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Abstract. The present study was conducted to assess the pollution status of the coastal sediments of
the Bulgarian Black Sea coastal zone using sediment pollution indices. Eleven sites and twenty-two
stations from monitoring grid were selected for the collection of samples. The heavy metal
concentrations were used to calculate: geoaccumulation index (Igeo); enrichment factor (EF);
contamination factor (CF); modified degree of contamination (mCd); pollution loading index (PLI).
In addition, ecotoxicological level of trace metals in sediments was also assessed by comparing
with the numerical sediment quality guidelines (SQGs). Mean ERM quotient (nERM-Q) and mean
PEL (m-PEL-Q) were applied for assessing the potential effects of multiple heavy metal
contamination in sediments. The pollution level assessed by indices related to background level of
the studied sites ranged from unpolluted to moderate and only in one case considerably polluted
due to heavy metals, mainly Pb and Zn. Ecotoxicological risk was assessed as low and moderately
low due to the presence of Pb, Cu, Ni. The northern Danube influenced area of the Bulgarian
coastal zone was categorized according to the applied indices as slightly polluted with Zn and Pb.
The sediments from the “hot spot” points were with higher accumulation of Ni, Cu and Pb.
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quality guidelines.

Introduction

Black Sea ecosystem has been heavily
impacted as a result of anthropogenic activities
in coastal zones and watersheds. The Black Sea
is a unique semi-enclosed basin that receives a
great river inflow and has a single connection
with the Mediterranean Sea through the
narrow Bosphorus Strait. The Black Sea area is
461 000 km” and its drainage area extends over
more than 2 200 000 km®. Almost one-third of
the entire land area of the continental Europe
drains into it which has a detrimental effect on
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its health (Mee, 1992). Due to the slow rate of
water renewal, the Black Sea is particularly
vulnerable to pollution.

Sediments may act as sinks and sources of
metals to the overlying water column and biota.
Contaminated sediments can decrease water
quality and ecological diversity, ecological
functioning, and aesthetic ~properties of
waterbodies (Davis & Fox, 2009). Sediments play
a significant role as sensitive indicators for
monitoring metal contamination in aquatic
systems (Ariman & Bakan, 2008). Very limited
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information exists concerning trace metals in the
sediments of the Bulgarian Black Sea coastal zone.
The main objective of this investigation
was to assess the pollution status of the
coastal sediments in the Western Bulgarian
Black Sea part based on pollution indices.

Material and Methods
Sampling was carried out on 11 stations
according to EU Water Framework Directive

(EC, 2000) monitoring programme at 11 sites
within the 1 nautical mile zone of the Black
Sea western part during surveys in 2005 and
2016. The sediments were collected on the
same network of monitoring stations during
both surveys, but with slightly changed
positions for some stations in 2016 (Fig. 1).
Depths of the stations varied between 13 and
37 meters and the distance of the stations to
the shore was in the range of 1 nautical mile.
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Fig. 1. Area of investigation with sampling stations (2005 and 2016) and anthropogenic
pressures as Corine Land Cover (CLC) zones: Discontinuous Urban Fabric, Industrial or
Commercial Units, Mineral extraction sites, Beaches, dunes, sand, Sport and Leisure facilities
(“CLC Bulgaria”, 2012); ports, fairway and UWWT.
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The stations are in an area under the
impact of different pressures. In the northern
part (stations Krapets, Rusalka, Kaliakra) the
influence of the Danube freshwater input
along the Bulgarian Black Sea coast is the
strongest. The local pressure comes from
currents from the north, pollution from the
waste treatment and maritime transport.

Station Kamchia is in front of the mouth
of the biggest Bulgarian river Kamchia.
Station Slanchev Bryag is in front of one of
the biggest resorts but is in the protected
sand bank "Cocketrice", an area with the
highest biological diversity (Konsulova et al.,
2010). Varna (st. Varna, st. Galata) and
Burgas (st. Burgas, st. Rosenets) bays, and
the Kamchia river mouth are exposed to
direct or indirect influence of industrial and
municipal discharges, port operations,
tourism development and also inputs from
diffuse sources.

