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Passive Sampling

• Sampling by diffusion - No Pump required
• Packings – Carbons, Polymers, Coated Materials
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Advantages of Passive Samplers

•No pumps required
• Parallel sampling of many sites possible without high investment
•No electrical supply needed
• Works independent
• Can be used in hazardous environments
•Easy handling
• Can be done also by untrained personnel
•Noiseless
• No disturbing noise during e.g. indoor sampling
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“But, diffusive samplers do need longer 
exposure/sampling times, don’t they?” 

Maybe not!
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Theoretical background of passive sampling
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dm/dt = adsorbed mass m during time t
D = diffusion coefficient
S = diffusive surface
dC/dl = concentration gradient

The Fick’s diffusion law:
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Axial diffusive samplers
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m = adsorbed analyte mass
D = diffusion coefficient
S / l = geometrical ratio (diff. surface/diff. path)
Q = D S/l  =(uptake rate) 
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Radial diffusive sampler
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D = diffusion coefficient
h = cylinder height
rd = diffusive cylindrical surface radius
ra = adsorbing surface radius
Q = D 2h/(ln rd/ra)  = uptake rate
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Sampling Rate Comparison

•Diffusive sampling rate for benzene on act. charcoal/chemical 
desorption (25 °C)
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Adsorbing Surface

Diffusive Surface

Axial Sampler Radial Sampler
Q = 7-8 ml/min Q = 80 ml/min
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Sampling Rate Q 
•Specific to compound
•Specific to sampler
•Values given by manufacturer (radiello® Manual & datasheet)

•Temperature dependent (correction equation in the manual)
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Given Q rates are corrected for desorption efficiencies
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Measured Diffusive Sampling Rates 
for Radiello Samplers
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• More precise 
and reliable
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Breakthrough vs. back diffusion

• Capacity limits
• Breakthrough for active 

sampling with adsorbent tubes

• Back-diffusion for radiello 
diffusive sampler

• Diffusive sampler shows 
higher capacity
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Benzene at 25°C; Adsorbent beds of same size for active and diffusive sampling

Adsorbent Tube
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FSM & Radiello History

•Salvatore Maugeri Foundation
• Work and Rehabilitation Institute of Care and Scientific Research 
• Established in 1965 as “Clinica del Lavoro” on the initiative of Prof.

Salvatore Maugeri
– Main aims:

– protection of occupational health
– rehabilitative medicine 

•Radiello History
• Mid 1990’s Dr. Vincenzo Cocheo Director of the Fondazione Salvatore 

Maugeri, Padova, Italy, in collaboration with the European Commission’s 
Joint Research Center (JRC) and other Institutions, developed and 
patented a revolutionary radial diffusive/sampling design 
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Typical Applications of radiello®

•Outdoor air 

•Indoor air 

•Industrial hygiene
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Equipment for Sampling
Example for Aldehydes

• Adsorbent Cartridge
• 2,4-DNPH coated Florisil
• Supplied in storage container

• Diffusive Body
• blue diff. body 

• Support plate
• Triangular back plate
• w/ pouch for barcode label
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Four different diffusive bodies
• White (standard) 

- for VOC/act. charcoal and 
others

• Blue (standard + colour) 
- for light-sensitive samplings 

(NO2, ozone, aldehydes)

• Yellow (high thickness) 
- for TD – VOCs sampling (to 

avoid retrodiffusion)

• Silicone membrane (grey)
- for anaestethics

18



© 2012 Sigma-Aldrich Co. All rights reserved.

