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Ab stract: We analyzed elemental composition of foods and organic foods, commonly consumed by
large groups of population, using PIXE/PIGE analytical methods. The aim of this work was to measure
concentrations of trace elements contained in selected crops and to compare their values for organic food 
and food produced in a conventional way. By following simple steps, the crops were processed into
samples in the form of pressed pellets, in which yttrium was added as an internal standard. Samples were
irradiated with a beam of accelerated protons with the energy of ~3 MeV, generated by an accelerator
system at the laboratory of the Center for nuclear and accelerator technologies (CENTA). The measured
spectra were evaluated by the GUPIXWIN software; potassium (K), calcium (Ca), manganese (Mn),
iron (Fe), copper (Cu), zinc (Zn), bromine (Br), rubidium (Rb) and strontium (Sr) were included into a
group of investigated elements. In the end, obtained results are discussed and compared with the results
from other studies.

1. In tro duc tion

Organic foods are generally presented as a healthier and overall better source of nutrients
than just foods cultivated by conventional methods. From the chemical point of view,
however, foods are made of macromolecules, such as lipids, proteins or carbohydrates,
which are in fact derivates of hydrocarbons. Hence, all foods are structurally more or less
the same and the term �organic� only suggests which methods and materials are (not) used
in the process of their production [1]. Although actual legal requirements on how organic
foods should be produced depend strongly on the country of origin, some regulations are
obligatory, e.g. refraining from the use of prohibited substances, such as synthetic
fertilizers, animal feed and drugs, during the growing process [2]. Despite the general
public belief that organic foods are of a better quality than non-organic variants, a study
which would confirm this theory by introducing solid arguments is yet to be published.

In or der to in crease their pro duc tion, farm ers are usu ally forced to ex ploit dif fer ent
sub stances which can pro tect crops from var i ous pests (pes ti cides) or wee-like par a sitic
plants (her bi cides), make veg e ta bles and fruits rich in nu tri ents (fer til iz ers), or pre vent an -
i mals from get ting ill (drugs). Ex ten sive use of these ma te ri als, re gard less if they are
strictly nat u ral (or ganic) or man-made (syn thetic), can lead to po ten tially harm ful res i -
dues to be con tained in foods. Heavy met als (e.g., As, Cd, Hg, Pb) rep re sent an other group 
of pos si ble food con tam i nants. Un like most of the abovementioned sub stances based on
hy dro car bons, heavy met als tend to ac cu mu late in the en vi ron ment due to very high per -
sis tence, mainly in the sur face soil layer. Sources of con tam i na tion by toxic met als are
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plen ti ful; they can get into the en vi ron ment, for ex am ple, as a part of un in tended leak ages
from metal pro duc ing fac to ries, as a part of the fly-ash from coal burn ing, in dis charges of
waste wa ters from heavy in dus try or from spe cial ap pli ca tions (e.g., tetraethyllead gas o -
line), though risk of such in ci dents to hap pen should be now a days prac ti cally nul li fied, at
least in the de vel oped coun tries [3]. Nev er the less, gov ern ments world wide spend non-
neg li gi ble re sources for com po si tion anal y ses of foods to con trol their qual ity.

There are many re li able meth ods which are rou tinely used for de ter mi na tion of food
chem i cal com po si tion; se lec tion of the right (most suit able) one de pends on many fac tors,
like analyte(s) of in ter est, sam ple size, time of anal y sis, re quired sen si tiv ity and de tec tion
limit of the method etc. Even though less fre quently em ployed, tech niques based on prin -

ci ples of par ti cle in duced X-ray emis sion (PIXE) and par ti cle in duced g-ray emis sion
(PIGE) rep re sent an in ter est ing al ter na tive to more tra di tional spec tro met ric and spec tro -
scopic meth ods (e.g., ICP-MS, AAS) for anal y sis of el e men tal con tent in a va ri ety of sam -
ples, in clud ing foods [4, 5]. While PIXE uti lizes de tec tion of X-rays emit ted dur ing
de-ex ci ta tion of in ner shell elec trons from tar get at oms ejected by in ci dent par ti cle im -

pact, PIGE ex ploits de tec tion of g-rays from nu clei ex cited by bom bard ment with en er -
getic par ti cles [6�9]. With a proper de tec tor, the for mer method can be used for

mea sure ments of al most all el e ments (Z ³ 6), how ever, in the case of the lat ter, one typ i -

cally fo cuses on de ter mi na tion of light el e ments only (Z £ 15). One of the main ad van -
tages of the PIXE/PIGE tech niques is that they are non-de struc tive, which is es pe cially
im por tant for sam ples of high cul tural value, though some kind of pre-treat ment is nec es -
sary for spe cial type of sam ples. On the other hand, their de vel op ment and op ti mi za tion
are, like for any other ion beam anal y sis (IBA) method, ex pen sive and time-con sum ing.