Surface sediment samples (0-5 cm) were
collected using a 0.1 m*> Van Veen grab,
placed in polyethylene bags, refrigerated
and transported to the laboratory. The
investigated parameters were Zn, Pb, Ni,
Hg, Cu, Cd and Al Data for 2005 were
provided by the Black Sea Basin Directorate -
Varna. The samples collected by IO - BAS in
2016 were analyzed in an accredited
laboratories in Hungary (Biokor & Wessling)
using ICP - OES technique.

The measured element concentrations
were used to calculate the pollution indices.

To estimate enrichment of metal
concentrations above background
concentrations, the index of
geoaccumulation (Igeo) as proposed by
Miiller (1969) was used:

Igeo =log, Cn / 1.5 Bn,

where Cn is the measured concentration of
the element n in the samples and Bn is the
geochemical background value of the
element n in the average crust. Background
values and legal norms for the Bulgarian
Black Sea sediments do not exist therefore
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the average crust value (Taylor, 1964) were
used.

This index is basically a single metal
approach to quantify metal pollution in
sediments when the concentration of toxic
heavy metals is 1.5 times greater than their
lithogenic background values. The factor 1.5
was used to compensate possible variations
of the background values which were
attributed to lithologic variations in the
sediment (Abrahim & Parker, 2008; Stoffers
et al., 1986).

To  identify = anomalous  metal
concentration, geochemical normalization of
the heavy metals data to conservative
elements, such as Al Fe, and Si was
employed (Din, 1992; Windom et al., 1989).
In this study, Al was used as a reference
element to differentiate natural from
anthropogenic components. The enrichment
factor (EF) value of metal was defined as
follows:

(C,/C,)sample

EF =
(c,/C ,)background

where (C,/Calsample is the ratio of sediment
sample concentrations of the heavy metal
and Al concentrations; (C./Ca)mcigromna is the
ratio of backgrounds of heavy metal and Al
concentrations. The average crust
concentration of Al (Taylor, 1964) was taken
as background. Evaluation of pollution
impact (2016) wusing enrichment factor
regarding to Pb, Cu and Ni was done.

The pollution load index (PLI) and
contamination degree based on computed
contamination factors were used as a tool for
assessment of the degree of overall
contamination in surface sediment layer. The
overall contamination of sediments was
assessed based on contamination factor (CF),
(Hakanson, 1980). The contamination factor
(CF) was calculated according to the
formula:

C measured concentration
T hackground concentration
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Taylor’s (1964) crustal abundance was
used as background concentration.

Pollution load index (PLI) was
evaluated following the method proposed
by Tomilson et al. (1980). PLI could be
calculated by the following equation:

PLI = (CF1xCF2x.....CFn)"/,

where 1 is the number of metals and CF is
the contamination factor.

Degree of contamination (Cd) given by
Hakanson (1980) was based on seven metals
and one organic contaminant. The
modification of the method (mCd) to avoid
these limitations was proposed by Abrahim
& Parker (2008) who took into consideration
all the CFs for a given set of pollutants
divided by the number of the analysed
pollutants, e.g. heavy metals - n (Abrahim &
Parker, 2002):

mea =22

T

To evaluate sediment contamination
and potential ecotoxicological effects
associated with the observed contaminant
concentrations, two sets of SQGs developed
by National Oceanic and Atmospheric
Administration (NOAA) for marine and
estuarine ecosystems (Long & MacDonald,
1998; MacDonald et al., 2000) were used. The
chemical concentrations corresponding to
the 10th and 50th percentiles of adverse
biological effects were called the effects-
range-low (ERL) and ERM guidelines,
respectively (Long et al, 1995). Another
sediment quality guideline used to assess the
ecotoxicology of sediments was the TEL and
PEL approach. This approach is based on the
relation between measured concentrations of
metals and observed biological effects, such
as mortality, growth or reproduction of
living organisms. Threshold effect level
(TEL) refers to the concentration below
which adverse effects are expected to occur
only rarely and probable effect level (PEL)

indicates the concentration above which
adverse effects are expected frequently to
occur (Saleem et al., 2013).

