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Abstract The objectives of this study were to assess the

sediment contamination with heavy metals and to investi-

gate accordingly the ecological risk posed in the SE of the

Danube Delta. Sediments are important in assessing the

contamination as they act as reservoirs, transporters and

contamination sources. Sediment samples were collected

and analysed for lead, cadmium, arsenic and mercury,

revealing levels higher than the background, especially for

cadmium and mercury (Pb[As[Cd[Hg). Concentra-

tions exceeding the probable effect limit were noticed for

arsenic and mercury. The contamination indexes describe

the study area as having almost half of the samples as

contaminated (pollution load index-PLI 1.04), however the

contamination is mostly low-to moderate (modified con-

tamination degree-mCd 1.36). The sediment contamination

poses mostly a low ecological risk (RI 94.8). The sediment

quality guideline quotient (SQG-Q 0.29) describes a

moderate impact, while the probable effect concentration

quotient (PEC-Q 0.16) confirms that there are no levels

likely to affect the aquatic biota. In our study area, the main

Branch of the Danube River and the Secondary Delta are

the most affected by contamination, while the narrow, reed

abundant channels as the preferred habitat of most aquatic

organisms, have a low contamination level.
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Introduction

The contamination of sediments with heavy metals is a

matter of great concern, because of their persistence,

bioaccumulative nature and toxicity. Among heavy metals,

lead, cadmium, mercury, and arsenic, involve most often

toxic effects on living organisms, as they have no known

beneficial effects in living organisms as microelements

(Banu et al. 2013). Arsenic is a metalloid included in the

heavy metals group, as it has a similar behaviour in the

environment. The three metals—lead, cadmium and mer-

cury, and the metalloid—arsenic have caused significant

health problems for human and non-human populations

from various parts of the world. The toxicity of these

elements has been recognized for many years, lead being

known in ancient Greece as being toxic as far back as the

2nd century BC (Hutton 1987; Keil et al. 2010).

Heavy metals have a propensity to adsorb from aqueous

phases to fine suspended particles and they are transported

along the water course, where they can pose health risks to

benthic organisms if toxic levels are reached, resulting in

lower taxonomic diversity, lower reproduction rate,

reduced growth or even death (Nasir and Harikumar 2011;

Ogbeibu et al. 2014). According to Filgueiras et al. (2004),

not even 1 % of the pollutants released in water remain in

aqueous phases, the rest being deposited in sediment. Since

sediment becomes an important sink for heavy metals that

contaminate the water and acts as a habitat and an

important food source for aquatic biota, its quality provides

essential information for assessing the pollution status of

an aquatic ecosystem, as it reflects the long term status

(Nasir and Harikumar 2011). However, since a delta is

mainly formed mainly of deposited sediments (Panin

1996), under changing water conditions, heavy metals can

be released back to overlying waters through complex
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remobilisation processes, described in a previous paper

(Gati et al. 2013).

The Danube River collects pollutants and heavy metals

across its flow through Europe, forming a delta when

reaching the Black Sea. The Danube Delta together with

the Razim-Sinoe lagoon complex is the only delta stated as

an UNESCO World Heritage Biosphere Reserve. It sup-

ports a high diversity of life—over 1600 plant species and

over 3800 animal species, constituting a feeding ground of

international importance for migrating birds (Wohl 2012).

According to WWF reports it is one of the last habitats for

some endangered species, like sturgeons, beavers, great

white pelicans, and others.

The objectives of this research paper are to determine

the level of lead (Pb), cadmium (Cd), arsenic (As) and

mercury (Hg) in surface sediments from SE Danube Delta

and to evaluate the ecological risks associated with the

combined contamination of these metals using different

SQG indexes.

