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Abstract 

Levels of suspended particulate matter (PM) of both fractions PM10 and PM2.5 in ambient air were monitored in three areas of 

Gran La Plata: industrial, urban, and residential (2017–2019). Associated polycyclic aromatic hydrocarbons (PAHs) and 

nitropolycyclic aromatic hydrocarbons (NPAHs) to PM were also determined and possible emission sources were identified. 

Assessment of health risk to PM exposure and associated compounds was realized. Results showed a decrease in levels of PM10 

in each area along the period studied, especially in the industrial area. Decreases in PM2.5 levels were also observed in urban and 

residential areas over the years, although the trend is not as marked as with PM10 levels. Then, PM2.5 levels in the industrial area 

have remained practically constant. The 89% of both PM10 and PM2.5 annual mean exceeds the WHO reference values. The 

presence of most of the 16 US EPA priority PAHs studied was found with a detection frequency greater than 60% and it was 

possible to identify the importance of the contributions of vehicular emissions as predominant sources of PAH emission. From 

the calculations of the risk of contracting cancer throughout life (LCR), in the case of adults, the US EPA limits were not 

complied in the industrial and urban areas and in both fractions of PM. From the evaluation of the burden of disease (EBD), the 

calculated relative risks of mortality were very similar for the studied districts, being the relative risk in La Plata slightly lower, 

about 3–5%, than those in Berisso and Ensenada. 
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Introduction 
 

Air pollution represents a huge risk for human health. Three of 

the ten main sources of global mortality are attributable to air 

pollution, like tobacco smoke, burning solid fuels in house- 

holds, and exposure to atmospheric particulate matter (PM) 

(Donahue 2018). 
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According to the World Health Organization (WHO), 91% 

of the worldwide population lives in places where the air qual- 

ity levels exceed the WHO guideline limits. About 4.2 million 

of premature deaths in the world are related to air pollution, 

mainly due to heart disease, stroke, chronic obstructive pul- 

monary disease (COPD), lung cancer, and acute respiratory 

infections in children (WHO 2019). 

In 2013, the International Agency for Research on Cancer 

(IARC) concluded that exposure to polluted ambient air 

causes lung cancer (Group 1, carcinogenic to humans). 

Similarly, PM, which is one of the main pollutants of air 

pollution, was included in Group 1 and it is considered carci- 

nogenic to humans (Loomis et al. 2013; WHO - IARC 2016). 

PM can originate from natural or anthropogenic sources. 

Particles are emitted directly to the atmosphere or are formed 

by means of transformation of gaseous emissions. By know- 

ing the aerodynamic diameter and chemical composition of 

particles, it is possible to obtain information about their pos- 

sible sources. PM is commonly classified by its size; therefore, 

PM10 is the coarse fraction of PM, where particles have 
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aerodynamic diameter minor to 10 μm; and PM2.5 is the fine 

fraction of PM, where particles have aerodynamic diameter 

minor to 2.5 μm. The chemical composition of tropospheric 

particles includes inorganic ions, metallic compounds, ele- 

mental carbon, organic compounds, and crustal substances. 

This heterogeneity of particles and the fact that their potential 

of causing health effects varies with their size make it difficult 

to attribute direct health effects to PM exposure (US.EPA 

2009; Vallero 2014; WHO 2005, 2016). 

Polycyclic aromatic hydrocarbons (PAHs) are composed 

of two or more fused aromatic rings. They are ubiquitous 

environmental pollutants but mostly they are spread in the 

atmosphere and they are formed by pyrolysis or incomplete 

combustion of organic matter. Pyrolysis of organic matter at 

high temperature produces fragments of molecules and radi- 

cals, which when combined together form PAHs.  

Composition of pyrosynthesis products depends on the type 

of fuel and the period of high temperatures. The main source 

of emission of PAHs is the combustion of fossil fuels 

(Cheruiyot et al. 2015; Hayakawa 2018). 

PAHs are present in the atmosphere in very small quantities 

(ng m−3 of air) and in two possible forms: adsorbed to suspended 

particles and gaseous. About 70–90% of these compounds are 

adsorbed in particles with smaller diameter than 5 μm (mainly 

fine particles, smaller than 2.5 μm), which can enter the human 

respiratory system penetrating deep into the lungs causing dif- 

ferent health effects. There are several studies which show that 

many of the PAHs are carcinogenic and/or mutagenic (Fang 

et al. 2020; Massolo 2004; Nemmar et al. 2013). 

Nitropolycyclic aromatic hydrocarbons (NPAHs) are deriv- 

atives of PAHs with at least one nitro group attached to their 

aromatic rings. These compounds are directly emitted into the 

atmosphere or they also can be formed in it (Atkinson and Arey 

1994; Bandowe and Meusel 2017; Liu et al. 2006; Nagato 

2018). NPAHs are semivolatile and like PAHs they can exist 

in two forms in the atmosphere, gaseous or adsorbed to PM. 

Usually, they are present in smaller quantities than PAHs, with 

concentrations that differ by more than an order of magnitude 

(Kielhorn et al. 2003; Nagato 2018); however, they can be 

significantly toxic to human health, such as kidney and liver 

damage, and an increased risk of skin, lung, bladder, and gas- 

trointestinal cancers (del Rosario Sienra and Rosazza 2006; 

Hayakawa 2018; Mastandrea et al. 2005). 

There is abundant epidemiologic evidence which associ- 

ates chronic exposure to pollutants related to petrochemical 

industry and vehicular traffic, with health effects on the devel- 

opment and function of the lungs and cardiovascular system 

and increased mortality (Amoatey et al. 2020; Pope et al. 

2011; Wichmann et al. 2009); Wong et al. 2008). 

Negative effects of airborne PM are well documented, such 

as the association of fine particulate pollution with all-cause, 

lung cancer, and cardiopulmonary mortality (Lippmann 2014; 

Pope et al. 2011; Rückerl et al. 2011). There is no evidence of a 

PM level that does not produce adverse effects on human health 

according to the WHO, since, even with low concentrations of 

PM, the risk to the health of the population is significant (WHO 

2013). There is an important burden of disease attributed to PM 

pollution, which reduces life expectancy in almost 9 months in 

Europe, and more than 80% of the population living in urban 

areas in the world are exposed to levels that exceed the Air 

Quality Guidelines from the WHO (Goldstone 2015). When 

levels of PM are very high (greater than 150 μg m−3, US EPA 

standard value for 24 h PM10), such as those found in cities 

from India and China, air pollutants can trigger irritating effects 

and inflammatory effects on neuroreceptors from respiratory 

tracts and from the epithelium. Those high exposure levels of 

PM rare time are found in countries of Europe and in North 

America (Frampton et al. 2013; Lu et al. 2015; Wu et al. 2018). 

