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A NUCLEAR TECHNIQUE 

FOR THE ELEMENTAL QUANTITATIVE ANALYSIS»
THE PROTON-INDUCED X-RAY EMISSION

In this paper, tha principle and >om practical ««pact® of 
proton«Induced X-ray ««lesion 1« presented. Tha applications 
of tha aethod 1« reviewed with raapact to quantitative a- 
nalyala of trac« eleaents of high or lnteraeoiate aoleculer 
«wight In tha biological aatarial.

Introduction

Traca eleaents, that 1« «l«««nts which occur in a ssaple 

at concantratlona of perts/ailllon, play an important role in 

biological systeas. In e living organlaa thay era claaslflad 

either a« ««aantlal or non-esaentlel even if this distinction 

ia not always evident aince it ie bound to the aeneitlvity of 

the eseay aethod. If aora eenaltlve analytical aathod« wore «- 

vsilabl« aany non-aasentlel eleaents would probably be reclaesl- 

fied a« eaaentlol. Thl* would provide inforaatlon of value in 

diagnosis and preventive aedlclne. elnce trace eleaente play an 

laportant role in aany disease« [1, 2, 3].

It is known that the concentration of a aingle elaaent la 

not particularly usaful slnca this varlas not only from person 

to-parson but froa organ to organ and even within e aingle or-

gan and it depends greatly on tha hoaeostasls of the subject 

in exaalnation. Knowledge of «laultaneous concentration» of se-

veral eleaents is on tne contrary very helpful aince it has been 

observed experiaentelly that aany correlations exiet between as-



•entlal trace elements concentret lone end the ebnoraal correla-
tion valuee aeeociated with pathological condltlona (alt! ough 
the cesue of that correlation ie ueuelly unknown) [4, 5, 6].

Any progreee in thie field of research la therefore condi-
tioned by the developaent of highly eeneltlve analytical aethode 
which perait the elaultaneoue deterainatlon of aany trace ele- 

aente.
At the National Laboratorlee of Legnaro we have atudled the 

optlaal conditlone of eoae atoalc and nuelear phyalca techniques 
which eatisfy thaee requieitee. The techniques atudled were* pro- 
ton-induced X-ray eeleelon, elastic diffusion of a-partlclee 
end photon-induced X-ray fluorescence. The flrat two aethode ea- 

ploy 7 W  and 2 MV Van da Graaff accaleratore aa eourcee of
cherged partlclee. The third aethod eaploye y-ealtter radio-

isotope sourcee to Induce X-ray fluorescence in the aaaplea.
The a-partlclea diffusion aethod neede thin targets of 10- 

»20 g/ca* of thickness. The poeelblllty to detect several ale- 
aents simultaneously depends on the aass resolution which can be 

optimized by an appropriate choice of the aopartlcle energy and 
detection engle. We obeerved that the aethod can be refined for 
the detection of light eleaanta [7]i In this case the optlaal 
working condltlona Involve the uee of 5-10 HeV a-partlclee and 

40-70° detection angles. Under these conditions the background 
contribution to the energy epectrua Is usually negligible with 
biological aatricas and it allows to reach detection Halts of 

fsw hundred of ppa In 1 hour of aaaeureaant [7. 8].
The photon-induced X-ray fluoreecence le optlalxed aa the 

photon energy of the exiting source le lightly aora than the 
binding energlee of the K or L electron shells of the lrre- 
dieted atoa. Three sourcee as 55Fe, 10®Cd end 241Aa, ueed al-
ternatively, optimize the detection eenoitlvlty for a large 
enough range of eleaanta. The source actlvltlee are few allllcu- 

rle. The source ennuler shaping allows to assaabla a elaple au- 
toaatlc fecllltly to perfora eeveral contlnuoue aeaeureaente who-

se turns are controlled by a aultichannel analyser [9]. Thie te-
chnique is perticularly convenient In those experiments where a 

large quantity of saaplee has to be analysed and the required 

sensitivity is not high.



