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Abstract: Polycyclic aromatic hydrocarbons (PAHs) are amongst the most harmful chemical compounds for 
human health. The carcinogenic effect of PAHs has been deeply investigated in the past and nowadays is well 
known. Due to the high concentration of PAHs in work environment, for some worker categories the cancer 
risk from exposure to PAHs is very high. Environmental monitoring of PAHs concentration in such 
workplaces could contribute in reducing the risk.   
Many quality air control systems are currently available on the market, are mostly based on chromatography 
and spectrograph techniques. Systems performances are dependent on the surrounding conditions of the 
environment in which they are adopted. In order to monitor air quality efficiently, a deep knowledge of the 
environment to be controlled is required. As a consequence, the choice of the right systems to be deployed is 
a very difficult task for stakeholders. 
The aim of this paper is to provide a state-of-the-art on the available commercial PAHs sampling and 
monitoring methods. A classification and a decision support tool in sensor selection is formulated, 
considering the jointly devices information about the work environment, the working conditions, and the 
technical and economical characteristics of the devices available on the market.  
The sensors can be classified by the operating criteria and dimensions. And, any comparative analysis can be 
done using: (a) technical features, such as the selectivity, the time resolution, the accuracy of the 
measurement, the response time and the reliability; (b) functional features, such as the portability, the 
modalities of employment, the process for determining the analyte concentration; (c) the aspects about the 
cost and the availability of the specific product. In this way, it will be possible to choose the detection 
methodologies and the most suitable typology of sensor for monitoring the air quality in the various working 
contests, thus to assure the safety and to preserve the health of specific categories of workers exposed to 
PAHs. 
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1. Introduction 

 Polycyclic aromatic hydrocarbons (PAHs) are natural 
components of most fossil fuels. Although produced 
naturally by forest fires and volcanoes, most PAHs in 
ambient air are the result of man-made processes. Such 
processes include: 
• Burning fuels such as coal, wood, petroleum, petroleum 
products, or oil,  
• Burning refuse, used tires, polypropylene, or polystyrene,  
• Coke production, and motor vehicle exhaust 
There are approximately 100 different known PAHs in air, 
soil, foodstuffs and water. Once emitted to the 
atmosphere, the PAH weight influences the fate of the 
gaseous PAH mixtures. Heavier PAHs (more than four 
aromatic rings) tend to adsorb to particulate matter, while 
lighter PAHs (less than four rings) tend to remain gaseous 
until removed via precipitation.  
PAHs are absorbed through ingestion, inhalation, and 
dermal contact, the most significant endpoint of PAH 
toxicity is cancer (ATSDR, 2009). Not all PAHs are of the 
same toxicity because of differences in structure that 
affect metabolism; presently, the carcinogenicity of some  
 

 
PAHs, such as benz(a)anthracene, benzo(b)fluoranthene, 
benzo(a)pyrene, dibenz(a,h)anthracene, and indeno(1,2,3-
c,d)pyrene has been well established in laboratory through 
tests on animals (ATSDR, 2011).   
Benzo(a)pyrene concentration in atmospheric air is 
considered as an “index” in the evaluation of carcinogenic 
risks for humans. In rural areas the average annual 
concentration of benzo(a)pirene  is in the range of 0.5 – 
6.0 µg/m³, while in metropolitan areas it is in the range of 
5 – 30 µg/m³. In some specific workplaces the average 
annual concentration of benzo(a)pirene is up to 100 times 
higher than in metropolitan areas; as an example, in petrol 
stations the concentration of benzo(a)pirene is in the 
range of 25 – 563 µg/m³(Apostoli et. al, 2008). 

The Italian regulations with D.Lgs n.155 the 13th August 
2010 (attachment XIII) defines a threshold levels for 
benzo(a)pyrene equal to 1 ng/m3, this value is calculated 
as emission average on one civil year.  

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.  



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) 

OHA 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 average 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. 

