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Abstract

A comprehensive study was carried out to evaluate the occurrence, significance of concentrations and
spatial distribution of heavy metals (Cr, Cd, Ni, Cu, Pb, Hg, Zn and As) in sediments along the Valencia
coastline (Spain). The sampling campaign covered 476 km of the coastline in a 4-year period. The highest
concentrations of metals in the sediments were mainly Cr, Ni, Zn and Cd (up to 28.93 mg Cr kg dw,
15.80 mg Ni kg dw, 57.13 mg Zn kg dw and 0.293 mg Cd kg dw), obtained in the northern areas,
some central areas and in an isolated area on the southern coastline. The Sediment Quality Guidelines
applied reveal that for all metals studied, none of them reached, or exceed, the “effects of median range”
or the “probable effect level”. The Pollution index reveals that 75% of the stretch coastline has a low
priority risk level and the rest “medium-low priority risk level”. And, lastly Potential Ecological Risk

index shows that all but one zone have low ecological risk.
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Introduction

The presence of heavy metals in the environment is attracting growing interest from researches and the
community because of the toxicity, persistence and accumulation of these metals in the environment and
aquatic habitats (Fachinelli et al. 2001; Loska and Wiechula 2003; Upadhyay et al. 2006; Zhou et al.
2008). Heavy metals represent a threat to natural habitats, in both the long and short term, with toxic and
chronic effects on organisms that can lead to loss of biodiversity in the ecosystems affected (Johnston and

Roberts 2009).

The presence of these pollutants in aquatic ecosystems is due to both natural processes (i.e. rock
weathering coastal and seabed erosion) and human activities, like population growth, industrial
developments, harbour expansions, tourism-related activities on the coast, discharge of inadequately
treated municipal and industrial wastewater, and numerous recreational and commercial activities (Yalcin

et al. 2009; Hosono et al. 2010).

Heavy metals enter aquatic systems by natural and anthropogenic pathways such as rivers, urban and
industrial waste dumping, atmospheric particulate deposition, coastal and seafloor erosion, after which the

sediments act as a metal accumulation repository (Leivouri 1998; Ip et al. 2007; Li et al. 2013).

The low solubility metals transported into aquatic ecosystems are quickly fixed on the solid material in
suspension, (Forstner and Wittman 1981) which is ultimately deposited in the sediments, which thus act
as a store of metals with concentrations of several orders of magnitude higher than those of the adjacent

interstitial and overlying waters.

The release of heavy metals into the environment has a great impact on aquatic systems and affects the
entire food chain from the producer to the consumer (Badri and Aston 1983; Luoma 1990;

Christophorides et al. 2009).

Several heavy metals have been assigned to the priority list in European legislation, and limit values have
been proposed for the protection of endangered habitats. The first Priority Substances Directive (Directive
2008/105/EC) set environmental quality standards (EQS) for substances in surface waters and made it
possible to apply EQS to sediment and biota instead of those for water. A later proposal (Directive
2013/39/EU) recognised the need to improve the efficiency of monitoring campaigns. Monitoring of

sediment has thus become essential for environmental assessment of heavy metal pollution. This



assessment requires data from the sediments themselves, since the low metal concentrations and high

salinity values in the water column could interfere with analytical methods (Rainbow 1995).

As the accumulation of metals in the sediment poses a long term threat to water bodies and other areas of
the environment, there is a need for sediment quality indicators to assess the risks of contamination and
toxicity by metals in the aquatic environment. Numerous Sediment Quality Guidelines (SQGs) have been
compiled to assess metal contamination and deal with environmental concerns. SQGs are useful for
screening sediment contamination by comparing contaminant concentrations with the appropriate quality
guideline. The guidelines evaluate the degree to which the sediment-associated chemical status might
adversely affect aquatic organisms and are designed to assist sediment assessors and managers

responsible for the interpretation of sediment quality (Wenning and Ingersoll 2002).

Heavy metal pollution in a given area can also be assessed by tools such as pollution indices (Pejman et
al. 2010). Caeiro et al. 2005, classified pollution indices into three types: Contamination Indices,
Background Enrichment Indices and Ecological Risk Indices. Contamination indices compare the
contaminants with clean and/or polluted stations measured in the study area or simply add the total metal
concentrations, Background Enrichment Indices compare the results for the contaminants with different
baseline or background levels, and Ecological Risk Indices compare the results for the contaminants with

SQGs or Values.

The use of these SQG is world widely applied. In the Mediterranean systems the SQGs have been used to
assess the ecotoxicological sense of metal concentration in sediments for example in The Bahiret el
Bibane lagoon in Tunisia (Barhoumi et al. 2017), in the Bay and the Gulf of Thessaloniki, Northwester
part of the Aegean Sea, (Christophoridis et al. 2009), or in the Tigris River (Turkey) (Varol 2011). In
Spain, SQGs have been applied to identify zones according to their sediment quality in the Bay of

Santander (north of Spain) (Alvarez-Guerra 2007) or in the Atlantic coast (Riba et al. 2009).

In the Valencia coastal region previous research on chemical composition or heavy metal contents on
sediments had been carried out (Lopez 1986; Sanchiz et al. 2000). Although the researches are valuable
none of them taken into account the whole stretch coastline nor apply SGQ to predict adverse biological
effects in contaminated sediments. In addition, heavy metals levels in commercial ports located along the
Spanish coast have also been studied but none of those ports are from Valencia region (Casado-Martinez

2009).



