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INTRODUCCION

En atencion a la solicitud de México durante la IX Reunién del Organo de Coordinacién
Técnica de ARCAL (OCTA) realizada en la Salta, Argentina del 12 al 16 de mayo del 2008,
se acordo incluir en las conclusiones y recomendaciones (recomendacion No. 16 del Informe
Final OCTA 2008) que la Secretaria presentara a aprobacion del ORA en su préxima reunion,
la documentacién del “Laboratorio de Andlisis PIXE y Determinacién Gravimétrica de
Muestras de Contaminacion Atmosférica” ubicado dentro de las instalaciones del Instituto de
Investigaciones Nucleares (ININ) para ser seleccionado como Centro Designado de ARCAL.

Para la consideracion del Organo de Representantes de ARCAL (ORA), adjunto encontraran
todos los datos referentes al Laboratorio de Analisis PIXE y Determinacion Gravimétrica de
Muestras de Contaminacién Atmosférica enviados por México.

A fin de facilitar la labor de aprobacion y para fécil referencia también se adjuntan en este
documento:

- La lista de los criterios para la seleccion de los Centros Designados que fueran
aprobados durante la ultima sesion del ORA.



CRITERIOS PARA LA SELECCION DE LOS CENTROS DESIGNADOS
POR ARCAL

1. Los centros/instituciones deberan poseer un reconocimiento nacional, regional
o internacional en el area (o areas) seleccionada y en las cuales las actividades
nucleares tienen un peso importante. En otras palabras, los paises de la region
deben reconocer que el referido Centro retne los requisitos indispensables para
que pueda ser utilizado por estos paises para realizar la actividad (o
actividades) seleccionada.

2. Los Directores de los centros/instituciones identificados deben aceptar que
sean presentados como Centros Designados por ARCAL en el area (o éareas)
seleccionada.

3. Los centros/instituciones que sean identificados para que sean Centros
Designados por ARCAL no requerirdn del apoyo financiero del Organismo
para iniciar sus actividades. Las actividades o servicios que se ofrezcan deben
ser de interés para la region, estar vinculado al uso pacifico de la energia
nuclear y estar en correspondencia con las prioridades establecidas en el Plan
de Cooperacion Regional aprobado.

4. Los centros/instituciones que sean identificados para que sean Centros
Designados por ARCAL deben estar en la disposicion de prestar sus servicios
al programa ARCAL al costo. La ganancia dejada de percibir por este concepto
se reportara como aportes del centro y del pais al programa ARCAL.

5. Seria conveniente que el centro / institucion tenga relacion con las actividades
del OIEA, o haya sido utilizado por el Organismo de forma regular para la
ejecucion de cursos o eventos de capacitacion, para la ejecucion de proyectos
en el pais, o en otros paises, solicitado sus servicios en el marco del Programa
de Cooperacion Técinca.



3. FORMULARIO PARA SELECCION DE LOS CENTROS DESIGNADOS POR

ARCAL

DATOS DEL CENTRO (nombre, direccion completa)
Instituto Nacional de Investigaciones Nucleares (ININ)
Carretera México-TolucaS/N

La Marquesa, Municipio de Ocoyoacace

CP 52750, Estado de México

MEXICO

Tel: 00-52 55 5329-7345

' Fax: 00-52 55 5329-7388

DIRECTOR DEL CENTRO
Dra. Francisca Aldape Ugalde

SERVICIOS O CAPACITACION CONCRETOS OFRECIDOS
* Analisis Gravimétrico

| *Analisis Elemental por la Técnica PIXE.

*Innovacion Tecnolbgica (produccién de partes de colectores y dispositivos para
manejo de filtros o de muestras).

*Asesorias por expertos en .estrategias de coleccion, localizacion de sitios
representativos de monitoreo e implementacion de redes de monitoreo, identificacion
de fuentes contaminantes usando técnicas de analisis estadistico de datos.
*Participacion en ejercicios de intercomparacion entre Laboratorios Analiticos
involucrados en Estudios de Contaminacién de Aire.

INFRAESTRUCTURA EXISTENTE

A)  INSTALACIONES/EQUIPAMIENTO
* Acelerador de 2MYV dedicado a aplicaciones.
*Linea PIXE y accesorios
*Camara “PIXE” marca Atomki con accesorios y dispositivo para uniformizar
haz. »
*Cuarto Limpio para gravimetria:
2 microbalanzas Mod. Cahn 35, ngrotermografo, Humidifi cador,
* ‘Dehumidificador y calentador. '
*4 colectores tipo Gent,
*2 colectores BGI PQ-200.
*2 medidores de flujo.
*2 Reflectometros.
*Equipo de Computo: 6 computadoras, 4 impresoras, 1 escaner

B) PERSONAL (cantidad, calificacion, etc.)
Investigadores:
2 Investigadores de alto nivel (nivel Doctorado en Ciencias)
1 Investigador (Nivel Licenciatura) '
Personal Técnico:
3 Profesionistas (nivel Licenciatura)




Capacitacion (Estudiantes): P
Un promedio de 3 estudiantes se capacita en el area cada afic a nivel
lecenciatura, maestria y doctorado.

EXPERIENCIA ALCANZADA EN LOS SERVICIOS O CAPACITACION OFRECIDOS Y

.| BENEFICIOS FUNDAMENTALES OBTENIDOS
*Técnica PIXE fué instalada en el afo 2000, esta ha sido validada contra un laboratorio .
de prestigio internacional (Crocker Nuclear Lab) y calibrada usando estandares de alta
| pureza (Micromatter). El sistema se verifica por lo mengs 2 veces al afio.

