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PERSPECTIVES OF UNCONVENTIONAL PCDD/F
MONITORING FOR A STEEL MAKING PLANT
PCDD/F emissions from steel making plants are characterised by
conveyed and diffused streams. As a consequence, the conventional approach
based on the control of emissions at the stack could not be sufficient to
guarantee an adequate environmental protection. The present paper focuses
on the results of a recent multi-disciplinary study on a steel making plant
located in the North of Italy in order to point out some control criteria based on
unconventional monitoring. In particular, the role of deposimeters and soil
characterisation is discussed in details.
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1. Introduction
In the last years, the scientific community has concentrated
their research on dioxin source and their impact over surroundings.
PCDD/Fs can be released from natural causes by incomplete
combustion of organic material or volcanic activities. Evidence shows
that human activities are the most main generator and polluter of dioxin
with: steel sector [1, 2], cement works [3] and waste treatments [4, 5,
6]. In European Union the introduction of more and more stringent
emission limits has significantly reduced the role of incineration in the
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emission inventories. Some studies have analysed the PCDD/Fs
presence in soil [7], ambient air [8], food fats [9], human blood and
breast milk [10, 11]. Ashes, sediments and sewage sludge have been
analysed in many countries [12, 13] in order to have a clear overview of
the PCDD/Fs presence.
These chemicals were, and remain, of interest because of the
extremely high toxicity of the congener 2, 3, 7, 8 tetrachlorodibenzo-pdioxin (2, 3, 7, 8 - TCDD), and the demonstrated or estimated high
toxicity of 16 other dioxin congeners [14]. The legislative framework is
quite controversial and according to WHO, the Tolerable Daily Intake
(TDI) of PCDD/F and dl-PCB is 1-4 pgTEQ/kgbody weight. The compliance of
that value reduces the health effects [15] under a threshold considered
statistically acceptable.
The aim of this study is to point out the role of PCDDFs
monitoring in a case-study related to a steel making plant in a valley in
the North of Italy where PCDD/Fs resulted the pollutants potentially
more impacting on the territory [16, 17]. In particular, the role of
unconventional
monitoring
through
deposimeters
and
soil
characterization is discussed in details.
2. Material and methods
The atmospheric deposition of PCDD/Fs was measured with
Depobulk® deposimeters [16]. This tool has its body in glass and is
able to capture the overall deposition of PCDD/Fs in air in a planned
period, generally no longer than one month. PCDD/Fs were analyzed in
a laboratory in accordance with the EPA method 1613B
For the analytic determination of PCDD/Fs in soil, some
samples were taken from the sites near the steal making plant. The
analytic quantification was made after the sample purification, through
high resolution gas chromatography – high resolution mass
spectrometry (HRGC-HRMS), using the EPA method 1613B.
The selection of the monitoring sampling sites was performed
using a modelling of the conveyed and diffused emissions of the steel
making plant [18, 19]. The selected model was AERMOD, coupled with
pre-processors aimed to the characterization of the local meteorology.
As the deposimeters detect the present impact of the plant, whilst soils
can point out criticalities related to the past impact, modelling was
developed with data both concerned the present authorized plant
configuration and the past one. In Figure 1 an example of the modelling
results is shown. The black rectangle refers to the plant surface.
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Fig.1 Example of conveyed and diffused (ngI-TEQ m y ) [19]

The availability of maps of impact on the territory allowed the
choice of sites significant for distance, population presence, wind
exposure. Three sites were selected for PCDD/F deposition
characterisation: two are located eastbound and one westbound.
Concerning soils, ten sites where selected at progressive distance from
the plant in different directions.
A comprehensive view of the generated data is reported in [19].
In the present paper those data are shown in Tables 1 and 2, referring
to the significance of the plant impact.
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PCDD/F deposition (pgI-TEQ m y ) closest site
-2 -1
PCDD/F deposition (pgI-TEQ m y ) intermediate site
-2 -1
PCDD/F deposition (pgI-TEQ m y ) farthest site
Distance correlation from the plant
Average compliance with diet threshold limit [14]

