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Abstract 

Presence of metals even at trace levels in natural waters 
pose sever health risks. Heavy metals are introduced to 
coastal and marine environments through a variety of 
sources and activities including sewage and industrial 
effluents where Black Sea is not different. However, metals 
behave differently in Black Sea as it an enclosed body. 
Coastal areas of Turkey face great challenges due to heavy 
metal contamination caused by rapid urbanization and 
industrialization. The aim of this study was to investigate 
the spatial and temporal distributions of total mercury (Hg) 
in seawater at the mid-Black Sea coast of Samsun, Turkey. 
The samples were collected from 13 monitoring stations, 
from the three distances in four seasons during the year 
2013. The samples were analyzed for physicochemical 
parameters along with contamination and enrichment 
factors. The distribution of Hg is nearly random along the 
studied coast but obtained values ranges from 0.57 to 12.6 
μg/L with an average of 5.24 μg/L were above permissible 
limits. It was observed that number of samples collected 
during wet seasons (winter and autumn) with Hg were 
higher. High enrichment factor 0.331 and contamination 
factor 25.2 was recorded. Hg present at sampling station 
M27 was due to point source, a possible ship activity 
indicated by enrichment factor. The sources responsible for 
water pollution with Hg are mainly municipal and industrial 
effluents, leaching, agricultural and pasturage runoff and 
oil spills. Furthermore, due to unique hydrography of Black 
Sea, risk of Hg accumulation is high. Interestingly, a direct 
relation between basicity and Hg concentration was 
observed. i.e. highest concentration was found on pH 8.33. 

Key words: Black Sea, Surface water quality, Mercury, 
Physico-chemical parameters, Enrichment factor, 
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1. Introduction 

Metals are natural constituents of our surroundings and 
regarded as serious pollutant if present above a toxicity 
threshold (Hoda and Khaled 2009; Mashiatullah et al., 
2013) but their traits of being persistent and 
bioaccumulation/biomagnification in the food chain is of 
greater concern (USEPA, 1997). Their deposition in aquatic 

environment can cause toxicity to aquatic biota (Lin et al., 
2013) because ocean plays an important role in the global 
pollution cycling. Higher the trophic position along food 
chains or web, higher biomagnifications level in the 
organisms (Cheng, 2013; Tao et al., 2016) resulting in 
extremely high concentrations in large carnivorous fish 
such as tuna, shark, grouper and swordfish, posing 
potential health risks to consumers (Man et al., 2014). 
Among several coastal pollution types, trace metal 
pollution like, Hg input to the ocean is broadly driven by its 
physical, chemical, and biological dispersal, specifically by 
wet/dry deposition (Srichandan et al., 2016; Mason and 
Sheu, 2002; AMAP, 2011; Fisher et al., 2012; Kirk et al., 
2012; Sonke et al., 2013; Sunderland and Mason 2007).  

The coastal waters of most of the regions of the world 
ocean are under risk of Hg pollution due to increase in 
coastal migration of human population, anthropogenic 
activities like establishment of industries prompting 
excessive use of seawater and sea-based resources 
coupled with disposal of domestic and industrial wastes 
(Buddemeier et al., 2002). Hg pollution has attracted much 
attention because of the various acute or chronic toxicities 
of Hg in marine organism and humans and its increasingly 
widespread presence (Renault, 2015). It has been reported 
that even low doses of Hg can damage different organ 
systems, like the nervous system, the motor system, the 
cardiovascular system, and the kidney system (Zahir et al., 
2005; Lin et al., 2013). A recent study showed that 
mercurial compounds would readily cross the placental 
barrier and the blood–brain barrier, damaging the 
developing brain of fetus (Christinal and Sumathi 2013) 
later accumulating to the hair of children (Abdullah et al., 
2012; Ko et al., 2012). In fact, Hg in ocean waters originates 
from different sources and occurs as different chemical 
species, including inorganic (e.g., Hg (I) or Hg (II)) and 
organic (e.g., methyl mercury (MeHg), ethyl mercury 
(EtHg), and phenyl mercury (pHHg). The most important 
source is reduction of Hg (II) by aquatic microorganisms 
and photo reduction (Mason et al., 1995; Amyot et al., 
1997; Costa and Liss 1999, 2000). 10–30% of total Hg can 
be present as elemental Hg in oceanic waters (Kim and 
Fitzgerald, 1988; Mason et al., 1993). It has been proved 
that mercury with different forms exhibited quite different 
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toxicities, but organic Hg compounds are more toxic than 
inorganic species (Leopold et al., 2010). Even considering 
threat of MeHg in fish, public health professionals issued 
consumption advisories to minimize possible health risks 
(RIDOH, 2016; US FDA, 2016).  

