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Abstract 13 

Sediment contamination by heavy metals poses risks to coastal ecosystems and is considered to 14 

be problematic to dredging operations. Determination of background values for heavy metal 15 

distribution based on site-specific variability is fundamental for assessing the pollution level in 16 

harbor sediments. With the aim to gain insight into the most available techniques useful for 17 

assessing the background heavy metal concentrations in port sediments, specific Regional 18 

Geochemical Background (RGB) values were calculated through three different conventional 19 

statistical methods, taking the southern area of the Italian Adriatic Coast Coastal Area of 20 

Bari area as an example. The used data set consisted of 158 sediment samples collected 21 

at different depths coming from almost uncontaminated zones of 3 major ports, 4 minor ports 22 

and 6 marine transect of the near shore area, thus covering the whole 110 Km CAB coastline. All 23 

of them led to approximately the same RGB range of values for each of the nine considered 24 

heavy metals, seemingly effectual for the whole study area.  25 

However, mineralogical analyses carried out on selected uncontaminated samples and 26 

multivariate statistical analyses performed on the whole data set revealed the heterogeneous 27 

variability of the study area and suggested to divide the CAB into three different zones, before 28 

calculating the heavy metal RGB values for each of them.  29 



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The obtained results pointed out that deeper investigations are necessary when the homogeneity 30 

of the study area is uncertain, since they reveal important peculiar aspects, which can be masked 31 

by using conventional statistical techniques. 32 

 33 

Keywords: heavy metal background concentration, multivariate statistical techniques, site-34 

specific sediment features, mineralogical analyses. 35 

 36 

1. Introduction 37 

The port sediments are the largest depository for potential source of metallic contamination in 38 

the marine environment, especially considering that ports are semi-enclosed systems where the 39 

dispersion of contaminants to the open sea is often difficult, since they are designed to minimize 40 

hydrodynamic energy inside (Dassenakis et al., 2003; M.C. Casado-Martinez et al., 2007). 41 

Nevertheless, the distribution of heavy metals within harbor sediments are controlled both by 42 

anthropogenic activities within port areas and by natural factors (e.g. mineralogical and chemical 43 

compositions of bottom sediments, textural and geochemical changes that may affect sediments 44 

during their transport and deposition, diagenetic processes). For this reason, a correct assessment 45 

of the quality of port sediments needs to consider both natural and anthropogenic contributions 46 

and requires a correct evaluation of each one. Methods to establish a "threshold value" or a 47 

background concentration range  are widely discussed in the scientific community 48 

(Garrett, 1991, Covelli et al., 1997; Matschullat et. al., 2000; Reimann et al. 2005; Reimann C, 49 

Filzmoser P. & Garrett R., 2005; Galuszka et al., 2011; Dung et al, 2013). However, the 50 

development of worldwide accepted guidelines useful for distinguishing the polluted sediments 51 

from the unpolluted ones is a goal not yet achieved.  52 

For the whole Italian coast, generic national baseline levels introduced by a national law (D.M. 53 

364/2002) are currently used for assessing the heavy metal pollution of the Italy port sediments.  54 

However, these heavy metal threshold values cannot reflect the complex situation of the harbor 55 

sediment matrix of each single Italian area, because they do not take into account neither the 56 

grain-size effect nor the great heterogeneity of Italian coasts, especially from a geochemical 57 

point of view (Loring, 1991). In fact, it is often difficult to apply the national Sediment Quality 58 

Guidelines (SQGs) for metals, because some of them may have high geochemical background 59 

concentrations, such as chromium and nickel in the Ligurian Sea (Mugnai et al., 2010). 60 
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Empirical (geochemical), theoretical (statistical) and integrated methods (combining both 61 

empirical and theoretical methods) are the main approaches described in literature for 62 

determination of Regional Geochemical Background (RGB) concentrations (Reimann and 63 

Garrett, 2005; Dung et al., 2013). 64 

In geochemical methods, also called direct methods, a deep core sample (30 m long) or samples 65 

collected at a certain distance from anthropogenic pollution sources are used to establish the 66 

background levels of heavy metals in the sediments or soils of a target area (Matschullat et. al., 67 

