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ABSTRACT
This paper Is a review concerning the application of Nuclear Analytical Techniques I"
theCuban siicjar industry. The most complete elemental composition of final molasses (34
elements) and natural zeolites (38) tilts last une employed as an auxiliar ayent In stiijar
technological processes has been perlormed tiy means ot Instrumental Neutron Actlvallon
Analysis (INAA) and X-Ray Fluorescence Analysis (XRFA). The trace elcinenlal sugar cane soil-
plant relationship and elemental composition of different types of Cuban suyar (raw. bianco-
directo and refine) vwre also studied. As a result, valuable Informations referred lo Die
possibilities of tislmj these products In animal and hixnan foodstuff GO as In other applications
are ijlven

INTRODUCTION

Soil-plant relation study in sugar cane in Cuba, using chemical and agrochemical methods
is devoted entirely almost to the major elements, specially to the main nutrients (N.P.K). As
these, normally are the only elements in the fertilizer's formula. Taking in account the age of the
sugar cane plantations (nearly 50 years old) it has been pointed out that the soil degradation,
related to micro nutrient composition is considerable high, and for that reason, the search of
fertilzers containeng these elements has become an important task.

Cuban final molasses likewise in other countries are used as part of the diet for animal
foodstuff and for the production of different compounds in biotechnological industry as well.
Therefore, these applications require certain knowledge concerning the uniformity of these
samples, from the compositional viewpoint, in order to insure the absence of toxic element and
to establish the adequate industrial parameters for the production of the above mentioned
products [1].

In the elemental composition of the three types of sugars normally produced in Cuba (raw,
blanco-directo and refine), it's important to know which element is responsible for the formation
of non soluble compounds and also to establish the degree of toxicity of these products. From
the same point of view, looking into account the increasing applicator! of natural zeolites in
sugar production and the uncertanty concerning to their micro element composition, a special
topic related to this material was also included in this work.

Among the numerous inorganic analytical methods available, Instrumental Neutron
Activation Analysis (INAA) with thermal neutrons from reactor is particularly well-suited for
obtaining valuable information on the elemental composition of various environmental and
biological samples [2].

On the other hand, from the point of view of the characterization of Cuban molasses,
sugars, zeolites, etc., the selected analytical method must be easy in sample preparation
procedure in orden to avoid as minimize any contamination and it must be capable also to
analyzing a great number of these samples with an adequate accuracy due the large quantity of
sugar factories installed in Cuba (- 156 ).

MATERIAL AND METHODS.

Samples were taken from different important zones (Figure 1). Sugar cane leaves were
burnt at 400 "C. Molasses samples were vacuum centrifuged. All samples were mechanically



powdered in an Agate mill, homogenized and wrapped in polyethylene or aluminum paper in
oortions of 50-80 ma.portions of 50-80 mg
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Figure 1.- Location of the studied samples.

The samples were irradiated in four reactors: Triga Mark II (5 MW, 1.1012 n .cm'V) at the
Dalat Nuclear Research Institute in Viet Nam [3], IBR-2 (16 MW. 1.1012 n.cm'V') in the Joint
Institute for Nuclear Research, Dubna, Russia [4], WRS-M (10 MW, 5.10n n.cm'V1 ) at the
Nuclear Physics Institute of Uzbequistan [5] and Triga Mark III (1 MW, 1.3.1013 n.cm'V1 ) at the
National Institute for Nuclear Research of Mexico [6]. X-Ray Fluorescence Analysis (XRFA) was
used as complimentary technique.

Nuclear spectra were collected using semiconductor detectors (HPGe and Ge(Li) with 60-70
cm3 sensible zone), with energy resolution between 1.8 and 3.2 keV for the 1332 keV line of 00Co.
The detectors were connected to 4096 channel ADC linked to IBM-PC. The spectra were
processed using different version of the SPAN [7], ACTIV [8] and SPAN_LAN [9] systems. The
elemental concentrations were determined by the relative, absolute and Ko INAA methods,
according to the methodologies described in [10-16].