The Black Sea is fed by several large rivers originating in 
Europe and Asia. The total fresh water input to the Black 
Sea from a large number of small and big rivers and streams 
is 353 km3y−1 (Yigiterhan and Murray, 2008; Akbal et al., 
2011). The surface layer of its waters displays relatively low 
salinity (Ergul et al., 2008). The bottom water layer (at 
depths approx. 100 m) is more saline and is maintained by 
Mediterranean water entering through the Bosphorus 
strait (Lee et al., 2002). Furthermore, these two water 
layers are separated by a strong density gradient, which 
limits exchange between them (Ergul et al., 2008). 

Black Sea not only has been increasingly threatened by 
pollutants over the past decades as a result of accidental 
crude oil spills, dumping of toxic industrial wastes, 
discharge of domestic wastes from coastal settlements, 
roads and industrial and domestic pollutants carried by 
rivers, but also due to excessive fresh water input it is less 
saline (Ergul H.A. et al., 2008) which is important for Hg 
dispersion (Bozcaarmutlu et al., 2009). Meanwhile, metals 
in the marine environment are associated with various 
adsorption mechanisms including precipitation, ion 
exchange, complexation and partition (Chen H. et al., 
2016). It is well-known that a number of chemical, physical, 
biological and hydrodynamic parameters can affect the 
vertical transport of sinking particles (Heussner et al., 
1988). 

The high salinity of seawater enhances the aggregation of 
suspended particles, resulting in more rapid sedimentation 
of heavy metals (Du Laing et al., 2009) that is the reason, 
water and soil/sediments in harbors and estuaries serve as 
a pool for heavy metals to be adsorbed, accumulated, and 
released to nearby and overlying areas (Guerra-Garcia and 
Garcia-Gomez 2005; Chen et al., 2007) but in case of Black 
sea and its low salinity degree of metals dispersion and 
sinking to sediments is low and enrichment into upper layer 
is high. 

Research has shown that elevated water temperatures, 
low pH, anaerobic conditions, and higher dissolved organic 
carbon concentrations increase rates of methylation of Hg 
(US Environmental Protection Agency, 1997; Power M., 
et al., 2002). Under anaerobic conditions, bacteria within 
fine-grained and organic sediments can transform 
elemental Hg into methylmercury, a highly toxic organic 
form of Hg. Changes in environmental conditions (pH, ionic 
strength, redox potential or biological activities) may cause 
the mobilization of adsorbed metal/metalloid into the 
liquid phase and the subsequent contamination of 
seawater (Horvat et al., 2003). Enough work has been 
published concerning heavy metal concentrations in 
surface sediments or sediments samples from different 
parts of the Turkish coast of the Black Sea (Yucesoy and 
Ergin, 1992; Guven et al., 1993; Topcuoglu et al., 2002, 
2003), however little attention was paid to common 
features among heavy metal pollution sources and 

mechanisms in the upper layers of sea water and 
meanwhile, studies based on the data collected from the 
open sea are limited (Chen et al., 2016).  

The methylating activity of Hg is usually lower in marine 
than in freshwater environments due to salinity effects and 
the presence of charged sulphide and chloride complexes. 
Reducing conditions and high salinity promote 
demethylation processes (Compeau and Bartha, 1987; 
Hines et al., 2000). The observed increase of MeHg towards 
the bottom could be the consequence of photochemical 
degradation and/or microbial actions in surface waters. In 
deeper waters particulate dissolution releases MeHg and 
inorganic Hg into solution (Cossa et al., 1997). The highest 
concentrations of methylated Hg species are present in 
deeper water masses. The chemical form of Hg in the ocean 
environment strongly depends on redox and pH conditions, 
as well as on the concentrations of inorganic and organic 
complexing agents (Horvat et al., 2003). Temporal 
variations, such as weather conditions, temperature, water 
chemistry, etc. can also affect Hg speciation (Kotnik et al., 
2007).  

