
O

E
s

A
M
P
G
a

S
b

A
c

B
d

B
e

B

a

A

R

R

1

A

A

K

B

U

P

C

S

h
1

reports of practical oncology and radiotherapy 2 1 ( 2 0 1 6 ) 129–134

Available  online  at  www.sciencedirect.com

ScienceDirect

jou rn al hom ep age: ht tp : / /www.e lsev ier .com/ locate / rpor

riginal research article

xperimental  set  up  for  the  irradiation  of biological
amples and  nuclear  track  detectors  with UV  C

gustina Mariana Portua,b,∗, Andrés Eugenio Rossinia,1,
ario  Alberto Gadanc, Omar Alberto Bernaolaa,2, Silvia Inés Thorpc,

aula Curottod, Emiliano César Cayetano Pozzid, Rómulo Luis Cabrinia,e,
isela Saint Martina

Department of Radiobiology, National Atomic Energy Commission (CNEA), Av. General Paz 1499, B1650KNA,
an Martín, Buenos Aires, Argentina
National Research Council (CONICET), Av. Rivadavia 1917, C1033AAJ, Ciudad Autónoma de Buenos Aires,
rgentina
Department of Instrumentation and Control, CNEA, Presbítero Juan González Aragón, B1802AYA Ezeiza,
uenos Aires, Argentina
Department of Research and Production Reactors, CNEA, Presbítero Juan González Aragón, B1802AYA, Ezeiza,
uenos Aires, Argentina
Faculty of Dentistry, University of Buenos Aires, Marcelo T. de Alvear 2142, C1122AAH, Ciudad Autónoma de
uenos Aires, Argentina

 r  t  i  c  l  e  i  n  f  o

rticle history:

eceived 22 April 2014

eceived in revised form

0 July 2014

ccepted 10 October 2014

vailable online 4 November 2014

eywords:

a  b  s  t  r  a  c  t

Aim: In this work we present a methodology to produce an “imprint” of cells cultivated on

a  polycarbonate detector by exposure of the detector to UV C radiation.

Background: The distribution and concentration of 10B atoms in tissue samples coming from

BNCT (Boron Neutron Capture Therapy) protocols can be determined through the quan-

tification and analysis of the tracks forming its autoradiography image  on a nuclear track

detector. The location of boron atoms in the cell structure could be known more  accurately

by the simultaneous observation of the nuclear tracks and the sample image on the detector.

Materials and Methods: A UV C irradiator was constructed. The irradiance was measured
NCT

V-C

along the lamp direction and at different distances. Melanoma cells were cultured on poly-

carbonate foils, incubated with borophenylalanine, irradiated with thermal neutrons and

exposed to UV C radiation. The samples were chemically attacked with a KOH solution.
olycarbonate detectors
ell imprints Results: A uniform irradiation field was established to expose the detector foils to UV C light.

Cells could be seeded on the polycarbonate surface. Both imprints from cells and nuclear

tracks were obtained after chemical etching.
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Conclusions: It is possible to yield cellular imprints in polycarbonate. The nuclear tracks were

mostly present inside the cells, indicating a preferential boron uptake.

©  2014 Greater Poland Cancer Centre. Published by Elsevier Sp. z o.o. All rights reserved.
1.  Background

Boron Neutron Capture Therapy (BNCT) is a cancer treatment
modality based on the high thermal neutron capture cross sec-
tion of 10B and the high linear energy transfer (LET) radiation
of the particles emitted in the reaction. Nontoxic tumor-
seeking boron compounds are administrated to patients and
the region to be treated is exposed to a thermal/epithermal
neutron flux. Due to the short path of the emitted particles,
a lethal damage is produced on tumor cells, preserving sur-
rounding normal tissue.1

The precise knowledge about the location of boron com-
pounds in tumor and surrounding tissue is essential in order
to optimize the treatment protocol. The variety of tissue
structures will accumulate different amounts of boron and
this will affect dose distribution. Dosimetric effect of tis-
sue heterogeneity has also been reported for other radiation
therapies.2,3

