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Abstract: Three provinces including Long An, Tien Giang and Dong Thap, located at Dong Thap Muoi area in the Mekong Delta,
belong to the southern key economic region of Vietnam. These provinces run from west to east with a vast network of rivers. Among
them, VCD (Vam Co Dong), VCT (Vam Co Tay) and Soai Rap rivers are the three biggest rivers crossing the province. In recent
years, the flows of rivers have changed a lot and saline intrusion has been very complicated. Salt water has intruded deeply into the
field. In the 2000s, salt water only reached Tuyen Nhon (Thanh Hoa district), but now it has reached Vinh Hung district, about 50 km
far from Tuyen Nhon. In 2016, the maximum of salinity in Xuan Khanh (Duc Hoa district) in VCD river was 6.8%o0 and Tuyen Nhon
(Thanh Hoa district) in VCT river was 5.2%o. In the coming years, the situation of salt intrusion is going to happen more

unpredictable under effects of global climate change and sea level rise.

Key words: Salinization, Vam Co river system, LA (Long An) province.

1. Introduction
1.1 Natural Condition in LA (Long An) Province

LA is a province in the southern region of Vietnam,
50 km far from the center of Ho Chi Minh city,
bordered by Svay Rieng province (Cambodia) in
the north, Tien Giang province in the south and
Tay Ninh province and Ho Chi Minh city in the
east (Fig. 1). The province runs mostly from west
to east with a vast network of rivers. Among them,
VCD (Vam Co Dong), VCT (Vam Co Tay) and
Soai Rap rivers are the three biggest rivers
crossing the province for waterway transport and
agriculture [1, 2].

1.1.1 Geographic Location

LA province with area of 449,194.49 ha and
1,542,606 has a rather
geographic location in the Mekong Delta, belonging

population of special

Corresponding author: Can Thu Van, Ph.D., main research
field: hydrology and waterresources.

to the southern key economic development zone. It is
defined as a dynamic economic region that plays an
important role in the economic development strategy
of Vietnam [1, 2].

1.1.2 Topography

The topography of LA province is relatively flat
with elevation ranging from 0.5 m to 1.0 m, except for
2.0 m and 3.0 m in the border area between Vietnam
and Cambodia and up to 4 m in some areas of Duc
Hoa. In general, the terrain of LA province slopes
from northwest to southeast [1, 3].

1.1.3 Climate

LA has high, quite stable temperature and humidity
throughout the year. The proportion of annual
evaporation is quite high and distinct seasonal
variation. There are two types of monsoons prevalent
in the year: the northeast monsoon from November to
April and the southwest monsoon from May to
October. LA is one of the provinces in the Mekong
Delta with low annual rainfall varying from 1,600 to
1,740 mm/year [4, 5].
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Fig. 1 The map of Long An province [1].
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Fig. 2 The river system in Long An province [1].

1.1.4 The River System (Fig. 2)

VCT river with 235 km length originates from
Svayri (Cambodia), flows through Binh Tu, Binh
Chau to VCT river and joins with Vam Co river, and
pours into the East Sea at Soai Rap.

VCD river with 278 km length originates from
Cambodia, flows through Xa Mat to Go Dau (Tay
Ninh province) and enters Vam Co river and flows
into the East Sea.

Cai Cai is a natural canal, connecting with the

Trabek (Cambodia) river to the center of Dong Thap
Muoi region. This canal with about 100 m width and
8-10 m depth is also a boundary between Dong Thap
and LA province. In the flood season, a large amount
of water from Cambodia comes to LA through this
canal.

Internal canal system includes the canals connect
with two rivers VCT and VCD with 70 km length.
The canals connecting the Tien river to VCT river are
the main sources supplying freshwater in the flood
and dry season from the Tien river to the Dong Thap
Muoi region through the VCT river. The other canals
connecting the Mekong river to the Saigon river are
quite shallow and the water level is completely
fluctuated by tide.

1.2 The Flows and Tidal Water Level in LA Province

1.2.1 The Flow

The flood season in LA is from August to December
(5 months) in the west-northwest. In the south-southeast,
floods usually appear later with lower water level.
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Every year, the flood in the Mekong river overflows
the Dong Thap Muoi region and VCT river. This leads
to water level of VCT river always higher than that of
VCD river. Therefore, the flood flows from VCT river
to VCD river and from VCD river flows to the
southwest area of Ho Chi Minh city.

At present, the system of embankments and dikes in
this area has been developed and controlled the flood
flow very well. Thus, the flows with low water level will
go from VCT river to the VCD river through the canals.
On the other hand, the flows with high water level will
overflow the dike system to the VCD river [6].

1.2.2 The Tide

The rivers and canals in LA province were affected
by the irregular semi-diurnal tidal regime of the East
Sea with high tidal range (about 300 + 350 cm). Foot
tidal water level is about 160 + 300 cm and peak tidal
water level is approximately 80 + 100 cm. As a result,
the maintaining duration of high water level is longer
than that of low water level and the daily mean water
level is as high as the tide peak [2].

In LA province, changes in extreme weather make
the characteristics of the flow unpredictable (Fig. 3).

In Moc Hoa district (northwest area), the annual
rainfall decreases, especially in the dry season. This
causes drought, water shortage and salt intrusion more
strictly.

The data measured in LA coastal station show that
high tide combined with big waves has caused
landslides and salt intrusion into the field in recent
years. This affects on socio-economic development.
The data from 1984 to 2014 indicate that high tide
levels are from September to December each year and
the tidal range varies from 0.70 m to 1.00 m. The
lowest water level is from March to August every year
and the tidal range varies from 2.45 m to 2.50 m. The
tidal range in the dry season is greater than that of the
flood season.

From 2010 to 2014, the tide water level changed
complicatedly. In the dry season (February-April), the
increased water level at tidal peak and tidal foot,
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Fig. 3 Yearly maximum water level in Tan An [2].

more and more intense wind, strong sun, as well as
high temperature cause serious salt intrusion into the
field.

At the Soai Rap estuary, the irregular semi-diurnal
tidal regime of the East Sea, the tide time per day is 24
hours 50 minutes and a tide period is 13-14 days. The
peak tidal range reaches 235 cm at Tan An and 85 cm
at Moc Hoa. The southern districts are affected the
most by the salt intrusion, about 4 to 6 months each
year [6].

2. Material and Methods

The research methods used in this study include:
collecting, analyzing documents from existing sources,
surveying field, sampling and annalyzing samples at
river monitoring stations to assess salt intrusion. Then,
it is necessary to apply the mathematical modeling
method to simulate hydraulic, hydrological regime
and water quality in the main river system in LA
province [7, 8].

Hydraulic module is developed from the one
dimensional Saint Venant equation for unstable flows,
expressed by Egs. (1) and (2) [8, 9]:

Continuty equation:

8Q , 04 _
ox T 4 (M
Momentum equation:
QZ
aQ 3(“7) on | golel _
ot o T9 AT Gar =0 @

Advection-Dispersion module is used to simulate
the one dimensional transport of suspended solids or
dissolved compound in open channel, based on the
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equation for cumulative storage assuming that these
substances are dissolved and mixed. This process is
represented by Eq. (3) [8, 9]:

Diffusion equation:

dAC . 0QC a ( ac
ot ox ox A.D

a) =—AK.C+C0Q (3)

included with the

advection-dispersion module. This means that the

Ecological module is

ecological module calculates the bioremediation
processes of the compounds in the river while the
advection-dispersion module is used to simulate the
transport and diffusion of the compounds [8, 9].

In which Q: flow rate (m’/s); A: cross section area
(m?); x: length (m); t: time (s); R: hydraulic radius (m);
h: water depth (m); g: gravity acceleration (m*/s); C:
concentration of dissolved compound (g/L); K: linear
decay coefficient; a: dynamical correction coefficient;
D: diffusion coefficient (m?*/s); and C,: concentration

of input streams [8, 9].
3. Results and Discussion

The process of establishing, calibrating and verifing
the model and hydrodynamic simulation results is
presented by Can, T. V. and Nguyen, T. S. [8].

Results of analysis, calculation and simulation of
salinity were determined at Tan An, Ben Luc, Cau Noi,
Xuan Khanh and Tuyen Nhon stations, which is
shown in Fig. 4, in the dry season from February to
July (the lowest period) from 2005 to 2016 as Figs.
5-9.

The basic data of actual measurements and
simulations of salinity in the dry season several years
showed that the highest salinity was reached in March,
April and May. That is because the water volume from

the Mekong river upstream flow through Tan Chau
VCD river 20(km)

A 41(km) A
Xuan Khanh Ben Luc

VC river Vietnam
15(km) A 30(km) Sea

Cau Noi

Tuyen Nhon 4a(km) TanAn
A VCTriver & 32(km)
Fig. 4 The main river system and simulation locations.

(Tien river) to the VCT in the dry season was a very
small amount. Moreover, precipitation amount is not
available or very little at that time, and the water
volume in rivers’ downstream was being reduced,
leading to that result that the East Sea tide has been
more and more intruded into the delta.

3.1 At Cau Noi Station (Called My Loi Bridge) (Fig. 5)

This location is about 30 km far from the Soai Rap
river estuary of Vam Co river in LA province,
therefore this area has been impacted by the East Sea
tide and the salinity is the highest in the simulated

The Salinity at Cau Noi in 2005
250 : . 25

ML

The Salinity at Cau Noiin 2010

na i = Max

The Salinity at Cau Noi from 2005-2016
35.0 : : : 321

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Year

Fig. 5 The salinity at Cau Noi station (Vam Co river).
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locations. This located at nearby the river estuary, so
this has been only lightly impacted by Mekong
upstream, thus the salinity at Cau Noi was not hardly
effected by the amount of water volume in the dry
season flows to Tan Chau. The highest salinity in the
Cau Noi was 33.1%o in July 2009 and other months in
dry season in 2009 showed the salinity also was more
higher than 10%o. At here, in 2005, 2010 and 2016,
the highest salinity was over 20%o and lowest salinity
was 14%o, especially in 2016 the salinity of the dry
season was over 17.5%o.

3.2 At Ben Luc Station (Fig. 6)

Ben Luc is the location in VCD river and is the
location where measured the salinity from the East

The Salinity at Ben Luc in 2005
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Fig. 6 The salinity at Ben Luc station (VCD river).

Sea intruding into the VCD river through the Vam Co
river and the distance from Ben Luc to the estuary is
about 64 km and about 34 km to Cau Noi station. The
salinity was highest at 15.4%. in May 2005 and in
other months from February to June 2005 also reached
8.3%0 to 14.2%o. The salinity in 2010 was the highest
at 13.0%o and at 12.9%o in 2016. Except for the years
2005, 2010 and 2016 with high salinity, the other
years in that time there was a low salinity. From 2006
to 2009, the highest salinity in the months of the year
in Ben Luc was continuously decreased and the lowest
was 4.2%o in 2006 and 5.7%o in 2009, especially the
lowest salinity in 2009 was only 0.6%.. From 2011 to
2015, the highest salinity was in the range of 3.5%o in
2012 to 8.2%0 in 2013, and the lowest salinity of the
year was 0.8%o in 2012. Especially in 2005, 2010 and
2016, the salinity in Ben Luc was high in 4 months
from February to May with salinity over 9%o. In
period 2005-2016, the lowest salinity in Ben Luc was
3.5%o in 2012.

3.3 At Tan An Station (Fig. 7)

This site locating at the VCT river, helps to
measure the salinity from the sea intruded into the
Vam Co river. Tan An is about 77 km from Soai Rap
estuary and about 47 km from Cau Noi station. The
same as Ben Luc station, Tan An station also recorded
in three years 2005, 2010 and 2016 with high salinity.
The highest salinity was 15.7%o in April and May
2005, was 11.2%o in April and May of 2010, and
reached 11.7%o0 in 2016, conversely the salinity was
lower than 7%o in other years. In Tan An, the years of
salinity were devided in three groups: (i) over 11%o in
2005, 2010 and 2016; (i) 7-8%0 in 2007, 2008, 2013
and 2015; (iii) under 3%o in 2006, 2009, 2011, 2012
and 2014; even in 2012, the highest salinity was only
0.7%o (almost not affected sanility).

3.4 At Xuan Khanh Station (Fig. 8)

This station is about 106 km from Soai Rap estuary
and about 41 km from Ben Luc. The salinity was
remarkable only in the dry season in the years of 2005,



386 Assessment of Salinization in the Main River Systems of Long An Province, Vietham
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Fig. 7 The salinity at Tan An station (VCT river).
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Fig. 8 The salinity at Xuan Khanh station (VCD river).

2010, 2015 and 2016. Especially in 2005 and 2016,
the driest season happened and then there was a
serious shortage of water, and the salinity was up to
6.9%o in 2005 and 6.8%o in 2016. The salinity was in
the range of 3-4.5%o in the years of 2010 and 2015 but
only two months each year.

The Salinity at Tuyen Nhon from 2005-2016
H H H H : | | : ] M‘.r;:

L mMin

Salinfty (%s)

50 ] ! ! 5.2

| FEEANY N

2005 2006 2007 2008 2009 2000 2011 2012 2013 2014 2015 2016
Year

Fig. 9 The salinity at Tuyen Nhon station (VCT river).

3.5 At Tuyen Nhon Station (Fig. 9)

Tuyen Nhon located in the upstream of VCT and is
about 48 km from Tan An in VCT river and 115 km
from Soai Rap estuary. As the same Xuan Khanh
station, the sanility here was only remarkable in the
flood season with low water in the years of 2005,
2010 and 2016. Especially in 2005, the highest
salinity was 9.6%o in April and May, and the salinity
was 5.2%o in 2 months of the year 2016.

4. Conclusions

The collection, calculaton and simulation at
locations on the main river system in LA such as VCD
river, VCT river and Vam Co river showed that
salinity was very fluctuated unpredictably. The
salinity in the river system in LA was influenced by
the upstream flow of the Mekong river and the tidal
regime of the East Sea.

