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Abstract. Sustainable development in the environmental sector is a priority direction in Latvia, as in all EU 
countries. However, the use of different approaches does not provide effective results to achieve the SDG.  
The purpose of the research is to develop a model for carrying out an ecological audit based on the principle of  
inter-industrial assessment on the use of reagents on the country’s roads. The authors suggest using an  
environmental audit for a comprehensive assessment of the influence of reagents on the environment. Subject 
of research: model of environmental audit in assessing the use of reagents. The object of the study is the Latvian 
approach to the use of reagents. The research methodology applied for this research study is qualitative and 
quantitative research methods. The monographic method and the method of deduction were used to analyze 
the corresponding theoretical concepts, the statistical method, the method of graphic analysis, correlation and 
regression analysis, Student’s distribution were used for the evidence base of the research. Conclusion of the  
study: in the research the authors identified the following pattern: with the growth of income of the population 
of Latvia, the number of cars in the country increases (correlation 0.999, R = 0.754), however, there is also an  
increase in road accidents (correlation 0.946, R = 0.728), which leads to an increase in car repairs. In auto repair 
work, an anti-corrosion coating is used that releases non-methane volatile compounds. When conducting 
an environmental audit, it is necessary to take into account anti-corrosion coatings. As part of the research, 
the identified pattern was based on the use of the principle of intersectoral assessment. According to the 
authors, conducting an environmental audit according to the model proposed by the authors will lead to the  
identification of sources of environmental pollution, and subsequently to the development of a program to reduce 
or eliminate it. Regression equation analysis will make it possible to predict the expected number of accidents  
and will allow non-methane volatile compounds to be taken into account in environmental audits.

Key words: environmental audit, transport, reagents, principle of inter-industrial assessment, sustainable 
development, Latvia.
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1. Introduction
Environmental protection is becoming a priority 

in the development of the country's economy, and  
ecology is an important part of modern economic 
development. The adoption of the document "Streng-
then the means of implementation and revitalize the 
Global Partnership for Sustainable Development" 
by the UN is a new historical step for the sustai-
nable development of the world. In the document, 
17 goals were formulated, four of which relate to the 
environmental sustainability of the world (UN 2015). 

Based on the strategy for the implementation of  
the UN Sustainable Development Programme, EU 

countries have developed the Sustainable Europe 
2030 (European Commission, 2019), Europe 
2050 (European Commission, 2018) and Latvia 
2030 (Saema of the Republic of Latvia, 2010) 
programmes.

The authors believe that in order to achieve the 
above-mentioned goals in the field of sustainable 
development of the national economy and ecological 
balance of the world, the country should actively 
implement environmental audit programmes. The 
use of environmental audit is described in the works  
of the following authors (Neil Humphrey; Mark 
Hadley, 2010), (Price, Florence, Truitt, 1981), (Dieter 
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Helm, 2010), (McDonach, Yaneske, 2002). The  
authors agree on the following definition of 
environmental audit as a business activity of 
environmental auditors or environmental audit 
organisations to carry out independent private  
qualified analysis and assessment of economic 
activities that affect the environment and provide 
recommendations to reduce the negative impact on  
the environment and public health.

Latvia, like other northern European countries, 
actively uses reagents on the roads in winter. The 
impact of reagents on the environment is monitored 
by a number of ministries, see Figure 2, but the 
authors believe that the use of environmental audit  
will allow a comprehensive assessment to be made.  
In EU countries, including Latvia, there are laws 
regulating environmental audit – the Environmental 
Protection Law (Latvijas Republikas Saeimas, 2020). 
The law defines the performers of environmental 
audits – specialised environmental companies. 
However, for the implementation of the SDG 17, 
Europe 2030 and Latvia 2030 programmes, the audit 
companies should not only consider the activities 
that affect the country's ecology as separate types of 
environmental pollution, but they should also carry  
out the audit of the integrated impact on all areas of 
ecology and life activity. It is an integrated approach  
that ensures sustainable development of the 
environment. Therefore, the focus should be on 
the principles that contribute to a comprehensive 
environmental audit and not on the assessment of 
a separate environmental impact. In the opinion  
of the authors, the first problem is the approach to 
conducting an environmental audit and the need to 
adapt the principles for its implementation. 

2. Brief Literature Review
In developing the principles, it should be borne 

in mind that the modern economy is circular and 
represents an alternative to the classical linear  
economy. Therefore, the main principle is to solve 
problems in a comprehensive way. This approach  

is also used in environmental auditing: to assess the  
type of activity, including and evaluating all the 
consequences of the activity carried out. Both the 
circular economy, i.e., the economy of waste-
free production, and the environmental audit 
with a comprehensive assessment will allow to 
comprehensively solve a number of problems in the 
state related to environmental pollution and to ensure 
its sustainable development. 

