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JAMP Guideline on methods and criteria for harmonised sampling and analysis of PAHs in air and precipitation
1.
Preface

This guideline was prepared for the Working Group on Inputs to the Marine Environment (INPUT) of OSPAR due to a lack of comparability of polycyclic aromatic hydrocarbon (PAH) measurement data. Therefore there is a need for harmonised guidelines and recommendations for measurements of PAHs in ambient air and precipitation. 

The content of this guideline is based on:

· literature survey;

· experience of the Contracting Parties (CPs) in their national activities;

· results of an Intercomparison Exercise (INPUT/OSPAR) including six CPs September - December 1998 [1]; and additional intercomparison activities with UK in 1999;

· recommendations and conclusions of an OSPAR Workshop on the Development of Guidelines for Sampling and Analysis of PAHs in Air and Precipitation, June 1999, Rostock (Germany).

In the JAMP guideline an overview of different techniques available for the sampling and analysis of PAHs in air and precipitation is presented. Recommendations for devices and techniques are also given along with instructions for laboratories starting up PAH measurements in atmospheric samples. The techniques have been selected regarding their suitability and robustness for the long-term monitoring of PAHs in air and precipitation. The first requirement of any sampling procedure is that the sample is taken from a representative matrix and remains unchanged prior to its analysis. Since the PAHs selected have a wide range of physical and chemical properties and reactivities the task is particularly difficult and must be given special attention. 

Generally, all procedures and documents of the measurements should follow the guidelines of ISO 9000 or other certification and accreditation systems. Standard operation procedures for sample collection and handling, chemical analysis and data reporting should be available to the suitably trained operators.

2.
Programme objectives - background

The main objectives of the Comprehensive Atmospheric Monitoring Programme (CAMP) are to measure the atmospheric input of selected contaminants in precipitation and air. At present PAHs are measured on a voluntary basis, most commonly in precipitation [2]. The situation is that, in comparison to the extensive ongoing measurement activities concerning heavy metals, only few persistent organic pollutants (POPs), including PAHs, are measured at a very limited number of stations and not by all countries. 

Although analysis of PAHs in air and precipitation has been carried out for about 20 years, there are no standardised methods. ISO has produced a method and a working document for analysis of PAHs in air (ISO 12884/ 2000-04-01, ISO/DIS 16362 ISO/TC 146 SC3/WG 17 [3, 4]), which cover different sampling and analytical methods. 

3.
PAH compounds – occurrence in the atmosphere

PAHs are of a high relevance because of their increasing pollution load to the environment especially marine environment. Certain individual PAHs have been classified by the International Agency for Research on Cancer as carcinogenic to animals and probably carcinogenic to humans.

Based on the 1982 published EPA list, which includes mostly PAHs with carcinogenic effects, the following PAHs were selected for CAMP [2] (structures in Table A1 Appendix A):

phenanthrene, anthracene, fluoranthene, pyrene, benzo(a)anthracene, chrysene, benzo(a)pyrene, benzo(ghi)perylene, indeno(1,2,3-cd)pyrene.

3.1
Chemical and physical properties

Table A1 (Appendix A) gives a summary of important physical properties of the selected PAH compounds as well as with regard to carcinogenic importance [3].

3.2
Sources

PAHs are formed mainly by anthropogenic processes, although natural processes also make a contribution. PAH sources include residential heating (burning of coal, wood, oil and gas), industrial processes (coke manufacturing, aluminium plants), incineration (municipal), open burning (coal refuse fires, forest fires), power generation (power plants, industrial boilers) and traffic.

3.3
Concentration ranges

Normally a wide range of concentration of the selected PAHs are observed depending on the compound; in urban air from 1 to several hundred ng/m³ and in remote areas less than 1 ng/m³ down to several pg/m³. An overview of PAH concentration ranges in gas and particle phase and in precipitation in different regions is given in Tables B1 [5-16] and B2 [15-25] (Appendix B). 

The source of emission and the susceptibility of PAHs to chemical and photochemical reaction accompanied by the influence of climatic factors determine the PAH concentrations in air. The PAH air concentrations generally show strong seasonal variation. Higher levels are apparent in winter perhaps in connection with coal-fired residential heating. Recent studies have shown a declining trend of PAH air concentrations during the last 10 years [26].

3.4
Transport and deposition processes

The atmosphere is a major transport pathway for POPs. Due to their persistence, toxicity and tendency to bioaccumulate in biota POPs are of great environmental concern. The largest proportion of the inputs into the open sea are from the atmosphere. Most of the PAHs are considered as semi-volatile organic compounds (SOC) which means that they are transported in the atmosphere in both the gas and particle phase. The distribution between these phases depends on the physical and chemical properties (especially vapour pressure) and the concentration of the PAH compound, the ambient air temperature, humidity and the concentration and nature of the atmospheric particles. Wet and dry deposition and chemical transformation remove particle-associated PAHs from the atmosphere. The partitioning between the two phases will affect the dominant removal mechanism. Particle scavenging rather than gas scavenging is the dominant removal mechanism for PAHs from the atmosphere through precipitation. Generally POPs are mostly inert and chemically stable during transport over long distances, but especially some PAHs participate in atmospheric reactions [27].

3.5
PAH distribution across atmospheric aerosols

The environmental fate of PAHs, transport, rates of deposition and chemical change strongly depend on the particle size distribution. The understanding of these studies is important for assessing exposure through inhalation and when selecting the sampling characteristics of measuring equipment.

