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Abstract

This review collects the research of the recent years on biological or environmental studies in which
Total Reflection X-Ray Fluorescence Spectrometry (TXRF) was used as a chemical analytical
technique for quantification of elemental content. Although it is not a novel technique, its application
in biological and environmental samples has extended in the last years.

TXREF is a useful analytical technique used for simultaneous qualitative and quantitative determination
of a wide range of chemical elements, from sodium until uranium, including halogens with low matrix
interferences. The major advantages of this technique include the small amount of sample required
and the relative simplicity of sample preparation. Direct analysis of samples is also possible, shortening
preparation time, reducing reactive consumption, and simplifying the whole analysis process. Furthermore,
the low detection limit makes TXRF an excellent technique for the determination of ultra-trace, trace and
major elements (concentrations range from ppb to percent) in environmental and biological samples.
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Abbreviations

ICP-MS: Inductively Coupled Plasma-Mass Spectrometry; ICP-OES: Inductively Coupled Plasma-
Optic Emission Spectroscopy; AAS: Atomic Absorption Spectroscopy.

Introduction by entering in the food chain from the environment or
during processing or storage. For this reason, the ele-
mental analysis of food is fundamental for safety assess-
ment. Fast and sensitive analytical techniques, able to
detect major and trace elements, are required as a result
of the increasing demand on multi-elemental informa-
tion and product screening [1]. The same occurs with the
determination of toxic ions in drinking water samples.
The World Health Organization (WHO) recommends

Elemental content of environmental and biologi-
cal samples is useful and of great importance for many
purposes. TXRF technique makes it possible in a quick,
simple manner and at a low cost. For instance, elemental
composition of food is of great importance. Food is the
main source of essential, major and trace elements for
animals and humans. Some potentially toxic elements,
dangerous for human health, may contaminate food
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very low levels of most heavy metals in water for human
consumption [2]. This group includes Ag, Cd, Cr, Hg,
Pb, V and some metalloids such as As, Sb, Bi, and Se.
Therefore, to have a tool that allows quantified simulta-
neously to all of them, with low limit of detection and
high sensitivity, results advantageous.

Heavy metals accumulation in soil, sediments, and
ground water may be related to the phenomenon of bio-
accumulation ability of living organisms, such as plants
and animals. Bioaccumulation is the increase in concen-
tration at human organism due to industrial activities
and the food chain. The main sources of heavy-metal
pollution in soil are irrigation, especially with sewage;
solid-waste disposal, for example, sludge and compost
refuse; the use of pesticides and fertilizers; and atmo-
spheric deposition. Plants and algae acquire the essential
nutrients, such as N, P, and K, from the environment.
However, they may also accumulate unnecessary and
toxic metals, such as Pb and Cd [3]. Several plants and
macro algae, especially the brown ones, have the abili-
ty to accumulate high metal concentrations [4]. Many
studies have reported data for the transfer of heavy met-
als from oil to plants and vegetables through roots and
shoots. Finally, these toxic elements can cause possible
damage to animals and people that consume them [5].

The elemental evaluation of different biological sam-
ples, including human samples, has become more com-
mon. Elemental analysis of the human biological mate-
rial (e.g. saliva, serum, urine, and hair) carries essential
information about the state of the organism [6]. One
example is the study of environmental and occupational
exposure to lead as potential risk factor of cardiovascular
diseases [7].

Multi-elemental analysis by Total Reflection X-ray
Fluorescence

Total Reflection X-ray Fluorescence (TXRF) Spec-
troscopy is a powerful multi-elemental technique with
important applications in chemical analysis of biological
and environmental samples. In the last years, there has
been an increase in its use along this line. TXRF presents
numerous advantages with respect to other techniques
that are more frequently used, like ICP/MS, ICP/OES or
AAS. Itis anon-destructive technique, it requires a single
standard internal calibration, it allows different types of
samples (liquids, solutions, powder, suspensions, solid,
thin films, aerosols) and it is possible to avoid digestion
procedure. In addition, it is fast, simple, and it allows to
detect and to quantify a great number of elements simul-
taneously from Na until U (including trace, ultra-trace
and halogens) in ppb concentration until percent, it re-
quires small sample amounts, it has high-sensitivity, low
detection limits and it is inexpensive since it does not
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need the use of gases (e.g. argon).