2000, Desaules, 2012). Although the direct methods provide the heavy metal background 68 

concentration as a single site- specific value, the disadvantages of these techniques are their high 69 

cost and the need of a deep knowledge of the study area.  70 

The statistical methods determine and eliminate the outliers which are related to anthropogenic 71 

sources-within the data set consisting of element concentrations in soils or sediments ( , 72 

2007) and are associated with several advantages such as a wide selection of different statistical 73 

tests, graphical methods and easily available computer programs for data processing (Ho et al., 74 

2012; Varol et al., 2011). 75 

The combination of statistical and geochemical methods is referred to 76 

( , 2011). In this method, the analytical results coming from several 77 

deep core samples or from samples collected in pristine and pre-polluted areas are subjected to 78 

statistical calculations (Qi et al., 2010; Bini et al., 2011). Although this method has the 79 

advantages of both empirical and theoretical methods, it is quite expensive and it cannot always 80 

be applied owing to lacking of deep information on the study area.  81 

Nevertheless, when other data are missing, several authors (Zahra et al., 2014) still use as 82 

background values for heavy metals the world average concentrations reported for the shale by 83 

Turekian & Wedepohl (1961).  84 

In this framework, with the aim to gain insight into the most available techniques useful for 85 

determining proper heavy metal RGB concentrations in coast sediments, a specific area (110 Km 86 

length) of the South-East Italian coast, called Coastal Area of Bari was chosen as case 87 

study for the application of three different conventional statistical methods: i) the linear 88 

regression analysis (Covelli & Fontolan, 1997) after geochemical normalization (Redon et al., 89 

2013); ii) the data processing with the construction of cumulative distribution of frequency 90 

(Reimann et al., 2005); and iii) the 2  technique analysis (Matschullat et. al., 2000). The used 91 

data set consisted of 158 sediment samples collected at different depths (up to 3.50 m long) 92 

coming from almost uncontaminated zones of 3 major ports, 4 minor ports and 6 marine transect 93 
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of the near shore area (200 m and 500 m from the coast), thus covering the whole 110 Km CAB 94 

coastline.  95 

Nevertheless, mineralogical analyses carried out on selected uncontaminated samples and 96 

multivariate statistical analyses performed on the whole data set, revealed that the CAB was not 97 

homogeneously constituted, suggesting to divide the coastline into three different areas and to 98 

calculate for each of them the proper heavy metal RGB ranges of values. Two of the three zones 99 

belonged to the major ports of the northern and the southern part of the coastline, respectively, 100 

and the third one was constituted by the minor ports of the southern part of CAB. 101 

In the present study it is pointed out the importance of carrying out deeper investigations, such as 102 

mineralogical and multivariate statistical analyses, when assessing the heavy metal background 103 

concentrations in a specific area whose homogeneity is uncertain, since these studies can reveal 104 

important peculiar aspects, which do not emerge by using other conventional statistical 105 

techniques. 106 

 107 

2. Materials and methods 108 

2.1 Morphological and geochemical features of the study area 109 

The area object of this study is a part of the regional basin, called  (CAB) 110 

as defined by the Regional Coast Plan of Apulia Region. The costal line is 110 km in length, 111 

from the south of the Ofanto river estuary up till the Monopoli port, having in the middle the 112 

Bari port. The coast is composed mainly of micritic and calcarenitic limestones and by sands as 113 

in the case of most of the Adriatic coasts. The coastal tract of the metropolitan city of Bari is 114 

currently heavily modified by massive work of artificial burying. This tract presents 115 

morphological features of low-profile characterized mainly by sandy and silty sediments and 116 

development with residual beaches only partially preserved from human intervention.  117 

The only major water course of the area is the Ofanto river, 170 km long; it is the longest river 118 

among those flowing into the South Adriatic sea. All of its branches play a fundamental role in 119 

providing a constant fluid and solid flow during the whole year. In addition numerous ephemeral 120 

water courses, with torrential regime, rhythmically affect the coast, especially the coast of Bari 121 