The ratio of concentration to
background gives a base to evaluate
sediment quality but it provides little insight
into the potential ecological impact of
contaminants (Gao, 2012). Based on the fact
that heavy metals always occur in sediments
as complex mixtures, the mean PEL and
ERM quotient method was applied to
determine the possible biological effect of
combined toxicant groups by calculating
mean quotients for a large range of
contaminants using the following equations:

Cil ERMi
m-ERM-Q = Z, * Y
1
Y. Cil PELi
m-PEL-Q =~ ,
I

where Ci is the concentration of element i in
sediments, ERMi and PELi are the guideline
values for the element i and n the number of
metals.

Results and Discussion

The mean concentrations of elements at
different sites, background concentration in the
continental crust (Taylor, 1964) and threshold
effect sediment quality guidelines for metals
(Long et al., 1995) are given in Table 1.

The Igeo method was applied to
calculate the metal contamination levels.
Miiller (1979) defined seven classes of the
geo-accumulation index: class 0 (Igeo < 0;

uncontaminated), class 1 (Igeo = 0-1;
uncontaminated to moderately
contaminated), class 2 (Igeo = 1-2;

moderately contaminated), class 3 (Igeo = 2-
3; moderately to strongly contaminated),
class 4 (Igeo = 3-4; strongly contaminated),
class 5 (Igeo = 4-5; strongly to extremely
contaminated) and class 6 (Igeo > 5;
extremely contaminated).
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Based on Igeo, it was found that the
studied samples could be considered
uncontaminated with Ni and Cu. Among the
five metals studied, Pb had the highest Igeo
values. 54% of the stations were unpolluted
and 46% were moderately to strongly
contaminated. As the Igeo class of Pb at st.
Krapets (2005) and st. Kaliakra (2005) was
,moderately to strongly contaminated” and
for st. Rusalka (2005), st. Galata (2005), st.
Rosenets (2016), st. Bourgas (2016) was
»,moderately contaminated”.

Sediments from only one st. Kaliakra
showed moderately polluted status with
respect to Zn.

Sediment quality classes were evaluated
using the EF value. The EF values were
interpreted as suggested by Birch (2003)
where EF < 1 indicated no enrichment, EF <
3 was minor; 3 < EF <5 was moderate; 5 < EF
<10 was moderately severe; 10 < EF <25 was
severe; 25 < EF < 50 was very severe; and EF
> 50 - extremely severe.

According to the EF, contamination was
assessed as generally “moderate” regarding
Pb and “minor” for the other elements. The
lowest EF values were determined between
0.6 and 2.3 for the most of analytes. The
results range of EF values was between 2.8 -
7.5 for Pb, considered as a moderate severe
enrichment. Maximum enrichment Pb level
was found at Varna Bay station and
minimum - at Veleka station.

According to Hakanson (1980) CF < 1
indicates low contamination; 1 < CF < 3 -
moderate contamination; 3 < CF < 6 -
considerable contamination; and CF > 6 -
very high contamination.

In the present study, the contamination
factors for Zn were low except st. Kaliakra
where contamination was in the moderate
category.

The contamination factor for Zn was in
the low category at all sites in both sampling
sessions (2005 and 2016), except st. Kaliakra
where contamination was in the moderate
category. In the present study, the
contamination factors for Pb were low for
57% of the stations. Five stations (Rusalka,
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Galata, Varna Bay, Rosenets and Burgas Bay)
showed moderate contamination and one
(Kaliakra) - considerable contamination.

PLI < 1 indicates no pollution due to
anthropogenic activities and PLI > 1
indicates pollution (Harikumar et al., 2009).
In the present study, the pollution load
index for all studied sites showed no human
associated pollution with PLI < 1.

The classification of the sediments
according to the modified degree of
contamination (mCd) is the following: mCd
< 15 - zero to very low degree of
contamination; 1.5 < mCd < 2 - low degree of
contamination; 2 < mCd < 4 - moderate
degree of contamination; 4 < mCd < 8 - high
degree of contamination; 8 < mCd < 16 -
very high degree of contamination; 16 <
mCd < 32 - extremely high degree of
contamination; mCd > 32 - ultra high degree
of contamination.

mCd can make an integrated
assessment of the overall contamination with
metallic pollutants. It was found that the
mCd values ranged from 0.3 to 1.9. The
minimum values were observed at stations
Krapets (2016) and Veleka and the maximum
at Varna Bay. Four out of 14 observations
had mCd values below 1.5, indicating “nil to
very low degree of contamination’. The rest
of the stations indicated ‘low degree of
contamination” with mCd values from 1.03
to 1.5.