*Participaciéon en los estudios que dieron lugar a la base cientifica para [a instalacion de
la Primera Red Oficial para medicion de particula fina (PM;5) de la Ciudad de México
por el Gobierno del Distrito Federal.

*En los ultimos 6 afios el principal usuario ha sido la Secretaria del Medic Ambiente del
Gobierno del Distrito Federal a través de Proyectos, Convenios y Contratos.

SERVICIOS PRESTADOS A INSTITUCIONES DEL PAIS

* COPERA: Consejo de Proyectos y Estudios para la Recuperacién Ambiental del Valle
de México (1893-1994). Proyecto CO-053: Metales en aerosoles de la Ciudad de
México. Ingresos obtenidos: $ 300,000.00.

*> Conirato IMP-2706, (1997-1998). Ingresos obtenidos: $334,717.82.

* Convenio: ININ- -Consejo Estatal de Ecolog:a del Estado de Hldalgo (1998). Ingresos
obtenidos: $138,549.30.

* Apoyo del Fideicomiso Ambiental del Valle de México a través de la Secretaria de
Ecologia del Gobierno del Estado de México (1998). Ingresos obtenidos: $150,000.02.

* Proyecto CONACYT No. 3952PT-9608. (1997-1999) Ingresos obtenidos: $120,974.00.

* CONSERVA: Consejo de Estudios para la Restauracion y Valoracion Ambiental.
Proyecto “Estudio Retrospectivo del Indicador Ambiental de Materia Particulada
Aerotransportada” (1999). Ingresos obtenidos: $ 357,304.65.

. !

* OIEA: Programa de Coopéracién Técnica para América Latina. Bienio 1999-2000,
ARCAL XXXIX: Proyecto RLA/7/007. (1999). Ingresos obtenidos: USD$26,250.00.

|* OIEA: Programa de Cooperacion Téchica para América Latina. Bienio 1999-2000,
ARCAL XXXIX: Proyecto RLA/7/007. Ingresos obtenidos: USD$33,112.50.

* CONSERVA: Consejo de Estudios para la Restauracion y Valoracion Ambiental. |-
Proyecto: “Caracterizacién de Particulas Aerotransportadas menores a 2.5 micrémetros
y determinacion de Elementos Toxncos a fa Salud' Humana” (2001) Ingresos- oblenidos:
$ 299,999.93

* Secretarja del Medio Ambiente. Ingresos obtenidos: $999,999.75 (2002).




* OIEA Evaluation of Airborne Flne Particles in Mexico City (MEX/1/021). Ingresos
Asignados: USD$105,310.00 (2003).

* OIEA: “Identificacién de fuentes de Particula Fina en el Area Metropolitana de la
Ciudad de México (AMCM) usando Técnicas Nucleares” Proy. Nacional MEX/1/021,
2004-2005, 2005-2008, .Ingresos Asignados: USD$247,034.95 por afio.

* OIEA: “Assesment of Atmospheric Poliution by -Particles” Proyecto ARCAL LXXX,
RLA/7/011, 2005-2007. ingresos Asignados:

* CONACYT “Evaluacion del comportamiento de las Particulas Finas (PM2.5) en la
atmoésfera de la Ciudad de Toluca. EDOMEX- 2005 C01-01 (2006-2007). Ingresos
Asignados:

$399,405.00.

PAISES DE LA REGION QUE HAN UTILIZADO LOS SERVICIOS O CAPACITACION
OFRECIDOS Y BENEFICIOS FUNDAMENTALES OBTENIDOS

Guatemala: Se capacit® al grupo en estrategias de coleccion, seleccion de sitios y el
uso adecuado de equipos de coleccion asi como calibracion de los mismos.

Cuba: Se capacitd al grupo en estrategias de coleccion, seleccion de sitios y el uso
adecuado de equipos de coleccion asi como calibracion de los mismos.

Bohwa Se capacité al grupo en estrategias de coleccion, seleccion de sitios y el uso
adecuado de equipos de coleccion asi como calibracion de los mismos.

OTROS PAISES QUE HAN UTILIZADO LOS SERVICIOS O CAPACITACION
OFRECIDOS Y BENEFICIOS FUNDAMENTALES OBTENIDOS

UTILIZACION POR PARTE 'DEL OIEA DE LOS SERVICIOS o) CAPACITACION‘
OFRECIDOS

4
Guatemala: Entrenamiento a personal.
Cuba: Entrenamiento a personal.

Bolivia. Entrenamiento a personal.

IMPACTO QUE HA TENIDO LA UTILIZACION DEL CENTRO EN LOS SERVICIOS O
CAPACITACION OFRECIDOS ‘
El personal que ha sido capacitado a puesto en practlca en sus respectlvos paises los
conocimientos adquiridos con éxito. .

Los equipos generados por el grupo mexicano han sido puestos en operacion en los
paises de la regidn a través dei QIEA.




NIVEL DE RELACIONES DEL CENTRO CON OTROS DEL PAiS, DE LA REGION Y
FUERA DE LA REGION

Satisfactoria.

México ha compartido en proyectos con los paises de Argentina y Chile. Los 3 paises
hemos sido considerados como paises expertos en el tema..

CONDICIONES PARA LA UTILIZACION DEL CENTRO POR PAISES DE LA REGION
De acuerdo a los requerimientos de los servicios que se necesiten que seran cotizados
al costo directo.

O'tros

14 de Mayo de 2007
Fecha




MINUTA EJECUTIVA
Propuesta de MEXICO para un Centro Designado por ARCAL
MEXICO

El grupo PIXE-Aerosoles que trabaja en el centro (Laboratorio Tandetron de 2 MV), ha
sido reconocido a nivel internacional [1].

