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Abstract

T
his research is done in
Mahabad Township to

estimate the amount of
energy consumption for
sugar beet and to compare
two models, neural network
with regression models.
Required information is
obtained randomly by
completing questionnaires
and face to face interviews
with 95 farmers. Results
show that the fertilizer,
seed, and herbicide were
the major energy consu-
mers, and minor energy
consumers were machi-
nery depreciation and
manufacturing. Energy
productivity, net energy gain, and energy ratio were res-
pectively 1.02 kg/MJ, 189238.6 MJ and 3.9. To estimate

output energy MLP, RBF,
SOM, GFFN networks by
changing in the number of
hidden layers, training
algorithm and number of
neurons were used. Results
showed that, MLP network
have the maximum deter-
mination coefficient of 98%
and the minimum MSE of
0.001 with topology of 5-
5-1 and LM training. Ex-
ponential model was the
best model, among linear,
quadratic, cubic and ex-
ponential functions. Coef-
ficient of determination
was estimated 94.5% and
it has less accuracy rather
than MLP model.

Keywords: Artificial neural network, Energy efficiency,
Regression model, Sugar beet .
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1. Introduction

In developing countries, rapid growth of population

and not taking advantages of efficient production methods

causes more dependency for them. Energy crisis and

greenhouses gas emission which are the result of over

using fossil fuel, forced us to reduce energy consumption

as much as possible. Agriculture is one of those field in

which we have to be careful about energy consumption.

In the most developed countries, by calculating indices

of energy efficiency and evaluating input energy per

unit area for various agricultural products, experts try to

make energy consumption more efficient (Peiman et al,
2005). An energy analysis is vital for a proper mana-

gement of scarce resources to improve agricultural pro-

duction. On account of this, we will have efficient and

economic production. Moreover, determination of energy

consumption in every level of production, help us to

obtain which level has the minimum input energy

(Chaudhary et al, 2006).

Nowadays, in addition to common approaches, some

new methods are invented. One of these modern methods

is artificial neural network. It is a simplified model of a

real neural system and like a brain is able to learn by

processing on practical data. In fact, networks learn

general rules by calculating numerical data or examples;

as a result of that, there are called intelligent systems

(Mohammadi et al, 2007). Neural networks can learn

from data directly because they do not need statistical
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properties of them; so, it is an important advantage of

these networks (Vakil-Baghmisheh, 2002). Neural net-

work, without considering any initial supposition and

previous knowledge of relations among studied para-

meters, is able to find an existing relationship between

input and output data that predicts each output with its

corresponding input (Torrecilla et al, 2004).

Murat and Ceylan, (2005) predicted transportation

energy in Turkey by utilizing a three-layer neural net-

work and an error back propagation. They considered

gross domestic product, population and the number of

cars per kilometer as an input of neural network.

Houshyar et al (2010), used neural network to predict

energy consumption for wheat production in Fars

province. Results showed that FFN(1), GFFN(2) and EN(3)

models respectively had the most efficient performance

in esti-mating energy consumption.

Ranjbar et al (2008), utilized regression technique,

artificial neural network and genetic algorithm to reduce

the cost of maintenance and tractor economic life. Conse-

quently, neural network had the best result among other

methods in forecasting tractor maintenance items.

The purposes of this research are firstly, studying

energy consumption in sugar beet production. Secondly,

using neural network and predicting energy consumption.

Finally, the comparison with the results obtained from

network and regression method.

2. Material and methods

Mahabad Township is in longitude of 45 degree and

43 minutes E and latitude of 36 degree and 46 minutes

N from the equator. Its area is 2591 square meter and

various heights of this township is between 1283 and

2800 meter. Generally, fertile lands of this township are

between the heights of 1200 and 1500 meter. Mahabad

Township has a 2470 hectare sugar beet of land whereas

975 farmers are working there (Anonymous, 2010).

The required sample size was determined by using a

simple random sampling method. The equation is shown

below (Mousavi-Avval et al, 2011):

where n is the required sample size; N is the number of

total population; Nh is the number of the population in

the h stratification; Sh is the standard deviation in the h

stratification,     is the variance in the h stratification, D2

is equal to      ; d is the precision, (       ) (5%) is the per-

missible error and z is the reliability coefficient (1.96,

which represents 95% reliability). Thus, the sample size

was found to be 95. Consequently, based on the number

of sugar beet producers in each village, the 95 farmers

from the population were randomly selected.

Input energy for sugar beet production included con-

sumed energy during operations, consumed energy for

manufacturing agricultural machinery, fertilizer, pesticides,

seed, human power, consumed fuel, and irrigation. Con-

suming energy was calculated, by using equivalent energy

related to each unit of input or output, and multiplying

it by the amount of used input or produced output. In

Table 1, some different coefficients are illustrated, which

are suitable for this study while in Table 2, the share of

each input in consuming energy is demonstrated.

(1)

TABLE 1. Energy equivalent of energy output and input in

agricultural production

hour

kg

kg

kg

kg

kg

kg

kg

lit

lit

1.96

93.61

87.63

47.1

15.8

9.28

14.7

62.7

101.2

238

Mandal et al, 2002

Karkacıer & Z.G. Goktolga 2005

Karkacıer & Z.G. Goktolga, 2005

Kaltschmitt et al, 1997

Kaltschmitt et al, 1997

Kaltschmitt et al, 1997

Yaldiz et al, 1993

Mandal et al, 2002

Kaltschmitt et al, 1997

Kaltschmitt et al, 1997

Human power

Tractor

Combine

Nitrogen (N)

Phosphate

Potassium

Seed

Machinery

Pesticide

Herbicide

Unit

Energy

equivalent

(MJ kg-1)

Reference
Energy

Inputs

(1) Feed Forward Network

(2) Generalized Feed Forward

(3) Element Network

TABLE 2. Energy used status for sugar beet production in

West Azerbaijan province

2817.4

13332.8

8270

2020

36976.2

63416.4

4.4

21

13

3.1

58.3

100

Machinery manufacture and depreciation

Fuel consumption

Irrigation

Human power

Seed, fertilizer, and chemicals

Total

Equivalent

energy

MJ/ha

Percent

of total
Input
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Some indices are defined and used to determine

relations between input and output energies. By using

those indices, energy of distinct products in different

farming systems can be compared. These indices are

shown in relations 2, 3 and 4 (Mohammadi et al, 2008):

Energy ratio (ER): a dimensionless number which is
equivalent with the ratio of input to output. (2)  

Energy productivity (EP): is equivalent with weight
function of product to input energy (kgMJ-1). (3)

Net energy gain (NEG): is equivalent with output
energy minus input energy (MJha-1). (4)   

The amount of energy consumption for each input is

multiplied to its equivalent energy of that level to obtain

energy indices. As it is illustrated in Table 3, energy

productivity and the net energy added were calculated

by using output and input energies as well as energy

ratio indices.

A neural network is formed from artificial neurons.

Neuron or node is the smallest data processing unit that

basically forms neural network performance (Menhaj,

2005). Each neuron receives input and after processing

it, produces an output signal. Therefore, each neuron

works as a center of processing and distributing infor-

mation while it has its own input and output (Sadorsky,

2006). Figure 1 is an illustration of a single entry neuron

in which “p” and “a” variables are respectively input and

output of that neuron.

Output of neuron is obtained from this Eq:

a = f (wp + b) (5)

In this formula f is the driving (action) function;  w
and b are respectively weight and neuron bias. w and b
parameters are adjustable and the f driving function is

selected by a designer. Adjusting w and b parameters is

based on selecting f and training algorithm. In fact,

training means that w and b has to be selected in a way

that input and output relations of neuron have a special

pattern. Generally, a neuron has more than an input. A

neuron, even with much input, usually is not enough to

solve different problems (Menhaj, 2005). Hence, in most

of the cases, the community of neurons is used as a

layer. Similar artificial neural networks can be organized

in different ways with biological neural networks. It

means that, neurons can be connected in different ways

and produce neural networks with distinct structures

(Mohammadi, 2007).

In this study, MLP(1), RBF(2), SOM(3), GFFN(4) networks

(with various numbers of layers and neurons in each

layer) and many training algorithms were used to predict

output energy in sugar beet production. Eventually, based

on the number of neuron, hidden layer and training

algorithm, the best state was selected among these four

networks. Also, four types of regression models (linear,

quadratic, cubic and exponential) were used to predict

consuming energy and to compare with the obtained

results from neural network.

At first, data were classified in three groups randomly;

these groups included: training group which had 60% of

total data, cross validation group which had 20 % of

total data, and testing group which had the rest of them.

Of course this step can be repeated if the desired result

is not obtained (Zhang and Fuh, 1998). One of the ways

that can normalize the data in the range of [λ1,λ2]  is Eq. 6;

and in this study the some data is used:

In this formula Xi and Zi are the normalized and

desired values, Zi and Zi are maximum and minimum

of Zi values, respectively (Menhaj et al, 2009).

TABLE 3. Energy indices for sugerbeet production in West

Azerbaijan province

kgMJ-1

GJ

-

MJha-1

MJha-1

kgha-1

1.02

189238.6

3.9

63416.4

252655

65000

Energy productivity 

Net energy gain 

Energy ratio 

Energy Input

Energy Output

Yield

Unit AmountParameter

Figure 1. Model of neuron with one input

(6)

max min

(1) Multilayer perceptron

(2) RBF Network

(3) Self Organized Map Network   

(4) Generalized Feed Forward
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As the driving function is for hidden layer neurons,

different functions can be used like linear, hyperbolic

tangent, sigmoid and so on. In this study, according to

surveys and domain of input and output data, hyperbolic

tangent function was used as the driving function for

hidden layer neurons (as shown in number 7 formula)

whereas, linear function was used as the driving function

for outer layer neurons (Borhani darian and Fatehi, 2008):

In this formula, F(net) is the total weighted input

neuron, and “n” is the number of observation. To predict

output energy in sugar beet production, input of neural

network were included as well as consuming fuel energy,

manufacturing energy, machinery depreciation, energies

of consuming fertilizer, seed and pesticide, manpower

energy, and irrigation energy where output energy is

considered as output of the network.

Among existed linear and nonlinear models, just five

of them were selected for statistical testing, which were

more general and more likely to justify consuming energy

to evaluate output energy in sugar beet production through

regression models. A general form of suggested regression

models is shown in Eqs 8, 9, 10 and 11.

One of the most important factors, in selecting

regression models, is the significance of regression

coefficients. If the parameters of a model are not signi-

ficance, they cannot explain output energy for sugar

beet. The performance of each model is evaluated by the

R2 coefficient of determination (Rouhani et al, 2009).

3. Results and discussion

3.1. Energy consumption

According to obtained results in Table 2, fertilizer,

seed, and chemical pesticide had the major part in energy

consumption. After that, fuel consumption was among

the major energy consumers. Manufacturing and machi-

nery depreciation had the minor part of energy con-

sumption. Table 3 shows the indices of energy con-

sumption for sugar beet in Mahabad Township.

3.2. Topology of the best artificial neural network 

In Figure 2, topology of MLP network is shown for

predicting output energy in sugar beet production.

As input of networks are included: consuming fuel

energy, manufacturing energy and machinery depreciation,

fertilizer, seed, and chemical pesticide energy, human

energy, and irrigation energy; so, input layer in each of

the networks (as shown in Figure 2) has five neurons.

Output layer has only one layer in every network because

output is just an energy consumption of sugar beet. If

there are no enough neuron in hidden layers, networks

will not be able to train well. The converse of that issue

will cause weakness in the network generalization (Wang

and Elhag, 2007). Networks were trained according to

these facts and performance factors of each of four types

of networks. The ability of generalization of a network

is evaluated by the validation data, the same time as it is

trained. Eventually, a network is tested by data that did

not participate in the training and validation phase, to

present a related output. Correlation coefficient and

Mean Square Errors (MSE) were utilized for evaluating

the ability of studied networks in predicting energy

consumption for sugar beet production (Eq. 12).

In this formula “n” is the number of observations, yoi

is the value of observation in the level of “i”, and ypi is

the value of prediction in the level of “i” (Ghanbari et al,
2009). MLP network, with topology of 5-5-1 and training

rule of Levenberg Marquart with determination coefficient

of 98% and Mean Square Error of 0.001, was the most

reliable network among those four studied networks. The

difference between values, which were predicted by MLP

network and real value of data, is shown in the Eq. 3.

Output energy of the product, which was obtained

from every network in the states of Neurons, middle

(7)

(12)

(9)

(10)

(11)

(8)

Figure 2. Structure of MLP network use in this research
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layer, identical training algorithm, were shown in Table 4.

According to the results of this table, after MLP the most

reliable networks were respectively: RBF model with

the topology of 5-6-1 and LM training with determi-

nation coefficient of 97%; and, MSE of 0.002, SOM

model with topology of 5-7-1 and LM training of with

determination coefficient of 94% and MSE of 0.001 and

GFFN model with topology of 5-6-1 and LM training

with 93% of determination coefficient and MSE of

0.003. The difference between values which were pre-

dicted by RBF, SOM, and GFFN networks and real

values of data, are shown in the Figures 4, 5, and 6.

Figure 3. Predicted and actual network for MLP with R2= 98% Figure 4. Predicted and actual network for RBF with R2= 97%

TABLE 4. Result of tested Artificial Neural Network for energy prediction

1

1

1

2

2

2

1

1

1

2

2

2

1

1

1

2

2

2

1

1

1

2

2

2

Mom-   LM 

Mom-   LM 

Mom-   LM 

Mom-   LM 

Mom-   LM 

Mom-   LM 

Mom-   LM 

Mom-   LM 

Mom-   LM 

Mom-   LM 

Mom-   LM 

Mom-   LM 

Mom-   LM 

Mom-   LM 

Mom-   LM 

Mom-   LM 

Mom-   LM 

Mom-   LM 

Mom-   LM 

Mom-   LM 

Mom-   LM 

Mom-   LM 

Mom-   LM

Mom-   LM 

98-93

92-90

92-91

78-33

64-54

85-45

76-45

90-53

94-32

88-38

88-54

86-55

91-51

97-49

90-44

91-37

88-38

90-25

81-49

93-48

89-31

89-49

89-52

76-53

MLP

MLP

MLP

MLP

MLP

MLP

SOM

SOM

SOM

SOM

SOM

SOM

RBF

RBF

RBF

RBF

RBF

RBF

GFFN

GFFN

GFFN

GFFN

GFFN

GFFN

Hidden Training R2Network

5

6

7

8

9

10

5

6

7

8

9

10

5

6

7

8

9

10

5

6

7

8

9

10

Neurons of

0.0007- 0.002

0.001- 0.002

0.0009- 0.001

0.0005- 0.057

0.0007- 0.046

0.0008- 0.053

0.0004- 0.047

0.0004- 0.042

0.0002- 0.032

0.0002- 0.03

0.002- 0.032

0.003- 0.022

0.0003- 0.051

0.0001- 0.058

0.0001- 0.053

0.0006- 0.071

0.0003- 0.063

0.0007- 0.061

0.002- 0.055

0.001- 0.056

0.0009- 0.057

0.0002- 0.045

0.0005- 0.049

0.0004- 0.023

MSE of

training

0.001- 0.003

0.002- 0.005

0.0005- 0.009

0.038- 0.064

0.001- 0.053

0.025- 0.062

0.001- 0.053

0.002- 0.045

0.001- 0.037

0.001- 0.031

0.01- 0.035

0.028- 0.023

0.001- 0.058

0.002- 0.054

0.002- 0.056

0.004- 0.064

0.006- 0.066

0.002- 0.059

0.006- 0.06

0.003- 0.062

0.006- 0.063

0.01- 0.051

0.008- 0.054

0.032- 0.042

MSE of cross
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Figure 6. Predicted and actual network for GFFN with R2= 93%Figure 5. Predicted and actual network for SOM with R2= 94%

3.3. Statistical analysis

The results obtained from the regression analysis (with

the target of testing significant regression coefficient

related to desire models) and corresponding “F” data, also

modified and R2 of each model, are shown in Table 5.

Obtained results show that regression coefficient of each

model is significant with a possibility level of 1%. So,

these models can be used for predicting output energy

for sugar beet production in Mahabad Township.

However, performances have to be evaluated based on

the value of modified R2, to choose the best model.

According to this factor, exponential model is recom-

mended to predict output energy in this cultivation.

TABLE 5. Result of tested regression models for energy prediction

2.17**

2.21**

2.46**

3.51**

-

-

**5.9 _ 10-5

-

91.2

92.5

93

94.5

Linear

Quadratic

Cubic

Exponential

β1 β3 Adjustable R2Model

-

0.062**

0.023**

0.056**

β2

863.4**

912.17**

671.83**

786.3**

F

91.2**

92.6**

93.2**

94.8**

R2

Conclusion

1- According to the above information and calculation of the share of energy consumption, the major parts of energy

consumption are related to seed, fertilizer and chemical pesticide, while the minor of parts of it are related to

human power.

2- In this study the value of output energy for sugar beet production in Mahabad Township in Western Azerbaijan

province was predicted by using neural network. As a result of that, MLP was the best model with the topology

of 1-5-5 and LM training algorithm. Determination coefficient was 98% between predicted values and real

values, and its MSE was 0.001. After MLP model, the most reliable models were respectively RBF model with

the topology of 1-6-5 and LM training with determination coefficient of 97% and MSE of 0.002, SOM model

with the topology of 1-7-5 and LM training with the determination coefficient of 94% and MSE of 0.001, and

GFFN model with topology of 5-6-1 and LM training with determination coefficient of 93% and MSE of 0.003.

3- The results of predicting output energy in this cultivation, which was done by a neural network, were compared

with four regression models. The exponential model was the best regression model with modified determination

coefficient of 94.5. However, its determination coefficient was less than a neural network. Finally, a neural net-

work could present a more precise model with its training algorithm.
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Abstract

T
he present study is
about the evaluation

of the biological break-
down of the plant health
products, the chemical
compounds and heavy me-
tals in five (5) samples of
soils taken from the fields
of cotton, rice and cereals
of CMDT and the Office du
Niger area. The residues of
pesticides were analyzed by
gas chromatography after
extraction and purification.
The analyses revealed a
contamination of the soils
by the varying atrazine
from 0,009 to 0,01 mg/kg,
by the carbofuran and the
varying endosulfan from
0,005 to 0,008 mg/kg. We
notice the presence of eight
(8) heavy metals (Ac, Cd,
Pb, Al, Fe, Zn, Cr, Co) in
all the samples of soils.
The strong concentrations

of Fe and Zn do not consti-
tute pollution, but they are
of geological origin. A pol-
lution by Cd was observed:
its concentration is 1,3
times (soil 4) and 1,5 times
higher than the European
standard (soil 2 and soil 5).
The follow-up at the labo-
ratory of the degradation
of the pesticides in various
types of soils showed that
this degradation is faster in
the soils rich in organic
matter and clay. The degra-
dation of biocides and
heavy metals by the bacte-
rial communities can be in-
fluenced by environmental
factors such as the pH, the
temperature, the content of
nutrients etc.

Keywords: Arable lands,
Biological depollution,
Mali, Promotional pro-
gram, Segou, Sikasso
Valorization.
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1. Introduction

The population growth has led to the intensification

of the agriculture characterized by a surfertilization and

regular and excessive treatments of the cultures by the

plant health products. At the beginning this farming

technic produced an increase in the output, now we

record a continual fall of the production of  agrosystems.

In Mali about 70% of the population lives in rural area.

The degradation of the watery and terrestrial ecosystems

remains a major concern for local population because of

a progressive reduction in the production of the food

crops, commercial and fishing resources. The abusive use

of mineral fertilizers and organic taxable people with the

streaming, can involve the eutrophication of the rivers.

As showed in work [15], in the watery ecosystems of

Office du Niger, this phenomenon involved the proli-

feration of the hyacinths, lenses etc. Nowadays the inhe-

ritance of this zone is seriously threatened by these

watery plants and enormous means are deployed to fight
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them. Also 8 pesticides were recorded in water of well

from Koutiala in CMDT zone [2].

2. Objectives of the project 

General objective 

Development of a promotional program of durable

modes of exploitation of agricultural soils by a

depollution/decontamination of in situ soils, ex situ

using the micro-organisms and plants.

Specific objectives

- determine the concentration of the pesticides,

residues and heavy metals and the compounds chew

contained in the samples of soils coming from the

agro ecological areas of Mali;

- evaluate the purifying capacity of the bacteria strains

and mycorhizal fungu (depollution of the considered

sites); 

- determine total N and total P before and after puri-

fication of the soils with strains of rhizobia and

mycorhizal fungu;

- isolate the strains of rhizobia contained in the soils

from various sites of the project.

- evaluate the rate of mycorhization of plants.

3. Material and Methods 

3.1. Zones of study and sites of intervention

3.1.1. Zones of study

The study related to two agricultural areas (Office du

Niger area or rice area, CMDT or cotton zone) of Mali.

The Office du Niger is localized in the area of Segou in

the center of Mali. It occupies the main part of Niger delta

with many flooded zones part of the year and zones of

rain agriculture. It is divided into manufacturing sectors.

The climate of Office du Niger area is soudano-sahelean

type characterized by very high average temperatures

and two seasons alternation: one rainy wet season and a

dry season [1]. Annual precipitations vary from 200 to

600 mm [7]. As the remainder of the country, in Office

area, pluviometry is governed by the reciprocating motion

of two types of winds (the harmattan, coming from the

North-East and monsoon coming from South-east, the

latter brings the quantity of humid air which causes

precipitations). The potential evapotranspiration is esti-

mated at 1700 mm per year. It is definitely higher than

the pluviometry average. The soils of Office du Niger

area are hydromorphic soils and vertisols characterized

by the water excess related to the temporary or permanent

clogging of part of their profile. Among the dominant

woody species we have: Combretum micranthum,

Commiphora africana, Guiera sengalensis, Grevia bicolor,

Lannea acida, Pterocarpus lucens, Sclerocarya birrea [4].

In Office area the outputs often exceed 6 T per hectare

in the racks and 4 T per hectare in except rack.

CMDT zone covers three climatic zones: a semi-arid

zone (soudanean-North) ranging between the isohyets

500 mm and 900 mm, a semi-wet zone (Southern souda-

nean) ranging between 900mm and 1100 mm and a wet-

land (Guinean North) located beyond 1100 mm. In cotton

zone we notice three types of soils (the not very advanced

soils on armoured reliefs; soils on kaolinic material of

deteriorations of bottom glacis and soils of the plains

and of hollows) and two types of landscapes (a wooded

savanna soudanean with khaya Senegalens, Vitellaria

paradoxa, Parkia bigloboza and various combretacées; a

shrubby and raised savanna with Borassus) [6]. For the

marketing year the 2003-2004 national production of

cotton reached 620.665 T.

3.1.2 Name of the sites

Two sites were retained in Office du Niger area

(Laminibougou and Minimana, Siribala rural District,

Préfecture of Niono) and only one site was retained in

cotton area (Ouré, Zantiébougou rural District, Préfecture

of Bougouni).

3.2. Sampling of grounds

The samples of grounds were taken using a drill with

a diameter 7 cm to a 20 cm depth of for the cotton zone and

of 40 cm for the Office zone of Niger. These samplings

were carried out respectively in three fields with different

soils standard in Ouré (cotton zone: CMDT zone) and in

a field in Laminibougou and Minimana (Office zone du

Niger). 50 intake points were retained for each field. All

the samples taken from the same field were mixed, then

two batches were considered: a composite sample of 5 kg

soil corresponding to the first batch and the second batch

corresponding to the remainder of the samples. All these

samples were put in bags. All these bags were labelled. 

The characteristics of the various sites, types of soil,

the pH of soils, the types of manure and pesticides used

in these sites are presented in Table 1.



11

The composite samples were used for the determi-

nation of pesticides, residues and the dosage of total N

and total P. The samples remaining (remainders of samples

taken in the same field) were used for the depollution

and the isolation of the right strains of bacteria and

mycorhizal fungu starting from the tests at the laboratory

and in greenhouse.