Table 1 - Comparison of international standards for PAHs 
exposure limits 

According to the health and safety norms and regulations, 
reducing exposure of workers to PAH is a crucial task. In 
order to evaluate and control such risk, the workplace 
potentially subject to PAHs should be monitored through 
specific devices. To day a variety of equipment allowing 
detection and measuring of the concentration of PAHs in 
workplace is available on the market.  Nevertheless for the 
end user it can be very difficult to identify the most 
suitable equipment to each work environment. Each 
device, in fact, is characterized by a large number of 
features that make the utilization of the equipment more 
appropriate for particular typology of work. A decision 
support tool that helps the end user to choose the most 
appropriate devices can be determined. In this way the 
user is able to detect the PAHs compounds   dangerous 
for the health, to identify the sources and to protect the 
most vulnerable workers effectively. 

This paper is structured as follows:  section two deals with 
a deep investigation of the state of the art of the 
technologies, both off-line and on-line, available on the 
market and of the main methods of analysis (prescribed 
by the regulations); in section three a method for the 
classification and the evaluation of the potential devices is 
proposed.  Section four presents the first insight on the 
empirical evidences of a classification survey of the state 
of the art methodologies and devices. Section five, finally, 
describes the developments and possible future scenarios 
of the model. 

2. PAHs monitoring: technologies and equipment  

There are many chemical compounds in the PAHs group. 
Most of them are characterized by a high melting point 
and low vapour pressure. The compounds may differ in 
chemical properties (molecular weight) and physical state 
(vapour and particulates). The most dangerous to human 
health are particulate compounds with a high molecular 
weight (Pandey et. al, 2011).  A major problem for 
monitoring PAHs, especially in particulate phase, is the 
identification; in fact particulate matter adsorbs the PAHs 
molecules. This means that in order to quantitatively 
determine the PAHs concentration in the environment, 

collection of airborne particulate, extraction the PAHs 
compounds is required. . There are different methods for 
detecting PAHs concentration in the air, these can be 
divided in two main categories: the off-line and the on-line 
monitoring systems. The first method for PAHs 
monitoring consists of four main phases:  

1. Collection airborne particulate of PAHs from air; 
2. Extraction of PAHs from sample matrices; 
3.Separation the mixtures of chemicals into individual 
components; 
4. Detection of individual compounds. 

On the other hand, the on-line technique represents a 
more direct solution because it gives a real-time detection 
of pPAHs concentration, using a single device and 
allowing to get quicker results to compare with threshold 
levels (Agnesod et. al, 1996). 

2.1 Off-line techniques  

The main steps to monitor the PAHs concentration with 
off-line method are as follows: 

 1. Collection airborne particulate of PAHs from air: for the 
collection of airborne PAHs in both vapour and particle 
phases, large volumes of air must be sampled, this is 
because their concentration in air at most locations is 
relatively low (of the order of ng/m3). Volumes of air 
must be sampled to concentrate them on: 

•a suitable filter material for particulate matter; 

•the sorbent material for collection for vapour phase. 

The records of volume, rate and time resolution 
(represented on table 2) are defined by international 
guidelines of sampling and analytical methods for air 
monitoring.  Sampling, required by law, can be 
distinguished between two types of technology:  active 
samplers, that involve the use of mechanical pumps for 
collection of particulate, and passive samplers, constituted 
by small "badges" that collect directly organic vapours 
without the use of a pump. The formers are more 
expensive (about € 1000 ÷ €10.000) but have a high rate 
of air aspiration (5 ÷ 35 l/min) requiring less "time 
resolution" and result in a statistically more significant 
sampling. The latters are cheaper (about € 100), 
disposable, smaller and more practical, but they require 
1÷4 weeks for sampling an acceptable volume of air. The 
active samplers are better for sampling in specific places 
(indoor or outdoor), while the passive samplers are 
wearable and thus able to adsorb the same air that man 
breathes.  

2. Extraction of PAHs from sample matrices: commonly the 
filter samples are treated with organic solvents followed 
by other types of physical treatment (ultrasonication, 
microwave, etc.). In table 3, the recovery measuring the 
percentage of "analyte" that was extracted, for each type 
of treatment, from both particulate and vapour phase of 
typical samples have been calculated. 
It is very interesting to observe that methods, with high 
values of "recovery" for extraction from the particulate 
matter phase, are based on the use of solvents followed by 
ultrasonication treatment (US). 