Eventually the proton-induced X-ray ealsslon Is a tool which 

couple* tha aultieleaental analyala for aedlua-heavy elements 

with a high aanaltivlty of tan auparior to ona raachad by the neu- 

tron activation tachniqua [10].
*

Plxe-oxperlaonts1 aathod

When a baaa of charged partlclaa panatratea a aedlua (tha 

aaapla) alactrona ara ejected froa tha atoaic orblta K, L,M, 
ate. «1th conaaquant aalaalon of charactarlatlc X-rays which are 

claaalflad according to tha orbit Involved K^, K0, L^, L ,̂ L^, 

ato. (Fig. 1). If tha anargy la aeasured with a aultabla detec-

tor tha alaaanta in tha aaapla aay be deduced.

Fig. 1. Olagraa showing tha PIXE aathod and tha characteristic X-
-ray production

Olagraa prxedstawiajçcy astodg PXXE 1 wytwarzanle charaktery-
stycznego proaienlowània X

Slowing down in tha aaapla tha charged partlclaa produce 

Braaaatrahlung and nuclaar-y radiation which originate tha 

background. Wo ahall aaa In tha following that tha background 

la coapatltlva with respect to tha charactarlatlc X-rays In or- 

dar to dateralna tha aanaltivlty of tha aathod.



Charecterlatlc X-reye

The probability of X-rey eeleelon for the 1th lin* ogl let

°E1 " ai * wi

where ai le the lonlzetlon probability of the 1th orbit (I • K, 

L, M, ...) end le the reletlve photon eeleelon yield thet
le the retlo between the nueber of X-reye eeltted.end the nueber 

of lonlzetlone occurred In the 1th orbit; la ueuelly leee then
1 beceuee of the Auger effect.

Fig. 2. Ealaslon probability of XK- end XL-reye egelnet the ato-
nic nueber of terget etoe for two proton energlee

Prawdopodobieństwo ealsjl promieniowania XK 1 XL jako funkcje li-
czby etoeowej etoew - terczy die dwu wartości energii pytonów



The X-ray yield depende on tha atoaic nuaber of tha target, 

the kind of particle u«ad and on tha partiel« enargy. Taking 

into account protona •• rafaranca particle« w  can observe that 

tha X-ray yield dlalniehee »1th the Z of the target and It la 
higher when aore external orbit« are Involved (Fig. 2). The X- 

-ray yield increases with the energy of the protone up to a aa- 

xlaua whose poeltlon depends on the terget atoaic nuaber (Fig. 3X

Fig. 3. XK and XL production eroes-sectlon againat proton e- 
nergy for atoae with different atoaic nuaber; (— —  ) XK-rays,

(-- ) XL-rays

Przekrój poprzeczny dla wytworzenie proalenlowanla XK 1 XL jako 
funkcja energii protonu dla atoaów o róinych liczbach atoaowych: 

( —  ) proaienlowanle XK, (---) promieniowanie XL

X3
PROTON EHERGY (fcV>



For hoeviar ion» of etoalo nuabar x «h* X-ray production orono- 
-••ction la proportional te s aulttpllad by thé ereae-aaetion 
of proton» of the iim volooity. Thi» ralatlonahip le really va* 
lid only for ion* lightly htivitr than proton»i for at ill haa- 
viar ion* the eharaotariatie X-ray yield ahowe raaonancee which 

do not axiat in tha proton eroaa-eeetlen.
The original X-rey apaotrua aay be vary coaplleetad epeoially 

for haavy aleaanta, but the dataoted apaotrua la aiaplifiad ba» 

oauaa ef thraa raaaonai
i) the probability ef X-ray aalaalon dapenda en the erblta 

involved, the lntenalty ef aoaa anargy llnaa le nagligible ba- 

oauaa of Ita lew probability»
il) the aelld atate deteoter uaed in thla kind ef expari* 

•enta hae get e geed efflolenoy ef dataetlen only ln e raatrlo- 
tad range ef energlea (naaely 2-30 KaV)i

111) the detector energy reaelutlon aeta e liait te tbe pea- 
elbllity te diatlngulah twe different energlea, the energy gap 

haa te be et leeat ef 190 eV.