Many epidemiologic and toxicological studies show that 

PM2.5 is a strong risk indicator associated with exposure to PM 

from diverse sources and in different environments, pointing out 

that exposure to PM2.5 is associated to systemic inflammation, 

oxidative stress, alteration of electric processes in the heart, and 

vascular dysfunction (Gomes and Florida-James 2014; 

Lippmann 2014; Lu et al. 2015; Nelin et al. 2012; Rückerl 

et al. 2011). Other studies show that exposure levels of PM2.5 

determine the causes of mortality. On the one hand, if the levels 

of PM are low, cardiovascular mortality prevails other diseases, 

but on the other hand, if the levels of PM are high, lung cancer 

mortality prevails (Lippmann 2014; Pope et al. 2011). 

Regarding long-term exposure to fine PM, other illnesses 

have been described besides cardiovascular and respiratory 

diseases. Evidence suggests effects on diabetes, neurological 

development in children, and neurological disorders in adults 

(Eze et al. 2015; Genc et al. 2012; Pope et al. 2011). 

There are two main potential sources of air pollution in the 

study area, Gran La Plata. One of the sources is a group of 

petrochemical industries (including the main oil refinery of 

the country and a calcined petroleum coke plant), together 

with other production companies such as thermal power plants 

and metallurgical manufacturing, located in the districts of 

Ensenada and Berisso. The other important source of air pol- 

lution is vehicular traffic, mainly in the city center of La Plata. 

The aim of this study is to analyze the levels of suspended 

PM10 and PM2.5 in ambient air of Gran La Plata during the 

period of March 2017–June 2019, analyze PAHs and NPAHs 

associated to PM, identify possible emission sources, and 

evaluate associated health risk to such compounds. 

 
 

Materials and methods 
 

Study area and monitoring sites 

 
City of La Plata is the capital city of Buenos Aires province, 

Argentina. Gran La Plata is an urban agglomeration and is 
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formed by the districts of La Plata, Ensenada, and Berisso, 

with an estimated total population of 932.493 inhabitants 

(INDEC 2010). The study area is located in the Humid 

Pampa region, characterized by its plainness and its uniform 

morphology (Lauría and VVAA 2011). 

Figure 1 shows the three monitoring sites that were selected 

from previous studies on levels of particulate matter (PM) and 

volatile organic compounds (VOCs) in the region and accord- 

ing to the characteristics of the area, such as population, econ- 

omy activities, and main sources of air pollution (Colman 

Lerner et al. 2014; Giuliani 2020; Rehwagen et al. 2005). 

The sites are the following: industrial (I, 34° 54′ 19.0″ S and 

57° 55′ 34.7″ W), urban (U, 34° 55′ 04.7″ S and 57° 56′ 39.1″ 

W), and residential (R, 34° 53′ 11.44″ S and 58° 1′ 53.95″ W). 

The I site is located in both districts, Ensenada and Berisso, 

and it is about 5 km away from the city center of La Plata. It is 

characterized for having the most important petrochemical 

complex in Argentina. The U site is in the city center of La 

Plata, and it is characterized for a high vehicular traffic of cars, 

motorcycles, and heavy vehicles from the public transport. 

The R site is located relatively far away from the industrial 

area and it has less vehicular traffic than the city center of La 

Plata. It has residential houses and is located between rural 

areas. Previous studies, from 5 to 10 years ago, considered this 

residential area as a control area; however, in recent years, 

new studies show significant growth in terms of population, 

new buildings, and number of vehicles (Colman Lerner et al. 

2014; Massolo et al. 2010). 

Sampling of PM, extraction, and analytical 
determination of PAHs and NPAHs 

 
Three PM sampling devices were used: two low-volume sam- 

pler MiniVol TAS and one low-volume sampler TDA, con- 

nected to a pump (Gilian, AirCon-2) (Fig. 2). Each device was 

located in one of the three monitoring sites, I, U, and R. PM 

samples were collected on fiberglass and quartz filters 

(Whatman) of 46.2 mm in diameter. The monitoring was car- 

ried out seasonally between the years 2017 and 2019, showing 

the number of samples for each zone and year in Table 3. The 

monitoring of each fraction of particulate matter (PM10 or 

PM2.5) was carried out simultaneously between the different 

sites (R, U, and I). 

Filters were kept in a container with silica gel until sam- 

pling, in order to keep the filters without any trace of humidity. 

Sampling volumes were selected according to the methodol- 

ogy from other authors (Colman Lerner 2013; Sosa et al. 

2017) and in order to obtain determinable quantities of PM 

mass in the balance (± 0.1mg, Ohaus Pioneer PA214). 

Volumes were 21.6 m3 for PM10 samples and 36 m3 for 

PM2.5 samples. Operation flow rates were 5 L min−1 for the 

MiniVol TAS sampler and 16.6 L min−1 for the TDA sampler. 

At the end of each sampling, filters were placed in the 

container with silica gel for 48 h to eliminate any trace of 

humidity. PM mass was determined by gravimetric method; 

therefore, each one of the filters was weighted before and after 

sampling. Then, PM concentration in the air (μg m−3) was 

 
 

 

Fig. 1 Monitoring sites: industrial (I), urban (U), and residential (R) 
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Fig. 2 On the left is the TDA 

sampler. On the right is the 

MiniVol TAS sampler 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

calculated obtaining the ratio between PM mass and sampling 

volume. 

Regarding pollutants adsorbed to PM, 16 US EPA priority 

PAHs and other 4 NPAHs were selected (Table 1). Extraction 

 

 
 

R 

Table 1 Studied PAHs and 
NPAHs. Recovery factors (R), 

standard deviation (σ), method 

PAH R σ MDL (ng m−3) t (min) m/z 

detection limit (MDL), retention Naphthalene (Nap) 0.807 0.033 1.61 6.24 127,128,129 

time (tR), and ions searched (m/z) Acenaphthylene (Acy) 0.829 0.013 1.08 9.25 151,152,153 

 Acenaphthene (Ace) 0.919 0.234 1.61 9.51 151,152,153 

 Fluorene (Flu) 0.989 0.037 1.69 10.34 165,166,167 

 Phenanthrene (Phe) 0.760 0.058 1.17 11.89 176,178,179 

 Anthracene (Ant) 0.594 0.006 1.56 12.03 177,178,179 

 Fluoranthene (Fl) 0.750 0.021 2.11 14.24 101,202,203 

 Pyrene (Py) 0.874 0.141 1.50 14.83 200,202,203 

 Benzo(a)anthracene (BaA) 0.915 0.034 2.09 18.91 226,228,229 

 Chrysene (Chry) 1.043 0.196 2.00 19.06 226,228,229 

 Benzo(b)fluoranthene (BbF) 0.827 0.160 0.50 22.90 125,126,250 

 Benzo(k)fluoranthene (BkF) 0.927 0.109 1.67 22.81 125,126,250 

 Benzo(a)pyrene (BaP) 1.030 0.209 1.53 23.99 125,126,252 

 Dibenzo(a,h)anthracene (DBahA) 0.963 0.030 0.53 28.54 138,274,276 

 Benzo(g,h,i)perylene (BghiP) 0.845 0.058 1.97 28.69 138,274,276 

 Indeno(1,2,3-c,d)pyrene (IP) 0.901 0.021 1.89 27.85 138,274,276 

 9-Nitroanthracene (9-N-Ant) 0.619 0.01 5.14 11.51 177,178,223 

 1-Nitropyrene (1-N-Py) 1.01 0.06 5.47 13.95 200,202,247 

 6-Nitrochrysene (6-N-Chry) 1.03 0.03 4.58 18.52 226,228,273 

 6-Nitrobenzo(a)pyrene (6-N-BaP) 0.456 0.02 5.17 13.85 126,252,297 
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from each filter was performed with 2 additions of 5 mL of 