 

Phases Technical Constraints Material 
PAHS 
Target* 

Dimensio
ns (mm) 

Pore 
(µm) Volume (l) Rate (l/min) 

Time Resolution 
(h) Price (€) 

Particulate HPLC/UV; typology of 
extraction treatment 

Glass Fiber 
Filter (GFF) 

3 37 1 960 2 8 160 

HPLC/UV-FL or 
GC/FID; typology of 
extraction treatment 

PTFE 1 37 2 200-1000 2 1,67-8,33 220 

Vapour Typology of extraction 
treatment 

XAD-2 1 8x100 20-40 200-1000 2 1,67-8,33 180 

Typology of extraction 
treatment 

Polyuretane 
Foam (PUF) 

1 6x76 nd 320000 225 23,70 130 

*PAHS Target: (0) All PAHs and some extra, (1) All PAHs, (2) All priority PAHs and some extra, (3) All priority PAHs. 

Table 2 – Collection of PAHs: technical and economic comparison of filters (particulate and vapour phase) 

 

Phases Type of treatment Equipment*** PAHS Target* Recovery (%) Hazard** Price (€/l) 

Particulate Solvent-based and phisical 
treatment 

Soxlet 3 80% B 120 

 Soxhlet (DCM) 2 89% A 50 

 Solvent-based and 
ultrasonication treatment 

DCM+US 1 75% ÷ 88% A 50 

 Mt+US 1 99% A 300 

 US (DCM) 1 80% A 50 

 Solvent-based and 
microwave treatment 

MW (MeOH) 0 85% B 130 

 MW  
(n-exane) 1 90% C 110 

Vapour Solvent-based treatment Ethylene glycol 3 94% A 80 

 Hexane 1 95% C 90 

 Toluene 3 77% C 80 

 Solvent-based and phisical 
treatment Soxhlet (DCM) 2 93% A 165 

*PAHS Target: (0) All PAHs and some extra, (1) All PAHs, (2) All priority PAHs and some extra, (3) All priority PAHs; 
**Hazard: (A) Only 1 type of hazard statements, (B) from 1 to 5 type of hazard statements, (C) more 5 type of hazard statements; 
*** Equipment: (DCM): dichloromethane, (US):ultrasonication, Mt: methylene; MW: microwave. 

Table 3 – PAHs extraction: technical and economic features of methodologies, (particulate and vapour phase) 

 

Detection 
Tecnology 

Techincal 
constraints Equipment 

PAHS 
Target* 

Mass Range 
(amu) 

Scan Rate 
(amu/s) 

Ionization 
method** 

Detector 
Emission (nm) Price (k€) 

MS GC Shimadzu Scientific QP2010 0 1.50-1090 10000 EI np  100 ÷ 300 

 GC Agilent 5975E GC/MSD - G4513A 0 1050 12500 EII np 100 ÷ 300 

 GC Hiden Analytical PIC 0 nd - 2500 nd PIC np 100÷ 300 

 HPLC Shimadzu Scientific LCMS-2020 0 nd 15000 EI np 100 ÷ 300 

 HPLC Bruker Daltonics BioTOF® II LC 0 nd-20000 nd EI np  100 ÷ 300 

FID GC Yokogawa Corp.of America GC8000 3 nd nd np np 5 ÷15 

Fl HPLC Shimadzu Scientific RF-20A/20Axs 1 nd nd np 200-750 2÷ 7 

 HPLC JASCO - FP2020 1 nd nd np 220-700 2÷ 7 

 HPLC Scientific Systems TS-0305 1 nd nd np 200-800 2÷ 7 

*PAHS Target: (0) All PAHs and some extra, (1) All PAHs, (2) All priority PAHs and some extra, (3) All priority PAHs; 
**Ionization method: (EI) Electron ionization, (EII) Electron impact ionization, (PIC) Pulsed ion counting 

Table 4: Separation and Detection: Technical and economic features of different technologies 
 



In particular, the recovery through use of methylene (Mt) 
and ultrasonication treatment reaches a recovery equal to 
99%, furthermore the solvent used is less toxic (only one 
type of hazard statements) than other solvents, but this 
method is the most expensive (Pandey et. al, 2011). 