Considering the human health risks of intake of Hg via fish 
consumption or other recreational activities near coast, the 
present study focused on the investigation of Hg present in 
seawater by taking seasonal samples from busy mid-Black 
Sea coastal areas of Samsun, Ordu and Sinop, Turkey.  

2. Material and Method 

2.1 Study Area 

The Black Sea coast of Turkey is 1,695 km long, extending 
from Bulgarian border in the west to the Georgian border 
in the east. The area of the region is about 141,000 km2 or 
about 18% of the total surface area of Turkey. In the Black 
Sea Region of Turkey almost every kind of industrial unit 
(food, fisheries, cement, paper, fertilizer, pesticide, resin, 
plastic, textile, tobacco) is working that are the potential 
source of pollution (Bakan and Buyukgungor, 2000; Altas 
and Buyukgungor, 2007). Figure 1 shows the cities 
(Samsun, Ordu and Sinop) and major rivers and tributaries 
that are the focus of present research. It is to be noted that 
Samsun is one of the largest city of Black sea region with 
population of 1279884 according to TUIK (TUIK, 2015). 

Figure 1 shows the map of the examined area and 
monitoring locations in this study along with the encircled 
sampling station where Hg was detected. It was our 
primary concern to collect samples from or near the 
discharging points of rivers and streams that fall into Black 
Sea. Samples were taken and analyzed in the months of 
January, April, July and November 2013 from 13 main 
locations from open sea near coastal area as shown in 
Figure 1. Samples were taken in a way that 3 distances; 
Short distance 500 m (0.5km), mid distance 3mile (4.8 km) 
and long distance 20 mile (32.1 km) were selected to 
understand the dispersion or dilution of pollutants. This 
way in 4 seasons from multiple distances a sum total of 156 
samples were collected out them only some samples were 
detected with Hg. Location detail of Hg contained samples 
are given in Table 1 according to latitude and longitude 
which were taken with the help of GPS. 



INFLUENCE OF CITY MUNICIPAL WASTE DISPOSAL ON GROUNDWATER QUALITY 347 

 

 

Figure 1. Sampling locations at 3 distances from the coast of Black Sea. 

Table 1. Distances, codes, Latitude and longitude of sampling stations along with the detection of Hg  

Sampling stations Distance Sample code Latitude-Longitude Detection of Hg 

Sinop 

500 m M1 42º 02’ 58” N – 035º 11’ 23” E Detected 

3 mile M2 42 º 05’ 24” N –035 º 11’ 23” E - 

20 mile M3 42 º 22’ 12” N – 035 º 11’ 23” E - 

Yakakent 

500 m M4 41 º 38’ 18” N – 035 º 31’ 24” E - 

3 mile M5 41 º 41’ 24” N – 035 º 31’ 24” E - 

20 mile M6 41 º 58’ 30” N – 035 º 31’ 24” E - 

Bafra (Kızılırmak) 

500 m M7 41 º 44’ 32” N – 035 º 57’ 50” E - 

3 mile M8 41 º 47’ 35” N – 035 º 57’ 50” E - 

20 mile M9 42 º 04’ 35” N – 035 º 57’ 50” E Detected 

Engiz 

500 m M10 41 º 39’ 10” N – 036 º 05’ 30” E - 

3 mile M11 41 º 41’ 40” N – 036 º 03’ 30” E Detected 

20 mile M12 41 º 58’ 40” N – 036 º 05’ 30” E - 

Kurupelit 

500 m M13 41 º 25’ 30” N – 036 º 10’ 45” E - 

3 mile M14 41 º 28’ 15” N – 036 º 10’ 45” E - 

20 mile M15 41 º 45’ 15” N – 036 º 10’ 45” E - 

Atakum 

500 m M16 41 º 20’ 45” N – 036 º 16’ 00” E - 

3 mile M17 41 º 23’ 30” N – 036 º 16’ 00” E Detected 

20 mile M18 41 º 40’ 30” N – 036 º 16’ 00” E - 

Samsun Harbour 

500 m M19 41 º 21’ 45” N – 036 º 20’ 30” E Detected 

3 mile M20 41 º 21’ 45” N – 036 º 20’ 30” E - 

20 mile M21 41 º 38’ 45” N – 036 º 20’ 30” E - 

Kutlukent (OIZ) 

