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Abstract 
In this paper the photochemical science as a 
tool to purified samples in analytical chemistry 
procedures are discussed. This new aspect of 
photochemistry, by considering the principles of 
green chemistry, is considered crucial to reduce 
the amount of stationary phases and organic 
solvents normally used in classic purification 
procedures. 
In this overview, we provide insight into these new 
developments and survey the main applications.

Introduction
In the last few years, the world interest was 
focused on the development of new sustainable 
practices [1]. This interest has developed in all 
fields of science and even more in chemical 
science [2].
In this context, Paul Anastas in 1991 opened 
the way for environmentally friendly practices 
coining the term Green Chemistry [3]. The idea of 
Green Chemistry is based on the use of chemical 
substances non-polluting, non-harmful and 
therefore sustainable [3].
As reported by Anastas [4], the first activities in 
the field of Green Chemistry were carried out in 
industrial processes. Today, the Green Chemistry 
is predominant in the field of organic chemistry 
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[5], and especially in the industrial synthesis 
processes [5].
In the field of analytical chemistry, since 
2000, a new branch of science based on the 
implementation of sustainable processes was 
used [6]. This branch goes under the name of 
Green Analytical Chemistry (GAC). The concepts 
of GAC were exposed for the first time by De La 
Guardia and Ruzicka [7].
In 2005 Tange and colleagues formulated the 
12 principles of Green Chemistry [8] coining the 
acronym PRODUCTIVELY:

Prevent waste
Renewable materials
Omit derivatization steps
Degradable chemical products
Use safe synthetic methods
Catalytic reagents
Temperature, Pressure ambient 
In Process Monitoring
Very few auxiliary substances 
E-factor maximize feed in production
Low toxicity of chemical products
Yes it is safe

the principles of Green Chemistry have been 
redefined by Gałuszka, Migaszewski and 
Namiesnike and new concepts have been 



included in the acronym SIGNIFICANCE [9] 
currently used in Green Analytical Chemistry.

Select direct analytical technique
Integrate analytical processes and operations
Generate as little waste as possible and treat it properly
Never waste energy
Implement automation and miniaturization of methods
Favor reagents obtained from renewable source
Increase safety for operator
Carry out in-situ measurements
Avoid derivatization
Note that the sample number and size should be minimal
Choose multi-analyte or multi-parameter method
Eliminate or replace toxic reagents

The 12 principles of Green Analytical Chemistry 
can be achieved by considering:
-the removing or reduction of chemical 
substances in analytical processes;
-the minimization of energy consumption;
-the minimization of waste production;
-the improvement of operator safety.

In this context, recently, have been developed 
photochemical purification processes able 
to oxidize interfering substances in the 
determination of organic compounds [10].

Persistent Organic Pollutants
By the words persistent organic pollutants 
(POPs) were identify a group of toxic, persistent 
and bio accumulative substances of natural or 
anthropogenic origin [11]. 
Considering that natural degradation processes 
(photolysis, chemical or biological) not can 
support the rate with which they are released 
to the environment, their concentrations in 
different environmental matrices increase during 
the times [12]. Due their properties, (persistence 
and ubiquity), POPs represents a serious 
environmental problem [13]. In details, POPs are 
resistant to chemical and biological degradation 
and due their chemical and physical properties 
(vapor pressure, boiling points, etc.) can be 
transported in not polluted natural environments 
[14]. The ubiquities of these compounds depend 
on to evaporation, stripping, dissolution, 
precipitation and adsorption of the individual 
compound [14]. The chemical and physical 
properties of these substances, makes their 
potential pollutants for water, atmosphere and 
soil. In detail, these substances can cause several 
diseases as a consequence to chronic exposure. 
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In fact, most POPs have a low solubility in water 
and, generally, are not reached concentrations 
which may cause immediate action on human 
health [15]. Unfortunately, considering that they 
are hardly metabolizable substances, they can 
bio accumulate in living beings [16]. This property 
makes the organic micro particularly insidious; 
moreover it is difficult to define for each of them 
a threshold concentration below which you can 
exclude risks to the environment end human. In 
this context, in the last twenty years, the attention 
about to monitoring of these compounds has 
increased. As a consequence, some activities such 
as pollutant monitoring and decontamination 
strategies were intensified. 
The most POPs investigated in real and 
natural matrix are saturated and unsaturated 
hydrocarbons [17], polycyclic aromatic 
hydrocarbons (PAHs) [18], polychlorinated 
biphenyls (PCBs) [19], chlorobenzenes (CBs) [20], 
pesticides [21] and herbicides [22].
Although the chemical characterization of the 
samples are very important, the use of organic 
solvents and additional stationary phases, 
represent a further source of pollution, especially 
for matrices at low concentrations or absence 
of pollutants. In this context, it is necessary to 
develop and optimize analytical methods that 
not use or reduce both the quantitative of organic 
solvents and stationary phases during analytical 
procedures. 
In this context photochemical purification 
processes, appear as promising alternative to 
conventional purification methods.

Photochemistry and its use to determine 
organic pollutants
Photochemistry can be considered as the branch 
of chemistry that deals with the chemical action 
of light.  
Important developments in the study of 
photochemistry occurred in the early 1800s. 
In 1817 Theodor von Grotthus recognized that 
in order for light to be effective in producing a 
chemical change it had to be absorbed.
Following, Giacomo Ciamician [23] in one studies 
of Science 1912 reported the aspect of “The 
photochemistry of the future”. Recently, in an 
interesting review, Pace at al. have reported some 
aspect about the interaction of light and organic 
molecules in natural environment [24].
In the context of analytical chemistry, the 
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application of light in analytical procedures, were 
applied in the last twenty years. For example, in 
literature are reported some photo-derivatization 
techniques [25-26] to determine some analytes by 
using high-performance liquid chromatography 
after derivatization procedures. An important 
review about the use of photochemistry in 
derivatization procedures was reported by Lores 
et colleagues [27].
On another hand, the use of light as photo-
purification techniques, have received attention 
only in the last few decade.
The first one study on photo-clean up application 
was reported by Ulrika et al [28]. In this study, since 
that chlorinated paraffins not have adsorption 
after 254 nm, the authors reported the use of light 
at 290 nm to photo-oxidize interfering organic 
compound in the determination of chlorinated 
paraffins in biological samples. 
By considering both the study of Ulrika and the 
photochemistry properties of some chlorinated 
organic compounds, recently, Barreca et al., have 
applied and validate photochemical sample 
treatment procedures as a greener approach to 
analysis of polychlorinated byphenyls [29] and 
chlorobenzenes [30]. 

Conclusion
According to principles of Green Chemistry (GAC), 
in analytical procedures, organic solvents and 
stationary phases should be reduced. However, 
this goal is difficult to achieve in analytical 
chemistry, since most methods of analysis use 
column purification processes in order to reduce 
interfering substances. 
Despite being troublesome, the implementation 
of less toxic and natural reagents for alternative 
purification techniques should also be 
pursued. In this context, processes activated by  
photochemistry should replace conventional 
clean up processes.
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