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degradation and oxidation, induced by ionizing ra-
diation [4], and can, furthermore, be related to the 
modified interaction of non-irradiated and irradi-
ated starches with fatty acids derivatives [3]. In 
particular, improvement was stated of hydropho-
bic properties of the films prepared basing on po-
tato starch, potato starch-sodium laurate, or po-
tato starch–cetyl-trmethyammonium bromide 
(CTAB) composition [2]. The improvement of 
strength and elasticity was detected in the case of 
potato starch films, while in the case of films con-
taining an addition of CTAB or sodium laurate, a 
considerable increase in elasticity was noticed. 
Moreover, it was found that storage of the starch-
-sodium laurate films induces increase in their hy-
drophobicity accompanied by an increase in the 
mechanical strength and decrease in elasticity.

Accordingly, at present the studies of structur-
al properties of the films prepared using potato 
starch alone or in its composition with admixed 
sodium monolaurate or CTAB were carried out 
applying scanning electron microscopy (SEM). 

In recent years a growing interest has evolved in 
the enlargement of application of biodegradable 
and edible packaging, in relation to the problems 
of environmental protection and in the purpose to 
improve quality of food and commercial products. 
The trials were run, therefore, on improvement of 
the properties of such packaging by using a modi-
fied composition or applying various chemical and 
physical treatment. 

Starch is an abundant and cheap biopolymer 
and the potato starch is an appropriate material 
for the preparation of films and coatings. The ap-
propriate addition of hydrophobic compounds 
might, moreover, improve barrier properties of bio-
polymer films. 

Our preliminary results [1-3] show radiation-in-
duced improvement of the functional properties 
of the films prepared basing on potato starch 
alone as well as the films containing potato starch 
and admixed lipids/surfactants, as well as the films 
prepared basing on wheat starch (containing natu-
rally occurring lipids). This occur regarding starch 
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Fig.1. Examples of SEM images recorded in the case of chemically stained potato starch films (procedure I).
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Potato starch of Sigma production (S-4251), 
CTAB by Aldrich and sodium laurate by Fluka 
were used for the preparation of films. Irradiations 
with Co-60 gamma radiation were carried out in a 
gamma cell Issledovatel placed in the Department 
of Radiation Chemistry and Technology, Institute 
of Nuclear Chemistry and Technology (INCT), ap-
plying a dose of 30 kGy. Films were prepared by 
casting from gelatinized starch solutions with an 
addition of glycerol as a plasticizer (30 wt% of 
glycerol in terms of starch mass) and dried at am-
bient temperature. Films containing sodium laurate 
and CTAB were prepared after performing the 
procedure, leading to obtaining starch-surfactant 
complexes (at laurate:starch ratio equal to 0.049 
and CTAB:starch ratio equal to 0.075) [3]. Glycerol 
was introduced to the composition of films at the 
end of the preparation, prior to casting (proce-
dure I), or at the beginning, before starch gelatini-
zation (procedure II). Dried films were peeled 
from the substrate and kept in atmosphere of rela-
tive humidity (56%) before performing the proce-
dure of chemical staining with glutaraldehyde.

SEM studies were carried out at ambient tem-
perature for 4 types of the films, submitted to 
chemical staining with glutaraldehyde [3]. These 
were the films prepared according to procedure I 
on the basis of potato starch alone, potato 

starch:CTAB (10:0.75) and potato starch-sodium 
laurate (10:0.49). Moreover, the potato starch-so-
dium laurate (10:0.49) films prepared according 
to procedure II, were examined. In regard to the 
fact that the films prepared with the addition of 
sodium laurate were sensitive to mechanical treat-
ment with solutions, SEM observations were also 
carried out for the films dried during 6 months in 
air at ambient temperature. Observations were 
performed for both surfaces of the films (external 
and internal), for their fracture and for the section 
executed before drying (“old” sections). Conven-
tionally, the images of fractures and sections were 
taken for the films placed in the holder in such a 
way that the surface of the film was parallel to the 
top of the picture. 

Surfaces of all the films formed basing on the 
systems, containing non-irradiated and irradiated 
starch, as well as fractures obtained after chemical 
staining, projected partially a honey-comb struc-
ture (Figs.1-5), typical of the gels obtained using 
non-irradiated starch [5] and formed in the inter-
mediate step of the films preparation. Similarly, 
the honey-comb structure was still evident in the 
case of the “old” sections of the films containing 
CTAB and non-irradiated starch (example in 
Fig.5). For example, the rectangular blocks, ac-
companied with the cracks parallel to the films 

Fig.2. Examples of SEM images recorded in the case of chemically stained potato starch-CTAB films (procedure I). (a) The 
structural elements are oriented parallel to the film surface (photo made at the non-typical film orientation). 
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of these films (Fig.3). The fractures of the prepa-
rations obtained according to procedure I reveal a 
fibrinous structure with numerous narrow pores 
parallel to the surface and surrounded by thin 
walls (Fig.3). In the case of the films prepared 
basing on the same system, but according to the 
procedure II, much more pleated surface was no-
ticed than in the case of the films obtained using 
procedure I. Similarly, the structural elements ob-
served in their fractures and parallel to the films 

surface were observed in the fracture of the chem-
ically stained films prepared basing on non-irradi-
ated starch alone (Fig.1). Presence of the honey-
comb structure was particularly evident in the case 
of the films containing non-irradiated starch and 
CTAB (Fig.2), regarding its activity as a surfactant. 