The neutron autoradiography can provide this essential
information.4 This methodology is based on the superposition
of a biological sample and a solid state nuclear track detec-
tor (SSNTD). When the assembly sample-detector is irradiated
with thermal neutrons, the detector registers the damage
(nuclear tracks) produced by the alpha and lithium particles
originated in the neutron capture reaction with the boron
atoms present in the sample. As alpha and lithium particles
are ejected in opposite directions, only one of them is regis-
tered in the detector per each 10B reaction making it possible to
localize the emission place in the sample. In this way the dis-
tribution and concentration of 10B atoms in biological samples
can be determined through the quantification and analysis of
the tracks forming its autoradiography image  on the SSNTD.5

As a chemical attack is necessary to enlarge the damage and
convert it to observable tracks, the biological sample is lost in
the etching process. For this reason, a methodology based on
the use of a reference system have been developed,6 to cor-
relate the histological and the autoradiographic images for a
better determination of local boron concentration values.

However, the location of boron atoms in the cell struc-
ture could be known even more  precisely by the simultaneous
observation of the nuclear tracks and the sample image
on the detector. Sophisticated techniques of high resolution
autoradiography7 can be found in the literature, but an attrac-
tive alternative is the detector sensitization with UV C, in order
to create reliefs in the SSNTD. This work had been proposed
for culture cells in polyallyldiglycol carbonate and combined
with special observation methods.8–10

2.  Aim
The advantages of polycarbonate for neutron autoradio-
graphic studies of samples coming from BNCT protocols were
previously demonstrated,11,12 so we present here the exper-
imental setup to produce an “imprint” of cells cultivated on
a polycarbonate detector by exposure of the detector to UV C
radiation.

3.  Material  and  methods

Cells of a human metastatic line of melanoma (MELJ) were
seeded on polycarbonate foils (LexanTM) of 250 �m thickness.
The detectors were cut with circular shapes in order to fit
in the base of Petri dishes (diameter: 60 mm).  They were
incubated with borophenylalanine (BPA, 10 �g/L) for 4 h, and
then washed and fixed. Glutaraldehyde and Methanol were
tested as fixation solutions. Previous studies reported 10B
concentrations in blood during BNCT treatments calculated
as the mean of measured values just before and after BNCT.
The values were among 3 and 9 ppm of boron in blood.13

The concentration of 10 ppm of boron in the medium of cells
cultures adopted in our study represents a value close to
those above mentioned values determined in blood samples
during clinical treatments.

As shown in Fig. 1, the samples were attached to Lexan
films of 9 cm × 13 cm and fixed to an acrylic container, in
order to expose them to the thermal column of the biomed-
ical facility of the RA-3 Reactor (Ezeiza, Argentina).14,15

Two neutron fluences were evaluated: 1012 n cm−2 and
1013 n cm−2.

The neutron flux was assumed to be uniform. Neutron flux
was previously measured using a SPND (Self Powered Neu-
tron Detector) and the uncertainty in the delivered neutron
fluence is 8%. A UV C irradiator was built with a 254 nm wave
length lamp (G15T8, General Electric, USA) of 15 W.  A wooden
container with a sample holder was fabricated and painted
with opaque black coating, in order to absorb light. The dose
was evaluated as a function of the distance from the lamp.
The uniformity of the irradiance along the lamp and in the
transversal direction was also analyzed in order to establish
the field where the samples would receive a uniform dose.
A UV C radiometer (Extech 40736C) was used for this pur-
pose. A scheme of the UV C irradiation facility is presented in
Fig. 2.

The samples were divided in sections of about 2 cm × 2 cm,
exposed to the UV C lamp for 8 h, stained with hematoxylin
and explored with increasing magnification (1.25×, 10×,  20×,
40× and 100×) with a light microscope (Olympus DP70). Ref-
erence points were established on different regions in order
to localize them after the chemical etching and correlate the
cellular images with its corresponding autoradiographies. For

this purpose, the foils were drilled with a drill bit (diameter:
0.5 mm).  The lateral resolution using the reference points is
≤10 �m.

dx.doi.org/10.1016/j.rpor.2014.10.003
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Fig. 3 – Longitudinal profile, at several distances from the
UV-C lamp.