Several experts have reported the concentrations of atmospheric PAHs as a function of particle diameter [28 - 30]. Size fractionating air samplers, such as cascade impactors, have been used for these studies. The presence of sampling artefacts has been acknowledged in the use of cascade impactors [28, 29]. These samplers operate at pressures much less than atmospheric, possibly resulting in volatilisation of particle associated PAHs during sampling and hence an underestimation of the contaminant concentration. The volatilisation artefact was found to be important for PAHs with intermediate vapour pressures (from that of phenanthrene to that of chrysene) [29].

There has been a general agreement that most PAHs are associated with fine particles (i.e. 2,5 µm [31]. Benzo(a)pyrene appears to be associated with atmospheric particles with diameters in the respirable range < 0,26 µm [30]. Seasonal effects of size distribution of PAHs were observed with higher amounts of PAHs in the fine particle fraction in winter than in summer [28, 30]. Poster [28] believed that there is a five-fold increase of PAHs associated with smaller particles in winter and suggested that the highest concentration (ng/m3) of PAHs in the atmosphere is associated with particles of 1,4 µm.

3.6
Definitions

The term precipitation is used for rain, snow etc., whereas deposition is used as a general term for fluxes of substances (amount per unit area) from air to soil or water.
Wet deposition is used for the flux resulting from the substances present in the precipitation. 

4.
Criteria for sampling sites

The selection of sites is an important part of air quality monitoring network. In this report recommendations for site requirements are not given. Instead, the criteria in the CAMP Principles [2] can be used for these general recommendations not specifically with PAHs.

5.
Sampling techniques for air monitoring

5.1
Principle

It is stated that the determination of the concentration of PAHs in ambient air is of considerable importance for the characterisation of air quality. 

PAHs are normally sampled by pumping an air stream through an air sampler in which PAHs adsorbed to particulate matter are usually collected on filters and compounds in the vapour phase are trapped by a back-up solid adsorbent. The use of a filter and a back-up adsorber is necessary for an assessment of total atmospheric PAH concentrations. Air measurements should include the particle and gas phase of PAHs, since the more volatile PAH compounds have a considerable proportion in the gas phase. 

Because of discussions of the correct approach to measuring gas particle partitioning, the "particle phase" can be defined as the PAHs trapped on a filter, and the "gas phase" defined as that associated with an adsorbent. Determination of the true partitioning of the compounds between the vapour and particle phases is important for understanding atmospheric processes. 

5.2
Sampler type and materials

5.2.1
Apparatus – sampler design

Several techniques and samplers have been developed and used for air sampling of PAH compounds. Environmental monitoring is conventionally performed by trapping the particle bounded fraction of PAHs onto filters using high volume samplers (HVS), but recently most atmospheric samplers have been used in conjunction with an adsorbent [31]. The use of an adsorbent is recommended in ISO 12884: 2000-4-01 [3]). In most air measurement studies of PAHs a range of HVSs have been used [5, 8 - 16]. Low volume samplers (LVS) however have also been used for monitoring work [6, 7]. Low volume sampling is included in the working document of ISO for PAH determination on particles (ISO/DIS 16362 ISO/TC 146 SC3/WG 17 [4]). In both approaches solid adsorbents have been used to collect volatile PAHs. 

For small particles (<10 µm) the sampler construction as regards sensitivity to wind direction and wind speed has little influence on the collection efficiency [31]. However, the sampling of larger particles is more complicated however they are not important for PAHs (see Chapter 3.5), as can be seen in studies of the AEAT (UK) [32] for particles >5 µm.

PAHs in the ambient air are predominantly associated with fine particles. So long as the samplers are effective for collecting fine particles, the particle collection efficiency at the range greater than 5µm is not a significant source of uncertainty. Therefore, for reasons of practicability it is recommended to use a LVS. If other POPs, which occur in lower concentrations such as dioxins, are being measured in the same sample a HVS may be necessary. 

The total atmospheric concentration (sum of filter and adsorbent retained compounds), should be reported, since the distribution between gas and particle phase is influenced by several factors, changing from time to time. The re-distribution of PAHs between particle and gas phase will occur with both LVS and HVS.

5.2.2
Filter and adsorbents

Glass fibre filters have been used commonly in the sampling of airborne particle bounded PAHs with both LVS and HVS. Other important filter materials are quartz fibre and Teflon coated filters. Different collection efficiency are not known for different filter types [31]. The choice of glass fibre filters is based on the ability to obtain consistently low blanks. The filters can be pre-treated by heating to between 200 - 450 °C. 

With the use of filters alone only the particulate bound PAHs can be measured, but there are sampling artefacts, discussed in the literature [28, 31, 33 - 35]. The particle fraction can be either underestimated as a result of "blow-off", or overestimated if vapour phase PAHs adsorb onto the trapped particles. The use of a sampling head as combination of a filter and a back-up adsorbent can address these problems for measuring the total PAH concentration in air.

Polyurethane foam (PUF) is preferred as an adsorbent for trapping PAHs in the vapour phase. The advantages of using PUF include easy handling and the low pressure drop. The sampling time is critical for the breakthrough of PAHs on the PUF-plug, that is why back-up plugs must be used in order to measure the sampling recovery. Procedures of cleaning the PUF-plugs include soxhlet-extraction with different solvents.

