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Abstract

The moderately salty and lightly salty lakes and marshes near the Black Sea are specific 
in terms of their high degree of physical alteration; intensive hydromorphological pres-
sure; and point-source and diffusive enrichment with biogenic, organic and inorganic 
compounds. Nutrients are among the most regularly measured variables in monitoring 
programs, providing the most complete information for long-term analysis and assess-
ment. Nonetheless, their results need a final summary score, such as the water qual-
ity index, which assesses spatial and temporal conditions very well. In this study, we 
used all available data for Varna and Burgas Lakes from state monitoring for six years 
(2016–2021), using the parameters monitored with the greatest frequency. The aims 
were to trace temporal changes in the water quality parameters to determine which of 
the biogenic elements had the greatest significance for the variance in water quality 
while seeking the most contributing elements for the formation of the Canadian Council 
of Ministers of the Environment water quality index (CCME-WQI). The objectives were 
achieved via multiple factor analysis (MFA) loaded with the results for the environmen-
tal variables and the final scores of the CCME-WQI since this multivariate analysis al-
lows simultaneous consideration of multiple data series while balancing the influence 
of each set of variables. MFA revealed that CCME-WQI scores were influenced solely 
by total phosphorus (TP) in Varna Lake, where TP was negatively correlated with total 
nitrogen. In Burgas Lake, TP had the greatest influence on the CCME-WQI, but in this 
slightly saline lake, pH and dissolved oxygen were also negatively correlated with the 
complex assessment scores. The approach developed in this study is simple to imple-
ment and provides information for the simultaneous use of both the CCME-WQI and the 
MFA, which could optimize monitoring programs by directing sampling efforts on fewer 
parameters that could be analyzed more often or from more sampling sites.
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1. Introduction

European lakes are still affected mostly by nutrient enrichment, which can inter-
act in a synergistic or antagonistic manner with hydrological alteration, thermal 
alteration and chemical pollution (Birk et al. 2020; Doychev et al. 2024). There-
fore, determining trends of multiple anthropogenic pressures with an increasing 
number of pressure types (Free et al. 2024) on the environmental components 
in lakes requires urgent and concerted actions in which politicians, nongovern-
mental and scientific organizations and interested parties need to be involved. 
In this sense, the greatest challenge in developing the modern world is balanc-
ing its social, economic and environmental aspects.

Water resources such as lakes are of major importance in economic and 
social prosperity. These water bodies cover only 4% of the land surface not 
covered by glaciers, and their preservation and restoration are of primary im-
portance for healthy living conditions for humans, ensuring high recreational 
value (Poikane et al. 2024). Therefore, the conditions of their quantitative and 
qualitative specifics are vital for lake ecosystems considering the large part of 
the incoming waste that may remain in the environment for decades or even 
centuries (Doncheva et al. 2020) and accumulate in filter-feeding organisms 
(Mihova et al. 2024).

The lakes of Bulgaria are complexly used and are highly important. However, 
many of these water bodies are contaminated because of their multiple-stress-
or activity. Some of them are concentrated around the two largest bays, Varna 
Bay and Burgas Bay, where well-defined economic zones have developed. The 
leading sectors of the Bulgarian “sea” economy are maritime tourism, aqua-
culture, maritime transport, port activities, shipbuilding, agriculture, industry, 
recreation, tourism, fishing, etc. (Ganchev et al. 2023). Therefore, the discharge 
of wastewater by production accidents or in a regulated manner into receiving 
water bodies is possible.

Several economic sectors, such as light industry and food production, are 
among the branches of the secondary (e.g., chemical production) and tertiary 
sectors and present deterioration risks for the studied water bodies and their 
quality (Ravnachka and Stoyanova 2022; Stoyanova et al. 2024). These anthropic 
activities could influence the chemical and salinity compositions of lake waters, 
which determines their classification and evaluation systems (MOEW 2012).

To conduct an assessment and evaluate the impact on surface water bodies 
and counteract pressure, it is highly important to collect appropriate quantities 
of monitoring data. The gathered information should reflect spatial and tem-
poral changes to reveal pollution sources, the main impact parameters and the 
environmental status (Varol 2020).

The water quality index (WQI) is a useful mathematical instrument that uses 
data that considers the physical and chemical properties of the water, with de-
fined local normative thresholds. The WQI evaluates the quality of water bod-
ies spatially and temporally by summarizing all the results into a single value, 
which ensures easier interpretation (Etim et al. 2013; Aydin et al. 2020; Varol 
2020; Zhang et al. 2022; Benkov et al. 2023).