3. Separation of the mixtures of chemicals into individual 
components: a variety of analytical methods can be used to 
separate the mixture of chemicals (in output by the 
process of extraction) in individual components; these 
include Gas Chromatography (GC) and High 
Performance Liquid Chromatography (HPLC). In all 
chromatographers, the separation occurs when the sample 
mixture is introduced (injected) into a mobile phase.  This 
phase carries the sample mixture through a "stationary 
phase".  The stationary phase is usually contained in a 
tube. The mixture of compounds in the mobile phase 
interacts with the stationary phase. Each compound in the 
mixture interacts at a different rate thus they will be 
separated selectively.. There are two different physical 
states of “mobile phase”: inert gas (generally helium) is 
the mobile phase used in Gas Chromatography (GC) and 
solvent phase is the mobile phase in Liquid 
Chromatography (LC). The important features of GC are 
represented by parameters that characterize the type of 
thermic treatment such as velocity of temperature ramp, 
time of cool down, numbers of ramps and plateaus. 
Generally the equipment, which allows more types of 
thermal treatment, succeeds better to separate the 
mixtures of chemicals into individual components.  

The features of LC technologies are related, mainly, to the 
technical specifications of the pump that manages the 
flow of eluent: range, resolution, accuracy and pressure of 
the flow of the eluent determine the type of reaction 
between mobile and stationary phase. 
For both technologies it is a very important the choice of 
the, GC column  and of the specific eluent for LC, with 
an elevated percentage of affinity (and compatibility) in 
relation to the type of component to be identified.  

The cost of two technologies differs significantly, in fact, 
the price of the GC device is about 15 k€, while the LC 
device amounts to 25 k€. Moreover, the LC technology 
requires, a more expensive carrier versus to the gas carrier 
of the GC (generally it uses helium). 

4. Detection of individual compounds (in output from GC or LC 
systems) of PAHs: the most commonly used detectors for 
GC systems are the flame ionization detector  (FID) and 
the thermal conductivity detector  (TCD). Both are 
sensitive to a wide range of components. FIDs are 
sensitive primarily to hydrocarbons, and are more 
sensitive to them than TCD (Vo-Dinh et. al, 1998). As the 
name suggests, the FID analysis involves the detection 
of ions. The source of these ions is a small hydrogen-air 
flame that burns most organic compounds, producing 
positively charged ions and electrons. The ions are 
attracted to a collector plate where hitting the plate, 
induce a current. This current is measured with a high-
impedance pico-ammeter.  
For LC systems, the principal detector available on market 
is Fluorescent detector (Fl). In this systems, the 
fluorescence rays emitted by sample after absorbing 

incident light is measured as a function of quality and 
quantity of the sample (Rappaport et. al., 1992). 

Another widespread detection device, usable with both 
separation technologies (GC and LC systems), is “Mass 
Spectrometry” (MS) that works by ionizing chemical 
compounds to generate charged molecules or molecule 
fragments and measuring their mass-to-charge ratios. 

The Mass Spectrometry is very different from the others 
types of devices because it, can detect each type of 
substances and measure all individual compounds by 
analysing the sample injected into the MS system,. 
Differently,, all  other detectors measure only specified 
class of compounds (according to the method used).  For 
this reason the price of MS detector is from ten to fifty 
times higher. In table 4 it is very interesting to observe 
that all typologies of detector adoptable (except for MS), 
despite having different technologies for detection, have 
the same costs.  

Although approximately the price is lower, laboratory tests 
have shown that the fluorescence detector is suitable 
detector for determination of PAHs (Lawrence, 1987). In 
table 7 are shown the detection limits of two different 
technologies: HPLC with fluorescence detector compared 
to GC with mass spectrometry detector. 

 

PAH 
Detection Limits (Pg) 

HPLC(Fl) GC-MS 

F 18 30 

BaA 14 30 

B(b)F 12 30 

B(k)F 5 - 

B(a)P 13 60 

D(a,h)A 16 60 

D(a,i)P 264 300 

Table 5: Comparison between detection limits of the 
separation technologies (HPLC and GC-MS) 

The detection limits is a measure of the smallest 
concentration that can be determined with a specified 
precision or reproducibility. The magnitude of the 
detection limits values varied noticeably, depending upon 
the analytical conditions and instrumental set-ups. 

