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Polycyclic Aromatic Hydrocarbons (PAHs) are generated from the combustion of fuels such as gas, oil, and coal. In 
the scientific literature several studies outline a significant correlation between mortality by lung cancer in humans 
and exposure to PAHs. Sources of PAHs include emissions from industrial activities such as primary aluminium and 
coke production, petrochemical industries, rubber tire and cement manufacturing, bitumen and asphalt industries. At 
current, monitoring activities to assess the workers exposure to airborne PAHs are based on sampling and diagnostic 
methods derived from analytical chemistry; methods are based on a "trial and error" approach and are time 
consuming and frequently characterized by high costs. 

The aim of this study is the develop of a guidelines proposal for indoor air quality monitoring PAHs in order to 
identify efficient and effective sampling strategies allowing to jointly reduce the number of sampling points and to 
obtain reliable measurements at reasonable costs. 

We propose an approach for preliminary air pollution exposure risk assessment based on factors taking into accounts 
the characteristics of the workplace (as size, aeration surfaces, etc.), of the production process, the distance between 
PAHs sources and position of the workers exposed, and on other easy-to-detect information. The guidelines allow 
performing a preliminary reliable risk assessment providing an immediate perception of the workers exposure risk 
level and drive the user in identifying the optimal sampling strategy (minimum number and the correct location of 
the samples) without requiring chemical expertise. The guidelines have to be considered as recommendations and 
not as standards. Guidelines can be the basis for further developments leading to standards which will contribute in 
health and safety of workplaces. 
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1. Introduction 

The term Polycyclic Aromatic Hydrocarbons (PAHs) 
refers to a group of several hundred substances 
chemically-related, environmentally persistent organic 
compounds of various structures and varied toxicity. Most 
of them are generated from thermal decomposition 
processes (pyrolysis) and subsequent recombination 
(pyrosynthesis) of organic molecules (Gurjeet. et al., 2014). 

PAHs are not synthesized chemically for industrial 
purposes. The major source of PAHs is the incomplete 
combustion of organic materials such as coal, oil and 
wood. Nowadays, a significant interest is paid by scientific 
and industrial communities on workplaces in which air 
pollutants are emitted by production processes and are 
highly dangerous to the health of workers. In this context, 
PAHs are the most harmful chemical compounds. PAHs 
present carcinogenic potential and can be accumulated in 
human fatty tissues and other organic materials, as well as 
in particulate matter emitted by a combustion process. 
These attributes complicate their removal from the human 
body (De Abrantes R. et al., 2004). Certain PAHs (i.e. 
Benzo[a]pyrene and Dibenzo[a,h]anthracene) are 
considered hazardous to human health, since they are 
suspected to cause cancer in humans even at very low 
concentrations in air (Ly-Verdù et al., 2010). The 
International Agency for Research on Cancer (IARC) 

classified many of these compounds as “probably 
carcinogenic” to humans. The other PAHs species 
(Naphthalene, benzo[b]fluoranthene, and 
benzo[k]fluoranthene) are considered by IARC as 
“possibly carcinogenic” to humans. (IARC, 2003).  

The World Health Organisation has adopted the concept 
of the Unit Risk Factor, which is used to calculate the risk 
of death from cancer after a lifetime of exposure to a 
given concentration level of a particular carcinogen in the 
air. For example, in a population of 1 million inhabitants 
exposed to a concentration of 1000 [pg/m3] of 
benzo[a]pyrene (B[a]p) over a lifetime, 87 persons will die 
from cancer related to that exposure (WHO, 1996b). 

Most U.S. and E.U. government agencies have established 
standards that are relevant to PAHs exposures in the 
workplace and the environment. The Occupational Safety 
and Health Administration (OSHA) regulates the 
exposure to PAHs under OSHA's Air Contaminants 
Standard for the substances originated both by the coal tar 
pitch volatiles (CTPVs) and by the coke oven emissions. 
Employees exposed to CTPVs in the coke oven industry 
are covered by the coke oven emissions standard. The 
OSHA coke oven emissions standard requires the control 
of the emissions by means of monitoring activities and 
work practices. In many cases monitoring activities and 
work practices are not enough to reduce employee 
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exposures to or below the Permissible Exposure Limit 
(PEL). The employer shall nonetheless use them to reduce 
exposures to the lowest level achievable by these controls 
and shall supplement them by the use of respiratory 
protection (OSHA, 2012). The OSHA standard also 
includes elements of medical surveillance for workers 
exposed to coke oven emissions. 

