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Abstract. Evaluation of the cumulative effect – synergy of multiple pollutants is one of the most topical 
problems in environmental quality monitoring due to lack of appropriate methodology. In 2013, the new 
cumulative effect evaluation method Cumulative Pollution Index (CPI) for the first time was tested in field 
research by doing cumulative air pollution evaluation in two cities of Latvia – Liepaja and Riga. By the use of 
this method, the cumulative effect is calculated from simultaneous air quality measurements and bioindication 
research. Due to this approach, CPI results are difficult to compare with similar research and there is a risk that 
explanation can be pure biological. Therefore, the aim of this research was to validate the year 2013 results by 
use of statistical analysis methods. The results show that these detections were adequate, because they can be 
justified statistically and comply with similar research by other authors.  

Keywords: cumulative effect, air pollution, Cumulative Pollution Index, bioindication. 

Introduction 

Evaluation of the cumulative effect – synergy of multiple pollutants is one of the most topical 
problems in environmental quality monitoring due to lack of appropriate methodology. Cumulative 
risk assessment to real-world mixtures is hindered by a lack of verified analytical frameworks [1]. 
Therefore, methods in this field are relatively simple and use statistical models with small fixed 
number of pollutants in association with different factors.  

Alternative is the use of new approaches as it is done in one of the recent methods for cumulative 
effect evaluation in the air quality monitoring field – Cumulative Pollution Index [2]. In this method, 
the cumulative effect is calculated as the difference between air quality measurements done by 
automated measurement stations and bioindication results in the form of analysis of chlorophyll-
pheophytin ratio in lichen samples placed on the same measurement stations. The resulting index (1) is 
calculated with the following equation [3]:  
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where CPI – cumulative pollution index (greater value – greater cumulative effect); 
 BPp – breakpoint for pollutant p (units according to normative); 
 Cp – concentration of pollutant p (same units as BPp); 
 np – number of pollutants; 
 ns – number of lichen samples; 
 C – initial chlorophyll amount in the sample (either in optical density or units of mass); 
 P – pheophytin amount in the sample (same units as C). 

The Cumulative Pollution Index method is completely new and is used only in one study when 
cumulative air pollution was evaluated in Liepaja and Riga in 2013 [3]. Due to this, and the fact that 
the CPI method uses a new approach – bioindication and air quality measurements merged in one 
method, these results are difficult to compare with similar research. As the part of CPI calculation is 
two biochemical indicators in lichen samples, it is not possible to completely exclude biological 
explanation of CPI values. Therefore, additional validation of the first results by the CPI method is 
necessary to determine if the CPI method can be used in air quality evaluation in the current form or it 
needs some revisions. The aim of this research was to find it out by the use of statistical analysis 
methods.  

Materials and methods 

As the data source for this research, tables of CPI and measured pollutants from 2013 study in 
Liepaja and Riga were used (merged in Table 1) and all data were analyzed according to places where 
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year 2013 evaluation was done – Liepaja Kalpaka Str. 34; Riga Brivibas Str. 73 and Riga Kr. 
Valdemara Str. 18. 

Table 1 
Concentration of air pollutants and Cumulative Pollution Index values  

in Liepaja and Riga 01.02.2013- 01.01.2014 [3] 

Riga Brivibas Street 73 

Month 
SO2  

(µg·m
-3

; 24 h) 

O3  

(µg·m
-3

; 8 h) 

NOX 

(µg·m
-3

; 1 h) 

CO  

(µg·m
-3

; 8 h) 
CPI 

02 6.7 65.1 144.9 N/A 1.07 
03 8.1 86.9 141.3 N/A 1.00 
04 6.5 80.4 151.6 N/A 0.96 
05 6.4 93.3 145 N/A 0.96 
06 5.7 60 104 N/A 1.30 
07 5.2 51.4 112.9 N/A 1.30 
08 5.4 78 120.6 N/A 1.08 
09 7 43 105 N/A 1.50 
10 8.1 83.8 128.4 N/A 1.06 
11 7.4 90.4 129.4 N/A 1.02 
12 7.8 93.4 138.1 N/A 0.97 
01 5.8 85 147 N/A 0.96 

Riga Kr. Valdemara Street 18 

02 N/A 60.7 91.1 0.8 1.14 
03 N/A 96 112.3 0.8 0.84 
04 N/A 81.6 112.8 0.7 0.87 
05 N/A 113.7 76 1.1 0.87 
06 N/A 101 122 1.7 0.74 
07 N/A 48.4 127.7 0.8 0.94 
08 N/A 48.9 129.4 0.8 0.92 
09 N/A 61.7 122.3 0.6 0.91 
10 N/A 82.5 127.6 0.5 0.80 
11 N/A N/A 116.2 0.7 1.44 
12 N/A N/A 123.7 0.5 1.36 
01 N/A N/A 153 0.5 1.07 