At present in the OSPAR countries HVSs (Norway, Sweden, The Netherlands, United Kingdom) as well as LVSs (Belgium, Denmark, Germany) are used. Table 1 gives an overview about the existing sampling techniques, filters and adsorbents, their sizes and pre-treatment before sampling. Figures of the air sampling devices of Germany and Norway are presented in Appendix C.1.2 and Appendix C1.1.

The size of glass fibre filter chosen depends on the sampler type and flow rate used. At least two PUF-plugs should be used in line. The PUF-plug size should be appropriate for the sampling device and the flow rate used. The numbers of PUF plugs used will be defined by the QC programme (see Chapter 8.2.3). Three in line PUF-plugs in connection with HVSs should be used for special seasons (high temperature and / or high load).

Table 1: Types of air samplers used [1]


sampler type
filter / adsorbent

Germany

(FEA)
LVS MVS 6 (DERENDA) with a sampling head PK 50-PU/G (RIEMER, DIGITEL);

adjustable constant flow rate: 

2 - 4 m³/h 
stainless steel sampling head equipped with a glass cassette containing a glass fibre filter (Schleicher & Schuell No. 9; 5 cm d.) and two PUF-plugs (5 cm d., 10 cm long); pre-cleaning of filters by heating 10 h to 230°C and of PUF-plugs by soxhlet-extraction with acetone and toluene 

Norway

(NILU) 

Sweden (IVL)
home built HVS by NILU; the filter holder unit is connected with a high volume

vacuum pump using a flow meter;

flow rate: 20 - 25 m³/h 
glass fibre filter (14,2 cm d.) and two PUF-plugs (11 cm d.; 5 cm long); pre-cleaning of filters by heating 8h to 450°C and of PUF-plugs by soxhlet-extraction with acetone and toluene

The Netherlands (RIVM)
PM10 HVS (Sierra/Andersen PM10 model 1200 with PM-10 inlet model 321 and 

volumetric flow, flow rate: 67,7 m³/h
Whatman QM-A quarz microfibre filter 

(20,3 cm x 25,4 cm), no cleaning of filter material

Belgium

(VMM)
LVS; 8 filters in the system consecutively with automatic switching; flow rate: 2,4 m³/h
glass fibre filters GELMAN type A/C (47 mm d.);

no cleaning of filter material

United Kingdom

(AEAT)
HVS Andersen GPS-1 fitted with a PM-10 inlet without impactor plates


glass fibre filters and two PUF-plugs, pre-cleaning of PUF-plugs by soxhlet-extraction with toluene and dichlormethane 

Denmark


sampler with a filter holder connected with a vacuum pump,

flow rate: 2,4 m³/h, regulation of the flow rate by a mass flow controller
filter of a mixed ester of cellulose (Milipore RAWP 1,2 µm, 50 mm d.); no cleaning of filter material



5.3
Sampling procedure

All loaded and unloaded samples should be handled with care in order to avoid contamination during transport and handling. The sampling procedure includes change of samples, storage and transport should follow a written instruction for all steps or a standard operation procedure as a part of the QA/QC programme (see Chapter 8.2.2). 

The interior surfaces and gaskets of the sampling head should be cleaned prior to sampling and later on defined time intervals. Tweezers and gloves should be used for handling the filters and PUF-plugs. The change of the samples (filters and PUF-plugs) should be carried out at a centralised sampling processing area so that the sample handling variables can be minimised. 

The air-flow shall be controlled by a flow-control device and measured regularly. The calibration of the flow control system is included in the QA/QC programme (see Chapter 8.2.1).

5.3.1
Storage and transport

Exposed samples and field blanks should be returned to the laboratory as soon as possible and not later than one month after sampling. Loaded filters and PUF-plugs should be stored in the dark in closed vessels in the same way as it is done with unloaded pre-cleaned materials. The loaded filters are folded, with the inlet side inside, wrapped in aluminium foil and put into plastic-bags or into transport boxes. They can be stored in a refrigerator or at room temperature depending on the storage time. Transport and storage conditions should include a programme of field blanks as a part of the QA/QC programme (see Chapter 8.2.4). 

Studies of stability of filters and PUF have shown no losses of PAHs ranging in volatility from fluoranthene / pyrene to indeno(1,2,3-cd)pyrene during storage at room temperature in the dark, using closed vessels up to 118 days [36]. 

5.3.2
Sampling frequency

Weekly sampling is recommended for the initial phase to quantify the atmospheric input. Analysing should be carried out preferably weekly, if there are problems with the detection limit biweekly. Monthly data reflect mainly seasonal variations. It is recommended, that after one year the approach of weekly sampling should be evaluated. The weekly samples can be combined into monthly sample as a less costly approach.

5.4
Special topic – examples (reference method, alternative approach)

In Appendix C.1 details of two sampling methods including sampling procedures are presented, which are used by CPs in national activities and were included in a sampler comparison [1]:

- 
LVS (Germany) ("reference method" of the field experiment) (Appendix C.1.1);

- 
HVS (NILU, Norway [37]) (Appendix C.1.2).

6.
Sampling techniques for precipitation monitoring

6.1
Principle

The simple approach for the measurement of wet deposition is to collect the precipitation in bottles and analyse the samples on a periodic basis.

6.2
Sampler type and materials

Two types of deposition samplers should be distinguished: bulk and wet-only samplers. Bulk samplers are permanently open and collect dry and wet deposition, whereas the wet-only sampler is open only during precipitation events and collects the wet deposition. Bulk collectors are more susceptible to contamination. The CAMP Principles recommend the use of wet-only samplers.