Radiello sampling configuration
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horizontal 
(ambient air)

vertical 
(personal monitoring)
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Radiello sampling process
Before sampling
1. 1. Place cartridge into diffusive body
2. 2. Attach diffusive body to support plate
3. 3. Note start time and date on the 

barcode label (and separate sheet)

Sampling

20

After sampling
4. Note stop time and date on 

barcode label - put cartridge back 
into storage vial & barcode label 
on vial

5. Send storage vial with cartridge to 
lab for analysis
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Analysis of sampled cartridges

• In the Lab
• Technique depends on analyte
• Description of procedures in the radiello Manual

•Service by the Fondazione Salvatore Maugeri (FSM) / Padua, 
Italy

• Service provided directly by the FSM
• FSM supplies results by fax or email
• Process is described on the FSM web site www.radiello.com under lab 

service
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Two options for desorption 
VOCs/BTEX 

•Chemical desorption
• p/w  activated charcoal 
• white diffusive body
• Desorption with CS2

•Thermal desorption
• P/w graphitized carbon black 
• yellow diffusive body
• ATD-GC/FID or ATD-GC/MS
• also for phenolic compounds
• for diffusive sampler methods requiring TD

22
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radiello diffusive samplers / adsorbent cartridges 
for Organics

Compound class (Adsorbent) Diff. Body Analysis by

•Aldehydes (chemisorption on 2,4-DNPH) B  HPLC

•VOCs/BTEX CS2 chem. des. (activated charcoal) W  GC

•VOCs/BTEX TD (graphitized carbon) Y  TD/GC

•Anaesthetic gases (act. charcoal/mol. sieves) M  GC

•Phenols TD (Tenax TA) Y  TD/GC

•1,3-Butadiene/Isoprene TD (Carbopack X) Y  TD/GC
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See the radiello® Manual for more detailsW = white; B = blue; Y = yellow; M = membrane 
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radiello diffusive samplers / adsorbent cartridges 
for Inorganics

2

See the radiello® Manual for more details

Compound class (Adsorbent)                  Diff. Body Analysis by

•NO2/SO2/HF (chemisorption on TEA) B            Photom/IC/ISE

•O3 (chemisorption on 4,4’-Dipyridylethylene) B Photometry

•H2S (chemisorption on zinc acetate) W Photometry

•Ammonia (chemisorption on phosphoric acid) B Photometry

•HCl (adsorption on silica gel) W  Ion Chrom.

W = white; B = blue; Y = yellow; M = membrane 
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Ready-to-use Radiello Sampler

•Preinstalled Cartridge in the diffusive body
•Pack of 5
•Shelf life 3 months
•Special vertical adapter needed 
• Is supplied with the sampler

•Sterile components kit for anesthetic gases (RAD125)
• 10 single packages containing

– 1 permeative body 
– 1 support plate
– 1 vertical adapter
– 1 adsorbing cartridge

25
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Radiello Starter Kits
• NEW! RAD170S – Hydrogen Sulfide for Visible Spectrometry
• 2ea. Cartridge Microporous PE Impregnated w/Zinc Acetate (like RAD170)
• 1ea. Vertical Adapter (like RAD122)
• 1ea. Triangular Baseplate (like RAD121)
• 1ea. White Diffusive Body (like RAD120)

• RAD130S - VOC/BTEX for Chemical Desorption
• 2ea. Cartridge with Charcoal (like RAD130)
• 1ea. Vertical Adapter (like RAD122)
• 1ea. Triangular Baseplate (like RAD121)
• 1ea. White Diffusive Body (like RAD120)

• RAD145S – VOC/BTEX for Thermal Desorption
• 2ea. Cartridge with Carbograph (like RAD145)
• 1ea. Vertical Adapter (like RAD122)
• 1ea. Triangular Baseplate (like RAD121)
• 1ea. Yellow Diffusive Body (like RAD1202)

• RAD141S – 1,3-Butadiene & Isoprene for Thermal Desorption
• 2ea. Cartridge with Carbopack X (like RAD141)
• 1ea. Vertical Adapter (like RAD122)
• 1ea. Triangular Baseplate (like RAD121)
• 1ea. Yellow Diffusive Body (like RAD1202)
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radiello® Accessories

•Outdoor Shelter
• Easy to assemble in the field
• No tools required
• Fits almost every post

27
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radiello® Accessories

•Thermometer & Reader
• Attached to a vertical adapter
• Software to program and read out

28
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radiello® Accessories

•Calibration Solution and Kits
• H2S Analysis 

– Methylene blue solution for simplified calibration in photometry
• DNPH solution of 9 aldehydes for HPLC

• Pre spiked cartridge kits
– BTEX (Chem. Des.) 
– BTEX (Thermal Des.)
– VOCs (Chem. Des.)