(central part of the whole study area).  122 

Among the cities bordering the CAB, Barletta and Bari are the most developed, even if no 123 

current heavy industrial activities interested the area. Besides pollution caused by water washout 124 

of the intensively cultivated areas alongside costs that end in the sea through local hydrographic 125 
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network, other two important industrial events interested the area: the bombing campaign during 126 

the II WAR and the fuels refinery built at north of Bari in the late thirties of the last century and 127 

active until 1974. The area is only recently subjected to reclamation work in order to eliminate 128 

hydrocarbons residuals that affected the quality of the ground water.  129 

 130 

2.2 Sampling 131 

The sediment samples used in the present study were collected in years 2010-2011 from selected 132 

almost uncontaminated zones of 3 major ports (Barletta (BT), Bari (BA) and Monopoli (MP) and 133 

4 minor ports, considered as natural bays (Santo Spirito (SS), Palese (PL), Torre a Mare (TM) 134 

and San Giorgio (SG)) (Figure. 1). The Bari port is the biggest of them. It is one of the most 135 

important industrial port and of the most ancient of the southern Adriatic coast. Only 8 stations 136 

situated on the approach channel of Bari port were analyzed, because considered as 137 

representatives of natural sediments of the port area. It is well documented that the sediment 138 

transport caused by natural processes (wave propagation, litoral and tidal currents) determine an 139 

increase of sedimentation in the access port channel, that are comparable with coastal sediments 140 

(Hughes et al., 2003). To the whole data set, data analyses of 6 coastal sample sediments were 141 

added. The sites of these samples, taken by marine transects, situated at 200 m and 500 m near 142 

shore coast, are respectively in front of the Ofanto river, in front of Bari coastal area, and in front 143 

of Monopoli port. The number of all obtained samples was 158. 144 

 145 

 146 

 147 

 148 

 149 

 150 

 151 

 152 

Figure 1: Map of sampling sites and location of sampling stations within ports (insets). 153 
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The sampling of sediments from the bottom of sea was carried out by using a vibro-corer PF1, 154 

equipped with liner, with the support vessel and provided of the differential system GPS for 155 

positioning of sampling cores. The sample cores were up to 3.50 m deep, reaching in any case 156 

the rocky hard bottom of the harbor sediment. Each core was divided into several 50 cm length 157 

sub-cores. Aliquots were taken by each sub-core and analyzed. 158 

Only in the case of the samples collected from the 6 marine transects, the sediment cores were 159 

short (45-60 cm long). 160 

 161 

2.3 Analytical methods 162 

Just after sampling, pH and redox potential (ORP) were measured using a multiparametric probe 163 

(Milwaukee, model SM 802), then the sediments were stored at 4°C during transportation to 164 

laboratory. Afterwards, they were frozen at -20°C and stored until analysis. Samples were 165 

quartered and portions of the samples were used for determining granulometric distribution, 166 

water content, total organic carbon (TOC), total nitrogen (Ntot) total and phosphorous (Ptot), 167 

according ICRAM procedures.  168 

The sediments were classified according to Shepard (1954) into four sections: gravel: > 2 mm; 169 

sand: 2 mm - 0.063 mm; silt: 0.063 mm - 0.002 mm; clay < 0.002 mm. The fine fraction (<0.063 170 

mm) here reported is the sum of silt and clay fraction.  171 

The heavy metal concentrations were determined by inductively coupled plasma mass 172 

spectrometry (thermo ICP MS X Series Thermo Fisher Scientific USA) after total acid digestion 173 

(HCl-HNO3-HF). Marine Sediment References Material and Standard Reference Materials 2702 174 

were used to control the analysis quality. The Hg content was determined by cold vapor atomic 175 

fluorescence spectroscopy following HNO3 H2SO4 procedure. 176 

Mineralogical analyses were performed on selected samples assumed as representative of the 177 

geologic background of BA and BT ports. The mineralogy of the whole rock and fine fraction (< 178 

2 µm) of the samples was determined (Srodon et al., 2001; Lezzerini et al., 1995; Moore and 179 

Reynolds, 1997) by X-ray diffraction (XRD) using a Rigaku Miniflex powder diffractometer 180 

with Cu-  (V: 30kV; I: 15 mA).  181 

 182 

2.4 Statistical analyses 183 
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Conventional statistic approaches were normally used to analyze and assess interrelationship 184 

among elements in the sediments.  185 

The cumulative distribution of frequency was calculated according the following formula:  186 