Materials and methods

Study area and sampling

The sampling was performed in five different periods of the

year during October 2012–September 2013 in the S–E of

the Danube Delta, at the end sector of the Sf. Gheorghe

Branch of the Danube River, near the locality of the same

name (448530N and 298360E), between the Central and

Turcesc Channels. The study area is known for having

minimum local anthropogenic contamination sources in the

Danube Delta, so it would describe the pollution generated

upstream the Delta and support the theory of transportation

of metals. We had 13 sampling sites (Fig. 1) and a total

number of 55 samples. Some of the sampling sites were not

available during the colder periods of the year. Sediment

samples were collected at the margin of the river bed of the

main branch and channels, at 5 cm under the river bed

surface, in 50 ml polyethylene demineralised containers,

and kept at 4 �C.

Analysis

Sediment samples were analysed for lead (Pb), cadmium

(Cd), arsenic (As) and mercury (Hg). They were subjected

to a microwave digestion, using a Mars 6 Microwave

digester. One gram of sediment was digested in suprapure

nitric acid, and after that it was diluted with ultrapure water

to a 50 ml volume and analysed using Zeenit 700P atomic

absorption spectroscopy (AAS).

For the analysis of Pb and Cd, the electrothermal (ET-

AAS) method was used, and the hydride generation (HG-

AAS) method for As, with amalgamation and cold vapour

(CVAA) technology for Hg.

A soil Certified Reference Material (SRM 2709a) was

examined using the same method. The results indicated,

according to the quality certificate, an approximate recov-

ery rate of 74 % for As, 110 % for Cd, 53 % for Pb and

95 % for Hg.

Fig. 1 The study area,

sampling sites and the

predefined areas (GIS map)

(Color figure online)
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Temperature and pH of the overlying water was mea-

sured with a portable multiparameter analyzer (Waterproof

pH tester HI 98127, Hannah Instruments).

Quality control and assurance

Quality control (QC) was made through specific methods,

to evaluate the accuracy of our analyses, meeting the

Romanian Accrediting Association (RENAR) standards

and certifications. RENAR is a member of European

Accreditation Organism (EA-MLA), certificated under SR

EN ISO/CEI 17011.

An external standard curve method was used for the

calculation of the concentrations, using control samples

plotted between 0 and 10 lg/l, for Pb, Cd, As—0–4 lg/l,
respectively 0–1 lg/l for Hg. Dilutions were done with

2 % v/v HNO3 in a volumetric flask. The calibration curve

was plotted every day (with batch analyses not larger than

20 samples per day) using MRC ChemLab. The control

sample was prepared with another standard solution than

the one used for the calibration curve. The control and

blank samples were analysed before, after every 10th, and

after the last sample. The equivalent concentrations were

calculated for sediment samples in mg/kg at 0–0.5 for Pb

and As, 0–0.2 for Cd and 0–0.05 for Hg, and higher values

were diluted to fit in the calibration curve.

The method detection limit (MDL) was 0.1, 0.025, 0.025

and 0.005 mg/kg for Pb, Cd, As and Hg. The uncertainty of

the methods ranged between 13 % (Hg) and 18.56 % (As).

Proficiency test samples for Cd and As indicated z scores

of 0.01/0.04.

A Shewhard control diagram was computed using the

results of the control samples, with daily and long-term

interpretations. The laboratory participated in intercom-

parison analyses organised by ROLAB (accredited by

RENAR).

Contamination and risk assessment

To evaluate the ecological status of the study area, fol-

lowing the contamination with heavy metals, a number of

factors and indices were used. Some of them evaluate the

contamination while the others assess the potential eco-

logical risk posed by the pollutants toxicity. The more

complex ecological risk indices are based on sediment

guidelines or specific values given for each contaminant,

according to their toxicity and impact.

The contamination factor (Cf) (Hakanson 1980; Tom-

linson et al. 1980) describes the sediment contamination of

toxic substances, being computed for each element at a

time. It is a background enrichment index that stands as a

basis for some of the following indexes. The contamination

factor can be defined as:

Cf ¼
Cmetal

Cbackground

ð1Þ

In this study, the background values were set according

to the mean concentration found at 50 cm depth in the

Danube Delta lakes by Dinescu et al. (2004). To describe

the contamination factor using a risk index approach, four

thresholds are identified: Cf \ 1;\ 3;\ 6 and[ 6, rep-

resenting low, moderate, considerable and very high con-

tamination factor (Hakanson 1980).