El grupo ha realizando capacitaciones ya que dispone de todas la infraestructura fisica, asi-
como de personal y de los equipos indispensables pues posee reconocimiento nacional e

* - internacional [2, 3, 4, 5, 6, 7]. Asi mismo, esta siendo regularmente utilizado por el
Organismo para tal fin. .

Participa activamente en la gjecucion de los proyectos ARCAL, con el fin de resolver
problemas concretos que se presente en el pais o en otros paises [8, 9, 10, 11, 12].

REFERENCIAS:

1. Survey of PIXE programs — 1991, Thomas A. Cahill, Javier Miranda and Roberto
Morales. Air Quality Group, Crocker Nuclear Laboratory, University of California, Davis,
CA 95616, USA. International Journal of PIXE, Vol. 1, No.4 (1991) 297-310.

2. Curso “Caracterizacion de Contaminantes Atmosféricos usando Espectroscopia de Rayos
X con Protén” a Nivel Nacional — Manual Intemmo del ININ, 1997.

3. IAEA, Oficio 601244, 07 Marzo, 2007.
4, IAEA, Oficio 601243, 09 Marzo, 2007.

5. Misién de Experto, Bolivia, C3-BOL/8/009 03 01 (M.en C. Javier Flores Maldonado)
dentro del Proyecto BOL/8/009.

6. Misién (ie Experto, Guatemala, GUA/2/006-4 (Dra. Francisca Aldape Ugalde) dentro del
Proyecto C3-GUA/2/006 04 01.

7. Misién de Experto, Cuba, C3-RLA/7/011 92 02 (Dra. Francisca Aldape Ugalde) dentro
del Proyecto

8. Participacion en ¢l Proyecto Bienio 1999-2000, ARCAL XXXIX: Proyecto RLA/7/007.
(1999).

9. OIEA: Evaluation of Airborme Fine Particles in Mexico City (MEX/1/021), 2003,



10, “Identificacion de fuentes de Particula Fina en el Area Metropolitana de la Ciudad de
México (AMCM) usando Técnicas Nucleares” Proy. Nacional MEX/1/021, 2004-2005,

2005-2006. ,

11.“Assessment of Atmospheric Pollutants by Particles” RLA7011 (ARCAL LXXX),
2005-2007. '

12. Disefio y construccion de cortadores de filtros especiales para coleccién de muestras
atmosféricas, asi como adaptadores para muestreadores de material particulado

acrotransportado.
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: - ABSTRACT
A survey has been made of PIXE programs, updating and extendmg a similar one
published in 1981. Significant changes have occurred in the past decade, especially in the
use-of focussed ion beams in PIXE microprobes, milliprobes, and external’beam systems.
 Some programs have achieved success and even dominance in one type of application,
- while others continue to show innovation and Bexibility in many areas. The total mumber
- of active programs has increased modestly from about 95 in 1981 to 110 in 1990, with
' much of the increase due to new proton microprobes.

1. Introduction

There have been numerous surveys of PIXE programs, “including Valkowc n

1973, 1 Johansson and Johansson in 19762 and Cahill in 1980,2 which contains an

essentially complete survey of the literature. The latter serves as the basis for

the present summary, since few surveys of that scope have been done since 1981.

_For proton microprobes, the summary of Cookson in 1979? is the key reference to

that time. Through this summary, it is hoped that communication between active

rld S PIXE laboratories can be enhanced. The data mciuded in the summary was denved
ain . primarily from three sources:

' ' ' 1. A survey form was sent to over 100 laboratories, a list derived from the 1981

, summary and - all published papers in either the proceedings of the 2nd, 3rd, 4th,

ms, . and 5th-International Conferences on PIXE and its Applications, or the regular

cm - summaries of the lon Beam Analysis conferences. Both occur as issues of Nuclear

' Instruments and Methods. Sixty responses had been received at the time of this

wntmg, aid the results of the survey prowded the pnmary information for these

i'f"’ ' programs.

L. - 2. The pubhcatlons noted above in the period 1980—1991 served- as a back-
' up method of completing the survey form. In some cases, other information was

ons o known to us personally, and this was also used in the survey. Clearly, this is not as
ons . :

*Present address: Universidad Nacional Autonoma de Mexico.
1Present address: Universidad de Chile.
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satisfactory as the survey results, but dqes serve 0 imPfOVe the scope of the survey.
3. Lacking either of the sources listed abo.ve, the dafa from '\t.he 1981 survey was.
included for completeness sake. Since there 8 10 publlglm.ed evidence that some of
these programs are still active, most of thege llst;ng§ are included for comple'teness
ake only. It is as important to understand the reasons that PIX.E was terminated-
i these laboratories as it is to understand why other laboratories are continuing -

1 rograms. _ 7 _
wnl':[‘ll:iixi:er gwill summarize ony part of the data contained in the survey, but
the full results have been returned to all IeSI‘)Olldt_':l}ts.- We encourage laboratories
to complete the survey in any case, and we will periodically update the results. As
part of this process, a list of addresses has been developed, and this is also availa.ble

from the authors upon request.