Moreover, In the coming years, the situation of salt
intrusion is going to happen more unpredictably under

effects of global climate change and sea level rise.
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Abstract: This study focuses on the recovery of copper and cobalt from copper slags obtained from Kure district of Kastamonu city,
which is in the north of Turkey, and removal of Se, Te, Sb and As from mixture of copper slag and copper concentrate has been
conducted. Homogeneous mixtures of slag/pyrite/copper concentrate rate were subjected to roasting at high temperatures in a closed
medium and then it was processed roasting at air atmosphere at 600 °C. In the leaching experiments, the effects of roasting time, rate

of slag/pyrite/copper concentrate and the effect of the added iron powder to leaching on the metals dissolution were investigated.
Under optimum conditions, 99.6% of copper and 98.4% of cobalt were extracted in roasting at high temperatures in a closed medium
3:6:6 of slag/pyrite/copper concentrate rate then roasting at 600 °C at 5 hours. Besides, it was determined that all of Se, Te, Sb and
As can be removed from the mixture of slag/pyrite/copper concentrate rate.

Key words: Copper, cobalt, slag, roasting, pyrite, copper concentrate.

1. Introduction

Significant amounts of copper, cobalt and nickel
can be obtained from copper slags, which are
produced in the thousands of tons per year in copper
smelters. Very different methods were used to recover
metals from the copper converter slags.
Hydrometallurgical treatment of the slag, including
direct leaching in sulfuric acid [1], leaching in sulfuric
acid through H,S gas [2, 3], or ferric chloride [4], was
proposed. Roasting of the slag with sulfuric acid,
ammonium sulphate [5], ferric sulphate [6], or in
reduction conditions [7], followed by acidic leaching,
was reported in the literature. Bese, A. V. [§]
investigated the effect of ultrasonic energy on the
dissolution of copper from copper converter slag. The
effects of parameters such as temperature, acid
concentration, ferric sulphate concentration and time

were also studied. The extraction efficiency of copper,

Corresponding author: Uyan Yuksel, Ph.D., main research
fields: preconsantration, chromatography, spectroscopy and
solid phase extraction.

zinc, cobalt and iron from slag were 89.28%, 51.32%,
69.87% and 13.73%,
hydrometallurgical

respectively. A new
method was developed to
selectively extract base metal values, such as cobalt,
zinc and copper from copper smelter slag at
atmospheric pressure [9]. Roasting of the slag with
sulfuric acid [10] has metal values in solution. In the
leaching experiments, the effects of roasting time,
acid/slag ratio, roasting temperature and application of
thermal decomposition prior to leaching on the metals
dissolution extents were investigated. 88% of copper,
87% of cobalt, 93% of zinc and 83% of iron were
extracted in 2 h of roasting at 150 °C and 3:1 acid/slag
ratio. A method was developed [11] to obtain copper
and cobalt from oxidized copper ore and converter
slag.

This study deals with the issues related to the
recovery of Cu and Co from copper slag obtained
from Kastamonu Kure region. Mixtures of copper slag,
pyrite and copper concentrate were subjected to
roasting at high temperature in a closed medium and
then, they were roasted at 600 °C for different time
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intervals. By treatment with hot water, recovery of
copper and cobalt from the ore mixture was aimed

selectively.
2. Experiment
2.1 Sample Preparation

The slag sample used in this investigation is a
composite from different levels of the copper slag
obtained from Kastamonu Kure region, the chemical
composition of which is given. A mineralogical study
by Arslan, C. [12] showed that this slag usually has
ferritic in nature, the appearance of bornite (CusFeS,)
and a metastable phase. The sample was crushed with
a jawbreaker (Baysan Model) and grounded in a rotor
beater mill (Retsch SRZ). The particle sizes of the
samples were shifted to less than 150 um and dried at
105 °C for one day. The chemical analysis of the slag
sample is 1.00% Cu, 0.30% Co, 26.65% Fe and 1.1%
S. Chemical analysis of the pyrite sample is 0.25% Cu,
0.24% Co, 43.00% Fe and 50.10% S. Chemical
analysis of the copper concentrate sample is 18.25%
Cu, 0.11% Co, 30.00% Fe and 42.50% S. 220 g
samples of slag/pyrite/copper concentrate rate were
subjected to roasting at high temperatures in a
closed medium and then 10 g samples were finally
processed roasting at air atmosphere at 600 °C at

different times.
2.2 Digestion Procedure

Samples were digested by using the Berghof
Speedwave MWS-3 model microwave digestion
system. The microwave acid digestion was carried out
as 0.2 g portion of the dried sample was weighed and
PTFE
(Polytetrafluoroethylene) vessel (volume 100 mL) and

transferred into a  pressure-resistant

Table 1 Operating conditions for digestion by microwave oven.

the mixture of acids (HNO; + HCI, 2.5:7.5 mL) was
added. Microwave digestion system under the
conditions was described in Table 1. The power
applied in program was 1,450 W. The reaction
mixture was subjected to an evaporation module in
order to remove the acids after the final digestion.
Then the residue was dissolved in Milli-Q water and

filtered, and the filtrate was diluted to a fixed volume.
2.3 Reagents and Instrumentation

The reagents used were of Suprapur® grade (Merck
& Co., Darmstadt, Germany) when available or of
analytical grade and used without further purification.
Deionized water, obtained with a Milli-Q™ system
(Millipore Corporation, Bedford, MA, USA), was
used throughout this study. Stock standard solutions
of Cu, Co, Se, Te, Sb, As and S at a concentration of
1,000 mg/L were purchased from E. Merck,
Darmstadt, Germany. Nitric acid (HNO;, 65%),
hydrochloric acid (HCIl, 37%), iron powder and
hydrogen peroxide (H,O,, 30%) were analytical grade
reagents.

Model Optima™ 7000 DV ICP-OES (Inductively
Coupled Plasma Optical Emission Spectrometer)
(PerkinElmer, Inc., Shelton, CT, USA) was used to
determine the quantities of metal. The instrumental
conditions were optimized to obtain sufficient
sensitivity and precision Table 2.

The spectral wavelength selected for the metal
analyses is shown in Table 3. The results are presented
in Table 3.

A Berghof Speedwave MWS-3 model microwave
digestion system was used for acid digestion of
samples. In the roasting experiments, a laboratory

tunnel furnace (Carbolite) was used.

1 2 3 4
T (°C) 100 160 180 100
Ta (min)® 10 10 10 10
Time (min)°® 5 3 3 3

Note: * waiting time at desired temperature; ® the time between the two sequential temperatures.
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Table 2 Operating conditions for ICP-OES.

Recovery of Copper and Cobalt from Copper Slags as Selective

Parameter

Power (W) 1,450
Plasma gas flow rate (L-min’") 15
Auxiliary gas flow rate (L'min™) 0.2
Nebulizer gas flow rate (L-min™") 0.8
Sample flow rate (L-min™") 1.5

View mode Axial-radial
Read Peak area
Source equilibration time (s) 15

Read delay (s) 60
Replicates 3

Background correction
Spray chamber
Nebulizer

Detector

Purge gas

Shear gas

Gas

2-point (manual point correction)
Scott type spray chamber

Concentric Glass (Meinhard) Type A
Liquid state detector

Nitrogen

Air

Argon

Table 3 The spectral wavelength of metal for ICP-OES.

Metal Analytical wavelength (nm)
Cu 327.393
Co 228.616
S 181.975
Se 196.026
Te 214.281
Sb 206.836
As 193.696

3. Results and Discussion

The effects of roasting time, slag/pyrite/rate of
copper concentrate and roasting temperature on the
dissolution extents of metals were investigated in the
leaching experiments.

Firstly, 220 g mixture of slag/pyrite which is 0.63%
of Cu and 0.27% of Co was subjected to roasting at
high temperatures in a closed medium for 2 hours and
then 10 g samples were finally processed roasting air
atmosphere at 600 °C at different times. Fig. 1 shows
the effect of roasting time on metal dissolutions about
700 °C in a closed medium for 2 hours and then 10 g
samples were finally processed roasting air
atmosphere at 600 °C at different times and 1:1
slag/pyrite ratio. Under these conditions, 82.25% of

Cu and 76.30% of Co were dissolved. Increasing

roasting time to 6 h increased Cu dissolution to 82%.
In all cases, roasting temperature of 600 °C at 6 h was
chosen to be the optimum condition.

220 g mixture of slag/pyrite/copper concentrate
which is 5.25% of Cu and 0.22% of Co was subjected
to roasting at high temperatures in a closed medium
for 2 hours and then 10 g samples were finally
processed roasting air atmosphere at 600 °C at
different times. Fig. 2 shows the effect of roasting
time on metal dissolutions about 700 °C in a closed
medium for 2 hours and then 10 g samples were
finally processed roasting air atmosphere at 600 °C at
different 5:6:4

concentrate ratio. Under these conditions, 89.28% of

times and slag/pyrite/copper
Cu and 80.25% of Co were passed into the solution at

the end of 6 hours.
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Fig. 1

Effect of roasting time on metal dissolutions at 600 °C and 1:1 slag/pyrite ratio.
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Fig. 2 Effect of roasting time on metal dissolutions at 600 °C and 5:6:4 slag/pyrite/copper concentrate ratio.

220 g mixture of slag/pyrite/copper concentrate
which is 6.40% of Cu and 0.21% of Co was subjected
to roasting at high temperatures in a closed medium
for 2 hours and then 10 g samples were finally
processed roasting air atmosphere at 600 °C at
different times. Fig. 3 shows the effect of roasting
time on metal dissolutions about 700 °C in a closed
medium for 2 hours and then 10 g samples were
finally processed roasting air atmosphere at 600 °C at
different 4:6:5

concentrate ratio. Under these conditions, 93.10% of

times and slag/pyrite/copper

Cu and 85.60% of Co were passed into the solution at

the end of 5 hours.

After this, 220 g mixture of slag/pyrite/copper
concentrate which is 8.10% of Cu and 0.20% of Co
was subjected to roasting at high temperatures in a
closed medium for 2 hours and then 10 g samples
were finally processed roasting air atmosphere at 600
°C at different times. Fig. 4 shows the effect of
roasting time on metal dissolutions about 700 °C in a
closed medium for 2 hours and then 10 g samples
were finally processed roasting air atmosphere at 600
°C at different times and 3:6:6 slag/pyrite/copper
concentrate ratio. Under these conditions, 99.10% of
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Fig. 3

Effect of roasting time on metal dissolutions at 600 °C and 4:6:5 slag/pyrite/copper concentrate ratio.
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Fig. 4 Effect of roasting time on metal dissolutions at 600 °C and 3:6:6 slag/pyrite/copper concentrate ratio.

Cu and 87.50% of Co were passed into the solution at
the end of 5 hours.

As seen in Figs. 1-4, effects of roasting times on the

copper and cobalt values to the solution were observed.

As shown in Table 4 and Fig. 5, as the rate of copper
in mixture (slag/pyrite/copper concentrate ratio)
increases, the copper and cobalt passed into the
solution increases.

The mixtures (slag/pyrite/copper concentrate ratio:
3/6/6) were processed in a closed medium about 700
°C for two hours. Then, they were roasted at 600 °C

for five hours. As seen in Figs. 1-4, roasting time was

sufficient for five hours.

In the next experiments, after 1.00 g, 1.50 g, 2.00 g,
2.20 g, 2.25g,2.30 g, 2.50 g and 3.00 g of Fe powder
was added to the mixtures (slag/pyrite/copper
3/6/6), 220 g

(slag/pyrite/copper concentrate ratio:

of mixture
3/6/6) were
processed in closed medium about 700 °C and then the
mixtures were roasted at 600 °C for 5 hours. The

results are shown in Fig. 6.

concentrate  ratio:

As shown in Fig. 6, 2.20 g of Fe powder added to
the mixtures (slag/pyrite/copper concentrate ratio:
3/6/6) is sufficient. Under these conditions, 99.60% of
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Table 4 Effect on the yield of the copper and cobalt of the rate of copper in the mixture (slag/pyrite/copper concentrate
ratio) roasting air atmosphere at 600 °C for 5 hours.

The ratio of copper in mixture Element
Sample
Cu% Co%
slag/pyrite: 1/1 0.627 84.50 78.40
slag/pyrite/copper concentrate: 5/6/4 5.250 86.20 70.10
slag/pyrite/copper concentrate: 4/6/5 6.40 93.10 85.60
slag/pyrite/copper concentrate: 3/6/6 8.10 99.10 84.50
120
¢
80 B
o\o ﬁ
P
g 60
g —— Cu2+
o 40 - C 02+
20
0
0 1 2 3 4 5 6 7 8 9

The ratio of copper in mixture %

Fig. 5 Effect on the yield of the copper and cobalt of the rate of copper in the mixture (slag/pyrite/copper concentrate ratio).
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Fig. 6 Effect on the recovery of copper and cobalt of the iron powder added to the mixture.

Cu and 98.40% of Co passed into solution. Copper removed from the structure in the result of work done
and cobalt separation from the solution was made on in the closed system. After this, after roasting in the
operation conditions [13]. In addition, entire of arsenic,  atmospheric environment, copper and cobalt could be

antimony, selenium and telluride in the mixture was taken to solution very high efficiency. Patent relating
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to the study is detailed [14].
4. Conclusions

For copper and cobalt recovery from copper slags, a
binary mixture primarily formed by taking 1:1
pyrite/slag ratio. The mixture of slag/pyrite which is
0.63% of Cu and 0.27% of Co was subjected to
roasting at high temperatures in a closed medium for 2
hours and then roasted at air atmosphere at 600 °C at
different times. Under these conditions, 82.25% of Cu
and 76.30% of Co were passed to the solution. After
the creation of a ternary mixture, a mixture of 3:6:6
slag/pyrite/copper concentrate which is 8.10% of Cu
and 0.20% of Co was subjected to roasting at high
temperatures in a closed medium for 2 hours and then
roasted in an air atmosphere at 600 °C under optimum
temperature. Under these conditions, it is shown that
99.10% of Cu and 87.50% of Co were passed into the
solution.

