
how doeshow does

The diffusive sampler is a closed box, usually cylindrical. Of its two opposite sides, one
is “transparent” to gaseous molecules which cross it, and are adsorbed onto the sec-
ond side. The former side is named diffusive surface, the latter is the adsorbing sur-
face (marked with S and A in the figure).

Driven by the concentration gradient dC/dl, the gaseous molecules cross S and dif-
fuse towards A along the path l, parallel to the axis of the cylindrical box.  The mol-
ecules, which can be trapped by the adsorbing material, are eventually adsorbed
onto A according to the equation: 

dm
= D S

dC
[1]

dt             dl

where dm is the adsorbed mass during time dt and D is the diffusion coefficient. 

Let C be the concentration at the diffusive surface and C0 the concentration at the
adsorbing surface, the integral of [1] becomes

m   
= D

S (C-C0) [2]
t           l 

If the concentration at the adsorbing surface is negligible, the equation can be
approximated to

m   
= D

S
= Q   and then    C =

m
[3]

t C         l      t Q 

Q is the sampling rate and has the dimensions of a gaseous flow (if m is expressed in μg, t in minutes and 
C in μg·l-1, Q is expressed in l·min-1).

Therefore, if Q is constant and measured, to calculate the ambient air concentration you need only to quantify the mass
of analyte trapped by the adsorbing material and to keep note of the time of exposure of the diffusive sampler.

To improve the analytical sensitivity the collected mass m should be increased by enlarging Q. As D is a constant term,
one can only try to improve the S/l ratio, namely the geometrical constant of the sampler.  Unfortunately, in the com-
mon axial simmetry sampler, if S is enlarged, the adsorbing surface A must be enlarged too, in order to keep the two
parallel surfaces at a fixed distance. Since the analytes can be recovered from the axial sampler only by solvent extrac-
tion, any increase of A lead to a proportional increase of the extraction solvent volume, thus the improvement of Q is
canceled out by the effect of dilution. 

The value of distance l could also be reduced, but under the critical
value of about 8 mm the diffusion law is no longer valid in the case of
low air velocity values, since adsorption rate becomes higher than sup-
plying rate of analyte molecules at the diffusive surface.

Cannot we improve Q then?

The answer is to improve the sampler geometry to a radial design.

From this idea the radielloradiello sampler has been developed, its cylindrical
outer surface acting as diffusive membrane: the gaseus molecules move axi-
ally parallel towards an adsorbent bed which is cylindrical too and coaxial to
the diffusive surface.

When compared to the axial sampler, radielloradiello shows a much higher dif-
fusive surface without increase of the adsorbing material amount. Even if
the adsorbing surface is quite smaller then the diffusive one, each point of
the diffusive layer faces the diffusion barrier at the same distance.
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the difthe diffusive sampler work?fusive sampler work?

In the diffusive sampler, the adsorb-
ing and the diffusive surfaces are two
opposing plane of a closed box. 
Driven by the concentration gradient,
the gaseus molecules (coloured in
the figure) pass through the diffusive
surface and are trapped from the
adsorbing surface.

Section of Section of radielloradiello.
Diffusive and adsorb-
ing surfaces are cylin-
drical and coaxial: a
large diffusive surface
faces, at a fixed dis-
tance, the small sur-
face of a little  concen-
tric cartridge.
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As S=2πrh (where h is the height of the cylinder) and the diffusive path is as long as the radius r, we can then express
equation [1] as follows

dm
= D 2π h r

dC
[4]

dt                   dr

The integral of equation [4] from rd (radius of the diffusive cylindrical surface) to ra (radius of the adsorbing surface)
becomes

m   
= D

2π h
= Q   [5]t C

ln
rd

ra

the ratio
2π h

ln
rd

ra

is the geometrical constant of radielloradiello. The calculated uptake rate [5] is therefore proportional to the height of the
diffusive cylinder and inversely proportional to the logarithm of the ratio of diffusive vs adsorbing cylinder radii.