Fig. 4 – Transversal variation of the irradiance, at several
Fig. 1 – Irradiation assembly.

The foils were processed with PEW solution (30 g KOH, 80 g
thyl alcohol, 90 g distilled water) at 70 ◦C for 3 min. Pictures
f the previously explored regions were taken.

.  Results  and  discussion

 stabilizing time of 30 min  was established for the UV C lamp
fter being turned on. The results of the irradiance measure-
ents are shown in Figs. 3 and 4. It can be observed from

ig. 3 that the irradiance remains approximately constant in
he central region of the lamp for all the evaluated distances.
ariations are around 10% for the distances closer to the lamp

1.5 cm and 3.5 cm). This fact allowed determining a longitu-
inal extension of 15.0 ± 0.2 cm of uniform field.

In Fig. 4 important variations in the irradiance were mea-
ured in the transversal direction (perpendicular to the lamp).
t 4 cm from the central point, the irradiance is 50% lower.
hese observations led to the need to align the samples in the
irection of the lamp (uniform field: 1.0 ± 0.2 cm). Given that
he samples are small, a uniform field can be assumed inside
hem. A distance from the lamp of 1.5 ± 0.2 cm was chosen and
he foils were irradiated for 8 h.

The glutaraldehyde fixation process seemed to be the
ost convenient to avoid cell shrinkage. In Fig. 5, an exam-
le of the exploration process is presented. On the left, the
tained culture images matched with the cell imprints of the
ame zones (obtained after the etching) that appear on the

Fig. 2 – UV C irradiation facility sch
distances from the UV-C lamp.

right. At low magnification, the reference marks can be local-

ized. At greater magnification, it can be observed how the
imprints reproduce the cells morphology. The reference points
being circular holes, their centers were taken into account to

eme. Lamp diameter: 2.7 cm.

dx.doi.org/10.1016/j.rpor.2014.10.003
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Fig. 5 – Exploration process. MEL  J cells cultured on Lexan and stained with hematoxylin (left) and cell imprints after 8 h of
UV C exposure (right), at increasing magnification (1.25×, 10×,  20×,  40× and 100×). Etching time: 3 min.

dx.doi.org/10.1016/j.rpor.2014.10.003
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Fig. 6 – Cells and imprints. (a) MEL  J culture incubated with BPA (10 �g 10B/mL) and stained with hematoxylin. (b) Cellular
imprints. (c) Same field as (b), focusing on nuclear tracks. 8 h of UV C, 3 min  etching with PEW at 70 ◦C. Original
magnification: 100×.
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Fig. 7 – Cells imprints in (a) a mo

stablish the origin of coordinates. Moreover, the imprints
llow a better correlation of the autoradiography with its cor-
esponding image  of the culture.

Sensitization of the detector by UV C irradiation produces
 photodegradation of the polymer.16 As a consequence an
mprint of the biological material is formed, which reproduces
he cellular and nuclear contours. As an example, Fig. 6(a)
nd (b) show regions of a cellular culture and its relief image,
espectively. Tracks appear as bright points. By varying the
ocus, they can be clearly identified as black dots (Fig. 6c).

Regions where cells form a monolayer were paler (Fig. 7a)
han those zones where there is cellular superposition (Fig. 7b).

 neutron fluence of 1013 n cm−2 was chosen in order to obtain
ore events per cell. The etch pits seemed to be mostly

resent inside the cells, indicating a preferential boron uptake.

.  Conclusions

ultures were able to grow on polycarbonate, but cell over-
apping should be avoided. An irradiation system was set up
nd characterized. The first irradiation and etching conditions

ere tested, yielding cell imprints observable on polycarbo-
ate surface. Future work will focus on determining the
ptimal conditions to obtain high contrast images of imprints
nd nuclear tracks.
yer and (b) superimposed cells.