29
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Features & Benefits

•High Uptake Rates
• Faster Sampling
•Greater Capacity & Minimal reverse diffusion
• Uptake rates constant/more reproducible                                                       

Higher accuracy of results,  Broader sampling range 
•Uptake rate measured in controlled atmospheric chamber
• Uptake rate very precise 
•Stiff diffusive wall & Tortuosity of diffusive path
• More reproducible uptake rates, invariable to air speed
•Water repellent diffusive body
• Amenable to bad  weather
•Low detection limits + high uptake rates + high capacity
• Sampling can range from 15 min – 30 days (1 ppb – 1000 ppm)
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More Features

•Predominately solvent/chemical desorption
•Amenable to TD & GC/MS with low interferences
•Broad range of relevant gaseous pollutants
•Touch and chemically inert
•Available accessories (outdoor shelter) for ambient air 
analyses

•Reusable hardware components
– Only cartridges need to be replaced for next sample

31
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Official Methods
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Method # Description
EN 838:1995 Diffusive samplers for the determination of gases and vapors – requirements and test methods

EN 13528-1:2002    
EN 13528-2:2002     
EN 13528-3:2002

Ambient air quality – Diffusive samplers for the determination of concentrations of gases and 
vapours – Requirements and test methods- Part 1: General Requirements; Part 2: Specif ic 
requirements and test methods; Part 3: Guide to selection, use and mainte

EN 14412:2004 Indoor air quality- Diffusive samplers for the determination of concentrations of gases and 
vapours – Guide for selection, use and maintenance, (describes a radial sampler in general)

EN 14662-4:2005 Ambient air quality – Standard method for measurement of benzene concentrations – Part 4: 
Diffusive sampling follow ed by TD and GC

EN 14662-5:2005 Ambient air quality – Standard method for measurement of benzene concentrations – Part 5: 
Diffusive sampling follow ed by solvent desorption and GC;                                                       
(describes Radiello as type B sampler)

ISO/FDIS 16000-
4:2004

Indoor air – Part 4: Determination of formaldehyde – Diffusive Sampling method

EN ISO 16017-
2:2003

Indoor, ambient and w orkplace air – Sampling and analysis of volatile organic compounds by 
sorbent tube/thermal desorption/capillary gas GC – Part 2: Diffusive sampling 

ISO/FDIS 16200-2 Workplace air quality – Sampling and analysis of VOCs by solvent desorption/gas 
chromatography – Part 2: Diffusive Sampling Method; (describes Radiello as type D sampler)

Annual Book of 
ASTM Standards, 
2004 - D6196-3

Practice of Selection of Sorbents, Sampling, and Thermal Desorption Analysis for Procedures 
for Volatile Organic Compounds in Air
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EU Projects (LIFE) on Air Monitoring
using Radiello Samplers

•MACBETH project
• Monitoring of Atmospheric Concentrations 

of Benzene in European Towns and 
Homes (LIFE 96 ENV/IT/070 )

•RESOLUTION project 
• Development of a high spatial resolution 

atmospheric monitoring model to verify 
the actual emissions reduction of ozone
precursors foreseen by Auto-Oil program 
(LIFE99ENV/IT/081)

•ARTEMIDE Project 
• High temporal resolution monitoring of 

VOC’s by diffusive sampler (LIFE 00 
ENV/IT/000005)

34

Dublin
Paris
Madrid
Rome
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Validation Studies by ERLAP for Ambient Air 
Monitoring using Radiello Samplers

•EUR 19594 EN 
• Validation of Radiello Diffusive Sampler for Monitoring Ozone in Ambient Air