2. Results

Table 1 summatrizes the results of the survey. There are 127 laboratories or
programs listed in Table 1, but for a number of them, we were unable to find any
evidence of activity since 1981. We estimate that there are about 110 to 115 active
p.rograms in this list, and there are certainly new programs that the survey has
missed. Nevertheless, we hope that this list, even if incomplete and inaccurate, will
form the basis for an improved list prior to the 6th International Confefence on
PIXE and its Applications in Tokyo, 1992. - , -

Figure 1 shows the year of initiation of programs in Table 1, based upon only
the 60 laboratories who provided responses to the survey. The period of greatest
growth was between 1976 and 1980, but new programs continue to be initiated. It
is interesting that many of the early PIXE programs begun before 1976 continue to
be active. . : - i ' '

Figure 2 shows the type of accelerator used for PIXE programs. This table is
based upon both the survey results and literature searches. As can be seen, more
than half the programsd are still based upon Van de Graaff accelerators, most of
which were built for other purposes such as nuclear physics experiments. However,
based upon the survey r&ponsés, mMany groups are NOW using newer mdchines_such as

“tandem pelletrons designed specifically for PIXE programs. Nevertheless, higher-
energy machines such as cyclotrons continue to be used, and offer some options
such as ion scattering and nuclear reaction analysis not available on low-energy

- accelerators. ' o . -

Figure 3 shows applications of PIXE derived from the survey responses and
the literature. The diversity of PIXE applications continues to be a distinguishing )
characteristic of the field, with an approximate balance between the three major -
~ types of program: biological-medical (23%), materials (21%), and aerosols (17%).

- Archaeological, mineralogy, and other uses, including forensic ones, sum to 22% of
all programs. While this listing is based upon the pr e ,

almost all laboratories have multiple programs, further increading’the diversity of

R~
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Australia = _ T : : . o
- AN.S.T.O. David D. Cohen VDG pd, He 023 20pum;10mm  Archacology Biological NRARBSPESA  PIXESS.
‘CSIRO . . CGRyasn T  p 3 10 umd’ Mineralogy RBS NRA PIXE89
Univ. of Melbourne GJF.Legge  -NA P 3 . lpmd Materials Biological =~ RBS NRA NIMB22
Austria o ' B - ) : _ B
Johannes Kepler Univ. Linz M. Geretschliger VDG * -pHe 0.1-08 1 mm? Maienials No NIMB28
Bangladesh o o : ‘ .
~ Atomic Energy Cenure A.H. Khan NA p,He 3 NA - Fluids EB NIMB3 -
Belgium o B - ‘ -
Cent. Bur. for Nucl. Meas. - Uwe Witien' - VDG P 2-3.3 4-6mmd Aerosols Biological . RBS AA ICP PIXERS
L.ARN Guy Demontier VDG pdHe 3 - 3um-3mmd Archaeology Materials Moss SEMESCA  PIXES9
Univ. of Gent “Willy Maenhaut Cycl P -2 17-54 mm? . Environment Medical  RBS. PIXES9 -
Univ. of Ligge J.-M. Delbrouck VDG P 3 6.5 mm - Matenals Geological  XRFPIGME XRS1%
Brwl : ; ' : :
Pontif. Univ. deRlodclm EC.Monienegro VDG* ™ p. . 6 | Medical ~ Matenials  RBS " NIMB43'
Univ. de Sio Paulo’,’ Paulo Anaxo.  Pell . - pHe 3;8 0.8 cm® Aerosol ' No PIXE89
Canada ' : : L ' : ,
Queens Univ. J.D. MacArthur - VDG . p , 10 umd Aerosol ~ Mineralogy NIMB45
Univ. de Montreal G.E. Kajrys DyaT  pHe 1.3 15um;10mm?  Polymers ~  Aerosols ~ RBSERD IMS25
Univ. of Gueiph John L. Campbell KN3000 p 1.3, 50mm?*10pm® ©  Mineralogy  Meuals RBS PIXE89
Univ. of Manitoba 1.5.C. McKee Cycl P 20-50 NA Aerosols Mineralogy ACT NIMB8G
Chile - : ' o
" Univ. de Chile J.R. Morales Cyecl pd 6 ~ NA Aerosols Mineralogy RBS JRNC140
China (PR) : ) . : '
Academia Sinica LiuNian Qing VDG pHe 3 4-6 mm d Biomedical . Aerosols . No. - PIXES9
Beifing Normal Univ. GuanghuaZhu T ~ p 3 55mmd Aerosol Soil RBS NRA UPIXE]
Fudan Univ. XianzhouZeng VDG P 2.3.3 4um;8mmd ©  Archaeology Biomedical RBS ICP XRF DPIXEI
Sichuan Univ, Zhang Dazhong VDG p.dHe 0.8-2.5 0.1-10mm d Biology Maierials No NA
China (R) , - _ .
Natl. Tsing Hoa Univ, C.C. Hsu VDG P 3% 4 mm? Medical Alomic ITPIXE]
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Country/Institution Bﬁngndam Agm[, Bart._Encrey BeamSize ApplLl Appi.2 Techn, _Paper
Czechosiovakia - S ' : A
FJF1 CYUT Praha Vaclav Patocek VDG P 2 3-10mmd Acrosol Medical XRF AA ISOT24 o~
' Denmark S ' Q.
Niels Bohr Institute Kire Kemp VDG p 2.0-3.0 lmmd Aerosol - Emission PESA - NIMB22 =
Univ. of Aarhus Finp Folkmanpn VDGT »p 5.0;6.0 NA . Materials Crystal Spect. PIXESS o
England L - ‘ ' o
AERE. Harwell - LA.Cookson “ VDG  p 3 4pm>-4mm? NA RBS NRA NIMB30 7
. Univ. of Binmingham ~ R.S. Sokhi Dym p 3 4mm?;25pm? Environment Biological . PIXES9
Univ. of Manchesier R.A. Jarjis NA NA NA NA NA NA NA. NA
~ Univ. of Oxford Frank Wan . Pell p 3 lumd Medical Geachemical RBS STIM wPIXE89
Univ. of Surrey KaienJ. Reeson  NA pHe 032 NA . RBS NIMA299 -
Finland : o ‘ '
Univ. of Helsinki J, Réisiinen VDG p 3 J-5mmd Biomedical Matenals RBS PIGME PIXEg9 .
Univ. of Kuopio Taisto Raunemaa NA NA NA NA NA NA NA -NIMB22
France B ‘ :
C.E.N. Bordeaux-Gradlgnon Yvan Llabador VDG pdHe 4 10 mm? _Biological Poliution RBS NRA PIXEB9
CE.N. Saclay . Ch. Engelman VDG pHe 4 0.5-1 pm d Materials Archacology PIXEg9
C.R.N. Strasbourg C. Heitz' VDG p.He,Ar 1.-3 0.8-3 mm? NA . NAA AA IBAS6
CERI-CNRS E.Zine VDG - p 4 NA - Mineralogy PIXERY
Inst. de Phys. Nucl. Orsay Ivan Brissaud vDG p 2. NA Materiais Archaeology SRXRF PIXEg9
Inst. de Phys. Nucléaire Vill. J.P. Thomas VDG p 4 NA Maierials ' Elastic Recoil TDI
Musées de France Michel Menu Pell pHe 4 “1lmmd An Archacology RBS NRASEM ~ PIXES9
Germany _ . ) ' :
‘Akad. der Wissenschafien ~ Volker Rossiges  Implant p 0 NA Maierials NRA NIMB3
Hahn-Meitner Inst KH.Ecker = NA- _ _ o c 'NIMB1S
Inst. Kemphysik Karsluhe D, Heck VDG  pdHe 3 10 pm? Medical - None Inactive
Inst. Sirahlenschutz Neuher. K. Witmaack NA P 3 Agriculwral " RBS PIXES9
1.W. Goethe Univ. K.O. Groeneveld Frankf p 2.-3. 1 mm? Materials Aerosols NIMB3
Karl-Marx Univ. J. Vogu NA : : : NIMB30
Ruhr-Univ. Bochum Burkhardt Raith  Dyn p 2.0-3.0 10 pmd Biomedical p Elastic Scat. NIMB3
Unw Bom Hans Mommsen  Cycl H2 7  lmm Materials - RBSNRANAA  PIXE89
kfurt VDG p 3 1 mm? Acrosols Maierinls NA