Liepaja Kalpaka Street 34 

02 12 87 86 N/A 1.27 
03 11 114 117 N/A 1.00 
04 10 108 89 N/A 1.10 
05 9 128 81 N/A 1.10 
06 3 102 105 N/A 1.09 
07 2 94 69 N/A 1.39 
08 3 110 75 N/A 1.22 
09 4 107 103 N/A 1.10 
10 5 97 105 N/A 1.14 
11 4 91 103 N/A 1.19 
12 7 86 111 N/A 1.15 
01 3 81 123 N/A 1.05 

As statistical methods correlation analysis (Pearson’s r), partial correlation and factor analysis 
were used. The calculation of Pearson’s r (given as coefficient of multiple correlation in MS Excel) 
and factor analysis were done by the use of Microsoft Excel 2013 built-in tools and Real Statistics 
add-in. Partial correlation was calculated with Real Statistics add-in.  

Based on the previous research on cumulative effects by other authors, the following possible 
cumulative effect forming factors were evaluated: 
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• Pollutants [4; 5]; 
• Monthly average air temperature [6]; 
• Monthly relative humidity [7]. 

As meteorological factors – temperature and humidity, monthly average values in Liepaja and 
Riga were evaluated due to lack of meteorological sensors at the CPI calculation sites – Table 2. 

Table 2 
Air temperature and relative humidity in Liepaja and Riga during the evaluation  

of cumulative air pollution 01.02.2013-01.01.2014 

Liepaja Riga 

Month 
Temperature, ºC Humidity, % 

Temperature, 

ºC 
Humidity, % 

02 -0.8 87 -0.8 82 
03 -3.2 68 3.8 67 
04 4.2 78 4.9 74 
05 13.5 75 15.7 66 
06 16.4 78 19.2 65 
07 17.5 80 19.1 69 
08 18 77 18.3 71 
09 13 81 13.1 79 
10 9.6 84 8.9 80 
11 6.6 84 5.3 87 
12 4.2 85 2.7 86 
01 -4.2 81 -5.1 79 

Results and discussion 

Factor analysis shows varying number of cumulative impact forming factors – 4 in Liepaja and 
Riga Kr. Valdemara Street, 3 in Riga Brivibas Street – Fig. 1, 2. This points to the fact that in both 
cities the CPI values are not a result of impact by a single pollutant or meteorological factor – they 
indicate complex interaction between multiple factors.  

 

Fig. 1. Factor analysis scree plot of cumulative pollution forming factors in Liepaja 

In Liepaja, significant impact on CPI is NOX (r = 0.72), while in Riga Brivibas Street – O3  
(r = 0.90) and NOX (r = 0.96) – Table 3. Despite the CPI correlation with other pollutants, for 
example, SO2 in Liepaja (r = 0.54) and O3 in Kr. Valdemara Street (r = 0.68), these results are below 
the level of significance – p > 0.05. However, p > 0.05 not necessarily means that the data are not 
valid – one of the most widespread explanations in such cases is the small sample size [8; 9], but at the 
same time the results with p > 0.05 cannot be interpreted as statistically justified cumulative effect 
detections. 
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Fig. 3. Factor analysis scree plot of cumulative pollution forming factors in Riga 

Taking into account only pollutants, statistically justified cumulative effect detection is only in 
Riga, Brivibas Street, because r = 0.72 for NOX alone in Liepaja does not meet the definition of the 
cumulative effect – synergy of multiple pollutants. Analysis of meteorological factors impact on the 
CPI values – Table 3, shows significant CPI correlation with the air temperature in Liepaja (r = 0.61). 
Also, in Riga, Brivibas Street CPI correlates with the changes in ambient air temperature, but to a 
lesser extent than in Liepaja (r = 0.58). Completely different results are from the second site in Riga – 
Kr. Valdemara Street. In this place, significant correlation is only with relative humidity (r = 0.78). If 
there is any air temperature impact on CPI, it is insignificant (r = 0.37). In addition, these results are 
not statistically significant (p > 0.05). Therefore, it can be concluded that in forming of CPI values the 
main meteorological factor was air temperature. 