Recently, a technical specification named ISO/TS
18507 “Surface chemical analysis-Use of Total Reflection
X-ray Fluorescence spectroscopy in biological and envi-
ronmental analysis” [8] has been published. It summa-
rizes all types of samples that can be analyzed by TXRF
and the different kind of sample preparations; such as
water, soil, plants, human and animal tissues and differ-
ent fluids, among others that will be detailed in the next
section.

Unlike the conventional XRF geometry and due to
the low glancing beam angle, in TXRF the detector can
be arranged closer to the sample leading to a higher flu-
orescence yield. The monochromatic X-ray beam illumi-
nates the sample and it is totally reflected, leading to a
doubling in the fluorescence intensity and significantly
reducing background noise and matrix effects, which
results in detection limits comparable or better to those
that can be obtained by other techniques [8].

The S2 PICOFOX (Bruker) is the portable bench top
TXRF spectrometer most employed for trace element
analysis in the reviewed studies, but there are others. It
is optimally suited, due to it allows for fast quantitative
and semi-quantitative multi-element microanalysis of
liquids, suspensions, solids and contaminations, reach-
ing detection limits in the pg L' and mg L' range. The
analysis time for sample is around of 300 s.

The sample preparation is critical for the chemical
analysis and it depends on the sample kind and its aggre-
gate state [8]. There are many ways to treat the sample
before conducting an analysis with TXRF. The liquids
and suspensions samples can be evaluated directly (with-
out pretreatment). Regarding the solid samples, they can
be analyzed preparing a suspension or previously acid
digestion [9]. In all cases, the sample must be dried with
infrared light before to be measured by TXRF.

In TXRF is a not necessary realized curve of calibra-
tion, every time, before to measure. TXRF equipment is
calibrated and you only must add a known amount of a
standard internal to the sample. The use of an internal
standard is required for quantification purposes, correct-
ing any variation in sample deposition on the surface of
reflector, which could produce random errors. Ga and
Co are the most used internal standards. The only re-
quirement is that the internal standard is not present in
the sample to be analyzed.

Environmental and biological applications

In the last years, the numbers of investigations using
TXRF spectrometry in environmental or biological stud-
ies has increased. The technical specification published in
2015 summarizes all types of samples that have been an-
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Table 1: List of works using TXRF in environmental and biological applications.

Year Authors Type of sample
Alvarez-Vazquez, et al. [9] |Sediments
Cherkashina, et al. [10] Geological samples (rock,

mineral, ore)
Natural water
Yadav, et al. [11] Human hair

2014 Kubala-Kukus, et al. [12] |Human serum
Lankosz, et al. [13] Brain tumors
de Oliveira, et al. [14] Honey
Li, et al. [15] Dwarf cherry
Margui, et al. [16] Edible clams
Bahadir, et al. [2] Drinking water
Bilo, et al. [17] Zebrafish embryos
Feichtmeier, et al. [18] Leaves and roots of the plants
Heroes, et al. [19] Protein phosphatase
de Olivera, et al. [20] Honey

2015 Bilo, et al. [21] Rice

Soils
Dalipi, et al. [22] Wine
Espinosa-Quifiones, et al. Groundwater
[23]
Detcheva, et al. [24] Coalash
Cleto, et al. [6] Saliva and gingival crevice
fluid
Kubala-Kukus, et al. [7] Human serum
Hair
Rodriguez Castro, et al. [25] Superficial water
Majewska, et al. [26] Human serum
Dalipi, et al. [27] Wine

2016
Gallardo, et al. [28] Soil
Fiedor, et al. [29] Bacteria and photosynthetic

structures
Hoéhner, et al. [30] Plant
Resende and Nascentes | Organic fertilizer
[31]
Natali, et al. [32] Mosses
Dalipi, et al. [3] Vegetal sample
Salomone, et al. [4] Seaweed
Bandeira Lages, et al. [33] Saliva
Almeida, et al. [34] Mice brain

2017 Jablan, et al. [35] Urine
Allegretta, et al. [36] Celomic fluids from

earthworms

Margui, et al. [37] Human placenta

Bilo, et al. [38] Tree leaves

alyzed by TXRF with environmental purposes until 2013
[8]. Before that, Szoboszlai, et al. [10] published a review
focused on the application of TXRF in the field of bio-
logical research. They concluded that, the TXRF method
is still not popular enough and others elemental labora-
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Sample
preparation
Slurry
Suspensions

None

Acid digestion
Acid digestion
Acid digestion
Suspensions
Acid digestion
Acid digestion
None