The authors conducted a theoretical analysis 
to formulate the basic principles for conducting 
an environmental audit. It should be noted that  
a number of documents, such as the Environmental 
Audit Program Design Guidelines for Federal  
Agencies 1994 (U.S. 1994), (Leeuwen, 2002)  
describe the principles of environmental auditing. 
However, the author of the study ( Jamtsho, 2014) 
actually describes the elements of environmental  
audit. In order to achieve the goals of sustainable 
development in the field of the environment, it is 
necessary to focus on the basic methodological issue 
of conducting an environmental audit: the definition 
of principles. The authors, using the monographic 
method, the deduction method, system analysis 
based on the study of documents (Secretariat Royal 
Government of Bhutan, 2011), (INTOSAI, 2019), 
(Environmental Audit Committee, 2019), formulated 
the basic principles for conducting an environmental 
audit, which are presented in Figure 1.

The "polluter pays" principle is widely used in the 
legal frameworks of a number of countries (Secretariat 
Royal Government of Bhutan, 2011), (INTOSAI, 
2019), as is the principle of protecting and promoting 
health and safety (Environmental Audit Committee, 
2019). There are a number of similar names for the 
principle of effectiveness: the principle of subsidiarity 
(Environmental Audit Committee, 2019), decision 
making (Humphrey; Mark Hadley, 2000).

As part of this research, the authors suggest using 
the principle of cross-sectoral assessment in an 
environmental audit. This will make it possible to find 
a balance in the quantitative and qualitative patterns 
of economic systems, to create a holistic vision of 

Principles of 
environmental 

audit 

1st principle: 
Polluter-Pays

2nd principle:
protection and 
promotion of 

occupational health 
and safety 

3rd principle:
cross-sectoral 

assessment 

4th principle:
efficiency 

Figure 1. Principles of environmental audit developed by the authors
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the impact of ecology on a number of factors and, as 
a result, an environmental audit will contribute to the 
implementation of a comprehensive programme of 
environmental sustainability and the development 
of a green economy of the world. The cross-sectoral  
principle should be understood as an integrated  
approach to conducting an environmental audit that 
assesses all related industries that are affected by 
a substance that pollutes the environment.

3. Materials and Methods 
Ensuring the sustainable development of the 

environment in northern European countries is linked 
to controlling the use of reagents on roads in winter.  
The use of reagents reduces the number of accidents 
on the roads and saves lives. On the other hand, anti-
corrosion paints used after accidents to protect the 
vehicle from the effects of reagents, paints and other 
chemicals are also harmful to the environment. 
The countries that use reagents on roads should  
coordinate work between ministries and agencies  
of the countries to take into account the environ- 
mental impact on different areas of life. Using Latvia  
as an example, the authors suggested an environ- 
mental audit model based on the inter-industry  
principle for EU countries and other regions of the 
world. 

The study used the following quantitative and 
qualitative research methods: monographic analysis, 
methods of deduction and induction, statistical data 
processing, graphical analysis, econometric methods 
using SPSS, Gretl, Excel software (Pearson correlation 
analysis, regression analysis).

4. Results and Discussions 

4.1 What are the methodological aspects  
of environmental audits to assess the impact  
of reagents?

Consider using the principle of cross-sectoral 
assessment to calculate the environmental impact 
of reagents and conduct an environmental audit.  
Sub-zero temperatures and snowfall are typical of  
winter in Latvia, a number of northern EU countries 
and some other regions of the world. De-icing 
agents are used in winter for the safety of drivers and  
pedestrians on roads and pavements. De-icing agents 
prevent the formation of ice on roads when the air 
temperature is below zero and the humidity is high. 
However, according to the opinion of scientists and 
chemists, the reagents affect: the salinity of soil and 
water, the paws of animals, the dustiness of the air 
and the corrosion of metals (Environmental Audit 
Committee, 2019). This means that an environ-
mental audit should assess all these parameters 

based on the principle of cross-sectoral assessment  
(Figure 2).

In this article, the authors focused on the need to  
take into account the problems associated with the 
impact of reagents on road transport: corrosion and 
recovery after accidents in winter. 