The B[a]p concentration in atmospheric air is considered 
as an “index” in the evaluation of carcinogenic risks for 
humans. The Italian regulations with D.Lgs n.155 of 13th 
August 2010 (attachment XIII) set a threshold level for 
B[a]p concentration to 1 [ng/m3], being this value 
averaged on one year (365 days). The U.S. government 
agencies have established standards that are relevant to 
PAHs exposures in the workplace and environment; these 
are summarized in table 1. 

 

Table 1: Comparison of international standards for PAHs 
exposure limits 

Standard Level Comment 

ACGIH 0.2 [mg/m3] for 
benzene-soluble coal tar 
pitch fraction (x) 

TLV* (8 –hour 
TWA**) 

NIOSH 0.1 [mg/m3] for coal tar 
pitch volatile agents (x) 

REL + (8-hour 
TWA) 

OSHA 0.2 [mg/m3] for 
benzene-soluble coal tar 
pitch fraction (x) 

PEL + + (8-hour) 

(x) Evaluated according to method reference 2 (OSHA 58)  
* TLV: threshold limit value; 
** TWA (time-weighted average): concentration for a normal 8-
hour work day and a 40-hour workweek to which nearly all 
workers may be repeatedly exposed; 
+ REL (recommended exposure limit): recommended airborne 
exposure limit for coal tar pitch volatile averaged over 10-hour 
work shift; 
+ + PEL (permissible exposure limit): the legal airborne 
permissible exposure limit (PEL) for coal tar pitch volatiles 
(benzene soluble fraction) averaged over an 8-hour work shift. 
 

According to the health and safety norms and regulations, 
an indoor environmental monitoring activity involves the 
employment of diagnostic methods derived from 
analytical chemistry. This means that in order to evaluate 
and monitoring the concentration of total particle-bound 
PAHs in air different devices have to be adopted, each of 
them for a single step of the monitoring process. As far as 
concern the sampling, the standard does not provide any 
recommendation about the number and the position of 
the samplers to be placed within the workplace. This 
means that the choice of the position and the number of 
the samplers adopted strongly depend on the skill and 
experience of the chemist, which in many cases follows a 
“trial and error” approach. This leads to expensive 
monitoring campaigns, since their cost is mainly related to 
both the number of samplings and to the related time 
spent in proper analyte identification. It is evident that any 
methodology that can reduce the cost, while ensuring 

reliable measurements, will be helpful for a wide range of 
industries and workplace. 

In this study guidelines for monitoring indoor air quality 
(PAHs) are proposed.  Guidelines can drive the user in 
identifying an efficient and effective sampling strategy 
jointly allowing to reduce the number of sampling points 
and to obtain reliable measurements at reasonable costs.  

In order to identify for each case the optimal sampling 
strategy, in the guidelines the adoption of an experimental 
hybrid model is suggested. The model consists of a multi 
zones simulation tool and an Artificial Neural Network 
(ANN). In order to provide a forecast about the presence 
and concentration of the B[a]p in several points of the 
work environment an analytical and a computational 
approach is adopted. In this way it is possible to perform 
a preliminary risk assessment providing an immediate 
perception of the level of risk and requiring at the same 
time a limited number of analytical monitoring. 

This paper is structured as follows: in section 2 goal and 
scope of the guidelines are presented; in section 3 
analytical techniques for the monitoring process are 
described; the simulation model for the monitoring and 
the forecast of the PAHs concentration in work 
environment are detailed in section 4; in section 5 the 
guideline is described "step-by-step", and in section 6 they 
are applied for the risk assessment in case study (factory 
for the production of natural rubber sheet); finally, 
discussion of results and conclusion are in section 7. 

 

2. Goal and scope 

The guidelines suggest a strategy that allows the user to 
forecast the airborne B[a]p concentrations in several 
points of the same work environment through the joint 
employment of a computational fluid dynamics simulator 
(CFD) and of an experimental hybrid model, tested by 
means of analytical measures on field. 

The suggested approach can be adopted in indoor work 
environments with a surface of 50÷200 [m2]; equipped 
with at least two openings (windows or doors), without 
filters localized and mechanical forced ventilation systems. 
Moreover, only one PAHs pollutant source in the 
workplace is considered, at a ground elevation of at least 1 
[m]. 