2.2 On-line techniques  

The on-line technique represents a fast solution for 
monitoring PAHs concentrations in a specific 
environment because, using a single device, it is possible 
detection in real-time the level of pPAHs and compare 
instantly with threshold levels prescribed by the 
regulations. On market are available two typology of 
equipment, with different technologies, for real-time 
measurement of particle-bound PAHs:  

• Photoelectric Aerosol Sensor;  

• Aerosol Time-of-flight Mass Spectrometer 
(ATOFMS). 



The Photoelectric Aerosol Sensor (PAS) is based on the 
principle of photoionization of particle-bound PAH. The 
steps necessary for PAHs detection are the follows:  

1. Mechanical ventilation and ionization of particulate matters: the 
air is aspirated through a mechanical pump and the 
aerosol flow is exposed to UV radiation by an “Excimer 
lamp”. The wavelength of the light is chosen such that 
only the PAHs coated aerosols are ionized, while gas 
molecules and non-carbon aerosols remain neutral 
(Chetwittayachan , 2002). 
 

2. Separation:  the aerosol particles, having PAHs molecules 
adsorbed on the surfaces, emit electrons. An electric field 
is applied and provides to remove the electron emitted 
(fig.1). 

 
Fig.1 Schematic representation of the phase of separation 

between electrons and positive charges 

 

3. Transduction: The positively charged particles are 
collected on a filter inside an electrometer, where the 
charge is measured. The resulting electric current 
establishes a signal, which is proportional to the 
concentration of total particle-bound PAH . The response 
of each PAS instrument varies for every source type, so a 
calibration curve can be developed for all source and site 
(Polidori et. al, 2008).   
 

In table 6 it is important to observe that PAS2000CE is a 
portable device very easy to use, in fact it does not require 
an difficult calibration or long phases of set-up and 
training. But, on the other hand, the PAS2000CE has 
significant limitations related to measuring range and 
pump flow rate which make this device an optimal 
detector for monitoring personal inhalations in indoor 
places. Instead the PAS2000 can monitor the 
concentration of PAHs on particulate matter, in various 
types of environments for different type of source. The 
calibration is more important for the significance of the 
measurements; small variations of pico-ampere (pA) must 
match, with high precision, at small variations of 
concentrations of PAHs (Han et. al, 2011).  

During the phase of calibration, the evaluation of 
correlation coefficient (R2) is crucial for the accuracy of 
the measurements. 

 

Table 6: Comparison between two different models of 
Photoelectric Aereosol Sensor by (Ecochem Analytics ®) 

It is important to observe that both devices provide in 
output a single value equal to the sum of all PAHs 
chemical compounds.  

The ATOFMS is a powerful device used for different 
environmental monitoring including PAHs detections.  
the steps necessary for detection PAHs are as follows: 

1. Input particulate matter: the particles are introduced into 
the particle-sampling region under atmospheric pressure 
through a converging nozzle (fig.2) where they are 
accelerated according to their aerodynamic size. Smaller 
particles reach a higher terminal velocity than larger 
particles.  

Fig.2  Schema of the ATOFMS 
(source: Evaluation of Several Real-Time Methods for PM) 

2. Ionization: the particle reaches the mass spectrometry 
region. In this position there is a Nd:YAG laser at 266 
nm, this laser pulse desorbs and ionizes the compounds 
making up the particle.  

3. Transduction: The ions formed in previous process are 
analyzed by a bipolar time-of-flight mass spectrometer 
(TOF-MS).  As the name suggests, TOFMS accelerates 
ions to a specific kinetic energy and measures the ions’ 
time-of-flight between a distinct starting point (often the 
ionization event) and the arrival at the detector. The ions 
arrival times are correlated with their mass-to-charge 
ratios, with smaller m/z ions arriving before larger m/z 
ions. Upon calibration of the mass spectrometer, the 
measured ion transit times can be converted to the 
corresponding mass-to-charge ratios, which are related to 
the chemical components in the original particles (Wenzel, 
et. al, 2003). The resulting mass spectra are then used to 
determine the chemical composition of the particle. The 