Conflict  of  interest

None declared.

Financial  disclosure

This study was supported by a grant from the Florencio Fiorini
Foundation.

Acknowledgements

The authors are grateful to Eng. Lucas Provenzano for assis-
tance in graphic design.

 e  f  e  r  e  n  c  e  s

1. Barth RF, Vicente MG, Harling OK, et al. Current status of
boron neutron capture therapy of high grade gliomas and
recurrent head and neck cancer. Radiat Oncol 2012;7:146.

2. Kawa-Iwanicka A, Lobodziec W,  Dybek M, Nenko D, Iwanicki

T. Dose distribution homogeneity in two  TBI
techniques-Analysis of 208 irradiated patients conducted in
Stanislaw Leszczynski Memorial Hospital, Katowice. Rep Pract
Oncol Radiother 2012;17(6):367–75.

dx.doi.org/10.1016/j.rpor.2014.10.003
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0005
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0005
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0005
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0005
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0005
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0005
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0005
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0005
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0005
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0005
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0005
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0005
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0005
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0005
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0005
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0005
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0005
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0005
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0005
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0005
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0005
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0005
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0005
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0005
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0005
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0005
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0005
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0005
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0005
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0005
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0005
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0005
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0005
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0005
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0005
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0005
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0005
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0005
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0005
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0005
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0005
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0005
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0005
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0005
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0010
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0010
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0010
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0010
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0010
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0010
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0010
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0010
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0010
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0010
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0010
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0010
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0010
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0010
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0010
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0010
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0010
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0010
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0010
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0010
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0010
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0010
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0010
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0010
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0010
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0010
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0010
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0010
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0010
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0010
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0010
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0010
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0010
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0010
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0010
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0010
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0010
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0010
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0010
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0010
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0010
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0010
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0010
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0010
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0010
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0010
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0010
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0010
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0010
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0010
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0010
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0010
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0010
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0010
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0010
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0010


d rad

1

1

1

1

1

1

134  reports of practical oncology an

3. Oliveira SM, Teixeira NJ, Fernandes L, Teles P, Vaz P.
Dosimetric effect of tissue heterogeneity for 125I prostate
implants. Rep Pract Oncol Radiother 2014,
http://dx.doi.org/10.1016/j.rpor.2014.03.004 (in press).

4.  Wittig A, Michel J, Moss RL, et al. Boron analysis and boron
imaging in biological materials for Boron Neutron Capture
Therapy (BNCT). Crit Rev Oncol Hematol 2008;68(1):66–90.

5. Portu A, Carpano M, Dagrosa A, et al. Reference systems for
the  determination of 10B through autoradiography images:
application to a melanoma experimental model. Appl Radiat
Isot 2011;69:1698–701.

6. Portu A, Carpano M, Dagrosa A, Cabrini RL, Saint Martin G.
Qualitative autoradiography with polycarbonate foils enables
histological and track analyses on the same section. Biotech
Histochem 2013;88(5):217–21.

7. Solares GR, Zamenhof RG. A novel approach to the
microdosimetry of neutron capture therapy. Part I. High
resolution quantitative autoradiography applied to
microdosimetry in neutron capture therapy. Radiat Res
1995;144:50–8.

8. Konishi T, Amemiya K, Natsume T, et al. A new method for
the  simultaneous detection of mammalian cells and ion

tracks on a surface of CR 39. J Radiat Res 2007;48:255–61, 7.

9. Amemiya K, Takahashi H, Nakazawa M, et al. Soft X-ray
imaging using CR-39 plastics with AFM readout. Nucl Instr
Meth B 2002;187:361–6.

1

iotherapy 2 1 ( 2 0 1 6 ) 129–134

0. Amemiya K, Takahashi H, Kajimoto Y, et al. High-resolution
nuclear track mapping in detailed cellular histology using
CR-39 with the contact microscopy technique. Radiat Meas
2005;40:283–8.