RESULTS AND DISCUSSION

Soil-Plant relation: The quantitative analysis confirmed the presence of Ca. Fe, Mg, Na. Si
and Al as major components. This is characteristic in plant composition [17]. Figure 2 shows
the range of concentrations obtained for minor and trace elements in sugar cane leaves and soil
samples (more than 100) from the selected zones. Symbols represent the average concentration
of the elements. Concentration losses from burning at 400 °C [18] was also taken in account. The
statistical deviation takes values less than (2-3)n for all elements.

From these results it can be concluded that: the behavior of minor and trace element's
concentrations obtained by INAA in sugar cane leaves is uniform and independent of sugar cane
variety or type of soil. We can also make the statement that sugar cane can be considered as a
powerful micro element extractor plant, according to the Cu, Zn, Co, Ni and Mn concentrations
founded in their leaves [19].
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Figure 2.- Range of concentration values of minor and trace elements
determinated by INAA.

On the other hand, the sugar cane soil-plant relation (Figure 3) shows four principal groups
of micro elements, according to their absorption by the plant. Br, Cu, Hg, Rb and Sr can be
considered as "very strong absorbed", .because the relation is bigger than 2 (e.g. 200%
absorption). In the same way Au, Ba, Eu and Zn can be classified as "strong absorbed", As, Ce,
Cs, Hf, Th and U as "regular absorbed" and the rest as "low absorbed".

Soil-Plant Relation
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Figure 3.- Soil-Plant relation for micro elements in sugar cane.



All elements present in the first two groups play a specific role in the nutrition process of
sugar cane. The role of Cu and Zn has been studied in other works [20,21], but in the case of the
rest of the elements this kind of study up to nowadays has not been performed, probally because
in early works their presence was not "discovered" due the lack of sensitivity of the employed
analytical methods.

The fact that the plant can only absorb theses elements from the soils (as we mentioned
they ussually are not present In fertilizer's composition) must be taken in account by plant
fisiologist, because thay also may play an important role in plant nutrition, otherwise how it can
be explained their pronounced absortion. On the other hand, if these elements do not return
back to the soil, the degradation after 20-30 years can be considerable, and this may have some
relation with the appearence of sugar cane diseases in the last years. In the past, when there was
no mechanization, the cane leaves were leff at the plantation soils In order to prevent the grow of
extraneous grass and to preserve the moisture. Practically this approach Insure the returning of
the micro elements to their original places.

As mechanization must not be sttoped, many developed countries, that employ cane leaves
as organic fuel and after that, using the ash coming from the burning as compliment of the
fertilizers. In Cuba this practice is taking place and its seems that can be an adecúate solution to
"save" our soils of this process of micro nutrients degradation.

The concentration levels of all elements studied by INAA is within the range that does
seems to be an impediment to using the sugar cane leaves as animal food.

Sugar analysis: Figure 4 shows the range of concentrations obtained for 17 refined sugar
samples, 9 raw sugar samples and 15 blanco-directo sugar samples. The symbols present the
average concentration of the elements for different types of sugar samples. The elements given
in the figure are shown at decreasing concentration of the refined sugar samples.
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Figure 4.- Behaviour of the elements determinated in sugar samples by INAA.

The concentrations of the determinated elements in different types of sugar, in general,
show a very little variation. A small increase in the concentration values of Fe, Rb and Cs in
crude and blanco-directo sugar, respect to the refined sugar, is observed. In the case of Br
concentrations that difference is bigger.

According to the obtained results for Fe, Sr and Zn and taking in account their chemicals
properties, if seems that only their compound are probable the responsible of the presence of



non soluble materials In the different types of sugar. On the other hand, the obtained
concentrations for all elements are In the normal levels, according to their comparison with
another food samples [22,23], and toxicologlcal levels [24]. Then, the results shows that the
different types of Cuban sugar are ecologically clean.