None

Acid digestion
Slurry
Suspensions
Acid digestion

Dehydration
None

Slurry
None

None

Acid digestion
None
None
None

Suspensions
None

Acid digestion
Slurry

Slurry
Suspensions

Acid digestion
Acid digestion
Acid digestion
None
None

Slurry
Acid digestion
None
Acid digestion

Quantified elements

As, Cu, Fe, Mn, Pb, Rb, Sr, Ti, V, Zn
Ba, Br, Ca, Fe, K, Mn, Ni, Rb, S, Sr, Zn

Cr, Cu, Fe, Ni, Pb, Zn

Cu

Ca, Cu, Fe, K, Rb, Zn

Br, Ca, Cr, Cu, Fe, K, Mn, Ni, Se, Sr, Ti, Zn
Ca, Cu, Fe, K, Mn, P, Rb, S, Sr, Zn

Minor and trace elements

Cr

Pb, Zn

Au

Fe, Mn, Zn

Br, Ca, Cr, Cu, Fe, K, Mn, Ni, Se, Sr, Ti, Zn
Al, As, Ba, Ca, Cr, Cu, Fe, K, Mn, Ni, Pb,
Rb, Sr, Ti, V, Zn

Cl, Cu, Fe, Mn, Ni, Pb, Sr, Zn

As, Ba, Br, Ca, ClI, Co, Cr, Cu, Fe, K, Mn, Ni,
P,Pb,S, Ti,V, Zn

As, Ba, Ca, ClI, Cr, Cu, Fe, K, Mn, Ni, Pb,
Rb, Se, Sr, Ti, V, Zn

Br, Ca, Cl, Cu, Fe, K, Mn, P, Pb, Rb, S, Se,
Ti, Zn

Pb

As, Br, Ca, Fe, K, P, Zn

Br, Ca, ClI, Cr, Cu, Fe, K, P, Pb, Rb, S, Se, Zn
Ag, Ba, Bi, Ca, Cd, Co, Cr, Cu, Fe, In, K,
Mn, Ni, Pb, Rb, Sr, Ti, Zn

Br

Ca, Co, Cr, Cu, Fe, K, Mn, Ni, Rb, Se, Sr, Zn

Ca, K, Mn, S, Sr

Ba, Br, Ca, Cl, Cr, Cu, Fe, K, Mn, Ni, P, Pb,
Rb, S, Sr, Ti, V, Zn

Al, As, Br, Ca, Ce, ClI, Cr, Cu, Fe, K, Mn, Ni,
V, P, Pb,Rb, S, Sr, Ti, Zn

As, Br, Ca, Cu, Fe, K, Mn, Rb, Sn, Sr, Pb,
Zn

As, Br, Cu, Cr, Fe, Mn, Ni, Pb, Rb, Sr, V, Zn
Cr, Cu, Fe, Ni

Ca, Cl, Cu, Fe, K, Ni, P, S, Zn

Ca, Cu, Co, Fe, K, Mn, Na, P, Se, Zn

As

As, Br, Ca, Cd, Cu, Fe, K, Pb, Rb, Se, Sr, Zn

Br, Ca, CI, Cr, Cu, Fe, K, Mn, Pb, Rb, Sr, Ti, Zn

tory analyses mostly are applied (i.e. AAS, ICP/OEs or
ICO/MS). The present work reviews the researches of the
last years ( ). During 2014, eight papers used this
valuable technique for determination of multi-elemental
composition in different types of samples. Such as geo-
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logical samples [11,12], human samples [13-15] and food
[16-18]. In 2015, nine papers were published on the use
of TXRF in environmental and biological studies. Among
biological samples, animal and plant tissues [19,20], pro-
teins [21] and food (honey, rice, wine) [22-24] are found.
Regarding environmental research, groundwater [25],
drinking water [2], soils [23] and ash [26] were analyzed
by TXRFE. During 2016, ten papers were published about
TXRF in environmental and biological applications (

)- Among them superficial water samples [27], hu-
man biological materials and fluids [6,7,28], wine [29],
soil [30], organic samples (bacteria, plant, mosses, fertil-
izer) [31-34] were analyzed. So far this year, eight papers
have been published [3,4,35-40]. Among them, a new
type of sample appears, such as, seaweed [4]. There were
no papers on multi-elemental analysis in marine algae by
TXREF. Salomone, et al. [4] showed that the technique is
adequate for studies on chemical composition of marine
macro algae, previously digested.