The composite samples were used for the determi-

nation of pesticides, residues and the dosage of total N

and total P. The samples remaining (remainders of samples

taken in the same field) were used for the depollution and

the isolation of the right strains of bacteria and mycorhizal

fungu starting from the tests at the laboratory and in

greenhouse.

3.3. Determination of the residues of pesticides and the

chemical compounds

3.3.1. Determination of the residues of pesticides

The extraction of pesticides, residues from 20 G

sample of ground is carried out with 100 ml of a hexane

mixture: isopropanol (75: 25 V/V) in an erlenmeyer of

125 ml. After decantation, 20 ml of the supernatant are

agitated with 30 ml of water distilled in a funnel sepa-

rating. The organic phase is separated, dried on anhydrous

sodium sulphate then concentrated on rotary evaporator

to 2 ml. The extracts are preserved in pill machines at

the freezer has - 20˚C until the analysis. The dosage of

pesticides was carried out by gas chromatography using

a chromatograph HP 5890A, with a column HP-5 or a

column CP SIL19CB and was equipped with a detector

ECD, the whole controlled by a computer and integrated

by a software of treatment of Chemstation’s chroma-

tograms. The identification and the quantification of the

molecules of pesticides are carried out thanks to standards

in internal calibration. The limit of detection was of 0,02 µg/l.

A chromatograph HPLC 1100, sery Agilent Technology

provided with a column Eclipses XDBC8 and a detector

with iodine bars (DAD) allowed the analysis of organo-

phosphorus.

3.3.2. Determination of chemical compounds

The chemical compounds were determined using the

chromatography with liquid phase coupled with the mass

spectrometry in the organic chemistry laboratory of the

university of State of Moscow (Federation of Russia).

The analysis of the samples was carried out according to

method EPA 8040,8061,8080,8081 (U.S. Environmental

Protection Agency). 30 G of soil sample are crushed using

a porcelain mortar, then filtered to 1 mm. It is put in a

basin of waves ultracourtes containing 20 ml of dichlor-

ométhane during 10 minutes to obtain the extract. The

extract is concentrated until obtaining a volume of 1 ml,

then we placed the standards in internal sampling (naph-

thaline, phenanthrene and chrysene), then we carried

out the analysis itself.

3.3.3. Determination of heavy metals

We solubilize 10g ground in a mixture of SO4H2 and

NO3H (triacid attacks or digestion of the ground). We

TABLE 1. Characteristics of the sites, types of fertilizers and pesticides used.

10°189' N
6°05770' W

14°08931' W
6°05535' W

11°38558' N
7°37039' W

11°36558' N
7°34726' W

11°36159' N
7°34622' W

7,20

5,88

5,57

6,35
5,77

Laminibougou

Minimana

Ouré: field 1

Ouré: field 2

Ouré: field 3

Geographical

coordinates

pH of the

soil
Sites

Argillaceous

Sandy silt

Gravillonnaire

Sandy silt

Argillaceous silt

Type of soil

Urea, DAP,
complex cereal

Urea
complex cotton
complex cereal

Urea
complex cotton

Urea
complex cotton
complex cereal

Fertilizers used

Kalach,
Roundup 450

Kalach Grisard
Roundup 450

Alkator Avonti
Attaquant

Herbextra
Roundup 450

Alkator

Pesticides used 
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determine in this liquid solution (extracted) the con-

centration of Ace, Cd, Pb, Al, Fe, Zn, Cr, Co after having

removed all the organic matter. 

3.4. Preparation of culture medias and production of

inoculums

3.4.1. Preparation of culture medias

Two mediums were used: medium YM: Yeast Extract

Mannitol [16] [distilled Water: 1000 ml, Mannitol: 10 g,

PO4 HK2: 0,5 g, ClNa (50mg/ml): 1 ml, Solution T with

10g/l (SO4Mg.7H2O): 10 ml, Solution U with 40g/l

(CaCl2): 1 ml, Solution V with 4g/l (Cl3Fe): 1 ml, yeast

Extract: 2 g] and medium YMA: Yeast Extract Mannitol

Agar (Vincent, 1970) = YM + 15 g of agar. After prepa-

ration the pH of each medium was adjusted to 6,8. Then

the two mediums have been shared out in bottle of 500 ml.

These bottles were carefully closed with the cotton flock

and the aluminum foil. The bottles and their contents

were then sterilized with 120° C during 20 minutes in an

autoclave. After sterilization, the bottles were withdrawn

from the autoclave and were placed for cooling under a

hood with flow laminar cleaned beforehand with the

alcohol and put on. After cooling, medium YMA was

cast (shared) in boxes of Petri besides a nozzle ignited

Bensen placed under the hood. These boxes were then

closed with Parafin. These boxes containing medium

YMA and the bottles containing medium YM were care-

fully kept by taking care to avoid all contaminations.

3.4.2. Production of inoculums

The rhizobia strains and mushroom strain selected in

the collection of the laboratory were produced in mass.

The strains of rhizobiums were initially purified by suc-

cessive road repairs while proceeding to consecutive

scratches on medium YMA [16] contained in boxes of

Petri. After purification, these strains of rhizobiums were

cultivated in medium YM contained in bottles. 1000 ml of

inoculum were produced by strains. The inoculum of the

mushroom mycorhizien was obtained by adding spores

and fragments with roots mycorhizées with sterile sand.

3.5. Evaluation in greenhouse of the purifying capacity

of the strains

3.5.1. Material used

Vegetable material: Seeds of Korobalen, variety of

cowpea (Vigna unguiculata (L.) Walp))

Microbiological material: strains ORS 1518 and

ORS 3264 of rhizobia (R) and Glomus agregatum of the

endomycorhizal fungu (C) from the collection of the

Laboratory of microbiology of Soils, Faculty of Sciences

and Technologies, University of Bamako. 

3.5.2. Filling of the pots

The different soils were left in plastic pots of 2 kg

which were filled to the 2/3. These pots did not comprise

any hole. The fresh weight of the quantity of soil contained

in each pot was given. The dry weight of the quantity of

soil contained in each pot was also determined. For that,

10g of soil was dried with the furnace (drying oven)

then weighted and the dry weight of the quantity of soil

contained in the pots was obtained by extrapolation

(Table 2).

3.5.2. Experimentation

This experimentation was led in pots and the soils

were studied separately. The seeds of cowpea were

sown in the pots at a rate of three per pot. At the time of

sowing, the strains of rhizobia (R) and endomycorhizal

fungu (C) were associated with seeds by introducing

them into the line of sowing. 20 ml of rhizobia inoculum

and 5g endomycorhizal fungu strain were used by pot.

After germination the young seedlings were thinned out

at a rate of two per pot and the inoculation was

reinforced.

Experimental device

The experimental device used was a device in block

of Fisher conceived with plastic pots of 2 kg filled with

soil. Four treatments were considered (inoculation with

rhizobia strains: R; inoculation with endomycorhizal

fungu strain: C; inoculation with rhizobia strains +

endomycorhizal fungu strain: R+C and witness not

inoculated: T). The number of pots by treatment was

five (Figure 1).

TABLE 2. Fresh weight and dry weight of the sample of

ground tested by pot.

1600

2000

1950

1700

2100

1360

1860

1716

1462

1743

Laminibougou

Minimana

Ouré : field 1

Ouré : field 2

Ouré : field 3

Fresch weight (g) Dry weight (g)Fields
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Collect and data analysis

The collection related to the state of the grounds, the

rate of germination (%), the rate of lifting (%), the number

of attacked sheets, the number of dead sheets, the number

of dead seedlings, the nature of attacks. The statistical

analysis of these data was made using the GLM of system

MINITAB. Nodules and roots were also taken. The

nodules will be used to isolate the strains of rhizobia. The

roots will be used to evaluate the rate of mycorhization

of seedlings and the production of inoculum.

3.6. Determination of total nitrogen (total N) and total

phosphorus (total P)

Experiment of total nitrogen

The soil is mineralized by the sulphuric acid con-

centrated (SO4H2) in accordance with the soil /ratio:

reagent = 1:2,5 (4g of soil and 10ml of sulphuric acid),

then carried with boiling in the presence of a catalyst.

The nitrogen contained in the organic matter is

transformed into sulphate of ammoniac. In this extract

ammonium is given using the car analyzer.

Experiment of total phosphorus

Phosphorus is extracted by bicarbonate from sodium

0,5M (NaHCO3) + the ammonium fluoride 0,5M (NH4F),

with the soil report/ratio: reagent = 1: 50. The duration

of extraction is 1 hour. Then, phosphorus is proportioned

using the car-analyzer.

3.7. Insolation of rhizobia strains contained in the soils

from the various sites of the project 

Two media cultures (YMA and YMA + Red Congo)

[16] were used. For that, the seedlings were withdrawn

from the pots and the nodules were carefully collected,

then asepticized with saturated calcium hypochlorite

(70%) and alcohol 96° during 2 to 6 minutes according

to their size and rinsed abundantly with sterile distilled

water. Each nodule was crushed in an Eppendorf tube

containing 200 µl pure ultra water, to using sterile plastic

Potter. 10 µl of each broyat were spread out over medium

YMA contained in boxes of Petri while proceeding to

consecutive scratches using an handle (ose) of platinum.

After sowing, the boxes of Petri were placed in a con-

trolled drying oven with 37° C until the formation of the

colonies of rhizobiums. A colony was taken in each box

of medium YMA and was mended on the medium YMA

+ Rouge Congo contained in boxes of Petri while pro-

ceeding to consecutive scratches using a platinum handle.

These boxes were then placed in a controlled drying

oven with 37° C until the formation of the colonies. Only

the colonies not having absorbed the dye (Red Congo)

were retained. These colonies were purified by successive

roads repairs on medium YMA (Figure 2).

Figure 1a. Experimental
device used in greenhouse

Figure 1b. Young seedlings of Cowpea 15 days old, inocu-
lated or not with stocks of rhizobiums and/or mushroom
mycorhizien and cultivated in greenhouse in platic pots
containing the 5 grounds.

Figure 2. Isolates in purification on YMA medium
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3.8. Evaluation of the rate of mycorhization of plants

The evaluation of the rate of mycorhization of plants

was carried out starting from the roots of the plant host

(Vigna unguiculata). For that, rootlets (small roots) were

taken, trough coloured in accordance with the method

[14]. The coloured roots (Figure 3) were then cut out in

small fragments of 1 cm length. These fragments were

assembled in parallel on blades in a glycerol drop, then

covered by plates (Figure 4). 10 roots fragments were

deposited on each blade and these fragments were ran-

domly selected. The reading (observation of the frag-

ments) was made under the optical microscope with the

enlargement X 100. For each treatment and by ground

the rate (%) of mycorhization was appreciated as follows:

M % = (95 n5 + 70 n4 + 30 n3 + 5 N2 + n1)/N n5, n4,

n3, N2, n1 respectively indicate the number of fragments

of class 5,4,3,2,1 and N is the full number of fragments

observed. The observations related to five seedlings by

treatment and soil.

Figure 3. Tubes containing the coloured roots

Figure 4. Fragments of roots coloured assembled on blades 

4. Results and Discussion

4.1. Determination of pesticides, residues, chemical compounds and heavy metals

Figure 5. Chromatograms of the chemical compounds revealed in the five grounds.

TABLE 3. Concentration (mg/kg of soil) of the pesticides revealed in the soils of CMDT area

and the Office du Niger area. 

0,01

0,008

0,007

Atrazine

Carbofuran

Endosulfan

Pesticides

0,01

0,007

0,006

0,01

0,008

0,008

0,009

0,005

0,005

0,009

0,005

0,005

Soil 1(mg/kg) Soil 2(mg/kg) Soil 3(mg/kg) Soil 4(mg/kg) Soil 5(mg/kg)
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TABLE 4. Concentration (µg/kg of soil) of Phenols in the five soils

Phenol

Vanillin

Phenol, 4-methyl-

Phenol, 3,5-bis (1,1-dimethyl)- 

Phenol, 4,6-bis (1,1-diméthyle)-2 methyl-

Phenol, 2,4-di-t-butyl-nitro-

30

203

61

235

239

309

Chemical compoundsN°

9,2

0

3,2

22

4,4

0

11

17

43

0

0

5,6

10

8,9

0

0

0

11

6,3

0

0

0

0

2,8

6,6

131

0

0

0

14

Soil 1 Soil 2 Soil 3 Soil 4 Soil 5

TABLE 5. Concentration (µg/kg of soil) of Benzenes in the five soils.

Benzene, nitro-

Benzene, methoxy-

Benzene, 1-chloro-4-méthoxy-

Benzene, 1-chloro-2-méthoxy-

Benzene, 2,4-dichloro-1-méthoxy-

Benzene, 2-bromopropenyl-

Benzene, 1-bromo-2-(2-propenyl)-

Benzene, 2,2-dibromopropenyl-

68

19

74

78

147

148

158

223

Chemical compoundsN°

44

248

7,6

14

2,1

5,2

1,2

3,2

43

230

7

14

2,3

0

1,6

273

63

324

10

20

0

0

1,4

45

20

480

16

23

3,3

0

0

2,1

38

438

0,27

0

2,4

0

0

0

Soil 1 Soil 2 Soil 3 Soil 4 Soil 5

TABLE 6. Concentration (µg/kg of soil) of  Polycyclic Aromatic Hydrocarbons (PAH) in the five soils.

Naphtalene

Naphtalene, 2-Méthyl-

Naphtalene, 1-Méthyl-

Naphtalene, C2

Naphtalene, C2

Naphtalene, C2

Naphtalene, C2

Naphtalene, C2

Naphtalene, C3

Naphtalene, C3

Naphtalene, C3

Naphtalene, C3

Naphtalène, C3

2,6-diisopropylnaphtalene

2,6-diisopropylnaphtalene

2,6-diisopropylnaphtalene

2,7-diisopropylnaphtalene

2,8-diisopropylnaphtalene

109

153

162

194

196

204

213

221

241

243

253

259

267

304

308

324

325

331

Chemical compoundsN°

13

6,8

15

5,2

7,6

7,9

5,5

3,6

0,3

0,1

7,5

5,7

4,5

15

22

37

40

32

10

7

15

5,6

8,6

20

5,7

4

5

2,4

2

8

9,1

21

119

108

0

108

12

7,6

17

6,3

9,5

5,9

4,3

4,4

5,2

2,2

9,1

13

12

11

59

84

0

0

26

13

24

9,3

4,1

38

42

37

7,4

2,4

18

23

29

7,7

15

17

18

7,2

21

11

21

22

33

22

22

11

10

16

18

25

22

27

34

90

52

36

Soil 1 Soil 2 Soil 3 Soil 4 Soil 5
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Acenaphthene

Fluorene

Phenanthrene

Anthracene

Phenanthrene, -methyl-

Phenanthrene, -methyl-

Phenanthrene, -methyl-

Phenanthrene, -methyl-

Phenanthrene, C2

Phenanthrene, C2

Phenanthrene, C2

Phenanthrene, C2

Fluoranthene

Pyrene

188

272

352

354

385

389

395

396

421

423

424

425

427

436

Chemical compoundsN°

11

4

37

4,4

6

7

4,7

5,9

3,1

1,6

0,7

0,4

7,4

4,9

10

5,8

40

4,1

5,2

5,9

4,1

4,4

0

0

0

0

7,1

7,3

12

0

37

3,6

4,8

6,1

3,6

3,7

0

0

0

0

6,2

4,8

62

17

94

13

13

17

12

13

0

0

0

0

18

15

31

11

64

5,2

8,7

10

7,8

7,5

0

0

0

0

13

9,6

Soil 1 Soil 2 Soil 3 Soil 4 Soil 5

TABLE 7. Concentration (µg/kg of soil) of Biphenyls in the five soils.

Biphenyl

p-Hydroxybiphenyl

o- Hydroxybiphenyl

1,1'-biphenyl, C4

1,1'-biphenyl, C4

236

195

244

299

309

Chemical compoundsN°

0,2

4,6

0,4

2,2

0

0

0

8,1

0

0

2,6

0

0,78

0

0

3,2

2,3

0

1,2

1,6

0

0

0

0

0

Soil 1 Soil 2 Soil 3 Soil 4 Soil 5

TABLE 8. Concentration (µg/kg of soil) of Alkylbenzenes in the five soils.

Benzene, C2

Benzene, C2

Benzene, C3

Benzene, C4

Benzene, C4

Benzene, C4

Benzene, C4

Benzene, C4

Benzene, C5

Benzene, C5

Benzene, C6

Benzene, C6

Benzene, C6

Benzene, C6

1

11

33

39

46

53

76

79

89

95

115

120

123

124

Chemical compoundsN°

6

1,4

1,2

11

12

0,9

0

160

2,9

15

2,5

27

1,6

2,2

3

1,9

5,7

11

1,6

7,5

2,4

0,4

11

1,5

0,32

2,8

17

2,3

1,8

3

2,5

1,2

2,9

32

3,23

31

30

0,5

2,6

34

4

1,7

9,1

6,2

2,5

16

9,2

4,3

8,5

1,5

2,1

0,58

35

34

4,4

1

9,6

5,2

4,1

9,9

0,85

6,1

3,5

0,13

21

0,38

7,1

28

28

3,2

Soil 1 Soil 2 Soil 3 Soil 4 Soil 5
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Benzene, C6

Benzene, hexyl-

Benzene, alkyl-

Benzene, alkyl-

Benzene, alkyl-

Benzene, alkyl-

Benzene, alkyl-

Benzene, alkyl-

Benzene, alkyl-

Benzene, alkyl-

Benzene, alkyl-

Benzene, alkyl-

Benzene, alkyl-

Benzene, alkyl-

129

138

142

151

247

279

284

320

348

353

355

361

367

378

Chemical compoundsN°

5,3

1000

0,4

0,6

12

2,4

2,9

1,5

0,7

1

3,1

1,7

215

2,9

4,6

1400

5,2

45

19

28

35

6,6

6,4

8

54

4,6

10

6,6

5

1020

0,1

0,49

11

8,9

26

27

0,01

60

1,1

3,5

0

0

3,2

633

3

5,1

8

6,3

1,5

7,8

7,7

1,5

11

1,1

3

2,2

3,9

695

8,4

12

0,03

0

0

0

0

0

0

0

0

0

Soil 1 Soil 2 Soil 3 Soil 4 Soil 5

TABLE 9. Concentration (µg/kg of soil) of Alkanes in the five soils.

Hexa, 2,4-diméthyl-

Undecane

Alkane

Dodecane

Alkane

Alkane

Tridecane

Alkane

Alkane

Alkane

Alkane

Alkane

Tetradecane

Alkane

Alkane

Alkane

Pentadecane

Alkane

Alkane

Alkane

Alkane

Alkane

Hexadecane

12

69

77

105

113

141

146

154

157

168

171

180

186

209

210

214

226

230

251

254

257

264

268

Chemical compoundsN°

6,1

15

2,2

76

5,5

2,7

30

14

5,6

2,2

33

23

96

25

1

3,3

48

13

87

12

23

14

70

0

12

2,5

0

5,6

7,4

36

8,3

11,8

170

26

35

263

45

46

11

159

40

41

90

36

22

250

4,6

19

0

72

0

0

37

12

9,2

23

49

20

242

40

4

53

165

40

31

11

92

23

204

0,63

80

3

57

11

3,3

47

18

2,5

1,8

16

6,5

73

4,1

16

13

33

11

5,1

4,1

10

16

40

4,2

47

6,1

197

8,4

7,6

38

12

0,73

10

44

13

18

93

62

105

364

71

21

15

33

300

440

Soil 1 Soil 2 Soil 3 Soil 4 Soil 5
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Alkane

Alkane

Alkane

Alkane

Alkane

Alkane

Alkane

Heptadecane

Alkane

Alkane

Alkane

Octadecane

Alkane

Alkane

Alkane

Alkane

Alkane

Alkane

Alkane

Alkane

Alkane

Alkane

Alkane

Alkane

Alkane

Alkane

278

281

293

303

306

322

335

341

344

362

370

398

403

412

422

437

442

456

487

462

468

474

484

486

489

494

Chemical compoundsN°

1,4

35

10

49

135

19

26

77

66

6,6

36

35

1,2

4,9

24

13

12

20

11

19

12

17

27

6,5

33

18

11

105

60

309

24

37

110

147

135

30

5,5

47

41

24

36

4,2

50

53

86

71

54

91

159

77

39

47

87

212

88

18

142

69

4,9

170

100

3,1

16

5

8,47

38

22

43

30

53

39

38

55

131

47

33

17

20

3,4

4,1

26

48

3,6

15

11

26

22

3,5

3,8

7,5

3,6

1,8

1,7

2,9

4,5

0,33

44

11

9,2

8,1

1,2

13

11

14

90

111

48

316

217

18

322

400

161

92

33

216

79

61

33

40

229

111

50

24

95

134

12

70

145

100

Soil 1 Soil 2 Soil 3 Soil 4 Soil 5

TABLE 10. Concentration (µg/kg of sol) of Thiophenes in the five soils.

Benzo[b]thiophene, 3,6-diméthyl-

Dibenzothiophene

197

343

Chemical compoundsN°

0,9

1,5

6,15

0

24

0

0

0

10

2,4

Soil 1 Soil 2 Soil 3 Soil 4 Soil 5

TABLE 11. Concentration (µg/kg of sol) of Phtalates in the five soils.

Dimethyl phthalate

Diethyl phthalate

Diisobutyl phthalate

Phtalate

Dibutyl phthalate

Phthalate

Bis (2-ethylhexyl) phthalate

212

269

366

380

394

441

465

Chemical compoundsN°

20

1197

549

32

871

2,7

214

22

710

1100

2,5

0,69

2,7

273

19

489

1216

0

1,8

0

338

54

102

148

0

125

0

50

30

846

150

47

1420

56

725

Soil 1 Soil 2 Soil 3 Soil 4 Soil 5
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TABLE 12. Concentration (µg/kg of soil) of Phosphates in the five soils.

Tri(2-chloroéthyl) phosphate

Triphényl phosphate 

Cresyl diphenylphosphate

337

459

464

Chemical compoundsN°

84

5,6

1,7

15

0

0

19

0

0

3,2

0

0

4,7

0

0

Soil 1 Soil 2 Soil 3 Soil 4 Soil 5

TABLE 13. Concentration (µg/kg of soil) of other Compounds in the five soils.

Ethylparaben

Styrene

Cyclohexanone

Phenylethyl Alcohol

Benzophenone

Benzaldehyde

Benzyl Alcohol

Acetophenone

Benzaldehyde, -methyl-

Benzenemethanol, -dimethyl-

Methyl Salicylate 

Ethanol, 2-phenoxy-

Benzothiazole

Caprolactam

Formamide, N,N-dibutyl-

Dibenzofuran

Diphenyl ether

Diphenylmethane

256

10

13

75

287

27

48

62

64

67

111

124

126

137

156

249

240

252

Chemical compoundsN°

6,5

2

5,4

0,8

21

37

20

21

0,6

12

12

0

19

0

0

2,8

0

0

30

3,1

7,6

1,4

60

46

10

31

1,6

0

50

55

23

186

5,5

0

0

0

0

1

13

0

50

48

18

30

0

0

0

0

17

0

0

0

0

0

2,1

3,8

4,5

0

9,2

47

13

21

0

0

0

0

12

0

0

0

4,8

1,3

234

0

0

0

31

40

4

17

0

0

0

0

4,2

19

0

0

73

0

Soil 1 Soil 2 Soil 3 Soil 4 Soil 5

Three (3) pesticides were found (altrazine, carbo-

furan, endosulfan) in the five (5) samples of soils from

CMDT area and Office du Niger area (Table 3). Their

concentration varies from 0,005 mg/kg for the endo-

sulfan (soil 4 and soil 5) to 0,01 mg/kg for the atrazine

(soil 1, soil 2 and soil 3). The measurement of the contents

of residues of pesticides in the five types of soils leads

to a diversity of values. That depends on the influence

of certain factors not controlled by the peasants: mode

of application of formulations, the nature of the pesti-

cide and its quality as well as the respect of the amounts

of pulverizations, the used formulation. The contents of

atrazine, carbofuran and endosulfan testify the appli-

cation repeated to the plant health products against bad

grasses, the insects and their remanence. The concen-

trations in residues of the atrazine are practically the same

in the five soils. These results show the limit of the puri-

fying capacity of the soils to eliminate these pesticides.