500 m M22 41 º 15’ 00” N – 036 º 25’ 00” E - 

3 mile M23 41 º 18’ 00” N – 036 º 25’ 00” E Detected 

20 mile M24 41 º 35’ 00” N – 036 º 25’ 00” E - 

Çarşamba 
(Yeşilırmak) 

500 m M25 41 º 23’ 40” N – 036 º 39’ 15” E - 

3 mile M26 41 º 26’ 30”N –  036 º 39’ 15” E Detected 

20 mile M27 41 º 43’ 30” N – 036 º 39’ 15” E Detected 

Terme 

500 m M28 41 º 16’ 00” N – 037 º 01’ 30” E - 

3 mile M29 41 º 18’ 45” N – 037 º 01’ 30” E Detected 

20 mile M30 41 º 35’ 45” N – 037 º 01’ 30” E - 

Ünye 

500 m M31 41 º 09’ 00” N – 037 º 15’ 25” E - 

3 mile M32 41 º 11’ 50” N – 037 º 15’ 25” E - 

20 mile M33 41 º 28’ 50” N – 037 º 15’ 25” E - 

Fatsa 

500 m M34 41 º 02’ 25” N – 037 º 30’ 00” E - 

3 mile M35 41 º 05’ 00” N – 037 º 30’ 00” E - 

20 mile M36 41 º 22’ 00” N – 037 º 30’ 00” E - 

Ordu 

500 m M37 40 º 59’ 30” N – 037 º 54’ 15” E Detected 

3 mile M38 41 º 02’ 15” N – 037 º 54’ 15” E - 

20 mile M39 41 º 19’ 15” N – 037 º 54’ 15” E Detected 
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2.2 Seawater sampling, processing and analysis 

Samples were taken from almost 1-meter depth with the 
help of Nansen bottle. 5 liter plastic bottles used to collect 
seawater whıch were pre-washed using 10% nitric acid 
followed by oven drying at 40 °C for subsequent analysis in 
the laboratory while 100 ml brown glass bottles were used 
to store seawater samples further metal analysis at 4°C. 
Before the tests, samples were filtered using membrane 
filter of pore size 45µm. For seawater sampling, water 
quality parameters including temperature, salinity, TDS 
(Total Dissolved Solids) and dissolved oxygen were 
analyzed on-site by using a water quality sensor CONSORT 
C535. NO3-N and NH4-N were analyzed by using UV/VIS 
spectrophotometer (PG-T70UV/VIS). Obtained samples 
were analyzed on the same day or the next for parameters 
like TOC with the help of APOLLO 9000 TOC analyzer. After 
that Hg analyses were performed with ICP-OES that is 
usually preferred for the analysis of heavy metals. In this 
study, LGC standard Nass-6 standard reference material 
was used for ICP-OES measurements. 

2.3 Enrichment Factor (EF) 

Enrichment factor (EF) was employed to assess the degree 
of contamination and to understand the distribution of the 
elements of anthropogenic origin from study area by the 
background values (natural origins) (Simex and Helz, 1981). 
Reference values of heavy metal concentrations were 
determined as the period of minor anthropogenic pressure 
(Zalewska et al., 2015). Fe was chosen as the normalizing 
element while determining EF values since it is mainly 
supplied element in water and is one of the widely used 
reference element (Loska et al., 2003; Kothai et al., 2009; 
Chakravarty and Patgiri, 2009; Seshan et al., 2010). To 
illustrate the temporal changes of Hg concentrations in the 
upper layer of seawater in comparison to the background 
values, following formula was used:  

Table 2. Enrichment factor categories (Sutherland et al., 
2000). 