T e b 1 e 1

Cherecteriatle X-ray anergiaa oaeoclatod 
with aoae eleaenta

Energla charakteryatyexne proeianlewanla X 
dla nlektôrych plerwleetkdw

Elaaante
X-ray energy (KaV )

S K k S S

N 0 .39 a» «a «8 « i

F a . oi 2 .1 4 - - m

Ce 3.69 4 .01 m -

Cu 8 .04 8 .94 0 .9 3 0 .99 aa

Aa 10.92 11 .79 1 .28 i ;3 2 -

Se 11.20 12 .57 1 .38 1.42 -

Cd .23.08 26.37 3.13 3.42 3 .72
«g 69.89 81 .39 9 .94 11 .87 13 .83
Fb 73 .87 86.13 10.90 12.60 14 .76
U 96 .94 112.90 13.92 16.82 20 .16



Consequently *«(1111111 eleaente (15 < 2 < 40) may be detected by 

th« K-lines and heavy al«*«nt« (Z > 40) by the L-llnea. Table 1 

give« <h* characteristic X-ray anerglee associated with eome o- 

leaenta. Figure 4 shows Chro*lu* K-linea and Lead L-llnes ee 

they are detected.
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Pig. 4. Chroalu* K-line* and Lead L-llnee. PXXE experimental data 

Linie K chroMU 1 linie L ołowiu. Dana otrzyaane metody PIXE

Tha background radiation

Tha background production is partly due to tha y-rays pro-

duced in tha nuclaar reaction* which acatter in the target it-
self and dirty tha X-ray spectrua, nevertheless it is Mainly 

due to Breaastrahlung radiation.



Whenever a charged particle slows down in the »odium a conti-

nuous in energy electromagnetic radiation, called Brensstrahlung, 

is emitted. The Brensstrahlung yield depends both on the atomic 

number of the target (Z) end on the atomic number (z) and mass 

(») of the projectiles

Z^ . ^Y_cc — — =---
0 m2

Consequently protons snd heavier lone produce . a negligible 

quantity of Breasetrahlung radiation in comparison with that one 

due to the electron/»« Figure 5 shows the Breasetrahlung cross-

C•w
.2

0 ÜJ
01 T3

Er (KeV)

5. Bremsstrahlung cross-section for 2 MeV protons on graphi-
te! (— ) theoretical data,(-- ) experimental data

Przekrój poprzeczny dla wytwarzania promieniowania haaowania na 
graficie dla protonów o energii 2 MeVj (— ) dana teoretyczna,

(--) dana doświadczalna



-section for a proton boa« of 2 MeV of energy. Tha background la 

evidently due to the aacondary alactrona and It la negligible 

at energies bigger than 4 KeV.
In order to alnlaize the background radiation electron beans 

and eaaple matrices of high atonic number are not favoured. On 

the contrary biological esmples and proton beam« of fen MeV of 
energy should optimize the background conditions. Figure 6 shone

• comparison between a X-ray spectrum obtained with a X-ray tuba 

and a PIXE spectrum. The charactarlatic X-rays and the back-

ground radiation do not Interfere only In the eacond case.

W  1X4)

Fig. 6. Comparison between an electron-Induced and a proton-in-
duced X-ray spectrum of tungsten. The ordinate units are ar-

bitrary

Porównania widm promieniowania X wolframu Indukowanego przez e- 
lektrony 1 Indukowanego przez protony. Na osi rzędnych ar-

bitralna jednostki

Quantitative analysts

In order to carry on a quantitative analysis of the trace 

element present in tha aaapla tha nuabar of tha eaitted photons 

as well ae several other perametere have to be known. If



one of the two following conditions) Is satisfied in-

deed :

i) uniformity of the booms
11) uniformity of the trace element distribution in the

sample; then the number of X-ray emitted from the T element lat

(Nx)t * Njn • oT • CT • $T

Fig. 7. Portion of a PIXE spectrum obtained at 1.8 MeV, with 250 
nA proton beam in lOO mln., on a self-supporting target of human 

blood serum. Pd is the internal standard (100 ppm as PdCl2)

