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Chemistry: polluter or protector of the environment? 

Despite the scientific progress and improvement of living conditions, some health risks, 

associated at inorganic and organic chemical pollutants in term of type and levels, are increasing, 

especially in indoor environments [1-2]. Consequentially, chemistry and chemists play a relevant 

role in society by making important contributions in environmental monitoring and in other 

different fields such as human civilization, environmental, health, technologies, science of life, 

cultural heritage, etc. With a growing understanding and ability to manipulate and analyze 

substances, the chemist is a societal problem solver. For example, they synthesize agricultural 

chemicals like fertilizers and pesticides to ensure a constant and viable food supply, develop life-

saving pharmaceuticals pesticides and monitor the different environmental matrices and food.  

 

Indoor pollution 

As recently reported from World Health Organization in Europe, millions of citizens spend 

approximately 90% of their time indoor (workplaces, schools, public indoor spaces, buses, trains, 

etc). However, most of the population living in houses which are modern and comfortable, do not 

know that also in their indoor environments, the concentrations of many hazardous substances are 

greater than in outdoor environments. Environments cause effects on human health. In particular, 

researchers have hypothesized that indoor dust that may be closely linked with health effects, 

especially in children and adults with chronic lung disease [3, 4]. Several hazardous air pollutants 

are produced in indoor environment from common activities such as cooking, cleaning and 

smoking.  

 

Monitoring of indoor environments 

For several years, some research groups have focused their interest on monitoring the 

quality of various environmental systems and particularly of indoor spaces. In general, indoor air is 

monitored by using automatic auto sampler instruments and samples are analyzed determining 

several parameters. Consequently, monitoring indoor environments is considerable in terms of costs 

and difficulty. There are several advantages to using bioindicators and indoor dusts as passive 

accumulators, which are able to provide information on the average variation in time and location of 

the concentrations of contaminants in areas under consideration. These investigations characterize 

human real indoor exposure to hazardous materials.  

 

Polycyclic Aromatic Hydrocarbons (PAHs) 

Among the hazardous substances, Polycyclic Aromatic Hydrocarbons (PAHs) are one of the 

most important due to their carcinogenicity and mutagenicity.  
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Figure 1. Structure of some PAHs 

 

PAHs are introduced into the environment by both natural processes (volcanic eruption, 

forest fires, etc.) and anthropogenic sources. PAH are ubiquitously and are found in air, water, soils 

sediments and food. Significant indoor sources of these compounds are cigarette smoke, emissions 

from domestic cooking stoves, fireplaces, etc.  

 

PAHs in indoor dust 

In order to monitor indoor pollution, a research group [5] has quantified 17 compounds in 

indoor dust collected from 45 indoor environments located in the area of Palermo, Italy. Total 

PAHs concentrations in indoor dusts ranged from nearly zero (36) to about 34000 mg/kg. The 

clearest features of the results on total PAHs are that suburbs and rural areas have markedly lower 

PAHs concentrations than urban/anthropyzed. The highest total PAHs concentrations were 

measured in a kitchen while the lowest concentrations were measured in a living room. In 

particular, PAHs levels in indoor dusts for smoking households, where tobacco is burned, were 

higher (from 2 times observed in the kitchen to 16 times in the bedrooms) than the others. Also, the 

results demonstrated that the use a fireplace, located on living room of a rural house, increased 

emissions of PAHs in living room more than in the bedroom. The indoor relative concentrations of 

more volatile compounds were even higher than those of the outdoor source, for example, 

acenaphthylene in the indoor sample accounted for about 30% of the total PAHs while the same 

accounted for only 6% in outdoor samples.  

 

PAHs from decorative candles 

Candles have been 

utilized since ancient times as a 

source of light and are in modern 

society frequently used for 

decorative and religious purposes 

in indoor environments.  

Candles burning produce 

smoke during the long, slow, and 

incomplete combustion process. 

The smoke     emitted 

by wax has been proven   

 Figure 2. Wax combustion in decorative candles   to contain several hazardous 

compounds (aldehydes, phenol, aromatic and aliphatic hydrocarbons, etc) and has also been 
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identified as mutagenic. The total PAHs concentration measuring 

during decorative candles burning, reported as mass of PAHs 

emitted/mass of candle burning, was between 2 and 50 mg/kg [6]. 

The composition of PAHs emitted from wax burning varies 

significantly relating to differences in the materials used in candle-

making. The use of candle may provide some comfort, however, if 

the indoor environment is not properly ventilated, the accumulated 

high concentrations of PAHs may become a potential risk to 

humans. 

 

Phthalates (PAEs) 

Another class of hazardous indoor pollutants are phthalate 

esters, often called phthalic acid esters (PAEs), that are important 

owing to their endocrine disrupting, carcinogenicity and 

reproductive effects. Phthalates are introduced into the environment 

only by anthropogenic sources, for example bis(2-ethylhexyl) 

phthalate (DEHP), is largely employed in plastics as an additive 

and plasticizer, while others are components of industrial 

solvents, adhesive, wax, ink, pharmaceutical products, 

insecticides, mural paints, perfumes and cosmetics. Considering that phthalates are not chemically 

but only physically bound to the plastic they may be leached and are ubiquitously found in air, 

water, soils, sediments and food.  People exposure to PAEs may arise from toys and child-care 

articles, building materials and home furnishings, car interiors, clothing and via medical devices, 

and food-contact materials. Some compounds are contained in food packaging films.  

 

Phthalate esters in indoor dust 

In a recent paper, some authors [7] report the results concerning six phthalates from indoor 

dust collected from 12 houses of Palermo. The dust samples were collected in bedrooms, living 

rooms, kitchens, corridors, offices, etc. Indoor dusts were analyzed by using a gas chromatograph 

[7].  

