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Abstract. Fish tissues were analyzed directly with an X-ray photoelectron spectroscopy (XPS) system in
order to find pollutant elements that may be bioaccumulated in the fish’s body in a river that is in contact
with the mining industry. XPS method could be used as a first technique to find a wide gamma of
elements before using conventional methods. Fish tissue was homogenized in order to make it able to be
analyzed by a surface analysis, Whole fishes were analyzed by two homogenizing methods: incineration
at 350°C, and by dehydration and crushing in a ball mill. Both methods tested show different results in the
same samples. It has been observed that in the incinerated samples the bonding energy is more intense,
this could be a result of the elements’ oxidation due to the combustion. Other difference is that in the
incinerated samples there are some elements that are not shown in the dehydrated samples. Because of
this, we suggest that the incineration should be the adequate technique to continue analyzing this kind of
materials.

Keywords: X-ray photoelectron spectroscopy (XPS); environmental monitoring; pollution detection
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Introduction

The junction of specialized cells is defined as a tissue (Walpole et al., 2011). Tissues
are capable of encapsulate elements or substances that may be hazardous to an entire
organism; this process is called bioaccumulation (Oost et al., 2003). Some techniques
are used to identify the elements accumulated in a tissue and these are capable to
determine even the concentrations (Han and Weber, 1988). The most popular technique
is the called atomic absorption spectroscopy (AAS), this has been certified for legal
purposes when detecting contamination in different matrices (water, soil, air, among
others) (NOM-001-ECOL-1996). Although it is a universal and precise technique, it has
some flaws, especially when it’s about organic materials (tissues), maybe the most
remarkable flaw is the amount of material and its sample destructiveness (Mugica et al.,
2003). These problems come with some factors to be considered: the sample must be
vast, it can only be measured once, and it becomes a bigger issue when it’s about a
protected specie tissue’s sample (Carvalho et al., 2005). In this paper, we proposed as
an alternative methodology the X ray photoelectron spectroscopy (XPS) that could work
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with a minimum amount of material that will not be destructed in the analysis. XPS is a
surface analysis method used commonly in biology to measure the chemical
composition of bacteria colonies (Rouxhet and Genet, 1991). This is because the
colonies’ formations are very thin and the organisms are composed just by one kind of
tissue (Bundle, 1992). With bigger organisms, XPS has not been used due to its
limitation as a surface technique (about only eight microns in deep); this is because
elements stored in a tissue, might be in any part of it, not just on the surface. In the
present work, fish tissues have been analyzed by two different methodologies to achieve
a homogeneous material that could be representative of the whole animal (McArthur,
2006). We hope that these procedures help to obtain ecotoxicology information with
less organisms’ samples and samples that could be stored and compared in future
broader and complex studies.

Methodology

The study was conducted in a river that has influence by miner activity. The river
“Moctezuma”, is located in the Nacozari, Cumpas and Moctezuma municipalities in
Sonora, Mexico. Twelve sampling stations were worked along the river from the upper
river, in theory less contaminated area, to San Pedro's dam, where all contaminants may
be retained as a lower basin's reservoir (Taylor, 2008).

Fish were collected by using plastic minow traps, traps were settled facing upstream
by 24 hours in order to catch fishes with diurnal and nocturnal habits, the deepth was
about 40cm and vegetation was always present in order to have primary consumers and
predators (Esacalera-Vazquez and Zambrano, 2010). Once captured, fish were classified
for further analysis, and prepared in order to obtain a homogeneous material that could
be sample representative, and measured by a surface analysis method where the
materials depth was no relevant (Maurice-Bourgoin et al., 2000). We must mention that
this paper is about the elements presents in the fishes tissues rather than the fish
ecology, but we can mention the species we found and where XPS analysis were
performed (Table 1) and due to the amount of indivudual we decide to perform XPS
analysis with Poeciliopsis occidentalis (Baird and Girard, 1853).

Table 1. Fish species collected in this study

Specie Number of
specimens
Poeciliopsis occidentalis 355
Catostomus bernardini 11
Rhinichthys osculus 1
Campostoma ornatum 166
Gila intermedia 28
Agosia chrysogaster 33

To achieve XPS analysis, we prepared the fish by two different procedures. The
first one consisted in burning the whole fish to ashes (350° C) and homogenized with
a mortar until we got a smooth dust. Second, fish were dried in a crystal dryer' with
silica gel and then homogenized with a spheres’ mill. We must emphasize that this
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might be the first approach to analize organic matter from a complex animal by XPS
technique due to the X-ray impossibility to travel out a material deeper than 10nm
(McArthur et al., 2014).