  187 

Where AFi is the value of the absolute frequency (i.e. in the number of times that the value was 188 

observed), j is the number of frequency classes and CFi is the number of observations that are 189 

less (or equal) to the value x(i). The cumulative rates for each value of i were obtained by 190 

normalization of CFi. 191 

Multivariate statistical analysis including Pearson correlation analysis (CA) and principal 192 

component analysis (PCA) have been carried out to check for geochemical associations and to 193 

ascertain the factors that control the geochemical origin and behavior in the coast sediments. 194 

Data treatment was performed by means of two different chemometric tool: the CA was 195 

conducted using Statistica Software (v.7), while the PCA analyses were carried out with the 196 

Unscrambler Program (v. 9.2 Camo, Oslo, Norway).   197 

 198 

3. Results and discussion 199 

3.1 Sediment characteristics 200 

The general characteristics of the sediments varied among the sampling points. The area is 201 

constituted by the sandy fraction in the range of 8÷74%w, the coarse fraction in the range of 202 

3÷9%w, and the fine-size fraction (silt and clay) in the range of 22÷90%w (Table S1 of the 203 

Supporting Information, S.I). The fine-size fraction (<0.063 mm) represents the main component 204 

with an average of 63%w for the northern part of the coastline (from BT to BA), while the sandy 205 

fraction (0.063 mm ÷ 2 mm) represents the main fraction with an average of 60 %w for the 206 

southern part of the coastline (from BA to MN). 207 

The granulometric distribution diagrams elaborated for three representative major ports, BA, BT 208 

and MP.  A very homogeneous distribution of clays (<0.002 mm) is revealed in the whole area. 209 

The Shepard diagram are elaborated for all of them (Figure S1 of S.I.). 210 

BA and BT ports are characterized by a predominance of the mud fraction. Both of them are 211 

industrial and commercial ports, therefore designed to minimize hydrodynamic energy within the 212 

harbor basin, in order to allow the shipping, loading and unloading activities. In fact, the port 213 
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structure facilitates the accumulation of mud sediments within port less than other open bay 214 

(Hancock G.J., 2001).  It is noteworthy that the sandy fraction prevails in MP port and in all the 215 

four minor ports (PL  SG  SS  TM). It is assumed that the tidal currents propagating daily 216 

through these ports (which can be considered as almost natural bays characterized by a jagged 217 

rocky coastline) determine the accumulation of sand within them, explaining the prevalence of 218 

this fraction in their sediments. 219 

 220 

3.2 Heavy metal distribution 221 

The metal distribution pattern (Table S2 of the S.I.) was in the following order of concentrations: 222 

Al>Fe>Zn>V>Cr>Ni>Pb>Cu>As>Cd>Hg, which is similar to the crustal average shale 223 

abundances (Wedepohl, 1995) with the exception of Ni being higher than Pb and Cu, and the 224 

concentration of Zn being higher than V. The lowest HMe concentrations of the whole area were 225 

observed in stations of the minor ports. Furthermore, the Al concentration determined in the area 226 

under investigation is in accordance with the background level expected for marine sediments 227 

indicated by Wedehpol (1995). Lower values of Al were found in the minor ports characterized 228 

by low amount of clay sediments. A positive gradient in Al amount is observed ongoing from the 229 

south ports toward the northern part of the considered coastline. No enrichment of this element 230 

in the sediments was found, as confirmed by the normal distribution of Al in the whole coastal 231 

area and confirmed by the positive test of Kolmogorov-Smirnov (Figure S2 of S.I.) (Reimann C., 232 

De Caritat P., 2004). 233 

The metal concentration  showed a normal distribution (Figure S3 of the SI) in the case of Ni, 234 

Cr, V, Zn and Fe, while a non-normal distribution was revealed for As, Hg, Cu, Pb and Cd, 235 

confirmed by several outliers that indicate a possible anthropogenic input of these elements, 236 

although the studied sediment samples were collected from potentially uncontaminated zones. 237 