The effect of the yield of Cu and Co participating in
the mixture of slag/pyrite/copper concentrate of iron
powder was investigated. As seen from Table 4, 2.20
g Fe powder was added to 220 g of a mixture of 3:6:6
slag/pyrite/copper concentrate and 10 g of the mixture
was roasted at 600 °C for 5 hours. It is shown that
99.60% of Cu and 98.40% of Co were passed into
aqueous solution. Addition of Fe powder, the yields of
copper and cobalt passing to the solution has
increased remarkably. The addition of Fe powder to
the mixture of copper and cobalt, spinel structure in
the structure of the mixture has led to a deterioration
in a closed medium and air atmosphere and has
provided sulphation as a result of roasting. At the
same time, Se, Te, As and Sb [14] completely
removed the addition of iron powder to triple mixture

in a closed medium.
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Abstract: In this study, Cu, Zn, Cd and Pb concentrations were investigated in both stem and roots of three different plants which are
Charlock (Sinapis arvensis), Inula (Inula salicina) and Asphodelus (Asphodelus fistulosus). The plants were collected from the
roadsides between Mafrag and Jerash in Jordan. The concentrations were in g of heavy metal per gram of sample weight. While the
average concentrations in plants stem were 0.16 pg/g, 9.5 pg/g, 0.51 pg/g and 22.9 pg/g for Cd, Cu, Pb and Zn ions, respectively, the
corresponding concentrations in the plants roots were 0.09 pg/g, 6.4 pg/g, 0.2 pg/g and 15.7 pg/g for the same ions. The measured
concentrations were much less than those reported by other local and international studies, therefore, the area under investigation
might be considered healthy for crops culturing.

Key words: Heavy metals, roadside plants, pollution.

1. Introduction environment is quite hazardous to both animals and
plants’ health due to their toxicity. These extreme
levels are thereby extremely dangerous to humans,
plants and animals. The increment of traffic volume
ultimately increases the accretions of such heavy
metals. Vehicles emit a lot of toxic metals, which
accumulate or build up along the roadside
environments [2]. Consequently, heavy-metal pollution
resulting from the increased traffic emissions may
significantly contaminate the roadside crops, as well
as plants that grow near the major highways [3].

Some of the metals that are essential constituents of
certain alloys, wires, pipes and vehicle tires include
Cu, Zn and Cd. These metals may be released to the
surrounding environments near the highways as a
result of mechanical corrosions and breakdowns [4].
For instance, lead (Pb) metal deposits along the
roadside soils may accumulate in the form of lead
sulfate [5]. As well, Cd metal emissions are primarily
from consumption of oil lubricants and vehicle tire
corrosions. Zinc metal pollution comes from the
car-tire corrosions and the galvanized car parts, such
Corresponding author: Abdullah Trad Al-fawwaz, Ph.D., as fuel tanks [6]. Furthermore, the most common

main research fields: microbial biotechnology, environmental .. . . .
control and algal ecology. source of Pb and Cu emissions is the vehicle braking

Plants are the primary sources of food for both
humans and animals. Animals, on the other hand,
serve as an essential food source for the human beings.
For an efficient and healthy growth of plants, there
must be soil, water and air, which jointly make up the
favorable environments for the plants. Therefore, the
purity of these favorable conditions is critical for the
prevalence of healthy food. However, there are certain
metal ions, which may enter the plants’ cell cytosol,
thus preventing them from activating the catalytically
active proteins or structural proteins, which could
otherwise protect them from the possible poisoning by
heavy metals [1].

Vehicular emissions are considered primary sources
of heavy metals that pollute the environment. Over the
past three decades, the number of vehicles rapidly
increased, resulting in a corresponding increase in
environmental pollutants from vehicle emissions.
Higher concentration of heavy metals in the
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system corrosions. Moreover, the Pb metal pollution
also comes from the heated metal alloys used in the
car engines and exhaust gaseous emissions [7].

A few years ago, the vehicles fuels from Jordan
were ‘leaded’, hence contributing to the widespread
contamination of soil, air and plants adjacent to
roadways. According to the U.S. Government [8], the
most common metal pollutants arising from the
increased traffic activities include Pb, Cd, Zn and Cu.
At higher concentrations of these heavy metals, their
toxicity may result in metabolic disorders in plants, as
well as growth inhibition among certain plant species
[9]. Positively, several biological and nutritional
studies reveal that heavy metals are quite crucial for
human health. Nevertheless, at higher concentrations,
these heavy metals may become extremely toxic. For
instance, copper toxicity may result in health
complications such as kidney and liver damages,
intestinal and stomach irritation and anemia [10].
Similarly, zinc toxicity may cause arteriosclerosis and
pancreatic complications and damages, hence
disturbing the body’s protein metabolism [2]. As well,
Pb and Cd metals may remain toxic even at very low

s

S4
L S3
20

Jerash

concentration levels, leading to complications such as
increased cancer risks [11].

Therefore, this research  investigates the
concentration of heavy metal ions such as Zn, Cu, Pb
and Cd ions in plants along the highway connecting
Jerash city and Mafraq city. It also compares the
concentration of these heavy metals through the study
of plant stems and roots that show the possible signs
of heavy metal ion contamination.

2. Material and Methods
2.1 Sampling

Three types of plants and grasses were used in this
study, which are Charlock (Sinapis arvensis), Inula
(Inula salicina) and Asphodelus (Asphodelus
fistulosus). The samples were harvested in May of
2014 from the sides of 3-5 meters of the roadway
between Mafraq and Jerash from four sites, about
10 km apart (Fig. 1). The altitudes of the sites
from sea level are about 723 m, 881 m, 711 m and
786 m, respectively. Both of these two cities are
located on the northern side of Amman, the capital of
Jordan.

s1 [

m m Mziﬁﬁq

Fig. 1 Map showing locations of the four sampling sites (S1, S2, S3 and S4) between Mafrag and Jerash.
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2.2 Sample Preparation Procedure

The sample preparation took place in the Analytical
Chemistry Section at JAEC (Jordan Atomic Energy
Commission). The samples were prepared according
to SOP3 (Standard Operation Procedure 3) for sample
preparations as:

(1) The samples were dried overnight at a
temperature of 105 °C and the moisture was
calculated;

(2) 0.25 £ 0.0001 g of the dried samples was
accurately measured and taken from every sample;

(3) After that, 1.3 mL HF (Hydrofluoric Acid), 8
mL HNO; and 2 mL H,0, (Hydrogen Peroxide (30%))
solutions were added to the accurately measured
samples;

(4) Using Milestone ETHOS1, the samples were
then digested through the microwave digestion
system;

(5) The digested samples were then volumetrically
transferred into 50 mL centrifuge test-tubes under
room temperature and pressure;

(6) At the next step, the transferred samples were
treated with 4% boric acid. This acid was used to
remove any residue or excesses HF;

(7) Subsequently, NF 1200 centrifuge system was
utilized for the classification of samples, after which
the samples were diluted to 50 mL. This step was the
very last step in the prime chemical preparations;

(8) Once again, the samples were diluted with 1%
sub-boiled nitric acid (HNO3, 65%). This process was
repeated twice (double dilution factor), hence the last
dilution 100 mL, for ICP-MS
(Inductively Coupled Plasma-Mass Spectrometry)
measurements;

(9) Finally, the Analytical Technique Measurement
was employed, where the ICP-MS was used to
determine the concentration of the elements. Six
calibration standards from Accuracy Reference
Standards were then prepared for all the items of
interest. As well, a blank was prepared in 1%

volume was

sub-boiled nitric acid (65%). The internal standards
utilized were Y, Tb and In. Furthermore, Bruker
810/820-Mass Spectrometer was used for sample
measurements in order to establish the concentration
of (Cu, Cd, Zn and Pb) elements.

3. Results and Discussion

Zn, Pb, Cu and Cd concentrations were measured in
three types of plants on the upper part of their stems
and leaves, and in roots from four different sites along
the roadway. The measured concentrations were
compared in Figs. 2 and 3.

Fig. 2 shows the concentration levels of heavy
metals—Zn, Pb, Cu and Cd in the stem of Charlock,
Inula and Asphodelus in the sites 1, 2, 3 and 4. From
Fig. 2, it can be seen that Cd level is almost the least
in all plants. On the other hand, Zn concentration level
is always the highest, followed by Cu concentration
level.

Fig. 3 reveals the levels of the concentration of
heavy metals in the roots of the sampled plants. Cd
and Cu concentrations are always below those of Pb
and Zn. Besides, Zn concentration was always the
highest in each test.

All the concentration levels of the heavy metals in
all types of the studied plants and sites are shown in
Tables 1a and 1b. It can be seen that the concentration
levels of the four heavy metals in the stem of the
plants are always greater than those found in the
plant’s roots at all sites. This indicates that the
contamination from the surface environments is much
more than that of the underground. No industrial
pollutants exist in the neighboring areas in which the
roadways exit. Thus, the vehicle emission could be the
most conventional source for the pollution.

As seen in Table 2, the concentrations of the four
heavy metals in the sampled plants are displayed. It
shows the mean concentration levels of the heavy
metals—2zn, Pb, Cu and Cd in the stems of the plant
samples at the four sampled sites.
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Fig. 2 The concentration of heavy metals—2Zn, Pb, Cu and Cd in the stem of the Charlock (Sinapis arvensis), Inula (Inula
salicina) and Asphodelus (Asphodelus fistulosus) in the four sites.

m Cd § "
1
mCu g
T
2
mZn {1} ]

- . -
) = = -
= = - =

< S '%'ﬁ CAR 3

= s S ﬁaugﬁsn

uEE’a‘g-‘:‘.‘gg:uzﬂ

SSSS35SE%g¢E5H

CS820URa UK UNM

_.F‘_;NNN-ﬂmm"ﬂ'*

= o Lo ¥ 0o v 2o QW

=X o T E 22 =E =

E;;m;p-.r- wmowm ®owm "

Fig. 3 The concentration of heavy metals—Zn, Pb, Cu and Cd in the roots of the Charlock (Sinapis arvensis), Inula (Inula
salicina) and Asphodelus (Asphodelus fistulosus) at the four sites.
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Table 1a The concentrations (in pg/g) of Zn, Pb, Cu and Cd in the S (Stems) of Charlock (Sinapis arvensis), Inula (Inula

salicina) and Asphodelus (Asphodelus fistulosus) at four different sites along the Mafrag-Jerash roadway.

1D Cd Cu Pb Zn
() (hg/g) (Hg/9) (Hg/9)

Site 1/Charlock/S 0.101 +0.043 12.215 + 0.336 0.434 £ 0.045 23.561 + 2.140
Sitel/Inula/S < 0.064 16.573 + 1.916 0.631+£0.081 19.764 + 1.879
Site 1/Asphodelus/S 0.092 +0.254 15.359 +1.134 0.827 £ 0.105 37.268 + 3.914
Site 2/Charlock/S 0.427 +0.036 11.549 +£1.170 0.617 +0.051 18.091 +£1.725
Site 2/Inula/S 0.513 +0.046 9.086 +0.924 0.276 = 0.007 13.473 +1.287
Site 2/Asphodelus/S 0.118 +0.028 11.814+1.018 0.219 +0.036 42.210 + 3.991
Site 3/Charlock/S 0.2190 + 0.069 4.584 +0.417 1.072 £ 0.089 27.361 + 2,511
Site 3/Inula/S 0.116 +0.034 13.626 + 1.245 1.824 +0.091 25.441 + 2.617
Site 3/Asphodelus/S 0.071 + 0.004 7.216 + 0.687 <0.038 15.274 + 1.461
Site 4/Charlock/S < 0.064 2.12+0.249 0.081 +0.004 17.251 + 1.607
Site 4/Inula/S <0.064 5.276 = 0.507 0.075 + 0.006 16.384 +1.482
Site 4/Asphodelus/S 0.084 + 0.005 5.281 + 0.447 <0.038 18.637 £ 1.758

Table 1b The concentrations (in pg/g) of Zn, Pb, Cu and Cd in the R (Root) of Charlock (Sinapis arvensis), Inula (Inula

salicina) and Asphodelus (Asphodelus fistulosus) at four different sites along the Mafrag-Jerash roadway.

1D Cd Cu Pb Zn
(h9/g) (Hg/9) (L)) (hg/9)

Site 1/Charlock/R <0.064 10.194 +1.291 0.094 + 0.062 17.543 +£1.583
Site 1/Inula/R <0.064 13.914 + 1,516 0.172 +0.138 19.079 + 2.051
Site 1/Asphodelus/R 0.281 +0.356 9.571+0.618 0.194 +0.028 20.115+2.351
Site 2/Charlock/R 0.117 +0.008 8.251 +0.907 0.247 £ 0.031 11.861 + 1.064
Site 2/Inula/R 0.097 + 0.008 6.729 + 0.593 0.073 +0.003 9.358 + 1.005
Site 2/Asphodelus/R 0.074 +0.032 5.316 £ 0.421 0.199 +0.033 19.348 +£2.018
Site 3/Charlock/R 0.121 +0.034 0.993 +0.116 0.224 +0.062 11.057 £1.271
Site 3/Inula/R <0.064 6.927 £0.713 <0.038 21.109 +2.221
Site 3/Asphodelus/R < 0.064 3.618 £ 0.401 <0.038 8.094 £ 0.811
Site 4/Charlock/R < 0.064 1.090 + 0.094 <0.038 16.215 + 1.514
Site 4/Inula/R <0.064 4214 +0.381 1.024 +0.103 15.940 + 1.391
Site 4/Asphodelus/R < 0.064 6.417 +0.571 <0.038 18.523 + 1.902

Table 2 The concentrations of the four heavy metals (ug/g) in the sampled plants’ stems from all the sites.

ID Cd Cu Pb Zn
(hg/9) (ho/g) (hg/9) (hg/9)
Site 1 0.084333 14.71567 0.630667 26.86433
Site 2 0.352667 10.81633 0.370667 2459133
Site 3 0.135333 8.475333 0.978 22.692
Site 4 0.07 3.97 0.06 17.42

Table 2 further shows that there is no significant
difference in the contaminations between the first
three sites and the least contaminations observed at
site 4. This outcome may be due to the kind of land
terrain, where site 4 happened to be an open
mountainous area. From the study, authors can assert
that the heavy metal pollutants from the air eventually

precipitate and accumulate on the ground surface.
However, depending on the wind flow and patterns,
the precipitated concentrations on the adjacent areas
either increased or decreased [5]. The analysis can
thereby conclude that the wind carries the vehicle
emissions away from the roadsides; hence the fewer
contaminations observed.



400 Evaluation of Pb, Cu, Zn and Cd Levels in Some Plants at Roadsides between Mafrag and Jerash, Jordan

Table 3 The concentration of the four heavy metals (ug/g) in the sampled plants’ roots from all the sites.