As to our knowledge there has not yet been a prior exhaustive impact assessment of heavy metals in the
sediments along the Spanish Mediterranean coastline in Valencia. The objectives of this study were: (1)
to analyse the heavy metal content (Cr, Cd, Ni, Pb, Cu, Hg, Zn and a metalloid As) in Valencia coastal
sediments; (2) to identify the source of the anthropogenic impact; (3) to assess the contamination of heavy
metals in surface sediments in the area according to the Sediment Quality Guidelines (SQGs) and two
Ecological Risk Indices (Mean Effects Range Median quotient (MERMQ) and three Background
Enrichment Indices (Potential Ecological Risk Index, Pollution Load Index, modified Degree of

Contamination).

Material and Methods

Study area

The study was carried out along the Valencia coastline, which is 476 km long (Fig 1). The study area
includes leisure areas, which bear intensive maritime traffic, and popular tourist areas. The coastline is

also affected by the large agriculture and industrial sectors in the region.

This coastline, which combines areas of great ecological value with highly anthropized areas (GVA,
2009), was divided into several zones on a holistic basis (coastal water zones and port zones, Fig. 1).
Annual mean salinity value, coastal geomorphology, coastal transport services, prevailing winds, rainfall,

fluvial areas, continental inputs and wetland zones were taken into account (Romero et al. 2013).

COASTAL ZONES
DENOMINATION
Comunitad Valenciana boundary- Irta mountain range
Irta mountain range
Irta mountain range-Cape Oropesa
Cape Oropesa-Burriana
Burriana-Canet d’en Berenguer
North coast of Valencia
Port of Valencia-Cape Cullera
Cape Cullera-Port of Gandia
Port of Gandia-Cape San Antonio
Cape San Antonio- Cape Moraira
Cape Moraira-Rock of Ifach
Rock of Ifach-Cape Les Caletes
Cape Les Caletes-Cliff Aguas de Busot
Cliff Aguas de Busot-Cape Huertas
Cape Huertas- Santa Pola
Santa Pola Guardamar del Segura
Guardamar del Segura-Cape Cervera
Cape Cervera-Comunidad Valenciana boundary

PORT ZONES

DENOMINATION
Port of Castellén
Port of Sagunto
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Port of Gandia
Port of Denia
Port of Alicante
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Fig. 1 Study area (Valencia Community, Spain)

Sample collection



In each zone 4 simple samples were taken to mix into a composite sample per zone from 2010 to 2015

yielding a total of 96 integrated samples.

The upper layer of collected sediment was approximately 6 to 10 cm thick. Sampling was carried out by
trained personnel by means of 20 mL methacrylate corers. The corers were then placed in portable

refrigerator, taken to the laboratory as quickly as possible and stored at -20°C until analysed.
Analytical techniques

The sediments were freeze dried (ilShin FD5510 freeze dryer) and dry sieved. The heavy metals were
determined using acid digestion with nitric acid (65% Merck, Suprapur) and hydrogen peroxide (30%
Merck, Suprapur) in a Milestone Ethos 1 microwave according to the EPA 3051 method to obtain the

solution of the total metal content.

Analyses of cadmium (Cd), copper (Cu), lead (Pb), chromium (Cr), nickel (Ni), zinc (Zn) and metalloid
arsenic (As) were performed by Graphite Furnace Atomic Absorption Spectrometry or Flame Atomic
Absorption Spectrometry (AAnalyst 800 Perkin Elmer with Zeeman correction), according to the metal
concentration. Mercury (Hg) was determined by the cold vapour technique on an Atomic Absorption
Spectrometer with autosampler (AS 90) and a flow injection system (FIAS 100). All the processes were

performed in accordance with the APHA (2012).

Data were analysed as total metal concentrations on a dry weight basis and are expressed in acid soluble
mg kg dry weight (mg kg dw). The detection limits (LOD) and quantification limits (LOQ) expressed in
acid soluble pg kg’1 dw were: LOD, Cr 5.57; Cd 1.23; Ni 10.55; Pb 11.61; Hg 13.21; Cu 15.92; As 14.94
and Zn expressed in mg kg'1 dw 1.02. The LOQ determined were Cr 18.56; Cd 4.08; Ni 35.16; Pb 38.70;
Hg 44.02; Cu 53.07; As 49.79 and Zn expressed in mg kg™ dw 3.41.

The routine procedure involves duplicate digestion and metal measurement to test analytical
reproducibility. To prevent contamination, all glassware, plasticware and equipment used were washed
prior to use by soaking in 20% HNO; for 24 h and rinsed with Milli-Q water. To identify background
contamination, procedural blanks were analysed for every ten samples.

Statistical analysis

The data were subjected to a multivariate statistical cluster analysis. Statistical analyses were applied to
experimental data transformed by Ln(x) to achieve normally distributed data. A cluster analysis (CA) was

performed on the transformed data set using Ward’s method with squared Euclidean distances as a



measure of similarity. This technique was used to find any similarities between the sampling zones and

identify relatively homogeneous groups of samples with similar properties.