g;(_mmﬂa mmm 0 Respondant . __Accel, __ Tart, Enerny eamSize Appll Appll . Techn Paper -
Univ. Géltingen ‘K.P. Lieb YDG p ] ‘ Materials RBS NRA NIMBS50
Univ. Hamburg ' Manired Niecke VDG = p 2 9 pm? Biological Aerosol p Ener Loss PIXES9
Univ. Heidelberg R. Nobiling T P 3 6 pm?* Biomedical  Mineralogy NA ' NIMBI4 .
Univ. Konstanz R.G. Lindner VDG p 0 Materials o  NIMB3
Univ. Marburg F.W. Richter VDG p 2.0-4.0 6 mm d Medical Aerosol RBS Channeling NIMB22
- Greece’ ' : : ‘ S ’ :
" NR.C. DEMOKRITOS A.A. Katsanos VDG P 2 2mmd - Archaeology NIMB 14
Hungary ‘ S o . ' : ' ‘
Cent. Res. Inst. for Physics Z.SzbkefilvifN“agy vbG: pdHe 2.3.5. 0.01-6 mm® ‘Biological = | NRA XRF PIXES9
Hungarian Acad. of Sci. 'Ede Kolay ~ VDG P 223 5-10 mm* Acrosols Biomedical  PIGME PIXESS.
India K : ' ‘
Bhabha Atom. Res. Cent.  P.S. Dhami T _ Materials JRNC141
Indian Inst. of Technology . KM Varier -~ NA P 2 Fiuids - NIMB10
- Punjabi Univ. Harsh Mohan NA P 0 NIMB26
* Iran a ' ‘
Atom. Ener. Org of lran S.Mousavi-Y.‘ VDG p 3 50 mm? Medical. NIMB3
Italy ' ‘ :
CISE Technologle Innovative Ezio Cereda T p.d 4 1 em? Aerosols Matcrials RBS NRAPIGME PIXES9.
Ist. Naz. Fis. Nucl. Genova A, Zucchiatti NA ‘ NiMB28
Ist. Naz. Fis. Nucl. Padova  G.P. Buso . VDG p 2 Materials Environment . - ' PIXESS
Univ. di Catania Lorenzo Torrisi VDG . pHe 0.5-3 0.1 mm? Biomedical  Materials -~ RBSNRAERDA  NIMB7
Univ. di Firenze Pietro Mandd VDG p 3 1.2mmd An Biomedical IBA89
Univ. di Napoli R. Moro NA Biomedical IBAS7
Univ. di Padova R. Cecchi- NA PIXE89
Japan . .
Hiroshima Univ. F. Nishiyama VDG pHe 0525 0.7-8mm d Matenals RBS NA .
Hosei Univ, ‘ H.Hamanaka VDG pHe 1.-2 1-4mmd’ Materials RBS IBABS
Inst. Phys. Chem. Res. - K. Maeda T P 2 I-3mmd Biomedical  Archaeology ICP AES XRF NA
Iwate Medical Univ, Koichiro Sera Cycl P 3 I'mm Medical Aecrosol No ' Ne
~ Kobe Tokiwa Junior Coll. M. Tanaka Kyoto NIMB22
Kyoto Univ. - S. Shimoura T P 3.-6. $mm d;lpm*  Medical NIMB22
Nagova Univ. __Susumuy Amemiya NA p 0.15-2. NIMB23
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Max Peisach VDG Cyclpd.He 6.2:6

