
Figs. 15.6A, 15.6B, 15.7A, and 15.7B show As and polycyclic aromatic hydrocarbon
(PAH) distributions detected in Phase II, based on 25 m� 25 m and 50 m� 50 m
grids.

In addition to univariate statistical analysis, the data were also examined by
means of multivariate statistical techniques. In particular, R-mode factor analysis
was used, which is a very effective tool to interpret anomalies and to help identify
their sources. Factor analysis allows grouping of anomalies by compatible geochem-
ical associations from a geologic-mineralogical point of view, the presence of
mineralizing processes, or processes connected to the surface environment.
Based on this analysis, six meaningful chemical associations were identified
(Fig. 15.8).

The weight of each single association is quantified for every sampled site using
the factor scores distribution. By associating the factor score distribution with
lithologies, anthropogenic activities, or other characteristics, it is possible to establish
a relationship between a particular association and a possible source. However, it is
not useful for defining the trigger and action limits as provided in the guidelines
provided by the Ministry of Environment (DLgs 152/2006).

Table 15.1 Analyses carried out at Bagnoli brown�eld site

General and anions Metals Organics

Conductivity
(mS/cm)

As, Ba, Be, Cd,
Co, CrVI, Cu, Hg,
Mn, Mo, Ni, Pb,
Sn, Th, U, V, Zn

Total hydrocarbons asN-heptane

Sul�des Aliphatic halogenated solvents
(1–2 dichloroethane, 1–1-1
trichloroethane
(trichloroethylene)

Fluorides Nonhalogenated aromatic solvents
(benzene; phenols; BTX)

Free cyanides Aromatic halogenated solvents
(monochlorinated benzene;
chlorinated phenols)

Complex cyanides Polycyclic aromatic hydrocarbons
(PAH) (benzo(a)anthracene,
benzo(a)pyrene, benzo(b)
�uorantene, benzo(j )�uorantene,
benzo(k)�uorantene, pyrene,
naphthalene, anthracene,
fenantrene, �uorantene)

Elemental sulfur Polychlorinated biphenyls (PCB)
Sulfates Dioxins
Asbestos Pesticides and phytopharmaceuticals

(DDT)
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No data
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Not contaminated

Bagnoli areaGeochemical map
PAH indexed in soils (level I)

N

A

500 0 500 1000 m

Figure 15.7A Polycyclic aromatic hydrocarbon (PAH) distribution in the soil (from 25 m� 25 m
network boreholes).
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PAH indexed in landfills

Figure 15.7B Polycyclic aromatic hydrocarbon (PAH) distribution in the scum, slag, and landfill
materials (from 25 m� 25 m network boreholes).
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The highest flow values are found along the north and south drainage axis, along
the detritus belt at the base of the Posillipo Hill. Water pH is extremely variable,
with the highest basic values (9.7) found near the coastline area between the two
piers that are filled with scum and slag waste (colmata a mare), and almost neutral
values in the northwest sector of the brownfield site (DIR-AGL area). Groundwater
temperatures range from 14.8� C in the hills to 24.3� C near the coastline. Specific
electric conductivity averages 1 mS/cm, with the exception of thecolmata a marearea
where values are at their maximum (16.6 mS/cm) due to the presence of seawater.

Eh positive values are found in the east and north of the brownfield site, whereas
negative values are found in thecolmata a marearea (� 167.5 mV); these conditions
are favorable for dissolution of metals such as iron and manganese. Dissolved O2 is
generally low (< 1 mg/l) and only in the northeast are the values> 3 mg/l. The O2
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analytical results.
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trend is well correlated with Eh. Water samples reveal high contents of As, Fe, and
Mn, all above regulatory intervention limits established in DLgs 152/2006.

The investigations led to the following conclusions:

(a) The high Mn content is not due to leaching of the shallow part of the aquifer by
percolating waters. The percolation pathways are too short to explain a Mn
enrichment that goes up to 22,500 mg/l. Moreover, there is no correlation
between the relatively shallow underground hydrodynamics and Mn contents in
the water.

(b) The source of Mn is neither point nor diffuse anthropogenic pollution, since
concentrations on the surface are always< 50 mg/l. Moreover, no correlation
was found between rainfall and variation of Mn concentrations with time.

(c) High Mn content is due to the upwelling of deep fluids characteristic of the
Bagnoli–Fuorigrotta Plain substructure. This is based on the following evi-
dence: (1) Sample sites with high Mn are located along four directions, coin-
ciding with faults and fractures found in the tuff bedrock, along the same
pathways in which thermal springs and old craters occur. (2) Where sample
density is higher, it is possible to detect Mn dilution as a function of the distance
from upwelling sites. Electric conductivity is also related to Mn content.

The investigated site is inside an active volcanic area, where geothermal fluids are
enriched in As, Cu, Pb, Zn, and Hg. This is of paramount importance while
interpreting the geochemical ‘‘anomalies’’ found in Bagnoli. This is also true for
Fe concentrations, which are clearly related to Mn contents.

Hydrocarbon concentrations are always above the regulatory intervention limit
of 10 mg/l established by DLgs 152/2006, both at the piezometers located inside the
site and those located at its margins. External piezometers record high values as well,
testifying that these compounds are present in all groundwaters in the Naples area.

PAH distribution patterns are more complex inside the brownfield site. The
presence of these compounds in surficial waters is irregular and generally does not
reach high values, with few exceptions (‘‘hot spots’’) localized at the industrial site
margins near Via Diocleziano (LAMN4 and PFRN18 areas).

Water surveys and monitoring have revealed the presence of PAH with significant
concentrations in two areas:Colmata a mareand the LAM area (Laminatoi). A more
diffuse contamination has been found in the Acciaieria, Cockeria, and Laminatoi areas.

Suitable barriers have been put in place to minimize contaminant migration from
the brownfield site to the surroundings, in particular, toward the sea (see Section 11).
One of the pollution sources is the circulation of hydrothermal fluids from thermal
springs (spas). Studies conducted on CF thermal waters show high As concentrations
in the range 12–5600 ppb. In the Puteolane hot springs (Dazio Bagnoli), located less
than 1 km from the brownfield site, As concentrations up to 2600 ppb were found.
These concentrations present further evidence of metal enrichment caused by
the presence of geothermal fluids. Analytical results also show hydrocarbon contam-
ination uphill from the Bagnoli brownfield site. Inside the brownfield site, the
same concentrations were detected as found uphill from the site; therefore, it is
likely that this ‘‘contamination’’ is ascribable both to industrial activity and to diffuse
contamination from other sources.
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