A Pearson correlation test was applied to examine the relationship between the measured variables (i.e.

the different heavy metals measured). The statistical analyses were conducted on SPSS 16.0.
Assessing sediment contamination

Numerical sediment quality assessment guidelines may be used to identify and designate sediments with
high, moderate, and low probabilities of being associated with adverse effects on aquatic organisms. Of
the numerous Sediment Quality Guidelines (SQGs) available, two (Long et al. 1995 and Macdonald et al.
1996) were used in this study in addition to five others to assess the degree of heavy metal contamination

and ecological risks.
a) Sediment Quality Guidelines (SQGSs)

The sediment quality assessment guidelines provide two guideline values for several contaminant
substances (trace metals, total polychlorinated biphenyls PCBs, pesticides, polynuclear aromatic
hydrocarbons PAHs). These two values define concentration ranges that are rarely, occasionally, or
frequently associated with adverse effects. Sediment Quality Guideline values (Table 1) were established
by Long et al. (1995) to estimate the biological effects of sediments for the protection of organism living
in or near sediments (Zhao et al. 2014; Pejman et al. 2015). This SQG involves ELR (effects of low
range) and ERM (effects of median range) values. Other SQGs values (Table 1) set by Macdonald et al.
(1996) contain the TEL (threshold effect level) and PEL (probable effect level) values. ERL and TEL
(low range values) are concentrations below which adverse effects are not expected, while ERM and PEL
are concentrations above which adverse effects can be expected more often than not.

Table 1 Sediment Quality Guideline values (mg kg™, dry weight). (ERL) Effects of Low Range and

(ERM) Effects of Median Range; (TEL) Threshold Effect Level and (PEL) Probable Effect Level
[*] Long et al. (1995); [**] Macdonald et al. (1996)

Cr Cd Ni Pb Hg Cu zZn As

ERL | 8.1 1.2 209 467 0.150 34.0 150.0 8.2
ERM | 370.0 9.6 51.6 218.0 0.710 270.0 410.0 70.0

TEL [523 068 159 302 0.13 187 124.0 7.24
PEL | 160.0 421 428 1120 0.70 108.0 271.0 41.6

[**]




b) Pollution Index

The sediment pollution indices applied in this work were the Ecological Risk Indices (Mean Effects
Range Median quotient (MERMQ), mean PEL quotients (m-PEL-Q)) and Background Enrichment
Indices (Potential Ecological Risk Index (RI), Pollution Load Index (PLI), modified Degree of
Contamination (mCd) (Christophoridis et al. 2009; Gao et al. 2012; Li et al. 2013; Zhao et al. 2014;

Pejman et al. 2015).
— Mean Effects Range Median quotient (MERMQ)

The MERMQ was calculated (Eq. 1) by dividing each chemical concentration by its respective ERM and

averaging the individual quotients (Long et al. 2000).

MERMQ = E—i=1cil/ ERM,

(M

Where C;is the concentration of metal i in analysed sediments, ERM; (Effects Range Median) is the
guideline values reported by Long et al. (1995) (Table 1) for the metal i and n is the number of metals. In
this index all the contaminants were combined in a single value for four risk levels of the MERMQ index:
MERMOQ<0.1 (low priority risk level and 9% probability of being toxic); 0.1<MERMQ<0.5 (medium-low
priority risk level and 21% probability of being toxic); 0.5<MERMQ<1.5 (high-medium priority risk
level and 49% probability of being toxic); MERMQ>0.5 (high priority risk level and 76% probability of

being toxic).
— mean PEL quotients (m-PEL-Q)

This index combines metal content and PEL-SQG values for the measured heavy metals (As, Cr, Ni Cd,

Cu, Zn, Hg and Pb). The m-PEL-Q index was calculated by Eq.(2) (Long et al. 1998):

Z?=1(Ci/PELi)
n

m—PEL—Q = )

Where C;is the measured metal concentration (i), PEL; is the PEL value of metal (i), and n is the number
of metals. Several toxicity probability classes were defined for biota: mPEL quotients<0.1 with 8%
probability of being toxic, 0.11-1.5 with 21% probability of being toxic, 1.51-2.3 with 49% probability

of being toxic, and>2.3 with 73% probability of being toxic.

— Potential Ecological Risk Index (RI)



The potential ecological risk index (RI) (Hakanson 1980) was used to analyse the ecological risk of heavy

metals in the study zone (Pejman et al. 2015) by Egs.(3) and (4):

RI'= Yi, Bl = Y, T X ¢f 3)
. CS'"
¢=c )

where E} is the potential ecological risk factor of each heavy metal, T is the toxic response factor of
heavy metal i (e.g., Cd= 30, Hg=40, Cu=Pb = Ni= 5, Cr =2, Zn =1, As=10), C} is the contamination
factor of heavy metal i, C! is the concentration of heavy metal i in the sediment, C} is the background
value of heavy metal i. Following Hakanson (1980), the following tiers were used for the RI value: 1)
RI<150 (low ecological risk); ii) 150 < RI>300 (moderate ecological risk); iii) 300<RI>600 (considerable

ecological risk); iv) RI>600 (very high ecological risk).
—  Pollution Load Index (PLI)

This index was used to assess the degree of anthropogenic metal contamination as calculated by Egs.(5),

(6):
PLI = "\/Cf1 X CEXCEX..XCP (5)
=g (6)

where C! and C} are concentration of metal and background content, respectively, of metal i.
PLI>1 signifies contamination and PLI<I absence of pollution.
—  Degree of Contamination