Wet-only samplers vary in shape, size (between 0,03 m² and 1 m²), materials: Teflon coated metal, glass and stainless steel) and collection mode (adsorbent for in situ compound isolation / non-adsorbent) [16, 17 - 31, 38].

There are some general requirements for such samplers:

· the collector should have a large surface in accordance with collection of organic compounds;

· the collection and storage surfaces should be made from inert, non-contaminating and non-adsorbing materials;

· the collector should be suitable for unattended operation. 

As a result of a comprehensive sampler comparison it was concluded, that the sensor has to open the funnel more than 80 % of all cases when precipitation intensities reach 0,05 mm / h in [39].

Table 2 gives an overview of precipitation samplers used for sampling POPs in national activities of OSPAR countries. A diagram of the German wet-only sampler is presented in Appendix C.2.

Table 2: Types of deposition samplers used [1]


sampler type
funnel
sampling

Germany

(FEA)
Wet-only sampler (EIGENBRODT): 1,65 m high; thermostatic system to hold a constant temperature of 4°C; conductivity sensor fitted with a heating unit, optoelectronic sensor especially suitable for coastal sites is optional 
glass, cylindrical-conical in shape, collection surface: 0,05 m²
collecting bottle: 5 l glass bottle 

Sweden (IVL) 
Bulk sampler; 1,50 m high 
Teflon coated surface with 10 cm high edges; collection surface: 1 m²; bottom declines slightly to a central opening
the PAHs are collected on an adsorbent during sampling, two PUF- plugs, 5 cm d., 10 cm long

Belgium (VMM)
wet-only sampler 1,10 m high; the sampler is equipped with a heating system with a thermostat to avoid the freezing of the collected rainwater and to heat the funnel to melt the collected snow; conductivity sensor is fitted with a heating unit
glass funnel, collection surface: 0,035 m²
collecting bottle: 5 l glass bottle 

The wet-only sampler (EIGENBRODT) provided by Germany is proved in long-term monitoring programmes inter alia for PAH measurements too.

6.3
Precipitation amount

A critical step for evaluating wet deposition is the availability of standardised data on precipitation amounts. Different deposition sampler designs have different rainfall collection efficiencies which may lead to incomparable results. A parallel measurement of precipitation amounts using a standard rain gauge should be made according to the WMO guidelines in order to identify on the one hand the differences and on the other hand to have the possibility for correction. If systematic errors are found, the sampler design should be reconsidered.

6.4
Sampling procedure

All bottles with samples and replacement bottles should be handled with care in order to avoid contamination during handling and transport. Plastic gloves have to be used. The sampling procedure including change of samples, storage and transport should follow a written instruction for all steps or a standard operation procedure as a part of the QA/QC programme (see Chapter 8.2.3).

All glass equipment used must be extensively cleaned before. Most laboratories use a fixed procedure for cleaning of glassware involving leaching in detergent solution and rinsing with different solvents (i.e. acetone, methanol) [18, 38, 40, 41]. Great care must be taken that all glass equipment should be separately used for deposition monitoring and not for contaminated water samples.

The sampling should include a regular examination of the sensor and all the other mechanical parts for wear and tightness. Adjustments or part replacements should be made as required.

6.4.1
Sampling frequency

A sampling period from one week to one month is possible. But if a sampler without lagging or thermostatic system is used, a high risk of (bio)chemical conversion exists and the sampling frequency should not exceed one week. Analysing should be carried out monthly. In case of weekly samples they will be combined into a monthly sample. The sampling frequency used by the CPs should – as a general rule – not be changed.

6.4.2
Funnel rinse

PAHs can adsorb on collection surfaces of the sampler [17, 18, 38]. Franz et al. [38] found an average of 26 % of the PAH masses in solvent rinses of Teflon coated and stainless steel funnels of different wet-only sampler types. Nearly the same was found for glass funnels [17, 18]. If the fraction on the funnel is included in the deposition sample, this does not cause any problem in the assessment of wet deposition. After each sampling period the surface of the funnel should be rinsed with a water miscible solvent (methanol, ethanol). The rinse should be added to the sample.

6.4.3
Storage and transport

Precipitation samples and field blanks (high purity water) should be returned to the laboratory as soon as possible. The samples should be stored under dark and cool (below 5°C) conditions. The transport should be carried out as quickly as possible and not longer than two days dispatch always at the beginning of the week. 

6.5
Special topic - examples

In Appendix C.2 details of the wet-only sampling procedure of the "reference method" provided by Germany are presented.

7.
Analysis

7.1
Sample preparation - extraction and clean-up

7.1.1
Air samples

The approved methods include soxhlet extraction, extraction under reflux and ultrasonication using a variety of organic solvents like acetone, toluene, cyclohexane and dichlormethane. The high extraction efficiency, particularly, where larger 4-6 ring PAHs are involved, makes toluene a preferred extraction solvent. Table 3 gives as examples an overview of methods used by Contracting Parties.