The WQI is a globally recognized index developed by Horton (1965), for 
which many regional specifications have been developed over the years. At the 
end of the XX century, a new WQI was introduced to Canada by the province of 
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British Columbia. A few years later, the Water Quality Guidelines Task Group 
of the Canadian Council of Ministers of the Environment (CCME) modified the 
original version of the WQI and accepted it as the CCME-WQI in 2001 (CCME 
2001; Chidiac et al. 2023). Currently, the CCME-WQI is a widely used assess-
ment system because of its advantages related to the tolerance of missing 
data and the simple addition of parameters with fixed legislative thresholds 
(Benkov et al. 2023). Therefore, the WQI can play a crucial role in assessing dif-
ferent types of water objects (Zhang et al. 2022), but when applied separately, 
it is constrained (Varol 2020).

With the increasing number of emerging pollutants (European Commission 
2021), the number of measured parameters has increased, which has led to a 
growing need to mine valuable information (Zhang et al. 2022). Multivariate 
data analysis is a powerful set of methods that discover knowledge within large 
datasets. These include principal component analysis (PCA), correspondence 
analysis (CA), factor analysis (FA), multiple correspondence analysis (MCA), 
and multiple factor analysis (MFA) (Kassambara 2017).

FA allows the investigation of correlation coefficients between parameters 
and can reveal hidden relationships (Sürücü et al. 2024). MFA is a general fac-
tor analysis based on PCA, which is probably the oldest, most popular and most 
commonly used multivariate analysis in all scientific branches (Abdi and Wil-
liams 2010) when variables are quantitative and MCA when variables are qual-
itative. MFA can be very useful in environmental studies considering variables 
from different characters that generate time series (Kassambara 2017).

The application of both WQI and MFA, PCA or another multivariate method 
will allow a better understanding and interpretation of the results for surface 
water monitoring programs (Varol 2020). Many studies have used both multi-
variate methods and WQI to gain qualitative interpretation, but they did not use 
WQI scores as a variable within the statistical analysis to find the parameters 
with the greatest contribution to the final ecological status assessment by the 
WQI. These methods rely on analyzing the variables separately from the WQI 
(Simeonov et al. 2003; Shrestha and Kazama 2007; Aydin et al. 2020; Varol 
2020; Zhang et al. 2022) or considering solely the exceedances of the parame-
ters (Benkov et al. 2023).

This study aims to assess 1) the temporal changes in the water quality of 
two heavily impacted lakes by the status of the physicochemical parameters; 
2) which of the most measured biogenic elements has the greatest variance 
and contribution for the dataset and has the greatest influence on the CC-
ME-WQI; and 3) the ability of the MFA to use water quality parameters and final 
CCME-WQI scores as different groups in a simplified approach for environmen-
tal assessments of surface water bodies that need evaluation.

2. Materials and methods

2.1. Study area

Our study focused on two water bodies on the Black Sea coast of Bulgaria. 
These lakes include Varna Lake, the largest lake system (Ganchev et al. 2022; 
Mihova et al. 2024; Georgieva et al. 2024), and Burgas Lake, which is smaller 
but is the largest natural lake ecosystem (Peycheva et al. 2022).
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Varna Lake was separated from Beloslav Lake until 1923, when the first 
channel was dug (Krastev and Stankova 2008). The lagoon formed at the 
Provadiyska Reka River mouth (Mihova et al. 2024) is connected by two arti-
ficially excavated navigation channels with Varna Bay. The lake’s surface area 
is 15.7 km2, the maximum depth is 21.3 m, and the maximum length and width 
are 10.5 and 2.5 km, respectively (Lambev et al. 2020).

In accordance with the RBMP (2016), Varna Lake is classified as a Water 
Framework Directive (WFD) water body with code BG2PR100L001 from the 
type L9 - Black Sea moderately salty lakes and marshes. The main specifics for 
this lentic ecosystem include mixed geology with carbonates and silicates, a 
polymictic regime of the water column, an average depth < 15 m and mesoha-
line to polyhaline conditions (MOEW 2012).

Burgas Lake is a brackish estuary connected to the sea by a channel. The 
stagnant water body is also filled by the Aytoska Reka, Sunderdere and Chu-
karska Reka Rivers, which flow into its western part. The lake’s surface area is 
28 km2. The length is 9.6 km, and the width is between 2.5 and 5.0 km (Gartsi-
yanova 2016).

Figure 1. Map of the study areas.
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According to the RBMP (2016), Burgas Lake is classified as a WFD water 
body with code BG2SE900L037 from the type L8 - Black Sea lightly salted lakes 
and marshes. This ecosystem’s main specifics include mixed geology with sil-
icates, a polymictic regime of the water column, an average depth of less than 
3 m and oligohaline conditions (MOEW 2012).