While ra can be easily measured, rd can only be calculated by exposure
experiments. Actually the diffusive membrane has been designed with a
thick tubular microporous layer. The actual diffusive path length is there-
fore much longer than the distance among the diffusive and adsorbing sur-
faces due to the tortuosity of the path through the pores. A diffusive cylin-
der of external diameter 8 mm, thickness 1.7 mm and average porosity of
25 μm, coupled to an adsorbing cartridge with radius  2.9 mm creates a
diffusive path of 18 mm instead of the straight line path estimation of (8-
2.9) = 5.1 mm.

The sampling rate Q is function of diffusive coefficient D, which is a thermodynamic property of each chemical sub-
stance. D varies with temperature (T) and pressure (p); therefore also the sampling rate is a function of those variables
according to

Q = f (T, p)

Q values that will be quoted in the following have been measured at 25 °C and 1013 hPa. As a consequence, they
should be corrected so as to reflect the actual sampling conditions. 

The correction of Q for atmospheric pressure is usually negligible since its dependence is linear and very seldom we face
variations of more than 30 hPa about the average value of 1013 hPa. In the worst case, if corrections for pressure are
ignored you make an error of ±3%, usually it is within ±1.5%.

On the other hand, Q depends exponentially on temperature variations, therefore more relevant errors can be intro-
duced if average temperature is significantly different from 25 °C. Moreover, when chemiadsorbing cartridge are used
kinetic effects (variations of reaction velocities between analyte and chemiadsorbing substrate) can be evident, apart
from thermodynamic ones (variation of D).

It is therefore very important to know the average temperature in order to ensure accuracy of experimental
data. See how you can perform on-field temperature measurements on page B3. 

Even if some cartridges adsorb large quantities of water when exposed for a long time in wet atmosphere, generally this
does not affect sampling by radielloradiello. Some consequences, neverthless, can sometimes be felt on the analysis. As an
example, a very wet graphitised charcoal cartridge could generate ice plugs during cryogenic focusing of thermally des-
orbed compounds or blow out a FID flame.

It is therefore important to protect radielloradiello from bad weather. See page B1 how this can be easily done.

A2

The microporous sin-
tered polyethylene diffu-
sive barrier of radielloradiello
photographed at the
electrton microscope;
the path length is much
longer than the mem-
brane thickness due to
the tortuosity of the
pores.
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why is why is radielloradiello soso

The diffusive sampling does not involve the use of heavy and encumbering pumping systems, does not have energy
power supply problems, does not require supervision, is noiseless, is not flammable and does not represent an explosion
hazard, can be performed by everybody everywhere and with very low costs.

Moreover, it is not subject to the breakthrough problem, which can be serious when active pumping is performed. 

Why diffusive sampling has not been so extensively adopt-
ed up to now?

This is due to the fact that the traditional axial symmetry
sampler has generally poor sensitivity and reproducibility
because of the limits set by its geometry. On one side,
uptake rate values are generally low, on the other, they
often vary depending on environmental conditions. 

These limitations have been overcome by radielloradiello.

By virtue of radial symmetry, uptake rate is:  

� high, since it does not vary linearly
but exponentially with the ratio diffu-
sive surface vs diffusive path length
(see eqn. [5]). With the same dimen-
sions, radiello’s uptake rate is at least
three times higher than that of any
axial diffusive sampler;

A3

special?special?

In pumped sampling  the adsorbed compound behaves as
a chromatographic peak (top): air flow displaces it along
the adsorbent bed and its concentration is distributed as
a gaussian function. Eventually, the compound comes out
from the opposite end.  When its concentration in the
outlet air is 10% of the concentration in the sampled air
we say that the breakthrough has been reached or, with
a misleading expression, that the tube has been saturat-
ed. Any further pumping leads to a loss of analyte and a
consequent underestimation of the environmental con-
centration. The extent of this phenomenon depends
weakly on the concentration of target compound but
rather on the value of air flow, the overall sampling vol-
ume and the chemical compound involved.