dichloromethane (U.V.E., HPLC grade) and an ultrasonic 

bath (TESTLAB TB10, Power: 400 W, Frequency: 40 kHz) 

for 30 min after each addition of dichloromethane. Then, it 

was dried with nitrogen flow from a nitrogen generator 

(Agilent) and 1 mL of acetonitrile was added (PHARMCO- 

AAPER, HPLC quality). Finally, extracts were sieved through 

0.22-μm-poresize filters (Colman Lerner 2013; Sosa et al. 

2017). 

Extracts were analyzed by gas chromatography coupled to 

mass spectrometry (Thermo Scientific 1300-ISQ, SIM mode 

(single ion method)). Chromatographic conditions were as fol- 

lows: column TR-5MS (30 m × 0.25 mm × 0.25 μm), constant 

flow of 2.00 mL min−1, split injector 250 °C, 50.0 mL min−1 

(split ratio 25), and injection volume of 1 μL. Temperature 

ramp: 40 °C (1 min), 15 °C/min h/210 °C (1 min), 5 °C/min 

h/310 °C (1 min). Recovery factors (R) were determined for 

each analyte following methodology from Colman Lerner 

(2013) and Sosa et al. (2017), and they are shown in Table 1, 

together with method detection limit (MDL), retention time 

(tR), and target ions (m/z) for each analyte. 

 

Statistical analysis 

 
Results were analyzed employing descriptive statistic and the 

nonparametric Mann-Whitney test, which determines statisti- 

cally significant differences between two independent sam- 

ples. XLSTAT software (Addinsoft 2019) was employed for 

statistical analysis and the differences were considered signif- 

icant when p < 0.05 (Giuliani et al. 2017). 

 

Risk associated with PM and PAH levels 

 
Lifetime cancer risk calculation 

 
There is an equation for the estimation of the specific contri- 

bution to the risk of developing cancer from pollutant expo- 

sure. This equation uses information provided by organiza- 

tions such as the WHO, US EPA, and IARC. The calculation 

requires knowing carcinogenic potency of the specific com- 

pound and the mean exposure of the target group. Therefore, 

lifetime cancer risk (LCR) associated to benzo(a)pyrene 

(IARC Group 1, carcinogenic to humans) was calculated 

using Eq. (1) by multiplication of the chronic daily intake 

(CDI) by the IRIS system potency factor (PF) (IRIS: 

Integrated Risk Information System) of the compound and 

by the absorption factor (AF). The absorption factor of the 

PAHs for human was supposed to be 90% (Colman Lerner 

et al. 2014; Massolo et al. 2010; Sosa et al. 2017). In this 

study, LCR was calculated for outdoor exposure in children 

and adults. 

LCR ¼ CDI × PF × AF ð1Þ 

CDI, in milligram per kilogram per day, was calculated 

with Eq. (2): 

CDI ¼ ðCC × IR × ED × EF × LEÞ 

÷ ðBW × AT × NYÞ ð2Þ 

where CC is the contaminant concentration (median in mg 

m−3), IR is the inhalation rate (0.417 m3 h−1 for children and 

0.833 m3 h−1 for adults), and ED is the exposure duration and 

the value is 56 h week−1 since the average time that people are 

exposed to outside air is 8 h per day, which gives the value of 

56 h per week. EF is the exposure frequency (52 weeks 

year−1) and LE is the length of exposure and the values are 9 

years for children and 40 years for adults, which represent the 

average age used for the children and adult population, respec- 

tively. BW is the body weight (30 kg for children and 70 kg 

for adults), ATL is the average lifetime (period over which 

exposure is averaged, 70 years), and NY is the number of days 

per year (365 days). These reference values were taken from 

the methodology of Colman Lerner et al. (2014). 

LCR for the other priority PAHs analyzed in this study was 

calculated using the equivalent toxic in relation to the 

benzo(a)pyrene (B(a)Peq), which is the most toxic of the 

PAHs (Nisbet and LaGoy 1992). Therefore, B(a)Peq is ob- 

tained by multiplication of the PAH concentration (median) 

by the corresponding toxic equivalent factor (TEF). Finally, 

the addition of all B(a)Peq is the total toxic equivalent con- 

centration (Colman Lerner et al. 2018; Sosa et al. 2017; 

Vargas et al. 2013). 

 
 

Environmental burden of disease calculation 

 
Environmental burden of disease for ambient air pollution was 

estimated according to the WHO guidelines (Ostro et al. 

2004). In this method, population exposure is based on con- 

centrations of PM10 and PM2.5 since there are many epidemi- 

ologic studies that show a relationship between mortality and 

morbidity, and daily and long-term exposure, with pollutant 

concentrations, including PM (Dominici et al. 2002; Schwartz 

2000). Mortality impacts are mostly probable to occur among 

risk groups of people, such as elderly people with preexistent 

cardiovascular and respiratory diseases, and among children. 

There are 4 main components in this assessment method 

and they are the following: 

 
• Assessment of the ambient exposure of the population to 

PM10 and PM2.5 levels, based on fixed monitors or esti- 

mations from mathematical models. Also, it is a necessary 

background or target concentration as a comparison. 

• Determination of the size of exposed population to PM10 

and PM2.5, and the type of health effect of interest. 
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• Mortality rate in the population by the type of health effect 

studied. 

• Concentration-response functions from epidemiologic 

studies which relate ambient PM10 and PM2.5 concentra- 

tion to the selected health effects. 

 

In this study, three health outcomes were determined: 

 
1. Number of cases of premature mortality from all causes 

from short-term exposure to PM10, for people of all ages. 

2. Number of cases of premature mortality from cardiopul- 

monary diseases attributed to long-term exposure to 

PM2.5, for people older than 30 years. 

3. Number of cases of premature mortality from lung cancer 

attributed to long-term exposure to PM2.5, for people 

older than 30 years. 

 
Table 2 shows relative risk (RR) functions used for each 

health outcome: 

Once RR was calculated, attributable fraction (AF) of 

health effects from air pollution was obtained (Eq. 3): 

AF ¼ ðRR−1Þ ÷ RR ð3Þ 

where AF is the proportion of the environmental burden of 

disease attributable to PM. 