Table 3: : Illustrative overview of used methods of extraction of filters and PUF-plugs [1]

participant
filters
PUF-plugs

Germany (FEA)
Extraction with toluene under reflux for 20 min; no clean-up
soxhlet extraction with toluene 3 h; clean-up using silica-gel (cyclohexane)

Sweden (IVL)
Soxhlet extraction with acetone for 24 h; dilution to double volume with water, extraction with pentane / ether 9 :1

Combined extracts of filter and PUF-plugs were fractionated on a silica gel column
soxhlet extraction with acetone for 24 h; dilution to double volume with water, extraction with pentane / ether 9:1 

Norway (NILU)
Soxhlet extraction with cyclohexane; "Grimmer method"; clean-up on HPLC using a silica column
soxhlet extraction with cyclohexane; "Grimmer method"; clean-up on HPLC using a silica column

Netherlands (RIVM; Waterworks Noord-Holland)
1/8 part of the loaded filter is soxhlet extracted with dichlormethane for 4,5 h; clean-up on a silica-gel-column, 
no use of an adsorbent

Belgium (VMM)
Two ultrasonic extractions with dichlor- methane for 15 min; no clean-up
no use of an adsorbent

United Kingdom

(AEAT)
Soxhlet-extraction with hexane, clean-up on a Florisil column
soxhlet-extraction with hexane, clean-up on a Florisil column

Denmark


Soxhlet-extraction with toluene for 24 h, no clean-up
no use of an adsorbent

The PUF-plugs require clean-up before analysis. The filter extracts can be analysed without clean-up in a number of ways. Typically, high performance liquid chromatography (HPLC) with fluorescence detection needs far less clean-up for successful quantification of PAHs than gas chromatographic (GC) techniques. Generally, the development of a clean-up method has to be designed with the extraction and detection systems for which the samples are analysed. 

Since PAH concentrations are usually at very low levels, great care must be taken during extraction to avoid contamination. This requires high grade solvents and rigorous cleaning of equipment prior to extractions. During extractions the apparatus should be wrapped in aluminium foil to avoid photo-degradation of the PAHs.

7.1.2
Precipitation

PAHs were extracted from precipitation samples with liquid / liquid extraction using different solvents. The German standard methods for the examination of water, waste water and sludge [40] includes an extraction of PAHs with hexane. It is tested and used for PAH monitoring in precipitation [17]. The extraction with dichloromethane in accordance with the EPA test method [41] is used for precipitation samples too [38]. 

The extraction efficiency is to be controlled in case of modifications of the extraction procedure. Depending on the type of sample matrix it has to be checked, if a clean-up of the extracts prior to analysis is necessary. The choice of a sample preparation method including the extraction procedure, the solvents, the clean-up is often determined by the chromatographic method used for PAH separation, identification and quantification. Which method of sample preparation is used by a laboratory depends on its equipment and experiences in analyses of organic trace substances. 

7.2
Instrumentation 

For analysis of PAHs the following methods were used at present:

· HPLC with programmable fluorescence detection (ISO/DIS 16362 ISO/TC 146 SC3/WG 17 [4];

· GC-MS (ISO 12884: 2000-04-01) [3].

Typically HPLC with fluorescence detection needs far less clean-up for successful quantification of PAHs than GC techniques. For selected PAHs (16 priority PAH pollutants of EPA) analysis on a routine basis using HPLC exists since 1982 (US EPA) [41] and provides the greatest sensitivity and selectivity. With GC-MS it is not possible in all cases to resolve all isomeric structures. 

The different columns, which are advisable for analysis of PAHs are listed in the ISO documents [3, 4], in the EPA method 610 [41] and in the German standard method [40].

8.
Quality assurance

8.1
General

The measurement of trace concentrations requires strict precautions to prevent contamination and other sources of errors. Quality assurance is therefore recognised as an essential component in air quality monitoring. At present a QA/QC programme for the CAMP network has not been developed, but ASMO 1998 strongly recommended to develop such a programme in close co-operation with other international monitoring networks (EMEP, AMAP, HELCOM) [2]. In the CAMP Principles a minimum programme, to ensure that comparable quality data is established, is recommended.

It is recommended that the QA and QC approaches described in "Method performance criteria and QC measures for the determination of persistent organic pollutants (POP) in ambient air and precipitation" according to AMAP (1994) [42] and EMEP (Guidelines recommended in Lillehammer 1997) [37] are followed. 
8.2
Field operations

8.2.1
Sampling equipment

The following points should be considered at the sampling site:

· existence of a handbook for the sampler;

· documentation of the construction of the instrument together with a detailed list of replacement parts;

· description of procedures for change of parts;

· availability of a contingency plan to avoid gaps in the measurement series due to instrument failure;

· availability of the most commonly used spare parts.

Since air sampling needs accurate volume readings to minimise the uncertainty in the measurement accuracy, the volume meters may need a calibration. The frequencies are specified by the manufacturer or by the technical staff at the station from the changes encountered between calibrations.

8.2.2
Sample handling, storage and transport

The staff at the stations should be properly trained. Detailed operation procedures for changing the samples at the site, the storage and transport should be available. All important data (i.e. volume readings) have to be written in field journals. All samples have to get a clear code number. Field reporting forms should be sent with the samples in the same transportation box to the laboratory. Especially in the case of water samples the reporting forms should be put in separate plastic bags to avoid destruction in case of accidental leaks.

An example of a field operation sheet for measurements is presented in the draft document of ISO 12884 [3].

Standard operational procedures must be defined separately for sampling and analysis.

8.2.3
Method performance criteria for sample collection

The use of a solid adsorbent for sampling of volatile compounds needs a back-up adsorbent for breakthrough control. Breakthrough rates have to be determined during method development. Because the breakthrough of volatile PAHs depends on temperature and concentration load, differences between summer and winter have to be considered. If the sampling method is changed, especially the flow-rate, the break-through has to be measured. At minimum two in line PUF-plugs should be used with sizes depending on the sampler type and the used flow rate. Three in line PUF-plugs in connection with HVSs should be used for special seasons (high temperature and / or high load) (see Chapter 5.2.2).