Część widma PIXE otrzymana dla 250 nA strumienia protonów o ener-
gii 1.8 M®V w ciggu 100 min., dla surowicy krwi ludzkiej jako 
eesopodtrzymujęcej się tarczy. Oako standard wewnętrzny zastoso-

wano Pd (100 ppm jako PdCl2 >



v*herei NjN - 1» the number of incoming particles*

Oy - is tho probability of tha X-ray emission;

Cy. - i# tha concentration of tha trace element in the 

sample;

tT - le a coefficient which depends on the irradiation 

geowetry, detection efficiency, X-ray absorption 

in the eaapla itself as wall as along the path be-
tween the sample and the detector.

* Zt la vary difficult to have a good evaluetlon of £T and 

also oT is poorly known, so the best method to determine CT is 

to add a known quantity of an element 3 (the Internal standard) 

In tha sample. The ratio, of the two photons yields givest

fn-awii

Ugj&^-ioaoeeb

100 
added' Selenium (ppb|

Pig. 8. Pellet calibration curve for Selenium. Proton beam ener 
gyt 1.8 MeV; samplet human blood serum. Pd is the Internal stan

dard

Krzywa kalibrecyjna dla selenu. Energia strumienia protonów» 1 
MeV; próbka i surowica krwi ludzkiej. Standard wewnętrzny» Pd



0g £ g
The quantity K • —— depanda on the experimental eet-up

T ST
and on beam conditions, ao It can ba detarmlnad in a sample 

where CT and Cg are known and than It becomee a constant of 

the experiment.
Figure 7 shows a place of X-ray emission spectrua of a aam- 

plo of human blood serum in which Selenlua hod to ba Measured, 

Palladium la tha internal standard. By determining Sa and Pd 

peak oreas in different samples in which known quantltlaa of Sa 

are added the constant K is deduced from a calibration curve aa 
in Pig. 8.

Experimental set-up

For the analysla of trace alementa by maana of PIXE tha AN- 

-2G00 (2 MV) and CN (7 W )  accelerators of tha National Labora- 

torlea of Lagnaro are employed which provide proton beama up to 

few h* of Intensity and energlee varying continuously up to 

tha maximal value.
Figure 9 shows a achematlc cross-section of tha exparl-

C  £•
mental set. Six targets ara kept at 10“ -10~ mm Hg in a scat-

tering chamber. In order to minimize tha background radiation tha 
aluminium chamber is covered inside with pure nuclear graphite as 

well as the target holder and the beam collimators (fig. 10). 

Care has bean taken to minimize tha distance target - detector 
which la external to thst scattering chamber.

Tha X-ray apectromatar la a 30 mm2 Sl(Ll) detector refrige-

rated in liquid nitrogen: Fig. 11 ahowa tha efficiency of auch 

a detector with respect to the X-ray energy. The overall reeo- 

lution of the detector plus the etandard electronic chain. In-

cluding pre-amplifier, low-nolse amplifier and pile-up rejector, 
is 170 eV (FWHM at 5.9 KeV). Data are collected in a 1024- 

-channel pulse height analyser then transferred to the coapu- 

ter and finally proceesed.

The processing time of a pulse is relatively lerga(^60 n»), 

consequently the pulse superposition rlek la high at high 

counting rate. The pila-up rejector ayatem (P.U.R.) avoids pulae 
superpositions which spoil ths X-ray spectrua. In order to 1m-



Fig. 9. Schema of tho PIXE facility 
Schamat aparatury PIXE

prova tha solution of aueh a problo* *o manufactured a basa 

pulsing aystaa (B.P.S.) which 1« »or® officiant and more- 

ovar It sparaa tha targat since tha powar dallvorad In the 

sampla la significantly lass for tha saaa counting rata 

(Fig. 12). Thia aystaa consists of two plates whiph ora 

polarlzad whan a pulaa la rlaing at tha pro-aapilflar out* 

put, in auch a aannar tha incoming baaa is bsnt out ths 

scattering chamber.
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100
PHOTON ENERGY (KeV)