Introduced by Hakanson (1980), this index was originally a method of calculating an overall pollution
factor based on seven metals and one organic contaminant (PCB). Individual Contamination Factors were

based on the following formula, Eq.(7):
Cf = o (7)

where Clis the concentration of metal in at least five sub-samples and Clis the concentration of metal in

the selected reference background. The overall degree of contamination is given by Eq.(8):



Ca=38,Cl (8)

Since it is not always feasible to analyse all the components in this index, a generalized index was

proposed in Abrahim and Parker (2008) to provide the modified degree of contamination as calculated by
Eq.(9):

@fnci
mC, = Zl-; 7 )

where C ; is contamination factor, n = number of analysed elements and i = i" element. According to the
modified degree of contamination values, each sample falls into one of the seven tiers: i) mCd<1.5 (nil to
very low degree of contamination); ii) 1.5<mCd<2 (low degree of contamination); iii) 2<mCd<4
(moderate); iv) 4<mCd<S8 (high); v) 8<mCd<16 (very high); vi) 16<mCd<32 (extremely high); vii)

mCd>32 (ultra-high degree of contamination).
Results

Heavy metal content in surface sediment

The heavy metal contents analysed in the sediments from the Valencia coastline are summarized in Table
2. The average concentration range in all the study zones were: 4.64-28.97 mg kg™ for Cr, 0.11-0.29 mg
kg for Cd, 1.92-17.01 mg kg™ for Ni, 8.72-57.13 mg kg™ for Zn, 2.19-9.33 mg kg™ for Pb, 0.01-0.18 mg
kg™ for Hg, 1.18-6.53 mg kg™ for Cu and 2.71-36.21 mg kg™ for As. The order of the average sediment

metal content (highest to lowest) is as follows: Zn>As>Cr>Ni>Pb>Cu>Cd>Hg.

There was a large spatial and temporal dispersion in the metal concentration data. In the norther coast
concentration values were higher than in the south. For example, zones 001 to 003 exhibited greater Ni
and As values of up to 80-86% larger than in the southern areas such as 013 to 016. For other metals this

variation is up to 75% for Zn and Cr, 60% for Cu, and 40% for Pb and Cd.

In the remaining southern zones (017 to 019), almost all the metals registered higher concentrations,

although these were still lower than those obtained in the northern areas (001 to 003).

Zones 016 and 017 exhibit larger Hg concentration with values of 0.145 and 0.182 mg kg dw,
respectively. Spatial differences for this metal were also established between northern areas 001 to 010,
with values 77% higher than southern areas, 011 to 015. As with the other metals, the Hg values were

highest in the two southernmost zones 018 and 019.



The values obtained for port areas reveal a spatial distribution similar to the coastal zones. The
northernmost port areas (Castellon, Sagunto, Valencia and Gandia) exhibit higher concentrations than the
ports of Denia and Alicante in the south, although the concentrations in these port areas in no case

exceeded the values of northern coast zones 001 to 003.

The temporal dispersion of the concentrations throughout the 4-year study period showed high Variation
Coefficients (data not shown) around 30-50%, in most areas. Some zones (015, 018, 019, 0041 and 0081)
had Hg standard deviation values equal to or greater than the average value because the value in one of
the 4 years studied was noticeably higher than the other three (e.g. in zone 019, 0.022, 0.074, 0.005 and

0.007 mg kg for 2010, 2011, 2012 and 2015, respectively).
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Table 2 Summary of heavy metal concentration in surface sediment at the study zone (2010, 2011, 2012 and 2015 years).
The concentrations are given as Mean+Standard Deviation (SD).