Features PAS2000 PAS2000CE 

PAHs target All PAHs on 
particulate phase 

All PAHs on 
particulate phase 

Measuring range 0÷100 pA 0÷4 µg/m3 

Sensitivity (µg/m3) 0,3÷1 nd 

Lower Thresold (ng/m3) ≈3 ≈1 

Pump flowrate (l/min) 2 1 

Dimensions (mm) 133x236x317 68x175x124 

Weight (kg) 9 1,5 

Price (k€) 20 15 



ATOFMS is the only commercially available single particle 
MS, the system offers the highest size resolution and 
“near” real-time analysis of particle size and composition 
across a range of sizes from 50 nm up to 7- 8 µm (Galli et. 
al, 2001)  

The ATOFMS can detect each type of compound and the 
relative amount in real-time, using a technology of the 
methods off-line (separation and mass spectrometry 
detection) without including any pre-treatment and 
extraction of the analyte.  

 

3. A classification methodology and framework for 
PAHs monitoring equipment 

This work proposes a model for the classification and the 
evaluation of different equipment and techniques (off-line 
and on-line) for monitoring and detection of PAHs in the 
work environment. Each method involves a series of step, 
each of them can use various devices with different 
technologies and performance. A model is suggested for 
the classification of devices, used in all steps of 
monitoring process, according to three fundamental 
dimensions: 

- Technology (T); 

-  Management (M); 

- Function (F). 

For all dimensions different criteria, both quantitative and 
qualitative, have been identified. Specifically, for each of 
them five classes of volumes Have been established 

For example, the five levels that identify the criteria 
“PAHs target”, in the Function dimension, are:  

a. Aggregate sum 

b. All priority 

c.  All priority and some extra 

d. All 

e. All and some extra 

For all other criteria it will proceed, similarly, 

In table 7 the three dimensions and the twelve criteria of 
the classification model are listed. Moreover for each 
criterion are shown the threshold valour limits of the 
worst and best classes, respectively. 

The technology dimension (T) assesses the technical 
performance of the methodology and devices used. The 
results of measures will be more accurate for higher value 
along the “T” dimension. The value of “T” is given by the 
contributions of the following variables: 

a. Recovery: is the percentage of sample, extracted from the 
filter (table 3) that will be subsequently analysed. The 
higher recovery the more meaningful the measure will be. 

b. Detection Limit: is a measure of the smallest 
concentration that can be determined with a specified 
precision or reproducibility (table 5 and 6). Lower values 

indicate greater sensitivity of the devices used for 
monitoring; 

c.  Time Resolution: is the measure required to perform a 
reliable measure (table 2). Shorter "Time windows" imply 
greater productivity of the method used;  

 

Dimension Criteria 
 Class Limits 
 Worst Best 

Technology Recovery   [%] <85 ≥92 

 Detection Limit [ng/m3] >7x10-2 ≤3x10-2 

 Time Resolution [h] >8 ≤1 

     

Management Safety  [number of 
hazards 
statements] 

≥5 1 

 

Equipment costs [k€] ≥300 <10 

 

Fixed operation 
cost 

[k€/h] ≥1 None 

 

Variable 
operation costs 

[€/measure] >500 ≤300 

 

Skill Required [judgment] Elevate Min 

Function PAHs Target [PAHs 
measurable] 

Sum  All and 
some 
extra 

 

Monitoring time [type] Interval Contin
uous 

 

Measure output [type] Indirect Direct 

 Technical 
complexity 

[judgment] Low  High 

Table 7: Dimensions, criteria class (levels) and limit of the 
classification model 

The Management dimension evaluates the management 
complexity required by both the methodology and the 
devices used for monitoring. High volume of “M-
dimension” implies a elevate management complexity of 
the equipment limiting the field of application for specific 
monitoring techniques. The Management dimension 
considers the following set of criteria: 

a. Safety: quantifies the health and safety risk due to 
substances used in the analysis process. In many cases, in 
fact, the operation of extraction of the analyte involves 
the use of solvents (table 3); 

b. Equipment cost: considers the initial cost of purchasing of 
all the devices necessary for a specific method of 
monitoring (table 4 and 6); 

c. Fixed operations cost: considers the expenses for the 
maintenance and the keep in good efficiency during the 
stand-by phase; 

d. Variable operation cost: considers the direct costs of the 
monitoring operations (table 2 and 3); 

e. Skill required: considers the skills and the capability 
required to perform sampling and analysis during the 
monitoring. More sophisticated devices typically require a 
training of the analysts. 