 

3. Measure the PAHs concentration in air: analytical 
techniques for the monitoring activity 

There are many chemical compounds in the PAHs group; 
each of them is characterized by different chemical 
properties (molecular weight) and physical state (vapour 
and particulates). A major problem for monitoring PAHs, 
especially in particulate phase, is their identification; in 
fact particulate matter adsorbs the PAHs molecules. This 
means that in order to quantitatively determine the PAHs 
concentration in the environment, the collection of 
airborne particulate and the extraction of the PAHs 
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compounds are required. There are different analytical 
methods for detecting the PAHs concentration in the air.  

The ISO standard 11338-1:2003 describes the methods to 
define the mass concentration of PAHs in flue gas 
emissions from stationary sources such as aluminium 
smelters, coke works, waste incinerators, power stations, 
and industrial and domestic combustion appliances. The 
monitoring strategy consist of four key steps: 

1. Sample the PAHs in air;  

2. Extract the PAHs substances from sample matrices;  

3. Separate the mixtures of chemicals into individual 
components; 

4. Detect the mass of the single PAHs. 

As far as concern the first step, according to UNI EN 
ISO 16000:2004, an indoor environmental monitoring 
activity requires a sampling strategy that depends on 
several variables such as the frequency and duration of the 
sampling, the ventilation level, the temperature and the 
humidity of the room. The standard defines for each 
variable a reference value in order to avoid ambiguities in 
sampling results. As far as concern the number and the 
location of the samplers, the standard defines a minimum 
number of samplers (equal to one) and requires that an 
appropriate location of the sampler have to be adopted in 
order to “identify the most representative areas” (Gruppo di 
Studio Nazionale sull’Inquinamento Indoor dell’ISS. 
2010). 

In the second step the filter samples are firstly treated 
with organic solvents and later subjected to physical 
treatments in order to extract the mixture of PAHs 
substances from the sample matrices.  A variety of 
physic–chemical methods can be adopted in the third and 
fourth step, to separate the mixture of PAHs substances 
(in output by the process of extraction) in individual 
PAHs compounds (including the B[a]p pollutant) and to 
detect the mass of each of them. Different equipment can 
be adopted to perform the last two steps; the regulation 
ISO 11338-1:2003 suggest the use of the gas 
chromatograph based on mass spectrometry detector 
(GC-MS) or the high performance liquid Chromatograph 
with fluorescence detection (HPLC-Fl). 

 

4. Measure the PAHs concentration in air: a hybrid 
experimental model based on ANN-CFD simulation 

The ANN-CFD simulation hybrid model proposed is an 
experimental tool that allows, through the jointly adoption 
of an Artificial Neural Network (ANN) and of a 
Computational Fluid Dynamics (CFD) multi-zone 
simulator, identifying both the number (in case of 
workplace polluted by different PAHs compounds) and 
the position of the samplers (inside the work 
environment).  

The model (fig. 1) consists of three main parts: a multi-
zone simulator software that reproduces the airborne 
dispersal of PAHs particulates in different workplaces; an 
artificial neural network, trained with the output obtained 

from the simulator for different scenarios, providing 
information on the number and on the location of 
samplers on the workplaces, and two mathematical 
models interfacing the user data with the ANN input 
(MM1) and output (MM2) (Digiesi S. et al., 2013). 

 

Starting from the structural parameters of the work 
environment and the source typology in the workplace 
(input parameters of the model), MM1 computes the 
input parameters of the ANN: 

• Geometric Index (Ig): it considers the volume of the 
work environment, and is a function of the 
width, the length, and the height of the working 
environment; 

• Transparency index (It): is the parameter that 
considers the ratio, expressed in percentage, 
between open and blind zones of the lateral 
surface area of the working environment; 

• Ratio open areas (R): is the parameter that 
considers the ratio between the two open areas 
(windows or doors) of the workplace; 

• Generation Rate (GR): this parameter, describes 
the rate at which the contaminant is introduced, 
in steady flow condition, into the work 
environment. 

Moreover, MM1 defines the origin of the Cartesian 
reference system of the workplace: assigns the y-axis 
direction to the airflow and attributes the coordinates xo, yo 
to the position of the pollutant source. 