Zones Cr Cd Ni Pb Hg Cu Zn As
(mgkg*dw) (mgkg'dw) (mgkg'dw) (mgkg'dw) (mgkg'dw) (mgkg*dw) (mgkg™dw) (mgkg™dw)
001 | 28.93+891  0.239+0.049 15.80+1.84  8.83£3.76  0.043£0.010 5.32+1.09  56.47+4.81  27.55+7.32
002 26.46+7.62 0.248+0.032 14.48+1.27 6.13+£2.43 0.026+0.014 4.66+1.07 52.05+5.78 26.27+7.07
003 |28.97+7.87  0293£0.045 17.01£1.20  5.73+2.83  0.032+0.017 4.58+0.98  57.13+738  36.21+12.26
004 |20.09+7.33  0.190£0.016 10.6042.59  4.98+1.33  0.025:0.013 2.78+0.93 35714032  23.35+10.26
005 13.34+4.33 0.164+0.037  6.46:0.83 3.83+1.10 0.027+0.007 1.96+0.38 32.71+£5.04 13.49+4.24
007 | 11.50£3.97  0.116£0.027 5.96+1.09  3.65t1.44  0.031£0.007 1.84+0.44  25.03+2.41  12.87+2.62
008 | 25.79+10.11 0287+0.056 1338£1.87  8.0242.72  0.042+0.023 3.81£0.78  48.71£9.86  29.68=12.04
é 009 24.70+9.49 0.278+0.059  12.53+2.25 7.26+£3.24 0.060+£0.025  3.53+0.92 42.23+7.90 27.20+8.04
N 010 | 16.88+428  0.232+0.024 837153  557+2.67  0.034+0.018 3.88+1.96  32.85+11.14  19.08+7.05
B 011 | 1182405  0246+0.028 444£122 478176  0.014x0.003 244+038 18994515  18.83+5.55
§ 012 11.97+£6.80 0.183+0.019 2.74+0.44 5.75+2.50 0.009+0.002 1.45+0.22 13.35+£2.89 9.48+5.37
013 |921£3.07  0.165£0.023 4.54+1.05  3.38+1.33  0.008£0.002  2.48+0.7 16.54+4.44  6.121.60
014 | 5974215  0.153+0.026 3.03£028  3.50£0.92  0.008+0.002 198+0.23 14144585  4.42+0.81
015 4.64+1.92 0.149+0.018 1.92+0.68 2.19+0.70 0.013+0.012 1.18+0.07 8.72+2.59 2.71£0.60
016 |523+1.83  0.12040.006 2.00£0.51  6.48+2.49  0.145:0.040 173022  13.7743.04  3.44+0.96
017 | 10.76+2.81  0.16540.028 4.87+0.75  9.33£327  0.182+0.060 5.01+1.3 31.67£10.87  5.07+1.71
018 16.39+4.37 0.149+0.016  10.12+2.55 4.04+1.95 0.041£0.039  6.53£1.62 29.05+6.01 6.32+42 .91
019 | 8.10+2.83  0.126£0.012 4524085  3.76£1.60  0.038+0.046 1.69£022  18.98£620  10.95+5.36
0041 | 16.70+5.72  0.205+0.020 9.20£1.10  5.28+2.85  0.060:0.075 3.20+0.3 37.66£6.50  19.07+6.43
@ 006 |1570£577  0.128:0.009 1032+7.52  5.10:2.06  0.158+0.128  5.08+4.6 37.98421.28  18.05+5.37
& 0081 |1398:237  0.140:0036 682:L18 7245141 0.047:0.059 346£0.96  30.83%11.14  19.98:5.73
o 0101 | 17.3147.15  020240.009 9.07+2.57  7.05£2.70  0.038+0.027 4.63+1.59  36.0144.97  17.72+5.42
8 0102 | 9.30+£3.44 0.113£0.029  3.90+0.67 6.11+1.51 0.027+0.020 1.84+0.56 21.86+£5.23 27.21£16.22
0161 | 7.90+3.50  0.176£0.016 3.43+133  871£3.75  0.076£0.032 3.79+132  21.86+1.58  4.01%1.35
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Multivariate statistical analyses

A cluster analysis was carried out to study the spatial variation of the heavy metal concentrations in

depth. Figure 2 shows the dendogram of the cluster analysis obtained.

Rescaled Distance Cluster Combine
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Fig. 2 Dendogram of cluster analysis for all zones of the study area

Three main different clusters, each with different subgroups, can be seen. The first cluster (CL1) contains
the sites with the highest heavy metal concentration. This cluster may be divided into two subgroups
(CL1a and CL1b). Subgroup CL1a contains the northern areas (001,002 and 003) and some central areas,
such as 008 and 009. The second subgroup, CL1b, contains mainly harbour areas (0041, 006, 0081,
0101). Zone 018 had high metal concentrations and is also part of this cluster (CL1b), despite being in the

south.

The second (CL2) and third cluster (CL3) contain the moderate and low concentration sites, respectively.
CL2 is formed by coastal zones 016, 017 and the port area 0161. CL3 contains zones 005, 007, 011 to

015, 019 and the port area 0102. These sites are mostly in the south of the study area.

The Pearson correlation coefficient was calculated to determine the correlation between the heavy metal

concentrations. The correlation matrix for the variables measured is shown in Table 3.
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Table 3 Correlations coefficients of heavy metals in surface sediments

Cr‘Cd‘Ni‘Pb‘Hg‘Cu|Zn‘As
Cr | Correlation 1.000

Sig.(bilateral)
Cd | Correlation 0.713** 1.000

Sig.(bilateral) |0.000

Ni | Correlation 0.955** 0.610** 1.000

Sig.(bilateral) |0.000 0.002

Pb | Correlation 0.475%  0.383 0.374 1.000

Sig.(bilateral) |0.019 0.064 0.072

Hg | Correlation 0.147 -0.113  0.229 0.582** 1.000

Sig.(bilateral) |0.494 0.598 0.281 0.003

Cu | Correlation 0.701** 0.459* 0.765** 0.581** 0.493* 1.000

Sig.(bilateral) |0.000 0.024 0.000 0.003 0.014

Zn | Correlation 0.922** 0.576** 0.953** 0.568** 0.408* 0.789** 1.000
Sig.(bilateral) |0.000 0.003 0.000 0.004 0.048 0.000

As | Correlation 0.841** 0.525** 0.793** 0.375 0.033 0.385 0.780** 1.000
Sig.(bilateral) | 0.000 0.008 0.000 0.071 0.878 0.063 0.000

**_ Correlation is significant at p<0.01

*_ Correlation is significant at p<0.05

High positive correlations (p<001) were found for Cr-Ni, Cr-Zn and Ni-Zn with a Pearson Coefficient
higher than 0.922. Moderately positive correlations (p<001) were obtained for As, Cu and Cd with the
first three metals ((As-Cr(0.841), As-Ni(0.793); As-Zn (0.780) and Cu-Ni(0.765), Cu-Zn(0.789) and Cu-

Cr(0.701), Cd-Cr(0.713) and Cd-Ni(0.610)).