By Order No. RD-405/4.12.1997, Burgas Lake was declared a protected area. 
Even earlier in 1989, it was defined as an Ornithologically Important Site by 
BirdLife International. According to the Ramsar Convention in 2003 it was de-
termined as a Wetland Area of International Importance. Therefore, the water 
body has conservational importance and serves as the natural habitat of aquat-
ic organisms of national and international significance (Gartsiyanova 2016; 
Midyurova 2021; Syulekchieva and Midyurova 2024).

The national monitoring program related to water sampling was conducted 
at four sampling sites in Varna Lake and three in Burgas Lake (Fig. 1; Table 1). 
Their locations are selected as representative by the responsible authorities 
based on the hydromorphological characteristics, the length of the lakes and 
the specific types of pressure in the individual areas.

2.2. Physicochemical parameters

The regular state monitoring at Varna and Burgas Lakes is the data source for 
the physicochemical parameters. Water samples were collected and analyzed 
by an accredited regional laboratory under the control of the Executive Environ-
mental Agency (EEA) following Bulgarian national standards.

We used officially published data on surface water quality provided by the EEA 
to the Ministry of the Environment and Waters for the period 2016–2021. The 
indicators, or the so-called physicochemical quality elements (PCQEs), used in 
this research are pH, dissolved oxygen (DO), ammonium nitrogen (NH4-N), ni-
trate nitrogen (NO3-N), nitrite nitrogen (NO2-N), orthophosphates such as phos-
phorus (PO4-P), total nitrogen (TN), total phosphorous (TP) and biological oxy-
gen demand for five days (BOD5). We have used only the mentioned nutrients 
and general physicochemical indicators since the other monitored parameters 
were not examined regularly at all monitoring sites. Some aren’t even surveyed 
annually, much less seasonally.

Table 1. Basic information for the sampling sites.

Sampling sites Codes of the sampling sites Waterbody type
Coordinates

N E

Varna Lake–west (VW) BG2PR00155MS013 L 9 43.19237 27.77643

Varna Lake–northwest (VNW) BG2PR00155MS014 L 9 43.19762 27.79362

Varna Lake–center (VC) BG2PR00155MS015 L 9 43.18939 27.81992

Varna Lake–east (VE) BG2PR00155MS016 L 9 43.19837 27.86333

Burgas Lake–west (BW) BG2SE90000MS022 L 8 42.49106 27.35119

Burgas Lake–center (BC) BG2SE90000MS023 L 8 42.50111 27.39928

Burgas–east (BE) BG2SE90000MS024 L 8 42.49511 27.44272
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The obtained data sets are based on monitoring programs for every sam-
pling site with six repetitions per year—from March, May or June, July, August, 
September and November (Fig. 1; Table 1). In 2020, only four water samples 
were taken in July, August, September and November. In total, 136 samples 
from Varna Lake and 105 samples from Burgas Lake were analyzed during the 
second RBMP.

In situ, and laboratory-analyzed PCQEs are defined as supporting data for 
ecological status assessment. The results are separated into three groups: 
high ecological status, good ecological status (GES) and moderate ecological 
status (European Commission 2005; MOEW 2012).

2.3. Water Quality Index

To fulfill the goal set in the present study and consider the Bulgarian legislative 
framework, the quality state of the waters in the studied lakes has been as-
sessed by applying the water quality index developed by the Canadian Council 
of Ministers of the Environment (Neary et al. 2001). In 2006, the CCME-WQI was 
recommended for water quality evaluation procedures by the United Nations 
Environment Programmе and is defined as one of the fundamental complex 
assessments, on the basis of which several other models have been developed 
(Benkov et al. 2023).

Mathematically, the model combines three variables that characterize the 
impact on water quality: range (F1), frequency (F2), and amplitude (F3). F1 rep-
resents “failed variables” in percentages that do not achieve GES. F2 shows 
“failed tests” in percentages from the total number of all samples that did 
not reach the range of GES, and F3 demonstrates the extent of the amplitude 
of the “failed tests” values concerning threshold legislation (Table 2) (MOEW 
2012).

Table 2. GES thresholds for the PCQEs for L8 and L9 lakes (MOEW 2012).