Starting from the output dataset of the ANN (see fig. 1), 
the Mathematical Model 2 (MM2) computes the number 
(N) and the Cartesian coordinates of the samplers (xi,yi) 
able to collect meaningful information about the B[a]p 
concentration presents in the work environment.  

Considering that an environmental monitoring requires a 
strategic placement of a minimum number of samplers 
able to collect meaningful information about the 
concentrations of pollutants present in the work 
environment, the behaviour of the model is based on the 
hypothesis that the best choice to define the position 
(xi,yi) and the number of samplers (N) consists in identify 
the Cartesian coordinates of the positions corresponding 
to the distances between pollutant source and the points 
of maximum concentrations of the different contaminants 
in air. 

MM1 ANN 

Simulator 

MM2 

N; (xi,yi) 

training 

Workplace 
information 

Figure 1: Lay-out of hybrid experimental model 
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The multi-zone simulator adopted here is a simple tool 
simulating the airborne dispersal of PAHs particulates. It 
has been coded starting from the same kind of data 
required from the model, by considering different layout 
and boundary conditions of the work environment. 

 

5. A guideline for the indoor air quality monitoring  

The design of an indoor air-monitoring plan for PAHs 
pollutant can vary with the purpose of the investigation 
activities. The guidelines proposed in this work adopt a 
sequence of five steps to predict the airborne B[a]p 
concentrations in different work environments, each of 
them characterized by a particular layout and boundary 
conditions (see fig. 2). 

Step 1 consists in identifying the characteristic values 
about the structural dimensions and the typologies of the 
pollutant sources for the work environment to be 
monitored. For this purpose several variables should be 
considered such as: volume of the work environment, area 
of vertical openings (windows or doors) and the rate at 
which the contaminant is introduced, in steady flow 
condition, into the work environment, expressed in 
[µg/s]. 

The step 2 allows to identify the position (xi,yi) in which 
the B[a]p pollutant reaches the maximum airborne 
concentration, measured at a height of 1.50 [m] (as 
suggested by the Italian legislation). In this step it is 
possible to adopt the hybrid experimental model that, 
based on the information previously defined, suggests 
with high accuracy the sampler location to perform the 
analytical monitoring.  

In step 3 the environmental monitoring activities are 
planned on the base of results of step 2 (sampler in the 
position (xi;yi))and performed. 

In step 4 the airborne dispersal of the B[a]p is simulated 
through the adoption of a simple CFD software. This 
application allows creating a virtual environment based on 
structural (including the properties of the source 
pollutant) and fluid dynamic features of the “real” 
workplace. The output provided by the CFD model 
allows evaluating the B[a]p concentrations in air at 
different points of the work environment.  The 
concentration value calculated at position (xi,yi) forecasts 
the actual value of the B[a]p concentration  (!!!"#) in this 
point, and represents the maximum level of the B[a]p 
concentration in the work environment (measured at a 
height of 1.50 [m]). 

According to step 5 of the guideline, the user adopts a 
confidence interval (α) for evaluate the reliable of the 
prediction of the B[a]p concentration (!!!"#), at the 
position (xi; yi), estimated by the CFD model previously 
created. 

Therefore the user compares the confidence interval 
associate to the expected value of the concentration of the 
B[a]p (!!!"#) to the actual value (χi) of the concentration, 
measured by means of analytical technique. 

  

If the condition (1) is true, the !!!"# allows to evaluate 
the real airborne dispersal of the B[a]p concentration in 
the work environment with a percentage error equal to the 
interval confidence (α).  

Identify the parameters  
of the work environment 

START 

Use the hybrid model to identify the position 
of the sampler (xi,yi) for measuring  the 

B[a]p concentration  
 

Plan the analytical monitoring at the 
positions identified (xi;yi)  

Identify the max concentration (χi), in 
position (xi,yi), of the B[a]p 

Program the CFD model based  
on the parameters of the  

work environment 

Run the CFD simulation 

Define a confidence interval (α)  
for the prediction of the B[a]p  

concentration (!̂!!"#) in output  
by the CFD simulator 

!̂!!"# = !1 ±
!
100

!!! 