Fig. 11, 61 (Li) detector efficiency against photon energy. In 
abecleee the light eleaente ere elgned which ere out or et the 

Halt of the detection window

Wydajność detektora SI (Ll) jako funkcje energii fotonów. Na osi 
rzfdnych zezneczono pierwiastki ne granicy lub pozę zaalęgiew

okne detekcji

Fig. 12. Scheaatlc drawing of the bean pulalnę technique a) co«» 
perIson between the bee« pulsing end the pile-up rejector aethod, 

b) B.P.T. allows higher counting rates

Sche«at techniki struaienla puleacyjnego a) porównanie metody 
etrualenia puleacyjnego (B.P.T.) 1 aetody 'pile-up rejector": b) 

aetoda B.P.T. pozwala n* wyższa szybkość liczenia



Sample preparation

Wa have eeen that the quantitative analysis need the unifor-

mity of the particle beam or of the trace element concentration 

in the sample. We reaolved to uae always uniform and homogene-
ous samples. We have studied and essayed three different me-

thods to prepare the'«.

Thin targets

Liquid or liquid transformed samples may be easily dopped 

with an internal standard, homogenized by an ultresonlc probe 

and then sprayed with a nebulizer onto a formvar rotating back-

ing which ie in the meanwhile warmed up at ebout 40°C. In such
2

a raanner thin targets are prepared 20 ng/cn thick. The homoge-

neity ie assured when the droplets are ao tiny to produce a leea 

than 10 ¿¿in particulate on the formvar backing [7]. These 

targets can stand about 100 nA of proton beam without breeklng or 

having element evaporation.

Thick targets

In order to prepare thick targets liquid or liquid trana 

formed samples are ultrasonically mixed with the internal aten- 

dard and then dried at 60°C or freeze-dried. ground into a fine 

powder and then thouroughly mixed with about 20% of nuclear gra-
phite powder. Then sslf-supportlng 60 mg/cm2 thick pellets ere 

prepared by pressing the mixture at 4 • 103 kg/cm2 [11]. With e 

bean cross-eection of 5 mm in diameter, obtained by meens of 

a quedrupole lens and a beam diffuser, theee targeta can stand 

500-600 nA of proton beam without element evaporation.



Preconcentrated targete

In order to prepare targets for high sensitivity measurements 

a third method was developed based on preconcentretion techniques. 

A characteristic of this technique is that a part of trace ele-

ments gets lost, so it is a powerful method to measure one or 
few elements of the same chemical characterietics. We developod 

A preconcentration technique for Selenium determination [12, 13], 

The first step of the method is the destruction of the organic 

matrix, thsn the metallic Selenium and the internal standard

Pig, 13. Preconcentrstsd targetsiSelenium recovery versus sample 
quantity (human blood serum). 1,8 MsV proton beam with 200 nA of 

current on « 5 mm in diameter spot

Tarcze wstępnie zagęszczone: odzysk selenu jako funkcja wielkości 
próbki (surowica krwi ludzkiej). Strumień protonów o energii

1,8 MeV, pręd 200 nA, średnica strumienia 5 om



(Tellurium) are precipitated on e mlllipore filter which ie then 

pressed on a Whatman filter. Thle technique hae been epplled to 

human blood serum end it hee given e linear responee between

0.1 and 2.0 cm3 of serum (Fig. 13). These kinds of targets 
can stand 200-400 nA of proton bee* without eevere deaege of the 

target itself or element evaporation.

Sensitivity

The detection limit is the minimum detectable quantity of a 

certain element. Thle limit le determined by the cherecterletlc 

X-ray Intensity end by the etatlatlcal fluctuatlone of the beck* 

ground radiation which confuse the cherecterletlc peek. We con-

sider detecteble with s 95% of confidence e peek whose eree Is 

twice the standard devletlon of the background under the peek It-
self. Then we define the detection limit (0L)i

OL - 2d B

wherei oQ - is the etendard devletlon of the backgrounds 

e - is the conversion factor, thet le the retio 

the element quentlty end the correepondent. 

of the peek areat

between

counts

then

OL « 2 VJ£

where t Ag ie the beckground area under the peak.