Table 1

974
491
15,583
Partial
2 sites out of 3

The area of interest is located in a narrow valley, where the
dilution of emissions is significantly different in summer compared to
winter. Moreover, winter domestic heating can contribute to additional
3

depositions of PCDD/F in the area [19,20]. These phenomena can
partially explain the monthly variability of data.
Concerning deposimeters, an increase of the deposition of
PCDD/F from plant closed periods to plant operating periods was not
always detected. From another point of view it must be noticed that the
material used as feed can vary, thus contributing to the variability of the
phenomena. The ratio between total PCDD/F and TEQ pointed out a
high variability of the values. That can depend on the fact that in the
area there is not a dominant source of PCDD/F. The data obtained in
the site closest to the plant pointed out the importance of the diffused
emissions. However, the average values in the two sites closer to the
plant remained below the limits proposed at international level. In
particular, a deposition threshold limit was developed for the specific
area [14]. The present configuration of the plant, supported by the best
available technologies of the sector and in case of good management,
seems to be able to comply with that limit, assessed through the TDI.
Data in the farthest site resulted more complex to be analyzed.
Some values were significantly higher than the ones normally reported,
not dependently on the operation of the plant. The phenomenon can be
explained by the presence of another significant PCDD/F source.
Concerning soil characterization, a comprehensive overview of
the generated data is reported in [19]. In the present article those data
are summarised in Table 2 referring to the significance of the plant
impact. The results of the ten soils samples collected in 2012 in the
area show values in the same order of magnitude of the results
obtained in the others characterized areas of the region and with the
samples collected by the Provincial Agency of Environmental Protection
in the plant valley and in the Trento surroundings during winter 2009
[19]. The limit for agricultural/residential uses has been complied with
always, demonstrating that the incidence of the plant is not critical.
PCDD/F soil concentrations (ngI-TEQ/kg d.w.)
Values overcoming limit (agriculture/residential use)
PCDD/F / TEQ range
Distance correlation from the plant
Anomalies from regional data comparison

Table 2

0.6 – 2.1
None
11.3 – 68.8
None
None

In order to have an overview of the role of the plant in terms of
PCDD/F impact, the conveyed emissions must be taken into account
too. To this concern the performed modeling demonstrated that the
local incidence can be acceptable considering the characteristics of the
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area, but the authorized PCDD/F stream cannot be considered
negligible. Thus particular attention must be put towards the stack
characterizations. Coherent to this vision, the company of the plant
decided to buy a continuous sampling device for average PCDD/Fs
characterizations. An aspect to be optimized is the balance costbenefits of the analytical costs (analyses could be performed monthly,
weekly, etc.). However, the presence of diffused emissions makes it
necessary to integrate this approach with a strategy of monitoring
based on deposimeters and soil sampling. Some aspects must be
taken into account. When a deposimeter is placed on the ground:
● Every day weather conditions must be checked in order to
calculate the cumulated rain (or snow in winter);
● In winter the air temperature must be checked daily in order to
verify the risk of ice in the deposimeter;
● Every day the operating hours of the plant must be recorded as
well as data on the kind of material fed;
● Once a week a visit should be scheduled to check the integrity of
the device.
For the case study, the closest site (red circle, CRZ in Figure 2)
can be confirmed for future characterizations, as sensible to the
diffused emissions. Summer and winter depositions with the plant
operating could be the base of the characterization.
Fig. 2 Selected
sites for future
monitoring

A second site
should be the one
located
at
the
primary school of
the closest village
(red circle, Borgo in
Figure 2), because
of the specificity of
the site (presence
of
children;
residential area).
A verification of a third site (black circle, Roncegno in Figure 2)
is compulsory because of some significant anomalies in the reported
data. This verification is not dependent on the steel making plant and
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the additional characterizations could be stopped when the problem will
be solved.
Concerning soil, the garden of the primary school in Borgo
could be chosen as reference site, with one characterization per year.
The presented approach can be easily adapted also in other
case studies where the impact of a steel making plant must be
checked.
4. Conclusions
■ The adoption of deposimeters to prevent anomalous PCDD/F
impacts of a steel making plant is a viable option. However it is
important to organize a continuous verification of the status of this kind
of tools, in order to prevent flooding, icing, etc.
■ The present case study demonstrated that crossing
modelling and preliminary deposimeters characterizations offers a
powerful tool to optimize this kind of unconventional monitoring. From
another point of view, soil characterization can support this monitoring
generating data useful but with the limit to average the effects of the
impact along the years.
■ Thus soil analyses cannot be the only strategy to be
performed.
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