The sediment quality guideline
(MacDonald et al., 2000) was wused to
categorize element concentrations in
sediments based on the toxicity to benthic
organisms.

When comparing the results of the
present study with ERL and ERM values, it
was observed that Cd, Hg, and Zn at 100%
of sampling stations were below the ERL
values (1.2, 015 and 150 mg/kg,
respectively) which indicated that those
metals were not likely to have adverse
effects on animals that live in the sediment.
One station (Krapets) had Pb concentration
higher than ERL which indicated that Pb at
this station was likely to have effects adverse
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on 50% of animal populations that live in
that sediment. On the other hand, all the rest
of the studied stations had Pb concentration
below the ERL value which indicated that Pb
in the studied area was not likely to have
adverse effects on animals that live in the
sediments, except st. Krapets. Ni at two
sampling stations (Burgas and Rosenets) had
a value over the ERL value. St. Rosenets had
concentration of Cu above the ERL value.

When compared to the TEL-PEL SQGs,
the concentrations of Cd, Hg, and Zn were
lower than the TEL value at 100% of the
sampling stations. Pb showed values higher
than the TEL value at the sampling stations
in the northern part - Krapets, Rusalka and
Kaliakra. In the case of Cu, 36% of the
samples fell in the range between TEL and
PEL at Rusalka, Kaliakra, Galata, Rosenets
and Burgas indicating that associated
adverse biological effects might occasionally
occur. Ni concentrations were over TEL
value at two stations - Rosenets and Burgas.

Only four stations (29%) had ERM-Q >
0.1 and were categorized as non-toxic and
the rest of the stations were categorized as
medium low toxic and might have 30%
probability of being toxic. The m- ERM-Q
calculated for the rest sampling sites
indicated low toxicity with 12% probability
of being toxic.

Fifty percent of the stations (Krapets,
Rusalka, Kaliakra, Galata, Rosenets and
Burgas) had m-PEL-Q within the range 0.11
- 1.5 with 25% likelihood of toxicity or
categorized as slightly toxic (medium low).
The rest of the stations were with m-PEL-Q
below 0.1 representing non-toxic level. The
m- ERM-Q calculated for the sampling sites
(based on metals Cd, Cr, Cu, Ni, Pb, Hg and
Zn) ranged from 0.01 to 0.34 (mean value of
0.15), indicating that the combination of Cd,
Cr, Cu, Ni, Pb and Zn might have 30%
probability of being toxic.

The pollution status assessed by
applying different indices with respect to the
investigated metals is shown in Table 2.
Stations at which no pollution is detected are
not included.

Metal concentrations in costal marine
sediments varied considerably. The highest
variation exhibited Cu (Table 3) - the
difference between minimum and maximum
concentrations was about 60 times. The
highest concentrations of Cu and Ni were
measured at st. Rosenets located in Burgas
Bay near a past mining activities area.
Burgas Bay and Varna Bay were the “hot
spots” along the Bulgarian Black Sea coast.
The concentration of Zn ranged from 2 to 96
indicating 40 fold difference among the
studied stations. The maximum
concentration was found in the sediments at
st. Kaliakra. Maximum Pb concentration was
at st. Krapets. The minimum concentrations
of all metals were established at st. Slanchev
Bryag, situated in the protected sand bank
"Cocketrice" zone (2005).

As shown in Table 1, the average
concentrations from nearly all the stations
were lower than the average continental
crust values. The exceptions were for Zn at
st. Kaliakra and Cu at st. Rosenets which
were both higher than the average
continental crust value. This ratio measured
concentrations / background value reflected
in indices Igeo, CF, EF (Table 2). All single
metal indices as Igeo, EF, CF indicated
moderate contamination with Pb and Zn in
the northern Danube influenced area of the
Bulgarian coastal zone (stations Krapets,
Rusalka and Kaliakra) and “hot spot”
stations: Galata (close to Varna Bay),
Rosenets and Burgas (in Burgas Bay).