- Country/institution ___Respondant Accel_ Part. Enerey BeamSize Appll Appl2 Techn, Paper
Naul, Inst. of Radiol. Sci. M. Ishikawa VDG  p 3 1.2 mm? Biological  Agriculure _PIXES9
Osaka Univ. Fumiya Shoji  T;Disk pHe 2,05 2 mm?; 1pm? Materials No JJAP28
Tohuku Univ. Keizo Ishii Cycl p 3.-40 4 mm? Biciogical No UPIXEl
Univ. of Tokyo Akira Ito Cycl p, He 25.27 14 pmd Biomedical NIMB22

~ Univ, of Tsukuba Kupihiro Shima T - P Materials NIMB27
Waseda Univ. Susumu Moriia - LA; T p, He 8.2;3.2 Materials LPIXE]

. Mexico , e - ' o
LN.IN. Salazar F. Aldape ST P 3 12-30 mm* Acrosol Mineralogy . No IPIXE!
Univ. Nal. Aut..de Mexico Alicia Oliver VDG P 0.1-0.7 lmmd Materials Medical RBS NRA ASS45
Nethertands o - S .

Eindhoven Univ. of Tech.  H.P.M, Kiviis Cyel P 3 100 pm? Biomedical  Maienials Elasuc Recoil PIXES9 -
Vrije Univ, RonaldD. Vis  Pell - p 3 2mmd Biomedical Geological = NRA PIXES9

 New Zealand : ' : ‘ _ ,

Inst. of Nuclear Science G. Cootes VDG . p 3 400 pm? Medical Biology PIGME NIMB30
Nigeria '

CenL Ener. Res. Dev., 8.0; Olabanji ~ NA Archacology NIMB
Poland . _ :

. Inst. of Nuclear Physics S. Szymczyk Cycl VDGp 3 6mmd Agriculwre  Medicine  PIGME PIXES9
Jagelionian Univ, Eugeniusz Rokita Cycl VDGp 3 - 6mmd Biological  Acrosois PIGME PIXES9
Pedagogical Univ. Kieke J. Braziewicz VDG pHe 0635  3-80mm? Atomic Biological  ACT PIXES9
Portugal , . .

Lab. Ngac. Eng. Techn. Ind.  T.M. Pinheiro No accel PIXESY
Uniiv. Lisboa F.B.Gil/L.Rebouta NA Eultl4
Romania g ‘

Eiist Nucl. Phys. Eng. Theodor Badica VDG — p. ‘ 3 3-5mmd Medical Biological  NAA RRP
Saudi Arabia '

King Fahd Univ, - AB. Hallak NA NA NA NA NA NA NA - XRS19
Singapore : - AnelY.
Natl. Univ. of Singapore S. M. Tang VDG P 3 4 mm d Mineralogy RBS ApSp43
South Africa : ' _

Atomic Energy Board - D.w, Min'gay NA . P z . : Aerosols . ‘ . NIMB24
Faure Upiv., . 12ume2soum  Archacology  Biological  RBS NRA PIGME  PIXES9

PBIYYD VL o -



Table 1 Cont'd,

LAppll

Laver

Countrv/Instisution _ Respondant Accel  Part,  Enerey DBeamSize Appll Techn.
Univ. Witwatersrand JEP, Sellschop T P 3 2-4mmd Aerosois Mineralogy No ' PIXER9
Spain D | T , |
Univ. Sevilla M.A. Respaldiza - T pHe 2.3, 7 mm? NA RBS XRF NIMBSO -
Sweden S - : ‘ o
Lund Inst. Technol, S.A.E. Johansson Pell  pdHe 7 NA Geology . Aerosols PESA PIGME PIXESS
Swdsvik Nuclear Hong-Kou Li VDG pHe & 6mmd - o RBS ' « PIXES9
Uppsala Univ. UYf Lindh NA " He 2 2.9x2.9um? Biomedical RBS PIXES9
U.SA. - _
Banol Res. Inst. Delaware  C.P. Swamn- - - VDG, | pHe 13.2 0.02-0.2mm? Archaeology Biology RBS PIXES9
Brigham Young Univ. Nolan Mangelson VDG pHe 2254 0.38 cm? Acrosols Miliary RBS PIGME PIXES9 .
City Univ. of New York Evan T. Williams Dyaa P 2 2mmd Archaeoiogy : NIMB45
Cole Technology H. Kaufman VDG p 5 "NA Materials -  Environment FIGME NewPrg
Element Analysis Corp. S. Baumap ICTT »p 4 0.1-100umd . Aerosols Materials ' PIXESY
Florida Sute Univ. J.W. Nelson - VDG p 3 100 mm? Aerosols -~ Archacology No PIXESY
1BM T.J.Waison R.C. YF. Ziegler NA p 3 Materials EBRBS ACT NIMB24
{dabeo St. Univ. John M. Knox VDG p.He 2 0.3 cm?® Environment RBS NRA Inacuve
Lawrence Livermore Lab.  Ronald G.Musket VDG~ pHe 0.5-4.0 1-4 mm? Materials RBS AES SEM SPIE911
Los Alamos Natl. Lab. PamelaRogers T p 3 5-300pmd Mineralogy  Geology RBS NRA ACT NiMB30
M.LT. Lee Grodzins - NA : S
Ohio St. Univ. J.R. McClenahen - Rent \ CIRF19
Rutgers, SU New Jersey Gene S. Hall T p 4 I2mmd Archacology PIGME PIXES9
‘Sandia Natl. Lab. - .B.L. Doyle "TVDG pHe S 0.25 mm? Maierials ‘ RBSERDNRA  NIMB22:
SUNY Albany H. Bakhru Dynam pHe 2.04.0 imm? . 4um? Biological ~ Materials-  RBS NRA NIMB24
.'S.'UNY Geneseo. ~ JR. Chen -NA , ' | .' ' | -
‘Univ. California Davis - ‘Thomas A. Cahill Cyc) P 5 0.5mm3mm - -Aerosols - Historical  FAST PESA PIXES9
JIniv. of Florida H.A. van Rinsvelt Gent : Matenials. Biological NIMB4S
Univ. of North Texas Jerome Duggan TVDG p - Alomic RBS NRA NIMB40
Univ. of Oklahoma, HJ. Fischbeck VDG pHe 2 2mmd * Archacology' Forensic RBS NRA NIMB24
Univ. of Oregon Roben Schofield VDG p 5 8pmd Biomedical STIM NIMB30
Universal Encrgy Systems  R.S. Bauacharya VDG P 0 Maierials RBS - Inacuive
USS.R. ‘ oo ‘ -
_NA ! _Materials’