Finally, number of expected deaths due to air pollution was 

obtained as follows (Eq. 4): 

E ¼ AF × B × P ð4Þ 

where E is the expected number of deaths due to outdoor 

air pollution; B is the incidence of the given health effect on 

the population, expressed as annual rate mortality; and P is the 

relevant exposed population for the health effect. 

 

 

Results and discussion 
 

PM10 and PM2.5 levels 

 
Table 3 and Figs. 3 and 4 show annual concentrations of PM10 

and PM2.5 from study each area, along with minimum and 

maximum values. 

 

Table 2 Relative risk functions. X is the pollutant concentration in μg 

m−3. X0 is the target concentration in μg m−3 
 

 

Relative risk function Suggested β coefficient Subgroup 

Observing PM10 levels along the study period in each area, 

there was a trend in their levels in I, showing a decrease from 

2017 to 2019, with a statistically significant decrease from 

2018 to 2019. Tables 4 and 5 show all the results of the 

Mann-Whitney test. Then, PM10 levels in U were practically 

constant during the study period. Lastly, R levels in 2018 were 

the highest (24.3 μg m−3) and then, there was a decrease 

towards 2019, where level of PM was the lowest level 

(14.7 μg m−3) from the period. 

When comparing between areas, PM10 levels in 2017 

followed a trend where I levels were higher than those in U, 

and U levels were greater than those in R. Then, there was the 

same trend in 2018 and 2019, where U levels were the highest, 

and I levels were slight higher than those in R. 

Regarding PM2.5, I levels were practically constant during 

the period 2017–2019, while U levels were constant in 2017 

and 2018, and then, there was a slight decrease from 2018 to 

2019. Lastly, R levels were the highest in 2017 (17.5 μg m−3), 

and there was an important decrease (10.0 μg m−3) at the end 

of the period. 

When comparing between areas, in 2017, R levels were 

higher regarding the other areas. In 2018, I and U levels were 

very similar and higher than those in R. Lastly, in 2019, PM2.5 

levels were higher than those in R, and R levels were higher 

than those in U. 

The PM10 values (less than 10 μm) in general include 

coarse particles (greater than 2.5 μm) mainly associated, in 

the region of study, with industrial sources and fine particles 

(less than 2.5 μm) associated in this case mainly with vehic- 

ular emissions; that is, PM10 values include the type of parti- 

cles monitored in PM2.5. Table 6 shows the PM10/PM2.5 ra- 

tios, where it is evident that in site I the ratio remains constant, 

decreasing towards 2019, the opposite being in U and R. This 

can be explained by a greater influence of vehicle emissions 

(mainly associated with fine particles) compared to emissions 

of industrial origin, which in turn present a considerable de- 

crease in zone I for the year 2019, which also influences the 

other monitoring sites. 

It is possible to compare PM levels from this study with 

those disposed by local legislation of Buenos Aires province, 

which are 50 μg m−3 for PM10 and 25 μg m−3 for PM2.5, both 

as annual allowed maximum (OPDS 2018). However, levels 

proposed by the WHO are more exigent, being 20 μg m−3 for 

PM10 and 10 μg m−3 for PM2.5 (WHO 2005). On the one 

hand, all annual means of PM10 and PM2.5 are below values 

from local legislation, with the only exception of annual mean 

of PM2.5 in the R site in 2017 (25.3 μg m−3), which slightly 

exceeds 25 μg m−3. On the other hand, when comparing with 

WHO values, 89% of both, PM10 and PM2.5 annual means, 

exceed reference values. This fact points out the large differ- 

ence between local legislation and the WHO guidelines and 

the need of an urgent review and update in local legislation. 

RR1 RR = exp (β(X − X0)) 0.0008 All ages 

RR2 RR = ((X + 1) / (X0 + 1))β 0.15515 > 30 years 

RR3 RR = ((X + 1) / (X0 + 1))β 0.23218 > 30 years 
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Table 3 PM10 and PM2.5 concentrations in μg m−3. N number of samples 
 

 
I 

    
U 

    
R 

 

PM10 Mean Median Min–max N 
 

Mean Median Min–max N 
 

Mean Median Min–max N 

2017 39.2 35.1 9.2–68.8 6 
 

28.9 28.4 4.6–59.5 6 
 

27.5 18.1 8.9–65.0 4 

2018 27.8 27.8 13.9–46.3 11  29.5 32.4 13.5–41.2 9  28.5 24.3 22.1–41.9 6 

2019 16.0 18.1 4.6–23.2 4  25.4 27.2 16.5–32.4 3  21.4 14.7 13.2–36.3 3 

PM2.5 Mean Median Min–max N  Mean Median Min–max N  Mean Median Min–max N 

2017 23.1 14.1 13.8–47.2 5  14.8 11.2 8.4–28.5 4  25.3 17.5 11.0–55.4 4 

2018 16.0 12.4 8.3–36.0 7  14.5 12.8 5.7–36.1 8  11.3 8.4 5.4–18.5 5 

2019 11.6 12.5 5.6–16.7 3  7.2 7.2 6.2–8.3 2  10.7 10.0 6.0–16.2 3 

 
 

PAHs associated to PM 

 
Tables 7 and 8 show PAH and NPAH concentrations associ- 

ated to PM10 and PM2.5 for each area and for the entire studied 

period. Additionally, they show the detection frequency for 

each compound. Furthermore, Fig. 5 shows evolution of total 

PAH levels along the period, for each area and PM fraction. 

First of all, results show that 15 of the 16 priority PAHs 

were found in PM10 and 11 of these 15 PAHs were detected 

with a frequency of 60% or more. Only naphthalene was not 

detected in PM10. Regarding PM2.5, 14 PAHs were detected 

and 10 of these 14 PAHs were detected with a frequency of 

60% or more. Only naphthalene and pyrene were not detected 

in PM2.5. The most toxic PAH, benzo(a)pyrene, which is cat- 

egorized by the IARC as Group 1 (Lyall et al. 1988), was 

found in both PM fractions and in the three study areas, with 

high frequency (84% in PM10 and 97% in PM2 .5).  

Additionally, dibenzo(a,h)pyrene, which is categorized as 

2A by the IARC (probably carcinogenic to humans), was 

found in both PM fractions and in the three study areas, with 

high frequency (72% in PM10 and 88% in PM2.5). Regarding 

the 4 NPAHs studied, they were not detected in any PM 

 

Fig. 3 Box plots of annual PM10. The bottom and top of the boxes are the 

25th and 75th percentiles respectively, and the band near the middle of the 

boxes shows the 50th percentile (the median) 

 

fraction, probably due to that the precursor PAHs were not 

detected or were detected in very low concentrations. 