The degree of contamination is a form of index that

aggregates all the contaminants into one value, based on

the contamination factor (Cf).We used a modified degree of

contamination (mCd) suggested by Abrahim and Parker

(2008) that takes into account the number of elements (n),

being defined as:

mCd ¼
Pn

i¼1 Cf

n
ð2Þ

This index has a very detailed terminology, indicating

values between seven thresholds:

mCd\ 1.5;\ 2;\ 4;\ 8;\ 16;\ 32 and[ 32, indicat-

ing nil to very low, low, moderate, high, very high,

extremely high, respectively ultra-high degrees of con-

tamination (Abrahim and Parker 2008).

Pollution load index (PLI) is an ecological risk index

created by Tomlinson et al. (1980). It was widely used in

different water systems around the world, allowing a

comparison to be made. It is based on the contamination

factor (Cf), being defined as:

PLI ¼ Cf1 � Cf2 � Cf3 � � � � � Cfn

� � 1=nð Þ ð3Þ

If PLI is lower than 1 it indicates no pollution, while any

value above 1 indicates pollution (Tomlinson et al. 1980).

The potential ecological risk index (RI), developed by

Hakanson (1980), is also based on the contamination factor

(Cf), but it is more complex, as it adds a toxicological

factor (Tf
i) for each metal. (Pb-5, Cd-30, As-10, Hg-40).

First, a risk factor (Eri) is computed for each metal, and

then the potential ecological risk index (RI), as the sum of

the risk factors:

RI ¼
Xn

i¼1

Eri ¼
Xn

i¼1

Ti
f � Cf ð4Þ

The RI-values can be ranked following the terminology:

RI\ 150; \ 300;\ 600 and[ 600; for low, moderate,

considerable and very high ecological risk for the basin

(Hakanson 1980).

Themean sediment quality guideline quotient (SQG-Q) is

an ecological risk index developed by Long andMacDonald

(1998) that evaluates toxicity according to the probable

effect level (PEL), a concentration above which biological

adverse effects can occur frequently (Pb-91.3, Cd-3.53, As-
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17, Hg-0.486). AEL quotient is computed for each contam-

inant (C), in accordance with the corresponding PEL value.

Sediments are scored in three categories according to their

impact (MacDonald et al. 2000): SQG-Q B 0.1 for unim-

pacted, with the lowest potential for adverse biological

effects to be observed; \1 for a moderate impact with

potential for adverse biological effects and C1 for highly

impacted and a high potential for observed adverse biolog-

ical effects. The SQG-Q can be defined as:

SQG�Q ¼
Pn

i¼1 PEL�Q

n
ð5Þ

PEL�Q ¼ C

PEL
ð6Þ

For the evaluation of the effects on the ecosystem of

heavy metals from the sediments, the probable effect

concentration quotient (PEC-Q) values were computed for

the metals, and then the mean PEC-Q value was calculated,

according to Formula 7, for each sampling site. PEC values

for assessing metal toxicity are 128, 4.98, 33, 1.06 for Pb,

Cd, As and Hg. As PEC values are accounted as denomi-

nators in the formula, the lower the value, the higher the

toxicity and the influence in the general result.

PEC�Q ¼
Pn

i¼1
Mc½ �i
PECi

n
ð7Þ

where, [Mc]i is the concentration of a metal in a sample

and PECi is the corresponding PEC value for that specific

metal; n is the number of metals.

The mean PEC-Q value provides a basis for the evalu-

ation of the potential toxic effects that heavy metals can

have, in complex mixture conditions (MacDonald et al.

2000; USEPA 2000). The thresholds for this indicator are

set according to toxicity tests assessing acute or chronic

effects on the amphipod Hyalella azteca. Analyses con-

ducted by USEPA (2000) on a large freshwater database

showed that sediment samples with a mean PEC-Q higher

than 0.7, respectively 4 are more likely to have acute or

chronic toxic effects, especially on benthonic organisms.