The recorded values are lower or equal to the maximum

limit of the residues fixed at 0,01 mg/kg for the atrazine.

These listed pesticides are dangerous for the environment,

very noxious for the watery organisms and can involve

harmful effects in the long run for the watery environment.

The results obtained for the chemical compounds reveal

a strong concentration of phenol, nitrobenzine, methoxy-

benzene, hexadecane, heptadécane and phthalates in the

five (5) samples of the soils. In parallel a high content

of the sorting (2-chloroéthyl) phosphate in soil 1, of the

propylparaben in soils 2, 3 and 5 and of benzaldéhyde in

soils 3 and 5. The pesticides and the chemical compounds

listed in the various samples of soils are moreover the

atrazine, the carbofuran, the endosulfan, alkylbenzene,
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the hexane (alkane), phthalates, benzaldéhyde and phenol.

The atrazine, the carbofuran and the endosulfan are dan-

gerous for the environment, very toxic for the watery

organisms and can involve harmful effects in the long run

for the watery environment. The alkylbenzene causes the

intoxication of the liver, the increasing in the tumours

following a dermic exposure of long life, damage caused

with the skin, while the phthalates (plastics) are toxic,

dangerous for the environment and cause fall down of

fertility, a reduction of the weight of the foetus, an effect

on the liver, the kidneys. Among them, figure the di-

éthylhexyl phthalate which is one of the highly priority

chemical compounds according to the WHO (OMS). the

phenol is harmful for the environment, irritating for the

respiratory tracts, risks of serious ocular lesions, risk of

deterioration of the fertility. It is toxic for fish starting

from 0,1 mg/l. Many are the toxic compounds present in

the agricultural soils of Bougouni (soil 1, soil 2 and soil 3)

in CMDT area and Niono area (soil 4 and soil 5) in

Office zone du Niger area which can contaminate the

rivers by streaming, from where the interest to carry out

the bioremediation of these soils.

4.2. Determination of heavy metals

The strong contents of heavy metals (Table 14) come

from the repeated application of mineral fertilizers. The

latter contain heavy metals with the state of trace for

economic reasons. The concentrations of Fe and Zn are

definitely higher than the other measured elements, but

those grant well with documentation and are not neces-

sarily an indication of pollution by these two metals.

These strong concentrations suggest the geochemical

nature of the soils considered. However, the weakness

presence of aluminum and chromium in the five soils

studied means that the contributions of contaminants

containing these heavy metals are less important. The

results corroborate with those obtained by [11]. The

concentration of cadmium is 1,3 times (soil 4) and 1,5

times (soil 2 and soil 5) higher than the European stan-

dard and Canadian set at 1,4 mg/kg for the agricultural

soils. Solubility thus decreases when the pH increases,

passes by a minimum, then increases when the element is

found in anion form. Between 10 and 30°C, the tempe-

rature has only one direct effect negligible on the mobi-

lity of metals. But, the organic matter can increase the

degradation of metals in acid and chelating substances.

The manganese oxides can absorb in great quantity

certain heavy metals (Cu, Zn, Ni, Pb) [3]. In parallel the

iron oxides reduce half the rate of arsenic in the soils [8; 12].

Any study shows the levels are sufficiently high to

cause morbidity or mortality among fishes.

TABLE 14. Concentration (mg/kg of soil) of heavy metals in the five soils.

Soil 1

Soil 2

Soil 3

Soil 4

Soil 5

4,78

6,12

5,46

5,4

3,25

1,94

2,13

1,64

2,18

1,71

4,37

2,28

3,25

3,29

3,08

5,68

6,21

4,45

4,63

6,79

120,963

128,621

116,937

116,484

97,202

39,96

28,11

9,81

19,36

8,13

14,71

25,14

6,28

10,16

6,28

9,46

8,95

8,48

12,84

16,1

Soils
Heavy metals

As Cd Pb Al Fe Zn Cr Co

TABLE 15. Rate of germination and lifting, number of attacked sheets, number of dead sheets

and number of dead seedlings noted at Vigna unguiculata cultivated out of pots on soil 1 (soil

from the field of Salif SANGARE/CMDT area).

60,20 a

73,40 a

93,40 a

86,80 a

T

R

C

R + C

Treatments

50,00 a

56,60 a

93,40 a

93,40 a

4,80 a

4,80 b

5,00 a

1,80 c

2,40 b

,60 c

2,20 b

3,20 a

0,40 a

0,20 a

0,00 a

0,40 a

Rate of germi-

nation (%)

Rate of lifting

(%)

Number of

attacked sheets

Number of dead

sheets

Number of dead

seedlings

4.3. Evaluation of the purifying capacity of the strains

Each value represents the average for 10 seedlings. 
In the same column the averages followed by the same letter are not significantly differed with the threshold
from 5% for the test of NEWMAN-KEULS.



V. Traoré, F. Kanté, I.I. Yattara, D. Samaké … / ISESCO Journal of Science and Technology - Volume 8, Number 13 (May 2012) (9-24)

21

TABLE 16. Rate of germination and lifting, number of attacked sheets, number of dead sheets

and number of dead seedlings noted at Vigna unguiculata cultivated out of pots on soil 2 (soil

from the field of Yacouba DOUMBIA/CMDT area).

80,00 a

73,40 a

93,40 a

80,00 a

T

R

C

R + C

Treatments

100,00 a

93,40 a

100,00 a

90,00 a

1,60 c

5,00 a

5,00 a

4,20 b

1,80 a

3,60 a

3,20 a

3,40 a

0,40 a

0,40 a

0,00 a

0,40 a

Rate of germi-

nation (%)

Rate of lifting

(%)

Number of

attacked sheets

Number of dead

sheets

Number of dead

seedlings

Each value represents the average for 10 seedlings.
In the same column the averages followed by the same letter are not significantly differed with the threshold
from 5% for the test of NEWMAN-KEULS.

TABLE 17. Rate of germination and lifting, number of attacked sheets, number of dead sheets

and number of dead seedlings noted at Vigna unguiculata cultivated out of pots on soli 3 (soil

from the field of Sidiki SANGARE CMDT area).

73,40 a

66,80 a

93,40 a

73,40 a

T

R

C

R + C

Treatments

100,00 a

80,00 a

100,00 a

100,00 a

3,20 c

5,00 a

5,00 a

4,60 b

3,20 a

3,40 a

4,00 a

4,00 a

0,20 a

0,40 a

0,40 a

1,20 a

Rate of germi-

nation (%)

Rate of lifting

(%)

Number of

attacked sheets

Number of dead

sheets

Number of dead

seedlings

Each value represents the average for 10 seedlings. 
In the same column the averages followed by the same letter are not significantly differed with the threshold
from 5% for the test of NEWMAN-KEULS.

TABLE 18. Rate of germination and lifting, number of attacked sheets, number of dead sheets

and number of dead seedlings noted at Vigna unguiculata cultivated out of pots on soil 4 (soil

from Minimana/Office du Niger area).

80,0020 a

86,6680 a

73,3360 a

93,3340 a

T

R

C

R + C

Treatments

90,00 a

90,00 a

90,00 a

90,00 a

5,00 a

5,00 a

5,00 a

4,80 a

3,40 a

4,00 a

4,80 a

3,40 a

1,00 a

0,80 a

1,20 a

0,80 a

Rate of germi-

nation (%)

Rate of lifting

(%)

Number of

attacked sheets

Number of dead

sheets

Number of dead

seedlings

Each value represents the average for 10 seedlings. 
In the same column the averages followed by the same letter are not significantly differed with the threshold
from 5% for the test of NEWMAN-KEULS.

TABLE 19. Rate of germination and lifting, number of attacked sheets, number of dead sheets

and number of dead seedlings noted at Vigna unguiculata cultivated out of pots on soil 5 (soil

from Laminibougou Office zone du Niger area).

100,00 a

86,60 a

80,00 a

93,40 a

T

R

C

R + C

Treatments

100,00 a

93,40 a

93,40 a

100,00 a

4,20 b

3,40 c

5,00 a

1,80 d

3,20 a

2,20 a

4,20 a

2,20 a

0,80 a

0,40 a

1,00 a 

0,00 a

Rate of germi-

nation (%)

Rate of lifting

(%)

Number of

attacked sheets

Number of dead

sheets

Number of dead

seedlings

Each value represents the average for 10 seedlings. 
In the same column the averages followed by the same letter are not significantly differed with the threshold
from 5% for the test of NEWMAN-KEULS.
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In CMDT area, after two years of treatment with the

strains of the two types of micro-organisms (bacteria

and mycorhizal fungu) the results of the observations

relating to the state of the soils show that the appearance

of moulds decreased considerably on the three soils

(soil 1, soil 2 and soil 3) studied. Also, on the level of

soil 1, the double inoculation (R + C) strongly inhibited

the attacks of the sheets of the young seedlings of cowpea

and the simple inoculation with the strains of rhizobia

(R) has very strongly attenuated the loss of the sheets

(Table 15). In Office du Niger area the results of the

observations relating to the state of the soils show that

after two years of treatment with the same strains of the

two types of micro-organisms the flotation of salts and

the appearance of moulds on the two soils (soil 4 and

soil 5) were less important. In the particular case of soil 5

(soil of Laminibougou), the double inoculation (R + C)

strongly inhibited the attacks of the sheets of the young

seedlings of cowpea (Table 19). These results obtained

in the two agro-ecological area show that the use of the

bacteria strains and mycorhizal fungu in partnership

with cowpea made it possible to improve quality of the

studied soils. These results agree with those of former

works of [10] for the bacteria and of [5] and [9] for fungu.

Indeed, these authors had respectively noticed that the

bacteria belonging to the kinds Burkholderia and

Rhizobia play a big role in the depollution of the soils,

and that certain fungus are used within the framework of

environmental protection by the depollution of the liquid

effluents and the soils because being able to them of

degradation of a varied range of substances and their

great enzymatic richness.

4.4. Determination of total nitrogen (total N) and total

phosphorus (total P)

The results (Tables 20 and 21) respectively represent

the total Nitrogen (total N) and total Phosphorus (total P)

obtained for the five soils after two years of experimen-

tation in pots.

The rate of total nitrogen at the level of all the treat-

ments underwent an increase compared with initial

sample. The introduction of the two types of micro-

organisms into the soils of culture promoted an increasing

in the rate of total nitrogen. But the combination of the

two strains of micro-organisms and the treatment with

rhizobia allowed an accumulation even higher nitrogen

(Table 20) compared with the pilot treatment and pilot

treatment with mycorhizal fungu alone. That could be

explained by the capacity of the bacteria (rhizobia) to fix

atmospheric nitrogen. However, the content of nitrogen

at the level of all the treatments remains largely lower than

the critical point (1,2%). Concerning the total phosphorus

content, the results obtained show an increase in that one

at the level of all treatments. However, the treatments

with mycorhizal fungu alone and the treatments with

combination of rhizobia and mycorhizal fungu were

shown better with the other treatments (Table 21).

However, the average contents of phosphorus remain

always lower than the content required (150mg/kg of soil)

for the soils fairly provided out of phosphorus, quite true

that the treatments with mycorhizal fungu alone and

mycorhizal fungu in combination with rhizobia promoted

a light going beyond of this rate at the level of soil 3 in

CMDT zone and soil 4 in Office zone of Niger.

4.5. Insulation of rhizobia strains contained in the soils

from the various sites of the project

On the whole seven isolates have been obtained, all

in the Office du Niger area (Table 22). The various

isolates have been preserved on the gelose out of tilted

tube (Figure 6).

These results could be in connection with the low

richness of the soils studied in rhizobia and which is

consequently necessary to practice the inoculation on

these soils by using great amounts of inoculums.

TABLE 20. Influence of inoculation on the rate of total

Nitrogen (%) of soil. 

Initial sample

T

R

C

R + C

Soils and rate of total Nitrogen (%) of soil
Treatments

Soil 1 Soil 2 Soil 4 Soil 4 Soil 5

0,05

0,07

0,09

0,07

0,10

0,06

0,08

0,09

0,08

0,12

0,02

0,04

0,07

0,05

0,08

0,03

0,06

0,08

0,07

0,11

0,04

0,05

0,07

0,06

0,09

TABLE 21. Influence of inoculation on the rate of total

phosphorus (mg/kg) of soil.

Initial sample

T

R

C

R + C

Soils and rate of total phosphorus (%) of soil 
Treatments

Soil 1 Soil 2 Soil 3 Soil 4 Soil 5

70

72

72

78

79

62

67

70

72

74

187

185

187

201

203

65

146

148

160

162

145

60

61

70

70



4.6. Evaluation of the rate of mycorhization of plants

The results obtained for the rate of mycorhization at

the seedlings of the various treatments are presented in

Table 23.

The best results have been noticed at the level of soil 5,

more precisely at the seedlings of the treatments R + C

and C. As a whole, we note a low level of mycorhization.

That could relate to the cultivation method in the two

zones studied. Indeed, the works of [13] have shown, that

the use of even organic fertilizers does not support the

establishment and the maintenance of the mycorhization.

For the production of mycorhizal inoculum, the

seedlings having given the best results were retained.

The roots of these seedlings were selected, cut out in

small fragments and mixed with fine sand crystals low

in N (nitrogen), P (Phosphorus), K (Potassium) before-

hand sterilized with 120° C during 20 minutes in an

autoclave.
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TABLE 22. Number of isolates obtained in the nodules col-
lected on the seedlings of cowpea inoculated or not with
strains of rhizobia and/or mycorhizal fungu and cultivated

out of pots in greenhouse on the five soils.

T

R

C

R + C

Soils
Treatments

Soil 1 Soil 2 Soil 4 Soil 4 Soil 5

0

0

0

0

0

0

0

0

0

0

0

0

2

0

0

0

0

1

1

3

Figure 6. Isolates preserved on the gelose out of tilted
tubes.

TABLE 23. Rate of mycorhization at the seedlings of cow-
pea inoculated or not with strains of rhizobia and/or
mycorhizal fungu and cultivated out of pots in green-

house on the five soils.

T

R

C

R + C

Soils
Treatments

Soil 1 Soil 2 Soil 4 Soil 4 Soil 5

29

32

41

43

26

31

42

45

27

30

42

46

28

33

44

47

39

46

51

53

Conclusion

1. The intensive agriculture resorts to many pesticides belonging to various chemical families whose spectrum of

toxicity is very wide and who are the origin of many pollution and serious public health problems. The alternative

solutions avoiding the use of the pesticides can cause a major food crisis and slow down chemical industry.

2. The molecules of pesticide likely to be met in the soils are very varied, the soils of cotton zone are polluted during

the crop year than in dry season. High rates of biocides in the soils in wet season represent a big risk of conta-

mination of the water resources.

3. Three (3) pesticides were found in the samples of the soils of CMDT area and the Office du Niger area. It is

about the atrazine, the carbofuran and the endosulfan.

4. The majority of listed biocides persist in the soil, disperse towards other compartments of the environment (air,

water) and involve in fish, birds, the man and other mammals a reduction in fruitfulness, effects on the repro-

duction, of the damage of the DNA, cancers and modify the cellular metabolism, the neurale activity, the hepa-

tic and different functions.

5. The degradation of the pesticides and heavy metals by the micro-organisms studied in laboratory shows that the

speed of degradation of these pollutants varies according to the temperature of the soil, its content of organic

matter and its texture, the pH, moisture, the sources of carbon, the concentration of the pesticides and the microbial

flora.

Each value represents the average for 5 seedlings.
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Abstract

T
he Development of the
onion harvesting ma-

chine is the important goal
in the mechanization of
this product. One of the
major onion harvesting
machines is the topper. To
design a topper system,
knowing of some physical
and mechanical properties
such as cutting strength and
energy requirement are
important. In this study the
strength of onion leaf and
specific rupture energy for
onion leaf removing from
its bulb in three loading
rates (50,100 and 200 mm/min), three loading types
(leaf cutting at the attached point to the bulb, leaf cut-
ting at 5cm above the bulb and leaf tensile at 5cm above
the bulb) and two moisture contents of leaf (65 and 85

percentage) were measu-
red. Results showed that
by increasing the loading
rate, strength of the onion
leaves was changed from
1.06 to 0.48 MPa and spe-
cific rupture energy was
varied from 11.59 to 5.25
mJ/ mm2. By reducing leaf
moisture, strength of onion
leaf and specific rupture
energy were changed from
0.86 to 0.62 MPa and from
11.91 to 5.4 mm J/ mm2

respectively. Cutting the
leaves attached to the bulb
had the maximum strength
and specific rupture energy
with values of 1.54 MPa

and 11.52 mJ/ mm 2.

Keywords: Onion, Rupture Energy, Shear and Tensile
Strength, Topping.
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1. Introduction

One of the most important machines in onion har-

vesting is the topper. Knowing of some physical and

mechanical properties such as cutting strength and energy

requirement for designing a topper system, are necessary.

Much researches was carried out on the physical pro-

perties of many agricultural products (Maw et al, 1996;

Mcrandal and Mcnulty, 1980; Tabil et al , 2002). During

a research, the crushing and punching strength of the

onion bulb was obtained 26.4 and 25 N, respectively

(Maw et al, 1996). In other research the value of punching

strength was obtained from 26.9 to 45.5 N (Bahnasawy

et al, 2004). Tabatabaee Koloor and Borgheie (2006)

achieved the static and dynamic shear strength of the

rice stem for Khazar and Hashemi varieties, 1629 and

1429 kPa and 187.4 and 144 kPa respectively. Results of

I˙nce, et al, (2005) showed that by increasing the moisture

content of sunflower stalks, the modulus of elasticity

and bending stress were decreased while shear strength

values and cutting power were increased. Vursavus, et al,
(2006) estimated some physical and mechanical pro-

perties of the cherry, including mass, density, shape, size,

surface, spherical, stress and failure strain and the mo-

dulus of elasticity. The research of Chattopadhyay and

Pandey (1999) showed that by increasing angle and

speed of blade, the energy requirement in flail forage

cutting was decreased.

Mc Randall and Mc Nulty (1980) built a machine
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that could record force changes in terms of the distance

changes in the cutting of grass. The effect of factors

such as cutting speed, blade angle, age hay, size hay and

dry weight hay on shear energy was evaluated. The

results showed that the mechanical properties depend on

dry weight hay. Also blade angle was not of significant

effect on shear energy. Research of Chattopadhyay and

Pandey (2001) showed that increasing the linear speed

of blade in fail cutting method caused a decrease in

torque and specific cutting energy in both mathematical

model and farming test. Mc Randall and Mc Nulty (1978)

presented a mathematical cutting model for cantilever

and beam model of forage. According to this model, the

minimum speed of the cutting blade for a good cutting

was 20 m/s. In addition, by increasing blade linear speed

and blade angle, the cutting energy was decreased. Jang

(2005) determined the mechanical properties of garlic

stems for developing a garlic machine harvester. Results

showed that the mean shear force of garlic stalks and

modulus of elasticity were about 0.642 N and 2.4 x 107Pa

respectively. He argued that by increasing the stem

diameter, shear force was increased.

A study was carried out for the development of rice

mechanization. Results showed that the ultimate tensile

and shear strength was from 87 to 168 N and from 28 to

87 N respectively. Dynamic coefficient of friction was

from 0.306 to 0.489 (Usrey et al, 1992). In other research,

tensile and shear strength, modulus of elasticity and shear

modulus of wheat stem were determined by an Instron

apparatus. According to the results of this study, tensile

and shear strength were 118 Pa and 8.47, Pa and modulus

of elasticity and shear modulus were 13.1 and 0.64 GPa,

respectively ( Kronbergs, 2000).

The purpose of this study was to determine tensile

and shear strength of onion leaf and measure the energy

requirement for leaf cutting. These mechanical properties

are important parameters for the design of onion topper

machines. Dimensions and power requirement in these

machines depend on leaf strength and rupture energy for

onion leaf removing.

2. Material and method

A factorial test method based on randomized block

design with four replications was carried out for deter-

mining the effect of loading rate, loading type and leaf

moisture content on leaf strength and specific rupture

energy. In this study, the loading rate was changed in

three value, 50, 100 and 200 mm/min. loading types were

included; leaf cutting at the attached point to the bulb

(S0), leaf cutting at 5cm above the bulb (S5) and leaf

tensile at 5cm above the bulb (T5). Leaf moisture

contents were 85 and 65 percentage (%w.b.). In order to

measure the leaves shear (cutting) strength (σs) and

tensile strength (σt), an Instron universal testing machine

(model: 1140) was used. This device was able to record

the tensile force (Ft) or shear force (Fs) versus time

through, connection to a personal computer (Texture

analyzer acquiesce soft ware). Shear (cutting) and tensile

strength values and displacement (x) are expressed by:

σc = Fc / A

σt = Ft / A

x = RL. t

In the equations A is the cross-sectional area of the

leaves at rupture point, t was the time of the loading, and

RL was loading rate. In the records, the maximum shear

and tensile strength value  was considered as the shear

strength or tensile strength. In the tensile test, in order to

maintain the bulb and connect the leaf to the load cell, a

metal perforated plate and a clamp was designed and

used (Figure 1). In cutting tests the shear probe of

Warner-Bratzler (Figure 2) was used. For each test, a

diagram of displacement-force was obtained. Specific

rupture energy in the case of cutting (Esc) and tensile

(Est) is found by dividing the under curve area of the

displacement-force diagram to the cross section area of

leaf. These are obtained by:

Esc=  

Est=  

Data obtained from experiments was analyzed using

SAS software and averages were grouped by MSTATC

software.

Figure 1: Maintaining method
of onion in tensile test.
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3. Results and Discussion

The Main effects of loading rate, loading type and

leaf moisture content on tensile and shear strength of

leaf were shown in Table 1. Based on these results, by

increasing the moisture content of leaves, the strength

and specific rupture energy were significantly increased.

This behavior may be explained on the basis of the fact

that the plant stalk has viscoelastic behavior and there-

fore, the viscous resistance against cutting or tension is

changed by increasing the moisture. In the onion leaf by

increasing the moisture, resistance material was increased.

Similar results were observed by another researcher for

sunflower stems (I˙nce et al, 2005).

By increasing the loading rate, the strength and specific

energy was decreased (Table 1). Comparing three types

of loading showed that S0 has the greatest strength and

specific energy. It can be described that in the point of

contact bulb and leaf, the leaf has the largest diameter

and in this region, tissue is denser. Comparing S5 with

T5 in the same height of leaf (5cm) showed that the leaf

cutting required less force and energy. The interaction

effect of moisture content and type loading (Figure 3)

showed a leaf moisture content of 85%.

S0 and S5 had maximum and minimum strength

respectively. In leaf moisture content of 65% the most

leaf strength was observed in S0. Other types loading

(T5 and S5) didn't have significant difference in the

amount of strength.  The trend of specific energy was

similar to the strength (Figure 4).

Figure 2: Varner-Bratzler shear
probe.

TABLE 1. Means comparison of the effect of leaf moisture content, loading type

and loading rate on tensile and cutting strength and Specific rupture energy.

Strength

Specific rup-

ture energy

Loading rate
(mm/min)

Loading type Leaf moisture

200 100 50 T5 S5 S0 65% 85%

0.48c

5.25c

0.68b

8.01b

1.06a

11.59a

0.41b

7.75b

0.26c

5.58c

1.54a

11.52a

0.62b

4.5b

0.86 a

11.91a

The means with common litter don't have significant difference in 5% level (Duncan test).

S0: leaf cutting at the attached point to the bulb 
S5: leaf cutting at 5cm above the bulb 
T5: leaf tensile at 5cm above the bulb

Figure 3: interaction effect of leaf moisture content
and loading type on maximum onion leaf strength.