The determined concentrations of Cd,
Cu, and Pb at the sampling locations within
the Bourgas Bay were significantly higher
than those determined in the sampling sites
outside the bay as a result of industrial and
former mining activities in the area
(Slaveykova et al.,, 2009). The highest Cu
concentration was observed in macrophytes
in Rosenets area (Strezov & Nonova, 2005).

Indices PLI and mCd indicated null
overall pollution except st. Varna with low
degree of contamination.

According to the low range values (ERL
or TEL), adverse effects on sediment
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dwelling organisms were likely to occur
regarding Pb, Ni and Cu concentrations at
the stations in the northern part (Krapets,
Rusalka, Kaliakra) and the “hot spot”
stations Galata, Rosenets and Burgas.
Concentrations higher than ERM or PEL
were not established at the other stations
indicating that adverse effects on benthic
fauna were not expected to appear.

The  classification of  sediments
according to ERMQ and PELQ showed that
there was 30% or medium low probability of
sediments to present toxicity in amphipod
survival bioassays at the stations Kaliakra,
Galata, Burgas and Rosenets and 25%
probability in the northern part, the Danube
current affected stations (Krapets, Rusalka
and Kaliakra) and the “hot spots” (Galata,
Burgas and Rosenets).

Upper range values (ERM or PEL)
represent concentrations above which
adverse effects are expected to appear.

Doncheva et al.

Although some studies were carried out
in the Bulgarian Black Sea coastal zone to
assess the spatial variation of metal levels in
sediments mainly in the past Andreev &
Simeonov (1988; 1990); Jordanova et al.
(1999); Simeonov & Andreev (1989);
Simeonov et al. (2000); Stoyanov & Dimitrov
(1991); none of those had assessed the status
of metal pollution and the effect of pollution
on benthic organisms especially in the recent
period using pollution indicators.

The values were compared with other
parts of the Black sea region (Table 3). Metal
levels in the Bulgarian coastal zone are
generally lower than those in the other Black
sea regions. The maximum copper
concentration at Rosenets station is comparable
with the intense copper mining areas of Turkey
- Rize. Average Ni and Pb concentrations are
higher than the measured concentration in “hot
spot” sediments from the Bulgarian Black Sea
coastal zone (Simeonov et al., 2000).

Table 1. Average concentrations of metals in surface sediments from the Bulgarian
Black Sea coastal zone, background concentration in the continental crust and Sediment
Quality Guideline - ERL, ERM, TEL, PEL (mg/kg dry weight).

. Zn Pb Ni Hg Cu Cd
Stion (mg/kg) (mgkg (mgky (mgks) (mgky (mgky M8
Krapets 44.20 31.25 9.50 0.05 9.50 0.20 8799
Rusalka 67.00 30.40 21.50 0.14
Kaliakra 96.10 45.80 40.30 0.14
Varna Bay 11.00 8.00 0.05 9.60 0.25 9721
Galata 65.10 21.35 31.10 0.05 21.25 0.20 26210
Kamchia 6.20 10.70 0.05 8.70 0.25 13410
Irakli 14.30 7.60 10.60 0.01 6.70 0.08
Slanchev Bryag 2.29 243 2.27 0.01 1.09 0.23
Rosenets 29.90 42.20 0.05 66.90 0.25 43930
Bourgas 23.00 16.50 28.40 0.03 19.85 0.19 47800
Veleka 5.00 8.90 0.05 9.40 0.25 11620
Min-Max 2.29+96.1 243+575 227+422 0.05+0.02 1.09+66.9 0.08+0.25 8799+47800
All Grps 45 20 18 0.04 19 0.20 23070
Continental crust
(Taylor, 1964) 70 12.5 75 0.008 55 0.2 82300
ERL 150 46.7 20.9 0.15 34 1.2
ERM 410 218 51.6 0.71 270 9.6
TEL 124 30.2 15.9 0.13 18.7 0.68
PEL 271 112 42.8 0.7 108 421
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Table 2. Pollution status of Bulgarian Black Sea coastal zone stations, established by

applying individual metal indices.