ID cd Cu Pb Zn
Hg/g Ha/g Ha/g Hg/g

Site 1 0.133667 11.22633 0.153333 18.91233

Site 2 0.096 6.765333 0.173 13.52233

Site 3 0.083 3.846 0.1 13.42

Site 4 0.06 3.91 0.37 16.89

A similar scenario could be noticed in Table 3,
which shows the heavy metal concentrations in the
sampled plants’ roots. As displayed in Table 3, some
levels in the roots of the sampled plants in site 4 are
higher than those found on the remaining sites. The
reason for this result is that the nature of mountainous
soils allows parts of the plants’ roots to grow above

the ground, thereby exposing them to the air pollutants.

On the other hand, the remaining sites are plain/open
areas with agricultural soils that cover the roots
underground, thus preventing them from the exposure
to the air pollutants.

The average concentration levels in the stems of the
plant samples in this study are 22.9 ug/g, 0.51 pg/g
and 9.5 pg/g for Zn, Pb and Cu, respectively. These
concentration levels are much less than those found in
the plant samples at the roadside of the road
connecting Amman to the southern part of Jordan,
which were found to be 98.7 ug/g, 7.3 pg/g and 31.3
pg/g for Zn, Pb and Cu, respectively [12]. As well, the
levels were less than those of the roadway between
Ramtha and Mafraq, which were 41.5 ug/g, 0.6 ug/g,
9.2 pg/g and 0.3 pg/g for Zn, Pb, Cu and Cd,
respectively [13]. Howari, F. M., et al. [14] found that
the concentration levels for Cd, Pb and Zn along the
roadsides between north Shuna and Agaba through
Dead Sea high way were 5 pg/g, 79 ug/g and 79 ug/g,
respectively.

It can be seen that the contamination levels of the
investigated heavy metals along the roadsides between
Mafraq and Jerash are much less than those found on
the other studied roadways in Jordan. This scenario
could be explained by two major reasons: firstly, the
traffic volume could be less than that in other studies

roadways; secondly, the humid climate for the studied
areas, especially, the sites 2, 3, and 4, were most likely
to be less contaminated than site 1. Authors’ results
are also less than those along the north Shuna and
Agaba. This outcome could be related to the open and
mountainous areas of authors’ study. The roadway
from Shuna to Agaba is below the sea level and is
mostly neighbored by mountains to the eastern sides.
The occurrence of these mountains could form a
barrier that decreases the wind speed and increases the
accumulation of emissions on the nearby roadsides.

Internationally, Alshammari, A. M. [15] found that
the levels of Zn, Pb, Cu and Cd along the urban
roadsides of Hail in Saudi Arabia are 197 pg/g, 89
Ma/g, 53 pg/g and 5 pg/g, respectively. In Nepal, the
corresponding concentrations at roadside farmlands
were 62.57 ug/g, 5.57 pg/g, 25.89 pg/g and 0.34 ug/g,
respectively [2]. In a study conducted to establish the
concentration of these metals in the neighboring
Corlu-Cerkezkdy highway in Turkey, the levels were
20 ug/g, 1 pg/g and 8.2 pg/g for Zn, Pb and Cu,
respectively [16]. Along Bangalore city railway
station in India, the concentrations were 60.3 pug/g,
64.3 ug/g, 36.6 pg/g and 7.5 pg/g for Zn, Pb, Cu and
Cd, respectively [17]. Christiana, C. M. O. and
Samuel, K. [18] found the concentration of these
metals to be 0.06 pg/g, 0.07 pg/g, 0.15 pg/g and 0.13
Ma/g, respectively, along the roadway in Adogo in
Nigeria.

Authors’ results are comparable to some of the
international results. As such, it can be seen that the
highest concentration levels were in Hail in Saudi
Arabia, which can support authors’ suggestion that the
dry climate could be a reasonable influence on the



Evaluation of Pb, Cu, Zn and Cd Levels in Some Plants at Roadsides between Mafraq and Jerash, Jordan 401

increased contamination levels caused by vehicle
emissions. The concentration levels were also high
along the northern Jordan highway, which also has a
dry climate. Also, the type of the used fuel is another
important reason for the contamination levels
observed above.

4. Conclusions

In this study, concentration levels for all the
investigated heavy metals—Zn, Pb, Cu and Cd were
almost within the acceptable limits in plants. These
levels were less than those in other areas in Jordan,
and also less than those found in the other
international studies. Comparing authors’ results with
others, in and outside Jordan, it can be concluded that
dry weather supports the contamination with heavy
metals that come from the vehicle emissions. On the
other hand, the open humid roadsides could be less
contaminated as compared to the other closed humid
roadsides. Finally, utilizing these areas as agricultural
land could produce low contaminated crops with
fewer health hazards.
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Abstract: The leather manufacturing is traditionally responsible for high environmental pollution. Tannery effluent contains, indeed,
large amounts of lime sludge, sulfides, acids, toxic metals salts, in particular chromium salts, which are toxic, non-biodegradable and
hardly disposable. For this reason, great research efforts are addressed to establish a significantly eco-sustainable and convenient
business for companies and to produce high quality leather products. The replacement of current commercial chemical and toxic
products with innovative natural/naturalized products and technologies in some crucial phases of the tanning cycle (mainly bating
and defatting), can induce an eco-friendly reduction of the needed chromium amount. Leather samples, treated with innovative bating
and defatting products and tanned by several different Cr contents, were characterized by SEM-EDS (Scanning Electron Microscopy
equipped with Energy Dispersive X-Ray Spectroscopy) and TGA (Thermogravimetric Analysis). SEM-EDS was used to observe the
surface and cross-section morphology and to provide a semi-quantitative elemental analysis, while TGA to evaluate the thermal
stability and decomposition phases. The compatibility of the innovative products was demonstrated and the environmental impact of
the process, performed by the effluents characterization, was effectively improved as a result of a 20% Cr lowering. The use of
innovative products and the chromium reduction did not affect the thermal stability, leather morphology and not involve significant
differences in the composition.

Key words: Leather manufacturing, tanning cycle, Cr reduction, natural/naturalized products.

1. Introduction hardly disposable and volatile organic compounds are
emitted to the atmosphere.

The leather processing involves many phases that
modify the physical, chemical and biological
properties of the raw skin/hide. The main five phases
of the whole tanning cycle are: bating, defatting,
tanning, fatliquoring and dyeing. Bating and defatting
are part of the preparatory stage that includes all the
operations carried out to prepare the hide/skin for
tanning. The tanning phase converts them into a stable,
dried and flexible material no longer subject to
putrefaction; the most common tanning method is
based on the use of chromium salts. The post-tanning
operations include fatliquoring and dying.

The current main environmental, social and
economic goals of leather industry are to reduce the

Corresponding author: Elena Salernitano, Ph.D., research environmental  impact and/or to develop a
field: materials development and characterization. chromium-free tanning cycle [3, 4].

Leather production via hides and skins processing is
a way to enhance recovery of agro-industrial
by-products (circular economy). On the other hand,
these processes are very demanding on resources and
energy (environment). One ton of bovine salted raw
hides produce up to 250 kg of finite leather, requiring
about 40 m® of water and 400-500 kg of reagents,
often chemicals [1]. The leather manufacturing
provides a negative image of itself mainly because of
the environmental impact of tannery wastes [2].
Conventional leather processing methods, indeed,
significantly contribute to the pollution. The
wastewaters contain non-biodegradable hazardous
chemicals (especially chromium), the solid wastes are
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In this work, leather samples processed by bating,
defatting and tanning, defined as wet blue, were
prepared using different chromium percentages with
the purpose to demonstrate that the replacement of the
current commercial bating and defatting agents with
natural/naturalized products allows a 20% reduction of
Cr salts, maintaining the leather high quality standards
and workability.

The activities were carried out in the framework of
LIFE14 ENV/IT/443 LIFETAN (eco-friendly tanning
cycle) project. The overall aim of the project is to
substitute some reagents (toxic or from nonrenewable
sources) with natural products or from renewable
sources. Traditional/standard reagents for bating and
degreasing phases were substituted by innovative
products:

* bating agent obtained from poultry manure
treated according to a European patent [5], and
demonstrated in the framework of LIFE10
ENV/IT/365PODEBA (use of poultry dejection for
the bating phase in the tanning cycle) project [6-8];

» degreasing agent obtained from lactose via
chemical synthesis [9].

2. Material and Methods

The commercial and natural/naturalized bating and
defatting agents were compared and their influence in
the tanning process was examined. Laboratory tests
were carried out in rotating stainless steel tanning
drums, measuring 300 mm in diameter and 150 mm in
width respectively, featuring systems for automation,
control and dosage of water and reactants (Fig. 1).

Several tests have been performed with four
different chromium salts concentrations: 4%, 5%, 6%
and 8% over pelt weight (w/w) with
natural/naturalized products. They were compared
with standard process (standard bating and degreasing
agent and 8% concentration of Cr salts).

In each test with cattle hides, 3 sq. foot pieces of
pelt hides with a thickness of 1.8-2.0 mm were
processed. These pieces of wet blue cattle hides had

=0Ty
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Fig. 1 Laboratory-scale tanning drums.

been prepared for the tanning operation by means of a
standard process of soaking, liming and unhairing.
After the tanning process, the wet blue leathers were
dried and the shrinkage temperature was determined.

Once every stage was completed, a sample of the
residual bath and a sample of each one of the obtained
wet blue leathers were taken for their characterization.
The environmental evaluation was performed by the
characterization of the effluents in accordance with
international standards. The selected wastewater
control parameters and the related standards are: pH
(ISO 10523:2008), TKN (Total Kjeldahl Nitrogen),
COD (Chemical Oxygen Demand) (ISO 6060:1989),
BODs (Biochemical Oxygen Demand after 5 days)
(1SO 5815-1:2003) and biodegradability (determined
as BOD/COD).

The four wet blue leather samples, tanned with
different chromium concentration (4%w, 5%w, 6%w
and 8%w), were characterized by SEM-EDS
(Scanning Electron Microscopy equipped with Energy
Dispersive  X-Ray  Spectroscopy) and TGA
(Thermogravimetric Analysis).

The SEM characterization was used to observe the
surface and cross-section morphology of leather
samples [3, 10, 11], while the EDS semi-quantitative
analysis was performed to provide the leather
elemental composition. A LEO 438 VP, equipped
with EDS microanalysis Oxford Link ISIS 300 was
used. The analysis was performed in variable pressure
and back scattered electrons were detected. These
conditions allow the samples observation with no need
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of pretreatment, avoiding any damages or
contaminations. Moreover, the leather samples were
enough dry to be directly observed without specific
drying treatment. In all samples, the surface and
cross-section observation and the semi-quantitative
analysis were carried out on different areas to obtain
more representative and reliable results.

TGA was performed to evaluate the thermal
stability and decomposition phases [10]. A STA 409
simultaneous analyzer (Netzsch, Selb, Germany)
equipped with TGA sample carrier supporting an S
type thermocouple was used. The samples weight loss
was measured (TGA expressed as % weight loss). The
first derivative of the TGA (inflection point I.P.) trace
represents the weight loss rate DTG (Derivative
Thermogravimetric Analysis) (expressed as %-min™)
and is used for the exact identification of the relative
decomposition steps. The analyses were performed
on about 150 mg of material, placed in a sample
carrier of 3.4 mL in volume, under dynamic inert Ar
atmosphere with a flow rate of 100 mL/min and a
heating rate of 10 °C/min up to 1,400 °C. The Netzsch
TA window software was used for the results data
processing.

3. Results and Discussion

The environmental evaluation of the process was
performed by the characterization of the residual baths
both from the bating/defatting stages and the tanning
stage, as reported in Table 1.

The residual baths from the innovative
bating/defatting stages exhibited a lower conductivity
than those from commercial bating/defatting stages.

Eco-friendly Leather: Chromium Reduction in the Tanning Cycle

These results can be ascribed to both the chemical
composition of the defatting product that is a derivate
of lactose, and the improved defatting action of
naturalized products. Biodegradability is greatly
improved by natural products. TKN is reduced by
naturalized products in bating stage, the phases with
the higher N load in tanning cycle. Regarding the
chromium content of the residual bath, a greater
fixation of the chromium to the collagen is observed
by using naturalized bating and defatting products,
which is observed in the lower chromium content of
the residual tanning bath; 620 mg/L versus 740 mg/L,
that means a reduction of around 15%. This indication
will be the object of future tests at pre-industrial scale.
This is an indication of good performance of new
products, thus suggesting to investigate the possibility
to carry out the tanning processes with lower Cr
contents.

Wet blue samples obtained with 4%, 5%, 6% and 8%
were characterized. The eco-friendly wet blue leathers
showed good physical strength and adequate
smoothness, softness, fullness and flexibility.

After drying, the shrinkage temperature was
determined in order to verify if the naturalized bating
agent can make a better maceration in the
cross-section, increasing the diffusion and the
transport of the tanning agent within the pelts and,
consequently, allow a reduction of chromium
concentration maintaining the same leather quality.

The results are reported in Table 2, showing that
with the use of the naturalized bating agent, the
chromium salts concentration can be effectively
reduced in order to achieve a shrinkage temperature of

The COD and BODs of effluents from the 100 °C, which is considered suitable for the
bating/defatting stage and the tanning stage are higher. manufacture of footwear and other leather articles.
Table 1 Characterization of residual baths.
. . COoD BODs . . TKN Chromium

Bating/defatting agents  pH (mg/L) (mg/L) Biodegradability (mg/L) (mg/L)
Effluents from  commercial/commercial 8.64 7,300 1,387 0.19 1,650 ---
bating/defatting naturalized/natural 8.15 14,800 5,290 0.36 880
Effluents from  commercial/commercial 5.09 7,700 3,120 0.41 740
8% Crtanning  naturalized/natural 5.25 11,500 5,260 0.46 - 620
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Table 2 Chromium percentage vs shrinkage temperature
of wet blue leather samples.

Chromium (weight %) Shrinkage T (°C)
4 93

5 97

6 99

8 103

Regarding to the COD and BOD, these trials show
higher values due to the higher defatting effect and the
chemical composition of the ecodefatting products
which is a derivate of lactose, but in this case, the
biodegradability of the residual baths is a 70% higher
employing the natural innovative defatting agent, as
described in LIFE13 ENV/IT/470ECODEFATTING
(environmentally friendly natural products instead of
chemical products in the degreasing phase of the
tanning cycle) project.

About the nitrogen content in the bating/defatting
residual baths, the lower values have been got
employing the deodorized Laying Hen Manure
(PODEBA) and this reduction is higher by using in
combination with the ecodefatting natural product.