Figure 4: interaction effect of leaf moisture
content and loading type on specific rupture

energy.
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Interaction effect of rate loading and type loading on

leaf strength (Figure 5) showed that the increase of the

rate loading in S0, caused the force to leaf cutting to

decrease. The interaction effect of rate loading and type

loading on specific rupture energy (Figure 6) showed

that by increasing the rate loading, energy requirement

to leaf rupture was decreased. Mac Randall and Mac

Nulty (1978) and Chattopadhyay and Pandey (2001)

also had a similar observation. In loading rates of 50 and

100 mm/min, the amount of specific energy had signi-

ficant difference in three types of loading including S0,

S5 and T5 respectively. In a loading rate of 200 mm/min,

the amount of specific energy in S5 and T5 showed no

difference. At this loading rate, the average specific

energy in S0 was the highest significantly.

Figure 7 shows the interaction effect of leaf moisture

content and loading rate on the leaf strength. It showed

that by increasing the rate of loading in both 85% and

65% moisture content, the leaf strength was decreased

significantly. In loading rates of 50 and 100 mm/min,

leaf strength in 85% moisture content was higher than

65%. In loading rates of 200 mm/min, the leaf strength

didn't show significant difference by varying moisture

contents. For all loading rates, decreasing leaf moisture

content causes a decrease in specific rupture energy

(Figure 8). Maximum Energy for removing onion leaf

was in 50 mm/min loading rates and 80% moisture

content, while minimum energy was achieved in 200

mm/min loading rates and 65% moisture content. 

Figure 5: interaction effect of loading rate and
loading type on maximum onion leaf strength.

Figure 6: interaction effect of loading rate and
loading type on specific rupture energy.

Figure 7: interaction effect of moisture content and
loading rate on maximum onion leaf strength.

Figure 8: interaction effect of moisture content and
loading rate on specific rupture energy.
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Conclusion

This study was a curried out to determinate strength and energy requirement for removing onion leaf in three types of

loading, three rates of loading and two leaf moisture contents. Based on results: 

1- The onion leaf strength was measured from 0.19 to 1.72 MPa and specific rupture energy was obtained from 2.58

to 16.84 mj/mm2. 

2- The amount of energy to remove onion leaves in the cutting mechanisms was lower than tensile mechanisms. 

3- By decreasing leaf moisture content and increasing the height of the remaining leaf on the onion bulb, energy was

reduced.
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1. Introduction

Lisinopril Dihydrate (LID), (2S)-1-[(2S)-6-Amino-2-

[[(1S)-1-carboxy-3phenyl propyl] amino] hexanoyl]

pyrrolidine-2-carboxylic acid dihydrate (Scheme1.), is

an angiotensin converting enzyme (ACE) inhibitor. It is

used in the treatment of hypertension and heart failure

(Martindale,1999). The analytical methods reported for

the determination of LID in tablets are generally based

on spectrophotometric measurements (Asad et al., 2005;

El-Gindy et al., 2001; Kumar et al., 2000; El-Gindy et al.,
2001; El Yazdi et al., 1999; Paraskevas et al., 2002;

Pnzade and Mahadix., 1999; Prasad et al., 1999). Other

techniques such as liquid chromatography (El-Gindy et al.,
2001; Barbato et al., 1994; Bonazzi et al., 1997), gas

chromatography (Avadhanulu et al., 1993)  spectrofluori-

metry (El-Gindy et al., 2001; El-Yazbi et al., 1999; Esra

et al., 2003; Constantinos et al., 2004) and polarography

(Abdel Razak et al., 2003; El-Enany et al., 2003), have

also been used for the same purpose. The official methods

for the assay of LID in the pure form and tablets are

potentiometric acid base titration (British Pharmacopoeia,

2003) and high performance liquid chromatography

(United States Pharmacopoeia., 2000). On the other hand

more sensitive fluoroimmunoassay (Yuan and Gilbert.,

1996), radioimmunoassay (Worland  and Jarrott, 1986)

and GC with mass detection (Leis et al., 1998) methods

have been proposed for the pharmacological and phar-

macokinetic studies of the drug. However, most of these

methods are costly, tedious, and time consuming. There-

fore, the need for a rapid, economical, and selective

method is obvious, especially for a routine quality control
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analysis of pharmaceutical products containing LID.

The aim of this study was to develop a fast, sensitive,

economical, and easy UV-Visible spectrophotometric

method for the determination of LID in raw and pharma-

ceutical formulations. 1,2-Naphthoquinone-4-sulphonate

(NQS) has been used for the determination of many

pharmaceutical amines (Gallo-Martinez et al., 1998; Wang

et al., 2004; Darwish, 2005). The reaction between NQS

and LID has not been investigated yet. Therefore, the

present study was devoted to explore NQS as a deri-

vatizing reagent in the development of selective and

sensitive spectrophotometric method for the determi-

nation of LID in tablets.

2. Experimental

2.1. Apparatus

All of the spectrophotometric measurements were

made with a Double beam UV-1800 ultraviolet-visible

spectrophotometer provided with matched 1-cm quartz

cells (SHIMADZU Japan), temperature controller was

used for the spectrophotometer measurements, pH meter

model pH 211(HANNA Italy) was used for adjusting pH.

2.2. Chemicals and materials

Lisinopril dihydrate (LID; AMIPHARMA Labora-

tories Ltd, Khartoum, Sudan)   was obtained and used as

received; its purity was 100.2±1.25%.1,2-naphtho-

quinone-4-sulphonate; (NQS;  Aldrich chemical Co., St.

Louis, USA). Lisinopril tablets (Pharma international;

Jordan) are labeled to contain 5mg of LID tablet. All

reagents were of analytical grade reagent. Double-distilled

water was used in all experiments.

2.3. Preparation of standard and sample solutions

2.3.1. Stock standard solution of Lisinopril dihydrate
(1000 µgmL-1)

An accurately weighed 0.10g standard sample of

LID was dissolved in water, transferred into a 100mL

standard flask and diluted to the mark with water and

mixed well. The solution was stable for at least two

weeks at 4ºC.

2.3.2. Sodium 1,2-naphthoquinone-4-sulfonic (NQS)
solution 0.3% (w/v)

A weighed 0.30 g NQS was dissolved in water trans-

ferred into a 100 mL standard flask and diluted to the

mark with water and mixed well. The solution was freshly

prepared and protected from light.

2.3.3. Buffer solutions

Buffer solution of pH 12.0 was prepared by mixing

25 mL of 0.2 M KCl with 12 mL of 0.2 M NaOH in 100 mL

volumetric flask and adjusted by a pH meter. Buffer

solutions of different pH value were also prepared

according to literature method.

2.3.4. Tablets sample solution

Twenty tablets were weighed accurately and pulve-

rized. Then an accurately weighed amount equivalent to

100 mg was transferred into a 100 mL calibrated flask,

and dissolved in about 40 mL in double distilled water

for LID, after 10 minutes of continuous shaking, was

filtered into a 100 ml of calibrated volumetric flask

through Whatmann no:41 filter paper and was diluted to

100 ml, to obtain a stock solution with a concentration

of 1000 µg/ml. The prepared solution was diluted quan-

titatively to obtain a suitable concentration for the

analysis, and then the general procedure was followed

as described below.

2.4. General recommended procedure

A 1.0 mL of 100 mg/L LID was transferred into A

10.0 mL standard flask 1.5 mL NaOH-KCl buffer solution

of pH 12.00, 1.00 mL of 0.3% NQS were added sequen-

tially, diluted to the mark with water and mixed well.

This solution stood for 5 min at room temperature. The

absorbance of the solution was measured at 481 nm

against blank reagent prepared with the same reagent

concentration, except the drug.

2.5. Composition of product

The Job's method of continuous variation was employed

(Job P., 1964). Equimolar (2.5x10-3 M) aqueous solutions

of LID and NQS were prepared. Series of 10-mL portions

of the master solutions of LID and NQS were made up

comprising different complementary proportions (0:10,

1:9, 2:8, 3:7, 4:6, 5:5, 6:4, 7:3,8:2, 9:1,10:0), The solution

was further treated as described under the general re-

commended procedures.

3. Result and discussion

3.1. Absorption spectra

According to the procedure, the absorption spectrum

of the product I produced by the reaction between LID
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and NQS is recorded Figure 1.  As can be seen in Figure

1, the maximum absorption wavelength of product (I) is

at 481 nm, and the λmax of NQS is at 360 nm. Obviously

LID has no absorption in the range of 300-700 nm. In

order to eliminate the interference, the determination of

product is fixed at 481 nm against the reagent blank.

3.2. Composition of product

The continuous variation method of equivalent mole

method was used to determine the composition of

Product I. The result is shown in Figure 2. As can be

seen, the mole ratio of LID and NQS of Product I is 1:2.

3.3. Reaction mechanism

It has been reported that NQS could react with amino

group of primary and secondary amine derivative (Quan-

Min et al., 2007). Similarly, amino group of LID, taking

on nucleophilicity due to the lone electron pair of

nitrogen atoms, trends to attack on the electron-deficient

center in NQS, namely no. 4 carbon atom (3,4 C-C can

bond conjugate with 2-C O, as a result 4-C of NQS

becomes electron lacking center). At the same time, it

has been proved that the composition of Product I is 1:2

of LID and NQS. So it is concluded that two amino

groups of lisinopril react with two NQS molecules. The

reaction equation is shown in Scheme 2.

3.4. Optimization of reaction variables

3.4.1. Effect of pH

The influences of pH on the absorbance of product (I)

is shown in Figure 3 at pH 4.0-7.0, the absorbance of the

product is close to 0, indicating that under high acidity,

LID has difficulty reacting with NQS. The possible reason

may be that the amino group (_NH2) of LID is proto-

nated and turned into protonated amine salt (_NH3

+

). So

it loses nucleophilic capability for 4-sodium sulfonate

of NQS, and the nucleophilic substitution reaction can't

take place easily. If pH>7.0, the absorbance of the

solution increases rapidly with the growth of pH. It may

Figure 1. Absorption spectra of LID (10µg ml-1) against water
(1), NQS (0.3%, w/v) against water (2), and the reaction product

of LID (10µgml-1) with NQS against reagent blank (3). 

Figure 2. Determination of Product formation by continuous
variation method. VR: NQS (2.5x10-3 M); VD: lisinopril dihydrate

(2.5x10-3 M); VR + VD = 10 ml

Scheme 1. Lisinopril dihydrate (LID)

LID-NSQ(1)

Scheme 2. Scheme for the reaction pathway of Lisinopril with NQS.
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be that protonated amine salt (_NH3+) of LID turns into

amino group (_NH2) again when the acidity of the

solution becomes low. The higher the pH is, the more

effectively the protonated amino group removes the

proton, and the more easily the nucleophilic substitution

reaction happens. At pH12.0, the absorbance reaches its

maximum; in other words, the degree of the nucleophilic

substitution reaction is also maximal. If pH>12.0, the

absorbance of solution decreases sharply again. Presu-

mably it may be that the increase of hydroxide ion holds

back the nucleophilic substitution reaction between LID

and the chromogenic reagent. Consequently, the absor-

bance of the solution reduces. In order to keep the high

sensibility for determination of lisinopril dihydrate, pH

12.0 was selected for the optimal experimental conditions.

3.4.2. Effect of temperature

Keeping pH at 12.0, the influences of temperature on

the absorbance of the solution were studied. It was found

that the absorbance of solution was maximal at room

temperature. Then it decreases rapidly with increasing

temperature. In order to make the determination of LID

both sensitive and simple, the room temperature was

chosen as the optimum reaction condition. (Figure 4)  

3.4.3. Effect of standing time

Keeping the experimental conditions unchanged, the

absorbance of the solution of LID was measured after

standing for various time periods Figure 5. The results

show that LID reacts immediately with NQS at room

temperature. 5 min is selected as the optimum condition.

3.4.4. Effect of concentration of NQS

According to the procedure, the absorbance of mixture

solution of 10µg/mL-1 was measured with different con-

centration and volume of NQS, the result was shown in

Figures 6 and 7 respectively. 

3.5. Validation of the Methods

3.5.1. Calibration and sensitivity

A linear correlation was found between absorbance

at λmax and concentration of LID. Beer's law was obeyed

over the concentration ranges given in Table 1, and the

calibration graphs showed negligible intercept as

described by the regression equation. Y= a+ bX (where

Y is the absorbance, a is the intercept, b the slope and X 

Figure 3. Effect of pH on the reaction of LID with NQS.
LID (100µg/ml): 1ml; buffer solution: 1.5ml; NQS (0.3%,

w/v): 1 ml; temperature: 25°C; reaction time: 5 min.
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Figure 4. Effect of temperature on the reaction of LID with
NQS. LID (100 µg/ml):1ml; NQS( 0.3%( w/v)): 1ml; buffer

solution (pH 12): 1.5ml; reaction time: 5min.
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Figure 5. Effect of standing time on the reaction of LID
with NQS. LID (100µg/ml): 1ml; buffer solution (pH 12):

1.5ml; NQS (0.3%, w/v): 1 ml; temperature: 25°C.
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the concentration in µg/ml). The limits of detection

(LOD) and quantification (LOQ) calculated according

to the current ICH guidelines (ICH., 2005) are presented

in Table 1. The other sensitivity parameters such as molar

absorptivity and Sandell sensitivity are also contained in

Table 1.

3.5.2. Accuracy and precision

To evaluate the accuracy and precision of the methods,

pure drug solutions at three different levels (within the

working limits) were analyzed, each determination being

repeated three times. The relative standard deviations (%)

were less than 2 and indicate the high accuracy and

precision for the methods (Table 2). For intra-day and

interday precision the relative standard deviation values

were in the range of 0.49-1.86 % and represent the best

appraisal of the methods in routine use.

3.5.3. Robustness

Robustness was examined by evaluating the influence

of small variation in the method variables on its analy-

tical performance. In these experiments, one parameter

was changed where as the others were kept unchanged,

and the recovery percentage was calculated each time. It

was found that small variation in the method variables did

not significantly affect the procedures; recovery values

were shown in Table 3.

TABLE 1. Parameters for the performance of the proposed

method.

206

481

5-50

5.4 X 103

0.0817 

1.16

3.53

0.0683

0.00385

0.0109

0.0004

0.9997

0.00479

λmax, nm (Drug)

λmax, nm(product)

Beer's law limits, µg/ml

Molar absorptivity, l/mol cm

Sandell sensitivity, µg/cm2

Limit of detection, µg/ml

Limit of quantification, µg/ml

Regression equation, Y*:

Intercept (a)

Standard deviation of intercept

Slope (b)

Standard deviation of slope

Correlation coefficient (r2)

Standard deviation

LIDParameter

TABLE 2. Evaluation of intra-day and inter-day accuracy

and precision.

40.17

49.84

60.16

1.86

1.44

0.78

0.49

1.24

0.85

40

50

60

Found

µg/mL
%RE %RSD

LID Taken

µg/mL

0.425

0.320

0.266

40.12

49.56

60.07

0.300

0.880

0.116

Intra-day(n=5)

Found

µg/mL
%RE %RSD

Intra-day(n=5)

RE: relative error; RSD: relative standard deviation. 
Mean value of three determinations

TABLE 3. Robustness of the proposed spectrophotometric

method.
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11.8
12.2
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0.35

23
27

99.6 ±0.59

100.89 ± 1.23
101.04 ± 0.98

100.90± 0.99
99.58± 0.56

98.72 ± 1.03
99.65 ± 0.88

Standard

pH

NQS concentration
(w/v %)

Temperature
(°C)

Parameter
Recovery*

(%±SD)
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Figure 6. Effect of NQS concentrations on the reaction of LID
with NQS. LID (100 µg/ml):1ml; NQS: 1ml; buffer solution
(pH 12): 1.5ml; temperature: 25°C; reaction time: 5 min.
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Figure 7. Effect volume of NQS on absorbance of product LID
with NQS. LID(100 µg/ml):1ml; NQS: 0.3%; buffer solution

(pH 12): 1.5ml; temperature: 25°C; reaction time: 5 min.

*Y=a+bX, where Y is the absorbance, a intercept, b slope and X con-
centration in µg/mL.

* Values are mean of three determinations.
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3.5.4. Recovery Study 

To study the accuracy of the proposed methods, and

to check the interference from excipients used in the

dosage forms, recovery experiments were carried out by

the standard addition method. This study was performed

by addition of known amounts of LID to reanalyzed

solutions of commercial tablets Table 4.

3.6 Application of the Method

The proposed method was applied to some pharma-

ceutical formulations containing LID. The results in

Table 4 indicate the high accuracy of the proposed

method for the determination of the studied drug. As can

be seen from Table 5, the proposed method has the

advantage of being virtually free from interferences by

excipients such as glucose, lactose and starch or from

common degradation products. The percentage was

99.58± 0.80 for LID.

TABLE 5. Determination of lisinopril formulations by the

proposed method.

5 99.58± 0.80Lisopril

Nominal amount

mg/tablet

Proposed method

(Found % ±SD)*

Tablet brand

**name

* Mean value of five determinations.  
** Marketed by: Pharma International, Jordan.

Conclusion

The reported method is rapid, simple, economical, and fairly sensitive with regard to spectrophotometric

methods. It can be used in routine analysis of pharmaceutical formulations of Lisinopril Dihydrate in quality

control laboratories. Moreover, the present method can be directly applied to the pharmaceutical sample without

prior separation or treatment.

[1] Abdel Razak O, Belal F, Bedair M, Barakat S, and Haggag S. 2003,
Spectrophotometric and polarographic determination of enalapril and lisi-
nopril using 2, 4-dinitrofluorobenzene. J. Pharm. Biomed. Anal, 31:701-
711, 2003. 

[2] Asad R, Tariq A, and Atta-ur-R. 2005 Spectrophotometric Determination
of Lisinopril in Pure and Pharmaceutical Formulations. Chinese Chemical
Society, 52:1055-1059, 2005.

[3] Avadhanulu B, and Pantulu R. 1993 Gas liquid chromatographic estimation
of lisinopril in its pharmaceutical dosage forms. Indian Drugs, 30:646-
649, 1993.

[4] Barbato F, Morrica P, and Quaglia F. 1994 Analysis of ACE inhibitor
drugs by high performance liquid chromatography. IL Farmaco, 49:457-
460, 1994.  

[5] Bonazzi D, Gotti R, Andrisano V, and Cavrini V. 1997 Analysis of ACE
inhibitors in pharmaceutical dosage forms by derivative UV spectroscopy
and liquid chromatography (HPLC). J. Pharm. Biomed. Anal, 16:431-
438, 1997.  

[6] British Pharmacopoeia, 2003 British Pharmacopoeia, HM Stationary
Office: London, 1135-1138, 2003.

[7] Constantinos Z, Paraskevas T, Demtrius T, Georgios T, Anastasios E, and
Pantelis R. 2004 Rapid spectrofluorimetric determination of lisinopril in
pharmaceutical tablets using sequential injection analysis. Anal Bioanal
Chem, 379:759-763, 2004.

[8] Darwish, 2005 Darwish IA. Kinetic spectrophotometric methods for

determination of trimetazidine dihydrochloride. Analytica Chimica Acta,

55:222-231, 2005.

[9] El-Enany N, Belal F,  and Al-Ghannam S. 2003 Polarographic Deter-

mination of Lisinopril in Pharmaceuticals and Biological Fluids through

Treatment with Nitrous Acid. Microchimica Acta 141:55-61, 2003.

[10] El-Gindy A, Ashour A, Abdel-Fattah L, and Shabana M. 2001 Spectro-

photometric and HPTLC-densitometric determination of lisinopril and

hydrochlorothiazide in binary mixtures. J Pharm. Biomed Anal, 25: 923-

931, 2001.

[11] El-Gindy A, Ashour A, Abdel-Fattah L, and Shabana MM. 2001 Spectro-

photometric, septrofluorimetric and LC determination of lisinopril. J.

Pharm. Biomed. Anal, 25: 913-922, 2001.

[12] El-Yazbi A, Abdine H, and Shaalan A. 1999 Spectrophotometric and

spectrofluorometric methods for the assay of lisinopril in single and mul-

ticomponent pharmaceutical dosage forms. J. Pharm.Biomed.Anal,

19:819-827, 1999. 

[13] Esra S, Aktas L, Lale E, and Olcay S. 2003 A new spectrofluorimetric

method for the determination of lisinopril in tablets. IL Farmaco,

58:165-168, 2003.

[14] Gallo-Martinez L, Sevillano-Cabeza A, Camp´ıns-Falc P, and Bosch-

Reig F. 1998 A new derivatization procedure for the determination of

cephalexin with 1,2-naphthoquinone4-sulphonate in pharmaceutical and

References

TABLE 4. Recovery studies for determination of lisinopril

by the proposed method.

5

15

40

97.83±1.10

99.69±0.40

101.40±0.86

5

5

5

Added

(µgml-1)

Recovery

*(%±RSD)

Sample content

(µgml-1)

9.78

19.92

45.81

Found

*(µgml-1)

* Values are mean of three determinations.



A.A. Ahmed Ali, A.A. Elbashir / ISESCO Journal of Science and Technology - Volume 8, Number 13 (May 2012) (30-36)

36

urine samples using solid-phase extraction cartridges and UV-visible

detection. Analytica Chimica Acta, 370:115-123, 1998.

[15] ICH, 2005 ICH Harmonized Tripartite Guideline: Validation of Analy-

tical Procedures. Text and Methodology, Q2 (R1), Current Step 4 Version,

Parent Guidelines on Methodology 2005.

[16] Job., 1964  Job P, Ann. Chem. Job, Advanced Physicochemical Expe-

riments, 2nd edition., Oliner and Boyd, Edinburgh, 54, 1964.

[17] Kumar H, and Agrawal K. 2000  Spectrophotometric method for simul-

taneous estimation of amlodipine besylate and lisinopril in tablet. Indian

Drugs, 37:196-199, 2000.

[18] Leis J, Fauler G, Raspotnig G, and Windischhofer W. 1998 Quantitative

determination of the angiotensin-converting enzyme inhibitor lisinopril in

human plasma by stable isotope dilution gas chromatography/negative

ion chemical ionization mass spectrometry. Rapid Commun. Mass

Spectrom, 12:1591-1594, 1998.

[19] Martindale W. 1999  Parfitt, editor. In Martindale: The Complete Drug

Reference”. 32nd edition. The Pharmaceutical Press. London, United

Kingdom: 898-900,1999.

[20] Paraskevas et al., 2002Paraskevas G, Atta-Politou J, Koupparis M.

Spectrophotometric determination of lisinopril in tablets using 1-fluoro-

2,4-dinitrobenzene reagent. J Pharm.Biomed. Anal, 29:865-872, 2002. 

[21] Pnzade D, and Mahadik R. 1999  Simultaneous spectrophotometric esti-

mation of lisinopril and hydrochlorthiazide from combined dosage

forms. Indian drugs, 36:321-329,1999.

[22] Prasad N, Saha N, and Parimoo P. 1999 Simultaneous determination of

amlodipine-enalapril maleate and amlodipine-lisinopril in combined tablet

preparations by derivative spectrophotometry. Pharm. Pharmacol.Commun,

5:383-388, 1999.

[23] Quan-Min L, and Zhan-Jun Y. 2007 Spectrophotometric determination

of aminomethylbenzoic acid using sodium 1,2-naphthoquinone-4-sulfo-

nate as the chemical derivative chromogenic reagent. Spectrochimica

Acta, 66:656-61, 2007.

[24] United States Pharmacopoeia .,2000 United States Pharmacopoeia, 24th

revision, Asian Edition, United States Pharmacopoeial Convention, Inc.,

Twinbrook Parkway, Rockville, MD, 2149-2151,2000.

[25] Wang Y, Xu L. X, Xiao Y, and Han J. 2004  Spectrophotometric deter-

mination of dapsone in pharmaceutical products using sodium 1,2-naph-

thoquinone-4-sulfonic as the chromogenic reagent, Spectrochimica Acta

Part A, 60:2933-2939, 2004.

[26] Worland J, and Jarrott B. 1986 Radioimmunoassay for the quantitation

of lisinopril and enalaprilat. J. Pharm. Sci, 75:512-516, 1986.

