
Abstract

In Italy, a large number of agricultural areas are contaminated by
organic and inorganic polluting substances. In such areas, the agricul-
tural operators come into contact with the environmental contami-
nants through inhalation and dermic contact with dusts and vapour,
and this exposure can potentially alter the biological equilibrium with
consequent poisonings and/or work-related illness. The aim of this
paper is to apply a methodological procedure for the numerical evalu-
ation of the health risk for agricultural employees operating in open
fields or inside greenhouses located in areas contaminated with
organic pollutants. This procedure is in response to the lack of calcu-
lation models concerning these types of environment and agricultural
activities. As a case study, this methodology has been applied to an
agricultural area of southern Italy characterised by the presence of pol-
lutants. The results underline that in this area there is a smaller con-
centration of pollutants in open field cultivations than inside green-
houses owing to a phenomenon of dispersion into the atmosphere.
This numeric analysis will later be verified by measurements carried
out in situ in order to evaluate the real situation on the ground. 

Introduction

Accidents in agriculture usually happen during the cultivation phas-
es and represent 7% of total work-related accidents (Cividino et al.,
2009). In reality, activities that involve considerable risks due to the
use of equipment (moving staircases, machinery, sharp tools) and pes-
ticides characterise the primary sector (Tortora et al., 2005).

In particular, agricultural operators are exposed to the high risk of
work-related illness caused by inhalation of and/or dermic contact with
harmful substances contained in the plant protection products
(Cerruto et al., 2008). In Italy, during 2005, 1280 events of acute poi-
sonings were reported considered to be caused by pesticides (Settimi
et al., 2007). Often, cases of acute poisonings were not declared to the
qualified authorities either they involved illegal workers or for other
reasons (Russo and Anifantis, 2003).
The professional exposure of the agricultural workers to chemical

agents can be increased by the simultaneous exposure to other pollu-
tants that are sometimes present in the environmental compartments.
Therefore, to the health risk produced by the possible presence of
chemical contaminants in soil and water, we must add the safety risk
linked to the occupational exposure.
Hence agricultural operators working in polluted areas can come

into contact with the environmental contaminants through dust and
vapour inhalation and dermic contact, and these exposures can poten-
tially affect the workers’ biological equilibrium with consequent poi-
sonings and/or occupational diseases (Cecchini et al., 2010; Barra et
al., 2008).
The health risk connected to the exposure to the environmental con-

taminants must be estimated and appropriately taken into considera-
tion in the evaluation of the chemical risk. The diversity of the chem-
ical agents and the range of the harmful actions produced by each one
of the agents makes this a complex operation (Italian Regulation,
2008; Romano et al., 2011; Gino, 2010).
The site-specific environmental health risk analysis is an up-to-date

methodology for the numerical evaluation of the occupational risks,
founded on technical and legislative standards (Cottica et al., 2010;
Cicero et al., 2010). The assessment of the environmental health risk
is carried out through the intrinsic characteristics of the pollutants
and their concentrations in proximity to the human receptors, the
exposure characteristics (inhalation, dermic contact and swallowing),
and the exposure time (Nano, 2010). This methodology is founded on
the Risk-Based Corrective Action (RBCA), an approach elaborated by
the American Society for Testing and Materials (ASTM, 2000) and also
included in the Italian technical standard (UNICHIM, 2002).
Nevertheless, this procedure does not consider the detailed charac-

teristics of the agricultural work places or of the operators working in
open field or indoor environments such as greenhouses, zootechnic
breeding, and so on. Owing to the achievements all over the world in
covered horticultural, floral and nursery crops (Scarascia Mugnozza,
1999) and to the consequent increase in greenhouse surface area
(approx. 25,000 ha in Italy) (Scarascia Mugnozza et al., 2011), the eval-
uation of the health risk to agricultural workers is of primary impor-
tance in order to adopt suitable prevention and protection measures.
The aim of this paper is to apply a methodological procedure for the

numerical evaluation of the health risk for agricultural employees
operating in open fields or inside greenhouses located in areas con-
taminated by organic pollutants. This procedure is in response to the
lack of calculation models concerning this type of environment and the
characteristics of agricultural activities that concern vegetable produc-
tion in open fields or inside confined environments (greenhouses,
tunnels, etc.). The above-mentioned analytical methodology has been
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applied in the Campania region, a rural area of southern Italy charac-
terised by the presence of agrarian crops both in open fields and inside
greenhouse. This area is also compromised by the presence of pollu-
tants released over the years by unauthorised dumps.