It should be noted that environmental assessment  
in Latvia is regulated by law, which establishes the 
following principles: the polluter pays principle –  
a person bears the costs associated with his activity; 
the precautionary principle – it is permissible to 
restrict or prohibit actions or measures that may  
affect the environment or human health; the  
prevention principle – a person should, as far as 
possible, prevent pollution of the environment and 
other substances harmful to the environment or  
human health. The principle of assessment – 
the consequence of any such action or measure that 
may have a significant impact on the environment or 
human health shall be assessed before authorising 
or initiating the corresponding action or measure  
(Latvijas Republikas Saeimas, 2020).

As can be seen from the analysis, the principle of 
cross-sectoral assessment or integrated approach 
to environmental audit is not included in the  
legislation regulating environmental audit in Latvia.  
In the opinion of the authors, not only the results 
of the environmental audit will be more effective if 
the principle of inter-industry assessment is used, 
but also the implementation of Latvian, EU and 
global programme documents aimed at sustainable 
development of the ecology will be more efficient.

Furthermore, the use of the principle of cross-
sectoral assessment will make it possible to conduct 
environmental audits in countries more effectively.  
Thus, in the table below, the authors suggest 
a methodology for conducting an environmental  
audit on the use of reagents in Latvia.

 

4.2 Calculations of the number  
of road accidents and emissions  
of non-methane volatile compounds

The following reagents are used in public institutions 
in Latvia in winter (VAS "Latvijas Valsts ceļi", 2019):
– Table salt; 
– sand-salt mixture;
– calcium chloride;
– sodium chloride.

Table 1 shows the authors' analysis of the use of 
reagents depending on the type of road works.

As can be seen from the table, sodium chloride, 
or common salt, is the main substance responsible 
for the de-icing effect. Although salt is good at  
preventing icing, it can significantly accelerate the 
process of metal destruction (corrosion) (Wei, Cheng, 
2022), (Xin, Hao, Lu, 2022).
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Environmental audit 

The 
principle 
of inter-
industry 

The Ministry of Environment 
Protection and Regional Development The Ministry of Transport

Use of reagents 

Assessment of the influence of reagents 

Soil salinity Corrosion of metal Dustiness of the air Paws of animals 

The Ministry of 
agriculture Ministry of Health  Care Ministry of economy 

Environmental law

of Latvia 

Figure 2. The model for conducting an environmental audit, 
based on the principle of cross-sectoral assessment of reagent use

Source: developed by the authors

Table 1
Analysis of snow removal types and material consumption in winter in Latvia

Type of works Cleaning compound Norm for materials 

Snow removal with wet salt distribution on 
the roadway

– the amount of NaCl > 90 mass %; 
– the amount of sulphates ≤ 3 mass %; 
– in the water NaCl or CaCl2

0.8 tons of mineral material per 1 km

Reducing slippage with sand NaCl 23-25 %, CaCl2 20-32 %. 0.8 tons of mineral material per 1 km

Clearing medium-width snow from the road Depending on icing 0.4-1.28 tons spread per 1 km 
of roadway.

Source: developed by the authors, adapted from (VAS "Latvijas Valsts ceļi", 2019)

The total length of roads in Latvia is 
70 437 km, but the length of public roads is 20 066 km.  
In 2020, winter road maintenance will cost 
10.236 million EUR (Latvijas valsts ceļi, 2019).

Calculations show that the minimum amount 
of reagents used on Latvian roads during a single 
snowfall is 24.5 tonnes per day, and approximately 
500 000 tonnes of salt are used on Latvian roads  
per season (VAS "Latvijas Valsts ceļi" Tehniskajā 
komisijā, 2019). 

3.2 Factors influencing the number of road 
accidents and emissions of non-methane 
volatile compounds as a result of car repairs

To carry out an environmental audit – the impact  
of reagents on vehicles, based on the principle of  
cross-sectoral assessment, consider the calculation of 
the amount of anti-corrosion agents used as a result  
of car repairs after accidents.

This will allow to calculate the amount of anti-
corrosion agent to restore the car. 
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Figure 3 shows the graphic representation of the 
number of road traffic accidents registered in Latvia.

It becomes apparent that despite the use of reagents 
in the country, the number of accidents between 
November and February is quite high. 

Using SPSS software, the minimum and maximum 
number of accidents in the period from 2010 to 2020  
was calculated taking into account the use of reagents 
(Table 3).

The data calculated by the authors show that the 
minimum number of accidents during the study  
period was in December – 2970 accidents per  
month, and the maximum value was in January – 4029. 

The standard deviation is 117 accidents in February 
and 325 in January over the period under review. 

Considering that, according to the standards, an 
average of 2.5-3 kg of substance is used to treat a car  
with an anticorrosion agent, which results in emissions 
of 1.6-1.9 kg of non-methane volatile organic com-
pounds NMVOCs (Li et al., 2019), (Peng et al., 2015), 
(Kuenen, Trozzi, 2016), (COMMISSION, 2019), 
(Portney, 2010), summary data is given in Table 4. 