Lake 
type

DO 
(mg/l) рН NH4-N 

(mg/l)
NO3-N 
(mg/l)

NO2-N 
(mg/l) TN (mg/l) PO4 -P 

(mg/l) TP (mg/l) BOD5 
(mg/l)

L9 6–7 6.5–8.7 0.1–0.3 0.8–2 0.03–0.06 0.7–2.5 0.025–0.06 0.025–0.075 2–4

L8 6–7 6.5–8.7 0.1–0.3 0.8–2 0.03–0.06 0.7–2.5 0.025–0.06 0.025–0.075 2–4

The following equation (eq. 1) generates a value between 0 and 100. Zero in-
dicates the “worst” case scenario, and 100 indicates the “best” possible result.

(1)

Unlike PCQEs, the original CCME-WQI scale divides water quality into five 
categories: poor, marginal, fair, good, and excellent (Table 3) (Neary et al. 2001).
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2.4. Data analysis

MFA was conducted in an R environment with RStudio (R 4.2.3, R Core Team 
2023). We used the “factoextra” and “FactoMineR” packages. The statistical 
significance (P<0.05) of the parameters for principal components 1 (Dim 1) and 
2 (Dim 2) was determined with the “dimdesc” function in “FactoMineR”.

MFA, such as PCA, is capable of extracting the most important information 
from a group of variables and visualizing the results better. Nevertheless, the 
choice of MFA as a multivariate data analysis method is quite logical because 
of its ability to consider multiple data series simultaneously while balancing 
the influence of each set of variables. This is accomplished by considering all 
groups as active, while each group is normalized with varying weighting values 
between groups. Тherefore, participating in the determination of principal com-
ponents is ensured for all datasets (Kassambara 2017).

In the present research, the data are organized into two groups. PCQE is the 
larger group with nine variables, and the other group consisting of only one 
variable is represented by the scores of the CCME-WQI. With MFA, we were 
able to investigate the influence of PCQEs on the results of the CCME-WQI and 
to demonstrate interrelations between physicochemical parameters in Dim 1 
and Dim 2.

To achieve a better understanding of the significance of every physicochemi-
cal variable in determining principal components and revealing hidden relation-
ships within PCQEs, we considered the whole dataset for water quality. This 
approach differs from the one applied in Benkov et al. (2023), where only calcu-
lated excursions of PCQEs were included in the PCA.

3. Results and discussion

3.1. Varna Lake

Instead of interpreting the results for every sampling site on a seasonal or year-
ly basis as in Falah et al. (2019), we used a summary of the results for the entire 
study period. All the data considering the PCQE results from all the sampling 

Table 3. CCME-WQI scores represented in the color code following the WFD. Legend: The color code follows the ecolog-
ical status classification. Blue–high ecological status. Green–GES. Yellow–moderate ecological status. Orange–poor 
ecological status. Red–bad ecological status.

Categories CCME-WQI Water Quality Condition

Excellent 95–100 Water quality is protected with a virtual absence of threat or impairment; conditions 
very close to natural or pristine levels.

Good 80–94 Water quality is protected with only a minor degree of threat or impairment; conditions 
rarely depart from natural or desirable levels.

Fair 65–79 Water quality is usually protected but occasionally threatened or impaired; conditions 
sometimes depart from natural or desirable levels.

Marginal 45–64 Water quality is frequently threatened or impaired; conditions often depart from natural 
or desirable levels.

Poor 0–44 Water quality is almost always threatened or impaired; conditions usually depart from 
natural or desirable levels.
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events and all the sampling sites in a water body were used for the physico-
chemical status interpretation following Regulation No. H-4 (MOEW 2012) for 
six years.

The maximum values for all the studied parameters from all the sampling 
sites in Varna Lake were in the range of “moderate” ecological status. Mean, 
median, mode and minimum scores of the PCQEs that achieved GES were pH, 
NH4-N, NO3-N, NO2-N, TN and BOD5. All measurements for phosphor-containing 
variables were out of the range of GES, excluding the minimum registered re-
sults (Table 4) (MOEW 2012).

During the studied period, the TP concentrations were between 10 and 25 
times and often more than 25 times above the set norm for GES (0.06 mg/l) 
(Table 2). The extreme maximum value of 6.1 mg/l (Table 4) was registered on 
10.08.2021 at VNW. According to the analyzed indicators, those that reacted 
least often and to the lowest extent to the applied anthropogenic load were ni-
trogen-containing parameters. In practice, their values register episodic or one-
time deviations from the standards set (NH4-N—0.1–0.3 mg/l; NO3-N—0.8–2 
mg/l; NO2-N—0.03–0.06 mg/l; TN—0.7–2.5 mg/l) (Table 2). Such an exceeding 
was registered in March 2017 and November 2019 at VW. In 2017, the maxi-
mum values were for NO3-N and TN, whereas in 2019, the maximum was for 
NO2-N (Table 4).