EF ranges Status description 

EF < 2 Deficiently to minimal enrichment 

2 ≤ EF < 5 Moderate enrichment 

5 ≤ EF < 20 Significant enrichment 

20 ≤ EF < 40 Very high enrichment 

EF ≥ 40 Extremely high enrichment 

Enrichment factor = (Cn/Fe) sample/(Cn/Fe) background 
where, Cn is the concentration of element “n”. (Turekian 
and Wedepohl, 1961). Elements which are naturally 
derived have an EF value of nearly unity, while elements of 
anthropogenic origin have EF values of several orders of 
magnitude. (Mashiatullah et al., 2013; Loska et al., 2003) 
have defined a criteria of low occurrence variability and the 
presence in trace amount in the environment for the 
consideration reference element. Elements that are 
available in a considerable amount in the environment 
(such as Fe and Al) can also be used as long as it does not 
have any synergy or antagonistic effect on the metal that is 
being evaluated (Loska et al., 2003; Hazzeman, 2013). 
Background value for Hg was decided according to the 
study done by (Oste et al., 2012). Enrichment factor 

categories are shown in Table 2, proposed by Sutherland 
et al., in 2000. 

2.4 Contamination Factor (CF) 

The method of CF calculation is identical to EF calculation. 
The contamination factor was applied to evaluate the 
degree of pollution, by comparing tested levels to a special 
period, such as the preindustrial period (Hakänson, 1980) 
or a relatively undisturbed period of that specific area. The 
aim of calculating contamination factor is to provide a 
measure of the degree of overall contamination of surface 
layers in a sampled site. The contamination factor was 
calculated using the following ratio: 

CF = CFn (sample)/ Cbn (background) 

Where Cn is the contamination factor of metal "n" Cbn is 
time-scale background level of "n". Contamination factors 
and degree of contamination categories are given in Table 3. 

Table 3. Seawater quality classifications based on 
contamination factor (Birch and Olmos, 2008; Zahra et al., 
2014). 

CF ranges Status description 

CF ≥ 10 Bad 

5 ≤ CF < 10 poor 

1 ≤ CF < 5 Moderate 

0.5 ≤ CF < 1 Good 

0 < CF < 0.5 Very good 

3. Results and Discussion 

Total 156 samples from 13 sampling sites were collected 
and analyzed for Hg and physicochemical properties but 
out of 156 sample only 11 samples were found to have Hg 
in them. Obtained values of Hg are given in a detailed Table 
4 along with physicochemical properties and calculated 
enrichment factor and contamination factor. In order to 
confirm the accuracy of the measurement results, the 
standard reference material known in the real value is 
used. In ICP-OES analyzes, the limit of detection for Hg was 
0.1 µg/l. It is to be noted, only sampling sites, where Hg was 
detected are mentioned in the table along with the season 
of detection. Rest of the sample with zero or below 
detection limits of Hg are ignored for convenience.  

Hg pollution and physicochemical parameters like 
temperature, pH, total dissolved solids and dissolved 
oxygen levels were analyzed in different seasons to 
understand the temporal impacts on pollution dispersion.  
It was observed that number of samples collected during 
wet seasons (winter and autumn) with Hg are higher than 
the samples collected in dry seasons (spring and summer). 
These results agree with the results obtained by (Godwin 
et al., 2004; Dan et al., 2014). The higher levels of Hg is 
attributed with the nonpoint sources that bring in the trace 
metal with surface runoff and anthropogenic activities. 
12.6 (µg/L) of Hg present at M27 in summer season is 
clearly due to some point source, that could be from a ship 
or an oil tanker. The accumulation of certain trace metals 
in water is directly or indirectly controlled by redox 
conditions through either a change in redox state and/or 
speciation.



 

 

Table 4. Physicochemical and Hg analysis along with CF and EF Values of Hg in the sea water of Black Sea. 

Sample 
code 

Sampling location Season Distance T (°C) pH TDS (g/L) DO (mg/L) 
NO3-N 
(mg/L) 

NH4-N 
(mg/L) 

TOC 
(mg/L) 

Hg conc. 
(µg/L) 

**EF *CF 

M1 Sinop Summer 500 m 24.90 8.27 17.57 7.50 0.00 0.002 2.6494 0.57 0.007 1.14 

M9 Bafra-kızılırmak Autumn 20 mile 25.00 8.28 17.13 7.72 0.00 0.000 3.7522 3.60 0.106 7.20 

M11 Engiz Autumn 3 mile 24.60 8.36 17.41 7.89 0.00 0.000 2.9761 4.00 0.02 8.00 

M17 Atakum Autumn 3 mile 26.50 8.3 17.38 8.18 0.00 0.093 2.5275 1.21 0 2.42 

M19 Samsun Harbour Autumn 500 m 23.90 8.26 16.71 8.34 0.00 0.000 2.3442 3.40 0.032 6.80 