 

 
Figure 4. GasChromatography-MassSpectrometry (GC-MS) Instrumentation for phthalates analysis  

Figure 3. Instrumentation for 

PAHs analysis during combustion 

of decorative candles 
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The total concentrations of phthalates ranged from about 300 to 4800 mg/kg with a mean of 1289 

mg/kg and were slightly lower than those of other countries (mean total PAEs 2352 mg/Kg), in 

particular than those of Bulgaria (total PAEs 8860 mg/Kg). This probably is caused by common use 

of PVC flooring in this country and to differences in lifestyle. In Italy, floors and coverings of 

plastic polymers are rarely used because in the construction or restructuration of domestic buildings, 

Italian people prefer materials of natural origin such as ceramic tiles, stoneware, lime, concrete, etc. 

 
Figure 5. Examples of building material used in Italy  

 

 Another reason could be ascribed to direct air exchange between the indoors and outdoors, brought 

about by open windows all year-round. In particular, in the monitored indoor environments, the 

highest concentrations of phthalates were measured in poorly ventilated environments and/or those 

having little exposure to sunlight, for example, in a kitchen and in a bed room of two old houses 

where the slight exposure to sunlight and inadequate ventilation delay the decomposition catalyzed 

by sunlight of phthalates. Moreover, phthalate concentration depends on the age of the building. In 

particular, authors have underlined that, the people who live in old houses are more exposed than 

those who live in the latest buildings.  

  

Decontamination techniques 

The decomposition and volatilization of phthalates in different matrices with sunlight 

irradiation are negligible. In the recent years, new decontamination techniques, in order to reduce 

and avoid possible contaminations, have been developed [8, 9]. In this context green approaches as 

photo irradiation  and photocatalyst  techniques were employed.  The results of these research 

studies suggest that UV irradiation before and during the execution of renovation or restoration of 

properties may be a reasonable line of attack to reduce exposure to this class of compounds.  

 

Phthalates in perfumes  

The possible origins of phthalate indoors depends on products and materials generally used 

within domestic dwellings. Phthalates of low molecular weight are widely used in personal care 

products because they allow perfume fragrances to evaporate slower, making the scent linger 

longer. Considering that, limited data are reported about phthalate concentrations in perfumes, 

cosmetic and personal care products sold in Italy (often falsified) are currently not available, it was 

necessary to evaluate phthalate levels on perfumes sold out in Italy. The total concentrations of 

phthalates ranged from nearly zero to about 9600 mg/L (Figure 6).  
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Figure 6. Total PAEs concentrations (mg/L) in perfume 

 

The wide range of phthalates contents (Figure 7) found indicates heterogeneous composition 

of commercial products.  

 
Figure 7.  Distribution (%) of individual PAEs in samples, excluding DEP 

Among the 15 monitored phthalates, only four were detected in appreciable quantities: 

diethyl phthalate (DEP), diisobutyl phthalate (DiBP), di-n-butyl phthalate (DBP) and bis(2-

ethylhexyl) phthalate (DEHP). The highest dimethylphthalate (DMP) concentrations were found in 

two samples produced about 20 years ago. In 19 of the 30 analyzed samples, diethyl phthalate 

(DEP) constitutes about the whole (≈90%) of total phthalates. The results from this study confirmed 

that DEP is the most frequently used phthalate in cosmetic products. Di-n-butyl phthalate (DBP) 

was detected in all samples. The use of DBP as ingredient in cosmetic products is forbidden in 

Europe [10] and in the new cosmetics regulation [11], which came into force in July 2013. For this 

reason its presence in all the samples could be ascribed to several reasons, for instance plastic 

tubing in the containers. The higher concentrations of banned products were found in ancient, 

falsified and suspect samples. DiBP was detected in almost all samples and the high concentration 
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was found in an eau de toilette bought about 20 years ago. All samples tested, except the eau de 

toilette, contain relatively high concentrations of DEHP (another forbidden phthalate).  

 

True or false? 

The percentage distribution of each phthalate (Figure 8) constitutes a kind of a fingerprint 

depending on the analyzed sample. For instance, the authentic eau toil 25 and the falsified (of 

previous sample) eau toil 18 are well differentiated by the distribution of singles PAEs. In 

particular, the falsified sample (eau toil 18) shows a particularly high percentage of DEHP, while 

the authentic one (eau toil 2) contains DiBP (37%) that was only at trace level in the falsified ones 

(figure 8). From those reported previously, it can be assumed that the perfumes and products for 

personal care can be a source of contaminants in indoor environments. 

 
Figure 8. Distribution of single phthalate in authentic and suspected samples. 

 

Phthalates in mural paints 

By considering another research paper [12], it is possible to hypothesize another possible 

origin of phthalate esters, in indoor environments: mural paintings. The total concentrations of 

phthalates, in the analyzed mural paintings, ranged from essentially zero (0.8) to about 200 mg/Kg 

[13]. The highest concentrations were found in a wall paint sampled in a living room of an 

apartment built about 50 years ago.  

 

 

Conclusion 

From the above considerations, we conclude that applying innovations (instrumentations, 

methods, etc.) to the ever changing, complex and diversified field of environmental chemistry, is a 

big challenge for the modern analytical chemist. 

Environmental problems are increasing and analytical chemists are able to supply 

information on the concentrations, content, toxicity, and pollution potential of all environmental 

matrices and of consumer products, drugs, and starting materials. Also, by instrumental 

measurements, analytical chemistry is able to identify falsified and suspect consumer products. 

Today, and in the days to come, chemists will play a fundamental role in support and development 

of basic, applied and life sciences. 

 

Suspected falsified 

Authentyc 
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