Table 4. Descriptive statistics for Varna Lake, considering all sites. Legend: The color code follows the ecological status 
classification. Blue–high ecological status. Green–GES. Yellow–moderate ecological status.

Lake type DO 
(mg/l) рН NH4-N 

(mg/l)
NO3-N 
(mg/l)

NO2-N 
(mg/l)

TN 
(mg/l)

PO4-P 
(mg/l)

TP 
(mg/l)

BOD5 
(mg/l)

n 136 136 136 136 136 136 49 73 112

mean 8.05 8.29 0.19 0.38 0.04 1.10 0.11 1.00 3.05

median 7.31 8.33 0.13 0.20 0.03 1.13 0.11 0.22 2.65

mode 10.2 8.43 0.10 0.13 0.01 1.13 0.13 2.5 3.1

standard deviation 2.96 0.34 0.20 0.44 0.07 0.36 0.09 1.35 2.54

minimum 1.78 7.11 0 0.05 0.003 0.58 0.022 0.008 0.57

maximum 17.16 9.18 1.27 2.74 0.49 2.79 0.62 6.1 23

The hydrochemical characteristics of Varna Lake are determined by its con-
nection with Beloslav Lake, which receives polluted industrial and domestic 
wastewater containing diverse pollutants, and by its hydraulic connection with 
the Black Sea.

Because of the large number of pollution sources at Varna Lake, the negative 
direct or indirect impact on the water quality is a consequence of multiple an-
thropogenic pressures. The ascertained deviations of the investigated quality 
parameters from the normatively defined ones give reason to define the lake’s 
water area as a “hot spot”. This is confirmed by another previous research 
(Gartsiyanova 2016; Toneva and Dimova 2019; Ganchev et al. 2023).

The values obtained from the application of the CCME-WQI demonstrated 
that in most of the cases (Fig. 2), the water quality in Varna Lake was defined 
as “marginal” and frequently threatened or impaired (Table 3). In addition, con-
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ditions often are within the range of “fair” status (Fig. 2), departing from natural 
or desirable levels and nearly always being threatened or impaired (Table 3). 
The worst water quality was recorded at VC, where in 4 out of the 6 years, the 
calculated values for the CCME-WQI placed the lake basin in the “marginal” and 
“poor” categories. The years in which the values of the obtained comprehen-
sive quality assessment at all the sampling sites did not meet the conditions 
for “fair” status were 2016 and 2021 (Fig. 2).

The MFA results demonstrate that Dim 1 and Dim 2 are responsible for 22.8% 
and 19.1% of the variation, respectively (Fig. 3). In the first principal component, 
only two variables had contributions above the average contribution (Fig. 4). 
These parameters are the TP and WQI. They demonstrate a strong negative 
correlation (Table 5), which is well illustrated and on the correlation circle (Fig. 
3), where the TP and WQI are located far from the origin, in opposite quadrants 
and near the axis of Dim 1.

Phosphates and BOD5 are important for CCME-WQI score formation since 
they are statistically significant, but their role is less significant since they cor-
relate weakly (Table 5, Fig. 4) with the index.

Table 5. Statistically significant variables in Varna Lake within Dim 1.

Dim 1 Correlation P-value

WQI 0.9346308 4.994965e-62

TN 0.2899983 6.156747e-04

BOD5 0.3047085 3.099441e-04

PO4-P -0.3598877 1.682500e-05

TP -0.5892777 4.462373e-14

Figure 2. Annual dynamics of CCME-WQI scores for Varna Lake. The color code on the 
ordination axis is as follows: blue–excellent; green–good; yellow–fair; orange–marginal; 
red–poor.
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Figure 3. MFA correlation circle for all parameters from Varna Lake sampling sites. Blue 
triangles–Physicochemical quality element “PCQE”. Yellow triangles–Water quality in-
dex scores “WQI”.

Figure 4. Bar plot demonstrating the contributions of the variables in Varna Lake. The 
red dotted line shows the average contribution for a parameter within Dim 1.

The majority of the PCQEs are important for Dim 2 since they are located 
near the ordinal axis. TN is the most distant from the origin and has the stron-
gest negative correlation with pH and DO (Fig. 3). In addition, TN was the most 
significant parameter, with an almost 25% contribution (Fig. 5).

All 9 PCQEs are statistically significant for Dim 2 (Table 6), but only five have 
contributions above the average and are therefore important for Dim 2 (Kas-
sambara 2017). They have a total contribution of approximately 82% (Fig. 5). 
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TN had the strongest negative correlation with pH and TP (Table 6). These cor-
relation coefficients suggest that the increase in TN may be related to acidifica-
tion and TP enrichment, and vice versa.