The morphological wet blue leather surface
characterization by SEM revealed a homogeneous
pores distribution with uniform size (Fig. 2). Some
residual salt crystals, mainly in 5% and 4% chromium
tanned leather, were observable. These last two
leathers showed also deeper pores.

A representative spectrum of the average surface
semi-quantitative composition for every sample is
provided in Fig. 3. The main result of EDS
microanalysis was the reduction of chromium content
congruently with the percentage of chromium salts
used in the tanning phase.

The EDS confirmed the presence of some surface salt
crystals, mainly in the case of the 5% chromium tanned
leather; the microanalysis restricted to a surface residue
highlighted a high content of sodium and chlorine,
while the microanalysis restricted to the substrate
showed oxygen and carbon as the main elements.

The morphological cross-section characterization
highlighted a more compact layer on the sample top

and a more fibrous aspect on the bottom (Fig. 4). The
top compact layer was thicker in the 8% and 6%
chromium tanned leather than in the 5% and 4%
samples; the 4% chromium tanned leathers exhibited a
lower thickness. In contrast to the surface, the residues
of salt crystals were negligible in the cross-section of
all observed wet blue leathers. The cross-section of all
observed leathers showed satisfactory opening up
extent of fibers, suggesting that post tanning
chemicals could easily penetrate into the fibers
network.

The EDS microanalysis pointed out, also in the
cross-section composition, the reduction of chromium
content congruently with the percentage of chromium
used in the leather tanning process.

The reduction of Cr content, both in the surface and
in the cross-section of Cr-tanned leathers, depending

G
Fig. 2 Surface micrographs at different magnifications of
8 (a), 6 (b), 5 (c) and 4 (d) %Cr tanned wet blue leathers.
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Fig. 4 Cross-section  micrographs at different
magnifications of 8 (a), 6 (b), 5 (c) and 4 (d) %Cr tanned
wet blue leather.

on the amount of Cr used in tanning phase is shown in
Fig. 5. A higher Cr content in the leather cross-section
than in the surface was revealed in all observed
wet-blue samples. The 5% and 6% chromium tanned
leathers showed a very similar Cr content, both on the
surface and in the cross-section.

The TGA detected similar thermograms for all
samples, with four mass loss steps, as confirmed by
DTG curve (Fig. 6): 1st step 25-225 °C; 2nd step
225-550 °C; 3rd step 550-850 °C; 4th step
850-1,400 °C.

The first stage of the mass loss is due to the
evaporation of the adsorbed or not-structured water
which has a maximum degradation rate at around
100 °C; the thermal stability is the same for all
samples, except the water percentage. The main step
(200-550 °C) corresponds to the decomposition of
organic matter and pyrolysis of aliphatic compounds;
it was ascribable to the thermal decomposition of
collagen. The collagen and elastin constitute the
dermis and are the main components of the leather;
they are structural proteins made of polypeptide
chains whose primary blocks are the amino acids. The
collagen structure explains the higher intensity and
wider shape of the second DTG peak and the great
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Fig. 6 TGA and typical DTG in argon of Cr tanned wet blue leathers.

mass loss at 200-550 °C. At this evolution temperature
range, the decomposition of many products takes
place [12]:

* The formation of ammonia from the amino and
imino groups of the amino acids of leather occurs at
around 300 °C wunder gradual heating in the
thermobalance. The collagen-based materials contain

about 8-13% nitrogen and the formation of significant
amount of ammonia, in lines with the expectations;

* At about 300 °C, the scission of the hydroxyl
groups (structured water) and the development of CO,
and SO, take place;

* At about 350 °C, it is noticed the presence of
molecular ion of acetonitrile and ion of pyrrole. The
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main amino acid constituents of collagen are glycine,
proline, alanine and hydroxyproline. Pyrrole can be
formed from the pyrrolidine rings of proline and
hydroxyproline;

* The release of aliphatic alkenyl and alkyl
compounds occurs at higher temperatures, in the range
400-550 °C;

* The formation of other molecular compounds
occurs: toluene (at about 450 °C), ascribable to the
scission of the side groups of phenylalanine, CO, and
SO,, from 300 °C [12].

All these reactions justify the DTG shape between
200 °C and 550 °C, resulting from the overlapping of
different decomposition rate peaks. The collagen
degradation increases with chromium percentage.

The third mass loss step (550-850 °C) is due to the
decomposition of chromium compounds. All analyzed
wet blue leathers exhibited a similar mass loss value,
thus showing the same thermal stability not affected
by the chromium percentage. Therefore, the use of
natural/naturalized products in the bating and defatting
phases can effectively allow a reduction of chromium
amount in the tanning phase.

Moreover, the temperature corresponding to the
third DTG peak was about 750 °C and it is also due to
the minerals degradation, such as the decomposition
of calcium carbonate.

The last step (850-1,400 °C) is attributable to
inorganic fraction decomposition; their decomposition
occurs around 900-1,000 °C.

During the second mass loss stage, CO is produced
and the crosslinked network structure of a
macromolecular chain favors the char forming
reactions under thermal decomposition in inert
atmosphere. Then, the kinetic of the reaction between
CO, and char was significantly favored at high
temperatures, having an exponential dependence on
temperature:

C+C0O, & 2C0 Q)

It can be assumed that the last peaks of DTG, at
about 1,000 °C, were due to this reaction [13].

5. Conclusions

A set of wet blue leather samples was analyzed to
evaluate the effectiveness of the chromium amount
reduction in the tanning phase, even reducing the
environmental impact of the process, consequently to
the replacement of standard products with innovative
natural/naturalized products in the bating and defatting
phases. The eco-friendly wet blue leathers showed
good physical strength and adequate smoothness,
softness, fullness and flexibility.

According to these results, authors can conclude
that PODEBA bating agent improves the chrome
tanning process and it is possible to use lower
concentration of chromium salts (20% less) to obtain
the same quality of final leather, measured by means
the shrinkage temperature determination.

The most significant considerations to be derived
from the SEM-EDS analysis are:

* Both the reduction of chromium content in the
tanning phase and the replacement of standard
chemical products in the bating and defatting phases,
did not significantly affect the leather morphology;

* All the wet-blue leathers showed homogeneous
pores surface distribution with uniform size;

* A certain amount of salt crystals residues were
clearly visible on the surface of samples;

* The cross-section of all observed leathers showed
satisfactory opening up extent of fibres, suggesting
that post tanning chemicals could easily penetrate into
the fibres network;

* The cross-section was characterized by a two
layer structure with a more compact layer on the
sample top (thicker in the leathers tanned with higher
Chromium amount) and a more fibrous aspect on the
bottom;

* The microanalysis pointed out a reduction of
chromium content, congruently with the percentage of
chromium used in the tanning process, both in the
surface and cross-section composition;

* The Cr content was higher in the leather
cross-section than in the surface in all observed
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samples of the first set (the 5% and 6% Cr tanned
leathers showed a very similar Cr content, both on the
surface and in the section).

TGA in argon revealed four mass loss steps:
evaporation of the adsorbed or not-structured water,
decomposition of collagen, chromium compounds and
inorganic fraction. All wet blue leather samples
exhibited the same thermal stability whatever the
chromium percentage is.
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Abstract: Metal oxide nanosheets are increasingly used as catalysts, hard coatings and transparent thin films. Among these materials,
TNSs (Titanate Nanosheets) synthesized in liquid phase enjoy particular attention due to their water dispersibility, photocatalytic
activity, unique morphology and ease of synthesis. Importantly, the photo-induced redox reaction between TNSs and metal oxides
affords potentially fluorescent metal-supported TNSs with enhanced photocatalytic activity, e.g., Ln/TNSs (Lanthaide-supported
TNSs). Herein, TNSs doped with arbitrary amounts of group 5 elements (M-TNSs: M =V, Nb and Ta) were prepared to investigate
the fluorescent excitation spectra of Ln/M-TNSs and thus shed light on the mechanism of photodeposition and determine the origin
of Ln/TNS fluorescence. As a result, photodepositiom was shown to involve phot-induced redox reaction between TNSs and
lanthanide oxides, and the fluorescence intensity of Ln/TNSs and Ln/M-TNSs was demonstrated to be determined by the overlap of

TNS and Ln*" excitation energies.

Key words: Photodeposition, photoluminescence, lanthanide, TNSs (Titanate Nanosheets), group 5 elements.

1. Introduction

Low-dimensional structures such as nanotubes and
nanosheets continue to attract increased research
attention [1-4], as exemplified by the wide use of
TNSs (Titanate Nanosheets) in a variety of
engineering, chemical and optical applications. Single
nanosheets comprise ultra-thin  (10°-10% m)
monocrystals and can be stacked to form a layered
structure. Importantly, both identical and different
nanosheets can be easily stacked, which allows
various molecules (such as dyes, metal cations and
organic compounds) to be intercalated within the
layers [5-8]. As an example, metal oxide nanosheets
and their derivatives are extensively exploited in
diverse applications as (photo) catalysts, hard coats
and functional transparent thin films [9-11].

Recently, several groups have synthesized TNSs by

Corresponding author: Daisuke Yoshioka, Ph.D., main
research fields: functional materials, low-dimensional materials
and photocatalyst.

liquid-phase methods [1, 12], revealing that these
materials  exhibit diamond-like shape, water
dispersibility and photocatalytic activity [13].

The photocatalytic activity of TNSs can be
enhanced by decorating their surface with suitable
metals to obtain metal/TNS composited. Unluckily,
conventional photodeposition is not suited for this
purpose, since the water dispersibility of
liquid-phase-synthesized TNSs disturbs the separation
of metal cation from the metal/TNS dispersion,
requiring the use of metal oxides instead of metal salt
solutions [14].

Herein, Ln/TNS (Lanthanide-supported TNS) were
prepared by irradiating Ln oxides (Sm,0s, Eu,0s,
Th,03 or Dy,03) and TNS dispersions with UV
(Ultraviolet) light (Scheme 1). Thus the synthesized
Ln/TNS exhibited pronounced photoluminescence
(particularly in the case of Eu/TNSs, which showed
strong red fluorescence [14]) that was attributed to f-f
transitions resulting from TNS excitation and energy
transfer to Ln*".
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Scheme 1 Mechanism of the photo-induced reaction
between TNSs and Ln,O; resulting in Ln photodeposition:
(1) Excitation of TNSs by UV irradiation; (2) generation of
reactive oxygen species; (3) reduction of Ln,O; by
superoxide anion radicals; and (4) re-oxidation to reduced
Ln,O3 by hydroxyl radicals and holes on the TNS surface.

Herein, TNSs doped with group 5 elements
(M-TNSs: M = V, Nb and Ta) were synthesized to
confirm the mechanism of the reaction occurring
between TNSs and metal oxides during the
photodeposition and clarify the origins of Ln/TNSs
fluorescence and the TNS-to-Ln®" energy transfer. In
view of the fact that Nb and Ta oxides exhibit
photocatalytic activities similar to those of TiO, and
TNSs, whereas V oxides do not, Nb-TNSs and
Ta-TNSs were expected to be photocatalytically
active. If Nb-TNS and Ta-TNS behaved as the
photocatalyst similar to TNS, Ln could be supported
onto Nb-TNSs and Ta-TNSs, whereas V-TNS systems
were predicted to exhibit decreased amounts of
deposited Ln.

2. Experimental Section
2.1 Materials

Titanium tetrasiopropoxide (Ti(O-iPr)y), 10 wt%
aqueous solution of tetraethylammonium hydroxide
(NEt,OH), 2-propanol, acetone and certain lanthanide
oxides (Sm,0s;, Eu,0; and Dy,03) were purchased
from Wako Pure Chemical Industries, Ltd. (Osaka,
Japan) and used as received. Th,Oz; vanadium
oxytriethoxide (VO(OEt);3), niobium pentaethoxide
(Nb(OEt)s) and tantalum pentaethoxide (Ta(OEt)s)
were purchased from Sigma-Aldrich (St. Louis, MO,
USA).

2.2 Apparatus Used for Synthesis

Hydrothermal treatment was performed in a 4749
general purpose acid digestion autoclave vessel (Parr
Instrumental Company, Moline, IL, USA). A
UVGL-25 (UVP, LLC, Upland, CA, USA) was used
as a UV radiation source.

2.3 Apparatus Used for Instrumental Analysis

TEM (Transmission Electron Microscopy) imaging
was performed using a JEM-1400 microscope (JEOL,
Tokyo, Japan). TEM samples were prepared by drop
casting dispersion onto a microgrid or a mesh grid
(Cu). Fluorescence spectra of dispersions were
obtained by wusing F-2700 instrument (Hitachi
High-Tech Science Corporation, Tokyo, Japan).

2.4 TNS Synthesis

TNSs were synthesized from Ti(O-iPr); and
NEt,OH by the liquid-phase method [1, 12], and the
as-prepared TNS dispersion was transferred to the
autoclave and twice heated to 110 °C for 6 h in an oil
bath.

An arbitrary volume of Ti(O-iPr), was mixed with
VO(OEt); in 2-propanol while keeping the total (Ti +
V) concentration constant, followed by hydrolysis in
the presence of NEt,;OH and hydrothermal treatment
to obtain V-TNSs. Nb-TNSs and Ta-TNSs were
obtained in a similar way.

To prepare EU/TNSs, a suspension of Eu,Os;
powder in a TNS dispersion was UV-irradiated for 30
min, and unreacted Eu,O3; was removed. Other
Ln/TNSs were obtained in a similar way.

3. Results and Discussion
3.1 Effect of M Doping on TNS Structure

M-TNSs were synthesized from mixture of
Ti(O-iPr); and corresponding alkoxide (see
experimental section). The total metal (Ti + M)
concentration in dispersion was held constant at 0.05
mol/L, and [M]/[Ti + M] ratio were adjusted to 0.1,
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0.2, 0.33 and 0.5. As a result, the nanosheet size
slightly decreased with increasing M loading (Fig. 1)
and the diamond shape of nanosheets was slightly
distorted at [M]/[Ti + M] = 0.5. Conversely, the thin
sheet structure and water dispersibility of the obtained
composites were preserved.

Thus, TNSs and M-TNS showed no remarkable
structure or dispersibility differences, and M-TNSs
were thus treated similarly to liquid-phase-synthesized
TNSs.