After this, the resulting dusts were analyzed in the XPS, obtaining the subsequent
spectrums. It must be noticed that in the whole preparation techniques, we did not use
any solvent; we used an XPS Perkin-Elmer Phi-5100 with a non-monochromatic
magnesium anode and an emission of Ka of 254 KeV. This preparation and other
technical details are a accord to other methodologies that have used to find pollutants in
other surface analysis such particulated material from air samples (Atzei et al., 2014 and
Guascito et al., 2015).

Results

As a first result we collect six fish species and choosed one to perform the XPS
analysis by dehidrating and incinerating. We can observe that dehydrated samples
remain wet, so we had to use a vacuum chamber, and this delayed he XPS analysis.
Once the samples were completely dry, the XPS showed different spectra (Figs. 1a, 1b,
2a, and 2b) for dehydrated and incinerated samples. Results show that there is a
difference in the element composition in samples from the same place. We also detected
that incinerated samples have a more intense spectra. There were elements that both
techniques revealed, such as oxygen, carbon, phosphorus, sodium and calcium that are
characteristic of organic materials. From all elements measured, dehydrated samples
analysis did not show three elements that were present: chlorine, zinc and potassium,
while in the incinerated samples there are no inconsistencies (Table 2).

Table 2. XPS elemental analysis results

Elements Energy level Incinerated Dehydrated
registered eV) samples samples

Al 72.95 X X

Cl 202 X

Fe 706.8 X X

Na 1070.8 X X

P 136 X X

S 163.6 X X

Si 99.82 X X

Zn 1021.8 X

0] 543.1 X X

N 409.9 X X

Ca 346.2 X X

C 284.2 X X

K 294.6 X

On the other hand, the spectra intensities are different for incinerated and dehydrated
samples, being more intense for the incinerated. This could be related with the oxygen
levels result of the oxidation of the elements by heating (Hussein, 2007). We assume
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that this oxidation could maximize the elements's pikes that are missing in the
dehydrated samples, and that is the reason they appear only in the incinerated analysis.
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Figure 1a. XPS spectra for incinerated samples
(A is the most upper sample and F the lowest sample)

There are elements that are indispensable for life, these elements are hydrogen (that
cannot be measured in XPS), carbon, nitrogen and oxygen (Vander Zanden and
Rasmussen, 1999). There are also about 20 other that are necessary for biological
processes, these are called macro and micro nutrients: calcium, phosphorus, cobalt, iron,
manganese, chromium, magnesium, chloride, vanadium, iodine, sulfur, nickel, cupper,
molybdenum, sodium, tin, fluorine, silicon, potassium, selenium, and zinc (Underwood,
1971). Some of these nutrients, when they are in excess, are metabolized and excreted,
but some of them can be bioaccumulated and may cause illnesses. Such elements are
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cupper, cadmium, fluoride, selenium, molybdenum, vanadium and other considered
severe contaminants, like lead, mercury and arsenic which may occasion dead. In the
incinerated samples chloride, zinc and potassium have been detected (Tacon et al., 1984).
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Figure 1b. XPS spectra for incinerated samples
(G is the most upper sample and L the lowest sample)

Analysis of incinerated samples shown presence of chloride, zinc and potassium,
even when these elements do not represent contamination per se, is questionable that
they couldn’t be detected in the dehydrated samples because there must be present in
organic material from living beings (Reinhold, 1975).
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Figure 2a. XPS spectra for dehydrated samples
(I'is the most upper sample and VI the lowest sample)

We have already mentioned that, even there is no clear evidence of pollution just
considering the XPS results; it is missing the concentration value of each element
characterized because this could evidence some environmental troubles in the region
(Phiri et al., 2005). For example, the cyanide used in the gold extraction process is
formed with sodium (Na), so a great amount of Na could indicate pollution by sodium
cyanide (Chouinard and Veiga, 2008). To confirm this it is needed water quality
analysis searching for each element (that could indicate environmental troubles) found
in the organic materials (Charles et al., 2013).
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In conclusion, both procedures showed different results, which could not confirm
water pollution at this time, but we can conclude that sample incineration must be the
right technique to analyze organic materials by XPS because the high intensity of its
spectra that may maximize the signal of the elements with low content. This is
important to detect bioaccumulated elements that represent less the 1%, which is the
ideal concentration to appear in the XPS analysis without previous treatment.

Figure 2b. XPS spectra for dehydrated samples
(VI is the most upper sample and XII the lowest sample).
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