Apart for As, Pb and Hg, all the other heavy metals showed the highest concentrations in the 238 

fine-grained sediments, and the lowest concentrations in the sandy sediments, being metals 239 

sequestrated by finest minerals or forming their own mineral phases.  240 

Investigations of vertical variation of heavy metals in sediment cores permit to reconstruct the 241 

history of contamination within an aquatic environment (Swennen and Van der Sluys, 1998). 242 

Each sediment core was divided into 50 cm depth intervals. The maximum depth of the sample 243 

cores was 2.00 m and 3.50 m, for minor and major ports, respectively, reaching in any case the 244 

rocky hard bottom of the harbor sediment. Vertical profiles (amount of metal vs depth of the 245 
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sample core vs fine grain size fraction) for Al, Fe, As, Cd, Cr, Cu, Hg, Ni, Pb and Zn for the 246 

whole area are illustrated in Figure S4 of the S.I.). The vertical profiles of Al, Fe, Cr, V, Ni and 247 

Zn display rather similar trends, while the content of Pb and Hg in some samples is unusually 248 

high in almost surficial cores, revealing a probable common source of pollution. Interestingly the 249 

As content is unexpectedly high in deep core samples with a low amount of fine grain size 250 

fraction (Figure 2). 251 

As (mg/kg dw) vs Fine grain size fraction and depth

 > 15 
 < 11 
 < 6  252 

Figure 2: Amount of As vs depth of the core sample vs fine grain size fraction. 253 

254 

As content in mg/Kg of dry weight (dw): 



10 

 

3.3 Determination of heavy metal Regional Geochemical Background (RGB) concentrations   255 

Geochemical background concentrations must be taken into account when establishing quality 256 

criteria for sediments. Once the geochemical background is determined, the pollution status can 257 

be more accurately assessed. In the present work, three different statistical methods were used: i) 258 

the linear regression analysis after geochemical normalization to Al, ii) the data processing with 259 

the construction of cumulative distribution of frequency, and iii) the 2  technique analysis. 260 

The first statistical method employed was the regression analysis. In this method, a linear 261 

regression is performed between the concentrations of an element and one or several 262 

263 

influenced by anthropogenic activities. Data that falls beyond the confidence interval (95 %) are 264 

considered as anthropogenic loads, while data that are well fitted with the linear regression 265 

conditions represent the background values (Covelli and Fontolan 1997; Matschullat et al. 2000; 266 

Aloupi and Angelidis, 2001; Galuska 2007).  267 

We used this statistical method employing aluminum as normalizing element because it is the 268 

main constituent of the studied sediments, characterized by phyllosilicates and quartz associated 269 

to abundant biogenic carbonates (vide infra). Furthermore, Al has a low water solubility and 270 

therefore it can be assumed that its content in sediments has better comparability with that in the 271 

rock (Prohic et al., 1995; Joksas et al., 2008; Ho et al., 2010, 2012). In addition, Al is an 272 

immobile element during weathering and its concentration decreases linearly with increasing 273 

grain size in the sediment. According to the procedure proposed by Covelli and Fontolan (1997), 274 

we first checked for a high correlation in our data set between Al and fine grain-fraction (<0.063 275 

mm) amounts. As expected, a strong linear correlation at 95% level of confidence, characterized 276 

=0.93 at p <0.00001) was found (Table S3 277 

of the S.I.). 278 

Statistically significant linear correlations were also observed between Al concentration and the 279 

content of the majority of heavy metals analyzed (Table S3 of the S.I.). The linear regression 280 

functions between Al amount and each heavy metal concentration (known as Geochemical 281 

Background Functions, GBF) were used to define proper RGB values (Lin at al., 2008; 2013). In 282 

order to increase the correlation coefficient values, box-Plot and Whiskers graphs were 283 

performed, aiming at determining and removing the outliers considered as anthropogenic inputs. 284 

The R values for each regression functions increased significantly, up to 0.79 for As, 0.73 for 285 

Cd, 0.96 for Cr, 0.59 for Hg, 0.87 for Cu, and 0.81 for Pb (Table S4 of the SI). 286 
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For each metal the threshold level defined as [mean + 2 standard deviation ( )] was defined and 287 

the values obtained were compared with maximum levels admitted by the Italian national 288 

guidelines and the average baseline crust levels reported by Turekian and Wedepohl (1961) 289 