3.2 Ln** Supporting onto TNS and M-TNSs

Ln/M-TNSs were synthesized by varying the
lanthanide and the nature/loading of M. Fig. 2 shows
the TEM images of Eu/M-TNSs, revealing that Ln
deposition did not result in any morphological changes.

Fig. 1 TEM images of TNSs and M-TNSs (Scale bars

equal 100 nm).
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Fig. 2 TEM images of Eu/TNS and Eu/
bars equal 100 nm).
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Dots observed on the diamond vertices for
Eu/M0.5-TNS could correspond to clusters of Eu*
(not identified), in which case these results would
show that the amount of supported Ln species
increased with increasing M loading.

Comparison of Ln/M-TNSs fluorescence excitation
spectra provided interesting information on the
mechanism of the deposition reaction and the origin
of fluorescence (Fig. 3). Notably, the fluorescence
intensity of Ln/V-TNSs decreased with increasing V
content, and the corresponding fluorescence peak
maxima shifted to longer wavelengths. Conversely,
the fluorescence intensities of Ln/Nb-TNSs and
Ln/Ta-TNSs mostly increased with increasing Nb
or Ta contents, and the peak maxima shifted to red.
Also, the supporting amount of Tb increased with
increasing Nb or Ta loading, as confirmed by
the increased fluorescence intensity of original
Tb* peaks at 330-370 nm. The similar tendency
was observed in Dy/Nb-system. In other systems,
the TNS peaks at 300-310 nm were initially
enhanced by the addition Nb or Ta, subsequently
weakening at larger M loadings, with the blue
shifts being similar to those observed for the above
systems.

Since  vanadium oxides do not exhibit
photocatalytic activity, the incorporation of V into
TNSs predictably decreased their activity, whereas the
fluorescence intensities of Ln/Nb-TNSs and
Ln/Ta-TNSs were mostly equal to those of original
Ln/TNSs, suggesting that photodeposition involved a
photo-induced redox reaction between TNSs and
Ln,0O,.

The TNS excitation peak at 300-310 nm was
red-shifted by the addition of V, whereas a blue shift
was observed for Nb or Ta addition, indicating a more
pronounced M-TNS-to-Ln** energy transfer in the
latter case. The combination of this hypothesis with
the Dieke diagram (Fig. 4) [15] allowed authors to
explain the Ln-specific effects of M incorporation on
the fluorescence spectra of Ln/M-TNSs.
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Fig.4 Overlap between the excited energy levels of M-TNSs and those of Ln**, drawn according to the Dieke diagram.

Upon excitation with UV light, Nb-TNSs and
Ta-TNSs received slightly more energy than original
TNSs, transferring it to surface-deposited Ln** ions
and thus inducing electronic transitions to higher
levels than in the case of M-free Ln/TNSs. For Eu®*
and Th*", radiationless deactivation did not occur until
the lowest excitation level was reached due to the
wide gap between excitation levels observed for these
Ln*, resulting in increased probabilities (and hence,

intensities) of Ln/M-TNS emission. In the case of
Sm** and Dy**, which exhibit multiple and crowded
excitation levels, higher-level excitation induced
radiationless deactivation, decreasing the probabilities
and intensities of Ln/M-TNS emission. However, this
behavior was not observed for Dy/Nb-TNSs. The
excitation levels of Dy*" (including the lowest one)
are higher in energy than that of other Ln®". Therefore,
the TNS-to-Dy** energy transfer more hardly occurred
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than other Ln/TNSs. However, Nb loading improved
the TNS-to-Dy** energy transfer, and the fluorescence
intensity increased with Nb contents. Similarly, Ta
loading improved the TNS-to-Dy** energy transfer,
whereas higher-levels transfer induced radiationless
deactivation. Because the excitation level of Ta-TNSs
was higher than those of TNSs and Nb-TNSs.

4. Conclusion

The incorporation of V, Nb and Ta into TNSs
affected the amount of supported lanthanides and
influenced the fluorescence behavior of the resulting
Ln/TNSs, with the diamond shape and water
dispersibility of original TNSs remaining largely
unaffected. The performed analysis showed that
photodeposition involved a photo-induced redox
reaction between TNSs and Ln,O;. Moreover, detailed
investigation of Ln/TNS fluorescence spectra
suggested that the fluorescence intensity of Ln/TNSs
and Ln/M-TNSs was influenced by the overlap
between the excited energy levels of TNSs and Ln®".
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Abstract: Sulphur and emissions related limits which are imposed on marine fuels drive the maritime industry to look on alternative
fuels. The maximum sulphur content of the fuel has already decreased in the ECAs SO, (Sulphur Emission Control Areas) from 1.5%
to 1% from 1 July, 2010, and to 0.1% from 1 January, 2015. Globally, the highest permitted sulphur content of fuel will be reduced,
as from 1 January, 2020 to 0.5%. Increasing demand of low sulphur fuel is anticipated, leading to a substantial mitigation of marine
fuels from residual to distillate ones. Biodiesel or else FAME (Fatty Acid Methyl Esters) and mixtures of it with conventional
petroleum fuels, constitute alternative energy source for the maritime industry. The International Standard EN (European Norme)
ISO (International Organization for Standardization) 8217 specifies the requirements of petroleum fuels for use in marine diesel
engines. According to the previous version of EN ISO 8217:2012, distillate fuels should comply with the “de minimis level” of
approximately 0.1% v/v FAME. Nevertheless, with the latest revision of EN ISO 8217 standard in 2017, the incorporation of FAME
up to 7% v/v is allowed in specific marine distillate grades as DF (Distillate FAME) grades. Marine distillates can also include
hydrocarbons from synthetic or renewable sources, similar to the composition of petroleum distillate fuels.

Key words: Alternative fuels, marine fuel, distillate fuel, ECAs (Emission Control Areas), DF (Distillate FAME) grades.

1. Introduction greenhouse gas emissions [1]. However, compared to
o . other modes of transport, shipping produces the
The shipping industry is the backbone of global o .
o ) . lowest emissions of CO, (Carbon Dioxide) per ton per
trade and the lifeline for island communities, )
] ] kilometer travelled.
transporting approximately 90% of the tonnage of all . L . . L
Still, emissions are expected to rise with shipping
demand and they could triple by 2050 if Ileft
unregulated. On 10 October, 2008, the MEPC (Marine
Environment Protection Committee) of the IMO
adopted the revised MARPOL (Marine Pollution)
73/78 Annex VI on air pollution from ships.
MARPOL is the International Convention for the

Prevention of Pollution from Ships. The sixth Annex,

traded goods, as estimated by the International
Chamber of Shipping. The energy source for the
propulsion of ships has undergone significant
transformations over the last 150 years, starting with
sails (renewable energy) through the use of coal to
HFO (Heavy Fuel Oil) and MDO (Marine Diesel Oil).
The consumption of these fuels has been increasing
over the years in line with the rising demand for i )
shipping. The IMO (International Maritime which came into force on 19 May, 2005 concerns the
Organization) estimates that between 2007 and 2012,

on average, the world’s marine fleet consumed

prevention of air pollution from ships and provides the
synthesis of specific emission control areas [2].

between 250 and 325 million tons of fuel annually, The aim of the IMO is to reduce emissions from

accounting for approximately 2.8% of annual global ships by switching from heavy fuel oils to light fuel

oils. The most recent regulations place restrictions on

Corresponding author: Theodora Tyrovola, chemical NOx (Nitrogen Oxides) and SOy (Sulphur Oxides)
engineer, M.Sc., main research fields: evaluation of the
lubricity of marine distillate fuels and research on alternative
and renewable marine fuels. the main international convention covering prevention

emissions from the seagoing ships. The MARPOL is
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of pollution of the marine environment from
operational or accidental problems of ships. The fuel
sulphur content decreases in the ECAs SO (Sulphur
Emission Control Areas), which is the Baltic Sea, the
North Sea and the English Channel, from 1.5% m/m
to 1% m/m from 1 July, 2010 and 0.10% m/m from 1
2015. At a global level, the highest
permissible sulphur content of fuel is reduced from 1
January, 2012, from 4.5% m/m to 3.5% m/m and 0.5%
m/m from 1 January, 2020.

The concentration of sulphur in marine fuel

January,

depends both on the degree of the refinement as well
as on the original sulphur content of the crude oil
processed by the refinery. The requirement for
maximum sulphur content of 0.10% m/m in fuel oil
used on board ships sailing or operating in the ECAs
(Emission Control Areas) from 1 January, 2015 means
in practice that it is not always effective to mix
residual fuel with distillate fuel and still meet this
limit in sulphur content. Recently, in an effort to
combine the low sulphur content with the more
preferable high viscosity of the fuel, a series of new
types of fuels have been introduced which are referred
to as ULSFOs (Ultra Low Sulphur Fuel Oils).
However, these products are not exactly included in
the relevant specifications and their availability is
currently limited compared to the conventional types.
Therefore, practically distillate grades as DMA
(Distillate Marine grade A), DMB (Distillate Marine
grade B) and DMZ (Distillate Marine grade Z) which
meet the ECA sulphur requirements remain the most

popular option.
2. Specifications of Marine Fuels

The International Standard EN (European Norme)
ISO (International Organization for Standardization)
8217 sets the requirements of petroleum fuels for use
in marine diesel engines and ship boilers, specifying
different distillate grades (Distillate Marine or DM)
and a number of residual grades (Residual Marine or
RM). The previous edition of standard EN ISO

The Introduction of Biofuels in Marine Sector

8217:2012 takes into account the main issues related
to the use of low sulphur distillate fuels [3].
According to it, fuels must be deprived from biofuels
except from the “de minimis” levels of FAME (Fatty
Acid Methyl Esters). The “de minimis” level for
distillate fuels was indicated as approximately 0.1
volume % FAME.

The demand for use of marine distillate fuels with
low sulphur content has led to further research and
data that
incorporation of FAME to specific grades of distillate

collection eventually permitted the
marine fuels supplied in the marine market (DF
grades). This is incorporated in the latest sixth
edition of ISO 8217:2017 which was put into force
earlier this year [4]. Eventually, new types of 0.1% S
(Sulphur) fuels are entering the market in response to
the 0.1% S ECAs SOy limit [4]. The sixth edition on
the EN ISO 8217 standard

requirements for distillate fuels to protect against

includes additional

cold operability issues as well. Hence, it offers
improved quality control and better protection
against operational issues while the introduction of
DF grades improves fuel oil availability in specific
ports.

FAME has

contaminant in all marine fuels, but the new grades

previously been regarded as a
allow bio-fuel blends containing up to 7% v/v FAME.
Marine distillates can also include hydrocarbons from
similar to the

synthetic or renewable sources,

composition of petroleum distillate fuels.

3. Alternative Fuels in Marine Industry

The
distillate fuels is still one of the major options for the

incorporation of biofuels in the marine
transition to a smarter and greener transport system
with low carbon footprint. Biofuels have already
entered the market, driven amongst other by their
potential to improve energy security and to contribute
to climate change mitigation.

Biofuels are one of the few technologies currently

available that have the potential to substitute oil and
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provide benefits to the transportation system. Biofuels
on their own cannot deliver a sustainable transport
system and must be developed as part of an integrated
package of measures, which promotes other low
carbon options and efficiency, as well as moderating
the demand and need for transport [5].

Biofuels are usually categorized as first, second and
third generation, based on the technology and/or the
raw materials that are utilized for their production. In
first generation biofuels, the carbon source comes
from sugar, lipid or starch which is directly extracted
from a plant. In this category, the following are
included:  biodiesel, vegetable fats, biogas,
bio-alcohols and synthetic gas. First generation
biofuels can offer substantial CO, benefits and can
help to improve domestic energy security. The
production of Ist generation biofuels is commercial
today, with almost 50 billion liters produced annually.
Nevertheless, 1st generation biofuels seem to create
great concerns about the environmental impacts and
carbon balances-reasons that set remarkable limits in
their production. The main disadvantage of first
generation biofuels is the food-versus-fuel debate and
one of the major reasons for rising food prices is due
to the increase in the production of these fuels.
Additionally,

non-cost-efficient emission abatement technology [6].

biodiesel is proven to be a
Second-generation biofuels can be broadly grouped

into those produced either biochemically or
thermochemically, either route using non-food crops,
especially form lignocellulosic feedstocks sourced
from crop, forest, or wood process residues, or
purpose-grown perennial grasses or trees. Such crops
are likely to be more productive than most crops used
for 1st generation, in terms of the energy content of
the biofuel produced annually per hectare (GJ/ha/yr)
[7]. In the second-generation biofuels, the following
are included: methyl esters derived from used cooking
oils, bio-oil, butanol, mixed alcohols, lignocellulosic
alcohol and HVOs (Hydrogenated Vegetable Oils). It

is anticipated that 2nd generation biofuels could

significantly reduce CO, emissions. Moreover, they
do not compete with food crops and some types of
them can offer better engine performance [8].
Third-generation  biofuels are based on
improvements in the production of biomass. This
technology takes advantage of specially engineered
energy crops such as algae as its energy source. The
algae are cultured to act as a low-cost, high-energy
and entirely renewable feedstock. Algae can be grown
using land and water unsuitable for food production,
therefore, reducing the strain on already depleted
water sources.
Liquid biofuels that are under consideration
generally in the marine section and specifically in
biodiese—FAME, HDRD
(Hydrogenation Derived Renewable Diesel) or HVO
and synthetic diesel BTL (Biomass to Liquid). Both

HVO and BTL are high quality synthetic renewable

this work are

diesel fuels.
3.1 Biodiesel or FAME

Biodiesel, which is defined as the monoalkyl esters,
mainly methyl esters (FAME), of long-chain fatty
acids derived from renewable biological sources, such
as vegetable oils or animal fats or waste cooking oils
by transesterification, is considered as a possible
substitute or extender of conventional diesel fuel.
Biodiesel should comply with the requirements set by
EN ISO 14214 which is a standard developed only for
FAME.