[27] Yuan S, and Gilbert D. 1996 Time-resolved fluoroimmunoassay for the

determination of lisinopril and enalaprilat in human serum. J. Pharm.

Biomed. Anal, 14:773-781, 1996.



37

Abstract

L
eishmaniasis is caused
by parasitic protozoa

of the genus Leishmania
which, in the infected host
are obligate intracellular
parasite. LACK conserved
among related Leishmania
species. LACK is the
immuno-dominant antigen
of L.major which is consi-
dered as the most promi-
sing molecule for a recom-
binant or DNA vaccine
against leishmaniasis.

MRHO/IR/75//ER (an Ira-
nian strain) of L.major and
LACK gene using PCR
method was used for amp-
lifying of LACK gene. Genomic DNA of LACK protein
was extracted and amplificated as a template. Then the
PCR product was cloned into PTZ57R/T cloning vector.
The PT-LACK recombinant plasmid was extracted from
white colonies of E.coli bacteria (TG1 strain) and se-
quenced. PT-LACK plasmids were digested by Hind III
and EcoRI enzymes. Then, the purified digestion pro-
ducts were ligated to pcDNA3 vector; finally, the pc-

LACK recombinant plasmid
was purified from trans-
formed E.coli (TG1 strain)
and tranfection of pcTSA
recombinant plasmid into
the CHO cells then analysis
by methods of SDS-PAGE
and Western blot.

LACK gene has been clo-
ned into pcDNA3 cloning
vector. Sequence analysis
of cloned LACK gene into
PTZ57R/T vector high
homology 89% with
LmjF28.2740 (LACK gene).
The recombinant plasmid
containing LACK gene was
expressed in CHO cells.
The expression of pc-LACK
recombinant plasmid was

demonstrated by SDS-PAGE and Western-blot.

We cloned LACK gene of L.major in pcDNA3 vectors
successfully. Recombinant plasmid was confirmed.
Results indicated successful expression of pc-LACK
plasmids in eukaryotic cells.

Keywords: Cloning, Expression, Leishmania major,
LACK, CHO cells.
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1. Introduction

The leishmaniasis is zoonotic parasitizes of Public

health concern, caused by several species of the genus

Leishmania (1). Leishmania major is wide spread throu-

ghout the world (2). The disease is prevalent in many

parts of the world, with about 12 million infected cases.

There are 1.5-2 millions of new cases of cutaneous leish-

maniasis and 500,000 cases of visceral leishmaniasis

that appear annually (3). Infection with HIV/AIDS can

increase the risk of developing mainly in visceral leish-

maniasis by 100- to 1000- fold (4). 

Treatment of leishmaniasis is complex due to toxic

and side effects and resistance against available drugs.

Resistant variants in cases of cutaneous and visceral

leishmaniasis have become more common and reinfection

occurs rapidly (5). Development of either new anti-

Leishmania drugs or a vaccine is an attractive alternative.

Immunity against reinfection with Leishmania spp.,
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suggesting that prophylactic immunization is feasible (6). 

In recent years, significant progress has been made

in the identification of vaccine candidates which can

induce a protective response. Most of the works have

focused on antigens GP63(7), CPB(8,9), TSA(10),

GP64(11), LiPO(Acidic Protein Ribosomal) (12),

PSA2[13], LmSTI1(10), ORFF(14), LeIf (15)and P8,

p4 (16).

A recent study comparing different DNA vaccine

candidates demonstrated that the most promising gene

is LACK (17). The LACK antigen, the Leishmania
homologue for receptors for activated C kinase, is a 36

KDa protein highly conserved among related Leishmania
species expressed in both promastigote and amastigote

forms of the parasite (18). LACK is a preferential target

for the early anti-parasite immune response, driving the

expansion of IL-4 secreting, disease-promoting T cells

(19). LACK vaccination trials using protein or DNA

vectors show protection against cutaneous L.major

infections by redirecting the early IL-4 responses to a

protective Th1 response (18, 20).

The aim of this study was clone L.major LACK gene

into appropriate vectors for production of recombinant

plasmid containing LACK gene and the expression of

pc-LACK recombinant plasmid in eukaryotic cells. 

2. Materials and Methods 

Parasite strains

Promastigotes of L.major (MRHO/IR/75/ER is an

Iranian strain) were cultured at 24 ºC in RPMI 1640 ,s

medium (bahar afshan®), supplemented with 10%

inactivated fetal calf serum ( FCS, Gibco®, BRL) and

100µg/ml streptomycin, 100U/ml penicillin antibiotics

(Sigma®). 

DNA extraction

About 2x106 /ml of L.major promastigotes were con-

centrated by centrifugation, washed phosphate buffered

saline (PBS),then DNA isolated by DNA extraction kit

(fermentas®) from L.major promastigotes. The DNA

stored at -20 ºC until use. The DNA extraction products

were detected in 0.8% agarose gel and photographed

(21, 18)

PCR amplification and gel electrophoresis

The DNA extraction products were used as a template

that amplifies the LACK gene by PCR.

We designed a pair of primer based on LACK gene

sequence. Forward primer, 35nt: introduced Hind III

recognition site, underlined:

5'ATT AAG CTT ATG AAC TAC GAG GGT CAC

CTG AAG GG 3'  

Reverse primer, 27nt introduced EcoRI recognition

site, underlined:

5' TTA GAA TTC TTA CTC GGC GTC GGA GAT 3' 

The DNA Extraction Kit from agarose gel

(Fermentas®) was used for PCR products purification

according to the manufacturer recommendations.

The ligation of LACK gene into PTZ57R/T vector,

transformation of ligation PTZ57R/T-LACK and

screening, PT-LACK plasmid extraction and detection

of the PT-LACK recombinant product described

previously (22).

Ligation of LACK gene into pcDNA3 cloning vector

The purified digestion products were ligated to

pcDNA3 cloning vector by T4 DNA ligase. The reaction

was performed in 20 µl of the solution containing: 10 µl

of the purified digestion products (1-3 µg), 2 µl of 10x

buffer, 1 µl of T4 DNA ligase (10 Unit), 7 µl of

D.W(distilled-water), after vortex and spin, this mixture

was incubated in 37 ºC for overnight.

Transformation of ligation pcDNA3-LACK

For transformation, 10-15 µl of ligation reaction

product was added to 150 µl competent cells, after vortex

and spin, the mixture was incubated at 42 ºC for 90s,

and immediately was placed on ice for 2-3 min. The

transformed cells were allowed to recover in 300 µl of

Luria-Bertani (LB) broth medium free antibiotic by

incubated at 37 ºC for 1-2 h with shaking. These recovered

cells was plated onto LB agar plates containing ampicillin

(100 mg/ml) and incubated at 37 ºC for 18 h.

White colonies were randomly selected from each

agar plate and inoculated in a LB medium containing

ampicillin (100 mg/ml) and incubated at  37 ºC foe 16-

18 h. 

PcDNA3-LACK plasmid purification 

The plasmid was purified from colonies of bacteria

by Accuprep Plasmid Extraction Kit (BioNEER®),

according to the manufacture; s protocol.
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The pc-LACK recombinant plasmid was detected by

3 methods:

1-Electrophoresis of plasmid purification: 3 µl of

each plasmid extraction from pc-LACK and pcDNA3

colonies of bacteria were loaded on a 0.8% agarose gel

and electrophoresis then photographed. The plasmid

bands on agarose gel were compared.

2-PCR amplification of LACK gene with pc-LACK

plasmid: the pc-LACK was used as a template to amplify

LACK gene by PCR under condition previously

description in part 3. The PCR product was analyzed by

electrophoresis on 1% agarose gel and photographed.

3-Enzyme digestion of pc-LACK plasmid: with regard

to designed Hind III and EcoRI restriction enzyme sites,

in pc-LACK recombinant plasmid, and existence them

sites on forward and reverse primers, pc-LACK plasmids

were digested by Hind III and EcoRI enzymes. For this

purpose was performed in 20 µl of solution containing

10 µl of plasmid (1-3 µg), 1 µl of each restriction enzyme

(10 Unite), 2 µl of 10x buffer and 6 µl of D.W, after

vortex and spin, this mixture was incubated in 37 ºC for

overnight.

Tranfection of recombinant pc-LACK into the CHO

cells

For confirmation in vitro transfection of CHO (Chine's

Hamester Ovary) cells, they were grown to 50-80%

confluence at 37°C and 5% CO2 in 35 mm wells in

Dulbecco's modified Eagle's medium (DMEM, Gibco)

each containing 100 U ml-1penicillin and streptomycin

and 10 % fetal calf serum (FCS). The cells were washed

in a serum free medium. The transfection was performed

with a transfection Kit (Genejuice Transfection Kit,

Novagene, USA) according to the instructions of the

manufacturer.

SDS-PAGE and Western blot analysis

The transfected and non-transfected as control cells

were harvested for 48 h or 72 h following the transfection

and lysed in sample buffer. After the cells were con-

centrated by centrifugation and their protein profile was

resolved in 10% reducing SDS-PAGE according to the

method of Laemmli. The recombinant L.major LACK

protein was expressed and separated by SDS-PAGE and

stained with Coomassie blue and for western blot

transferred into nitrocellulose membrane.

The membrane strips were blocked with 1% BSA-

PBST20 overnight and sequentially probed with Leish-
mania antibody-positive mice sera and an anti-mouse

IgG horseradish-peroxidase (Sigma) diluted in 1% BSA

-PBST20 (1/10000), specific binding  was revealed with

diaminobenzidine (DAB) (DAKO, Denmark) (23, 24).

The Western-blotting analysis was recognized by specific

polyclonal and monoclonal antibodies.

3. Results

We used MRHO/IR/75//ER (an Iranian strain) of

L.major and LACK.

Genomic DNA has been extracted by DNA Extraction

Kit (Fermentas®) and concentration of the DNA

extraction is high.

The purified plasmids from the white colonies bacteria

(PT-LACK) were sequenced.

The Sequence analysis of PTZ57R/T-LACK recom-

binant plasmids showed high homology of 89% with

LmjF28.2740 (LACK gene) [22].

Results, detection methods the pc-LACK recombinant

plasmid product:

Electrophoresis of extracted plasmids shows that pc-

LACK bands place above of pcDNA3 bands on agarose

gel (Figure 1).  

Comparison: the bands show that the pc-LACK bands

heavier than the pcDNA3 bands. Therefore, LACK gene

has been cloned into pcDNA3 (Figure 1).

Figure 1. Electrophoresis of pc-LACK recombinant plasmid and
pcDNA3 plasmid were loaded on a 0.8% agarose gel.
The band of pcDNA3 (line 1) and pc-LACK (line 2)
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The pc-LACK recombinant plasmids were digested

by EcoRI and Hind III restriction enzymes.

Electrophoresis of the digestion product showed two

bands on agarose gel. 

Results from enzyme digestion, revealed that the pc-

LACK recombinant plasmids were digested by EcoRI

and Hind III, a 939 bp band was separated, thus the

LACK gene has been cloned into pcDNA3 (Figure 2).

Results from electrophoresis of PCR products with

the pc-LACK plasmid showed a 939 bp fragment of

LACK gene. Then gene LACK was successfully

cloned into the pcDNA3 coloning vector (Figure 3).

A band at about 36 KDa was recognized by Leish-
mania antibody-positive mice sera in protein extracts

of the cells transfected with pc-LACK. LACK protein

was not detected in the non-transfected control cells

(Figures 4, 5).

Figure 2. Electrophoresis of extracted pc-LACK following the
transformation after digestion by enzymes.

Column 2: 1 kbp DNA ladder, column 4: pc-LACK and
column 1: pcLACK digested by EcoRI and Hind II

Figure 3. Electrophoresis of PCR, amplification of LACK gene
with pc-LACK.

Line 1: 1 kbp DNA ladder, line 2: PCR amplification of LACK
gene with pc-LACK

SDS-PAGE analysis of expressed gene product

Figure 4. Line 3: Transfected with LACK after 48hr, Line 1:
Untransfected CHO cells after 48hr, Lines 4, 5: Transfected with pcDNA3

after 48hr, Line 2: Low molecular weight markers (LMW 14, 18,
25,35,45,66,116 KDa).
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4. Discussion

Leishmaniasis has not shown any tendency towards

subsidence in recent years. Although measures may be

taken against vectors and reservoirs, and the identification

of new drugs is a very desirable goal, particularly in view

of the emerging drug resistances, the development of safe

and efficient vaccines remains the best hope of achieving

definitive control of the disease (2, 25). The LACK

antigen, the leishmania homologue for receptors for

activated C kinase, is a 36 KDa protein highly conserved

among related leishmania species expressed in both

promastigote and amastigote forms of the parasite (26).

The molecular size of LACK protein is 939bp, consists

of 313 amino acids, and placed in  chromosome 28.

DNA vaccine has some unable features in comparison

with traditional vaccine. They are easy to produce, relati-

vely inexpensive, homogeneous, heat stable, and believed

to be safer than subunit or viral vector based vaccines.

DNA vaccine can induce strong, long lasting and

powerful humoral and cellular immunity (27, 28).

DNA vaccines may be especially useful for protection

against cutaneous leishmaniasis, since the development

of naturally acquired immunity to a primary exposure to

L.major, involving low dose infection in the skin has

recently been shown to depend on both CD4+ and CD8+

Tcells(18, 24)

LACK vaccination trials using protein or DNA vectors

show protection against cutaneous L.major infections

by redirecting the early IL-4 responses to a protective

Th1 response (18, 20). This protective effect is mediated

by IL-12 dependent INF-γ production (26).

Despite such promising results, there are no vaccines

in active clinical and veterinary medical use (26, 29).

In such situation, the PSA2 seems to be not very

effective. On the other hand, with the Gp63, used as a

DNA vaccine candidate in our experiments, the beneficial

effect seems to be transitory. In a previous report, 30%

of the immunized BALB/c mice with a DNA vaccine

encoding to the Gp63 overcame leishmaniasis infection

(30). The third candidate is represented by a construct

which encodes to the LACK antigen. This construct gave

the most promising results and especially when it is used

in its truncated form (LACKp24). Nevertheless, and

despite the promise that it has raised, the LACK DNA

vaccine candidate is unable to generate a full protection

against L.major in BALB/c mice. Previous reports using

the LACKp24 as a DNA vaccine candidate were able to

show almost a full protection (31-32).

Western blot analysis of expressed gene product

Figure 5. Line 1: Transfected with LACK, Line 2: Untransfected CHO cells,Transfected with
pcDNA3, Line 4: LMW(14,18,25,35,45,66,116 KDa)
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Experiments indicate that the non-specific immune

responses triggered by the ISS sequences are not strong

enough alone to induce a significant protective effect.

However, if associated with a selected gene, for instance

the gene encoding to LACKp24 as in pCMV3ISS-

LACKp24, the ISS sequences exert a potent adjuvant

effect which boosts the immune responses to the selected

gene when compared to what was raised with the plasmid

pCMV-LACKp24 exempt of the tandem repeats of three

ISS motifs. Nevertheless, one should know that the

plasmid pCMV-LACKp24 contain the ampicilin resis-

tance gene which include two motifs of ISS sequences.

Therefore, we can presume that the presence of ISS

sequences is not enough by itself to promote the level of

immune responses, but their number and may be their

positions could be as important.(17)

In the study, the groups of mice that received DNA

IL-12 or DNA IL-18 showed higher levels of IFN- γ

than the group primed with DNAp36 alone. The higher

levels of IFN-γ were obtained when DNA IL-12 was

administered together with DNAp36, results significantly

different than the amount produced when mice were

primed with DNA IL-18+ DNAp36/LACK.(33)

In the present study, the LACK protein gene open

reading frame was modified by PCR amplification. The

resulting PCR product was digested with Hind III and

EcoRI digested PTZ57R/T system. The insert was excised

using Hind III and was ligated into expression vector

pcDNA3 downstream to the CMV promoter. Cloning of

gene LACK into PTZ57R/T and pcDNA3 was confirmed

by restriction enzymes (EcoRI and Hind III) and PCR

amplification of LACK.

The extracted recombinant plasmids (PT-LACK)

were sequenced.

In this research, we used MHRO/IR/75/ER (an Iranian

strain) of L.major and LACK. Sequence analysis of

cloned LACK gene into pTZ57R/T vector showed high

homology of 89% with LmjF28.2740 (LACK gene).

Southern blot hybridization analysis indicated that

there are multiple copies of the LACK gene in all species

of Leishmania analyzed. Northern blot analyses demon-

strated that the LACK gene is constitutively expressed

in L.major promastigotes and amastigotes (2, 6).

Conclusion

In conclusion, expression of the LACK protein could be a preliminary step for further research to design effec-

tive vaccine against leishmaniasis (17, 34 and 35). 
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Abstract

W
e report the perfor-
mance characteris-

tics of a high discharge
rate zinc-air cell, assem-
bled in compact, monopo-
lar and bipolar configura-
tions.  The use of inorganic
MCM-41 membrane enables
the construction of a thin,
compact cell design with
ease. MCM-41 consists of
a hexagonally-ordered na-
nopore structure and is
characterized by its large
surface area and pore
volume, very narrow pore size distribution, hydrophilic in
nature and very good thermal stability. The monopolar
Zinc/MCM-41/air cell demonstrates discharge charac-

teristics of comparable per-
formance to commercial
cells. The cell, 1 cm2 area x
ca. 460 µm thick, possesses
limiting current of 27 mA,
maximum power output of
31 mW, and vlumetric energy
density of 924 Wh l-1, rated
at 20 mA. A bipolar design
markedly improves the cell
performance. The cell, 1 cm2

area x ca. 920 µm thick,
possesses limiting current
of 95 mA, maximum power
output of 107 mW, and
volumetric energy density
of 1189 Wh l-1.

Keywords: Bipolar design; Inorganic separator; MCM-
41 membrane; Zinc-air cell.
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1. Introduction

Since Smee (1840) first described a primary, acidic

zinc-air cell in the literature, the zinc-air electrochemical

systems have been extensively studied and developed

(Backhurst et al., 1996; Chakkaravarthy et al., 1981;

Dewi et al., 2003; Ghiurcan et al., 2003; Goldstein et al.,
1999; Jiricny et al., 2000; Muller et al., 1998; Othman

et al., 2002; Saputra et al., 2011; Savaskan et al., 1992;

Zhang and Zhang, 2004). Popularly dubbed as breathing

batteries, zinc-air cells or metal-air batteries in general

are unique in that they utilize oxygen from the ambient

air as one of the electroactive materials. Hence this pro-

vides them with practically unlimited and free oxygen

supply. Further, the use of atmospheric oxygen does not

require storage, which in principle reduces the weight

and simplifies the battery design. Consequently, the metal

active material can accommodate the whole compartment

producing a high energy density battery.

Recently, we introduced inorganic MCM-41 membrane

as a new separator material for electrochemical cells

and demonstrated its efficacy in alkaline zinc-air cell

(Saputra et al., 2011). MCM-41 material belongs to a

group of mesoporous materials known as M41S, first

discovered by researchers of the Mobil Research and

Development Corporation in 1992 (Beck et al., 1992;

Kresge et al., 1992). This class of material possesses

regular arrays of uniform channels with large surface

area and is tuneable between 1 nm to 10 nm or more,

depending on the choice of surfactant, auxiliary

chemicals and reaction conditions (Øye et al.., 2001). 

The use of MCM-41 membrane separator is attractive

due to its 3-in-1 functional features i.e. serving as an

electronically insulating separator, ionically conducting

membrane and electrolyte storage, simultaneously. The
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customary polymer based separators are hydrophobic in

nature, thus require an additional absorbent interseparator

material as the electrolyte reservoir, particularly for

compact cell design. Furthermore, the fabrication of

MCM-41 membrane is simply by dip-coating procedure.

As a result, the membrane separator could be designed

to be sufficiently thin and the construction of bipolar cell

configuration could be done with ease. In the present

work, we report the fabrication and performance charac-

teristics of bipolar Zn/MCM-41/air cell. The positive

attributes of MCM-41 membrane separator as mentioned

above resulted in a high rate capacity cell which is of

comparable performance with commercial zinc-air cell,

if not better.

2. Materials and Methods

2.1 Preparation of MCM-41 membrane

MCM-41 membrane was fabricated onto the zinc

anode substrate using the dip-coating technique. The

parent solution for synthesis consisted of quarternary

ammonium surfactant, cethyltrimethylammonium bromide

C16H33(CH3)3NBr (CTAB), hydrochloric acid, deionized

water, ethanol, and tetraethylortosilicate (TEOS) with

molar ratio formulation of 0.05 CTAB, 1.0 TEOS, 0.5

HCl, 25 C2H5OH  and 75 H2O. After the parent solution

was stirred for an hour (about 200 rpm) at room tempe-

rature of 30°C, the zinc substrate was dipped into the

parent solution and then air dried. A one-time dipping

process normally resulted in MCM-41 film thickness of

ca. 1 µm (Jia et al., 2004; Sano et al., 1997). We applied

three times dipping procedure to ensure that the mem-

brane would be thick enough to avoid defects such as

cracking and pinhole.

2.2 Characterization of MCM-41 membrane

The structural formation of MCM-41 membrane

onto the zinc substrate was verified using X-ray dif-

fraction (Cu Kα radiation, a scan range of 1 - 8 degrees

of 2θ and a scan speed of 2° min-1). Its surface morpho-

logy was observed using an Atomic Force Microscopy

(AFM).

2.3 Zinc-air cell components and fabrication

2.3.1 Zinc anode

Zinc anode was prepared from an electrodeposition

process in order to obtain a high purity active material

with high surface area. An acidic chloride plating bath

was utilized. The electrolytic cell consisted of zinc foil

(99.9 % purity) as the working electrode and copper foil

as the counter electrode-cum-substrate. The copper sub-

strate was clamped by a home-made acrylic board holder.

The cell holder served to fix the electrode spacing and

to define the deposition area. The electrode spacing was

fixed at 30 mm and the holder possessed a window of

1 cm x 1 cm square area for zinc deposition. The electrolyte

consisted of zinc chloride (2 M) as the metal source and

ammonium chloride (2 M) as the supporting electrolyte.

Deposition current density was fixed at 100 mA cm-2 for

a duration of 1.5 hours. The electrodeposition set up and

parameters were adopted from the work of Nor Hairin

(2011). The resulting zinc deposits weighed 0.35 g and

ca. 100 µm thick. Figure 1 compares the surface mor-

Figure 1. SEM micrographs indicating the high surface area obtained from electrodeposited zinc as compared to compact zinc foil.
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phology images between a compact zinc foil and the

electrodeposited zinc. It clearly signifies the high surface

area advantage of the zinc electrodeposits. The images

were observed using Field-Emission Scanning Electron

Microscope (FE-SEM) (JED-2100, JEOL Co. Ltd.). Nor

Hairin (2011) reported that zinc electrodeposits prepared

from the set up described above possessed specific sur-

face area in excess of 300 m2 g-1 and porosity of 62 %.

2.3.2 Air cathode

A commercially available air cathode sheet (ca. 350 µm

thick) was utilized. The air cathode consisted of lami-

nated structures of fibrous carbon supported by a nickel

mesh and the air-side of the electrode covered with a gas

permeable, hydrophobic, Teflon layer. The membrane

permits ambient air oxygen to diffuse into the system.

The Teflon hydrophobic characteristic maintains the

crucial triple interface (air/oxygen-liquid/ electrolyte-

solid/conductor) requirement for an effective functioning

of the air electrode (Chakkaravarthy et al., 1981).

2.3.3 Separator and electrolyte

MCM-41 membrane, prepared onto the zinc anode

substrate, served as the cell's separator as well as the

electrolyte storage due to its hydrophilic characteristic.

An aqueous KOH electrolyte (6 M) was utilized. The

main issue concerning the use of MCM-41 membrane

separator in caustic alkaline environment is its stability

since it is a silica-based structure. However, we disco-

vered that the material is tolerable up to 70 % of KOH

weight ratio content without adversely causing electro-

chemical cell failure or short circuiting (Saputra et al.,
2012). The ordered silica network only diminished when

the KOH content reached 80 wt. %. The KOH weight

ratio content was calculated from the following relation

where wKOH(aq) and wMCM-41 denote the weight of aqueous

KOH electrolyte and MCM-41 material respectively.