While the PEC-Q approach remains an empirically based

guideline, it is better than comparing measured concen-

trations or PEC values for individual metals, for assessing

toxicity, as it accounts for possible summing contributions

in the overall toxicity. Long et al. (2006) reported PEC-Q

values regarding two critical thresholds—0.25 and 0.34.

Results and discussions

Even if there aren’t any major contamination point sources

identified in the sampling area, concentrations of studied

heavy metals were found in sediments (Table 1). A study

undertaken in North Carolina found that many sediments

were contaminated in areas with no industrial activities or

urban settlements (Pelley 1999). This is an evidence that

sediments can act as a long-term source of contamination

for the overlying water and the food chain, as pulses of

polluted sediments can lead to the recontamination of the

system, impacting the receiving system (Burton 2002).

The variability of lead showed higher levels in March

and lower levels in October (2012) and September (2013).

Arsenic had a cyclic seasonal variation, low in March and

high in July. Cadmium and mercury had low levels in

October, respectively high in July. According to national

regulations (RN 2006), (Pb-85, As-29, Cd-0.8 and Hg-0.3,

in mg/kg) cadmium and mercury surpassed maximum

allowed concentrations in 13, respectively 20 samples.

By comparing the results with the most common sedi-

ment quality guidelines (SQGs): TEL (threshold effects

limit) and PEL (probable effects limit), we can confirm that

there are concentrations with the potential to impact the

ecosystem. The smallest hazard comes from Pb contami-

nation, with 5.5 % of the values exceeding TEL, followed

by Cd and Hg with 32.7 % and toping with As, with

63.6 %. Furthermore, As and Hg registered 7.3 % of the

values exceeding PEL. According to these two SQG levels,

three ranges can be delineated. So, concentrations below

TEL are in a minimal effect range; between TEL and PEL

are in a possible effect range; and above PEL are in a

probable effect range, being rarely, occasionally or fre-

quently associated with adverse biological effects (Smith

et al. 1996; Li 2014). These can be identified in Fig. 2.

The dataset was divided according to four predefined

areas. These are, as in Fig. 1, the Danube’s main branch—

Sf. Gheorghe Branch (2); the Secondary Delta and Melea

Lagoon (1), formed in the SE; and the channels from the

northern side of the Danube (3) and the southern side (4).

These four areas are different when it comes to hydrolog-

ical status, and have exchanges with various water systems,

describing four ecosystem subtypes. Figure 2 presents the

level of contamination in these areas. The most contami-

nated areas are the Danube’s Branch (2) and the Secondary

Delta (1) with lead (mg/kg) [12.9–40.3] and [9.2–47.5];

cadmium (mg/kg) [0.07–0.99] and [0.07–1.34]; arsenic

(mg/kg) [3.6–18.4] and [1.1–20.6]; mercury (mg/kg)

Table 1 Descriptive statistics of the dataset

Index Sediment metal concentration (mg/kg)

Pb Cd As Hg

Minimum 5.44 0.04 1.13 0.005

Average 18.03 0.43 8.37 0.176

Median 17.58 0.42 8.06 0.100

St. Deviation 8.34 0.37 4.96 0.211

Maximum 47.45 1.34 20.55 0.990
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[0.03–0.99] and [0.01–0.91]. The Channels from South (4)

and North (3) are less contaminated with lead (mg/kg)

[6.4–32.2] and [5.4–14.1]; cadmium (mg/kg) [0.04–1.2]

and [0.04–0.07]; arsenic (mg/kg) [2.2–16.4] and

[1.1–10.3]; mercury (mg/kg) [0.01–0.41] and [0.005–0.15].

The median values are close to the average values, indi-

cating a uniform distribution.