Materials and methods

Theoretical considerations
The assessment of site-specific environmental health risks caused

by the inhalation of environmental pollutants present in the agricultur-
al workplaces has been carried out by the following relationships linked
with toxic contaminants (Eq. 1) and carcinogenic contaminants (Eq. 2)
(ISPRA, 2008):

(1)

(2)

where:
HQ [dimensionless] is the hazard index; 
E [mg/(kg.d)] is the chronic effective daily exposure to contaminant; 
RfD [mg/(kg.d)] the daily reference dose, which is a toxicological prop-
erty of the pollutants and represents the estimation of the average daily
exposure to adverse effects to the human organism outside the work-
place over a worker’s lifetime; 
R [dimensionless] is the increase in cancer risk during life caused by
the exposure to the polluter; 
SF [(kg.d)/mg] is the carcinogenic potential for daily polluter dose unit
(ISPRA, 2008). 
The reference dose (RfD) and the carcinogenic potential (SF) are

toxicological characteristics of each pollutant and their values are
stored in a specific database (ISS-ISPESL, 2009a, 2009b).
The calculated hazard index HQ and cancer risk increase R values

must be compared with the threshold acceptability values in order to
verify the health standards of agricultural work places located in con-
taminated areas. The Italian law in force establishes that acceptable
hazard index values as HQ≤1 and an acceptable increase in cancer risk,
related to carcinogenic substances, must be R≤1¥10–6 (Italian
Regulation, 2006).
The air scattered pollutants chronic daily intake (E) by the agricul-

tural workers both in open fields and indoor workplaces can be evalu-
ated by the following equation (US EPA, 1997):

(3)

where: 
Cpoe [mg/m3] is the concentration at the exposure point; 
Bo [m3/h] is the hourly inhalation; 
EF [d/a] is the exposure frequency; 
EFd [h/d] is the daily exposure frequency; 
ED [a] the years of exposure; 
BW [kg] is the weight of human receptors; 
AT [d] is the average exposure time. 
The concentration of pollutants (Cpoe) to which workers are exposed

during agricultural activities in the open field is calculated using the
equation (ISPRA, 2008):

(4)

where: 
Csoil [mg/kg] is the concentration of pollutants in the superficial soil
and VFss-outdoor the superficial soil-air outdoor volatilisation factor
[kg/m3]. 
In this study, the evaluation of the superficial soil-air outdoor volatil-

isation factors VFss-outdoor has been carried out through an analytical
model characterised by the following parameters (ISPRA, 2008): the
extension of the contamination source in the main wind direction; the
wind speed; the mixing zone height in the air; the soil density; the
water and the air volume present in the soil; the hydraulic conductivity
of the saturated soil; the average time period of the vapour flow of the
pollutant; the Henry’s constant of the pollutant (ISPRA, 2008). The
aforementioned model produces uncertainties in estimating the
volatilisation factor owing to the simplified assumptions, but it allows
us to avoid direct measurements of the pollutant flow emitted from the
soil (Mausacchio and Sanvito, 2012).
The pollutant concentration (Cpoe) to which workers are exposed dur-

ing agricultural activities inside greenhouses is calculated by the fol-
lowing formula (ISPRA, 2008):

(5)

where: 
Csoil the concentration of pollutants in the superficial soil and VFss-indoor
the superficial soil-air indoor volatilisation factor.
In this paper, the evaluation of the superficial soil-air indoor volatil-

isation factors VFss-outdoor has been carried out by another analytical
model based on the following parameters (Johnson and Ettinger, 1991):
the total surface area involved in pollutant infiltration; the thickness of
the foundation; the ratio between indoor volume and pollutant infiltra-
tion area; the areal fraction of crack area in the flooring; the water and
air volume present in the soil fractures; the average time period of the
vapour flow of the pollutant; the indoor air replacements per hour; the
Henry’s constant of the pollutant.