1. Saint Martin G, Portu A, Santa Cruz GA, Bernaola OA.
Stochastic simulation of track density in nuclear track
detectors for 10B measurements in autoradiography. Nucl Instr
Meth Phys B 2011;269:2781–5.

2. Portu A, Bernaola OA, Nievas S, Liberman S, Saint Martin G.
Measurement of 10B concentration through autoradiography
images in polycarbonate nuclear track detectors. Radiat Meas
2011;46:1154–9.

3. Fukuda H, Hiratsuka J, Honda C, et al. Boron neutron capture
therapy of malignant melanoma using
10B-paraboronophenylalanine with special reference to
evaluation of radiation dose and damage to the normal skin.
Radiat Res 1994;138(3):435–42.

4. Miller M, Quintana J, Ojeda J, et al. New irradiation facility for
biomedical applications at the RA-3 reactor thermal column.
Appl Radiat Isot 2009;67(7-8 Suppl):S226–9.

5. Gadan M, Crawley V, Thorp S, Miller M. Preliminary liver dose
estimation in the new facility for biomedical applications at

the RA-3 reactor. Appl Radiat Isot 2009;67(7-8 Suppl):S206–9.

6. Torikai A, Mitsuoka T, Fueki K. Wavelength sensitivity of the
photoinduced reaction in polycarbonate. J Polym Sci A Polym
Chem 1993;31:2785–8.