The main advantages of the methodology are the con-
sumption of low volumes of reagents and the low operat-
ing costs since the portable TXRF system used does not
require cooling media and gas for operation. In addition,
the method is fast, simultaneous multi-elemental analy-
sis takes place at room temperature, preventing analyte
losses due to volatilization and a small amount of sample
is enough for the analysis, regard less of sample pretreat-
ment. Dalipi, et al. [29] emphasized on the easy quanti-
fication through internal standardization and low oper-
ating costs, since the bench top system used does not re-
quire cooling media and gas consumption for function-
ing. Rodriguez Castro, et al. [27] proved that TXRF tech-
nique is suited for evaluating water of different sources
with adequate detection limits and excellent sensitivity
for trace elements. In addition, no sample preparation
is required for these types of samples, which is a benefit
because also it prevents possible contamination by other
processes and it is less time consuming. Numerous works
prove that TXRF is quite suitable for routine analysis of
human biological material (e.g. serum, urine, saliva and
hair), because it lets to determine simultaneously many
elements in one measurement in a very small amount of
samples and in some cases directly [6,13,28]. Gallardo,
et al. [30] used TXRF method to determine Br content
in two real soil extracts, showing that it is possible to
quantify halogens Resende and Nascentes [33] expressed
the ability of TXRF to quantify many analytes, including
P, S, Cl and Br, for which the determination by others
spectrometric techniques is more difficult. Fiedor, et al.
[31] evaluated the application of TXRF spectrometry to
provide an elemental profile of bacteria and their pho-
tosynthetic structures. The method proved its value in
studies where the samples are highly limited in amount
and concentration. Hohner, et al. [32] highlighted that
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TXREF is especially suited to probe individual leaves in
single plants or even specific leaf areas due to that very
small amount of samples that are required (< 0.5 mg dry
weight). In addition, it is cost-efficient suitable, precise,
robust and highly reproducible.

The papers prove that the TXRF applications are in-
finite and show the advantages of the use of TXRF in the
multi-element analysis, highlighting the low cost, the
small amount of sample required and the possibility of
avoiding the digestion of the samples simplifying the
procedure and reducing the total analysis time. Natali, et
al. [34] determined a great number of elements in mosses
by a TXRF coupled with a slurry sampling method (slur-
ry-TXREF). It is an advantage in comparison with other
techniques because the method avoids a digestion step
and reduces the risk of sample contamination. The same
sample preparation was used for soils, organic fertilizer,
ash, honey, among others [16,26,30,33].

TXREF limitations

TXRF technique has limitations. Some of them are
related with the sample or its preparation. For example,
it is not possible determinate cadmium or mercury when
the sample was previously digested, because, these ele-
ments are lost in during the process. Others restrictions
are connected to operating conditions from spectrome-
ter, as the type of X-ray tube (tungsten, molybdenum).
In addition, there are some limitations regarding to de-
tections limits of some elements. In that sense, the use
of synchrotron light can improve the detection limits
significantly, making possible detect amounts in the fen-
tograms order. Kunimura, et al. [41] described a method
for improving the detection limit for zinc by a portable
TXRF spectrometer. Hampai, et al. [42] demonstrated
that a conventional source combined with a polycapil-
lary semi-lens can provide a quasi-parallel beam intense
enough for desktop TXRF analysis of low concentration
samples.

The samples heterogeneity and different types of sam-
ple preparation or pretreatment confirm the versatility of
this technique, which is still new for biological and envi-
ronmental studies. The small amount of sample required
combined with a portable equipment, simple and that it
does not require much maintenance, it does not use gas-
es and it has a low cost with respect to other equipment
(like ICP, which also has more sophisticated installation
conditions), makes the analysis with this technique easi-
er, cheaper and accessible to any laboratory of biological,
analytic or environmental analysis. The results are easy
to obtain, visualize and analyze, no technicians or spe-
cially trained staff are required. The data are accurate and
quantified with high sensitivity and low detection limit.
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Studies of chemical composition are interesting for many
asons. From the environmental standpoint, knowing the

content of heavy metals and metalloids in food and other bi-

ol

ogical samples is especially relevant for human health and

ecosystem conservation. The human activities are respon-
sible of environmental destruction, lost species and human
diseases expansion. Knowing elemental composition in a
fast and simple way is essential.
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