Study area for application of the proposed methodology
The aforementioned methodology has been applied to an agricultural

area primarily employed to cultivate vegetable crops in open fields and
in greenhouses located in a Site of National Interest Flegreo Domitio
Coast and Agro Aversano. The presence in the surrounding territory of
plants (also unauthorised plants) for waste treatment over a period of
years has produced verifiable environmental pollution. In reality, a part
of the rural area in question is affected by localised contamination
symptoms produced by indenopyrene (Csoil=0.171 mg/kg) and benzo
(ghi)perylene (Csoil=0.148 mg/kg) (ARPA Campania, 2009). These con-
centrations have been evaluated through physical and chemical analy-
sis carried out on superficial soil samples collected by the Campania
Regional Agency for Environmental Protection (ARPA Campania,
2009).
The following values have been estimated for the agricultural work-

ers considering their demanding physical activity: Bo=2.5 m3/h, EF=150
d/a, EFd=6 h/d, ED=25 a, BW=70 kg, AT=3750 d.
The considered exposure frequency (EF) value (150 d/a) agrees with

the greatest number of work-days needed to take advantage of agricul-
tural unemployment benefits (Italian Regulation, 2007), though the
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agricultural workers who work on family farms or without a work con-
tract may be subject to a greater exposure frequency.
The reference values proposed by technical guidelines have been

used for each one of the parameters in order to evaluate the VFss-outdoor
(ISPRA, 2008). 
Referring to the calculation of VFss-indoor, the reference values suggest-

ed by technical guidelines for the average time period of the vapour
flow of the pollutant, and for the water and air volume held in the soil
fractures, have been used in the numerical model (ISPRA, 2008). The
choice of using the reference values for these parameters has been due
to the lack of measured data in the study area. On the contrary, there
are no reference values for the parameters related to the characteris-
tics of indoor agricultural environments (all buildings, but more specif-
ically greenhouses). They have, therefore, been evaluated on the basis
of some theoretical considerations.
The areal fraction of the cracks in the flooring is established as the

ratio between the area of the fractures in the surface of infiltration and
the total area of the flat surface.
In greenhouses without flooring, the areal fraction of the cracks is

equal to 1, as determined for civil and industrial buildings without
flooring (ISPRA, 2008). In greenhouses equipped with plastic flooring
in which the pollutant’s infiltration travels from the soil to the air, the
areal fraction of the cracks can be estimated to be equal to 0.01, as
established for paved buildings (ISPRA, 2008).
The environmental health risk assessment for agricultural workers

operating in greenhouses has been carried out considering the indoor
air exchange during winter months to have more conservative values
and then to promote safety. In reality, the high airflow rates implement-
ed are not appropriate for the conditions in summer. The ventilation
produced by the openings and the defective tightness of the covering
gives rise to 30-60 air replacements per hour during the agricultural
activities. The lowest value of 30 air replacements per hour has been
considered in the present study in order to increase the environmental
health risk, as in these conditions the stay time and the concentration
of the pollutants in the greenhouse rise.
The indoor volume of the greenhouse is related to its construction

typology while the ratio between the inside volume and the infiltration
surface is variable. In fact, considering, for example, greenhouses and
tunnels have a 70×10 m floor area, with a ridge height of 5 m, volume
is approximately 3150 m3 for either tunnel greenhouses (Figure 1) or
duo-pitched roof greenhouses (Figure 2); a volume of approximately
1680 m3 for tunnels with a ridge height of 3 m (Figure 3). Therefore, in
the above example, the relationship between indoor volume and infil-
tration surface is equal to 4.5 m for tunnels and duo-pitched roof green-
houses and 2.4 m for tunnels.
The exposure to contaminants (E) of agricultural workers in outdoor

(open field) and indoor (greenhouse) environments and, subsequently,
the health risk indexes (HQ and R) have been evaluated by applying an
ad hoc software which performs the environmental health risk analysis
by using criteria and equations defined by Italian technical guidelines
(www.reconnet.net).

Results and discussion

The results of the site-specific environmental health risk analysis
carried out for the agricultural workers who operate in the study area
either in greenhouses or in tunnels without plastic flooring or in open
fields are summarised in Table 1.
The hazard index and the increase in cancer risk for the agricultural

workers who operate inside greenhouses and tunnels without flooring
or in open fields are far below the legal limits. Therefore, in the study
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Figure 1. Tunnel greenhouse.

Figure 2. Duo-pitched roof greenhouse. 