- V.1 Lenip St Unijv,

RA. ihamov.

NIMB47
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Table LCont'd :
Qmamuanﬂmumn_.__.mmt Agcel, Part,  Egerpy  BeamSize Appl] Appl2 Techn. Paper
Yugosiavia y o _ : ‘

J. Siefan Inst. ' MiloszBudnar ~ VDG  pHe 2 15 mm? Aerosol : RBSPIGME XRF PIXES$9
Ruder Boskovic Inst. V. Valkovic T pC 3 " 3mmd Environment Biomedical RBS : PIXES9

For a description of the accelerator types, see Fig. 2. Programs with microprobes are in bold type. chhnique nomenclature and the publications
cade, “Paper” follow the list of references in this paper. The number behind the journal is the volume of the jownal, unless it lies between 80 and
90, In these cases, it is the year of publication of recent PIXE and Ion Beam Analysis Conferences.
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1965-1970 19711975  1976-1980  1981-1985  1986-1992

Fig. 1. PIXE research programs started in the period 1965-1992, divided into five-year periods,
and total number of existing programs by the end of each program. Based on responses received
in this survey and the one of 1981,
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E .
applications. Most laboratories also have developmental brogréms for their PIXE
programs and other techmqnes designed to extend and enhance their fields of ap-
plication. .
Figure 4 illustrates one of the strongest trends in the past decade, namely the
increasing use of ancillary techniques to support the PIXE applications. In many
cases, these programs themselves have reached a high level of sophistication, and
give an edge to accelerator-based programs over non-accelerator based programs.
The major ancillary technique is Rutherford Backscattenng (RBS), widely used
for material analysis, and Nuclear Reaction Analysis (NRA) and Proton Induced
Gamma (PIGME), both used in material and mineralogical analysis. Proton Elas-
tic Scattering Analysis (PESA) and a version of RBS, Forward Alpha Scatiering
Analysis (FAST), have given PIXE-based aerosol programs a clear advantage over
competitive methods, such as X-ray Fluorescence Analysis (XRF), although again
some groups use both to enhance their programs. The largest other techniques are

gravimetric and laser analyses, for aerosols, and microscopic analysm for a variety
of purposes.

w3 ®m0e 0T

RBS KNRA PIGME PESA NAA  XRF OTHER

. -Techniq'ue_

Fig. 4. Complementary analytical techniques used with-PIXE.

One of the greatest areas of increase during the 1980s was in the area of proton
microprobes. In the 1980 survey,® drawn largely from Cookson’s definitive work,?
there were 16 microprobes in operation, with a median beam spot size around 15
micrometers in diameter. The very best programs had beam spots around 2 to 3



.

ip-

wny
Lnd

sed
zed

ng
ver

ain -

ety

ton

>Ik ,4

115
to3

Survey of PIXE Programs — '1991 307

micrometers. In the present survey, wnlch was quite complete for the microprobe
laboratories, there were 27 active programs, and over half had beam spots below
5 micrometers in diameter. There are nine programs in the 0.5 to 2 micrometer

* diameter range, some of which (Oxford is a prime example) are available.on a con-

tract basis and raise significant income from this source. It is also interesting that
about half the microprobe laboratories also operate in a non-microprobe or standard
PIXE mode, either in air or vacuum. In the area of materials, the simultaneous
ot sequential use of RBS or NRA analyses give PIXE microprobes significant ad-
vantages over alternative techniques, in addition to the part-per-million sensitivity
that translates into extremely small amounts of detectable mass. Figure 5, taken
from Réf. 3, shows the sensitivity that one can achieve in a thin or thick target
mode PIXE microprobe. Only focussed beam synchrotron radiation can challengé
such sensitivities in a nondestructive, multielement technique.

Another area of growth in the applications of PIXE is not as evident in Table 1,
but equally as significant to the future of the field. Apphcation of PIXE to aerosols
was one of the very first areas of application of PIXE. Johansson et al. actually
performed a “dry deposition” aerosol experiment in their pioneering article in 1970,3
and we at Davis actually performed size selected multielemental aerosol analysis in
1970 on a funded contract.® Rapid growth followed at many laboratories, with the
Lund group, Florida State, and Davis being early advocates of the technique. In
the 1980s, there seemed to be a slacking of effort, with PIXE well established in
some research modes but barred from large-scale use by pre-existing techniques.
One reason for this was the emphasis on aerosols in human health, in which the
chemical state of the aerosol was often very important. With a switch of emphasis
to atmospherib visibility, long-range transport, and global aerosol dynamics (the-
Mt. St. Helens, El Chichen, and Mt Pinatubo eruptions; arctic, Saharan, and
Chinese aerosols; “nuclear winter”; smog in Grand Canyon National Park; .. s
PIXE came into its own. For all materials in the atmosphere are important in these
problems, not just a few:toxic elements, and PIXE is the broad-range technique
par ezcellence. In addition, ion-beam techniques allow a complete breakdown of

mass into all its elements, hydrogen through uranium, nondestructively, a result o

that cannot be achieved by any other technique.