Increase confidence 
interval (α)  

!̂!!"#  allows to evaluate the real airborne 
dispersal of the B[a]p in  work environment, 

with  (α) confidence interval  

END 

Run analytical monitoring 

Y 

N 

Identify the max concentration (!̂!!"# ), in 
position (xi,yi), of the B[a]p 

Figure 2: Flowchart of the guideline 

[ Step 1] 

[ Step 2] 

[ Step 3] 

[ Step 4] 

[ Step 5] 
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1 −
!
100

!! ≤ !!"# ≤ 1 +
!
100

!! (1) 

 

On the contrary, if the actual value (χi) of the 
concentration is out of the range of !!!"#value (this 
means that the equation 1 is false) the user must increase 
the α parameter so as to identify a interval confidence that 
is able to ensure reliable values of the !!!"#. 

 

6. Case study  

In order to evaluate the benefits and the reliability of the 
method presented in this work, the guideline is been 
applied to a work environment in natural rubber sheet 
factories (RSS). During the production of the RSS, fuel 
wood (usually old rubber - wood) is treated in a burner (at 
the temperature in range of 300÷500 [°C]) in this way, the 
heat supplied to the wet rubber sheets, in the “smoke 
rooms”, allows removing the moisture.  

There are no air outlets on the roof of the factory, 
therefore the smoke is released into the work 
environment through ventilating lids on the roof of the 
“smoke room” which open directly to the inside of the 
factory building (fig. 3). The side of the building besides 
the “smoke rooms” and the opposite side of the building 
are opened to the outside ambient environment (double-
arrow lines I fig. 3). The pollutants from the “smoke 
room” first rises toward the roof and then flows down to 
the floor before leaving the factory. A minimal part of the 
smoke (a quantity considered negligible in this study) 
vents out of the factory via openings on the rear side  
(Choosong T. et al., 2010). Because of the geometry of the 
workplace ventilation is an important aspect of the study. 
For this reason, the samplings are performed in same 
meteorological condition, so the rear side of the “smoke 
room” can be considered the input area of the external 
airflow (Sin) while the opposite side represents the output 
area of the flow of air (Sout). 

According to the results of a previous investigation, the 
concentration of PAHs at the breathing zone of workers 
in an RSS factory is in the range of that for asphalt 
workers (0.03 ÷ 426.00 [ng/m3]: gas and particulates).  

In the first steps of the guidance the boundaries of the 
work environment (fig. 4) and the parameters required to 
define the position of the sampler by means of the hybrid 
model based on ANN-CFD are evaluated. The results of 
this step are listed in table 2.  
Starting from the result obtained from the ANN-CFD 
model, in the second step the analytical monitoring at the 
position identified (0; 11) has been performed in order to 
identify the actual value (χ1) of the B[a]p concentration. 

 

 
Figure 3: Case study: layout of the workplace  

In this case the concentration detected is equal to χ1 =28.6 
[ng/m3] measured for a 8-hour sampling period, at a room 
temperature of ≈25 [°C] and a relative humidity ≈50%. 
The equipment adopted was the HPLC (HITACHI/L 
2130) with a fluorescence detector (Choosong T. et al., 
2010). 

 

 
Figure 4: Boundaries of the work environment and the 

Cartesian system of reference 

 

In order to identify the forecast value of the B[a]p 
concentration (!!!"#) airborne dispersed in the work 
environment, a CFD software has been adopted (fig. 5a). 
In this case has been estimated for a 8-hour period, a 
forecast value equal to !!!"#= 25.3 [ng/m3]. 

In step 5 a confidence interval (α) to be adopted for the 
prediction of the B[a]P concentration has been assigned.  

The initial choice and the acceptance limit value of this 
parameter depend on the main purpose of the risk 
assessment. For example, in order to identify the pollutant 
airborne dispersal required for the system design of the 
collective protective measures, very low values of the 
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parameter (α) are recommended. Similarly, if the forecast 
value of the B[a]p concentration (!!!"#) is very closely to 
the threshold limit value prescribed by the regulations, it is 
suggested a low value of α. On the contrary, in order to 
identify, for example, the appropriate class personal 
protective equipment or in cases of forecast value of the 
B[a]p concentration (!!!"#) are very different to the 
threshold limit value prescribed by the regulations, high 
values of the parameter (α) should be adopted. 