Figure 3. Tunnel.
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area, the indenopyrene and benzo(g,h,i)perylene concentrations in the
superficial soil do not produce toxic or carcinogenic effects, and the
increase in cancer risk is only caused by the presence of the indenopy-
rene because benzo(g,h,i)perylene has no carcinogenic effects.
Inside greenhouses or tunnels in which air replacement is produced

by side and ridge openings and defective tightness of the covering, the
agricultural workers are exposed to a much higher environmental
health risk (HQ and R) than those working in open fields. Furthermore,
the workers inside tunnels are subjected to a greater environmental
health risk due to the low volumes and low ratio between indoor volume
and infiltration surface. 
The global hazard index and global increase in cancer risk values

referring to agricultural workers operating inside greenhouses and
tunnels with and without plastic flooring are reported in Table 2.
Greenhouses and tunnels equipped with flooring ensure a much
healthier working environment through the high isolation provided by
flooring made with plastic materials. Also, inside greenhouses, workers
are exposed to an increase in cancer risk that is always below the legal
limits and for which it is not necessary to introduce protective meas-
ures. Finally, the ventilation and the presence of flooring ensure pollu-
tant concentrations do not produce a high environmental health risk.

Conclusions

The methodology of the proposed site-specific environmental health
risk analysis for agricultural workers operating in polluted areas allows
us to evaluate the air scattered contaminant concentrations both out-
doors (open field) and indoors (greenhouse), as well as their hazard
index and the increase in cancer risk. This methodology has been

applied to estimate an agricultural area in the Campania region of
southern Italy, characterised by the presence of pollutants. The results
underline that in this area there is a smaller concentration of pollu-
tants on open fields than inside greenhouses owing to the atmospheric
scattering phenomenon. Nevertheless, inside greenhouses, the pres-
ence of pollutants can be greatly reduced by appropriate building con-
struction and site management. In fact, the indoor greenhouses with a
large volume (tunnel greenhouses or duo-pitched roof greenhouses)
equipped with floor paving guarantee a healthier working environ-
ment. These results will be successively compared with measurements
carried out in situ in order to evaluate the statistical deviation between
the experimental data and those obtained by numeric analysis.
Furthermore, the verification in situ of air pollutant concentrations in
the open field and inside the greenhouse would reduce the uncertain-
ties linked to the analytical model applied.
However, on the basis of the current study, we can say that the envi-

ronmental health risk analysis is a valid tool to inspect the health stan-
dard of agricultural workplaces and to define possible preventive and
protective measures. The flexibility of the applied methodology means
it can be expanded to a large number of agricultural areas contaminat-
ed with organic pollutants and to different typologies of operative agri-
cultural buildings in order to reduce the morbidity and the death rate
connected to the environmental pollution of the workplace. On the
other hand, this methodology could be useful to analyse the health risk
to farm workers linked to pesticide treatments carried out either in the
open field or inside the greenhouse.
Finally, in those polluted areas where the hazard index and the

increase in cancer risk exceed legal limits, the environmental health risk
must be adequately assessed by direct measurement of pollutant concen-
trations in order to choose suitable personal protective equipment.

                              Article

Table 1. Results of site-specific environmental health risk analysis.

Environmental Parameter Open field Greenhouse Tunnel  Measurement 
pollutant average value average value average value unit

Indenopyrene VF 8.98E-09 1.00E-08 1.88E-08 kg/m3

Cpoe 1.54E-09 1.72E-09 3.21E -09 mg/m3

HQ 4.31E-11 4.82E-11 8.99E-11 Dimensionless
R 4.19E-11 4.69E-11 8.75E-11 Dimensionless

Benzo(g,h,i)perylene VF 2.24E-08 7.25E-08 1.31E-07 kg/m3

Cpoe 3.31E-09 1.07E-08 1.95E-08 mg/m3

HQ 9.73E-09 3.15E-08 5.71E-08 Dimensionless
R - - - Dimensionless

Global hazard index (HQ) 9.77E-09 3.15E-08 5.72E-08 Dimensionless -
Global cancer risk increase (R) 4.19E-11 4.69E-11 8.75E-11 Dimensionless -
VF, volatilisation factor; Cpoe, pollutant concentration.

Table 2. Comparison among the environmental health risk values inside greenhouses and tunnels with and without flooring. 

Greenhouse without Greenhouse  with Tunnel without Tunnel with
flooring flooring flooring flooring

Global hazard index (HQ) 3.15E-08 4.19E-11 5.72E-08 6.15E-10
Global cancer risk increase (R) 4.69E-11 4.71E-13 8.75E-11 8.84E-13
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