A statistically significant correlation was also obtained (p <001) for Pb with the metals Hg, Cu and Zn,

although in these cases the Pearson coefficients are lower (Pb-Hg(0.582), Pb-Cu(0.581), Pb-Zn(0.568)).

Adverse effects associated with heavy metal pollution: Sediment Quality Guidelines and Pollution

Indices

The adverse effects of heavy metal levels on biological organisms in the sediments were evaluated by
comparison with the available benchmark sediment quality guidelines and applying the different

ecological pollution indices.
a) Comparison Sediment Quality Guidelines (SQGSs) with sediment samples studied

Firstly, the values obtained for the Valencia coast (Table 2) are compared with SQG values proposed in
Long et al. 1995 (Table 1). As can be seen in Figures 3a and 3b, the values for Ni, Pb, Cu, Zn, Cd and Hg
are lower than the ERL values, so that no adverse effects can be expected on aquatic organisms due to the

metal concentration found in the study.
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In zones 006 and 017 the Hg concentration is within the range defined by ERL-ERM (ERL< [Hg]<ERM),
showing that the sediments in both zones can be associated with occasional adverse effects on benthic

organisms (Fig. 3b).

Cr and As (Fig. 3¢ and Fig. 3d, respectively) in most areas show values within the ERL and ERM
(ERL<[Cr, As]<ERM) range. Only zones 014 to 016 and 0161 for Cr and zones 013 to 018 and 0161 for

As have concentrations lower than the ERL.

Comparing the measured concentrations of metals with the SQGs values (TEL and PEL) proposed by
Macdonald et al. 1996 (Table 1), Cr, Cd, Pb, Cu and Zn metal concentrations are below the TEL (Fig.

4a).

Hg and Ni exhibit for almost all zones, concentration values lower the TEL, excepted in zones 006, 016
and 017 for Hg (Fig. 4b) and zone 003 for Ni (Fig. 4d). In these areas values are within the range of
TEL<[Hg, Ni]<PEL. This also occurs for As (Fig. 4d), that shows 17 of 24 zones in the range defined by

TEL and PEL values.

It should be noted that the concentration of all the metals studied in no case reached or exceeded the ERM

and PEL.
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a) Zn, Ni, Cu, Pb, Cd b) Hg

Fig. 3 Evaluation of the studied areas applying Sediment Quality Guidelines (SQGs) developed by Long
et al. (1995). a) Zn, Ni, Cu, Pb and Cd; b) Hg; c) Cr; d) As
(Blue zones=[metal |[<ERL; Orange zones=ERL<[metal[<ERM)
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a) Zn, Cr, Cu, Pb, Cd b) Hg

Fig. 4 Evaluation of the studied areas applying Sediment Quality Guidelines (SQGs) developed by
Macdonald et al. (1996). a) Zn, Cr, Cu, Pb and Cd; b) Hg; ¢) Ni; d) As
(Blue zones= [metal [<TEL; Orange zones= TEL<[metal|[<PEL)
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b) Pollution Indices

Following the usual research practice (Gao et al. 2012; Pejman et al. 2015; Zhang et al. 2016) a series of
indices based on the concentration of the measured metal were applied to determine any possible effects

on aquatic organisms living in the sediments. The results can be seen in Fig. 5 and Table 4.

The background values of the study area must be known in order to apply these indexes. Most of the
studies consulted use the average shale value as background values (Turekian and Weipohl 1961).
However, as these values are much higher than the metal concentrations in the study area, statistical
methods (Reimann et al. 2005) were used to determine the chemical backgrounds, consisting of the
median value plus twice the absolute median deviation (Median+2DMA) of the values obtained for the
sediments analysed. The calculated background values were: Cr 22.47 mg-kg™; Cd 0.24 mg-kg™; Ni 13.33

mgkg'; Pb 8.64 mg-kg'; Hg 0.06 mgkg™'; Cu 5.89 mg-kg™; Zn 50.04 mg-kg™'; As 35.61 mgkg™.
The zones were classified after applying the pollution indexes as follows:
— Mean ERM quotient (MERMQ):

According to the classification established for MERMQ, 75% of the zones have an index of <0.1, which
indicates a low priority risk level with toxicity probability of only 9%. However, zones 001 to 003, 006,
008 and 009 were between 0.1 and 0.5 (0.1<MERMQ<0.5), giving a medium-low priority risk level with

a toxicity probability of 21%.
— Mean PEL quotients (mPELq)

Ten of the 24 areas studied (005, 007, 012 to 016, 018, 019 and 0161) have a mPELq index of <0.1,
giving a low toxicity probability of 8% for aquatic organisms, due to the levels of metals present in the
sediment. The remaining 14 zones (001 to 004, 006, 008 to 011, 017, 0041, 0081, 0101 and 0102) have a

value for this index in the range of 0.11-1.5, giving a toxicity probability of 49%.
—  Potential ecological Risk (RI):

All the zones have an index of RI<150, which indicates that the set of metals measured in the sediments
in the study area represent a low ecological risk. Within them the higher values of this index are presented
in zones 016 and 006 (122.4, 142.4, respectively). Only the zone 017 is classified as a moderate

ecological risk since the RI values is >150 (159.6).