Due to its polar nature, biodiesel is considered to be
a lubricity improver and increases the lubricating
efficiency of low sulfur marine fuels. Therefore, it
reduces the wear of the components of the fuel
delivery systems. On the other hand, it can degrade
over time forming contaminants in the form of
peroxides, acids and other insoluble particles.
Biodiesel, especially in higher concentrations, can
dissolve certain nonmetallic materials such as seals,
rubber hoses and gaskets. It can also interact with

certain metallic materials, such as copper and brass.
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For an existing ship, the fuel system and engines may
have to be modified by changing out susceptible parts
with biodiesel—compatible components for safe

operation.
3.2 Synthetic Biofuels

Synthetic biofuels are defined as fuels that are
synthesized predominantly from synthesis gas
produced by cleaned and modified gas from thermal
gasification (such as partial oxidation) of biomass.
Synthetic fuels have several advantages because they
can be used without modification in the existing
engines and fuel supply. In addition, synthetic biofuels
are considered cleaner than traditional fuels due to the
removal of all contaminants so to avoid poisoning the
catalysts used in the processing [9].

There are several thermal and chemical processes
that can be used to produce synthetic hydrocarbons.
The main routes are:

Thermal gasification to syngas (a mixture of
hydrogen and carbon monoxide) followed by
upgrading by FT (Fischer-Tropsch) synthesis;

Thermal gasification followed by methanol
synthesis upgrading with MTG (Methanol to Gasoline)
or MOGD (Methanol to Olefins, Gasoline and Diesel)
processes;

Fast pyrolysis for gasification and subsequent
upgrading of the syngas;

Fast pyrolysis followed by wupgrading by
hydro-processing or zeolites;

Hydro-processing which uses hydrogen to remove
oxygen and other contaminants such as sulphur and
nitrogen from vegetable oil.

3.2.1 HVO

Hydrotreating of vegetable oils is a modern way to
produce high-quality biobased diesel fuels without
compromising fuel logistics, engines, exhaust
aftertreatment devices or exhaust emissions.

Hydrotreating of vegetable oils as well as suitable
waste and residue fat fractions to produce HVO is a

quite new but already mature commercial scale

manufacturing process. In this process, hydrogen is
used to remove oxygen from the triglyceride vegetable
oil molecules and split the triglyceride into three
separate chains, creating hydrocarbons which are
similar to petroleum diesel fuel components. This
allows blending in any desired ratio without any
concerns regarding the fuel properties.

Figures published by the “RED” (Renewable
Energy Directive) 2009/28/EC show that life cycle
greenhouse gas emissions of HVO are slightly lower
than those of FAME if both are made from the same
feedstock [10].
HVOs
hydrocarbons and are free of sulphur and aromatics

Chemical are mixtures of paraffinic
with considerably high cetane number and good
oxidation stability [11]. It has the highest heating
value of the existing biofuels and low tendency to
form deposits in the fuel injection system. In those
cases, an isomerization stage is included. HVO has no
cold operability issues with severe winter grades.

On the other hand, compared to FAME, there are
few companies that have invested to produce

hydrogenation derived renewable diesel, and
eventually, its current availability is still low. HVO as
well as BTL should meet the specifications contained
in EN 15940 for paraffinic diesel fuels.

3.2.2 BTL

BTL is a process that transforms biomass to a
usable form of biofuel. The production process is
based on FT synthesis for converting lignocellulosic
biomass into synthetic liquid hydrocarbons.

A great advantage of BTL is the fact that when
burned, it does not produce non-renewable carbon
dioxide. Therefore, BTL is carbon dioxide neutral and
has no impact on the enhanced greenhouse effect.
BTL can be blended with marine distillate fuel,
according to EN ISO 8217-2017, but there is more
experimental research to be done concerning the
optimum ratio of biofuel and marine distillate fuel that
will be aligned with the requirements of EN ISO

8217.
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4. The Use of FAME, HVO and BTL in
Marine Distillates

The percent of ester-type biodiesel fuel (e.g. FAME
derived from used cooking oil) that can be added to a
marine distillate fuel is up to 7% v/v. Neat biodiesel
contains almost no sulphur, so SO, exhaust emissions
are practically zero. Biodiesel blended with marine
distillate fuel at a predetermined percentage (up to 7%
of the

conventional marine fuels’ lubricity. The increasing

v/v) leads to remarkable improvement
addition of biodiesel in marine distillate fuel brings
significant improvement in the cetane index of the
resulting blends and in their ignition point. With the
percentage increase of biodiesel mixed with the
conventional marine fuel, the sulphur content of the
mixture is considerably reduced. The cold flow
properties of the blends (cloud point, pour point and
CFPP (Cold Filter Plugging Point)) are slightly
comprised by the addition of increasingly quantity of
biodiesel, since a slight increase in these properties is
observed [12].

The great concern with biodiesel lies among the
variant quality of the biofuel, the impact of the fuel
system components, the possible loss of the engine
manufacturer’s warranties, the unfavorable
hydroscopic properties, the impact on the cold flow
parameters and the limited long-term storage stability
[13].

By blending 10% of HVO into marine distillate fuel,
quality is not compromised while it reduces exhaust
emissions and enhances engine operation. In fact, the
fuel blends are proven to be of premium grade since
their cetane number is increased and the aromatic
content is decreased, resulting in reduced exhaust
emissions and satisfactory cold-start performance.
HVO fuel also contains almost no sulphur, so the SOy
exhaust emissions are practically zero. When blended
with marine distillate fuel in increasing proportions, it
lowers the sulphur content of the mixtures. HVO fuel
meets the diesel fuel specification and is as safe as the

diesel fuel. The cold flow properties in the case of

mixtures of marine distillate fuel with HVO are
remarkably improved since by gradually mixing
marine distillate fuel with hydrogenated vegetable oil,
the resulting mixtures exhibit better cold properties
and they can be used in more sever conditions.

The lubricity of neat HVO corresponds to that of
sulphur-free fossil diesel and GTL (Gas to Liquid)
diesel fuels. Without any lubricity additives, the HVO
HFRR (High Frequency
Reciprocating Ring)-ISO 8217 requirement of < 520

does mnot meet the
um for protecting fuel injection equipment against
wear. So, when blended with marine distillate fuels, it
cannot enhance the lubricity of the resulting mixtures.
As it is already mentioned, FAME addition is proven
to amend lubricity properties in ultra-low sulphur
marine distillate fuels. This trade-off in marine
distillate’s properties for blends with FAME and
renewable diesel is indicative that both fuels could be
used simultaneously and complement each other in
marine diesel fuel blends.

Both HVO and BTL are paraffinic diesel fuels with
several fuel advantages over transesterified lipids.
HVO and BTL have higher cetane number, implying
easier ignition and more efficient combustion, better
storage stability, better cold properties and less
tailpipe NOy emissions. They also have higher
renewability fraction of the fuel (97%-98% and
renewable mass inputs versus 90% renewable mass
inputs of transesterified lipids). In case HVO is
produced from waste feedstock with low upstream
impacts, the high conversion efficiency of the HVO
production process will make HVO the preferred fuel
to BTL from any woody feedstock, even woody

waste.
5. Conclusion

Strict regulations on emissions and reports on
harmful effects associated with the use of traditional
marine fuels are driving the marine industry to adopt
alternatives fuels.

Many ship operators, with

present-day propulsion plants and marine fuels, cannot
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meet the new regulations without installing expensive
exhaust after treatment equipment or switching to
low-sulfur diesel, ultra-low-sulfur residual or
alternative fuels. All of them contain properties that
reduce engine emissions below mandated limits but
impact bottom-line profits.

Thus, the search for alternative fuels which will
satisfy fully or partially the new emission regulations
and sulfur limits without compromising the economy,
has been brought to limelight worldwide.

The shipping industry is starting to understand the
potential of truly sustainable biofuels as an emerging
solution. Driven by both regulatory and market factors,
biofuels could make up 5-10% of the total global
marine fuel mix by 2030. For the market to properly
embrace marine biofuels as a viable long-term
solution, they must be comparable and compatible
with current shipping fuels. They must also be truly
sustainable, adhering to principles concerning all
biofuel

environmental, social, legal, local and global effects of

aspects of the chain, including the
biofuel extraction, production and delivery.

The commercial marine use of biodiesel involves
compression ignition engines, boilers and gas turbines.
Biofuels are sulphur-free; thus, their uses can reduce
the SOy problem from shipping. The emissions of
particulate matter will be also significantly reduced
resulting in a reduced health risk and finally only
renewable CO, will be emitted during combustion.

The increased awareness of human induced
environmental crisis has created an interest in using
cleaner renewable energy instead of fossil fuels.
Marine transport is one of the sectors with the fewest
available alternatives to fossil fuels [14]. On a
technical level, the introduction of alternative fuels is
accompanied by additional complexity, in the areas of
fuel supply infrastructure, rules for safe use of fuels on
board and operation of new systems. Over the last
years, barriers for biofuels deployment have moved
from the biofuels technology to policy and financing.

Commercialization depends on political leadership

and adequate policies. It is recognized that innovative
energy technologies are not yet cost-competitive
against conventional biofuels and fossil fuels, which

they aim to displace.
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1. Introduction

The purpose of this work is to present a modified
model of internalization the external costs caused by
the operation of a manufacturing unit in conjunction
with the new reality created. The environment is
characterized as a public good. Public goods are goods
that provide benefits for society as a whole or part of
it, usually regardless of whether the individual people
are willing to pay to have these benefits. All entities,
whether individuals or businesses or public agencies,
have some financial resources with which they seek to
achieve specific objectives (e.g. profit maximization)
[1, 2]. To achieve a specific objective, usually there
are many alternatives and possibilities. To be effective,
i.e. to utilize the existing resources in the best manner
should be selected that the

maximizes the desired outcome or minimizes the

possible, solution
required sacrifices [3].

The procedure for the selection process is called
optimization or maximization. In the business world,

almost all the decisions may be considered as

Corresponding author: Odysseas Kopsidas, Ph.D., main
research field: environmental economics.

optimization problems. The optimization can be
applied to maximize the profit and minimize the cost
of production [4].

2. The Problem Formulation

The optimization without constraints means that a
business seeks to maximize the benefits or minimize
costs without putting constraints on resources that will
be used. The optimization effort can be not only one
but several things simultaneously, so the problem
becomes more complicated. There is a problem with
optimization constraints when seeking to maximize
utility or minimize the cost of an activity with the
restriction that is certain pore size to be placed. The
individual seeks to maximize his own benefit, cares
only for his private benefits and costs and is utterly
indifferent to the consequences of acts of other
members of society. The relationship between risk and
expected return is the key to whether or not to an
investment [5].

Often, projects or activities have external effects,
which involve social costs or benefits, in addition to
the private external influences, because they are

internalized in market prices and create tension
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between market prices and social benefits or costs.
CBA (Cost-Benefit
Analysis) identifies and quantifies the benefits and

The economic analysis or
costs of an activity or policy, and considers whether it
is appropriate and beneficial implementation of the
whole economy and society.

To properly place a CBA should make all sizes
reflect the image of society. The various inputs and
outputs that occur on a project from markets can
function effectively or not. When markets function
efficiently, the use of the purchase price is good
approximation of the social cost. When you come
from markets which are not operated effectively, the
price does not reflect the true social costs on them [6].

3. Methodology

Using the CBA, all critical parameters problem
attributed to a which
facilitates decision making process. The basis of

single base assessment,

evaluation is to compare benefits and costs. If the
benefits are larger, then the project (or activity) is
socially desirable. “Weak” Treaty Pareto is that a
project or a policy measure is socially acceptable
when improving the welfare of every member of
society. “Strong” condition Pareto is that a project or a
policy measure is socially acceptable when ensure
improved welfare even one person without reducing
the welfare of another. The Pareto principle is based
on individual conception of welfare, whereby the
people regarded as the best exponents of their own
prosperity through their options. It has limited use,
since there is almost no action to improve [7, 8].

The search for suitable instruments or for the best
possible combination of the use of command and
control and of economic instruments nowadays
constitutes one of the most complex points of
discussion on environmental economics. The
environmental reassessment of economic procedures
and the change in production and consumption of
non-conservation friendly models, which constitute

the fixed position of the EU (European Union) and the

OECD (Organisation for Economic Co-operation and
Development), could be achieved by using suitable
economic instruments. Authors are focalising the
present study on environmental taxes, the most
well-known and widespread category of economic
instruments, by studying the advantages and
disadvantages of their enforcement. Next, authors will
present the experience at an international level,
focusing on their use as well as the consequences on
international competitiveness.

According to the first theorem of economic
prosperity, under certain conditions, a competitive
economy guarantees a Pareto-optimal economic
outcome. In other words, a competitive market leads
to allocations of resources to the property that any
position cannot improve or worsen the position of
another. This allocation is done automatically through
the price mechanism, e.g. where there is a demand, the
price goes up and when there is a bid price, it falls.
The adjustment of prices solves the problem of
distribution of goods. The second fundamental
theorem states that through the competition of firms
that have objective, the maximization of profits and
consumers who view they maximize the benefits can
be excellent distribution of resources regardless of the
initial distribution. Therefore, it is necessary to have a
central designer to decide who gets what in the
economy. In fact, the free market can lead to great
disparities that can be removed by state intervention

(e.g. taxation).
4. Problem Solution

The externalities or the external economies occur
when a person acts or a business affects other people
or companies when a company imposes a cost on
others but does not compensate, or end, or when a
company brings benefits in other businesses but does
not receive remuneration for providing this benefit. It
is distinguished two types of externalities, public e.g.
air pollution, the water that affects the welfare of
many people and private e.g. a person casts trash in
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the yard of neighbour (This movement affects the
welfare of the neighbour and any other). The cases
where the activity of an individual or business
costs on others refer to as

imposes negative

externalities or external costs. When positive

externality is induced in the production of a
commodity, the social costs production is less than the
private cost. The optimal quantity of good ‘Q’
optimum is greater than the equilibrium quantity ‘Q’
market. Notice that in both cases, it is used for either
external charges, or external economies; the price
mechanism does not give enough information to the
recipient of decisions. In one case, the values do not
represent the actual cost and the other does not
represent a real benefit. It is said market failure.
According to Classic Economic Theory, taxation is an
effective tool for addressing the external charge.
Unlike the modern economics is as a way of
supporting externalities awarding property rights over
natural resources. It is argued that if the contaminant
obtains a right of victims of pollution, then pollution
will pay the first to stop or reduce the polluting
activity. Unlike the pollutants to be able to benefit
from the natural resource should compensate the
victims, which have acquired the right to operate.

When there is a clearly defined system of property
rights, the market mechanism will lead to an efficient
allocation of resources. In environmental policy, the
polluter (whether company or individual, or the State)
pays applicable in several countries in the world. This
is automatically an incentive to reduce pollution at
least at the level where the marginal cost of reducing
pollution equals the marginal cost of damage causing
this pollution. Also, many countries apply the system
of subsidies for the pollution control. This suggests
that property rights are particularly important in the
formation of environmental policy.