Station Igeo EF CF ERL TEL
Krapets Pb mod.erately to strongly Pb Pb ' Pb medium Pb medium low
contaminated moderate considerable low

Rusalka Pb moderately contaminated

Zn moderately contaminated,
Kaliakra Pb moderately to strongly

Pb moderate Pb, Cu medium low

Zn moderate, Cu medium Pb, Cu medium

. Pb considerable low low
contaminated
Varna Pb
Bay significant
Galata Pb moderately contaminated Pbmoderate Pb moderate Cu medium low
Kamchia Pbmoderate
Slanchev Cd moderate
Bryag
Rosenets Pb moderately contaminated Pb Pb, Cu N C;u Ni, Cumedium
moderate moderate medium low low
Bourgas Pb moderately contaminated Pb Pb moderate Ni medium Ni, Cu medium
moderate low low

Table 3. Comparison of sediments concentrations of heavy metals (mg/kg dry weight)
with the data from literature sources.

Region/Authors/Period Cd Cu Ni Pb Zn
West Black Sea (Unsal etal., 1998)  0.001+0.225 2+47 5+143 12+238
Whple Black Sea 1989 (Kiratli & 29:68 382130 14+35 502108
Ergin, 1996)

Whole Black Sea 1997-1998 ) . . . .
(Topcuogly, 2000) 0.6+0.9 23+75 38+130 14+35 57+127
West Black Sea 2008 (Ozkan & . " » " .
Buyukisik, 2012) 0.18+0.53 40+72 57+93 20+38 83+184
South-Western (Bulgarian)

Black Sea (Andreev & 22+46 31+38 23+36 76+105
Simeonov, 1988)

Bulgaria Hot Spots (Simeonov 7.4 5 3786 1+28 1.55+118.8  14.77+265.54
et al., 2000)

Romania 2006-2011 0.01+9.63  0.53+147.84 0.40+211.73 0.10+300.78
(Alexandrov et al., 2012)

Midia Port (Catianis et al., 2016) 0+2 5+145 12+44 292 21+222
Odessa (Dyatlov, 2015) 0.2+17 0.1+65.2 12.6+79

Range of metals in this study 0.08+0.25  1.09+66.9  2.27+422  243+57.5 2.29+96.1
Romania 2006-2011

(Alexandrov et al,, 2012) 1.03 27.54 36.54 26.71

Rize (Alkan et al., 2015) 0.3+0.5 33+54 7+9 14+19 78+96
Rize (Topcuoglu et al., 2003) <0.02 67.8 67.8 483.1
Eastern Black Sea (Baltas et al., 2017) 576.31 97.33 357.2
Romania (Secrieru & Secrieru, 2002) 0.75 32.2 66.4 15 64.6
Ukraine (Wilson et al., 2008) 2.1 117 614 114
Georgia (Wilson et al., 2008) 2.7 3.35
Bulgaria Hot Spots (Simeonov

et al, 2000) 0.81 80 12.96 15.96 58.97
Mean concentration in this study 0.20 18.96 18.01 19.75 44.57
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Factor analysis was applied to
summarize the spatial pattern of metal
distribution. The only one extracted factor
explains 94% of the total variance and
eigenvalue of 2.9 with statistically significant
loadings of Ni, Pb and Cu. The highest
scores of this factor are found in the “hot
spot” stations Galata, Burgas and Rosenets.
Therefore, Factor 1 is attributed to
anthropogenic pollution.

Conclusions

Several environmental indices were used
for assessment of heavy metal contamination
levels in the sediments of the studied area. The
level of the most trace metals was not extremely
high in the surface sediments of the Bulgarian
Black Sea coastal zone and did not present a
serious threat to the local fauna and flora. The
northern Danube influenced area of the
Bulgarian coastal zone was categorized
according to the applied indices as slightly
polluted with Zn and Pb. The sediments from
the “hot spot” stations were with higher
accumulation of Ni, Cu and Pb.

Although the results were preliminary,
they did not reveal high pollution levels in
the Bulgarian coastal zone.
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