The back-up PUF-plug should contain less than 5 % of the sample [42].

8.2.4
Field blanks

A field blank has been prepared, stored, transported and analysed in the same way as an exposed sample in order to control possible sample contamination including field operations and it should be checked 2 to 3 times per year. Field blanks should be reported together with the data. It is possible to use the back-up adsorbent for controlling the breakthrough as field blank for the volatile PAHs as well as long as break-through rates are low. 

8.2.5
Precision of field instruments and measurement systems

To assess the precision in the data two identical samplers should be run in parallel at the beginning of the measuring programme. This should be carried out as a short phase of testing the method.

8.3
Laboratory operations

8.3.1
Method validation

Generally before the analysis of real samples starts a method validation should be carried out, which includes the determination of the following parameters [42]:

- 
selectivity and linearity, detection limits;

- 
robustness of the method concerning small changes of the method parameter or in the sample composition;

- 
accuracy and precision.

8.3.2
Compound identification and quantification criteria

Criteria for identification and quantification of organic compounds are given in AMAP (1994) [42]. For PAHs the criteria using either GC-MS or HPLC are given in the ISO-papers [3, 4]. These include aspects of calibration and recovery standards. 

8.3.3
Quality control measures

Reference material:

The certified standard reference material SRM 1649a "Urban dust" should be used as a quality standard once per year. 

The extraction of PAHs from precipitation samples should be controlled during validation by a re-extraction step of an already extracted sample because it is difficult to bring particle adsorbed PAHs completely in solution. 

Blank values:

The analytical blank has to be measured for the complete analytical method including extraction, clean-up and quantification.

Blanks have to be controlled after 10 - 15 samples. In special situations of using new charges of solvents, adsorbents or a new equipment and after an analysis of polluted samples with unusual high concentrations a blank value should be measured as well.

Laboratory blank values should be evaluated and reported together with the field blanks.

8.4
Data handling and reports

The criteria in the CAMP Principles [2] can be used as general recommendations though they are not specific to PAHs. PAH specific criteria may be specified later. Changes in instrumentation and method including sampling and analysis should be reported with the data.

9.
Comparability of results - intercomparison

Analytical intercalibrations of prepared samples and field intercalibrations are necessary as described in the CAMP minimum programme [2] (like Intercomparison Exercise INPUT / OSPAR 1998 [1]).

Comparability of results between laboratories should be controlled. Non-spiked raw extracts should be exchanged together with referenced standards for quantification. Acceptable differences should not exceed +/- 10 % for standards and +/- 20 % for extracts [42].

10.
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Appendix A

Table A1: Structure and properties of selected PAHs [3]

compound (IUPAC name)
abbrev.
mol. wt.
vapor pressure at 25°C [kPa]
boiling point (1)  °C
carcinogenic
structure

Phenanthrene


PHE
178
2,3*10-5
339 - 340


[image: image2.wmf]

Anthracene


ANC
178
36 *10-6
340
(+)

[image: image3.wmf]

Fluoranthene


FLU
202
6,510-7
375 - 393


[image: image4.wmf]

Pyrene


PYR
202
3,1 *10-6
360 - 404


[image: image5.wmf]

Benzo(a)-

anthracene


BaA
228
1,5 *10-8
435
+

[image: image6.wmf]

Chrysene


CHR
228
5,7 *10-10
441 - 448
+

[image: image7.wmf]

Benzo(a)-

pyrene


BaP
252
7,3 *10-10
493 - 496
+

[image: image8.wmf]

Benzo(ghi)-perylene


BghiP
278
1,3 *10-11
525
+

[image: image9.wmf]

Indeno(1,2,3-cd)pyrene


IND
276
~1,0 *10-11
-
+

[image: image10.wmf]

 (1)
Many of these compounds sublime. 

Appendix B

Table B1: PAH concentrations in ambient air of different regions [ng/m³]

ref.
region / station 
time 
phases






PHE
ANC
FLU
PYR
BaA
CHR
BbF
BkF
BaP
DbahA
BghiP
INP

[5]
Swedish west coast, Rörvik, Nidingen
1991- 1994
gas and particle
0,37 - 3,6
0,006 - 0,2
0,2 - 1,7
0,04 - 1,1
0,007 - 0,16
0,02 - 0,41
0,02 - 0,49
0,008 - 0,22
0,008 - 0,22
-
0,006 - 0,39
0,001 - 0,35

[6]
Germany

urban Schleswig

city Frankfurt
1980


particle
0,35

1,45

<0,15

3,05
<0,15

2,29

<0,17

7,9


<0,11

1,02
<0,17

0,61
<0,17

0,83


[7]
Germany / city (Bavaria) Munich
1981- 1984
particle


2,1
1,8
1,8
4,7
7,4

2,1
0,4
4,0
2,5

[8]