2.3.4 Cell design

The planar structure of monopolar cell design is

depicted in Figure 2. The cell dimension was ca. 1 cm2

area x ca. 460 µm thick. The bipolar cell design was

assembled from positives consisting of two single air

electrodes facing back to back, and a single negative

placed in between. The negative electrode comprised of

(1)

Figure 2. Schematic illustration of monopolar Zn/MCM-41/air cell.
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electroplated zinc on both sides of the copper substrate

and coated with MCM-41 membrane. The cell dimension

was 1 cm2 area x ca. 920 ºm thick. Figure 3 illustrates

the bipolar cell configuration.

2.4 Cell characterizations

The assembled cells were characterized according to

their open circuit potential (OCV), polarization curve,

power density profile and discharge capacity. An Eco

Chemie (The Netherland) Autolab Galvanostat/ Poten-

tiostat was utilized to perform the measurements. The

characterizations were conducted at ambient room

temperature.

A polarization profile is essentially a V-I plot i.e. the

variation of operating voltage as a function of discharge

current. Power density plot can be subsequently obtained

by measuring the cell power output, P (product of V and

I) at each particular discharge current. Based on the P-I

plot, the maximum power that the cell could deliver is

readily obtained.

Cell discharge capacity is a measure of total charge

quantity that an electrochemical cell could supply. In

this work, we adopted a galvanostatic discharge test.

3. Results and Discussion

MCM-41 mesoporous structure is constructed from

cationic surfactant, cetyltrimethyl-ammonium bromide

(CTAB), and the resulting organic template finally

covered by silica from tetraethylorthosilicate (TEOS).

The transition between different forms of aggregates is

determined by the critical micelle concentration (CMC).

Since there are more than one, transition occurs over the

concentration spectrum, the CMC at lowest concentration

is designated as CMC1 and the subsequent CMCs

designated as CMC2, CMC3 and so on. At very low

concentration, the surfactant molecules are randomly

dispersed in solution. As the concentration reaches

CMC1, spherical micelles are formed in which the outer

surface comprised of the hydrophilic heads of surfactant

molecules, while the tails of these molecules are directed

toward the centre of the sphere. Increase of concentration

to CMC2 causes a transition from the spherical micelles

to  more elongated or rod-like micelles. Further increase

in concentration causes the orientation and close packing

of the elongated micelles into hexagonal arrays of

MCM-41 structure. This is the liquid crystalline state

termed as the middle phase or hexagonal phase (Lee and

Rathman, 2001).

The pore size of MCM-41 structure varies between

1-10 nm and is determined by the length of carbon chain

of CTAB cationic surfactant (Saputra, 2003; Kresge et al.,

1992; Øye et al., 2001). Repeated measurements from

our earlier work have ascertained that the as-synthesized

MCM-41 material possessed a narrow pore size distri-

bution which centred around 2 nm, BET (Brunauer-

Emmett-Teller) surface area of 1200 m2 g-1, and pore

volume density of 1.08 cm3 g-1 (Saputra, 2003; Saputra

et al., 2011a ). The pore surface of MCM-41 is covered

by silanol groups (Si-OH) formed during the synthesis

of the material. The density of silanol groups is around

2.5-5 nm-2 and very much depends on the template removal

conditions (Chen et al., 1996). The silanol group, in parti-

cular the Q3 group ((SiO)3Si-OH), serves as hydration

site (Zhao et al., 1998). The hydrophilic characteristic

of MCM-41 material is attributed to the existence of this

type of silanol group which forms around 60-80 % of

the silanol group.

MCM-41 hexagonal lattice structure is characterized

by low angle X-ray diffraction peaks as listed in Table 1

(Kresge et al., 1992; Øye et al., 2001). The dominant

(100) diffraction (2θ≈2°) normally suppressed the

remaining peaks (Jia et al., 2004). Figure 4 depicts the

X-ray diffractogram of the as-synthesized MCM-41

material which confirms its structural formation. The

AFM topography image of Figure 5 reveals the high

surface area nature of the membrane.

Figure 3. Bipolar Zn/MCM-41/air cell configuration
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Figure 5. AFM surface topology image of the MCM-41 membrane.

Figure 4. X-Ray diffractogram of the as-synthesized MCM-41 confirming the existence of hexagonal lattice structure.
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TABLE 1. Characteristic of MCM-41 X-ray diffractogram.

hkl

100

110

200

210

d/Å

39.8

22.9

19.8

14.9

°

The fabricated Zn/MCM-41/air cells registered a

stable open circuit voltage (OCV) value of 1.5 V.

Figure 6 displays the profile of operating voltage as a

function of discharge current, for both cell configurations.

Bipolar cell configuration possesses better polarization

profile. The improvement in the operating voltage as a

result of bipolar design was approximately 10 % in ave-

rage, i.e. around 120 mV. The enhancement in the cell's

limiting current for bipolar design was even more

substantial. Limiting current is the highest load current

of which the cell is capable to deliver prior to the abrupt

drop in the operating voltage. Monopolar cell was capable

to deliver at most 27 mA, but for bipolar cell the limiting

current was extended almost to an order of magnitude of

95 mA. Figure 7 depicts the performance comparison in

term of power output. As the power output is obtained

from the product of operating voltage and load current,

the difference between the two profiles are more pro-

minent. Monopolar cell registered a maximum power

output of 31 mW at load current of 27 mA while the

bipolar cell delivered a maximum power output of 107

mW at load current at 95 mA, i.e. more than threefold

enhancement.

Discharge capacity of an electrochemical cell is an

empirical quantity which is a function of discharge cur-

rent. In order to obtain an optimum cell capacity, the

monopolar cell was subjected to various discharge cur-

rents. Table 2 below highlights the cell discharge charac-

teristics obtained at load current of 10 mA, 15 mA, 20

mA and 30 mA. Obviously, optimum cell performance

was obtained at load current of 20 mA i.e. based on the

cell capacity and total energy output.

Figure 6. Polarization profiles of monopolar and bipolar cell configurations.
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Figure 7. Power output profiles of monopolar and bipolar cell configurations.

TABLE 2. Discharge characteristics of monopolar Zn/MCM-41/air cell at

various load currents.

148

76

104

29

1.24

1.23

1.23

1.20

24.7

18.9

34.5

14.7

30.5

23.1

42.5

17.6

10

15

20

30

Discharge
Duration

(min)

Average
Operating
Voltage (V)

Discharge
Capacity

(mAh)

Total Energy
Output
(mWh)

Discharge
Current 

(mA)

Cell discharge capacity (C) is a measure of zinc

active material utilization at a particular load current

and calculated from the product of discharge current (Id)

and discharge duration (t)

Total energy output (Q) is obtained from the product

of Id and the area under the discharge plot (operating

voltage vs. discharge duration)

where An is the area under the discharge plot, Vop(t) is the

instantaneous operating voltage of the cell, and ∆t = tf - to

is the discharge duration. An can be estimated using the

Riemann's Sum approximation

n is the number of data points, ∆x is the interval between

data points, and f(Ci) is the mid-point value between

data point i-1 and i (i = 1,2,3…) i.e. the average cell

potential value between successive data points.

(2)

(3)

(4)



Hens Saputraa and Raihan Othman / ISESCO Journal of Science and Technology - Volume 8, Number 13 (May 2012) (44-53)

51

Figure 8 illustrates the discharge performance com-

parison between the monopolar and bipolar cell designs,

rated at 20 mA. The bipolar cell registered a discharge

capacity of 87.5 mAh and possessed total energy output

of 109.4 mWh, an improvement factor of 2.5 as com-

pared to the monopolar cell. We further evaluated the

bipolar cell discharge capability at higher load currents,

as displayed in Figure 9. Table 3 summrizes the discharge

characteristics obtained from the bipolar cell. Oxygen

reduction is the rate limiting reaction in metal-air system

(Chakkaravarthy et al., 1981). A bipolar cell design

doubles the active surface area of the air electrode. As

such, the cell high rate capability was improved

substantially.

Figure 9. Discharge performance
of bipolar cell rated at various

load currents

Figure 8. Discharge curves of
monopolar and bipolar cell confi-
gurations rated at constant cur-

rent of 20 mA
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TABLE 3. Discharge characteristics of bipolar Zn/MCM-41/air cell at various

load currents.

260

106

50

33

21

1.26

1.25

1.24

1.21

1.13

87.5

70.0

51.7

44.6

34.6

109.4

89.0

62.5

54.1

39.1

20

40

60

80

100

Discharge
Duration

(min)

Average
Operating
Voltage (V)

Discharge
Capacity

(mAh)

Total Energy
Output
(mWh)

Discharge
Current 

(mA)

The discharge characteristics obtained from the

zinc/MCM-41/air monopolar cell are comparable to the

published product datasheet for Duracell's zinc-air

button cells as listed in Table 4. The limiting current and

maximum power output are comparable even for button

cell DA630 which is of larger size (15.57 mm diameter,

6.17 mm height). Although the rated capacity of the

button cell is much higher, its volumetric size of 1.17 cm3

is almost 25 times bigger that the present cell's volume

of ca. 0.05 cm3 (1 cm2 area size and 0.46 mm thick). In

short, the zinc-air cell employing MCM-41 membrane

as the separator material demonstrates equivalent

performance to the commercial cell, if not better. The

bipolar design further enhanced the cell discharge

characteristics by more than twofold.

TABLE 4. Characteristics of Duracell's zinc-air button cells

(Bender et al., 1995).

5.84 x 3.56

7.80 x 3.50

7.80 x 5.33

11.56 x 5.33

15.57 x 6.17

30.56 x 10.72

50

110

210

520

1000

6300

2

7

12

22

25

150

2.2

7.7

13.2

24.2

27.5

165

DA230

DA312

DA13

DA675

DA630

DA1204

Dimensions
Diameter
(mm) x

Height (mm)

Rated
Capacity

(mAh)

Limiting
Current, IL

(mA)

Maximum
output 

IL x 1.1 V
(mW)

Cell Type

Conclusion

A feasible, compact and high discharge rate zinc/MCM-41/air cell has been demonstrated. Zinc/MCM-41/air cell
of monopolar design, measured 1 cm2 area x ca. 460 µm thick and weighed 50 mg, possessed the following properties:
open circuit voltage of 1.5 V, limiting current of 27 mA, maximum power output of 31 mW, and volumetric energy
density of 924 Wh l-1, rated at 20 mA. A bipolar design further enhanced the cell performance; limiting current of
95 mA, maximum power output of 107 mW, and volumetric energy density of 1189 Wh l-1. These characteristics are
in fact of comparable performance to commercial zinc-air cells. We attribute the high rate capacity of the cell to the
use of inorganic MCM-41 separator material. The ultrathin membrane structure, high surface area and porous nature,
and hydrophilic characteristics, are the key contributing factors.
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1. Introduction

Fresh water is an indispensible requirement for huma-

nity. The available water is fixed on the earth and its

demand is increasing due to the population growth and

rapid development of industry. Hence, there is an essential

and urgent need to get fresh water from the saline water

available on earth. Solar desalination is the best method

to produce potable water out of saline water. Solar still

is widely used in solar desalination. This method can

partially support man's needs of drinking water with free

energy, simple, cost effective technology and a clean

environment particularly in remote areas. But the solar

still's productivity is very low. To enhance the productivity

of the simple solar still, several research works are being

carried out. Abu-Arabi et al [1] proposed a mathematical

model of a regenerative solar still. The results show that

the regenerative still gives more than 70% higher pro-

ductivity in comparison with a conventional still. A wick

basin type solar still was designed by Shukla et al [2].

The results of this study indicate that the productivity of

the wick basin is 29,6 % higher compared to the con-

ventional still. Fatani et al [3] presented an experimental

and analytical study of a solar assisted by a passively

cooled condenser. Velmurugan et al [4] used fins and

sponges cubes to improve the evaporative rate.

The objective of this study is to simulate the per-

formance of a solar still coupled to a compression heat

pump. First, the performance of this solar still was eva-

luated by comparison with the performance of a con-

ventional solar still. Then, the influence of many para-

meters was studied to define the optimal operation con-

ditions for the solar distiller. Finally, a validation of the

elaborated model was achieved.

2. System description

Figure 1 presents the schematic of a solar still coupled

to a compression heat pump. The system consists mainly

of a basin that accommodates the brackish water, a glass
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cover and a compression heat pump comprising a con-

denser, evaporator, compressor and expander. The water

in the basin is heated by the incident solar radiation trans-

mitted through the transparent glass cover. Some of the

water will be evaporating and condensate under the glass

and the evaporator of the heat pump. Then, the condensate

will be recuperated by two collectors.

3. Mathematical modeling

Figure 2 illustrates the different heat exchanges that

occur in a solar still coupled to a compression heat pump:

The solar still heat balance equations for the system

components are as follows:

• Balance energy for the glass cover

The energy balance equation for the glass cover can

be written as:

• Balance energy for the evaporator

The energy balance equation for the evaporator can

be written as:

• Balance energy for the water

The energy balance equation for the water can be

written as:

• Balance energy for the absorber

The energy balance equation for the absorber can be

written as:

• Condensation rate

The total condensation rate of the solar still was

given by:

The expressions for each term in the above equations

are:

- The radiation heat transfer between water and glass

cover was given by [5]:

- The convective heat transfer between water and

glass cover is found from [4, 6]:

Where the convective heat transfer coefficient between

water and glass cover was given by [4,6]: 

Where Pw and Pg are the vapor pressures at water and

glass temperatures, respectively, and are given from the

following relation [7]:

- The evaporative heat transfer between water and

glass cover is found from [4,6]: 

Where the evaporative heat transfer coefficient bet-

ween water and glass cover is found from [4,6]:

Figure 1. Schematics of a solar still coupled with a compression
heat pump

Figure 2. Energy balance of a solar still coupled with a
compression heat pump.

(1)

(4)

(7)

(2)

(3)

(5)

(6)

(8)

(9)

(10)

(11)



- The radiation heat transfer between glass and

ambient was given by [8]:

Where the effective sky temperature is taken from [4]:

- The convective heat transfer between glass and

ambient was given by [6]:

Where the convective heat transfer coefficient bet-

ween glass and ambient is computed from the following

relations [16]:

- The convective heat transfer between water and

evaporator was given by [4, 6]:

Where the convective heat transfer coefficient bet-

ween water and evaporator is found from [6]:

- The evaporative heat transfer between water and

evaporator is obtained from [6]:

Where the evaporative heat transfer coefficient bet-

ween water and evaporator can be computed from [4, 6]:

- The heat transfer by evaporation of the refrigerant

in the evaporator is found from [9]:

Where the heat transfer coefficient by evaporation of

the refrigerant in the evaporator can be computed from

[17]:

- The convective heat transfer between water and

basin liner is obtained from [8, 10]:

Where the convective heat transfer coefficient bet-

ween water and basin liner is computed from the fol-

lowing relations [16]:

- The total heat loss consists of the heat loss from the

basin liner to the insulation by conduction and from the

heat loss from the insulation to the ambient by con-

vection. The heat loss equation can be written as [8]:

Where the heat loss coefficient is found from [8]:

- The heat transfer from condenser to water per unit

area of water is given by [11]:

Where COP is the coefficient of performance of the

heat pump. The COP is calculated from [12, 13]:

- The latent heat of evaporation of water is calculated

from the following relation [14]:

The above system of equations is a nonlinear system

of ordinary differential equations. A computer program

was written in Matlab to solve the equations using the

Runge-Kutta method of order 4. Initial values of tempe-

ratures of the system components were assumed to be

approximately equal to ambient temperature. Based on

these values of temperature and physical properties,

appropriate coefficients of heat transfer (assumed

constant in a given time step) were calculated for esti-

mating temperatures in the next time step.

The parameters that are used in the simulation are

given in Table 1. The thermo physical properties given

in this table are assumed constant in all simulations: 
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(12)

(13)

(14)

(15)

(16)

(17)

(18)

(19)

(20)

(21)

(23)

(24)

(25)

(28)

(26)

(27)

(22)
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TABLE 1

mg

Cg

αg

εg

ρg

mw

Cw

αw

εw

mb

Cb

αb

kb

ki

me

Cp

Kg.m-2

J.kg-1.°C-1

_

_

_

Kg.m-2

J.kg-1.°C-1

_

_

Kg.m-2

J.kg-1.°C-1

W.m-1.K-1

W.m-1.K-1

Kg.m-2

J.kg-1.°C-1

Mass of glass cover

Specific heat of glass

Absorptivity of glass

Emissivity of glass

Reflectivity of glass

Mass of water

Specific heat of water

Absorptivity of water

Emissivity of water

Mass of plate absorber

Specific heat of plate absorber

Absorptivity of plate absorber

Thermal conductivity of plate absorber

Thermal conductivity of insulation

Mass of evaporator

Specific heat of evaporator

Symbol UnitParameter

10,12

800

0.0475

0,88

0.0735

20.60

4178

0.05

0.96

15.60

480

0.95

16.30

0.039

7,35

385

Value

4. Results and discussion

4.1. Performances study

In order to evaluate the performance of the regene-

rative solar distiller simulations were conducted. Figure 3

shows the temperature variation of different parts of the

distiller function of time for the day June 21. The curves

increase gradually at the beginning of the day, reaching

a maximum between 12h and 14h, then decreased gra-

dually. The temperature of the absorber reaches a maxi-

mum value of 85 ° C for the day June 21, this is explained

by the relatively high absorption coefficient of black

paint. We note that the temperature of the glass (72°C) is

low compared to that of water (82°C). This is explained

by convective exchange with the ambient and the effect

of the evaporator, which in turn allows the cooling

blanket. This phenomenon allows water vapor to con-

dense on the inside of the glass.

Figure 4 shows that the evaporator condenses a sub-

stantial portion of water vapor, more than 75%, and the

remainder condenses under the glass cover. Indeed, the

temperature of the refrigerant is low thereby allows to

condense very quickly a large amount of water vapor. It

is clear therefore that the use of heat pump combined

with a solar distiller is very beneficial for production of

distillate.

The average daily production for each month of year

of the solar distiller coupled to a heat pump is shown in

Figure 5. It is clear that the production varies from month

to month, it is most important in June where the solar

radiation is also maximum. The average annual solar

distiller production is 9.9 kg/m2.day.

A comparative study (Figure 6) between the daily

production of our distiller and conventional distiller for

a typical summer day (21 June) shows that the daily

production of a solar still coupled with a heat pump is

75% higher than the production of a conventional solar

distiller.

Figure 3. The temperature variation of different parts of the
distiller for the June 21.

Figure 4. Productivity of the distiller for a typical summer day
(21 June).

Figure 5. The average daily production for different months of the year.
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The available data in Table 2 show that the production

of solar still distiller coupled to a heat pump is higher

than the production of other types of distillers. This pro-

duction is significant; it varies from 6.5 to 13.5 kg/m2.day

updated throughout the year.

4-2- Parametric study

Figure 7 shows that the daily production for the four

typical days (21 June, 21 September, 21 December, 21

March) is inversely proportional to the thickness of water.

In 21 June, the productivity is reduced by 3.5 kg/m2

when the thickness of water is increased from 0.5 cm to

5 cm. This is explained by the fact that when the thick-

ness of the water increases, the mass of water in the basin

increases, which requires a larger amount of energy to

evaporate.

The analysis of Figure 8 shows that the daily output

of solar still increases with the thickness of the insu-

lation. However, this variation is very important to a

thickness of less than 5cm. Production becomes almost

constant for insulation thickness higher than10 cm. So a

value of the insulation thickness between 5 cm and 10

cm is recommended.

Figure 9 shows the daily production for the day of

21 June for different types of insulation: glass wool,

cork board, wood fiber and polyurethane panel. This

diagram shows that when the conductivity of insulation

materials decreases, the system performance increases.

That is why the polyurethane with the smallest conduc-

tivity (k = 0.025 W/k.m) can lead to the highest pro-

duction. However, glass wool insulation is the best for

economic reasons, but we must consider the health side

as it can affect your health.

The influence of the absorbance of the absorber on

the daily output of solar still for four typical days is

shown in Figure 10. It is noted that production increases

linearly with increasing absorption coefficient. This

increase is very important in summer than in winter.

Figure 6. Comparison between the productivity of distillers for 21
June.

TABLE 2. Comparison of solar stills productivity.

4 - 7

3.50 - 8.75

4 - 10.50

4.90

6,50 - 13.50

Spherical solar distiller

Regeneration solar distiller

Double effect solar distiller

Solar distiller assisted by a condenser

Solar distiller coupled with a PAC

Production (kg/m2/day)Distiller type

Figure 7. Effect of water thickness on daily production.

Figure 8. Effect of insulation thickness on daily production.
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Figure 9. Effect of insulation type on daily production.

Figure 10. Effect of absorption coefficient of the basin on daily
production.

4-3- Validation

Theoretical results were compared with the experi-

mental results (Figure 11). This comparison shows a

good approach between calculated and measured values.

Indeed, the relative errors don't exceed 20%. The diver-

gence in the flow of distillate is mainly explained by the

parameters of sunlight (clear sky) and meteorological

parameters (wind speed along the glass cover and

ambient temperature). We can say that the calculated

results have a good agreement with experimental results.

Figure 11. Comparison of modal results and experimental results
data.

Conclusion

In this study, the modeling of a solar distiller coupled to a heat pump was made. The model is based on equa-

tions reacting heat and mass transfer in the distiller. The performances of the distiller were carried out by compa-

rison with the performance of a conventional solar distiller. Indeed, the productivity of our distiller is 75% higher

than the productivity of a conventional solar distiller. The influence of some parameters involved in the operation

of the distiller was presented. The simulation results are in good agreement with the experimental results.



H. Ben Halima, R. Ben Slama, N. Frikha, S. Gabsi / ISESCO Journal of Science and Technology - Volume 8, Number 13 (May 2012) (54-60)

60

A :

C  :

COP :

h  :

k  :

L :

H  :

m  :

Nu  :

P :

q  :

Ra  :

T :

U  :

V :

W :

Nomenclature

Area, m2

Specific heat, J.kg-1.K-1

Coefficient of performance

Convection heat transfer coefficient, W.m-2.K-1

Thermal conductivity.m-1.K-1

Specific length, m

Specific latent heat of vaporization J.kg-1

Specific mass, kg.m-2

Nusselt number

Pressure, N.m-2

Heat flux, W.m-2

Rayleigh number

Temperature, T

Overall heat transfer coefficient, W.m-2.K-1

Velocity, m.s-1

Compressor power, W

α :

ε :

ρ :

σ :

a :

b :

c :

e :

ev       :

f :

g :

H :

i :

r :

w        :

Absorptivity 

Emissivity

Reflectivity

Stefan-Boltzmann constant

Ambient

Basin 

Convection, condensate

Evaporator

Evaporation

Refrigerant 

Glass 

Horizontal

Insulation

Radiative

Water
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1. Introduction

The geothermal energy is the calorific energy stocked

under the terrestrial surface. Depths of the earth conceal

enormous quantities of natural heat, whose origin is

especially from the disintegration of radioactive elements.

According to the actual knowledge, the temperature cul-

minates to 6000°C in the core of the earth and reaches

about 1300°C in the superior coat of the terrestrial globe.

The geothermal flux that arrives to the surface of the

globe passes 40 billions of kW. More than 99% of the

mass of our earth are submitted to temperatures passing

100°C. Only 0.1% are colder than 100°C. On the average,

the temperature increases about 3°C by 100 meters of

depth from the surface of the soil, what corresponds to

a normal geothermal gradient.

The geothermic is a renewable energy. It consists in

extracting calories stocked in soil for the production of

electricity (geothermic high temperature) or of the heating

(geothermic low temperature).

On the other hand, seeing that the temperature of soil

from a given depth is quasi-constant during all year, so

this same temperature can have two different applications.