Molasses Analysis: In final molasses samples from 74 sugar mills 34 elements were
determinated by INAA. Average and range concentrations for all determinated elements are
shown in Figure 5. The comparison with the concentration values reported for 14 elements by
chemical analysis [25] is satisfactory.
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Figure 5.- Average and range of concentrations determinated by INAA in final molasses.

The behavior of concentrations Is practically uniform. Only for Br, Fe, Zn, Ce, Rb, Ca and
Al, a disperse range of concentrations is observed.

Observed variation for Ca, and specially, the presence of K with high concentration, Mg,
Na and other cations, Induce the unsoluble compound formation (for example - sucrose's) whose
obstruct the sugar crystallization process [26]. The last incited to the sugar loss in final
molasses. Then, the variation of concentration values of mentioned elements, can be the reason
of the different values of sugar loss in final molasses reported by the sugar industry in the last
few years.

In the fermentation process, some elements play a considerable role in the activation or
inhibition of a series of biological and catalytical process. Very high selectivity and catalytical
power Is characteristic for these elements. In the composition of fermentator whose catalyzes the '
hydrolitical process, Fe, Cu, Mo and Co are the principal, and in the acid-basic process - Fe, Cu,
Mo, Zn, Ca, Mg, Mn and Co [27].

If considered the considerable variation of concentration range for Fe, Zn and Ca in final
molasses, the positive and negative results in the use of molasses in different fermentation
process can be explained. Then a more detailed research of the concentration values of these
elements to evaluate the molasses quality for the biotechnological industry is indispensable.

On the other hand, the concentration values of all determinated elements in final molasses
are in normal toxicological levels for their use as animal food.



Natural Zeolites: The INAA with thermal neutrons from reactor and the XRFA shows the
presence of 38 elements in the assayed natural zeolites. Elemental concentration values are
shown in Figure 6.

The concentration of major elements (Ca, Al, SI, Fe, K, Mg, Na) are similar to values
obtained by chemical analytical techniques [28-32]. As minor elements Tl, Ba, Sr, Zn, Mn and Zr
were determinated. In the case of Ba, Sr, Zn, Mn and Zr, Is the first time that their elemental
determination in Cuban natural zeolites has been performed. The last allow the toxicological
analysis of these elements
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Figure 6.- INAA and XFRA results in natural zeolites.

The comparison of concentration values obtained for Ba. Sr and Zn with the Permissible
Concentration Levels (PCL) for soils and food [33], and US zeolites approved by the NASA for
space zeoponlc plantations [34] (Table 1). shows a great difference. Taking into account the
INAA can not determinate the chemical compounds with these elements, the difference between
the Russian and US norms, the lack of Cuban norms and the Intensive use of zeolites in the
Cuban sugar industry, its evident that a most exhaustive research of the toxicological levels for
Ba, Sr and Zn In Cuban zeolites has to be performed.

Table 1.- Permissible Concentration Levels (PCL) and concentration values reported in
Cuban and US zeolites (in ppm).

Bed
Piojillo

Palmarito
Tasajera

San Andrés

PCL"

PCL*(soils)
Wyoming

Texas
California

Ba
697
464
028

324
300

230

906
198
360

Sr
401
666
274

155
667

600

421
185

2855

Zn
226
97

100
188
30

23

-
-
-

In oxide compuond.



The presence of 22 trace elements is relevant because they are reported for the first time in
Cuban natural zeolites. The number of Rare Earth Elements (REE) determinated is considerable.
The concentration values for all determinated traces elements (including the REE and high toxic
elements as As, Hg, U, etc.) must not limit the use of Cuban natural zeolites in the sugar Industry.

On the other hand, all elements observed in sugar and final molasses are determinated in
zeolites and in the main "strange substances" donors in a sugar mill as sugar cane leaves and
soils are. This can be the reason that justify their presence in, usually, high organic final
products of the sugar industry.
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