—  Pollution Load Index (PLI):
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The values of the PLI index in all the zones scored a PLI value lower than 1, indicating the absence of
contamination. However, it should be noted that zones 001 to 003, 008 and 009 gave a PLI index close to

1 (0.98, 0.94, 0.90 and 0.88, respectively).
— Modified Degree of Contamination (mCd)

The value obtained for the mCd index in the 24 zones was below 1.5, indicating little or no
contamination. Once again, areas 001 to 003, 006, 008, 009 and 017 had the highest pollution index

values.

18



a) MERMQ b) mPELq

Fig. 5 Distribution of pollution index in the surface sediments of the Valencian coastline. a) MERQ
index (blue zones=MERQ index<0.1; orange zones=0.1<MERQ<0.5); b) mPEL(q index (blue
zones=mPELq<0.1; orange zones=mPEL(q between 0.11-1.5); ¢) RI index (blue zones=RI<150; orange
zones=150<RI<300); d) PLI, mCd indices (blue zones= PLI<1 and mCd<1.5)

19



Table 4 Pollution index values in Valencia coastal sediments

ZONE MERMQ mPELg RI PLI mCd
001 0.13 0.21 85.1 0.97 0.99
002 0.12 0.19 715 0.83 0.87
003 0.15 0.23 85.1 094 0.98
004 0.10 0.15 583  0.64 0.66
005 0.06 0.10 50.5 048 0.50
i 007 0.06 0.09 467 043 044
=z 008 0.13 0.20 88.1 090 0.92
g 009 0.12 0.19 97.7 0.88 0.90
3 010 0.08 0.13 683 0.66 0.67
|<_E 011 0.06 0.11 532 046 049
0 012 0.04 0.07 379 033 038
<ot 013 0.04 0.06 345 032 036
O 014 0.03 0.05 31.3 027 030
015 0.02 0.03 312 020 0.23
016 0.05 007 1224 035 0.59
017 0.08 0.11 159.6 0.64 091
018 0.06 0.10 61.1 0.57 0.63
019 0.05 0.08 51.1 039 041
0041 0.09 0.14 82.8 0.70 0.71
_ w006 0.11 0.16 1424 0.78 0.92
xZ 0081 0.08 0.13 67.0 0.63 0.63
©o o101 0.09 0.14 68.0 0.70 0.71
N 0102 0.08 0.13 467 045 047
0161 0.05 0.07 85.0 047 0.60
Discussion

Most of Valencia’s population and industries are concentrated along its coastline. The human activity in
this narrow strip produces contaminants that have an impact on the different compartments (water,
sediment, air) of the coastal system from urban and industrial discharges, fish farms, sea traffic in and out
of large commercial ports, nautical sports, etc. In addition, the entire coastal area receives agricultural

run-off containing a high proportion of micronutrients, pesticides, herbicides, etc.

Heavy metals are included in these pollutants that eventually reach the aquatic ecosystems. These
elements due to their low solubility are quickly fixed on the solid material in suspension (Forstner and

Wittmann 1981) that ultimately will be deposit on the sediments.

In some coastal zones studied (003, 006, 010, 011, 014, 016 and 017) the concentrations of the heavy

metals found are in agreement with those reported in 1991 by Sanchiz et al. 2000.

These authors also detected high concentrations of Hg and Pb in the sediments in the south of Valencia

Community, as in zone 017, where the highest Pb and Hg values were obtained.
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Other studies carried out in the Mediterranean also reported noticeably higher metal concentrations than
those obtained in the present study since their sampling station gather point sources of contamination such
as the mouths of rivers (Palanques and Diaz 1990) or dredged sediment from ports areas (Casado-

Martinez et al. 2009).

Our results reveal that the north of Valencia has higher concentrations of Cr, Ni, Zn and Cd than the other
areas. These particular metals are characterized by their lithogenic origin, so that their presence in zones
001, 002 and 003 could be attributed to the nearby mountain ranges. It must be kept in mind that some
heavy metals (unlike other priority substances or specific pollutants like pesticides, DDT, etc.), can have a
natural origin and the existence of certain levels of heavy metals in an aquatic ecosystem does not

necessarily imply anthropogenic pollution.

Other heavily concentrated sites are zones 008 and 009, which receive pressures from densely populated

areas with many industrial and agricultural activities.

Urban and industrial waste and wastewater management are the main sources in these areas of As, Cr, Ni,
Pb and Hg (PRTR-Espaiia 2016). Furthermore, Hg is also released into the environment through the
combustion of fossil fuels and from various industrial activities (Donze et al. 1990). In addition, Zn
comes from the production and transformation of metals, the chemical industry and the food and beverage
industry in the area. The coastline also receives the agricultural runoff with fertilizers that increase the Cd

levels (Adriano 2001), as well as herbicides and pesticides that contain arsenic (Donze et al. 1990).

High metal contents were also found in areas 0041, 006, 0081 and 0101, which are near ports with intense
maritime traffic. These zones are also influenced by the nearby industrial areas, so that the origin of these

metals can be mostly considered as anthropic.

In areas near sea ports with commercial shipping activities and nautical sports activities, different hydro-
phobic complexes of Cu and Zn are commonly used in biocidal paints for boat maintenance (Turley et al.
2000; Parks et al. 2010). This indicated that residues of these compounds are detected with increasing
frequency in coastal environments near ports (Pynaert and Speleers 2005) as it is showed in the studied

port zones which reveal rises of 14% for Cu.