With an adequate exchanger air-soil, we can exploit this

heat for the production of the heating during the cold

seasons and for the production of cooling during the hot

seasons. Thus, we can cover a good part of the energizing

needs of heating and cooling. The cost that intervenes in

the realization of a geothermal installation and which

can appear high is compensated if we imagine that for a

long period, we will produce heating and cooling with a

free energy and our invoice of electricity will be consi-

derably reduced.

Abstract

C
onsidering the indus-
trial and socioecono-

mic development that se-
veral developing countries,
among which Algeria, are
witnessing, the demand on
the energy is ever growing.
The conventional energies
of fossil origin are very
polluting and on the way of
disappearing within some
decades. Therefore, the re-
course to the renewable energies is a good alternative
because these energies are permanently available, very
economic and environment friendly. One of these energies
is the geothermic which consists in extracting calories
stored in soil either for the production of the heating in
the cold seasons or for the production of the cooling in
the hot seasons.

The determination of the
temperature of the depth of
soil requires the knowledge
of the kind of soil. As the
latter is often taken by de-
fault, it is therefore impor-
tant to study its influence
on the temperature of the
depth of soil as well as on
the dephasing and the
depth of penetration of the
temperature signal.

In this context, we have
conducted this study under the meteorological conditions
of the Adrar town. The results achieved indicate that the
yearly penetration depth as well as the dephasing are
more influenced by the kind of soil whereas the average
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Besides, the knowledge of the geothermal stratum is

a factor more that necessary for the construction of the

geothermal installation. It is important to evaluate before-

hand the geothermal potential of the region to study. The

temperature of soil depends on the depth and on the

meteorological conditions of the site as the solar irra-

diation, the ambient temperature and the speed of wind.

It also depends on the kind of soil and the surrounding

medium of the site as for example the presence of a

building to the neighborhood.

Because of the unavailability of all experimental

data of Adrar region notably those that concern the kind

of soil, we have prepared this paper in order to examine

the influence of this parameter on the temperature in

depth of soil.

2. Theoretical modeling

2.1 Modeling of the temperature in depth of soil

The soil is assimilated to a homogeneous semi-infinite

medium whose physical properties are constant and inde-

pendent of the depth z, and that is submitted to a sinu-

soidal signal (the temperature in the surface of soil, Tsoil).

In this model, the temperature in the surface of soil

is a sinusoid given by the following equation:

N being the number of harmonic and (j) is a positive

integer number going from 1 to N.  

We lean on the model of the semi-infinite medium,

we can deduct the temperature of soil at a given depth z

and a time t:

The depth of penetration for a signal temperature of

pulsation w(j) is given as a function of the thermal diffu-

sivity of the soil by the following relation:

We can calculate the pulsation w(j) from the

following equation:

P: indicates the period of the signal, it is expressed in

seconds and it spreads on one whole year.

The coefficient geo is the gradient of temperature due

to the geothermal flux. This flux is considered to be

uniform at every point of soil and it directs vertically

upwards. The geothermal gradient is taken, by default,

equal to 0.03 °C.m-1. However, if the depth is weak, the

effect of the geothermal gradient can be disregarded.

2.2 Modeling of the temperature in the surface of soil

For lack of the experimental data for the temperature

of the soil surface, we have used a model based on the

energizing balance of the soil surface in view to deduct an

expression for its temperature. This balance is established

of the following manner:

The surface of soil receives a quantity of energy from

the sun as an irradiation and from the environment as a

sensitive convective heat due to the wind. In return, it

loses by latent convective heat to environment and by

irradiation and conduction in exchange with sky and

soil respectively. That can be translated in equation as

follows:

Qcond is the heat flux transmitted by conduction in

soil. It is determined by the following relation:

The parameter λsoil is the coefficient of thermal

conduction of soil.  

Qr_solar is the quantity of the solar irradiation absorbed

by the surface of soil, it is evaluated by the following

relation:

Qr_soil,sky is the heat flux exchanged by radiation

between the surface of soil and the sky, it is given by the

following equation:

Where εsoil and σ are respectively the emissivity of

soil and the constant of Stefan-Boltzman.

Qconv_sensitive is the heat flux due to the convection of

wind, it is estimated by the following relation:

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)
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With:

Qconv_latent is the latent heat flux due to the evaporation

at the soil surface, it is evaluated by the following empi-

rical relation:

HR being the relative humidity of air. The empirical

constants are defined as follows:

alat =103 [PaK-1] (12-a)  

blat=609 [Pa] (12-b)

clat=0.0168 [K.Pa-1] (12-c)  

The empirical parameter f depends on the kind of

soil and degree of soil humidity:

We introduce a new coefficient of exchange equivalent

designated by heq which includes the heat flux lost in

exchange with the sky and the one that the surface of soil

receives in exchange by convection with the ambient air:

2.3 Transformation in series of Fourier

The monthly averages of ambient and horizontal

solar irradiation of the town of Adrar are presented in

the Table (2). These data are transformed in harmonic

series of Fourier as follows:

Ta and G designate the ambient temperature and the

solar irradiation respectively. N indicates the number of

harmonic. In this steady, we take N equal to 5.

We have injected these last two expressions in the

balance of energy and after we have made the necessary

simplifications, we led to what follows:

With:

3. Results & discussion

The town of Adrar is situated in the Southwest of

Algeria. Its site is characterized by an altitude of 264m

over the sea, a longitude of 0.17°W, a latitude of 27.53°N

and a reflectance of 35%. The length of the day maximum

corresponds to the solstice of summer is 13H 46mn while

the length of the day minimum corresponds to the solstice

of winter is 10H 14mn.

Considering the unavailability of the hourly data of

one whole year for the town of Adrar, we have used the

illustrated monthly averages in Table (2). The data of

ambient temperature are the results of ten years of expe-

(10)

(13)

(14)

(15)

(16)

(11)

TABLE 1. Variation of the  parameter (f) accor-

ding to the content in water of soil.

0.1 - 0.2

0.4 - 0.5

0.6 - 0.8

1

Arid

Dry

Humid

Saturated

Factor fKind of soil

(17a)

(17b)

(18a)

(18b)

(18d)

(18c)

(18e)

TABLE 2. Illustration of the meteorological data for the

town of Adar.

12,1

15,4

19,6

24,3

28,4

34,4

36,5

36

31,8

24,5

17,2

13,2

361,67

445,5

561,67

639,67

661,17

683,5

675,08

626

548,83

454,17

369,17

327,67

January  

February  

March  

April  

May  

June  

July  

August  

September  

October  

November  

December

Average ambient
temperature (°C)

Average hourly solar
irradiation (Wh/m2)

Month
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rience (1974-1984), what gives them a big reliability

(Station weather report of Adrar). Concerning the data

of the solar irradiation, we have extracted them from the

SOLAR ATLAS OF ALGERIA, volume 2.

In order to study the influence of the kind of soil and

the period of the signal of temperature on the depth of

penetration, we took as a period of signal: one day, one

week, one month and one year. We chose three kinds of

soil as it is indicated in Table (3):

Results presented on Figure (1) show two things.

Firstly, we observe that the depth of penetration

corresponding to a period of one year passes the three

meters (3m) for the clay but it is lower by two meters

(2m) from the sand. It means that a soil in clay presents

a big sensitivity to the yearly climatic variations in

comparison with a sandy soil. It follows that the study

of the soil is very essential for the determination of the

temperature in depth of soil.

Secondly, for the three kind of soil, the depth of

penetration corresponding to a monthly period is lower

by 1m. This last result brings us to say that as the

monthly climatic variations are only felt little by a layer

deep of the terrestrial crust, we can use the monthly

averages of the ambient temperature and the solar irra-

diation to calculate the temperature of soil for a given

depth without fearing that it has big effects on the accu-

rateness of our results.

Besides, the kind of soil doesn't seems to have an

effect on the average temperature of the soil surface

(Figure 2) whereas it has a remarkable influence on the

dephasing (Figure 3). For example, for a depth of 3m,

the dephasing is of 90 days for the sand while it is less

than 60 days for the clay. It is shown that the dephasing

is inversely proportional to the yearly penetration depth.

In other words, the more this one is big the more the

dephasing is small.

TABLE 3. Kind of soils and their physical and thermal

properties.

1500

1800

1780

9.69 x 10-7

6.22 x 10-7

3.76 x 10-7

880

1340

1390

Clay

Silt

Sand

Density
(kg/m3)

Thermal
diffusivity

(m2/s)

Thermal
Capacity
(J kg/°C)

Kind of soil

Figure 1. The thermal depth of penetration according to
the kind of soil.

Figure 2. Representation of the average temperature of the
soil surface according to the kind of soil.

Figure 3. Variation of the dephasing according to the
depth in the soil.
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As for the evolution of the dephasing according to

the depth, the illustrated results in the Figure 3 indicate

that the more one penetrates in soil the more important

the dephasing becomes. In order to make the results

independent from the kind of soil, we have taken as unit

of length in the Figure 4 the yearly penetration depth.

The evolution of the soil temperature during one year

according to the depth in soil shows that the amplitude

of the temperature signal decreases when the depth

increases and beyond of a distance being worth two times

the depth of penetration, the temperature of soil doesn't

have the shape of a sinusoid and it has a constant value.

Figure 4. Temperature in the depth of soil. 

Conclusion

In this work, we have studied the influence of the kind of soil on the temperature in depth of soil for the town

of Adrar. The results indicate that this parameter which is often taken by default has an important influence on the

yearly penetration depth and on the dephasing. For the clay we have found that the yearly penetration depth passes

the three meters (3m) while it is hardly equal to two meters (2m) for the sand.

Besides, for a depth of 3m, the dephasing is three months for the sand whereas it is less than two months for the clay.

It is shown also that a temperature of soil understood between 17°C and 24 °CS is obtained for a depth z = (3/2) x δ.

This last depth corresponds to a distance of 2,90m in the sandy soil and 4,60m in the clayey soil. The difference is

about 1,7m.
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1. Introduction

Wind energy is the kinetic energy associated with the

movement of atmospheric air from a region of high

pressure to a region of low pressure. The pressure

variation caused due to rotation of earth and uneven

heating have an effect on the surface of the earth. Wind

turbine is a type of a device used for extraction of wind

energy and converting it into mechanical energy. The

extraction of mechanical power from the wind is an

ancient practice dating back to at least 3000 years.

Beginning with sailing ships, the technical insight

gained from them was extended to the early windmills

Abstract

S
avonius turbine, a

Vertical Axis Wind

Turbine (VAWT), is self-

starting, Omni-directional,

and has high starting tor-

que. In this paper, an

attempt was made to study

the flow behaviour (static

pressure and velocity con-

tours) of a rotating two-

bucket Savonius rotor using

Computational Fluid Dy-

namics. CFD analysis was

carried out to model the

complex flow physics

around the rotating rotor,

as it consumes less time and computational cost. For this

purpose, data were taken from the experiments conducted

earlier on the rotor in a subsonic wind tunnel for five

overlap conditions, namely 16.2%, 20%, 25%, 30% &

35%. The rotor was 20cm in height and the buckets were

8 cm in diameter. A two-dimensional computational un-

structured mesh (triangular mesh) model was developed

for the rotor in Gambit 2.3.16 package of Fluent 6.3.26

software. A k-ε turbulence closure model with standard

wall treatment function was selected. A second order

upwind discretization scheme was adopted for pressure

velocity coupling of the flow. The sequential algorithm,

Semi-Implicit Method for Pressure-Linked Equation

(SIMPLE) was used for

solving all the scalar va-

riables. The flow was simu-

lated under steady-state

condition, and the single

rotating reference frame

(MOVING WALL) was

considered for the buckets.

From the simulations done

in Fluent 6.3.26 software,

the flow patterns through

the rotating rotor at 00

rotor angle for the above

overlap conditions were

analyzed with the help of

static pressure and velocity

contours. The pressure

drop across the rotor from upstream to downstream side

was the maximum in case of 16.2% overlap indicating

maximum power extraction from the wind at that overlap

condition. Vortices formed on the concave side of the

advancing bucket due to flow separations from adverse

pressure gradient were less up to 16.2% overlap, which

increased with higher overlaps leading to reduction in

positive torque by the advancing bucket. Moreover, for

16.2% overlap, maximum pressure difference was

obtained across the returning bucket, thereby increasing

the overall aerodynamic torque and power for the rotor.
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for grinding of corn, irrigation purposes, pumping of

water from wells etc. Even today, wind energy is used to

generate electricity to provide electrification into rural

areas and other far-fetched locations. Windmills believed

to have originated in Persia in the seventh century and

gradually spread to Europe in the twelfth century. The

design gradually improved, especially in England during

the eighteenth century, where millwrights developed

remarkably effective self-acting control mechanisms.

Wind energy has been growing rapidly in recent years.

Wind energy is relatively cheap, it is scalable, and a

single wind turbine can generate a lot of power. Some

other advantages of wind energy are that it has led to

reduction in the use of fossil fuels, leading to a reduction

in the emission of toxic gas pollutants (the most important

of these being the oxides of carbon, sulphur and nitrogen).

It is fast becoming an international business sector,

spreading beyond its original markets in a few European

countries, India and United States. The annual market of

wind energy continues to grow at an astonishing rate of

32%1. It is predicted by Greenpeace that 10% of the

required electricity generation could be provided by

wind energy by the year 2020, added with improved

technology along with superior economics, wind energy

could capture 5% of the world energy market by the

year 20202. The major manufacturers and project

developers of wind energy systems now operate across

all five continents. A large number of operational onshore

wind farms are located in the USA. The Roscoe Wind

Farm is the largest onshore wind farm in the world at

781.5 MW, followed by the Horse Hollow Wind Energy

Center at 735.5 MW3. Also the Thanet Offshore Wind

Project in United Kingdom is the largest offshore wind

farm in the world having a combined wind energy pro-

duction of 300 MW followed by Horns Rev II of 209 MW

generating capacity in Denmark4. According to the figures

released by Global Wind Energy Council (GWEC), wind

energy developing countries (more than 70) have taken

the net wind energy installed capacity to a record high

of 742,223MW5.In developing countries like India where

the energy consumption is increasing day-by-day; large-

scale wind farms like these can play a generous role.

India has an installed capacity of about 11807.00 MW in

wind energy sector as on March 31, 20106. In terms of

wind power installed capacity, India ranks 5th in the world.

Wind turbines are classified into two types, based on

the type of orientation of the axis of rotation of the

blades. They are VAWT (Vertical Axis Wind Turbine)

and HAWT (Horizontal Axis Wind Turbine). In this

paper, the type of VAWT that we are considering is a

two-bucket Savonius rotor. Sigurd J. Savonius invented

the Savonius rotor in the year 1922. When viewing the

rotor from above, it appears in the shape of “S” in cross

section. The rotor is formed by cutting a cylinder along

a central plane and then moving the two semicircular

surfaces sideways along the cutting plane. Savonius

rotors are different from traditional HAWT_s in that their

main axis is perpendicular to the ground. A Savonius

rotor scores over a traditional HAWT in areas when it

comes to construction, inexpensiveness, high reliability,

high starting torque (Blackwell7) and its ability to accept

wind from any direction. Unlike a traditional HAWT, it

is self-starting & hence no mechanism is needed to turn

the Savonius rotor towards the wind meaning better

performance in areas where a tall tower is not feasible,

obstacles are nearby, or the wind is more turbulent. A

Savonius rotor is better able to harvest turbulent airflow

found around buildings and other obstacles. The two-

buckets of a Savonius rotor experience less drag when

moving against the wind than moving along with the

wind. The differential drag causes the rotor to spin. Being

a drag type of device, the power extraction capacity of a

Savonius rotor is less as compared to any other VAWT.

A Savonius rotor can be particularly productive when it

comes to meeting the energy requirements of developing

countries. In remote regions of India, there are still places

where electricity supply is very much irregular. In those

areas, the Savonius rotor can play a vital role for small-

scale electricity generation for household applications,

drawing water from wells into the agricultural land,

milling grains and lots more.

Figure 1. A two-bucket Savonius rotor showing overlap condition.
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Over the past few decades, a lot of effort has been

put by researchers to increase the efficiency of the

Savonius rotor [8-19]. Savonius had tested more than 30

models in natural wind and also in open air. He reported

the best model had an efficiency of 31% while the

maximum reported efficiency of the prototype was 37%.

Bach8 also made some investigations on the Savonius

rotor and reported the maximum efficiency of his model

as 24%. However, Savonius20 found that Cp at an overlap

ratio of 0.25 is nearly three times than at without overlap

condition. In addition, Bach8 obtained maximum Cp in

the overlap range of 0.2-0.25. Khan11 tested his Savonius

rotor in a wind tunnel having provision for overlap

variations and reported a highest Cp of 0.375, for blade

profile of S-section Savonius rotor at an optimum overlap

ratio of 0.30. Blade profiles considered by Khan were

semi-circular, NACA aerofoil, double rotor, inverted “S”

and non-inverted “S” sections. Aldos21 made an attempt

to augment the power of the Savonius rotor by allowing

the blades to swing back when in upwind direction and

was successful in achieving a power augmentation of

11.25 with increase in CP from 0.015 to 0.17. He also

found that different power augmentation might be

achieved with different rotor configurations. Sabzevari22

made an attempt to improve the performance of a split

S-Savonius rotor using ducting's, concentrators and

diffusers. He attained a 40% increase in efficiency by

using a circularly ducted Savonius rotor equipped with

a number of identical wind concentrators and diffusers

along the periphery of circular housing. In addition per-

formance tests of two and three-bucket Savonius rotors

under different design conditions of the Savonius rotor

were performed by different researchers23-28.

A comparative study of experimental and CFD data

was carried out by Gupta et al.29 for power coefficients

etc and these two results were seen to be in agreement

with minimal error. In this paper, an attempt was made

to study the pressure and velocity contours in and around

the Savonius rotor (as studied by Gupta and Das 200929)

for various overlap conditions. The entire analysis was

carried out in Fluent 6.3.26 software. For this purpose,

input data were taken from the experiments conducted

earlier on the rotor in a subsonic wind tunnel, available

in the department, for five overlaps, namely 16.2%, 20%,

25%, 30% & 35%.

2. Physical Model of the Savonius Rotor

The model of the Savonius rotor was a two-bucket

system having the shape of “S” in cross-section. The

model had the provision of changing the overlap ratios,

X/D (Figure 2(a)), using nut and bolt arrangement. The

overlap ratio was varied within 16.2% to 35%. The

dimensions of the physical model were 20 cm in height

and 8 cm in diameter (Figure 2(b)). The thickness consi-

dered for the bucket was 5 mm. The experimental model

of the rotor was tested in an open circuit wind tunnel

present in the department. And the input data for the

present study were taken from the experimental data. A

brief description of the wind tunnel, experimental proce-

dure utilized and results can be obtained from paper30.

3. Computational Domain and Boundary

Conditions

A two-dimensional view of the rotor model was con-

sidered. It is because the buckets rotate in the same plane

as the approaching wind. The computational domain

shown in the above Figure 3 was the top view of four

boundaries of the wind tunnel test section along with

physical model of the rotor. The computational domain

was discretized using two-dimensional unstructured mesh

(triangular mesh). The left boundary had Velocity Inlet

condition while the right boundary had Outflow con-

dition. The top and bottom boundaries for the wind tunnel

sidewalls had Symmetry conditions. The moving wall

condition was employed for the rotor model to study the

(a) Concept of overlap

(b) Two Dimensional
model of the rotor
showing the overlap
condition

Figure 2. A Savonius Rotor showing the overlap condition.
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effect of fluid motion in and around the rotating Savonius

rotor. The dimensions of the computational domain were

100 cm in length and 30 cm in width, which were also

similar to the experimental conditions. For the various

overlap conditions, the geometry of the rotor was changed

and accordingly different meshes were generated for each

condition.

4. Solution Specifications

1. Solver:

• Solver: Pressure Based

• Time: Steady

• Space: 2D

2. Viscous Model:

• Model: Standard k-epsilon (k-ε)

• Near-Wall Treatment: Standard Wall Functions

3. Material:

Air (µ = 1.7894x10-5 kg/m-s, ρ = 1.225 kg/m3)

4. Operating conditions:

Atmospheric Pressure (1.0132 bar)

5. Boundary Conditions:

• Inlet: Velocity Inlet

• Sides: Symmetry

• Buckets: Moving Wall

• Outlet: Outflow

6. Solution controls:

• Pressure Velocity Coupling: SIMPLE

• Discretization: Momentum (Second Order Upwind),

Pressure (Standard)

7. Inlet Velocity: 28 m/s

5. Grid Independence Test

With the increase in the number of triangular cells in

the two-dimensional unstructured mesh, the accuracy of

the results increases. However, this dependency of the

results on the grid is effective up to a certain limit of

grid size. No variation in results is observed after that

limit with the further increase of grid density. This limit

is called the Grid Independent Limit (GIL). In order to

obtain GIL condition, Cd was considered as the test

para-meter and grid refinements were carried out until a

steady value of Cd was obtained. Table 1 shows the

various levels of refinement that were considered.

Each level was solved with same input parameters in

Fluent 6.3.26. The Figure 4 shows the variation of the

Cd values with the no of nodes. The refinement level 10

was considered for the final simulation.

Figure 3. Physical model, boundary conditions and computational
domain of the Savonius rotor at 16.2 overlap condition.

TABLE 1. Various refinement levels considered with the

increase in number of nodes.

11661

13449

13796

17106

18124

20598

23000

29719

31223

32733

34120

38589

22924

26484

27128

33770

35798

40680

45518

58916

61916

64878

67644

76612

1

2

3

4

5

6

7

8

9

10

11

12

No. of nodes
No. of cells
(triangular)

Refining level 

Figure 4. Grid independence test carried out for a two-bucket S
rotor.
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6. Velocity Vectors and Pressure Contours Analysis for Various Overlap Conditions

Figure 5. Pressure contour for 16.2% overlap. Figure 6. Velocity contour for 16.2% overlap.            

Figure 7. Pressure contour for 20% overlap. Figure 8. Velocity contour for 20% overlap.

Figure 9. Pressure contour for 25% overlap. Figure 10. Velocity contour for 25% overlap.

Figure 11. Pressure contour for 30% overlap. Figure 12. Velocity contour for 30% overlap.

Figure 13. Pressure contour for 35% overlap.
Figure 14. Velocity contour for 35% overlap.
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The velocity & static pressure contours for the

rotating two-bucket Savonius rotor with 00 rotor angle

and with various overlaps were analyzed using Fluent

6.3.26 software. In the contour plots, the bucket on the

left hand side is the returning bucket and that on the

right hand side is the advancing bucket. The contour

plots predict the variations in velocity and pressure in

various regions near the buckets within the flow domain.

It can be observed from the pressure contour plots that

pressure drop occur across the rotor from upstream to

downstream side. This pressure drop indicates power

extracted by the rotor causing its rotation31. The maximum

static pressure drop is found in case of rotor with 16.2%

overlap (18.41e+02 Pa) figure 5 and minimum in case

of rotor with 35% overlap (9.27e+02 Pa) Figure 13.

Thus maximum power extraction occurs in case of rotors

with 16.2% overlap which decreases with subsequent

increase in overlap. This is fairly in agreement with the

findings made by Newman16 and Shankar32. The static

pressure on the convex side of both the buckets can be

observed to be lower than those on the concave side of

the buckets; in fact, a region of negative pressure exists

on the convex side of the buckets. This occurs due to the

high flow velocity over the convex side of the buckets.

As a result, a pressure difference acts across the concave

and convex side of the buckets, which provide the

necessary torque for causing rotation of the buckets.

However, it is also observed that the negative pressure

produced on the convex side of the buckets is altered

with increase in overlap and it tends to increase with

further increase in overlap. Further, the pressure diffe-

rence across the concave and convex faces of the returning

bucket is found to be maximum in case of rotor with

16.2% overlap (1.013e+03 Pa), Figure 5, and minimum

in case of 35% overlap (2.86e+02 Pa), Figure 7. A

phenomenon similar to jet impingement takes place for

low overlap of 16.2%, which increases the pressure acting

on the concave side of the returning bucket significantly.