There is a trend observed every year and in both PM frac- 

tions for several PAHs, where levels are higher in I than those 

in U, and then, U levels are slightly higher than those in R (I 

>> U > R). Moreover, this fact is reflected in the levels of total 

PAHs (see Fig. 5) and evidenced the contribution of those 

compounds from industrial processes with incomplete com- 

bustion reactions, such as coal calcination. Another important 

source of PAHs is vehicular traffic, since combustion of dif- 

ferent fuels produces and emits those compounds (Ravindra 

et al. 2008). The slight difference between total PAH levels in 

U and R is a possible indication that both areas have the same 

relevant source of emission, such as vehicular traffic. 

Additionally, important information is obtained from the 

analysis of PAH composition according to their molecular 

weight (MW). PAHs are classified according to the number 

of aromatic rings in the molecule as follows: PAHs with 2 or 3 

rings are low molecular weight PAHs (LMW-PAHs), PAHs 

with 4 rings are medium molecular weight PAHs (MMW- 

PAHs), and PAHs with 5 or 6 rings are high molecular weight 

PAHs (HMW-PAHs).  Figure 6 shows a graphical 

 

Fig. 4 Box plots of annual PM2.5. The bottom and top of the boxes are the 

25th and 75th percentiles respectively, and the band near the middle of the 

boxes shows the 50th percentile (the median) 
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Table 4 Mann-Whitney test results, comparison of areas per year for PM10 and PM2.5 
 

2017 2018 2019 

PM10 

Industrial-urban, p value = 0.589 

 

Industrial-urban, p value = 0.872 

 

Industrial-urban, p value = 0.4 

Industrial-residential, p value = 0.352 Industrial-residential, p value = 0.833 Industrial-residential, p value = 0.857 

Urban-residential, p value = 0.914 Urban-residential, p value = 0.864 Urban-residential, p value = 0.7 

PM2.5 

Industrial-urban, p value = 0.190 

 
Industrial-urban, p value = 0.779 

 
Industrial-urban, p value = 0.8 

Industrial-residential, p value = 0.905 Industrial-residential, p value = 0.530 Industrial-residential, p value = 1 

Urban-residential, p value = 0.393 Urban-residential, p value = 0.435 Urban-residential, p value = 0.8 

 

representation of the profile of PAHs according to their mo- 

lecular weights. Results show that, in both PM fractions and 

the three areas, about 15–25% of total PAHs are MMW-PAHs 

and they are associated to diesel emissions and coal combus- 

tion (Fang et al. 2020; Quiterio et al. 2007). Then, there are 

very similar proportions of HMW-PAHs in U and R areas in 

both fractions of PM. This suggests that HMW-PAHs have 

the same relevant source and they are commonly associated to 

vehicle exhaust (Fang et al. 2020; Oliveira et al. 2014). 

Besides, there are very similar proportions of LMW-PAHs 

in U and R, while in I, this proportion is always at least 10% 

higher. This suggests a contribution of LMW-PAHs from in- 

dustrial processes that emit these compounds, such as power 

plants using fossil fuel and petroleum refining (Oliveira et al. 

2014; Ravindra et al. 2008). 

Furthermore, as shown in Fig. 7, when comparing total 

PAHs in PM10 with total PAHs in PM2.5, PAH concentration 

in PM10 is higher in the three areas, although this difference is 

larger for I and much smaller for U and R. This large differ- 

ence between PM fractions in I might indicate an important 

contribution from industrial emissions such as combustion 

processes where the coarse fraction is impregnated with this 

type of organic compounds, besides from the contribution of 

vehicular traffic emissions. In the other areas, U and R, it is 

possible to associate origin of PAHs in PM2.5, mostly to in- 

complete combustion from vehicular emissions. The slight 

difference between PM10 and PM2.5 in these areas could be 

attributed to the contribution to PM10 from airborne pollutants 

transported from the petrochemical complex. 

 

PAH diagnostic ratios 

 
Since many years ago, vehicular emissions have been identified 

as one of the main PAH sources to the environment (Khalili 

et al. 1995; Marr et al. 1999). Formation mechanisms of PAHs 

in mobile sources are through pyrosynthesis and emissions de- 

pend on some factors such as type of engine, composition of 

fuel, mileage, PAH content in lubricant oils, lubricant oil com- 

bustion, ways of driving, and control devices of emissions like 

air filters (Katsoyiannis 2014; Ravindra et al. 2008). 

Differences in PAH composition of emissions from diverse 

sources depend on raw material and fuels used. These differ- 

ences in PAH proportions can be used for tracking and source 

identification purposes, by means of the calculation of differ- 

ent concentration ratios of PAHs (Fang et al. 2020). 

The ratio values used as reference are not equivalent to 

exact indicators, since these ratios are only indicative and 

depend on many factors, whether it is the type of fuel used, 

the technology of the vehicles (age of the vehicle fleet), the 

use of catalytic systems, or the air/fuel ratio, etc. Although 

there is not only one value for each ratio of PAHs, since there 

are several values published by more than one author, the 

calculation of these ratios allows having an idea of which 

are the relevant sources of PAHs (Fu et al. 2010; Quiterio 

 

 
Table 5 Mann-Whitney test 

results, pairs of years compared 

by area for PM10 and PM2.5 

Industrial Urban Residential 

PM10 

2017–2018, p value = 0.445 

 

2017–2018, p value = 0.689 

 

2017–2018, p value = 0.257 

2017–2019, p value = 0.114 2017–2019, p value = 0.905 2017–2019, p value = 0.857 

2018–2019, p value = 0.041 2018–2019, p value = 0.5 2018–2019, p value = 0.257 

PM2.5 

2017–2018, p value = 0.268 

 
2017–2018, p value = 0.933 

 
2017–2018, p value = 0.190 

2017–2019, p value = 0.25 2017–2019, p value = 0.133 2017–2019, p value = 0.229 

2018–2019, p value = 0.833 2018–2019, p value = 0.267 2018–2019, p value = 1 
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et al. 2007). However, ratios must be used with precaution 

since frequently there are significant overlaps between them 

and they can be altered due to reactivity and volatility of some 

PAHs (Manoli et al. 2004). 

In practice, care must be taken with the environmental 

samples when using these reference ratios, because the con- 

centrations of PAHs obtained come from multiple sources 

(gasoline vehicles, diesel vehicles, and industrial emissions, 

among others). The ratio values obtained may overlap by 

more than one range (e.g., gasoline and diesel emissions). 

What is relevant about the use of these ratios is the importance 

of evaluating whether the values are closer to a particular type 

of emission, in this case the evaluation of the contribution of 

vehicle emissions (diesel or gasoline) with respect to other 

types of emissions (industrial, such as oil refineries). 