Pleated surfaces were observed in the case of 
both types of non-irradiated films containing so-
dium laurate (obtained using procedure I and 
procedure II), probably due to the strong swelling 

Fig.3. Examples of SEM images recorded in the case of chemically stained potato starch-sodium laurate films, prepared 
according to procedure I and procedure II. (a) Slices of the fixing glue are visible in the images.
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surfaces have appear more swollen and flatten, as 
compared to these detected in the case of the films 
obtained according to procedure I (Fig.3).

The films obtained using the irradiated starch 
appear to be more smooth and homogeneous, as 
compared to those obtained using the irradiated 
starch (Figs.1-3). Excluding orientation, the fine-
-grained structural elements, observed in the case 
of the irradiated starches remind the smaller 
structural elements, observed in the cases of the 
gels prepared basing on the irradiated starch [5]. 

These films were characterized by the more par-
ticular structure, better ordered packing of mate-
rial and lack in orientation of the structural ele-
ments. Only in the case of the films prepared 
basing on starch-sodium laurate system (proce-
dure I) the coarse-grained structure was observed, 
with dimensions reminding dimensions of the 
structural elements present in the non-irradiated 
films. 

In the cases of the fracture performed after 
drying the films containing non-irradiated starch 

Fig.4. Examples of SEM images recorded in the dried potato starch and potato starch-sodium laurate films. The images 
of sections obtained for a starch film was similar to that observed in the starch-CTAB films.
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Fig.5. Examples of SEM images recorded in the dried potato starch-CTAB films (procedure I).
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or non-irradiated starch-sodium laurate (example 
in Fig.4), the numerous thin trails occured, prob-
ably corresponding to the flattening of the cracks 
or of the fibrinous structure, noticed in the cases 
of the preparations obtained by chemical staining. 
Just the opposite, the fractures of the irradiated 
films is indicative of non-oriented particular struc-
ture (Fig.4). On the other hand, the fractures of the 
films containing CTAB, irradiated and non-irradi-
ated, show after drying smooth particulate struc-
ture with small precipitates (Fig.5). 

Small precipitates, present in the surfaces of the 
dried films, prepared basing on starch or starch-lau-
rate systems (Fig.4), appear to be connected with 
a plastificator leaving the films after drying. The 
larger amount of these precipitates, present in the 
cases of the irradiated films as compared to the 
non-irradiated ones suggest facilitation of leach-
ing the plastificator, connected with irradiation. 
In fact, our studies performed using DMA (dy-
namic mechanical analysis) and DSC (differential 
scanning calorimetry) methods proved the forma-
tion of two phase system in the films plasticized by 
glycerol and by water [3].

The results show that the improvement of the 
hydrophobic and mechanical properties of the starch 
and starch-surfactant films resulting due to irra-

Earth and in organisms of wild animals in all con-
tinents, in the tissue of fishes and birds.

They are commonly detected in human organ-
isms, being a serious health threat because, e.g. of 
destruction of lipid balance and possibility of their 
incorporation into a bilayer lipid cell membranes 
[1]. The most commonly detected compounds in 
the environment are perfluorinated octanoic acid 
(PFOA) and perfluorinated octanesulfonic acid 
(PFOC).

To widely recently investigated methods of re-
moval of organic compounds which are anthropo-
genic environmental pollutants, belong methods 
of advanced oxidation processes (AOP), based 
on the use of radical reactions [2]. One of these 
processes is application of ionizing radiation, which 
in the case of irradiation of aqueous solutions is 
an efficient source of radicals both of oxidizing 
and reducing properties, which can react with or-
ganic pollutants [3].

There is already broad literature on the appli-
cation of AOPs with ionizing radiation for decom-
position of numerous groups of organic pollutants 
in waters and wastes, including also surfactants, 
both of industrial and municipal origin. For in-
stance, gamma irradiation with a 1.8 kGy dose of 
75 mg L–1 dialkylbenzene sulfonate in aerated so-
lution allows to lower the value of COD (chemical 
oxygen demand) form 151 down to 56 mg L–1 [4]. 

diation correspond to the formation of smoother 
and more homogeneous films. On the other hand, 
a decrease of elasticity in the irradiated films after 
storage can be related to the facilitated evacua-
tion of the plastificator from the smaller internal 
spaces of those films.
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The continuous development in all areas of con-
temporary human activity, connected among other 
factors to use increasing number of chemical com-
pounds in industry, agriculture, health care, or 
households, is associated with unavoidable process 
of emission of various compounds into the natural 
environment. This brings, however, a potential 
danger for all forms of life, including obviously 
threat to human health. One of numerous groups 
of compounds, which are common pollutants of 
natural waters are surface active compounds such 
as detergents, which are widely used in different 
branches of industry and households.

The important group of detergents from the 
point of view of environmental protection are per-
fluorinated anionic surfactants, in which in long 
alkyl chains all hydrogen atoms are replaced by 
fluorine atoms. These compounds are widely used 
on an industrial scale in fire-extinguishers and for 
impregnation of numerous materials, in cosmetics 
and household products. Their environmental threat 
results first of all from a very large chemical stabil-
ity in the environment, comparable to common 
persistent organic pollutants such as chloroorganic 
pesticides, polycyclic aromatic hydrocarbons or 
polychlorinated biphenyls. Since the beginning of 
the 1990-ties, it is known that they occur practi-
cally all over the globe, as they are detected in sur-
face waters in the most remote regions on the 
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