Economic theory emphasizes the importance of
ownership of natural resources and negotiations
between those resources which pollute and those who
suffer from pollution. In particular, the passage of

regulatory approach to environmental protection,
which was based mainly on the use tools of direct
intervention on the strategic and integrated approach,
requires an overall strategy for sustainable
development.

Environmental redefinition of economic processes
and changing unsustainable patterns of production and
consumption cannot be achieved with tools to
intervene directly, but rather the use of economic tools.
The same should be accepted and to solve the
environmental problems of the second generation,
such as climate change, biodiversity loss and soil
erosion, as taking effective measures in this direction
requires the use of other tools except those of direct
intervention. The key feature of economic instruments
is that the type of conduct which guides the operators
of production processes associated with a particular
economic advantage. The logic function consists in
particular to internalize partially or completely, of
externalities i.e. the impact on the environment, which
is secondary effect of production processes and
consumption and which is not calculated as a cost to
those who cause it. This is also an established position
in economic theory. It should also be noted that all
financial instruments do not show the same degree of
compatibility with the market mechanisms.

These tools provide economic incentives for
environmental change behaviour either through direct
changes in the levels of prices and costs through fees
products, duties on carbon or on raw materials, or
through indirect changes in prices or the costs through
financial and fiscal instruments such as direct
subsidies, loans or ending through creating new
markets for environmental goods, such as tradable
licenses, etc.. The production and consumption of
goods and services have created adverse impacts on
the environment. Starting thus with the principle “I
live, so befoul” and realizing that one cannot speak for
the elimination of pollution, the problem lies in “how
much pollution”. In other words, what will be the

“optimum” level of environmental pollution or
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environmental protection from pollution, based on
various economic, technological, social, psychological
and other parameters that apply to a society in a given
period?

The environmental degradation may be defined in
economic terms, as external costs. The internalization
of these costs occurs when polluters pay a tax or a fee.
A tax or fee is defined as the payment for each unit of
pollution deposited degradation. The main economic
reason for using taxes in environmental policy is the
integration of the costs of pollution and any other use
of the environment on commodity prices and services
produced by economic activities. Such costs are called
‘externalities’, because they are side effects of
economic activity and not part of the prices paid by
producers or consumers who are directly involved.
The calculation of the economic value of externalities
is not easy. For example, recent calculations show that
the external environmental costs of road transport,
such as increased costs resulting from air pollution,
climate and disturbance from noise are quite large and
growing.

These 40 externalities cost the EU an average of
about 5.5% of GDP (Gross National Product). If you
include the costs associated with accidents, costs are
as high as 7.8% of GDP. An environmental tax tries to
incorporate  these external costs on prices
(‘internalising externalities’) so that both social and
private costs come closer. The better prices allow the
markets to work more efficiently, leading to a
reallocation of resources under ‘fair and efficient’
through  the

Environmental taxes also help in implementing the

prices redistribution of  costs.
principle ‘the polluter pays’, after facing those who
cause pollution to the full costs of polluting their
activity. In practice, there is little or no agreed data on
the economic costs of externalities or their distribution
and therefore, the people making policies determine
the price environmental taxes on those levels that they
believe will achieve their goals of their policy.

taxes on

The impact of environmental

competitiveness is an issue which is constantly on the
agenda of discussions. The potential adverse effects
on international competitiveness concern to designers
of environmental policy when considering their
application in energy and other products related to
environmental problems. Some factors affecting the
efficiency of environmental policy and effects on
international trade are the size of its economy and its
influence on pricing internationally.

The solution of environmental problems was used
in system direct control (strategy command and
control). The inability of the system for control and
imposition of rules by the State in conjunction with
the economic inefficiency characterizing the system
cost of pollution control, led to the shift environmental
policy, adopting economic tools to solve them.
According to experience so far, financial tools can act
as flexible, efficient and effective mechanisms under
environmental

certain circumstances to achieve

objectives.
5. Case Study

The size of the external economy is estimated
approximately by the method of the CVM (Contingent
Valuation Method). The CVM is a survey-based
technique, frequently used in experimental economics,
especially useful for the valuation of non-market
resources/goods/services and cultural heritage objects
(of aesthetic, historic, scientific or social value), such
remains and

as conservation of monumental

preservation of the physical and anthropogenic
environment. The basic dependent variables used in
CVM are (i) WTP (Willingness To Pay), which is the
maximum monetary amount that an individual would
pay to obtain/preserve a good; and (ii) WTA
(Willingness To Accept) compensation, which is the
minimum monetary amount required to relinquish the
good. Therefore, WTP provides a purchase price,
relevant for valuing the proposed gain of the good
while WTA provides a selling price, relevant for
valuing the proposed loss of the good. According to
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classic economic theory, a significant difference
between WTP and WTA should not occur, on
condition that there is (i) no transaction cost; (ii)
perfect information about goods/services and
corresponding prices; (iii) no income effect; (iv) a
market that truthful

preferences. Although these conditions were generally

engenders revelation of
met in several economic experiments that used
inexpensive market goods with readily available
substitutes, the ratios WTA/WTP obtained were
significantly greater that unity. This result was
attributed to the fact that participants in these
experiments lacked market experience.

In case that the CVM is applied for monumental
remains, certain specific problems arise, because (i)
the ‘good’ under examination has a subjective value,
dependent on the cultural level of each reviewee; (ii)
the intangibles associated with this ‘good’ are related
to the present political behavior of each individual as
regards his/her attitude to the local authorities or the
central government; (iii) as a result, the answers may
be biased, a matter that becomes evident only after
final statistical processing, thus calling for
supplementary information, possibly by means of an
additional  post-questionnaire; and  (iv)  the
adopted/developed (for elicitation of people’s WTP)
technique itself should be revised (possibly by means
of a meta-questionnaire) by the same group of experts
who processed the answers in order to improve the
questionnaire and store it into a dedicated KB
(Knowledge Base) for future usage, since each
monument is unique and the results coming from

examining quasi-similar cases are of limited value.
6. Results

The sample N-valid is 100 responses regarding the
WTP and N-missing is null. The descriptive statistics
provide helpful information on the percent frequency
of the WTP-value: 36% of the sample suggested WTP
=0 €, 16% agreed with WTP = 1-10 €, 10% accepted
WTP = 11-50 €, 20% mentioned WTP = 51-100 €,

while 18% was willing to pay > 100 €.

One of the principle descriptors investigated in the
main study concerns Xs, i.e., the preference of the
interviewees about the options (i) leave the situation
as it is; (i1) perform only the necessary remediation; or
(iii) proceed with radical restoration. Option (i) has
been selected only by 12.5% of those that stated WTP
=1-10 €, which gives a 2% of the total sample. Option
(i1) is agreed by 51% of the total sample, i.e., 61.1%
of those with WTP = 0, 37.5% of those with WTP =
1-10, 40% of those with WTP = 11-50, 70% of those
with WTP = 51-100 and 27.8% of those with WTP >
100. Option (iii) has been proposed by 47% of the
interviewees, i.e., 38.9% of those with WTP = 0, 50%
of those with WTP = 1-10, 60% of those with WTP =
11-50, 30% of those with WTP = 51-100 and 72.2%
of those with WTP > 100.

It is worthwhile noting the relation between WTP
and preference on restoration options. The interviewees
that are willing to pay significant amounts tend to
prefer a mild intervention, while those that agree with
minimal to null amounts demand radical intervention.
The latter group also considers any contribution of
theirs to restoration as unfair judging that this
expenditure should be covered exclusively by the
State. From a socio-psychological point of view, this
attitude may reflect extreme personalities with a
tendency to holistic and pure solution (i.e., no mixed
strategy involving people and the State is acceptable
by interviewees who considered themselves as having
no further obligations after regular tax-paying); as a
result, they think that the State is exclusively
responsible to resolve the situation.

In the case of restoration of the natural environment
at three lakes in northern Greece, the WTP method is
used to compute approximate external economies. The
preservation/restoration of natural environment is
frequently entailing excessive cost (paid by people
through taxation), while it is a source of additional
income for both, the State and the people, due to
tourism. Since the evaluation of this good cannot be in
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market terms, it is applied here in a modified version
of the CVM, which is used in experimental economics
in order to investigate the significance that people put
on this good and how much they might be willing to
pay for supporting activities concerning the
preservation/restoration of Lake Kastoria. The WTP
(i) the

expectations for property values’ rise as a result of the

depends on (i) external diseconomies;

restoration; (iii) the proximity of interviewees’
residence to the lake; (iv) the opinion of the
interviewees; and (v) the time and money the
interviewees spent for visiting the lake.

The survey sample consisted of 51.25% women and
48.56% men, the majority between 26 and 35 years
old, since young people were more willing to
participate in the survey; 27.5% of the respondents
hold a university degree, whereas 37.50% had high
school education. The majority of the interviewees
belonged to the intermediate income class and enjoyed
full-time employment. About 50% of the respondents
live or work in close proximity of the lake; however,
average WTP does not differ significantly with
proximity or distance. Given that extensive media
coverage during the recent years, most people were
well aware about the problems of the lake. When
respondents were asked to assign a level of
importance to the protection of the lake on a 3-point
scale (very, enough and slightly), 93.75% placed it at
the highest scale, 11.25% at the medium scale and
only 5% at the lowest.

The survey examined, among other factors, the
attitude of citizens towards the general environmental
problems of the area and the benefits that would
derive from restoring the lake’s ecosystem. The
majority of the interviewees allocate the responsibility
of environmental degradation to the failure or limited
capacity of the State and local authorities, whereas
they support all of the restoration activities proposed,
with 69.03% giving high priority to biological
agriculture for decreasing the input of chemical

contaminants.

Economic valuation is a two-part process in which
the first part (demonstration) displays and measures
the economic value of environmental assets, while the
second part (appropriation) finds ways to capture the
value. The present survey has managed to demonstrate
the economic value of preserving Lake Kastoria; the
appropriation of this value requires policies, rules and
regulations on the part of concerned agencies and
institutions.

The WTP, a so-called ‘restoration fee’, which is
actually a ‘user’s fee’, indicates the possibility of fund
raising from the community, especially when lake
restoration is linked to tourist economy. On the other
hand, non-use values for the lake, which this study
shows to be substantial, can be captured through
appropriate policy instruments. Designing appropriate
policy instruments is one big task in itself and there
are possible options to be considered like voluntary
contribution or council taxation. Since education is a
determinant that increases WTP in the medium/long-run,
future surveys should target schools, colleges, and
universities in the area, so as to increase potential
‘capturable’ non-use values and acquire relevant
information useful for sensitizing young people.

In conclusion, in this analysis, it is demonstrated
that social science research can provide useful
policy
problems such as the restoration of a lake system.

information for complex environmental
Policy analysis for such cases is especially difficult

because  these  systems  provide  multiple,
interdependent services that vary by type of lake,
location, ecohydrological management and other
factors. The work presented herein has been proven a
useful comprehensive tool for determining the realistic
cognitive burden for stakeholders and third parties.

In the case of restoration of the natural environment
in industrial areas on the outskirts of Athens, the
method is used to calculate WTP external economies
as well. So during the last three decades, there has
been growing interest in developing methods for

assessing the preferences (of experts, stake holders,



428 Economic Analysis of the Internalization the Externalities in Environmental Goods

community/organization members and independent
individuals) for environmental quality.

This framework described above has been
implemented in three cases at sites close to Athens
(Lat. 37°58°42.22” N, Long. 23°43°01.12” E),
referring to (i) the towns/ports Agioi Theodoroi (50.94
km south of Athens, Lat. 37°55°44.55” N, Long.
23°08°25.96” E) and Khalkis (54.87 km north of
Athens, Lat. 38°27°47.06” N, Long. 23°35°29.78” E),
where the source of pollution is an oil refinery and a
cement production unit, respectively; and (i1) the small
industrial city/port (actually a suburb 18.04 km to the
south of Athens) of Eleusina (Lat. 38°0.2°36.09” N,
Long. 23°32°31.63” E), where there are several
sources of pollution.

In the town of Agioi Theodoroi, a quarter of the
interviewees behave in an absolutely passive mode,
while the rest exhibit a consistent attitude willing to
pay or accept a rather small amount of money;
nevertheless, 35% of them are in favor of relocation,
possibly because they have interests with real estate or
business associated with tourism. In the town of
Khalkis, although 37% of the interviewees are not
willing to pay, the corresponding percentage for WTA
is negligible while the rest WTA-percentages are
considerably high and in good agreement with the
results for WTR (Willingness To Relocate).

In the small city of Eleusina, the absolutely passive
percentage is quite high for both, WTP and WTA
(46% and 67%, respectively), but 47% of the
interviewees are in favor of relocation; this can be
attributed to the high price of land in this suburb of
Athens; the think they can take

advantage from changing the use of land from

interviewees

industrial to urban, while they believe that the
industrial units, where most of the inhabitants work,
will relocate to a nearby place, quite accessible

without entailing excessive transportation cost.

7. Discussion and Concluding Remarks

In this paper, it is considered that the natural

environment as a public good and environmental
pollution as an external economy fails the price
mechanism to internalize. In all three cases, the
approach of foreign trade was with the CVM and
calculated the external costs generated by the
degradation of the environment from the responses of
respondents in monetary units. Respondents answered
without knowing it was the environment to its original
condition and did not expect it to return to its original
form. In the case of archaeological monuments,
residents have built their buildings. In case of lakes,
respondents have developed an urban way of life
around the lakes. In the case of industrial units,
residents have supported throughout the local
economy on them. The initial state of the environment
is unknown and undefined. Human works and
buildings create new values in the region and therefore,
the external costs can be measured only with the
expected quality of the environment and this is not
lost. Allowances, taxation and value of land use are
calculated solely on the expected image of the
landscape.

Therefore, the Pareto optimal socioeconomic lines
status is defined according to the new form of
environment created after the regeneration of areas
state of the

environment. In any case, the society wants to reach

and not according to the initial

the minimum point of the charge received from the
pollution and what can be achieved by the ‘invisible
hand’, but the regulation and government intervention.
History has shown that the charge received by the
society, because of pollution varies with the

socioeconomic status of citizens. The more

low-income residents are, more elastic the loss of the

natural environment is.
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