In this case a forecast value of the B[a]p concentration 
equal to !!!"#= 25.3 [ng/m3] has been obtained for a 8-
hour period. The value is very different to the threshold 
limit value prescribed by the Italian regulations (threshold 
level for B[a]p concentration to 1 [ng/m3]), hence high 
values of the parameter (α) can be adopted as initial 
choice, as well as acceptance limit value.  

 

Table 2: Input/output parameters and values of variables  
of the case study 

 Parameter Value 

In
pu

t 

First wall size (length) 10 [m] 
Second wall size (length)  18 [m] 
Source typology RSS 
First window area (Sin) 16 [m2] 
Second window area  (Sout) 16 [m2] 
Distance between windows 18 [m] 

V
ar

ia
bl

es
 Generation Rate (GR) High 

Geometric Index (Ig) 0.46 
Transparency Index (It) 20% 
Ratio open Areas (R) 1 

O
ut

pu
t Number of the sampler (N) 1 

Cartesian Coordinate (xi; yi) (0; 11) [m] 

 

When an initial parameter (α) value of 10% has been 
assigned,  the actual value (χ1) of the concentration is out 

of range of !!!"#value, (!!!"# > 1 + !
!""

!!). As a 

consequence, the value of the (α) parameter has been 
increased so as to identify a confidence interval able to 
ensure reliable values of the !!!"# thus satisfying 
equation (1). In this case a (α) parameter value of 14% has 
been adopted. 

 
Figure 5: Comparison between airborne dispersals of 

B[a]p, adopting different (α) parameters by means of CFD 
software simulator (NIST CONATM ®) 

In this way the !!!"# parameter allows to evaluate the 
real airborne dispersal of the B[a]p in  the work 
environment, with  a confidence interval of the ±14% (fig. 
5b).  

 

7. Discussion and conclusions 

The guideline described in this paper is intended for 
driving the user to perform an effectively and efficiently 
environmental monitoring of PAHs in indoor work 
environment. The sampling strategy proposed allows 
improving the reliability of the measurements and in many 
cases to reduce the sampling points and thus the costs. 
Currently the number and the positions of the sampler are 
chosen according to a "trial and error" approach, based on 
the personal experience of the analyst. This guideline, 
instead, identifies samplers location according to a 
statistical approach based on results of the computational 
analysis, thus allowing to allocate the samplers in 
statistically significant positions, thus minimizing the 
number of samplings needed and drastically reducing the 
costs of monitoring activities. 

The joint adoption of analytical techniques and of the 
hybrid experimental model proposed allows to identify, at 
same time, the true value of the maximum B[a]p 
concentration in air (measured by means of analytical 
techniques) and the position in the work environment 
where this maximum concentration is reached. 

Identifying the (α) parameter allows, moreover, to forecast 
the airborne B[a]p concentration in different point of the 
same work environment  with a well-known 
approximation level; at this purpose a CFD model ad hoc 
designed can be adopted. This type of information not 
requires additional cost and can be very interesting in 
order to perform a preliminary risk assessment of the 
work environment.  

Besides reducing costs and improving the results of 
environmental monitoring, there are other advantages in 
using the guideline proposed. In fact the only information 
required to the user are the geometrical parameters of the 
workplace and the typology of work process (input 
parameters listed in tab. 2); each of them is very simple to 
be determined also by technicians without expertise in 
simulation modeling.  

In this work, the guideline has been applied to the risk 
assessment for the emissions of the B[a]p, since of its high 
carcinogenic potency is considered as an “index” for the 
carcinogenic risk related to PAHs exposure. The model 
can be easily modified in order to identify workers’ 
exposure to others types of pollutants emitted in the same 
work environment. In fact, the multi-zone simulator can 
be adopted for computing the airborne dispersal of other 
pollutant both in PAHs group, such as 
dibenzo[a,h]anthracene, benzo[a]anthracene, chrysene, 
etc.), and not PAHs such as carbon dioxide (CO2), carbon 
monoxide (CO), nitrogen oxides (NOx), hydrocarbons 
(HC), etc. 
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The limit in the adoption of the proposed guideline is the 
basic layout on which the hybrid model is based; in case 
of industrial work environment characterized by a 
different geometrical layout, the experimental model 
based on ANN-CFD simulation cannot be applied. For 
this reason, the guideline has to be further developed in 
order to include more complex layouts so to ensure 
greater flexibility and to increase the number of the 
industrial environments to be monitored.  
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