The contamination factors reveal an enrichment for Cd

and Hg, in relation to the average concentrations (Pb-24,

Cd-0.2, As-11, Hg-0.1, all in mg/kg) found in the Danube

Delta‘s deep layer sediments dating back in the early 20th

Century (Dinescu et al. 2004). The average Cf values for

these metals exceed the contamination threshold, with

60 %, respectively 47.3 % of the samples being recorded

over the threshold value of ‘‘1’’ (Table 2).

As a starting point, according to the PLI, we can distin-

guish 45.5 % of the samples with some degree of pollution

(Fig. 3b). This is not a very detailed outcome, but allows a

simple comparison between several rivers, estuaries, wet-

lands, as it is often used in studies. Our study area revealed an

average PLI of 1.04, which in comparison with other water

systems is slightly higher, although there are other protected

wetlands with much higher levels (Table 3).

Since PLI lacks in a detailed qualitative description,

relating to mCd’s more complex terminology we can

describe 61.8 % of the samples indicating nil to very low

contamination, 12.7 % low contamination, 23.6 % mod-

erate contamination, respectively 1.8 % indicating high

contamination (Fig. 3a). The average mCd is 1.36, framed

in the nil to very low contamination category.

Hakanson’s (1980) approach for assessing the ecological

risk of a polluted aquatic system is often used in risk

assessment studies. From RI results, of the RI, 81.8 % of

the samples indicate a low risk, 12.7 % indicate a moderate

risk, and 5.5 % indicate a considerable ecological risk for

the basin (Fig. 3c). The average value for the ecological

risk index is 94.8. This value designates a low average risk,

although it is higher than Italian rivers, or Yellow River

Delta, but still, lower than Yangtze River (Table 3).

In accordance to PEL values, the SQG-Q index revealed

an average value of 0.29, describing 10.9 % of the samples

as unimpacted, with the lowest potential for adverse bio-

logical effects and 89.1 % with a moderate impact and

potential for adverse biological effects to be observed.

The mean PEC-Q is a toxicity index that is useful for

assessing the potential effects of complex mixtures of

sediment contaminants (MacDonald et al. 2000; USEPA

2000). Mean PEC-Q values did not exceed EPA’s value of

0.7, indicating that there are no acute or chronic toxic

effects for benthonic organisms, with an average of 0.16.

However, 18.2 % of the samples exceed the threshold of

0.25, associated with a less than 20 % incidence of toxicity

for freshwater amphipods (USEPA 2000) and 5.5 %

exceed 0.34, associated with a likely decrease in abundance

of the amphipods, gastropods, polychaetes or other benthic

organisms (Fig. 3d). The sediment-dwelling biota is very

likely to be exposed to sediment contamination due to

limited mobility, indirectly affecting also higher trophic

organisms in the food chain.
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Fig. 2 Variation of sediment

heavy metals in different

predefined areas and

comparison with TEL (yellow/

dotted) and PEL (red/dashed),

(circle—average, asterisk—

median, box—1SD, line—

min/max) (Color figure online)

Table 2 Contamination factors for the studied heavy metals

Heavy metal contamination factor

Pb Cd As Hg

Average Cf 0.75 2.14 0.76 1.76

Cf range 0.23–1.98 0.2–6.7 0.1–1.87 0.2–9.9

% Cf[ 1 (%) 16.4 60 29.1 47.3
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The four predefined areas have different subtypes of

ecosystems, since the water conditions vary from one to

another. Many fish species tend to abide in the calmer

waters of the channels and use them for spawning, nursing

and foraging, rather than in the faster and higher flow rate

of Danube’s Branch. Most of the Delta’s Channels have

abounding reed plants towards the banks, creating perfect

habitats for small aquatic organisms. Previous studies on

fish habitat in this branch of the Danube River (Sfantu

Gheorghe) observed the highest fish densities in the con-

nected side waters, while the main branch had significantly

bigger fish (Sindilariu et al. 2006). As it can be seen in

Fig. 2, the concentration of heavy metals is higher in

Danube’s Branch (2) and in the Secondary Delta (1) than in

the Channels from the Southern side (4) and Northern side

(3). It is clear that the Danube’s Branch is the most con-

taminated and poses the highest risk for the aquatic biota,

followed by the Secondary Delta with the Lagoon and then

Fig. 3 Results of the

contamination and ecological

risk indexes, differentiated by

area: orange triangle—1, blue

circle—2, purple diamond—3,

green square—4; a modified

contamination degree,

b pollution load index,

c potential ecological risk index,

d probable effect concentration

quotient (Color figure online)