Table 9 shows the PAH ratios calculated for PM10 and 

PM2.5 and the three areas of study: 

The ratio BaA/(BaA + Chry) is used to evaluate vehicular 

emissions, with a value of 0.33 for gasoline vehicles (Gogou 

et al. 1996) and a value between 0.38 and 0.65 for diesel vehi- 

cles (Kavouras et al. 2001; Sienra et al. 2005). The ratios obtain- 

ed in this study inU andR for both PM10 and PM2.5 are related 

to diesel emissions. In the case of I, the ratio is superior to the 

diesel emission range for PM10, probably due to the influence of 

industrial emissions. However, the ratio for PM2.5 corresponds 

to diesel emissions, and the reason might be that PM with ve- 

hicular origin has a larger proportion of fine particles, minor to 

2.5 μm (Cheng et al. 2013; Wong et al. 2019). 

The ratio IP/(IP+BghiP) can be associated with diesel emis- 

sions, when values are between 0.30 and 0.70 (Kavouras et al. 

2001; Sienra et al. 2005). In this study, all values obtained are 

in that range, confirming the importance of PAH emissions of 

vehicular origin. 

Finally, the ratio ∑C-PAHs/∑PAHs is the sum of the con- 

centrations of 9 of the PAHs (Fl, Py, BaA, BbF, BkF, BaP, 

 

Table 7 PAH concentrations in PM10 (ng m−3). N number of samples 

PM10 

I U R Detection 

frequency (%) 

Mean Median Min–max Mean Median Min–max Mean Median Min–max 

Ace 3.18 3.31 2.05–3.89 2.15 2.02 1.79–2.80 1.75 1.71 1.62–1.97 35 

Acy 3.25 3.60 1.53–4.05 1.65 1.66 1.17–2.03 1.37 1.36 1.19–1.58 35 

Ant 30.72 28.02 15.75–59.78 12.47 11.23 6.55–22.35 8.52 8.23 4.89–12.34 100 

BaA 8.52 7.10 2.58–19.24 4.95 4.34 2.23–9.55 3.46 3.06 2.20–6.21 91 

BaP 5.47 4.21 2.09–13.47 3.64 3.28 1.70–7.09 2.70 2.94 1.61–4.19 84 

BbF 3.49 2.51 0.55–8.71 2.29 1.79 0.73–5.41 1.98 1.92 0.64–3.76 84 

BghiP 7.32 4.84 2.28–19.65 4.48 3.25 2.07–10.35 3.93 3.33 2.07–7.24 95 

BkF 4.04 3.02 1.70–8.49 3.03 2.41 1.72–5.67 2.26 1.90 1.75–3.02 60 

Chry 2.76 2.32 2.11–4.24 2.63 2.51 2.05–3.67 2.35 2.33 2.03–2.71 44 

DBahA 3.70 3.41 1.96–6.25 2.06 1.52 0.74–4.63 1.50 1.03 0.64–3.27 72 

Fl 4.47 4.65 2.17–6.28 2.92 3.09 2.17–3.67 2.53 2.61 2.14–2.86 63 

Flu 9.68 9.86 2.68–19.45 4.76 4.20 1.82–8.69 3.13 2.43 1.72–5.97 100 

IP 7.63 6.66 3.14–15.25 4.12 3.37 1.93–8.59 3.03 2.64 2.06–4.76 98 

Nap <LD <LD <LD <LD <LD <LD <LD <LD <LD 0 

Phe 6.71 5.98 2.23–15.97 4.24 2.88 1.55–9.46 2.97 2.50 1.23–6.27 100 

Py 1.99 1.99 1.89–2.09 1.94 1.94 1.79–2.09 <LD <LD <LD 9 

9-N-Ant <LD <LD <LD <LD <LD <LD <LD <LD <LD 0 

1-N-Py <LD <LD <LD <LD <LD <LD <LD <LD <LD 0 

6-N-Chry <LD <LD <LD <LD <LD <LD <LD <LD <LD 0 

6-N-BaP <LD <LD <LD <LD <LD <LD <LD <LD <LD 0 

∑PAHs 89.86 75.59 34.39–174.71 46.43 30.11 22.92–99.66 33.76 28.38 13.99–65.24 

N 18 15 10 

Table 6 PM10/PM2.5 
ratios in each area and 

year of study 

 
PM /PM 

 
.5 

  I U R 

 
2017 2.49 2.54 1.03 

 2018 2.24 2.53 2.89 

 2019 1.45 3.78 1.47 
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Table 8 PAH concentrations in PM2.5 (ng m−3). N number of samples 

PM2.5 

I U R Detection 

frequency (%) 

Mean Median Min–max Mean Median Min–max Mean Median Min–max 

Ace 2.46 2.32 2.20–2.85 1.95 1.99 1.70– 2.12 1.69 1.69 1.65–1.73 27 

Acy 2.10 1.89 1.35–3.07 1.65 1.64 1.23– 2.08 1.16 1.15 1.10–1.23 30 

Ant 11.65 10.28 5.04–22.14 5.13 4.23 2.21– 8.14 2.48 2.42 1.74–3.28 100 

BaA 4.27 3.51 2.16–7.44 3.54 2.95 2.24– 6.59 2.62 2.52 2.19–4.03 97 

BaP 3.15 2.70 1.62–6.88 2.67 2.64 1.87– 3.54 2.14 2.08 1.67–3.21 97 

BbF 2.16 1.21 0.75–4.27 2.40 2.66 0.62– 4.21 1.24 1.19 0.53–2.09 73 

BghiP 5.25 3.43 2.37–10.21 3.79 3.16 2.04– 8.12 2.37 2.13 2.01–3.65 100 

BkF 2.68 2.37 2.01–3.66 2.36 2.07 1.79– 3.67 1.84 1.86 1.70–1.96 33 

Chry 2.55 2.53 2.05–3.11 2.25 2.14 2.05– 2.67 2.09 2.09 2.09–2.09 27 

DBahA 2.18 1.70 0.74–4.27 1.83 1.95 0.88– 3.76 0.79 0.74 0.60–1.16 88 

Fl 2.67 2.59 2.17–3.31 2.43 2.27 2.14– 2.82 2.34 2.23 2.14–2.61 64 

Flu 5.30 5.05 1.79–8.63 3.76 3.11 2.06– 5.79 2.11 1.97 1.73–3.04 94 

IP 5.50 4.73 1.95–11.07 3.52 2.90 2.02– 6.97 2.22 2.08 1.94–3.05 91 

Nap <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD 0 

Phe 5.11 4.59 2.71–9.97 3.12 2.67 1.93– 7.14 2.05 2.12 1.24–2.56 100 

Py <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD 0 

9-N-Ant <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD 0 

1-N-Py <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD 0 

6-N-Chry <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD 0 

6-N-BaP <LD <LD <LD <LD <LD <LD <LD <LD <LD <LD 0 

∑PAHs 48.52 36.69 29.79– 92.62 32.30 27.92 15.44– 65.98 19.54 18.70 12.21–34.59 

N 12 11 10 

 

 
BeP, IP y BghiP) divided by the sum of all PAHs. A value of 

0.30 is associated with diesel emissions, and values in the 

range of 0.41–0.60 are associated with gasoline emissions 

(Quiterio et al. 2007). In this work, BeP (benzo(e)pyrene) 

was not included in the calculation because it was not deter- 

mined. The ratios obtained in U and R, for PM10 and PM2.5, 

 
 

Fig. 5 Evolution of total PAH levels (medians) in ng m−3 in each area and 

PM fraction 

 

 
and in I for PM2.5, correspond to gasoline emissions. 