In 2013, Center for Nuclear and Accelerator Technologies (CENTA) has been established
at the Comenius University in Bratislava, which comprises a laboratory with an state-of-art
Pelletron® accelerator (NEC, Wisconsin, USA) usable for IBA, including PIXE/PIGE,
accelerator mass spectrometry and nuclear reaction analysis studies [10, 11]. Besides the
accelerator, the system in the laboratory consists of two ion sources, an injection part with a
double focusing 90o bending magnet, and a post-acceleration ±15o switching magnet,
followed by two end lines, one of which is equipped with a specially designed vacuum
chamber for PIXE/PIGE analyses; detailed information about the PIXE/PIGE chamber have
been reported elsewhere [12]. For production of proton beams, one can either use a radio
frequency ion source, which works with gas hydrogen, or an ion source for solid targets, in
which a cathode with pressed titanium hydride (TiH2) can be mounted. Intensity and profile of 
beams can be easily adjusted by various control elements, installed along the whole system.

This pa per pres ent re sults of el e men tal com po si tion anal y sis of 21 se lected or ganic
and non-or ganic foods, con ducted with the use of the PIXE tech nique. Pre pared sam ple
tar gets, mounted on a holder of the PIXE/PIGE cham ber, were bom barded with a ~3 MeV
pro ton ion beam, pro duced by the tan dem sys tem of the CENTA lab o ra tory. Due to in trin -
sic char ac ter is tics of the BEGe de tec tor, in stalled in the cham ber, we fo cused only on the
el e ments with Z > 19; al to gether, ten ma jor and trace el e ments (from po tas sium to stron -
tium) were iden ti fied to be pres ent in sam ples. In most cases, we were also able to de ter -
mine con cen tra tion of de tected el e ments. Ob tained re sults were com pared with the val ues
pub lished in the lit er a ture and, if pos si ble, re sults of quan ti ta tive anal y sis of or ganic and
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non-or ganic foods of the same spe cies were put in com par i son as well. Fi nally, prepared
sample targets were evaluated from the homogeneity point of view.

2. Meth ods

The fol low ing com mer cially avail able fruits and veg e ta bles, both or ganic and non-or -
ganic, were se lected for the el e men tal com po si tion anal y sis: cab bage, cu cum ber, spin ach,
on ion, pars ley, car rot, po tato (or ganic only), black bean, ba nana, to mato (non-or ganic
only), and ice berg let tuce. For ba nanas and or ganic cu cum ber, their outer peels were pro -
cessed and mea sured sep a rately. Ex cept for beans, which were chopped by a spe cially
mod i fied small-scale mix ing in stru ment, all foods were first cut into pieces with a ce ramic 

knife and dried in oven at 75°C. Af ter wards, dried pieces were pow dered by a mor tar and

sieved through 0.5´0.5 mm holes to sep a rate the fine frac tion. For each sam ple, ap prox i -
mately one gram of the fine pow der was taken and mixed with the slightly acidic yt trium
in ter nal stan dard so lu tion (cY3+ = 1.0064 mg mL�1). Then, sam ple pow der was dried again

at 35�45°C and pressed into the form of a pel let (3´15 mm), used as a thick tar get for
PIXE.

Af ter mount ing the tar get sam ples on the sam ple holder, the PIXE/PIGE cham ber was
evac u ated to the pres sure level of around 10-6 Torr be fore the mea sure ments them selves,
which usu ally took a few hours be cause of the va por ous char ac ter of sam ples. Pro ton ions
for PIXE anal y sis were pro duced in the MC-SNICS ion source from the TiH2 cath odes
and ac cel er ated to the en ergy of ~3 MeV. The mea sure ments were per formed with the
sam ple holder at the 10o an gle to the BEGe de tec tor. The in ten sity of the ion beam was ad -
justed to and main tained at ap prox i mately 1 nA, and a cur rent in te gra tor was set to col lect
ex actly 1 µC. To en sure high ef fi ciency of the charge col lec tion, spec tra ac qui si tion tak ing
from 15 to 20 min was con ducted with a sec ond ary elec tron sup pres sion elec trode in stalled
around the sam ple holder. With the ex cep tion of two sam ples, each tar get was mea sured at
three in di vid ual po si tions (up, mid and down). In the end, acquired PIXE spectra were
processed by the GUPIXWIN software package [14].
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Fig. 1. PIXE/PIGE cham ber with the con nected BEGe de tec tor (left) at the CENTA lab o ra tory [13].