In the calculations, the assumption is that only  
half of the cars will need to be repaired after  
accidents, and multiplying the paint standards, the result 
is 12,975 kg of NMVOC emissions in just 4 months. 
This is about 40 000 kg or 40 tonnes of NMVOC 
emissions per year, assuming that 50% of the cars  
that were repaired after accidents in Latvia received  
an anti-corrosion coating. This amount is minimal, 
since the authors used the amount of anti- 
corrosion agent in the calculations only for cars, it  
is clear that the consumption for trucks will be higher. 

Furthermore, it is worth assessing the causes of 
accidents on the country's roads. The main hypothesis 
is that the number of accidents depends on the  
number of cars; the second hypothesis is that the 
number of cars depends on the standard of living  
of the population or GDP per capita; the third  

Table 2
Calculation of the amount of reagents  
(NaCl or CaCl2) used per hour/day in Latvia, tonnes 

Types of road Black 
surfaced, km

Calculation of the 
amount of reagents 

(NaCl or CaCl2) used 
per hour/day, kg

Public roads 9 356 14970
Main roads (A) 1 673 2677
Regional roads (P) 4 652 7443
Local roads (V) 3 031 4850
Local government 5923 9477
Roads 1203 1925
Streets 4720 7552
Sum of roads and street 14 959 24 447

Source: (Price, Florence, Truitt, 1981)

Table 3
Analysis of general statistics on road traffic accidents 
in Latvia in the period from November to February 
2010–2020

Nov Dec Jan Feb

N
10 10 10 10
0 0 0 0

Mean 3505 3114 3667 3371
Std. Deviation 304,930 127,005 325,349 117,874
Minimum 3157 2970 3399 3294
Maximum 3724 3211 4029 3507

Table 4
Calculation of emissions of non-methane volatile 
compounds after application of anti-corrosion  
coating on vehicles in Latvia, kg

November December January February
Average number of 
accidents per month 3505 3114 3667 3371

Sum of NMVOC, kg 3330 2958 3484 3202
Sum, kg 12 975
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Figure 3. The number of road traffic accidents in the period from 2018 to 2020

Source: the authors' graph
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hypothesis is that the number of cars depends on  
the income level of the population and its salary.  
The number of cars is taken as the main factor. Using 
SPSS software, the following data obtained (Table 5). 

Pearson's correlation coefficients showed a high 
correlation between accidents, the number of cars  
and the salary level of the population. The second 
hypothesis put forward by the authors was not 
confirmed: the level of GDP per capita does not  
affect the number of cars in the country, but there is 
a high correlation between the number of cars and 
the level of salaries – 0.999 (!).

However, it is necessary to check whether the  
Pearson correlation coefficient is statistically  
significant or whether its difference from zero can be 
explained by random causes. Therefore, the statistical 
hypothesis will be analysed: 

Н0 the sampling coefficient is randomly different  
from zero

Н1: the sampling coefficient is naturally different  
from zero. Let p be the correlation coefficient:

Н0:р=0
H1: p≠0
If the null hypothesis is confirmed, then there is no 

relationship between the variables; if the alternative 
hypothesis is accepted, it means that the variables are 
linearly related ( Jain, Ohri, 2021). Calculate the value  
of p by selecting the Student's distribution using the 
Gretl program (Adkins, 2018).

Df = 18, р value 2,0530
T (18): area to the right of 2,0530 = 0,02745
two – tailed value = 0,05; supplement = 0,9451
Thus, at the significance level of a=0.05, H1 is true: 

the variables number of accidents and income are 
correlated. A linear relationship was found. 

Having proved the relationship between the 
number of road accidents, cars and income level using 
correlation analysis, the form of this relationship will  
be expressed using regression analysis, which will 
allow to predict the expected average number of road 
accidents, and therefore to calculate the amount 
of anti-corrosion agent for car repair. This, in turn, 
will allow to calculate the amount of non-methane  
volatile compounds emitted into the atmosphere.

Using the Anova software, the coefficient of 
determination (R) is calculated, which characterises 
the quality of the regression equation. The  
calculations showed a high level of relationship  
between the variables of accidents and the number 
of cars, as well as accidents and income level, 
which is confirmed by sig. In the calculations,  
sig.=0.04<=0.01, which proves that the coefficient 
of determination is significant. The results of the 
calculations are summarised in Table 6. 

