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together with a solution with bacteria which will degrade
the pollutant. In this process the important fact is to
study the subsurface flow, as well as pressure and speed
of flow for different types of liquids in different soils.
The temperature of the process is also measured because
it gives good information about the state of the bacteria.
Temperature sensors for multipoint measurement system
have been tested at Bay Zoltan in Szeged and in the
laboratory of the University of Oradea [2], [3].
Another way to study the process is to measure the
temperature in the field where the pollutant is treated by
injection of bacteria and nutrients. The experiments in
the field were conducted by the specialists from Bay
Zoltan Institute, collecting temperature data from
different points in the field, situated a different distances
from the injection point (as it is shown in Fig. 1).
In Fig. 2, the diagram of measured temperatures
versus time at point S5 `presented in Fig.1, are shown.
These measurements were realized in 91 days. Together
with the process temperatures, control temperatures are
also measured in order to know the natural outside
temperature of the medium in which the process takes
place.

Abstract—In this paper we present results on application of
bioremediation technology of oil polluted terrains. The use of
bacteria clean the soil is based on three methods: laboratory
analysis, mathematical modeling and on-site experiments.
Starting from in situ experiments we tested two mathematical
functions in order to approximate temperature data obtained
after injection of nutrients. The obtained function helps
predicting the time for the next injection of nutrients.
Keywords—bioremediation, biological activity temperature
monitoring, curve fitting methods.
I. INTRODUCTION

B

IODEGRADATION is the breakdown of materials
that occurs when microorganisms are feeding on a
substance which is used as a energy and carbon source
of. Bioremediation is the use of microorganism to
transform pollutants into materials which will not be
harmful for the environment. Bioremediation methods
can be in situ or ex situ bioremediation. In situ
bioremediation is the treatment of the contaminated soil
at the site and in ex situ bioremediation the soil is
transported elsewhere to be decontaminated. In-situ bioremediation is one of the most environmentally friendly
methods to eliminate contamination. In order to optimize
the bioremediation process the state of the bacteria must
be also studied under different conditions.

II. BIOREMEDIATION PROCESS DESCRIPTION
In biodegradation temperature is an important variable.
Most biodegradation occurs at temperatures between 10
and 35°C. The oxidation of organic substances to carbon
dioxide and water is an exothermic (heat releasing)
process.
In order to study the bioremediation process a research
platform was developed in the framework of cross-border
cooperation
program
CBC-HURO,
0802/155
_AF,acronym
“Micromodel”
project
[1]. The
bioremediation laboratory consists of two test recipients
with soil through which water flows to obtain a
subsurface flow. Then different materials are added

Fig. 1. Position of injection point (PI) and temperature
measurement points (S1…S6) in the field
.
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Fig. 2. Diagram of temperature versus number of measurements, measured at point S5 (red) and of the environment unaffected by
the process (black).

Coefficients with 95% confidence bounds are:
a = 0.399; b = 0.668; c = 3.008; d = 2.452;
The rational fit function is presented in Fig. 3, and it’s
errors are presented in Fig. 4.
The second candidate is an exponential function given
by the equation:

As it can be observed from the diagram a sudden rise
of temperature is registered after each injection of
nutrients, reflecting the fact that the bacteria are
becoming more active in this period. After reaching a
peak value the temperature is starting to decrease slowly
till it reaches the outside temperature value. An identical
pattern of behavior can be observed at each measured
point, during the experiments. It is very important to
estimate when the next injection event has to be made in
order to prepare the injection works. For this, an
approximation function has to be found on the basis of
which the next injection event can be scheduled [4], [5],
[6].

-

(3)

Coefficients with 95% confidence bounds: A =1.282;
α= -0.0007046; B= -1.577; β = -0.003244.
In order to estimate the error of the candidate
functions, three parameters had been taken into
consideration [8].
The exponential fit function is presented in Fig. 5, and
it’s errors are presented in Fig. 6.

III. APPROXIMATION FUNCTION FOR EXPERIMENTAL
TEMPERATURE
In order to fit curve to the measured data
approximation function had been searched using
CFTOOL module of the MATLAB programming
environment [7]. Studying the shape of the curve two
candidate functions had been proposed, a rational and an
exponential function
The curve fitting function is presented in figure 2. The
candidate functions were fitted to process data by
nonlinear regression using a Marquardt algorithm.
The first candidate function is a rational function and
has the following expression and fit characteristics

A.SSE
This statistic measures is called the summed square of
residuals and is usually labeled as SSE.
-

(4)

Here yi is the observed data value and fi is the
predicted value from the fit. wi is the weighting applied
to each data point, usually wi = 1.
B. R-Square

(1)

The fitness parameter R-square is defined as:

This has been rewritten in the more general form of:

-

(2)
where x is normalized by a mean value of 2094 and a
standard deviation of 1209.
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Where fi is the predicted value, yav is the mean of the
experimental data yi is the data wi is the weight of each

data point, usually wi=1. SSE is defined in relation (4)
and SST is the total sum of squares.

.
Fig. 3. Curve fitting for the rational function.

Fig. 4. Diagram of errors for the rational function.

Fig. 5. Curve fitting for the exponential function.
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Fig. 6. Diagram of errors for the exponential function

good quality indicators for the fit and can be used to
predict subsequent injection event scheduling. This
scheduling allows an improvement of the bioremediation
process by using smaller amounts of nutrients and also
decrease the time necessary for the fulfillment of
bioremediation process.

C. Root Mean Squared Error
The Root Mean Squared Error is an estimate of the
standard deviation, and is defined as
(6)
MSE is the mean square error.
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(7)
Comparison of fitness parameters for the two
candidate functions are given in table 1.
TABLE I.
COMPARISON BETWEEN FIT FUNCTIONS
Fit Function
Rational
Exponential

SSE
5.5780
0.6873

R-square
0.9642
0.9956
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