M23 Kutlukent-OIZ Spring 3 mile 14.10 7.97 17.82 8.80 0.00 0.000 2.5207 1.79 0.009 3.58 

M26 Çarşamba-yeşilırmak Winter 3 mile 14.10 8.36 17.4 8.46 0.00 0.000 2.6658 11.00 0.061 22.00 

M27 Çarşamba-yeşilırmak Summer 20 mile 24.50 8.33 17.66 8.47 0.00 0.097 2.8546 12.60 0.331 25.20 

M29 Terme Spring 3 mile 13.50 7.88 16.11 9.47 0.00 0.047 3.6113 6.20 0.166 12.40 

M37 Ordu Winter 500 m 12.90 8.26 17.22 9.89 0.00 0.114 2.8254 5.10 0.064 10.20 

M39 Ordu Winter 20 mile 12.30 8.26 16.21 9.81 0.00 0.061 2.6906 8.20 0.232 16.40 
 Min   12.30 7.88 16.11 7.50 0.00 0.000 2.3442 0.57 0 1.14 
 Max   26.50 8.36 17.82 9.89 0.00 0.114 3.7522 12.6 0.331 25.20 
 Mean   20.66 8.23 17.15 8.59 0.00 0.037 2.8562 5.24 0.09 10.49 

*Contamination Factor**Enrichment Factor 
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The pH trend observed was slightly basic ranging from 7.88 
to 8.23. The surface water temperature during summer and 
spring was higher than the temperature recorded in winter 
and autumn (Table 5). This indicated the level of pollutant 
at specific location in specific time. Usually in sea water pH 
value tries to get neutral over time with new water waves 
but higher pH supports Hg contamination. There are two 
possibilities for presence of metals in water, first, if water 
belong to an enclosed body it has been divided into layers 
as in the case of Black sea, the metals stay suspended into 
layers because of different chemistry between layers, 
second when metals are released into the marine 

environment, they are absorbed by organic matters and 
transferred to the sediments over time. Organic ligands, 
formed as the consequence of organic matter 
decomposition, may extract metals from sediments and 
mobilized them in the layers of water thus increasing their 
concentration in water (Seshan et al., 2010). Table 3 shows 
variation in Hg levels at different locations. Observed Hg 
levels in sea water samples were in the range of 0.57 to 
12.6 µg/L with the mean value of 5.24 µg/L. M27 in summer 
season was the location with highest detection. Our 
findings are in agreement with the studies mentioned in 
table 5.

Table 5. Surface water Hg levels observed in some of the recent studies held for international sea waters. 

Serial No. Hg (µg/L) Location Reference 

1 0.0063 Yangtze Estuary, China Yin et al., 2015 

2 BDL Bay Of Bengal Kibria et al., 2016 

3 0.19 – 0.44 Arut Island, Arabian Gulf Youssef et al., 2016 

4 0.018 – 0.123 Jordanian Gulf of Aqaba Al-Taani et al., 2014 

5 0.003 – 0.01 Red Sea Youssef et al., 2016 

6 0.25 Bay of Xiamen, China Sun et al., 2013 

7 BDL Portuguese coast, at the Atlantic Ocean Tavares et al., 2016 

8 0.57 - 12.6 Black Sea Coast of Turkey Present study 

*BDL: Below Detection Limit

Hg was detected in same sea environment and seawater 
and was attributes to the surface runoff and anthropogenic 
activities in many studies conducted by researchers around 
the word. In the present study varying levels of Hg were 
detected from different locations in different seasons and 
some are dangerously high above the permissible limits of 
EPA and EU standards as illustrated in Figure 2. Permissible 
limit of Hg  

is defined as 0.5, and 2 µg/L by EU, and EPA respectively. 
These alarming concentration of Hg in Black seawater is not 
only devastating for marine life especially which is present 
in aerobic section of Black sea and consumable 
contaminated fish is a potential risk for humans.  

 

Figure 2. Permissible limits for Hg against observed levels of Hg

In winter seasons high dissolved oxygen content was 
observed and likewise high Hg content, so it was assumed 
that high temperatures and pH stabilize Hg in surface 
water.  