Figure 6 shows the result of a comparison between the mass of aerosol on a
filter, measured gravimetrically, and the sum of all species derived from a single,
100 second long analysis by PIXE plus PESA from a teflon filter. The filter was
taken at the NOAA Mauna Loa QObservatory on Hawaii, above 3000m elevation.
Note the very small total mass. (Sensitivity for trace elements such as Ni, es 25
pg/m®). While the PIXE + PESA (+ FAST} capabilities are impressive, the real
achievement is to weigh a filter accurately to less than 0.1 pm/m®. The small
amount of mass lost is dominated by water, since the mass was determined in air
and all analyses were done in vacuum. Even this information is useful to us in
understanding the effect of bound water in the hydroscopic acids that dominate
visibility reduction at most remote United State sites.
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10,000

100

Sensitivity (ppm )

100 10,000

Oiameter {um)
Minimum Detectoble Limits vs Sensitivily and Beam Diometer

Fig. 5. Minimum detectable mass vs. beam diameter and analytical sensitivity. The dashed curv
corresponds to an analysis made on a thin carbon backing foil pty = 65 ug cm™? and a sample
pts = 35 pg cm~?. The solid curves represent thick samples. From ref. Ann. Rev. Nucl. Sci.
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Fig. 6. Comparison between ;;ravimetric mass and the sum of aerosol species from PIXE plos
PESA at Mauna Loa Observatory. Only nitrogen species are not measured or estimated.
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~ The problem, of little mass available for analysxs 18 futher comp ounded when one
must also measure atmosphenc particles by size and composition, as in visibility -
studies. Here the ability to focus an ion beam to a small spot without losing
sensitivity gives PIXE another clear advantage. For all these reasons, the survey
revealed that several existing laboratories have greatly increased the number of
analyses done each year, and built up large research groups in atmospheric science
programs. The programs at Florida State, Davis, and in Denmark, Sweden, and in
1991, Australia, Brazil have developed samplers that matched PIXE capablhhes,

and deployed them in networks of national scale. At Davis over 100 samplers are N

operating at one time. Now these networks are being extended to global scale,” in
cooperation with over a dozen countries and the World Meteorological Organization.
In all cases, the local PIXE laboratories design and run the networks, with the Davis

Air Quality Group offering assistance in sarnpler desxgn, quality assurance, and data |

interpretation. In no other way could the world gain such detailed and accurate
information at such low cost than by PIXE and its compatible ion beam and non-ion .
beam techniques. -

3. Conclusions

The survey has given us additional information on the growth and maturation
of PIXE programs around the world. In géneral, the most successful programs have
focussed not so much on PIXE itself as on the objectives of the larger program,
stressing that the goal must be to do the very best work possible. Thus, it is a
credit to PIXE and its practitioners that this method has become so much a part
of so many exciting programs in so many countries throughout the world. And this
is perhaps the last point shown by the survey; the PIXE community is as truly
international as any program can be. Pioneering work has been done and continues
to be done in countries a1l over the WOrld, not just the major industzialized countries,
For an example, consider the countries involved in the development of external-beam
PIXE, Belgium, Greece China, and [ran all made early and important efforts in

-+ the field. We expect nclt less innovation in the next decade.

' fteference Codes

ATEN ' Atmosphenc Environment

NIMB = Nuclear Instruments and Methods Secl; B

XRS =- X-ray Spectometry '

JMS = Journal of Materials Science

JRNS- = Journal of Radloanalytlcal and Nuclear Chemlstry
1SOT = Isotopenpraxis

TDJ = Techniques del’ Engineur

HUPIXE = International Journal of PIXE

JJAP = Japanese Journal of Applied Physics

ASS = Applied Surface Science
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A EuLT = Eumbhysms Letters

RRP = ‘Rémanian- ‘Review of Physics ;
~ ApSp -’ “s=. Applied Spectroscopy .

CIRF : ~ Canadian Journal of Forest Research

.

SPIE - _: Pmc Ihtl Soa. fo‘r Opi’.lcal Engmeeermg
‘ R Techmqm- Codes
. AA =" Atomic Absc)rptlon Spectroscopy
1 ACT - . = Activation Analysis _ |
.5 " AES =’ i Augez Eriission-Spectroscopy
. ° . . EB | £ Blectron Beam
ENERTOSS * =" _Proton Erergy Loss Spectromet“y
ERD (A) = ' Elastic Ré¢dil Detection (Analysis) -
. ESCA = "Electron Speci‘roscopy for Chemical Analysxs
. FAST =Y I'orward Alpha’ Scattenng Techniques |
~ICP (ES) v - = Inductively Coupled Plasma (Emission Spectrcsscopy)
MOSS " = Médssbauer Spectroscopy
NRA = Nugledr Réaction Analysis
PESA = Proton Elastic’ Sca.ttﬂrmg Analysis
PIGME = Proton Induced Gamma ‘Emission
" RBS = Rutherford Backscatiering’
- SEM = Scanning Eleciron Microscopy

STIM = Scanning Transmission Ton Microscope
. XRE X-ray Florescence

!
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