3. Re sults and dis cus sion

De ter mined yt trium con cen tra tions, added as a part of the in ter nal stan dard so lu tion
dur ing the sam ple pro cess ing, showed a great vari ance, im ply ing that pre pared tar gets
were in deed inhomogeneous. Based on the amount of the stan dard Y3+ so lu tion mixed
with the sam ple ma te rial, we cal cu lated that the con cen tra tion of yt trium was ide ally sup -
posed to be about 335±45 mg kg�1 for the whole sam ple set. How ever, mea sured yt trium
con tent was in the range of 84�916 mg kg�1, with only 10 out of 58 mea sure ments cor re -
spond ing with the ex pected con cen tra tion (within the rel a tive un cer tainty of 10%). Dif fer -
ences in the yt trium con tent were found not only be tween food spe cies but also be tween
po si tions of a sin gle sam ple tar get, i.e. the Y con cen tra tion for e.g. non-or ganic on ion at
the po si tion up, mid and down was de ter mined to be 841 mg kg�1, 354 mg kg�1 and
276 mg kg�1, re spec tively. Rather poor dis tri bu tion of the in ter nal stan dard was prob a bly
caused by its in suf fi cient mix ing with the sam ple ma te rial dur ing the tar get prep a ra tion.
On top of that, the inhomogeneity prob lem was clearly ap par ent when we eval u ated the el -
e ments of in ter est as well; in some cases, de ter mined con cen tra tions var ied with a po si tion 
of the in ter ac tion of pro tons with the tar get up to fac tor of ten. This might be ex plained by
a spe cific as pect that ground ing and siev ing of sam ples pro duced too coarse par ti cles,
most likely sub stan tially dif fer ent in el e men tal com po si tion, which cre ated inconsist-
encies in the fi nal pressed tar gets.

De spite the facts men tioned in the pre vi ous para graph, we could mea sure some in ter -
est ing re sults. Al though the main goal of this study was to de ter mine con cen tra tion of the
el e ments of in ter est, it was im pos si ble to ob tain rea son able val ues for sev eral sam ples,
mainly due to low res o lu tion of their re spec tive spec tra and be cause of high back ground
from brems strah lung, ex am ple of which is shown in Fig. 2a. There fore, only re sults of
qual i ta tive anal y sis are re ported here for these sam ples, namely or ganic and non-or ganic
car rot and pars ley, or ganic po tato (Ta ble 1). Al most no dif fer ence was found be tween
non-or ganic and or ganic sam ples of the same spe cies, as none of the el e ments was de -
tected in the non-or ganic sort and not de tected in the or ganic one, or vice versa. It is im -
por tant to note that re sults for po tas sium and cal cium are some what ques tion able, as the
used BEGe de tec tor has un fa vor able res o lu tion and very low ef fi ciency for de ter mi na tion
of these two el e ments [15].

Tab. 1. Re sults of qual i ta tive anal y sis of some foods (d = de tected; nd = not de tected; ? = am big u ous).

El e ment

    Sample    K   Ca  Mn   Fe   Cu   Zn  Se  Br  Rb  Sr

Non-organic Carrot    d    ?   nd    d    d    d    d    ?    ?    ?

Parsley   nd   nd   nd    d    d    d   nd   nd    ?    ?

Organic Carrot    d   nd   nd    d    d    d    d   nd    ?    ?

Parsley    ?   nd    ?    d    d    d    d   nd   nd    ?

Potato    ?   nd    ?    d    d    d    d   nd    ?   nd

In the case of sam ples, which spec tra were mea sured with sat is fac tory re solved peaks,
we were not only able to de ter mine whether the el e ments were pres ent in the sam ple material
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but also their over all con tent. Again, re sults for po tas sium and cal cium should be con sid ered 
as pre lim i nary at best, for the same rea son as men tioned above, thus are dis cussed only par -
tially. Ex clud ing vary ing val ues for ba nana sam ples, the high est con cen tra tions of po tas -

sium (429±42 mg kg�1) and cal cium (359±33 mg kg�1) of was found in the to mato and
non-or ganic cab bage sam ple, re spec tively, which are one to two or ders of mag ni tude lower
than re ported val ues [4]. On the other hand, con cen tra tions of other el e ments in e.g. non-or -
ganic cab bage are in good agree ment with the lit er a ture val ues. While con tent of man ga -
nese (27±3 mg kg�1), cop per (21±1 mg kg�1) and zinc (30±1 mg kg�1) in this sam ple are
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Fig. 2. Spec tra ac quired with X-ray K- and L-lines dis tin guished for re spec tive el e ments in the case of
or ganic pars ley (a) and non-or ganic spin ach (b). Ex per i men tal data was fit ted us ing the GUPIXWIN
soft ware [14].



com pa ra ble with the re sults from the study where anal y ses were done by PIXE as well [4], 
con cen tra tion of iron (127±2 mg kg�1) was de ter mined to be by a fac tor of about three
higher, though in con cor dance with the value given in other work [16]. Con tent of stron tium 
(41±6 mg kg�1) for the same sam ple was close to the re ported value, un like ru bid ium
(85±3 mg kg�1) which was found to be one or der of mag ni tude higher [4]. Ad di tion ally,
bro mine was un de tected in the non-or ganic cab bage sam ple which agrees with the re sult
from al ready cited pub li ca tion [4].