All these results could serve as a proposal for decision-makers to direct 
more observation efforts around the analysis of phosphor-containing parame-
ters in terms of sites or monitoring frequency. This could be due to the reduced 
expenses for seasonal analysis of nitrates, dissolved oxygen, pH, ammonia and 
nitrites, which are located near Dim 2 (Fig. 3) and make the lowest contribution 
to Dim 1.

The artificially formed Varna Lake complex has great social and econom-
ic significance for the surrounding area. This naturally corresponds to the in-
creasing anthropogenic influence on the ecosystem with the acceleration of 
urbanization and industrialization in the coastal areas of Varna Bay. Specifical-
ly, industrial development, marine transport and urbanization have been iden-
tified as major sources of heavy inorganic and organic pollution (Ganchev et 
al. 2023). The abovementioned findings suggest that Varna Lake is subjected 

Table 6. Statistically significant variables in Varna Lake within Dim 2.

Dim 2 Correlation P-value

TN 0.7229288 2.878346e-23

PO4-P 0.5886575 4.814540e-14

NH4-N 0.5255916 5.029231e-11

NO3-N 0.4641038 1.263956e-08

BOD5 0.2429604 4.371075e-03

NO2-N 0.2409204 4.722199e-03

DO -0.2931571 5.329292e-04

TP -0.4142794 5.335227e-07

pH -0.6194358 9.049700e-16

Figure 5. Bar plot demonstrating the contributions of the variables in Varna Lake. The 
red dotted line shows the average contribution for a parameter within Dim 2.
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to four out of five principal impacts at the European level, such as chemical 
pollution, nutrient and organic enrichment and morphological alteration, which 
affect 38%, 26%, 16% and 31%, respectively, of all surface water bodies in Eu-
rope (Free et al. 2024).

The calculation of the CCME-WQI for the studied period, which is based on 
the PCQEs included in Bulgarian legislation for the characterization of surface 
waters with MFA addition, is a simplified approach seeking low-cost complex 
assessment. In the case of Varna Lake, this approach defined the nutrient 
TP as the most important parameter for CCME-WQI scores. In addition, MFA 
demonstrated that the TP concentration was negatively correlated with the TN 
content at a moderate scale. Bearing in mind the necessity of reducing the 
pressure of nutrients in the context of climate change (Free et al. 2024), those 
results must be taken into consideration, and some restrictive or restorative 
measures should be initiated.

3.2. Burgas Lake

The maximum values for all the studied parameters from all the sampling sites 
in Burgas Lake did not achieve the GES. The minimum scores of all the PC-
QEs, excluding DO and pH, were better than those of the GES conditions during 
the study period. The scores for the mean, median and mode values related to 
nitrogen-containing parameters such as NH4-N, NO3-N and NO2-N were in the 
high and good physicochemical status ranges. For TN, only the mode value 
was better than that for GES, whereas the mean and median scores did not 
achieve GES. Only the mean value for phosphates was moderate, whereas the 
mean and mode were GES or better than GES. The TP results outperformed the 
GES condition for the minimum and mode values, while the rest of the results 
presented for this parameter were in moderate condition (Table 7). BOD5 and 
pH were the parameters with the worst results and were always moderate, ex-
cluding the minimum scores. DO showed great amplitude, and only the mean 
and median values were in GES (Table 7) (MOEW 2012).

The differentiated analysis of the water quality reveals a constant exceed-
ance. Up to ten times the normative values were registered for all the studied 
parameters without nitrates (Table 2). At all three sampling sites, the most sig-

Table 7. Descriptive statistics for Burgas Lake, considering all sites. Legend: The color code follows the ecological status 
classification. Blue–high ecological status. Green–GES. Yellow–moderate ecological status.

Lake type DO 
(mg/l) рН NH4-N 

(mg/l)
NO3-N 
(mg/l)

NO2-N 
(mg/l)

TN 
(mg/l)

PO4 -P 
(mg/l)

TP 
(mg/l)

BOD5 
(mg/l)

n 102 102 105 105 105 105 105 105 105

mean 7.34 8.97 0.27 0.23 0.044 3.92 0.073 0.29 11.52

median 7.44 9 0.15 0.078 0.023 2.93 0.038 0.23 9.02

mode 1.57 9.2 0.004 0.02 0.003 0.2 0.006 0.008 11.1

standard deviation 2.56 0.58 0.34 0.42 0.088 3.35 0.107 0.29 7.23

minimum 1.57 7.16 0.004 0.005 0.001 0.2 0.003 0.008 1.86

maximum 16.6 10.26 1.52 3.21 0.775 13.4 0.693 1.41 35.8
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nificant excess of the standards was registered for TP. The detected deviations 
were in the range of 10–25 times over the permissible normative content (0.06 
mg/l). In 2021, all the measurements of TP exceeded the standards for GES at 
L8 lakes (Table 2).