This increase in pressure on the concave side of the

returning bucket increases the aerodynamic torque

responsible for rotation of the buckets and thereby

enhances overall power extracted by the rotor at that

overlap condition. However, the net pressure acting on

the advancing and returning buckets comes out to be

almost equal in case of 16.2% overlap, (1.027e+03 Pa)

in advancing bucket and (1.013e+03 Pa) in returning

bucket. Because of this, stability will be obtained in case

of 16.2% overlap and hence it will have minimum

vibration during rotation. Moreover, the pressure at the

tip of the returning bucket is abnormally high, maximum

for 35% overlap at 4.41e+02 Pa (Figure 13), and

minimum for 16.2% overlap at 1.98e+02 Pa (Figure 5).

Because of this, vibrations in the rotor would occur for

overlaps greater than 16.2%, and hence reduce rotor's

efficiency.

From the velocity vectors plots, it is seen that vortices

are formed on the concave side of the advancing and

returning buckets of the Savonius rotor due to flow

separation from adverse pressure gradient. The vortices

formed on the concave side of the returning bucket

gradually diminish with the increase in overlap as shown

in Figures 8 & 10. This decrease in vortices is due to an

increase in flow through the overlap as the overlap

increases. However, vortices on the tip of the advancing

bucket gradually shift towards the concave side of the

advancing bucket with increase in overlap where it

grows in size (Figures 12 & 14), which will lead to the

reduction in positive torque by the advancing bucket.

Velocity vectors further show that the velocity magnitude

on the concave side of both the advancing and returning

buckets is less than that on the convex side. This is in

agreement with the observation of pressure being higher

on the concave side than on the convex side of both the

buckets. In addition, the velocity upstream of the rotor

is higher than the velocity downstream of the rotor. The

velocity difference between upstream and downstream

of the flow is found to be the maximum for 16.2 %

overlap (4.5e+00 m/s).
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Abstract

T
his work was carried
out at the Global At-

mospheric Watch Station
Mountain 20 km away from
Tehran. A photometer des-
igned to change a filter on
a short time scale is described. This device is simple,
compact and has proved to be very reliable. Evaluation

of the photometer indicates
that photometric data can
be obtained on many nights
ordinarily considered un-
suitable for photometry due
to broken cloud.
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1. Introduction

Popular science Magazines 2005 & Fernie 1972 have

pointed out that a rapid filter change photometer may be

used in eastern North American observatory sites which

typically have weather conditions only just adequate for

carrying out a program of photoelectric photometry. The

high thin cirrus or broken cloud cover gives a moderate

but highly variable atmospheric extinction which make

accurate photometry impossible by conventional means,

J. Min, 1988. A technique which would make nights with

such conditions useful for at least some forms of photo-

metry would clearly be welcome.

A multipurpose instrument capable of filter changes

on a short time scale has been described by National and

International Science 2005. An obvious first step is to

restrict photometric programs to intermediate or narrow-

band systems and especially to zero baseline color indices

such as HB. For zero baseline indices the only atmos-

pheric component of the photometric error is transparency

variation at the effective wave length of the filters. This

variation occurs at all frequencies, but is most apparent

on a timescale of several tens of seconds. Since this is the

same time scale on which filters are changed in conven-

tional photometry, this component of the transparency

variation has a great effect. An obvious way to lessen

this effect is to shorten the period of filter changing by

a factor of ten. A multipurpose instrument capable of

filter changes was used by chandras 2005 in a sun tracker

device.

2. Instrumentation 

The rapid filter change photometer is a single-channel

photon-counting photometer, Figure 1. It was designed

to do simultaneous measurement of two zero baseline

colors, but it would be suitable for uvby photometry as

well. The work has been carried out at Firuzkuh mountain

(52°342, 45°342) at a height of 3000m above mean sea

level, 20 km away from Tehran city. Associated with each

one of four filters is one channel in a four-channel scaler

used to record the pulses due to photons arriving through

the filter. The four filters are mounted in a filter wheel

so that the filter can be changed every few seconds.

Figure 1 shows the operation of the RFC photometer.

Pulses from the photo lube are pre-amplified, divided by

two and gated into the control unit. This unit controls

the position of the filter wheel & sends the pulses to the

appropriate scaler channel. Approximately every three

seconds the control unit inhibits counting for about 0.25

sec., advances the counting address, and initiates a train

of pulses which drives the stepping motor, bringing the

next filter into place. The dead time of about 8% could

be reduced to less than 3% by building an acceleration

circuit for the pulse-train generator, but at a change time

of three seconds such additional complexity does not
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seem justified. For efficient operation at one second,

however, such a circuit would be necessary. The scaler

provides five columns of BCD storage. This provides

sufficient accuracy as long as the range in counting rates

through the four filters is less than about a factor of 100

After each filter has been in place ten times, the control

unit goes into the off state. A print sequence which steps

through the memory channels and activates the printer

is manually started. To avoid possible data loss due to a

printer malfunction the memory is manually erased.

Instead of using longer integration times for fainter

stars, a larger number of standard length integrations are

used. Although this reduces operating efficiency some-

what, it avoids the possibility of a chance disturbance

destroying a large amount of data. Pre amplification is

don with the circuit described by Taylor,1972 Mashe-

shwari, 2006 and Crecraft, 2000. The circuit was chosen

because it needs only a t15 volt power supply, a voltage

which is also used by the STM 1800. Pulse resolution is

as good as or better than that obtained by Taylor, while

the output pulses are slightly less than +3 volts.

Extensive use is made of an integrated circuit, 74121,

which is a mono-stable oscillator. The operation of this

circuit is symbolically depicted in Figure 2, A is assumed

high & B is assumed low, the symbol t represents the

duration of the Q pulse. This device will trigger on either

a positive-going or negative-going edge if the other

trigger input is in the appropriate state. The pulse width

is adjusted by means of a timing capacitor and resistor.

The width shows a slight variation with the operating

temperature but is stable otherwise.

Operation of control unit is shown in Figure 3, SW

allows the photometer to be used on a conventional time

scale; it is shown in the RFC position. The incoming

START pulse sets the ON signal to the high state; the

rising edge of the ON signal start the loop of three

74121 oscillating with a period of three seconds. The

output pulses of the third 74121 are used to advance the

channel address and step the motor. The channel is

selected by a pair of J-K flip-flops used in the toggle

mode. When the ON signal at the flip-flops is low, Q is

held low; when the ON signal is high, each negative

going edge at the CP input causes Q and Q to invert

Figure 1. Block diagram of the photometer electronics.

Figure 2. Operation of mono stable oscillator.

Figure 3. The control unit.
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states. The outputs of the two flip-flop are read by four

NOR gates which in turn activate one of the NAND gates,

allowing the photo counts to pass on to the appropriate

channel.(Brimicombe 2000).

When the ON signal is high, the photo counts can

pass through G1 to G2. Since the other input to G2 is

normally high the photo counts can continue through ˜

10n circuit and pass out through the appropriate NAND

gate. The same negative edge which triggers ADV also

triggers a 0.25-second low input at G2, thereby inhibiting

counting while the filter wheel is moving. The divided

40 scaler counts the oscillations and shuts the unit off

after 40 ADV pulses have been produced. when power

is initially turned on, the unit will be stuck in the ON state

with the oscillator off. This condition is remedied by

activating PB, which puts the unit in the OFF state. The

two 1.5-second 74121s cannot be replaced by a single

three-second 74121 because this integrated circuit will

not perform properly at the virtually 100% duty cycle

that would result.

Figure 4 shows the scaler memory. Each vertical

sequence of five 7490s counts & holds a five-digit number.

Manually produced positive pulses clear the array of

7490s. Each horizontal sequence of four 7454s reads the

outputs of the 7490s for the selected channel, producing

a four-line BCD output for the printer.(Pittet 2005)

The printout control is shown in Figure 5; the second

set of NAND gates are 7437 buffers needed because of

the large fan-out in the scaler memory. A manually

produced start pulse initiates a sequence of four PRINT

commands while a pair of toggle flip-flops steps through

the four channels. Figure 6 shows the simple pulse-train

generator. SI offers a choice of steps commanded by the

ADV signal or manually; S2 allows the step motor to be

incremented by 1.8° manually, S3 allows the stepping to

be suppressed; all switches are shown in their normal

operating positions; M.P is a manually activated single

pulse. Several switches are included to allow the various

modes of operation needed to initially align the filters

on the optical axis. Normally the ADV signal initiates a

string of 50 pulses which trigger the STM 1800. Probably

the simplest acceleration circuit would be obtained by

shortening the pulse width of the 74121s from 2.5ms to

0.75ms, changing the ÷50 to ÷60 and using the bit

outputs and a set of gates to suppress pulses 1, 2, 4, 5, 7,

54, 56, 57, 59, and 60 Electronic book 2004.The mecha-

nical photometer, showed in Figure 7a & b (Payamara

2010), was built in Shahed University. The body of the

photometer is cylindrical, facilitating construction by

minimizing the number of joints to be machined. A pair

of power resistors is mounted on the thick plate to warm

the filters; the temperature is monitored by means of the

resistor. This work was carried out at the Global Atmos-

pheric Watch Station Mountain, 20 km away from Tehran.

An f/15 beam is about 1.5cm in diameter at the filters.

Figure 4. The scaler memory.

Figure 5. The printout command unit.

Figure 6. The simple pulse-train generator.
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All electronic logic and power supplies are mounted on

one 13.208cm and one 17.79cm standard rack panel; the

preamplifier is mounted on the cold box. The advantages

of the compact and simple design are well demonstrated

by the device. The device has been used on the 61cm

telescope. (National & International Patent Databases

2005 and J.Payamara 2010)

3. Mathematical Method 

The most straightforward method of evaluating the

effectiveness of the RFC photometer in reducing the

effect of atmospheric transparency variations is to make

both conventional & RFC photometric measurements of

the same star in a zero baseline color index. This method

was used to evaluate the photometry on two nights

having greatly different conditions.

On the first night, which appeared to be cloudless,

γ lyrae was measured through two filters of about 20 °A

and 160°A half width centered on the G-band. An index

I≡2.5 log [count (WIDE) / count (NARROW)] + k was

found with the constant chosen to make (I) near zero for

γ Lyr. The star was measured 16 times alternating

conventional and RFC photometry, and the standard

deviation, σ, calculated for each set of eight measu-

rements. The result for the conventional measurements

was σ=0.004 and for the RFC measurements the value

was σ=0.003.

4. Results 

The results serve to reinforce the visual impression

that the first night was of photometric quality and also

demonstrate that the RFC equipment introduces no new

source of noise into the photometry.

An obviously poor night was chosen for the second

evaluation of the RFC photometer. As above, conventional

photometry was altemated with RFC photometry. After

twelve of these measurements had been made, the sky

clouded over heavily and observation had to be sus-

pended. About an hour later the sky cleared sufficiently

for observation to be resumed and 16 more measurement

were made. During the time in which observations were

made, the extinction was estimated to be varying between

about one and two magnitudes. The counting rate varies

by about 10%-20% between measurements taken about

five minutes apart.

During the time in which observation were made, the

extinction was estimated to be varying between about

one & two magnitudes. The counting rate varied by

about 10%-20% between measurements taken about

five minutes apart.

The results of all measurements are summarized in

Table 1. No account has been taken of shot noise, which

was in fact less than 0.001 for all measurements. Because

of the arbitrary zero point comparison of value of I from

the first night to those obtained on the second is not

meaningful; comparison within each night is, however,

significant. The reduction of σ is RFC as compared to

conventional photometry is about a factor of six. More

to the point, the second night was entirely unsuitable for

conventional photometry but gave quite usable results

with RFC photometry.

Figure 7a. The RFC photometer. Figure 7b. Experimental arrangement.
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The RFC photometer was also used to obtain uνby

photometry of the variable star. Estimates of the fluc-

tuation in y, (u-ν), and (b-y) were obtained by comparing

successive measurements (two minutes apart) of these

quantities. Any variations in the star during this time

should be negligible. The shot noise is not negligible,

however, so the ratio of the fluctuation to the calculated

shot noise was taken, considering as significant only ratio

of 1.5 or greater. These values are given in Table 2.

TABLE 1. Comparison of photometric results obtained

using conventional and RFC Photometry.

Night

1

2 (a)

2 (b)

Conventional RFC

I

-0.001

+0.010

-0.029

σ

0.004

0.021

0.013

I

-0.002

-0.001

-0.001

σ

0.003

0.003

0.008

TABLE 2. The ratio of fluctuation to shot noise

in uννby-photometry.

1.07

1.08

-

-

4.0

-

1.5

-

2.6

2.0

-

-

Y

u - ν.

ν - b

b - y

Night 1 Night 1 Night 1Color

Conclusion

Although all three nights appeared to be of good quality, the count rates on the second night were about 25%

lower than those on the first & third nights. It thus appears that although the second night was of significantly poorer

quality, based on lower count rates and larger fluctuations in y, the measurements of (u-ν), (ν-b) and (b-y) were not

significantly degraded. The actual value of the fluctuation in (ν-b) on the second night, i.e., the mean error of a single

observation, was 0.010. The calculated shot noise for (ν-b) was 0.0065.

The number of additional nights that would be usable through use of RFC photometry depends, of course, on

local weather patterns.
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Abstract

V
ibration of a vehicle
is directly influenced

by road roughness and
suspension system. Apart
from the road roughness,
proper vehicle suspension
system can play vital role
to provide the driver and
passenger comfort. In this
literature, a non linear
mathematical model of 4 degree of freedom (DOF)
heavy vehicle suspension is derived with half car model.
Vibration characteristics due to parametric changes such
as pitch line excitation and damping coefficients are

investigated for heavy ve-
hicle suspension system.
The model is simulated by
MATLAB SIMULINK to
observe the vibration phe-
nomena. Ride comfort is
investigated by amplitude
of vibration and ride com-
fort level. A comparison bet-
ween nonlinear and linear
spring model has also
been investigated briefly.

Keywords: 4DOF, Half car model, MATLAB SIMULINK,
Nonlinear spring, Ride comfort.
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1. Introduction

Travelling on a rough road surface especially observed

in off road surface and road surfaces in developing

countries mainly prompts the vehicle vibration which

influences the longevity of suspension system and the

rider comfort. Investigation on car suspension system

can help to recommend the permissibility of range of

road roughness and choose the proper suspension system

which can withstand the vibration as well as provide the

rider comfort.

A MATLAB and SIMULINK based project work on

vibration of a quarter car 2 DOF model and demonstrated

the significance of using this software [1]. Mostly quarter

car [1-5] linear passive suspension models have been

observed in the literatures for investigations of bounce

and pitch motions of the vehicle body. Parametric sensi-

tivity of a heavy duty vehicle suspension system has been

demonstrated in a literature[3]. The authors demonstrate

the rider comfort on the basis of vehicle body accele-

ration and dynamic tire loads for the quarter car model

with only the bounce motion for vehicle body and tire.

Demonstrations for active or semi active suspension

system of MDOF models have been found in some lite-

ratures [4,6]. These literatures aim to reduce the vibration

of a vehicle body using the complicated mechanisms such

as actuators, hydraulic systems, feedback control, etc.

The main objective of this paper is to study the heavy

vehicle body bounce and pitch motion for half car non-

linear model considering 4 DOF system. Damping coef-

ficients and road roughness parameters have been changed

to check the rider and passenger comfort.

2. Modeling of vehicle suspension system

A physical model of half car model for heavy vehicle

suspension system is shown in Figure 1. Sprung mass,

unsprung masses, and associated springs and dampers

for the front and rear parts are presented in this figure.

As the heavy leaf springs in the suspension system of

heavy vehicle and the heavy tires in the wheels are used,

it is practical to consider as nonlinear spring. An analy-

tical model of this suspension system is shown in

Figure 2. xs and θs represent the bounce and pitch motion
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respectively for vehicle sprung mass, and bounce motion

xur and xuf for rear unsprung mass and front unsprung

mass respectively. In this model, the whole sprung mass

is considered as ms and its moment of inertia is I. Front

unsprung mass, front wheel with its associated parts, is

denoted as muf and rear unsprung mass, rear wheel with

its associated parts, is denoted as mur. Fksr, Fksf, Fkur and

Fkuf are the forces exerted by nonlinear spring. cs and cu

are the damping coefficients associated with sprung

mass and the unsprung mass respectively. It is assumed

that the vehicle during travelling always remains in

contact with the ground.

Bounce and Pitch Motion of the Sprung Mass:

The general equation of bounce motion of the sprung

mass can be written as from Figure 2:

Fksr and Fksf possess the linear and nonlinear force

terms for the rear and front suspension of leaf spring

respectively and the expressions are calculated as:

and

where ksr and ksf are the linear terms of the rear spring

and front spring respectively associated with sprung

mass and βs is the nonlinear term of the front and rear

spring.

The general equation of pitch motion of the sprung

mass can be written as from Figure 2:

Bounce Motion of the Unsprung Mass:

The general equation of bounce motion of the rear

unsprung mass can be written as from Figure 2:

where, kur are βu is the linear and nonlinear terms of the

spring associated with unsprung mass respectively and

xor = a sin(ωt) is the rear wheel excitation from the

rough surface of the road.

The general equation of bounce motion of the front

unsprung mass can be written as from Figure 1:

(1)

(2)

(3)

(4)

Figure 1: Physical model of half car suspension.

Figure 2: Analytical model of half car suspension.
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where, kuf and βu are  the linear and nonlinear terms of the

spring associated with unsprung mass and xof = a sin(ωt - τ)
is the front wheel excitation from the rough surface of

the road. a is the amplitude of excitation and time leading

in front wheel                      . Angular velocity of wheel  

and λ is the pitch length. 

3. Simulation Parameters

Simulation has been done by MATLAB SIMULINK

at steady state condition. Parameters used in this

calculation are compatible to the heavy vehicle bus and

the fixed parameters are: ms =7000 kg, I =30000 kg-m2,

mur =900 kg, muf =600 kg, ksr =700,000 N/m, ksf =

450,000 N/m, kur =4000,000 N/m, kuf =3000,000 N/m,

I1 =3.2 m, I2 =1.8 m, λ =0.3 m. The natural frequencies,

for the above values without considering the nonlinear

terms, are 1.87 Hz for bounce motion of sprung mass,

2.25 Hz for pitch motion and, 11.53 Hz and 12.1 Hz for

bounce motion of unsprung masses. It is practical that if

the natural frequency of the sprung mass is more, the

acceleration to the body of the passenger will be also

more and passenger will feel discomfort. For normal

passenger car, the recommended natural frequency is

below 1.5 Hz. But for heavy vehicle due to the heavy

stiffness of spring, up to 3 Hz is allowable. Natural fre-

quency of pitch motion should be near to the natural fre-

quency of bounce motion. Otherwise, during the pitch

motion natural frequency, the bounce motion will also

be affected. The recommended pitch natural frequency

is 1.2% of the bounce natural frequency. But sometimes

it is very difficult to keep the pitch frequency within this

range. The unsprung mass natural frequency should lie

outside the frequency range of vibration to which the

human body is most sensitive. At least the bounce natural

frequency should not less than 8 Hz, and above 10 Hz

gives the good result.

4. Simulation Results

(a) Steady state resonance curve investigation:

A steady state resonance curve is shown in Figures

3(a) and (b) for the fixed parameters mentioned above

and variable parameters are: cs =500 N-s/m, cu =1000 N-
s/m, βu = βu =0.3 and a=0.01 m. x axis denotes the fre-

quency and the y axis denotes the amplitude in meter for

the bounce motions of sprung and unsprung masses, and

radian for the pitch motion of sprung mass. The

backbone curve is shown at the natural frequencies and

sudden falls of amplitude at the natural frequencies are

observed due to the cubic nonlinearity. The maximum

amplitude is shown around 0.55 m and 0.2 rad for the

sprung mass. In the other frequencies, sprung mass

amplitude remains very low.

Now, if the variable parameters are changed to

cs=3000 N-s/m, cu=10,000 N-s/m with the same a = 0.01 m
shown in Figure 4, the amplitude for the sprung mass

becomes much lower than the previous one. Further

increase of the parameters to cs=15000 N-s/m,

cu=30,000 N-s/m shown in Figure 5, the amplitude for

the sprung mass shown very low which can be very

much comfortable for the passengers on the bus.

(b) Transmissibility investigation

A displacement transmissibility ratio (TR) investi-

gation has been done for this suspension system. TR is

defined as |xs|/|x0|. If the TR is very high then the no

contact motion of the wheel with the road surface can be

observed and that could be very harmful for the driver

to handle the bus. Figures 6 and 7 show that if the

damping coefficient is increased, the TR can be decreased

to a very low ratio which can give the good handling to

the driver to drive.

(c) rms acceleration investigation:

Acceleration to the passenger can hugely affect to the

comfort of the passsengers. Ride comfort level (RCL)

can be determined from the acceleration rms value [7].

The equation to measure the RCL is:

Where Arms is the rms acceleration and Aref is the

reference value which is taken in Korea 10-6 m/s2. Now

ride comfort level is shown in Table 1:

db

TABLE 1. Ride comfort level scale in Korea.

RCL in Korea

103

103-108

108-113

113-118

118

Ride Comfort

Very comfortable

Comfortable

Medium

Uncomfortable

Very uncomfortable
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Figure 4: Resonance curve of sprung and unsprung masses
for cs=3000 N-s/m, cu=10000 N-s/m, βs=βu =0.3 and

a=0.01m.

Figure 5: Resonance curve of sprung and unsprung masses
for cs=15000 N-s/m, cu=30000 N-s/m, βs=βu =0.3 and

a=0.01m.

Figure 3: Resonance curve of sprung and
unsprung masses for cs=500 N-s/m, cu=1000

N-s/m, βs=βu =0.3 and a=0.01m.
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RCL is investigated in Figure 8 for cs=15000 N-s/m,

cu=30,000 N-s/m with amplitude a=0.01 m. It is observed

that many data show the discomfort level. It is observed

that if the damping coefficients of sprung and the unsprung

mass decreases, the values of RCL become more which

represents the more discomfort to the passengers. Again,

if amplitude is changed to a=0.005 m with the same

other parameters of Figure 8, Figure 9 shows that only

some of the frequency zone shows discomfort to the

passengers. The ride comfort can be achieved by changing

the damping coefficients, more smooth road surface and

also the lowering the natural frequencies of the sprung

masses.

(d) Comparison to linear spring model:

It is observed that when the sprung mass vibration is

high at the resonance, the peak amplitude of the sprung

mass is lower in the nonlinear model than linear model

shown in Figure 10 compare with the same parameters

of Figure 3. The occurrence of lowering the amplitude

in nonlinear spring due to the spring hardening if the

vibration is high.
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Figure 6: Bounce Motion Transmissibility Ratio of sprung mass
for cs=500 N-s/m, cu=1000 N-s/m, βs=βu =0.3 and a=0.01m.

Figure 7: Bounce Motion Transmissibility Ratio of sprung mass
for cs=15000 N-s/m, cu=30000 N-s/m, βs=βu =0.3 and a=0.01m.
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Figure 8: Ride Comfort Level of sprung mass (bounce motion)
for cs=15000 N-s/m, cu=30000 N-s/m, βs=βu =0.3 and a=0.01m.

Figure 9: Ride Comfort Level of sprung mass (bounce motion)
for cs=15000 N-s/m, cu=30000 N-s/m, βs=βu =0.3 and a=0.05m.
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Figure 10: Resonance Curve of sprung and unsprung masses for cs=500 N-s/m, cu=1000 N-s/m,

βs=βu =0.0 and a=0.01m.

Conclusion

A nonlinear spring model with 4 DOF system of the heavy vehicle car suspension has been investigated by MATLAB

SIMULINK. The observations from the investigations are as:

(i) The nonlinear model shows the backbone curve at the natural frequencies and sudden falls of amplitude to a

very low value when the amplitude is high.

(ii) The nonlinear spring model compare to the linear spring model can show lower peak amplitude.

(iii) Steady state amplitude of vibration can be reduced significantly by choosing the proper dampers.

(iv) Providing Comfort to the passengers can be achieved by choosing proper damper, road surface and natural

frequencies of the sprung mass.
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