Hg pollution that was found at the distances of 500 meter 
(M1, M19 and M37) near to shore is considered to be 
carried out with surface run of or with the water tributaries 

but rest of higher concentration of Hg at distances 20 or 3 
miles indicates localized surface sea water pollution.  

3.1 Enrichment factor of Hg in the sea water of Black Sea 

EF was employed to assess the degree of contamination 
and to understand the distribution of the elements of 
anthropogenic origin from sites. As anticipated, the 
seawater samples obtained in autumn and summer are 

http://www.sciencedirect.com/science/article/pii/S1464343X16303338#bib4
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more enriched with Hg than in summer and spring.  EF 
calculated was in range from 0 to 0.331. The higher value 
of EF shows the source is of anthropogenic nature while the 
lower values shows the source is sea itself. According to 
Enrichment factor categories proposed by (Sutherland, R. 
A., et al 2000) all the sample fall in less than two category  
(EF < 2) which means deficiently to minimal enrichment. 
This is possible because pollutants are constantly been 

washed up or diluted by the high tides and low tides. The 
highest EF was obtained for the sample M27 at the longest 
distance of 20 miles from coast (Figure 3).  This the location 
where Yesilirmak river falls into Black sea and it clearly 
indicates that in this case river is not the cause in fact some 
point source pollution with in the open sea water in the 
form of waste dumping from ship carried out. 

 

Figure 3. Enrichment factor of Hg at the Black Sea Coast of Turkey

3.2 Contamination factor of Hg in the sea water of Black 
Sea 

The degree of contamination of surface sea water with Hg 
at different locations and distances are given in Figure 4. 
Highest Hg contamination was found at the distances of 3 
and 20 miles (M26 and M27) both in winter and summer 
season that indicates localized Hg spill. It is to be noted that 
river may contribute elevated concentrations levels 
because Yeşilırmak River also falls into sea at this sampling 

site. The other high contamination factor was calculated 
for sampling location of Terme and Ordu in cold wet 
seasons when the dissolved oxygen level in the surface 
water of sea is higher. That may support Hg speciation and 
dispersion or binding Hg at a place for relatively longer 
period of time until the water layers get mixed. But in the 
case of sample M37 and M29 it is obvious that Hg pollution 
was carried out by river flow or runoff. One other thing we 
can infer that study area showed higher degree of 
contamination in winter seasons than in summer seasons. 

 

Figure 4. Contamination factor of Hg at the Black Sea Coast of Turkey (*The background value is selected according to the 
value at the farthest distance)

  



352 JEYKUMAR and CHANDRAN 

4. Conclusions 

The impact of anthropogenic Hg pollution in Black sea 
water was evaluated using Enrichment Factors (EF). 
Natural processes such as weathering and erosion of 
bedrocks are normally the main supply sources of heavy 
metals in fresh or sea water but it has been observed that 
the localized discharge from urban sewage, industrial 
effluents, ship emissions and oil spills significantly affects 
Hg biogeochemical cycle. However, few studies were 
carried out to investigate the Hg cycling in this region. With 
regard to an overall measure of Hg contamination 
applicable to estuarine or coastal water, the present study 
proposes a modified and generalized pollution impact by 
considering Black sea a closed water body. The results of 
the present study may provide useful information for an 
accurate assessment of the potential risk of Hg in the 
environment. Therefore, total Hg concentrations in 
environmental samples were determined, which is 
important for accurately performing ecological risk 
assessment (ERA) on Hg pollution. 

In Black sea pollution impact at an individual location is 
best evaluated using enrichment factors. The results show 
that using the Fe concentration in the water as a normalizer 
produces minimal EF values for Hg even for sampling sites 
with considerable amount of Hg, this shows that metals do 
not enrich into layers of water instead readily washed away 
or diluted. Overall, the range of contaminated factor values 
indicates a moderate to high degree of localized Hg 
pollution in mid Black sea. Same is the case with the direct 
sea samples which were detected with levels of Hg above 
permissible limits.  This study revealed the need for further 
detailed metal enrichment assessment to decrease the 
uncertainty of discrimination between lithogenic and 
anthropogenic origins at the sites. Biological (fish samples) 
sediment and ecological studies need to be carried out in 
future studies to understand the influence of natural and 
anthropogenic factors.  
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