(Table S5 of the S.I.). It is observed that As, Cd, Hg and Ni background values were lower than 290 

the maximum levels reported in the Italian guidelines, while the geochemical distribution 291 

estimated in the CAB area for Pb, Zn, and Cu resulted higher than the limits imposed by the 292 

national law. For all metals, the calculated RGB range of concentrations were higher than the 293 

corresponding average crust baseline values reported by Turekian and Wedepohl (1961).  294 

In order to test the reliability of the linear regression method, we compared the obtained data 295 

with those deriving by application of another statistical technique, such as the one enclosing the 296 

construction of cumulative frequency curve for each metal. These curves, as function of 297 

elemental concentrations, were used by several authors (Lepeltier, 1969; Bauer and Bor, 1995) to 298 

contaminated samples. 299 

Figure S5 of the S.I. reports the cumulative frequency curves for As and Cu, respectively. For 300 

each analyzed HMe, the threshold limit deriving from the CFi calculation was coincident with 301 

the highest background value obtained with the linear regression method. 302 

The advantage of using this technique lies in the fact that the geochemical normalization is 303 

circumvented and the data can be processed without preliminary analyses. Anyway, the data set 304 

should be big enough in order to provide statistically significant results. 305 

In addition, according to Reimann et al. (2005) geochemical background concentrations for each 306 

element correspond to the values within the range of [mean ± 2 standard deviation ( )] or, better, 307 

[median ± 2 maximum absolute standard deviation (MAD)] in a big size data set. Consequently, 308 

the exact value of [mean + 2 ] or [median + 2 MAD] should be referred to the upper limit of 309 

310 

environmental legislation. Also in this case, at least for As and Cu (Tables S6 and S7 of the S.I.), 311 

the obtained by applying the [median + 2 MAD] formula is consistent with the 312 

highest background value obtained with the linear regression method. Also by applying the 2  313 

technique, the geochemical normalization could be avoided. Nevertheless, this method can be 314 

used only when the size of the data set is really big, but the requirement of a large number of 315 

data needed to perform significant statistical tests is not always met in real case situations.  316 

The obtained results allowed us to conclude that, in the presence of a large data set, the use of the 317 

cumulative frequency curve or the application of the 2  technique for the establishing HMe RGB 318 

values are more convenient compared to the regression analysis, because the geochemical 319 



12 

 

normalization step is circumvented. On the contrary, when the available data set has a relatively 320 

smaller size, the geochemical normalized regression analysis is safer, provided that the studied 321 

samples contain fine grain size fraction in the whole percent range (from 3 to 98 % ca.) (Covelli 322 

and Fontolan, 1997). 323 

Although statistical methods are associated with several advantages, such as the wide selection 324 

of different statistical tests, graphical methods and easily available computer programs for data 325 

 et al., 2011), these methods have been criticized because the particular 326 

characteristics of geochemical data. Generally, geochemical data from a particular site are 327 

strongly influenced by spatial, temporal and mineralogical variability (Rencz et al. 2006, 328 

Paikaray 2012).  329 

In order to check for a possible mineralogical variability, mineralogical analyses were performed 330 

on selected samples assumed as representative of the lithological background of BA and BT 331 

ports. The mineralogical assemblages of bulk samples show the presence of phyllosilicates and 332 

quartz associated with abundant biogenic carbonate. The amount of phyllosilicates is higher in 333 

the samples collected in the area of the BT port than those collected in the BA port area, the 334 

latter showing the presence of higher content of carbonates (calcite, Mg-rich calcite and 335 

aragonite) (Figure S6 of the S.I.). However, differences in mineralogical compositions of the 336 

sediments collected in the two areas are revealed by the analysis of the clay fraction. The 337 

samples collected in the BT area show larger amount of illite/smectite whereas higher percentage 338 

of illite characterizes the samples coming from the BA area (Figure 3). This is in agreement with 339 

literature data reporting differences between Pliocene and Plio-Pleistocene Apennine clay facies 340 

Tomadin, 2000). 341 

These mineralogical differences strongly suggest that heavy metal RGB concentration ranges 342 

could not be the same for the BA and BT areas. 343 

 344 
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 345 

 346 

Figure 3. XRD patterns of <2 m grain-size fraction of a sample representative of [a] BT and [b] 347 