Other anthropogenic pressure may come from river basin discharge. In fact, zone 018 which is located at

the south exhibits high concentrations of metals, possibly due to the influence of the Segura river basin.
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As it is pointed out by Mico et al. (2006) pollutants from the industry around this basin have been

discharged indiscriminately easing the bottom accumulation level.

In general, the southern areas of Valencia have lower concentrations of almost all metals than northern
areas. Taking into account the significant statistical correlations among the metals studied, three groups of
metals can be identified. The first group is formed by Cr, Ni, As, and Cd. All these metals were found in
the same proportions in the sediments throughout the coastline. As Suresh et al. (2011) suggest, if the
correlation coefficient between the metals is high, they have common sources, mutual dependence and

identical behaviour during their transport, as occurred in Cr and Ni, which may share lithogenic origin.

The second group is formed by Cu and Zn, whose origin could be attributed to shipping and yachting
activities, fishing harbours and fish-farming installations, which employ antifouling paints with active
biocide zinc products, including zinc pyrithione, which is known to undergo transchelation with copper,
depending on their relative concentrations in the water or sediment (Konstantinou et al. 2004). These
biocides show a relatively high octanol/water partition coefficient, which could justify the enrichment of

the antifouling compound in the sediment (Konstantinou et al. 2004).

Finally, Pb and Hg are joined, probably due to their lower concentration range and atmospheric origin.
These aerosol-particles containing Pb are atmospherically transported (Cochran et al. 1998, Li et al. 2000)
and may increase the sediment concentration. Although Pb has been removed from petrol, the historic
contamination could affect the coastal sediments in many areas and its effects may last for decades. On
the other hand, Hg can be released into the atmosphere by many processes, both natural and
anthropogenic, with long residence times (about 0.5-2 yr) (Rada et al. 1989). The precipitation of this
metal and oxidation processes can make it take on a water-soluble ionic form that may enter into aquatic
systems. The atmospheric deposition of Hg (gas or particles) represents a major input of this element into
the surface environment (Mason and Sheu 2002; Amos et al. 2012). Since the Hg species have a high
affinity with particle surfaces and form insoluble precipitates, this metal is easily transported from the

water column to the sediment (Kuwabara et al. 2003).

The evaluation of the sediments by the SQGs proposed by Long et al. 1995 and Macdonald et al. 1996,
resulted in little or no adverse effects on aquatic organisms in the study area for Ni, Pb, Cu, Zn and Cd.
However, for Cr and according to the SQGs of Long et al. (1995) there are 20 zones that have a Cr

concentration within the ERL-ERM range, (ERL<[Cr]<ERM), which indicates that adverse effects may
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occasionally occur in benthic organisms. This effect was not found when applying Macdonald et al.’s

SQG since the Cr (TEL) value is 6.5- fold higher than ERL.

For As both SQGs applied yield 17 zones within the range (ERL<[metal[<ERM; TEL<[metal|<PEL).
The Hg gives 2 zones within the range of ERL<[metal[<ERM. Nevertheless, when other limits are
applied (TEL-PEL) the number of zones increases, and zone 016 changes from “not expected effect” to
“occasionally occurrence adverse effect”. It is important to highlight that none of the metals studied
exhibit concentration equal or higher to ERM or PEL values, suggesting that the whole stretch coastline

studied evidence no potential risk to aquatic organism.

According to the MERMQ and mPELq Ecological Risk Indices, 75% of the zones in the first index and
42% of those in the second do not present any risk of toxicity or have a very low risk. This difference
between the results of both indexes is due to the fact that the guide values for the mPELq index are lower
(e.g. 56-60 % Cr, Cd, Cu; 40-48% Pb, As; and 33.9% in the case of Zn, etc.), thus resulting in a greater

number of areas with a higher probability of toxicity and a higher level of risk.

The results obtained from the RI index determine that the 23 out of 24 areas have low ecological risk, and
only zone 017 have moderate ecological risk. The areas that show the highest values are the southern 016

and 017 and the port area 006, due to the Hg concentrations, since this index incorporates a toxic response
factor for each metal. Since Hg is very toxic, those areas that have the highest Hg values also have the

highest RI index values.

According to the results of the PLI and mCd indices, the 24 zones studied either do not have any metal
contamination or the levels are very low. However, due to the values of these indexes in the northern
areas 001 to 003 and the central areas 008 and 009, which are approaching the limit for adverse effects, it

would be advisable to monitor these zones on a regular basis.

Conclusions

The most polluted areas were found in the northern areas (001, 002 and 003), in some central areas (008,

009 and 010) and in two zones in the south of the Valencia coastline (017 and 018).

Cr, Ni, As, and Cd were found in the same proportions in the sediments throughout the coastline,

reflecting a similar origin (lithogenic, urban an industrial waste, wastewater...) and transport processes.
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The presence and correlation between Cu and Zn in the sediments was attributed to shipping and yachting

activities and the use of antifouling paints with active biocide zinc products.

The conclusion drawn from the assessment, based on the application of guide levels with two SQGs, two
Ecological Risk Indices and the three Background Enrichment Indices, is that the sediments in this area
do not present contamination from the metals studied. The risk of sediment contamination is quite low

and neither are there any adverse effects on aquatic organisms.
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