Since the 95% of peak counts are In the 40-intervel, the ex-

perimental estimate of OL, in absence of the cherecterletlc peek,

is

OL
• v f l

• e

or, with refsrence to the detection resolution end

tlonship FWHM « 2,354 • o.

DL
! c+0.85 FWHM 

8
-0.85 FWHM

the rela-

(1 )



Not« that the background increases with the tine t. if the 

be«« current is constant, e decreases as 1/t, so PL decreases 

with the invars« root of the ti*e of neesursnentt

OL 5 DL(— )
Vt

0 5 15 25
ENERGY ( KeV)

Fig. 14. Breaeetrahlung backgrounds of Whatnan blank targets at 
different proton energies i a) 1.8 MeVs b) 3.0 MeV; c) 4.0 MaV. 
At 11.2 KaV there la the expected Selenlun peak. Ordinate units

are arbitrary

Tło pro«i«niowania heaowania na wzorcowych tarczach Whataan'a dla
wyższych energii protonów

• ) 1,8 MeV? b) 3,0 MeVj c) 4,0 MeV. Oczekiwany szczyt selenu przy
11,2 KeV. Na osi rzędnych arbitralne jednostki



Considered the conversion factor a constant of tha experiment, 

the relationship 1 shows that tha detection limit depends on 

tha background B and on tha detector-alectronio chain raaolution 

RYHM. A good detector and a good electronic chain optimize quite 

easily the FV.'HM, then the background minimizing remains the uni- 

qua task in order to have tha bast sensitivity.

The background depends on that

i) cleaning of the experimental set-up and scattoring cham-
ber drawing:

ii) on tha particle beam energyr

iii) on the target becking and sample matrix. Tha first item 
was already illustrated.

Figure 14 shows tha background on a Whatman filtar at three 

different proton energies. Tha arrows point out the expected po- 

eition of the Selenium peak. The background undar tha Selenium 

peak grows continuously with the proton energy, but »van tha

08

L-
Oic

. 0.6

0.«

20  30 4J3
Ep(MeV)

Fig. 15. Oetection limit of SeIonlu« as o function of proton a- 
nergy (confidence laval: 95%)

Granica wykrywalności selenu jako funkcja energii protonu (poziom
ufności 95%)

Backing : Whatman filter 
I «  100 fiA 
t *  1 hour



characteristic X-ray yield increases up to a maximum (Fig. 3). So 

tha detection Holt le expected to have a minimum with respoct 

to the proton energy. Figure 15 show« thle minimum for Selenium.

Biological matrlcea end graphite backing minimize the back-

ground because of their low atomic number. Thin targets are bet-

ter than thick target« from thle point of view, but the detec-

tion Halt dependa even on the conversion factor e, which de-

creased when the element quantity present in the target increase«. 
Another coupl« of important factors which determine the detection 

llalt are the maximum proton beam current the target withstands 

and how long it laste. Ae an example Tab. 2 gives the detec-
tion lialta for Selenlua in the three target preparing methods 

already described.

T a b l e  2

A coaparlaon of detection limits reached 
by three different kind of target« with reference to Selenium. 
The DC ie referred to the aaximal current end measurement time

Porównanie granicy wykrywalności selenu 
dla trzech różnych rodzajów tarcz.

Granica detekcji podana dla Maksymalnych wartości prędu 
1 czasu pomiaru

Sample
preparation

Backing Becking
thickness

Maximal
current

DL
(Se)

Measurement
time

¿ag/ cm2 nA PPb minutes

Sprayed ter- 
get

Forever ♦ A1 2-5 100 *100 600

Graphite 300 400 80 180

Thick terget Selfaupport- 
lng

^60 x 103 eoo £10 60

Thin precon-
centrated 
terget

Mlllipore ♦ 
Whatman 
filter

xl3 x 103 300 <1 10

Conclusions

The Proton-Induced X-rey Emission 1« a powerful aethod to de-

tect quantitatively trace elements of medluK-hlgh etoaic number; 

however it needs care both for the experimental set-up and the 

target preparation in order to exploit ell the possibilities of 

the method.