The Function parameter, finally, is a dimension indicating 
the employment and the type of output of the methods: 



a. PAHs Target: each technology offers different capability 
of measure some methods detect only some type of 
PAHs, while other detect all types of PAHs (depending 
on the expected results will be choosing the best solution 
to the specific case); 

b. Monitoring time: measure the concentration of PAHs can 
be performed at fixed intervals of time (typically 
techniques off-line) or continuously in real time (typically 
techniques on-line); 

c. Measure output: the measuring output can be determined 
by directly reading of the concentration levels of PAHs (a 
number), or indirectly through the study of specific 
graphics (or spectra).  

d. Technical complexity: is a variable that considers the 
complexity of the equipment used. Instruments that 
require dedicated systems (electrical line, gas, compressed 
air, etc.) have the highest degree of complexity and 
consequently achieve a worse performance under the 
“use” perspective.  

 

4. Empirical evidences of the classification survey 

In order to test the classification model,  it has  been 
identified a sample of sixty-four different off-line and 
three on-line equipment. 
 For each phase of the monitoring process (off-line: 
collection, extraction, separation and detection; on-line: 
PAS and ATOFMS) has been identified a device capable 
of executing each of them, satisfying the existing technical 
constraints. The performance limits of each process are 
evaluated considering all the criteria, previously defined.  

In figure 3 the sample has been classificated according to 
three main criteria: the PAHs target criterion (PT) of the 
utilization dimension (x - axis). The recovery (R) criterion, 
along the technical dimension (y – axis) and finally, the 
equipment cost (EC) radius of the bubbles, for evaluating 
the management dimension. 
A cluster analysis of the population has been performed 
where the threshold limits for the low and high volumes 
of the PT and R variables have been fixed as “all” and 
92% respectively. 
By means of the classification four regions have been 
individuated: 
 

A. Process monitoring with low degree of 
significance (low percentage of recovery) and 
low “selectivity” (measurement of only priority 
PAHs or only the sum of them); 

B.  Process monitoring with low degree of 
significance and high “selectivity” (measurement 
of all PAHs); 

C. Process monitoring with high degree of 
significance (high percentage of recovery) and 
low “selectivity”; 

D. Process monitoring with high degree of 
significance and high “selectivity”. 

 

 

Fig. 3: Distribution of monitoring processes according to 
the dimensions technical, managerial and function 

Considering the distribution of the equipment in different 
clusters (A: 39%, B: 21%, C: 26%, D: 14%) can be 
observed that only 35% of the sample considered is able 
to detect all compounds of PAHs with a high degree of 
significance (cluster D). In particular exist only one on-
line technique, available on the market, with these 
characteristics.  

The on-line techniques are located in cluster C and D; 
those located in cluster C offer, in absolute, the low 
degree of selectivity. But the costs of the on-line 
techniques are very competitive with that of the off-line 
techniques. On the other hand, the on-line technique 
positioned in cluster D offers the best performance with 
the higher cost.   

Finally, the cost evaluation of the devices is interesting 
since it comes out d that most of the methods costing less 
to 10 k€ are positioned in the cluster A and C (A: 53%, B: 
40%, C: 54%, D: 14%), this means that the cost of the 
equipment grows primarily with the selectivity 

Moreover, it is interesting to observe, for the end user, 
that there is a wide range of cost between techniques 
belonging to the same cluster. 

5. Conclusions 

The selection criteria model presented provide the end 
user with a framework to guide to   evaluate the most 
appropriate monitoring methodology and ensure that all 
relevant information are covered. The derived 
classification can be used for different purposes (e.g.. 
market surveys, technical comparative assessments, etc.) 
allows in companies, R&D, department and research 
centres to identify areas of market potentiality unmet by 
competitors.  

Furthermore, if the quantitative indexes are awarded to 
each of the identified criteria, the model provides to the 
users a direct perception of the performance offered by 



different methods, in according to the area of 
investigation technical - managerial and function (TMF). 

This work is a starting point for developing model 
selection criteria in order to  to identify the most 
appropriate method of PAH monitoring for the specific 
work environment, in according with TMF dimensions. 
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