The pseudo-2nd order model has a better applicability, but
with limitations, how long Elovich model turned the better
fits in most of the cases. Thus, model Elovich was selected
to calculate the retention rate values of zinc retention on
the sediment.



http://www.revistadechimie.ro REV.CHIM.(Bucharest)♦ 67♦ No. 11♦  20162160

Fig. 11. Integral kinetic curves for zinc
retention on sediment at the temperature

25 °C, C(t)

Fig. 12. Integral kinetic curves for
zinc retention on sediment at the

temperature 25 °C, q(t)

Fig. 13. Differential kinetic curves for zinc retention
on sediment at the temperature 17 °C, q(t)

Table 3
REGRESSIONS CALCULATIONS RESULTS FOR THE KINETIC STUDY AT 5 °C

Table 4
REGRESSIONS CALCULATIONS RESULTS FOR THE KINETIC STUDY AT 10 °C
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Table 5
REGRESSIONS CALCULATIONS RESULTS FOR THE KINETIC STUDY AT 17 °C

Table 6
REGRESSIONS CALCULATIONS RESULTS FOR THE KINETIC STUDY AT 25 °C

To describe the mathematical correlation between
retention rate and zinc concentration in liquid, respectively
in solid phase, a Langmuirian kinetic model was used. The
general equation of such a model, at constant temperature,
is expressed by equation (9) [22]:

(9)
where:

 – retention (sorption) rate (min-1);

ks, kd – the kinetic constants of the sorption, respectively
desorption processes;

Ct – zinc concentration in aqueous phase (mg·L-1);

θ – surface coverage degree, representing the ratio of
covered surface, according to Langmuir model
hypotheses;

s – number of sites on solid surface which are involved
in the sorption of a single solute unit.

Term θt in equation (9) can be mathematically defined
as the ratio between zinc concentration in sediment, qt,
and a theoretically maximum achievable concentration in
solid phase, qmax. Thus, for a 1st order model, s = 1, equation
(9) can be rewritten in the form presented in equation (10)
[22]:

(10)

where:
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Table 7
RESULTS OF REGRESSION CALCULATIONS FOR THE DETERMINATION OF LANGMUIRIAN MODEL PARAMETERS

Fig. 14. Dependence of zinc retention rate on zinc concentration in
aqueous phase, respectively in sediment, at 5 °C. a) Surface plot;

b) Contour plot

Fig. 15. Dependence of zinc retention rate on zinc concentration in
aqueous phase, respectively in sediment, at 10 °C. a) Surface plot;

b) Contour plot

Fig. 16. Dependence of zinc retention rate on zinc concentration in
aqueous phase, respectively in sediment, at 17 °C. a) Surface plot;

b) Contour plot

Fig. 17. Dependence of zinc retention rate on zinc concentration in
aqueous phase, respectively in sediment, at 25 °C. a) Surface plot;

b) Contour plot

 – the zinc retention rate on sediment;

Ct – zinc concentration in aqueous phase in moment t.

In this case, equation (10) can be expressed in the linear
form [22]

(11)

Model parameters, ks, kd and qmax were calculated by
two variables linear regression, after doing the variable

changes  In this case, equation

(11) can be expressed as:
(12)

The results of regression calculations are shown in table
7.

Data in table 7 show that the 1st order Langmuirian kinetic
model can be successfully used to establish, in assessment
purposes, a correlation between retention rate of zinc in
sediment and zinc concentration in aqueous phase,
respectively in solid phase, at neutral pH, regardless the
temperature value. Such a correlation may represent a
useful tool in order to assess the behavior of zinc ions in
water bodies in case of an accidental discharge.

In figures 14 – 17 are represented the dependences of
zinc retention rates on sediments as dependence of zinc
concentrations in aqueous, respectively solid phase.

Conclusions
Mathematical description of heavy metals behavior in

water bodies can represent a useful tool to predict the long
term consequences of a major accidental discharge. In
this paper, the authors intended to establish a correlation
between zinc concentration in aqueous phase and
sediment, and zinc retention rate, in order to assess zinc
behavior and its spatial and temporal distribution.

Results show that, regardless the high level of initial
sediment contamination, zinc retention process is a very
fast one, the largest amounts of zinc being retained in the
first minutes after the phase contact.

The first step was to determine the most appropriate
way to determine the zinc retention rate on sediment. To
achieve this goal, the Pseudo-1st order, Pseudo-2nd order
and Elovich models were used. The regression results show
that the model Elovich offers the best correlation between
input data and output data, thus it can be satisfactorily
used to draw up the differential kinetic curves. Based on
these data, the zinc retention rates on sediment were
calculated by using Elovich model.

These results were used to establish a mathematic
correlation between zinc retention rate on sediment and



REV.CHIM.(Bucharest)♦ 67♦ No. 11 ♦ 2016 http://www.revistadechimie.ro 2163

zinc concentration in aqueous phase, respectively in solid
phase. This way, the use of a Langmuirian first order kinetic
model represents in a future research a good approach, as
long as the Pearson correlation coefficients reach values
in the range 0.84 – 0.90.
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