However, the ratio in I for PM10 (0.39) is minor to gasoline 

emissions range but higher than diesel emissions value, which 

makes it difficult to discern if it is due to a greater contribution 

 

 

Fig. 6 Profile of PAH composition in each area and PM fraction 

according to their MW 
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Fig. 7 Comparison of total PAH concentration (ng m−3) in the entire 

study period, between PM2.5 and PM10 

 
 

of diesel emissions or due to the influence of emissions of 

industrial origin. 

These results agree with those obtained by Oliveira et al. 

(2014), where it was found that contribution of PAHs and PM 

from vehicular emissions is important, even in the vicinity of a 

petrochemical complex. 

 
 

Lifetime cancer risk 

 
Table 10 shows TEF values for each PAH and the contribu- 

tion from each one to the total sum of carcinogenic PAHs in 

PM10 and PM2.5. There are four compounds that contribute 

the highest proportion: BaP, DBahA, BaA, and IP. They rep- 

resent around 90–91% of the total PAH in each area and 

fraction of PM. 

BaP is the compound that contributes most in every area 

and in both PM fractions, with values that range from 46 to 

57%, and the highest values are in R (57% in PM10 and 58% 

in PM2.5). The second compound that contributes the most is 

DBahA, with values ranging from 20 to 34%. 

Once B(a)Peq from each PAH was calculated, LCR was 

obtained (Table 11). The WHO considers that LCR value is 

acceptable if it is in the range of 1 × 10−5 and 1 × 10−6, 

whereas the US EPA considers that LCR value has to be 

minor to 1 × 10−6 (Chen and Liao 2006; Colman Lerner 

et al. 2014; WHO 2000). 

 

 
Table 9 PAH ratios in I, U, and R for PM10 and PM2.5 

 

 
BaA/ (BaA + Chry) IP/(IP + BghiP) ∑C-PAHs/∑PAHs 

PM10 I 0.77 0.54 0.39 

PM10 U 0.69 0.50 0.44 

PM10 R 0.64 0.46 0.45 

PM2.5 I 0.68 0.52 0.46 

PM2.5 U 0.64 0.48 0.52 

PM2.5 R 0.66 0.48 0.57 

On the one hand, results show that LCR for children in 

PM10 and PM2.5 is below limits established by the WHO 

and US EPA. On the other hand, LCR values for adults ac- 

complish the limits established by the WHO, but they exceed 

US EPA limits in both areas, I and U, and in both PM frac- 

tions, since they are higher than 1 × 10−6. This is an alarming 

sign for the control organisms, and it shows the need of mon- 

itoring the levels of pollutants. Additionally, it is necessary to 

know that these values could be even higher, since other car- 

cinogenic compounds, such as volatile organic compounds, 

were not considered in the calculation because they were not 

determined in this work. 

 

Environmental burden of disease 

 
The expected number of deaths (E) due to air pollution was 

calculated for the districts of Gran La Plata: Berisso, Ensenada, 

and La Plata. Relative risk (RR) for each area was calculated 

using the mean concentrations of PM10 and PM2.5 from I for the 

districts of Berisso and Ensenada, and the mean concentrations 

corresponding to U were used for the district of La Plata. The 

calculation for R was not done because of the lack of informa- 

tion, such as mortality rates from that area. Background con- 

centrations (X0) were 10 μg m−3 for PM10 and 3 μg m−3 for 

PM2.5, which are those taken as reference by the WHO guide- 

line. Population data and mortality rate from all causes are 

average values from the last few years and they were obtained 

from a public database of the Ministry of Health of the Province 

of Buenos Aires (Ministerio de Salud n.d.). Mortality rate from 

cardiopulmonary diseases in the population over 30 years of 

age was estimated with the number of deaths from heart dis- 

eases, and mortality rate from lung cancer in the population 

over 30 years of age was estimated with the number of deaths 

from chronic diseases of the respiratory tract. Table 12 shows a 

summary of the values from each component of E. 

Relative risks calculated for Berisso and Ensenada are the 

same, since they were calculated with PM concentrations from 

I. The difference between them is in the calculation of number 

of deaths (E). 

As results show, relative risk associated to death for all 

causes (RR1) is very similar for the three districts. However, 

La Plata district has an 11 times greater population than 

Ensenada, and 7 times greater than Berisso, which in propor- 

tion results in a greater number of deaths in La Plata (81) than 

in Berisso (14) and Ensenada (9). 

Then, relative risk associated to deaths from cardiopulmo- 

nary diseases (RR2) calculated for La Plata is 3% lower than 

the ones calculated for Berisso and Ensenada. However, num- 

ber of expected deaths in La Plata (235) is remarkably higher 

than in Berisso (35) and Ensenada (24), due to the greater 

population of La Plata. The attributable fractions (AF) indicate 

that 20.6%, 20.6%, and 18.3% of deaths could be avoided in 

Berisso, Ensenada, and La Plata respectively if PM2.5 



Environ Sci Pollut Res (2021) 28:35226–35241 35237 
 

 

 

Table 10 Toxic equivalent factor 

and carcinogenic contribution 

from each PAH 

 
PAH total carcinogenic 

contribution (%) in PM10 

 
PAH total carcinogenic 

contribution (%) in PM2.5 
 

PAHs TEF 
 

I U R 
 

I U R 

Ace 0.001 
 

0.03 0.03 0.03 
 

0.04 0.03 0.05 

Acy   0.00 0.00 0.00  0.00 0.00 0.00 

Ant 0.01  2.82 1.82 1.62  1.78 0.74 0.66 

BaA 0.1  7.15 7.03 6.04  6.09 5.13 6.89 

BaP 1  42.42 53.12 57.99  46.89 45.89 56.84 

BbF 0.1  2.52 2.90 3.78  2.10 4.62 3.25 

BghiP 0.01  0.49 0.53 0.66  0.60 0.55 0.58 

BkF 0.1  3.04 3.90 3.75  4.12 3.60 5.08 

Chry 0.01  0.23 0.41 0.46  0.44 0.37 0.57 

DBahA 1  34.36 24.62 20.32  29.52 33.90 20.22 

Fl 0.001  0.05 0.05 0.05  0.04 0.04 0.06 

Flu 0.001  0.10 0.07 0.05  0.09 0.05 0.05 

IP 0.1  6.71 5.46 5.21  8.21 5.03 5.68 

Nap 0.001  0.00 0.00 0.00  0.00 0.00 0.00 

Phe 0.001  0.06 0.05 0.05  0.08 0.05 0.06 

Py 0.001  0.02 0.03 0.00  0.00 0.00 0.00 

B(a)Peq   100 100 100  100 100 100 

 

concentration was reduced to 3 μg m−3. Chalvatzaki et al. 