REFERENCES

[1] B o w e n  H. 0. M., Trace Element* In Bloohealetry, Lon-
don» New York (1967).

[ 2 ] H u e p e r  W. C.. C o n w a y  w. 0., Chealoal Carol« 
nogenesle and Cancer*, Springfield. Xlllnole (1964).

[3] S c h n i r t K.. The Role of Traca Eleaenta In Health 
and Olaaaaa Proceea In Man and Anlaala, with Special Refe-
rence to Eleaenta Newly Identified aa Eaaentlal. IAEA/SM-157 
/BO.

[ 4 ] S c h l c h a  H., K a a p e r e k  K., R l a d a l  V., 
F e i n e n d e g e n  L. E., V y a k a  K.. M ü l -

l e r  w., Trace Eleaenta In Noraal Maaaallan Tleeue and 
Correapondlr.g Malignant Tuaoura. IAEA/SM-157/37.

[5 ] U n d e r w o o d  E. 3., Trace Eleaenta In Huaan and A- 
nlaal Nutrition. New York-London (1971).

[6] w i l l s  C. F., [Ini] Proceedings of WAAP/IBP,, Internat. 
Syap. Livingstone, Edinburgh-London (1970).

[ 7 ] C o l a u t t i  P., M o a c h l n l  0., S t l e v a -  
n 0 B. M.. 3. Radloanal. Chen, 34. 171 (1976).

[ 8 ] C o l a u t t l  P.. E n z 1 G., M o a c h l n l  0., 
M u z z l o  P. C.. S t i e v a n o  B. M.. La Rlcerca 

Clin. Lab. jB, 170 (1976).
[ 9 ] L a z z e r l n l  L.. M o a c h l n l  6.» S t i e -

v a n o  B. M., [lntj Quaderno della Soprlntandenza al Be-
ni Artietlcl a Storlcl dl Venezia. Nuova Serie, n. 9. glugno 

(1980 ).
tioj F a l k a a n  F.. G a a r d e  C.. H u u a  T..

K a a p K.. Nucl. Inatr. and Math. 116 , 487 (1974).
[11] 8 e r t 1 M.. B u a o  6.. C o l a u t t i  P.. M o -

a c h l n l  G.. S t i e v a n o  B. M., T r e g -  

n a g h i C.. Anal. Chaa. 49. 1313 (1977).
[1 2 ] 6 u ( o G. P., C o l a u t t i  P., M o a c h l n l  

G.. S t i e v a n o  B. M., Acta Medica (1982).

t13] B u a o G. P., C o l a u t t i  P., M o a c h l n l  
G.. S t 1 a v a n 0 B. M.. High Seneltlvlty PIXE De-

termination of Seleniua In Biological Saaple Ualng a Pre-



concentration Tachnlquat 3rd Intern. Conf. on PIXE, Hal-

da lbarg 16-22 Xily 1983.

Laboratori Narionali 
dall'Instituto Nazionale 

di Física Nuclear«, legnaro, Italia 
Instituto di Física

6. Galllel dell'Univarsita di Padova

G. Boso, P. Colauttl, G. Moschlnl, B. M. Stl«vano

OBROWA TECHNIKA ILOŚCIOWEO ANALIZY ELEMENTARNE3I 
EMISDA PROMIENI X INDUKOWANA PRZEZ PROTONY

W artykule przedetewlono zasadę oraz omówiono niektóra aspek-
ty praktyczne zjawleke ealajl proalanl X,Indukowanej przez proto-
ny w zastosowaniu do Hotelowej analizy pierwiastków śladowych o 
wysokich lub średnich aaeech czę#taczkowych w nateriala biologi-
czny».