The greatly deteriorated values of the PCQEs analyzed in Burgas Lake during 
the second RBMP are explained by the significant anthropogenic pressure to 
which it was subjected. The industrial area of the city is built on the sandbar 
that separates the lake from the sea, and two of the larger residential districts 
of Burgas (Upper and Lower Ezerovo) are in the northwestern and southwestern 
parts of the water body (Fig. 1). In city districts, several industrial, commercial, 
transport and tourist activities generate significant amounts of wastewater, 
and industrial zones worsen the water quality even more by emitting complex 
substances with different compositions and properties (Gartsiyanova 2016).

Following the requirements of Regulation No. H-4 and the obtained ranking 
for the quality status of Burgas Lake for the studied period, the lentic ecosys-
tem was defined as having “marginal” or “poor” conditions (Table 3). According 
to the values of the applied complex quality index (CCME-WQI) at all investigat-
ed sites, the requirements for “good” physicochemical conditions were never 
met, and from 18 cases, only five reached a “marginal” score, whereas the re-
maining cases presented “poor” results (Fig. 6).

Figure 6. Annual dynamics of CCME-WQI scores for Burgas Lake. The color code on the 
ordination axis is as follows: orange–marginal; red–poor.

The MFA correlation circle reveals that Dim 1 and Dim 2 are responsible 
for 29.9% and 15.4%, of the variation respectively (Fig. 7), which is better for 
differentiating the principal component significance than the data from Varna 
Lake. In Dim 1, the same two variables (TP and WQI) as those in the other lake 
systems had contributions above the average value (Fig. 8). These parameters 
demonstrate a very strong negative correlation (Table 8), which is also visible 
from the correlation circle (Fig. 7). Other statistically significant parameters for 
the first principal component, such as ammonium, phosphates and TN, also 
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correlated negatively with the CCME-WQI but moderately (Table 8; Fig. 7). Nev-
ertheless, these parameters are not as important as the PCQE with an above 
average contribution within Dim 1 (Fig. 8).

For the second principal component, the most important parameters are 
the WQI and 3 PCQEs since they have contributions above the mean. The CC-
ME-WQI has the greatest contribution, followed by nitrates, pH and DO (Fig. 9). 
Nitrates, which are the PCQE with the smallest exceedance of all biogenic ele-
ments, are positively correlated with the CCME-WQI and negatively correlated 
with the physical parameters pH and DO (Table 9; Fig. 7). The latter is highly 
important for denitrification processes, and its reduction could induce internal 
loading of inorganic nitrogen from the sediment (Doychev and Taneva 2025).

Eight PCQEs and the CCME-WQI are statistically significant for Dim 2 (Table 
9). Nevertheless, only four had contributions above the average one in the prin-
cipal component and therefore were important (Kassambara 2017). They have 

Table 8. Statistically significant variables in Burgas Lake within Dim 1.

Dim 1 Correlation P-value

TP 0.8175196 1.975842e-26

NH4-N 0.5502362 1.199635e-09

TN 0.5286791 6.749792e-09

PO4-P 0.4718512 3.751318e-07

NO2-N 0.3065150 1.471935e-03

pH -0.2581040 7.853098e-03

WQI -0.8509696 1.437847e-30

Figure 7. MFA correlation circle for all parameters from Burgas Lake sampling sites. 
Blue triangles–Physicochemical quality element “PCQE”. Yellow triangles–Water quali-
ty index scores “WQI”.



51Journal of the Bulgarian Geographical Society 52: 37–57 (2025), DOI: 10.3897/jbgs.e143055

Dimitar Doychev et al.: Multiple factor analysis using water quality index scores and parameters

a total contribution of approximately 77% (Fig. 9). The WQI and nitrate content 
had the strongest negative correlations with pH and DO (Table 9).

Burgas Lake has different results than L9 Lake since the WQI has the great-
est contribution in both visualized dimensions (Figs 8, 9).