(2019) found similar results, where cardiopulmonary mortal- 

ity could be prevented by 23.4% and 15.8% in Lisbon and 

Athens, respectively, if PM2.5 levels were close to 3 μg m−3. 

Lastly, relative risk associated to deaths from lung cancer 

(RR3) in La Plata is 5% lower than those in Berisso and 

Ensenada. Then, the number of expected deaths in La Plata 

(35) is higher than those in Berisso (5) and Ensenada (5), once 

again due to greater population of La Plata. The attributable 

fractions indicate that 29.2%, 29.2%, and 26% of deaths from 

lung cancer could be prevented in Berisso, Ensenada, and La 

Plata respectively if PM2.5 levels were closer to the back- 

ground concentration 3 μg m−3. Chalvatzaki et al. (2019) also 

found similar results, where lung cancer mortality could be 

prevented by 32.9% and 22.7% in Lisbon and Athens, respec- 

tively, if PM2.5 were close to 3 μg m−3. 

 
Conclusions 

 
The region of Gran La Plata is characterized by two main 

potential sources of air pollution, a petrochemical complex 

(oil distillery and other industries as petrochemicals, metallur- 

gy, and thermal power plants), and high vehicular traffic, 

mainly in the urban area of the city. This study focused on 

airborne PM10 and PM2.5 from the Gran La Plata region be- 

tween March 2017 and June 2019, besides analyzing PAHs 

and NPAHs associated to PM, identifying possible emission 

sources and evaluating associated health risk to such 

compounds. 

Results showed a decrease in levels of PM10 in each 

zone along the period studied, especially in the industrial 

area, where the decrease was statistically significant. 

Decreases in PM2.5 levels are also observed in urban and 

residential areas over the years, although the trend is not as 

marked as with PM10 levels. However, the PM2.5 levels in 

the industrial zone have remained practically constant. The 

levels founded of both PM fractions were below the stan- 

dard values disposed by the legislation of the province of 

Buenos Aires. However, when comparing with the values 

proposed by the WHO, 89% of both, PM10 and PM2.5 

annual means, exceed the WHO reference values. These 

point out the great difference between the values of local 

legislation and those of the WHO. 

 
 

Table 11 LCR values for 
children and adults, in PM10 and 

PM2.5 and in the three study areas: 

I 

Children 

U R I 

Adults 

U R 

I, U, and R 
LCR-PM10 5.0 × 10−7 3.1 × 10−7 2.5 × 10−7 1.9 × 10−6 1.2 × 10−6 9.6 × 10−7 

LCR-PM2.5 2.9 × 10−7 2.9 × 10−7 1.8 × 10−7 1.1 × 10−6 1.1 × 10−6 6.9 × 10−7 
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Table 12 Components of E 
calculation 

 
Berisso Ensenada La Plata 

 
PM2.5 16.7 16.7 13.7 

 PM10 31.0 31.0 27.3 

 Total population 94016 60143 694554 

 Population > 30 years 47102 30132 347971 

Mortality from all causes (PM10) 

B1 0.00876 0.00900 0.00848 

RR 1.0169 1.0169 1.0139 

AF (%) 1.7 1.7 1.4 

E 14 9 81 

Mortality from cardiopulmonary diseases (PM2.5) 

B2 0.00365 0.00386 0.00361 

RR 1.2598 1.2598 1.2234 

AF (%) 20.6 20.6 18.3 

E 35 24 230 

Mortality from lung cancer (PM2.5) 

B3 0.00037 0.00057 0.00039 

RR 1.4129 1.4129 1.3522 

AF (%) 29.2 29.2 26.0 

E 5 5 35 

 
 

In respect to PAHs and NPAHs associated to PM, the pres- 

ence of most of the PAHs studied was found with a detection 

frequency greater than 60%. However, none of the 4 NPAHs 

was detected. Regarding the observed trends, for the majority 

of the PAHs, higher levels in the industrial area stand out, 

followed by lower levels in the urban area and finally with 

slightly lower levels in the residential area. 

NPAHs are generally present in smaller amounts than 

PAHs, with concentrations differing by more than an order 

of magnitude. Considering that the values obtained for the 

PAHs related to the 4 NPAHs sought were very low in con- 

junction with a higher limit of detection in the methodology 

used, we have not been able to assess the risk associated with 

them. Due to these low concentrations of NPAHs, more sen- 

sitive analysis techniques (UHPLC-MSMS) or monitoring 

that increases the sample quantity to be analyzed, e.g., moni- 

toring with high volume samplers, will be necessary for a 

better and complete risk assessment. 

The calculation of different ratios of PAHs allowed identi- 

fying the importance of the contributions of vehicular emis- 

sions as predominant sources of PAH emission. Additionally, 

in the industrial area, not only vehicle emissions were impor- 

tant but also industrial ones. This is agreed with the results of 

total PAHs in both fractions of PM in the industrial area, 

where it was observed that the total PAHs in PM10 were no- 

tably higher than those in PM2.5, suggesting that in addition to 

vehicular emissions there was another source that contributed 

to PAH levels in PM10, such as industrial emissions. Total 

PAH levels in residential and urban areas were similar for both 

fractions of PM, and taking into account that vehicle emis- 

sions are mainly associated with PM2.5, this would indicate 

the predominance of vehicle emissions as source of PAHs in 

these areas. 

Regarding the analysis of health effects, it was observed 

that in most cases the annual PM levels were greater than the 

values established by the WHO. On the other hand, from the 

calculations of the risk of contracting cancer throughout life 

(LCR), it turned out that, in the case of children, the values 

obtained complied with the values proposed by the US EPA 

and the WHO. However, in the case of adults, in all cases the 

WHO limits were complied, but the US EPA limits were not 

complied in the industrial and urban areas and in both frac- 

tions of PM. This is an alarming sign, and shows the necessity 

of monitoring the pollutant levels by control organisms. 

In the evaluation of the burden of disease due to environ- 

mental factors such as air pollution, it can be said that it is a 

very useful tool, which allows quantifying the relative risk 

associated with the level of PM, and the endpoint that is 

intended to be evaluated. For the studied districts, the calcu- 

lated relative risks were very similar with each other, being 

relative risk in La Plata slightly lower, about 3–5%, than those 

in Berisso and Ensenada. 

This is the first systematic regional study regarding the 

levels of PM and associated PAHs and their potential effects 

on the public health. It is necessary to investigate further about 

other components of known toxicity such as metals and black 

carbon, and in addition, epidemiological studies that include 

health indicators, such as spirometry. This study provides a 
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quantitative diagnosis of the risk to which the population of 

Gran La Plata is exposed. In this sense, it supports the deci- 

sions of the public policy management authority aimed at 

protecting the health of the population within the framework 

of sustainable development. 
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