Table 3 
CPI correlation with pollutants and meteorological factors (*p < 0.05) 

Pearson’s correlation coefficient (r) 

Pollutants Site 

O3 NOX SO2 CO 
Liepaja 0.24 0.72* 0.54  

Riga, Brivibas Street 0.90* 0.96* 0.37  
Riga, Kr.Valdemara Street 0.68 0.15  0.45 

Meteorological factors 

Site Monthly average air 
temperature, ºC 

Relative humidity, % 

Liepaja 0.61* 0.38 
Riga, Brivibas Street 0.58* 0.17 

Riga, Kr.Valdemara Street 0.37 0.78* 

According to the correlation analysis – Table 3, for further validation with partial correlation 
analysis – Table 4, the following cumulative effect forming factors can be identified:  

• NOX + air temperature (in Liepaja); 
• NOX + O3 + air temperature (in Riga Brivibas Street).   

The partial correlation analysis – Table 4, shows that in Liepaja exclusion of other factors results 
in strong CPI correlation with O3 (-0.76) and NOX (-0.88), but correlation with air temperature is 
moderate (0.40). This validates the assumption that in Liepaja the cumulative effect forming factors 
were NOX + air temperature (there is strong correlation with O3, but it is not statistically significant). 
Riga Brivibas Street is a different case – exclusion of other factors results in strong correlation with 
SO2 (0.70), O3 (-0.72) and NOX (-0.94), like in Liepaja, correlation with air temperature is moderate 
(0.50). This validates the assumption that in Riga Brivibas Street the cumulative effect forming factors 
were NOX + O3 + air temperature. (SO2 – not statistically significant). It is important that partial 
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correlation with pollutants is stronger than with air temperature. This means that the air temperature 
most likely has acted only as a catalyzer, not as the main CPI forming factor. 

Table 4 
Partial correlation of CPI and cumulative effect forming factors 

Liepaja 

 CPI SO2 O3 NOX Temperature Humidity 
CPI 1 0.28 -0.76 -0.88 0.40 -0.28 
SO2 0.28 1 0.69 -0.00 -0.90 0.57 
O3 -0.76 0.69 1 -0.58 0.76 -0.74 
NOX -0.88 -0.00 -0.58 1 0.05 -0.19 
Temperature 0.40 -0.90 0.76 0.05 1 0.60 
Humidity -0.28 0.57 -0.74 -0.19 0.60 1 

Riga Brivibas Street 

 CPI SO2 O3 NOX Temperature Humidity 
CPI 1 0.70 -0.72 -0.94 0.50 -0.15 
SO2 0.70 1 0.24 0.79 -0.79 0.24 
O3 -0.72 0.24 1 -0.52 -0.12 -0.20 
NOX -0.94 0.79 -0.52 1 0.59 -0.14 
Temperature 0.47 -0.79 -0.12 0.59 1 -0.09 
Humidity -0.15 0.24 -0.20 -0.14 -0.09 1 

NOX and O3 cumulative synergy is well known from various researches done by other authors 
[10; 11]. Humans and animals inhale both of these pollutants and they come in contact with the 
respiratory tract lining fluids (RTFLs). Antioxidants in RTFLs react with NOX and reduce respiratory 
tissue protection capabilities from oxidants like O3 [12]. NOX and O3 synergy also occurs in 
biochemical level in the form of damage of various protein structures, therefore affecting not only 
humans and animals, but almost all living organisms [12]. Also the temperature role as a catalyzer 
factor in pollution impact is known from other researches – for example, it is known that O3 causes 
respiratory dysfunctions in 21-23 ºC temperature diapason [13] and further increase in temperature 
results in even greater O3 impact [14]. 

Summarizing the mentioned above, it can be concluded that during the first study with the CPI 
method in 2013 statistically justified cumulative effect detection which complies with similar research 
by other authors is only in Riga Brivibas Street. The results from other sites lack statistical 
significance, possibly due to the small sample size. Therefore, further research is needed – in a longer 
time frame and in more cities.  

Conclusions 

1. Taking into account only pollutants, statistically justified cumulative effect detection in the first 
study by the CPI method was only in Riga Brivibas Street (r = 0.96 for NOX; r = 0.90 for O3) 

2. The main meteorological factor in CPI forming was the air temperature (r = 0.61 in Riga, Brivibas 
Street; r = 0.58 in Liepaja) 

3. During the 2013 study cumulative effect detections were adequate because the results from at 
least one site (Brivibas Street) can be fully justified with statistical analysis methods and comply 
with similar research by other authors.  

4. The results from other sites lack statistical significance, possibly due to the small sample size. 
Therefore, further research is needed – in a longer time frame and in more cities. 
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