In the graph the case of benzene is displayed, sampled at
25 °C onto an activated charcoal adsorbent bed of the
same volume of a code 130 radielloradiello cartridge. The
breakthrough is reached after 35, 44 or 49 liters of sam-
pled air depending on benzene concentration in air (10,
50 or 100 μg·m-3 respectively).

An apparently similar phenomenon is shown by 
radielloradiello also. In this case, however, we cannot speak of
breakthrough, since no actual air flow is involved, but
rather of backdiffusion. This consists of a decrease of the
value of m·Q-1·t-1 (which is equal to the measured concentration, see eqn. [3] on page A1). This term is constant and equal to
the actual concentration until the adsorbed mass of analyte is far from the maximum amount allowed by the adsorbing medi-
um capacity.  The extent of backdiffusion depends on concentration and exposure time but a decrease of 10% in the m·Q-1·t-

1 term is observed along with equivalent sampling volumes of magnitude bigger than those seen before: 1600, 2300 and 3050
liters at the concentration of 10, 50 and 100 μg·m-3.

For a traditional
axial symmetry
sampler the
uptake rate
increases linearly with tha ratio of diffusive surface vs diffusive path length, while for
the radial simmetry sampler, the corresponding increase is exponential.  This means
that, let the diffusive surface vs diffusive path length ratio be 8:1, for the axial sampler
the uptake rate value is 8 (regardless of dimensions) while for the radial one it is 45. 
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� constant, due to the great adsorbing capacity of the adsorbing car-
tridge;

� reproducible, by virtue of the stiffness of the diffusive membrane and
the cartridge and of the close tolerances characterizing all the compo-
nents of radielloradiello;

� invariable with air speed, due to the tortuosity of the diffusive path
inside the microporous diffusive cylindrical surface; 

� precisely measured, because it is not calculated but experimental-
ly measured in a controlled atmosphere chamber in a wide range of
concentration, temperature, relative humidity, air speed conditions
and with or without interferents....

Moreover, radielloradiello
� able to work properly also with bad weather conditions due

to the water-repellent diffusive body
� has blank values lower than three times the instrumental

noise due to the complex conditioning procedures of the
bulk adsorbing (or chemiadsorbing) materials and to the
repeated quality controls along the whole production

� has low detection limits and high adsorbing capacities that
allow exposure time duration from 15 minutes to 30 days
and concentration measurements from 1 ppb to over 1000
ppm

� offers high precision and accuracy over a wide range of expo-
sure values

� allows thermal desorption and HRGC-MS analysis without inter-
ferents 

� is suited to the sampling of a vast range of gaseous pollutants 
� is though and chemically inert, being made of polycarbonate, 

microporous polyethylene and stainless steel 
� is indefinitely reusable in all of its components apart from the 

adsorbing cartridge; the latter can be recovered if thermal des
orption is employed

� it comes from the efforts of one of the main European scientific 
research institutions that produces it directly by high technology 
equipment and continuously submits it to severe tests and per
forms research and development in its laboratory in Padova

All the images in the manual concern the Environmental Research Center of Padova of the Fondazione Salvatore Maugeri-IRCCS
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the components ofthe components of

The essential parts of radiello are the adsorbing cartridge, the diffusive body, the supporting plate and the adhesive
label with the bar code indication. Apart from the adsorbing cartridge, if not differently stated, all of the other   com-
ponents can be repeatedly used for several sampling experiments.

radielloradiello

The adsorbing carThe adsorbing cartridgetridge
Depending on the polluting compound to be sam-
pled, many different adsorbing or chemiadsorbing
cartridges have been developed. Their dimensions
are neverthless the same for all: 60 mm length and
4.8 or 5.8 mm diameter.

They are contained in glass or plastic tubes
wrapped up in a transparent polyethylene ther-
mowelded bag.

The code number, printed onto the bag along with
the lot number and expiry date indicates the kind
of cartridge.

Apart from the thermal desorption cartridges, all of
the other kinds are for single use only. See the
application section at the back for codes relevant to
the different analytes.

Available in 20 pieces per package.