BA areas 348 
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 349 

Figure 4. Score (a) and loading (b) plots of PC2 versus PC1 obtained for the data set. In figure 350 

12a, red and blue points indicate samples coming from major (BA, BT and MP) and minor (PL, 351 

SS, SG and TM) ports, respectively. In figure 12a, the grey square groups the samples coming 352 

from the southern NPU, while the uncolored square included the samples collected in the 353 

northern NPU. 354 

 355 

In order to gain insight this first observation, principal component analysis (PCA) as a non-356 

supervised technique was performed on dataset to compare the compositional pattern between 357 

the sediment samples and to identify the factors influencing each of them. The entire data set 358 

(Tables S1 and S2), excluding three variables (OPR, pH and TOC) which were not available for 359 
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minor ports, is used for this purpose by means of Unscramble Software. The data set consisted of 360 

a matrix with variables in columns (17) and the sediment samples in rows (158) and was mean 361 

and centre.  362 

A model with two PCs (62% and 15% of explained variance, respectively) was selected (Figure 363 

4), which explains 77% of the total variance within the data set, since the results did not 364 

significantly change when the third principal component (PC3 = 6% of explained variance) was 365 

considered using Leverage correction as validation method.  366 

Three clusters of variables grouped together were obtained in the loading plot (Figure 4b). In the 367 

first group there were Hg and Pb concentrations, with strong positive loadings on PC2 (Hg: 0.46; 368 

Pb: 0.453); both of them are considered as metals with high level of toxicity in environmental 369 

studies. The second group in the PCA consisted of water content (wc), Ntot, Cd, Cu, As and Zn 370 

concentrations, characterized by lower positive loadings on PC2. The third group includs Ptot, Cr, 371 

V, Ni, Al and Fe amounts, having positive loadings on PC1 and negative ones on PC2. The 372 

formation of these three groups suggested that the metals in the same cluster may have a 373 

common source, and that their content is affected also by Ntot, Ptot and water content and not only 374 

by the fine-size fraction (<0.063 mm) amount.  375 

In addition, the score plot in the space formed by the two PCs (Figure 4a) reveals the existence 376 

of three different groups of sediment samples with specific pollution profiles. The first one, with 377 

negative score projection values on the PC1 and positive ones on the PC2, includes all the 378 

sediments collected from minor ports, such as SS, PL, SG and TM. In the superposed 379 

representation of the scores and loadings this group was not affected by any metal concentration 380 

but only by the sand fraction amount. The second group (positive score projection values on both 381 

PC1 and PC2) was formed by sediment samples coming from major ports of the southern part of 382 

the study area (BA and MP), and was influenced by Hg, Pb, Cd, As, Cu and Zn concentrations, 383 

correlated with Ntot and water content. Finally the third group with negative score projection 384 

values on the PC2 includes all the sediments collected from the northern part of CAB (Barletta) 385 

and characterized by negative loading values of Cr, Ni, V on the PC2 and positive ones on the 386 

PC1. 387 

On the base of the PCA results, by using the Al normalization linear correlation method reported 388 

above, we calculated for each heavy metal three RGB concentration ranges, belonging to the 389 

northern major port (BT port, Table S8 of the S.I.), the southern major ports (BA and MP ports, 390 

Table S9 of the S.I.) and all the minor ports (Table S10 of the S.I.), respectively. Differences 391 

among the considered zones were obtained. As, Ni, Cr, V and Zn background concentrations 392 
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were higher in the major port of the northern area (BT port) than in the major ports of the 393 

southern one, while background values of Pb, Cd, Hg and Cu were higher in the major ports of 394 

the southern part than in the major port of the northern zone. However, for both the considered 395 

zones, for some metals the so obtained background concentrations were not in line with the 396 

national guidelines. On the other hand, lower concentration of all metals were found in the minor 397 

ports and the background values determined for this sub-area resulted similar to the average 398 

crustal shale values established by Turekian and Wedepohl (1961) (Figure S7 of the S.I.). 399 