•EUR 20860 EN 
• Laboratory and Field Inter-comparisons of NO2 diffusive samplers

•EUR 21754 EN 
• Laboratory and Field Inter-comparisons of O3 diffusive samplers

35
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radiello® Information Material

radiello® Manual 

•56 page documentation with all products 
and methods described

•Available as pdf file
• On the radiello CD
• Website

42

(IYP)

www.sigma-aldrich.com/radiello
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radiello® Manual Content
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Description of 
sampling & analysis 
methods
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radiello® Information Material

Radiello Brochure (T406090)
Provides an overview on the radiello line and 
background information
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(IXV)

radiello®-CD 
• Radiello Manual
• Literature reference list

• Journal articles, Symposium 
Poster, Official Methods

• Excel™ Template for reporting 
sampling data

• Chemicals & Supplies listing for 
Radiello Analysis

• Radiello Brochure
• Link to analytical service by FSM 
on www.radiello.com

(IXW)



© 2012 Sigma-Aldrich Co. All rights reserved.

www.sigma-aldrich.com/radiello

•Provides 
background 
information

•Product listings
•Link to pricing
•Literature 
downloads
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Summary

radiello® samplers 
•provide for a range of analytes
• Quicker results than axial passive samplers (up to 10x)
• Higher capacity 

– More precise results due to low back diffusion
– Broader range of concentrations

• Experimentally determined sampling rates
• Easy handling

•Are supported by analysis service available by FSM 
and other global locations
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Passive Sampling with Chromline DFH
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Chromline New Products

Based on SPME Fast Fit Assemblies
and feed for Multifiber EXchanger System MFX 

• Diffusive Fiber Holder (DFH) for air sampling
• FFA Field Sampler
• Storage container

50

DFH FFA-FS Storage
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DFH 
Diffusive Sampling Holder (DHF) - Overview

• Passive Air Sampling with SPME !
• TWA Sampling (Time Weighted Average)

• Uses Fast Fit Assemblies (SPME-FFA)
• Sensitivity can be adjusted
• Same sealing mechanism as for Storage 

container
• Self-contained for Transport & Storage
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SPME FFA

Magnetic 
Plunger

Cat.No. 57584-U
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Diffusive Sampling

Diffusion path Z
SPME 
fiber

Piercing/protection
needle

Fiber PlungerAnalyte 
molecules
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Sampling Rates DFH

• Sampling rate adjustment
• using magnetic plunger
• After adjustment optional storage/transport of FFA in storage container 
• Sampling rates for 97 analytes in the manual 
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SR sampling rate (cm3/min), 
A surface area of the needle opening 

A23ga= 1.464x10-3 cm2

A24ga= 9.926x10-4 cm2

Z diffusion path length (cm), 
D diffusion coefficient of the analyte in air 

(cm2/min). 

Calculation of SR
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Sampling With the DFH
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Storage of Sealing Mechanism

Fiber Protection 
during Sampling

On Site - Removal of Sealing Mechanism

After sampling 
• reverse steps
• or place FFA in Storage 

container
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Desorption of FFA used in DFH
• Manual Desorption with DFH Adapter (57541-U)

• Automated Desorption by MFX System (e.g. 25-Pos.)
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Potential Application areas

• Industrial Hygiene
• Indoor / Outdoor Air Measurements
• Air Monitoring research
• Long term sampling
• Multiple parallel Measurements

– Potentially just expose adjusted FFAs with out the DFH
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SPME - Chromline 
Available Information

• FFA Flyer (MPK) – available from Klaus B.

• Holder and Sampler Flyer (in Draft)

• Reporter 44 (Jan 2011) Introduction of new holders & sampler 
• Product Manuals as pdf.
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(MPK)

(Draft)(Rep.44)



© 2012 Sigma-Aldrich Co. All rights reserved.

SPME - Chromline 

Web site
Productline overview
• Manuals for download
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Dziękuję za uwagę!

sigma-aldrich.com/radiello