The cartridge has to be introduced into the
diffusive body.

The difThe diffusive bodyfusive body
Four kinds of diffusive bodies are available, with like outer
dimensions: 60 mm height and 16 mm diameter. 

The white diffusive body, code 120, of general use, is made of
microporous polyethylene 1.7 mm thick and average porosity 25
± 5 μm. Diffusive path length is 18 mm.

The blue diffusive body, code 120-1, has the same properties of
the white one but is opaque to light: it is suited to the sampling
of light-sensitive compounds.

The yellow diffusive body, code 120-2, should be used when-
ever the sampling rate must be reduced; it is made of microp-
orous polyethylene 5 mm thick and average porosity 10 ± 2 μm.
Diffusive path length is 150 mm.

The permeative diffusive body, code 120-3, is a 50 μm thick sil-
icone membrane strengthened by a stainless steel net and a
microporous polyethylene cylinder. It is employed for anaesthet-
ic gases and vapours sampling.

Available in 20 pieces per package.

The diffusive body has to be screwed onto the supporting
plate.

The supporThe supporting plateting plate
It is identified by the code 121. Made
of polycarbonate, it acts both as clo-
sure and support for the diffusive
body, which has to be screwed onto
the thread. It comes along with a
clip and a transparent adhesive
pocket to hold the label. The
three parts are to be assem-
bled before use (see page
A6).

Available in 20 pieces
per package.

code 121

code 120 120-1 120-2 120-3

The labelThe label
Self-adhesive, with printed barcode
number. Since each barcode number
has been printed in only one copy, it
allows an unmistakable identifica-
tion of the sampling tube on field
and in the laboratory for the subse-
quent analysis.

Each package of 20 adsorbing cartridges contains also
21 labels.

If the labels are ordered separately, they are
shipped in 198 pieces per package.

code 190
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how to usehow to use

beforbefore samplinge sampling
Before using radiello, you have to assemble the supporting plate with the clip, necessary to suspend it, and the adhe-
sive label pocket.

1

ply the strip and insert the peg into
the hole

assembling the assembling the 
supporsupporting plateting plate

1

Keeping the
diffusive body in a
vertical position,
to screw it onto
the support plate

3

Supelco Edition 

radielloradiello

insert the clip strip in the slot, with
the peg facing upwards

peel off the transparent
pocket

2

and place it onto the plate in a central
position; if you prefer, the pocket can
be applied to the rear of the plate, but
BE CAREFUL, always with the label
insertion slot on the side (otherwise, if
it starts raining the label can get wet)

4

2

on-fieldon-field
to starto start the samplingt the sampling

open the plastic bag, draw the cartridge out from the tube  and put
it in the diffusive body.  Keep the glass or the plastic tube and
stopper in the original plastic bag.

The lower part of the diffusive body holds a seat for the central
positioning of the cartridge. A correctly centered cartridge
should not stick out even by half a millimeter. If it does, the
cartridge is not correctly positioned and out of axis.
BE CAREFUL: do not hold the diffusive body horizontally
when you screw it onto the plate, otherwise the cartridge
could come out from its seat and stick out.
As a consequence, when the diffusive body is screwed onto the
supporting plate the cartridge is bent, the geometry of the sampler
is disturbed and the results obtained become unreliable. To place
the cartridge centrally you need only to tap on the diffusive
body.

Insert a label in the pocket without peeling it
off. Keep note of the date and time and
expose radiello. Sampling has started.

3

user tip
Assemble the supporting plate in
your laboratory before the sam-

pling campaign to save 
time in the field

user tip
Do not touch the cartridge

with your fingers if possible,
particularly if it is

impregnated with reactive
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after the samplingafter the sampling
Keep note of the date and time of the end of exposure. 

Place the cartridge into the tube, peel off the label and stick it onto the tube
such that the barcode is parallel to the axis of the tube.