 400 

4. Conclusions 401 

In conclusion, a specific area (110 Km length) of the South-East Italian coast has been chosen as 402 

case study for applying three different conventional statistical methods (the cumulative 403 

frequency curve technique, the 2  method and the regression analysis) in order to determine 404 

proper heavy metal RGB concentrations in coast sediments. All three methods led to 405 

approximately the same RGB concentration range for each studied heavy metal, suggesting that 406 

in the presence of a large data set, the use of the cumulative frequency curve technique or the 407 

application of the 2  method for the calculation of HMe RGB values is more convenient 408 

compared to the regression analysis, because the geochemical normalization step is 409 

circumvented. On the contrary, when the available data set has a smaller size, the geochemical 410 

normalized regression analysis is the best compromise, provided that the considered samples 411 

contain fine grain size fraction in the whole percent range (from 3 to 98 % ca.), because they 412 

should be representative of the whole system. 413 

However, all these methods can be applied only when the study area is homogeneously 414 

constituted. In fact, mineralogical studies carried out on selected uncontaminated samples and 415 

multivariate statistical analysis performed on the whole data set revealed the heterogeneity of the 416 

albeit small study area, suggesting to divide it in three zones before calculating for each of them 417 

the proper HMe RGB ranges of value. These RGB values were then assessed by the Al 418 

normalized regression analysis, obtaining for the zones belonging to the major ports that the As, 419 

Cr, Cu, Ni, V and Zn background concentrations were higher in the northern area than in the 420 

southern one, while background values of Pb, Cd and Hg were higher in the southern part than in 421 

the northern zone. However, for both the considered zones, for some metals the so obtained 422 

background concentrations were not in line with the national guidelines. 423 
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Finally, the third RGB ranges of metal concentrations, obtained by using data set of samples 424 

collected from the minor ports, resulted similar to the average crustal shale values. 425 

The obtained results point out that an ideal method for assessing regional heavy metal 426 

background concentrations does not exist, but it must be selected for each specific system. In 427 

addition, deeper investigations (such as mineralogical analysis) and multivariate statistical 428 

analyses carried out on the whole data set are necessary when the homogeneity of the study area 429 

is uncertain, since they reveal important peculiar aspects, which can be masked by using other 430 

conventional statistical techniques. 431 
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Abstract 

Sediment contamination by heavy metals poses risks to coastal ecosystems and is considered to be 

problematic to dredging operations. Determination of background values for heavy metal 

distribution based on site-specific variability is fundamental for assessing the pollution level in 

harbor sediments. With the aim to gain insight into the most available techniques useful for 

assessing the background heavy metal concentrations in port sediments, specific Regional 

Geochemical Background (RGB) values were calculated through three different conventional 

statistical methods, taking the southern area of the Italian Adriatic Coast Coastal Area of 

Bari  The used data set consisted of 158 sediment samples collected at 

different depths coming from almost uncontaminated zones of 3 major ports, 4 minor ports and 6 

marine transect of the near shore area, thus covering the whole 110 Km CAB coastline. All of them 

led to approximately the same RGB range of values for each of the nine considered heavy metals, 

seemingly effectual for the whole study area.  

However, mineralogical analyses carried out on selected uncontaminated samples and multivariate 

statistical analyses performed on the whole data set revealed the heterogeneous variability of the 

study area and suggested to divide the CAB into three different zones, before calculating the heavy 

metal RGB values for each of them.  

The obtained results pointed out that deeper investigations are necessary when the homogeneity of 

the study area is uncertain, since they reveal important peculiar aspects, which can be masked by 

using conventional statistical techniques. 
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Captions to figures 

 

Figure 1: Map of sampling sites and location of sampling stations within ports (insets). 

Figure 2: Amount of As vs depth of the core sample vs fine grain size fraction 

Figure 3:  XRD patterns of <2 m grain-size fraction of a sample representative of [a] Barletta and 
[b] Bari areas 

Figure 4. Score (a) and loading (b) plots of PC2 versus PC1 obtained for the data set. In figure 11a, 

red and blue points indicate samples coming from major (Bari, Barletta and Monopoli) and minor 

(PL, SS, SG and TM) ports, respectively. In figure 11a, the grey square groups the samples coming 

from the southern NPU, while the uncolored square included the samples collected in the northern 

NPU. 
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