Table 3 Comparison of

indexes in different water

systems

Water system PLI RI Reference

Danube Delta, RO 1.04 94.8 This study

Calabrian Rivers, IT – [21.2–87.7] Protano et al. 2014

Yellow River Delta, CN – [0.46–51.88] Liu et al. 2012

Hai he River Basin, CN – [33.7–116] Lu et al. 2013

Yangtze River Delta, CN – 114.1 [68.2–246.9] Yu et al. 2012

Around Dhaka, BD 0.51 32.2 Rahman et al. 2013

Turag River, BD 0.82 60.04 Banu et al. 2013

Hugli Estuary, IN 0.5 – Kumar et al. 2011

Benin River, NG 0.01 – Ogbeibu et al. 2014

Buckingham Canal, IN 1.15 – Seshan et al. 2010

Dikrong River, IN 0.71 – Chakravarty and Patgiri 2009

Tigris River, IQ 0.73 – Rabee et al. 2011

Quiberon Bay, FR [0.23–0.79] – Ong et al. 2013

Vembanad wetland system, IN 4.54 – Nasir and Harikumar 2011

The ecological risk of heavy metals in sediment from the Danube Delta 693

123



the Southern and Northern Channels with lower contami-

nation and risk levels (Table 4). While the Secondary Delta

is unconditionally related to Danube’s Branch, which can

be clearly observed regarding the sediments quality, the

Southern Channels have some inflows from the Danube’s

Branch, depending on the general water level in the area.

The Northern Channels are linked to a large lake system—

Rosu-Puiu-Rosulet, which probably acts as a buffer, being

a sink for sediments, which explains the significantly lower

levels of contamination and risk. Also, in the individual

index values (Fig. 3) it can be observed that the highest

values belong mainly to the Danube’s Branch (orange tri-

angle) and the Secondary Delta (blue circle) areas.

Sediment becomes an important sink for the heavy

metals that originally contaminate the water. However, it

can also act as a potential contamination source for the

overlying water in areas with no pollution sources,

depending on the continuously changing water conditions.

The changes in the physicochemical parameters of water

alter the bioavailability of the heavy metals (Simpson and

Batley 2003) and affect the release rate from sediments to

the overlying water (Simpson et al. 2002; Peng et al. 2009).

The complex processes which influence the metal con-

centrations in water and sediment are mainly influenced by

pH, temperature, salinity, dissolved oxygen and organic

matter content (Simpson et al. 2004), resulting in complex

chemical reactivity and interactions between the solid and

the solution phases of the trace metals (Guieu and Martin

2002; Peng et al. 2009). These physicochemical modifi-

cations that occur in water can lead to heterogeneous

reactions like dissolution/precipitation, adsorption/desorp-

tion and coagulation/sedimentation, metals being precipi-

tated in the sediments, dissolved from the suspended

matter, or diluted in the seawater (Guieu and Martin 2002).