Ex am ples of par tial in co her ence of our data with the lit er a ture were ob served not just
for the sam ple of non-or ganic cab bage, how ever, as we in ves ti gated a rel a tively wide
spec trum of sam ples and el e ments (ten el e ments in 21 sam ples), we could not find pa pers
deal ing with a set of a sim i lar scope. Be cause of this, we de cided to fo cus on a mu tual
com par i son of or ganic and non-or ganic food spe cies in the next sec tion. Fur ther more,
sev eral stud ies [16, 17] showed that foods may con tain heavy met als, such as mer cury,
cad mium or ar senic, whose de ter mi na tion can be im por tant from the tox i co log i cal point
of view. In our case, no heavy met als were mea sured above their limit of de tec tion, nei ther 
in non-or ganic nor or ganic food sam ples.

Comparison of elemental content in organic and non-organic food species is depicted in
Fig. 3 and 4. Results for K and Ca are omitted, for the same reason as discussed above. We
can see that concentration of manganese was higher for five out of eight organic samples,
although difference is almost negligible in the case of bean. Content of iron and copper was
determined to be higher in case of four and six organic species, respectively, though Cu
concentration for two remaining organic foods is only slightly lower. The amounts of zinc
for five organic samples, similarly to manganese, were larger than for their non-organic

variants, though the difference in the case of cucumbers was lower than 4 mg kg�1. Except
for iceberg lettuce, cabbage and spinach, where its concentration values for both types were

on the level of uncertainty (<3 mg kg�1), selenium was found higher for all organic foods.
Bromine was not detected for four conventionally cultivated foods (cabbage, bean,
banana�s pulp, cucumber) and two organic species (banana�s pulp, onion), while being
more abundant in the case of other five organic and two non-organic food samples. Content
of rubidium, same as for Fe, was determined to be lower for exactly fifty percent of the
non-organic sample set. Lastly, strontium concentration values were comparable in the case
of bananas (both peel and pulp), beans and cucumbers with the differences of less than

6 mg kg�1; for the rest of the samples, the only organic food with significantly higher
content of Sr was spinach.

From the aforementioned comparison based on our obtained results, it is impossible to
conclude which type of foods is richer in essential or non-essential trace elements, as their
concentrations varied a lot. For example, looking at the bananas� pulps, we can see that the
non-organic variant contained much more potassium than the organic one, however, the
opposite was true for Fe and Zn. In contrast, mutual comparison of the iceberg lettuce
samples showed that they had almost identical content of K, Ca, Cu, Se, Rb and Sr, while

being slightly different in zinc (25 mg kg�1) and significantly different in Fe, Mn and Br

(43�70 mg kg�1) concentration (Fig. 3). This would suggest that the lettuce sample targets
were prepared fairly homogenous and the distribution of the studied elements in this
particular food is probably quite uniform. However, results for other samples imply that
concentration of element is dependent on its preferential absorption by specific food
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species, regardless whether it they are produced in a conventional or organic way. Another
important factor to consider is chemical composition of soil where analyzed foods were
grown, though its investigation was beyond the scope of this study.

4. Con clu sions

Concentrations of macro and trace elements were determined in selected non-organic
and organic foods. From eleven foods, we prepared altogether 23 thick samples which were
analyzed by PIXE at the CENTA laboratory. Measurements of yttrium, used as an internal
standard, and other elements showed that samples were mixed and pressed to some extent
inhomogeneously, leading to varying elemental distribution in the irradiated targets, though 
it may be that determined elements are naturally non-uniformly distributed in examined
food species. In some cases (e.g. for parsleys or carrots), low resolution of acquired spectra,
allowed only qualitative analysis of the respective samples. Results of direct comparison of
non-organic versus organic food species were ambiguous, presumably due to inconsistency
in concentration values of the elements of interest. Toxic heavy metals, such as Cd, As or
Hg, were not detected in any food sample. The homogeneity problem identified as the main
source of hardly interpretable results could be eliminated by further development of the
methodology, e.g. by exploiting thin targets instead of thick ones.
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