If you have performed the sampling of different polluting compounds at the
same time, BE CAREFUL NOT TO MIX UP THE TUBES: place the exposed
cartridge in its original tube, identified by the code printed on the plastic bag.

maintenancemaintenance

When exposed outdoors or in a workplace environment, the diffusive body may get dirty from airborne dust. Fine par-
ticles (PM10) are especially harmful to yellow diffusive bodies since they can obstruct the pores. When the diffusive bod-
ies are dirty you can wash them as follows.
Immerse the diffusive bodies in a beaker with a soapy solution (e.g. dish detergent) and sonicate them for 20 minutes.
As the diffusive bodies float, you may make them sink by putting a smaller beaker on them, with water inside enough
to dip it a few centimeters. Rinse the diffusive bodies with plenty of water and then deionized water; let them finally
dry in the air.

After four or five washings, diffusive bodies need to be replaced: repeatedly adsorbed dust may have penetrated the so
deeply that they cannot be removed by washing anymore.

The following table shows the advised washing schedule:

PM10 concentration (μg·m-3) <30 40 >50

Washing after days of exposure 45 30 15

A7

user tip
even if you can write date and time of the sampling start and end on the adhesive label, we suggest you to keep

note of these parameters also separately: after a week exposure with bad weather conditions, 

your writing might have become illegible!

DO NOT USE MARKER PENS to write on the label: they contain solvents that are sampled by radiello!

IMPORTANT
Always stick the label such that the barcode is parallel to the axis of the tube: any other position will com-
promise the barcode automated reading by the optic reading device.

4

radielloradiello

IMPORTANT: NEVER USE SOLVENTS TO CLEAN THE DIFFUSIVE BODIES!!!
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radielloradiello-r-ready-to-useeady-to-use

The ready-to-use version may be advantageous when you prefer not to assemble all of the components on
field. It can be purchased as it is or in separate parts to be assembled by the customer.

In the ready-to-use version the adsorbing cartridge is already contained in a diffusive body closed with a
polycarbonate screw-thread cap. The whole is closed in a polypropylene airtight container. Just before use
draw the diffusive body out of the container and fit it to the special snapping vertical adapter fixed to the
supporting plate. After the end of exposure, the diffusive body with its content is placed again
in the polypropylene airtight container to be shipped to the laboratory for analysis. The 
rready-to-useeady-to-use radiello (polycarbonate cap, glass or plastic tube, special snapping vertical
adapter, barcode label and polypropylene container) is available for the sampling of the follow-
ing compounds: 

code sampling of contains

123-1 BTEX and VOCs white diffusive body and cartridge code 130

123-2 BTEX and VOCs yellow diffusive body and cartridge code 145

123-3 NO2, SO2 and HF blue diffusive body and cartridge code 166
123-4 aldehydes blue diffusive body and cartridge code 165

123-5 ozone blue diffusive body and cartridge code 172

123-6 hydrogen sulfide white diffusive body and cartridge code 170

123-7 ammonia blue diffusive body and cartridge code 168

123-8 HCl white diffusive body and cartridge code 169

If you prefer to assemble it by yourselves, you should order:

� diffusive bodies (of the required type, see following chapters)
� adsorbing cartridges (of the required type, see following 

chapters)
� polycarbonate caps, code 124-1
� special snapping adapters, code 122-1
� polypropylene containers, code 124-2
� supporting plates, code 121

A8
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IMPORTANT: for the rready-to-useeady-to-use version the support-
ing plate needs to be ordered separately. The ready-to-
use samplers are stable for 3 months.

user tip
the rready-to-useeady-to-use version of radiello
is very useful in the workplace sampling
campaigns but is not advised if very low
concentrations in outdoor or domestic

environments are to be measured

Fit the diffusive
body to the
adapter by push-
ing it till you
hear a clicking
sound

InstallationInstallation DetachingDetaching

Draw the diffusive body by
tilting it with decision

on top:
to the right, radiello-r-ready-to-useeady-to-use
to the left, the diffusive body with the
polycarbonate cap and the adsorbing car-
tridge inside

at the bottom: the special snapping
adapter

see left: the supporting plate with the
vertical snapping adapter
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