Table 6
Regression analysis of the relationship  
between the number of road accidents,  
cars and income, 2010–2020 

Indicators R R2 Constant S yx Linear
Cars 0,754 0,568 37,35 Y= 37,35+ 0,568 * x
Wage 0,728 0,530 123,63 Y=123,63+ 0,530 * b

The linear equation thus obtained makes it possible 
to predict the number of accidents in the coming  
years as a function of the number of cars and the  
growth in the population's income. The relationship 
between the indicators presented has been  
established on the basis of correlation coefficients  
for the ten years from 2010 to 2020. 

5. Conclusions
The use of environmental auditing should be based 

on the principles described by a number of authors 
( Jamtsh, 2005), (INTOSAI, 2019), (Wei, Cheng,  
2022). However, the principle of effectiveness  
suggested by a number of authors can only be achieved 
through the principle of cross-sectoral assessment.  
The model presented by the authors shows that 
reagents affect different areas of human life: from  
soil and air pollution to metal corrosion. Therefore, 
the assessment should be carried out in a compre-
hensive manner. Assessment through an environ- 
mental audit will contribute to the sustainable 
development of environmental protection. Although 
reagents are intended to protect drivers and  
pedestrians in winter, the use of corrosion inhibitors  
to protect cars from corrosion or for repair purposes 
leads to an increase in environmental pollution.

The authors' calculations revealed an important 
pattern:
1) The growing prosperity of the country's population 
leads to an increase in the number of cars. An increase 
in the number of cars leads to an increase in the 
number of road accidents, which means an increase 
in air emissions when using anti-corrosion paints and 
varnishes in repair work. 
2) Protecting the public from accidents on the roads 
with the use of reagents is leading to an increase in  
the use of anti-corrosion coatings to protect vehicles.

Table 5
Calculation of the Pearson correlation between  
the number of cars, road accidents and income  
level in Latvia in the period from 2010 to 2020

Indicators Cars Wage Accidents 

cars
Pearson Correlation 1 ,999* ,946
Sig. (2-tailed) - ,0025 ,0045

wage
Pearson Correlation ,999* 1 ,728
Sig. (2-tailed) ,0025 - ,0048

accidents 
Pearson Correlation ,946 ,728 1
Sig. (2-tailed) ,0045 ,0048  -
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However, further research should use both the 

amount of precipitation (in the form of snow) and the 
average winter temperature as a parameter to trace the 
relationship between precipitation, reagents and the 
number of accidents.

5.1. Theory contribution
An analysis of the principles for conducting an 

environmental audit showed that the use of existing 
principles doesn't meet the requirements of a circular 
economy and its sustainable development. The  
inclusion of the principle of cross-sectoral assessment 
will make it possible to comprehensively assess 
the impact of the source of pollution on all areas of  
human life. Northern European countries use road 
safety reagents for roads and pavements, which have  
an active impact on a number of areas. The model 
suggested by the authors will make it possible to 
carry out an environmental audit and contribute 
to a comprehensive assessment of environmental 
pollution, ensuring the sustainable development of  
the environmental protection system.

5.2. Practice contribution
Based on the analysis conducted for the period  

from 2010 to 2020 and the calculation of Pearson's 
correlation, the authors found the following pattern: 
as the income of the Latvian population increases,  
the number of cars in the country increases  

(correlation 0.999, R=0.754), but there is an increase 
in road accidents (correlation 0.946, R=0.728), 
which leads to an increase in car repairs. In the car 
repair process, an anti-corrosion coating is used that 
emits non-methane volatile compounds. Taking into  
account the use of standards for car treatment, per  
1 kg of anti-corrosion paint, 636 g of non-methane 
volatile compounds are emitted into the atmosphere, 
resulting in total emissions, according to the authors' 
calculations, of at least 40 tonnes per year. It should be 
noted that car owners not only apply an anti-corrosion 
coating after an accident, but also to protect their cars 
from corrosion caused by the use of salt on the roads. 
This results in a double impact on the environment:  
on the one hand, reagents are used to protect  
motorists in winter and, on the other hand, drivers  
use an anti-corrosion coating to protect their vehicles 
from reagents. 

Within the framework of the research carried out,  
the identified pattern was based on the use of the 
principle of inter-industrial assessment. According to  
the authors, conducting an environmental audit 
according to the model proposed by the authors 
will lead to the identification of the sources of  
environmental pollution and, subsequently, to the 
development of a programme aimed at reducing or 
eliminating them. 

The regression analysis of the equation proposed by 
the authors makes it possible to predict the expected 
number of accidents and to calculate non-methane 
volatile compounds during corrosion protection work. 
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