The Burgas Lakes complex is one of Europe’s most significant sites for bird 
conservation, as it provides permanent and transient shelter for many birds, 
such as waterfowl and pygmy cormorants. The latter, Microcarbo pygmeus, 
roosted in high numbers in 2011 and 2012, representing approximately 25% of 
the total European population of the species (Mladenov et al. 2015). This avian 
species, which is numerous in Burgas Lake, uses the fish resources of lentic 
water body basins for population maintenance. Unfortunately, constantly dete-
riorating conditions could result in a decline in the fish population and therefore 
in a reduction in wintering or roosting birds.

Figure 8. Bar plot demonstrating the contributions of the variables in Burgas Lake.  The 
red dotted line shows the average contribution for a parameter within Dim 1.

Figure 9. Bar plot demonstrating the contributions of the variables in Burgas Lake. The 
red dotted line shows the average contribution for a parameter within Dim 2.
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Table 9. Statistically significant variables in Burgas Lake within Dim 2.

Dim 2 Correlation P-value

NO3-N 0.5651911 3.360851e-10

WQI 0.4161680 1.008135e-05

PO4-P 0.3982779 2.579388e-05

NH4-N 0.3150554 1.062254e-03

TN 0.2626421 6.794385e-03

TP 0.1921956 4.950728e-02

DO -0.5430264 2.167075e-09

pH -0.5648387 3.465674e-10

In addition to higher trophic levels, such as fishes and birds, lower trophic lev-
els could also be affected by pollution (Fig. 6). Macroinvertebrates, planktonic 
communities, microorganisms and macrophytes could alter their assemblag-
es and lower the self-purification capacity of the lake. This vital capability is 
dependent on filtration and biological accumulation from the abovementioned 
organism groups (European Commission 2019).

Another possible path for inhibiting the self-purification capacity of Burgas 
Lake is the induction of dissimilative reduction. This process is characteristic 
of the transformation of nitrates to ammonium ions because of organic matter 
enrichment (Jiang et al. 2023) from the surroundings, wastewater treatment 
plants, industry, etc. (Falah et al. 2019). As a result, reducing the share of pro-
cesses related to nitrification and denitrification will occur, and worsening of 
the ecosystem services will follow. The quality of the irreplaceable dividend 
provided free of charge by aquatic ecosystems is dependent on the proportion 
of water bodies at GES and better than that under GES conditions (Grizzetti et 
al. 2019), which is not accomplished in the studied period, considering surface 
water quality (Fig. 6).

4. Conclusions

This research confirms the ability of the CCME-WQI to reflect temporal changes 
in surface water bodies, including those that are heavily influenced and phys-
ically altered. In addition, we demonstrated the already proven ability of mul-
tivariate analysis methods to interpret and visualize the variance and signifi-
cance of the monitoring data, especially for MFA.

The approach developed in this study provides information for the simul-
taneous use of both tools since the MFA discloses which PCQEs have the 
strongest correlation coefficients for the so-called complex assessment by the 
CCME-WQI. Moreover, the approach chosen here is simple to implement and 
could be combined with additional groups of variables, as in Doychev (2023), 
where biological and hydrological metrics were used and analyzed successful-
ly via the MFA.

Separately assessed PCQEs used in the Bulgarian legislation for surface wa-
ter characterization do not achieve good environmental conditions to fulfill the 
normative requirements, considering the studied period in both lakes. In Varna 
Lake, at least two parameters did not achieve GES for any of the averaged val-
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ues (Table 4), and in Burgas Lake, the results are even worse (Table 7). The yel-
low-colored parameter results in the mentioned tables activating the rule “one 
out–all out”, and the assessment cannot reach GES, concerning PCQEs. This rule 
has its exceptions and should not be applied if oxygen parameters are present in 
the dataset for stagnant water bodies with slow turnover but remain extremely 
important when acidification is evaluated (European Commission 2024).

Unlike the separate assessment, the complex assessment by the CCME-WQI 
was capable of differentiating the “moderate” condition established for both 
water bodies into several categories, predominantly “marginal” and “poor” (Figs 
2, 6). The values of almost all the studied indicators in the two lakes exhibited 
constant excesses, most often up to ten times the regulated norms. The water 
quality of Varna Lake shows significant temporal dynamics, whereas Burgas 
Lake registered minor fluctuations during the whole period and was always 
heavily polluted.

The sources of water pollution for the two WFD water bodies are complex 
and could be generated from technogenic, agricultural and domestic sources. 
The overall policy on monitoring and management programs for water resourc-
es that receive such a diverse set of pollutants requires the monitoring of nu-
merous variables. Our MFA results related to the CCME-WQI scores and param-
eters could be used to optimize monitoring programs by directing sampling 
efforts to fewer parameters that could be analyzed more often or from more 
sampling sites.
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