Mercury and arsenic levels in sediment were found to have

a positive correlation with temperature (0.587, p = 0.004,

respectively 0.523, p = 0.013) and pH (0.518, p = 0.014,

for Hg only) showing that the deposition process might be

more intense in higher pH and temperature conditions. pH

values varied in the [6–8.8] interval, six samples being

\6.5, and three samples [8.5, compared to the national

regulations (RN 2006). The concentration of mercury in

sediments is influenced by the hyperoxic/hypoxic

conditions of the overlying water. Hypoxic conditions,

usually met in high temperature conditions, are associated

with a high rate of deposition of total Hg and a low rate of

speciation (Duong and Han 2011). The correlation of As in

sediment with temperature might be due to the strong

relation of the dissolution/precipitation processes of As

with the hyperoxic/hypoxic environment (Smedley and

Kinniburgh 2002). Only a small fraction of the total arsenic

is available for exchanges between the sediment–water

systems. Large quantities of As co-precipitates with iron

and manganese or adsorbs to Fe(OH)3 surfaces, being

accumulated within the top 5 cm of the sediment–water

interface. So As concentration in sediment is highly related

to those of Fe and Mn. Moreover, the arsenic in the form of

As(III) has a small variability during pH conditions

between 4 and 7 (Nikolaidis et al. 2004). The level of

arsenic in water was recorded within normal values and it

was observed to appear in contamination plumes (Gati

et al. 2015). The fact that there is a high variability con-

firms that most of the arsenic originates upstream and less

from sediment remobilisation processes.

Statistically, in our study, the sediment fractions of the

metals show an important correspondence. Cadmium is

correlated with all three metals—lead (0.568, p = 0.001),

mercury (0.551, p = 0.001) and arsenic (0.439,

p = 0.001). The correlation between arsenic and mercury

(0.434, p = 0.002) and lead and arsenic (0.374, p = 0.007)

can be added to complete the picture. Even though the

metals in sediment react differently to the water conditions,

on the long term, the release and deposition rates corre-

spond for all the studied metals, and probably beyond, due

to the seasonal cycles which are creating or influencing

those water conditions.

Conclusions

Even without major contamination point sources in the

study area, the studied heavy metals were found in sedi-

ment, due contamination and transportation from the

Danube River’s Basin. As water velocity drops in the delta,

towards the Black Sea, most of the sediment drops out of

the flow and deposits.

All four metals have concentrations exceeding TEL,

while arsenic and mercury are also exceed PEL. The order

of the metals in sediment was (Pb[As[Cd[Hg).

Compared to the background levels, the studied area is

contaminated with cadmium and mercury, according to the

contamination factor. However, the specific indexes (mCd)

quantify the overall contamination as low to moderate in

over 95 % of the contaminated samples. The ecological

status of the studied water system is described according to

the SQG-Q as moderately impacted with a low to moderate

Table 4 Calculated indexes differentiated by the four areas

Area Average index value

mCd PLI RI SQG-Q PEC-Q

1. Secondary delta 1.57 1.17 105.17 0.33 0.18

2. Danube’s branch 1.68 1.26 125.28 0.37 0.20

3. N channels 0.37 0.31 25.47 0.11 0.06

4. S channels 1.28 1.05 90.17 0.28 0.15
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risk for the aquatic organisms, according to RI. There were

very few samples with high contamination level that pose a

considerable risk and could decrease the taxonomic abun-

dance of the sediment dwelling biota, even so, the health of

the ecosystem could not be affected. According to the

PEC-Q there are no levels that could produce any chronic

or acute adverse effects to the benthonic biota.

The most suitable index for assessing the contamination

level would be mCd, as it has a detailed qualitative

description, while for assessing the ecotoxicological status,

it would be the mean PEC-Q, as it describes potential

effects based on complex studies. Even though PLI is not a

complex index, it is more widely used, so it acts as a

comparison method.

Sediment contamination affects primarily benthonic

organisms but indirectly, also water-dwelling organisms,

due to their higher trophic level or in cases of heavy metal

remobilization to the overlying water.

The highest contamination was observed in the

Danube’s Branch followed by the Secondary Delta and

Lagoon, while the Southern and Northern Channels are less

contaminated. The ecological risk follows the same prin-

ciple. According to these results, the general ecosystem can

be described as having favourable living conditions, since

higher trophic organisms (e.g. fish) prefer the calmer and

better water conditions found in channels.

Lead and arsenic concentrations in water varied inver-

sely with the temperature and pH showing a higher

remobilisation at lower values of pH and temperature,

while mercury and arsenic levels in sediment varied along

with the water temperature and pH showing that the

deposition process is more intense in higher pH and tem-

perature conditions.
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