dx.doi.org/10.1016/j.rpor.2014.10.003
dx.doi.org/10.1016/j.rpor.2014.03.004
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0020
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0020
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0020
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0020
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0020
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0020
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0020
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0020
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0020
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0020
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0020
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0020
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0020
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0020
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0020
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0020
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0020
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0020
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0020
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0020
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0020
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0020
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0020
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0020
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0020
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0020
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0020
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0020
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0020
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0020
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0020
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0020
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0020
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0020
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0020
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0020
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0020
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0020
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0020
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0020
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0020
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0020
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0020
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0020
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0020
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0020
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0025
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0025
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0025
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0025
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0025
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0025
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0025
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0025
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0025
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0025
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0025
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0025
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0025
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0025
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0025
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0025
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0025
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0025
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0025
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0025
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0025
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0025
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0025
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0025
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0025
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0025
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0025
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0025
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0025
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0025
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0025
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0025
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0025
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0025
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0025
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0025
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0025
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0025
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0025
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0025
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0025
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0025
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0025
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0025
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0025
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0025
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0030
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0030
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0030
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0030
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0030
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0030
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0030
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0030
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0030
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0030
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0030
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0030
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0030
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0030
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0030
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0030
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0030
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0030
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0030
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0030
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0030
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0030
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0030
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0030
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0030
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0030
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0030
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0030
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0030
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0030
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0030
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0030
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0030
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0030
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0030
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0030
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0030
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0030
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0030
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0030
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0030
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0030
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0030
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0030
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0030
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0030
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0030
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0030
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0030
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0030
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0030
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0030
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0030
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0035
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0035
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0035
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0035
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0035
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0035
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0035
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0035
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0035
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0035
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0035
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0035
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0035
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0035
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0035
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0035
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0035
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0035
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0035
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0035
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0035
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0035
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0035
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0035
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0035
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0035
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0035
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0035
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0035
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0035
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0035
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0035
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0035
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0035
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0035
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0035
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0035
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0035
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0035
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0035
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0035
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0035
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0035
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0035
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0035
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0035
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0035
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0035
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0035
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0035
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0035
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0035
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0035
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0035
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0035
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0035
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0035
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0035
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0035
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0035
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0035
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0035
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0040
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0040
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0040
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0040
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0040
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0040
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0040
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0040
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0040
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0040
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0040
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0040
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0040
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0040
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0040
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0040
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0040
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0040
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0040
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0040
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0040
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0040
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0040
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0040
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0040
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0040
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0040
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0040
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0040
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0040
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0040
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0040
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0040
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0040
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0040
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0040
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0040
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0040
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0040
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0040
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0040
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0040
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0040
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0040
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0045
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0045
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0045
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0045
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0045
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0045
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0045
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0045
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0045
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0045
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0045
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0045
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0045
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0045
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0045
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0045
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0045
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0045
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0045
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0045
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0045
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0045
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0045
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0045
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0045
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0045
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0045
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0045
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0045
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0045
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0045
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0045
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0045
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0045
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0045
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0050
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0050
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0050
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0050
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0050
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0050
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0050
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0050
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0050
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0050
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0050
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0050
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0050
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0050
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0050
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0050
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0050
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0050
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0050
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0050
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0050
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0050
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0050
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0050
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0050
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0050
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0050
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0050
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0050
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0050
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0050
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0050
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0050
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0050
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0050
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0050
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0050
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0050
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0050
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0050
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0050
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0050
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0055
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0055
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0055
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0055
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0055
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0055
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0055
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0055
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0055
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0055
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0055
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0055
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0055
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0055
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0055
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0055
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0055
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0055
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0055
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0055
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0055
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0055
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0055
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0055
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0055
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0055
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0055
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0055
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0055
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0055
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0055
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0055
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0055
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0055
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0055
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0055
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0055
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0055
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0055
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0055
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0055
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0055
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0055
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0055
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0055
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0055
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0055
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0055
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0055
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0055
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0055
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0055
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0060
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0060
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0060
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0060
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0060
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0060
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0060
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0060
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0060
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0060
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0060
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0060
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0060
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0060
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0060
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0060
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0060
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0060
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0060
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0060
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0060
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0060
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0060
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0060
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0060
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0060
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0060
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0060
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0060
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0060
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0060
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0060
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0060
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0060
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0060
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0060
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0060
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0060
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0060
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0060
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0060
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0060
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0060
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0060
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0060
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0060
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0060
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0060
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0060
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0060
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0060
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0065
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0065
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0065
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0065
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0065
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0065
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0065
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0065
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0065
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0065
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0065
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0065
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0065
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0065
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0065
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0065
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0065
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0065
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0065
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0065
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0065
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0065
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0065
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0065
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0065
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0065
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0065
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0065
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0065
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0065
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0065
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0065
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0065
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0065
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0065
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0065
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0065
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0065
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0065
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0065
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0065
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0065
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0065
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0065
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0065
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0065
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0065
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0065
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0065
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0065
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0065
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0065
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0065
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0065
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0065
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0065
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0065
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0070
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0070
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0070
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0070
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0070
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0070
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0070
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0070
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0070
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0070
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0070
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0070
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0070
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0070
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0070
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0070
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0070
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0070
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0070
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0070
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0070
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0070
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0070
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0070
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0070
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0070
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0070
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0070
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0070
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0070
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0070
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0070
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0070
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0070
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0070
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0075
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0075
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0075
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0075
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0075
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0075
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0075
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0075
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0075
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0075
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0075
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0075
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0075
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0075
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0075
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0075
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0075
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0075
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0075
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0075
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0075
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0075
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0075
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0075
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0075
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0075
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0075
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0075
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0075
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0075
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0075
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0075
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0075
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0075
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0075
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0075
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0075
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0075
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0075
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0075
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0075
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0075
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0075
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0075
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0075
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0080
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0080
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0080
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0080
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0080
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0080
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0080
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0080
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0080
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0080
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0080
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0080
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0080
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0080
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0080
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0080
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0080
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0080
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0080
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0080
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0080
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0080
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0080
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0080
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0080
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0080
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0080
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0080
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0080
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0080
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0080
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0080
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0080
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0080
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0080
http://refhub.elsevier.com/S1507-1367(14)00168-0/sbref0080

	Experimental set up for the irradiation of biological samples and nuclear track detectors with UV C
	1 Background
	2 Aim
	3 Material and methods
	4 Results and discussion
	5 Conclusions
	Conflict of interest
	Financial disclosure
	Acknowledgements
	References