Germany Augsburg, urban and rural sites 
1992

(one year)
particle
0,36


0,03
0,7
0,54
0,28



0,42
0,13
0,4
0,59




gas and particle
6,5
0,2
2,4
1,3
0,28



0,42
0,13
0,4
0,59

[9]
Germany, coastal site

(Zingst)
Oct. 1995

-March 1996
particle
0,09 -4,0
<0,59
0,19 - 6,8
0,16 - 5,6
- 2,3

0,39 - 6,6
0,13 - 2,1
- 3,7
0,02 - 0,43
0,11 - 2,0
0,24 - 5,2




gas
3,0 - 20
<0,33
0,89 - 5,5
0,4 - 2,0
0,009 - 0,07

0,007 - 0,43
0,001 - 0,13
- 0,59
- 0,015
- 0,13
- 0,25

[10]
Canadian and Russian Arctic (Alert, Tagish, Dunai)
1993/ 1994
gas and particle
0,01 - 0,84
0,001-

0,009
0,022-

0,5


0,007-

0,22
0,003

0,45
0,002-

0,12
0,004-

0,13
0,001

0,038
0,001-

0,026
0,001-

0,008


0,001-

0,048
0,001-

0,060

[11]
France, Mediterranean Sea (Corsica)
1986 

(March/ April)
particle

0,01- 0,21
0,14 - 1,29
0,10 - 0,68
< 0,02 - 0,13
< 0,01 - 0,21
0,03 - 0,32
< 0,02 - 0,11
< 0,01 - 0,05
0,01 - 0,07
0,03 - 0,77
0,01 - 0,26




gas
2,1 - 6,1
0,1 - 0,32
0,28 - 1,8
0,1 - 2,3
<0,02 - 1,1
<0,01 - 0,07
<0,01 -

0,01
<0,02
<0,01
<0,01
<0,03
<0,01

[12]
The Netherlands

Oostvoorne (coast)
1986
particle

0,03
0,93
0,6
0,4
1,03
1,24
0,48
0,45


0,72

[13]
UK London (urban) (TOMS)
1991/ 1992
gas and particle
9,0 - 492
0,8 - 39
2,3 -

62
2,1 -

64
0,20

- 18
0,42 -

24
0,31 -

15
0,23 -

16
0,56 -

10

0,40 -

85


[14]
USA

Chicago (urban)

Rural, lake Michigan
Feb.

1988
gas and particle
159

9,6
15

0,05
56

1,7
36

0,8
21

0,2



14

0,1

11

0,19
13

0,13

[15]
Canada, Great Lakes

(IADN)
1990- 1993
gas and particle
0,06 -

4,0


0,07 -

0,51



0,02 -

0,07
0,01 -

0,04




[16]
USA

Chesapeake Bay
1990/ 1991
gas and particle
1,44
0,034
0,31
0,34
0,02
0,07
0,04
0,02
0,01
0,003
0,024
0,017

Table B2: PAH concentrations in precipitation of different regions [ng/l]


Germany Baltic Sea (Zingst)  1995 - 1998
Germany  North Sea (Westerland) 1996 - 1998
Germany North Sea (Strande) 1991
Germany Hannover 1989 / 1990
Switzerland urban site 1985
USA Portland, Oregon 1984
USA Beaverton suburban 1982
UK MW  Urban area 1990 - 1991
USA Chesa-peake Bay 1990-1991
Canada  Great lake (IADN)   1989 -1991

Sampling
monthly 

wet-only


mean values

wet-only
events 8/89 - 3/90, 

wet-only
events

wet-only 
events 2/84 - 4/84

wet-only
10 /82 *

2/82 - 4/82**

wet-only
10 days 

(mean values,

2 sites) 

wet-only
wet-only

(mean 

values)
annual mean values,

wet-only

PHE
1- 250
1- 78
190
-
31 - 510
61 - 130
3,1 -85**
26; 22
1,3 - 89 
3,2 -11

ANC
<0,5 - 23
<0,5 - 4,3
1
-
-
2,0 - 7,0
0,4 - 1,7**
4; 2
0,12 - 30
-

FLU
<2,0 - 300
<2,0 - 140
15
25 - 457
-
29 - 70
0,13 - 17**
66; 9
0,6 - 208
-

PYR
<2,0 - 220
<2,0 - 98
10
9,5 - 304
6,1 - 480
24 - 56
3,6*
48; 7
0,5 - 912
2,7 - 8,2

BaA
<1,0 - 140
<1,0 - 66
-
1,3 - 86
-
1,6 - 4,5
0,93*
-
0,2 - 14
-

CHR
<1,0 - 119
<1,0 - 73
2,5
-
-
3,3 - 9,5
2,3*
-
0,6 - 25
-

BbF
<1,0 - 108
<1,0 - 38
0
4,5 - 166
-
-
-
259; 56
0,9 - 265
-

BkF
<1,0 - 51
<1,0 - 19
1,5
1,3 - 142
-
-
-
191; 62
0,02 - 34
2,6 - 8,2

BaP
<1,0 - 66
<1,0 - 26
2,5
1,1 - 187
1,0 - 33
<0,1 - 0,18
-
148; 24
0,3 - 30
2,9 - 5,1

DbahA
<1,0 - 22
<1,0 - 8
-
< 1 - 12
-
-
-
67; 6
0,1 - 29
-

BghiP
<1,0 - 77
<1,0 - 23
0
1,7 - 103
-
-
-
823; 224
0,06 - 11
-

INP
<5,0 - 47
<5,0 - 6,0
-
1,6 - 137
-
-
-
-
0,2 - 9
-

Ref.
17 / 18
19
20
21
22
23 / 24
25
16
15

Appendix C

C.1
Measurement of PAHs in air (particle and gas phase) - sampling procedures

C.1.1
"Reference method" of the field experiment provided by Germany

The equipment includes the following parts:

· LVS (DERENDA, FRG) (Figure 1.a)
small filter device (two models GS 050-6D, MVS 6) with

-
a 6 m³/h vacuum pump,

-
three buttons to adjust time, flow rate and sampling intervals,

-
a display control for time, sampling volume and flow rate,

-
a temperature transducer,

-
an equipment to maintain a constant flow rate, adjustable constant flow rate from 2,0 m³/h - 4,0 m³/h,

-
automated heating system for temperatures below 5°C;

· sampling inlet PK50-PU/G (RIEMER, FRG) (Figure 1.b);
· glass cassettes with pre-cleaned PUF-plugs (two PUF-plugs, 50 mm diameter, 50 mm long) wrapped in aluminium foil in glass vessels (transport vessel);

· glass fibre filters (Schleicher & Schuell, No. 9; 50 mm diameter) wrapped in aluminium foil in lockable plastic bags;

· instruction manual for the installation of the equipment and adjustment of the sampling parameters and with a list of replacement parts.

[image: image1.wmf]
Figure 1.a:  LVS (DERENDA)
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Figure 1.b: Sampling inlet

The sampler is easy to handle and to transport (weight ca. 16 kg) and can be used under all weathering conditions. The device has a high degree of corrosion resistance and surface smoothness of the sample path through use of stainless steel. 

Sampling procedure:

The following sampling parameters are recommended:

-
flow rate: 2 m³/h;

-
sampling time: 7 days (one week).

Refer to the instruction manual to set-up these parameters using the three buttons on the front panel of the device.

Samples have to be changed on Tuesday morning between 8.00 and 9.00!

Procedure for changing the sampling inlet PK 50-PU/G

Filters and glass cassettes should be exchanged in accordance with the following procedure taking great care to avoid contamination. Plastic gloves should be used during all handling of the samples and the equipment. Refer to the Figures 1.a and 1.b and to the instruction manual when following the instructions below.

· Press the green key (model GS 050-6D) or grey key (model MVS 6)! Display: Wait for result

· Note the following data:


sampling time, sampling volume in m³ (at ambient temperature and pressure) and in Nm³ (at 0°C and 1013 hPA, code number of samples)
· Special problems and events have to be noted in the sampling protocol too.

· Remove the sampling inlet PK50-PU/G.


Exchange of the glass fibre filters 

· Open the sampling inlet on the side, where the flow plate is installed.

· Carefully remove the loaded filter with tweezers and place it on a clean piece of aluminium foil. Fold the filter with the loaded side inwards. Use tweezers! Wrap the folded filter into the aluminium foil. Make certain that there are no holes in the foil.

· Take a new pre-cleaned filter from the plastic bag and put it between the two Teflon rings in the sampling inlet. Close the sampling inlet.

Exchange of the PUF-plugs 

· Open the sampling inlet on the side, where the connection to the pipe is installed. 

· Carefully remove the glass cassette with the loaded PUF-plugs, wrap the cassette in aluminium foil and put it into the glass vessel (transport vessel).

· Take a new glass cassette from the glass vessel. Put the two Teflon rings on the ends of the glass cassette without aluminium foil.

· Put the cassette in the sampling inlet and close it carefully. Do not forget the blue washers. Check all connections before replacing the sampling inlet on the pipe.

· Press the green or grey key: - Display: 1) START --.

· Press the green key the second time. - Display: h/min; m³; Nm³ go to 0.

· The pump is starting up.

Field blanks 

The QA programme includes field blanks. During the period of the field experiment we include one field blank for every station (one field for 10 samples). The filters and PUF-plugs should be handled in the same way as the samples. Pre-cleaned filters and PUF-plugs are transported to the sampling station. The bags and vessels are opened for the time, which is needed for the sampling changing. They are not built in the sampling inlet.

C.1.2
Method of the Norwegian Institute for Air Research (NILU) used for measuring 

POPs in air [37]

The POP HVS system is shown in the Figure 2.a.
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Figure 2.a: POP sampler system
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Before start:

Remove the aluminium foil carefully to avoid that dust, dirt or insects fall into the sampler. Refer to the POP sampler figure when following the instructions below.

1.
Load plug no. 2


using disposable gloves 
2.
Load plug no. 1


using disposable gloves

Make certain that the plugs are lying smoothly inside the glass and that there are no folds, creases or channels which may lead to uneven flow distribution through the plugs. 

3.
Mount lower silicone gasket 

using tweezers / disposable gloves

4.
Mount filter backing


using tweezers / disposable gloves

5.
Mount filter



using tweezers / disposable gloves

6.
Mount PVC gasket


using tweezers / disposable gloves

7.
Screw the sampler onto the flange on the intake tube and make certain that the wing nuts are equally tightened.

8.
Start the sampler by switching on the circuit breaker no. 2 in the power distribution box.

After start:

9.
Note start time on the PUF sampling form.

10.
Note flow, should be 160 on the rotameter. Readjust if necessary with the bleed air valve above the rotameter.

11.
Check the pressure on the vacuum gauge on the high volume vacuum pump. The normal reading is ca. 0,20.

12.
Wait half an hour. The flow decreases considerably during the first half hour until the pump has reached working temperature and the "system" has stabilised. 


Before stopping:

13.
Check the pressure on the vacuum gauge on high volume vacuum pump. If the pressure deviates more than 20 % from the original reading, this should be noted under comments on the PUF sampling form.

14.
Note the flow on the rotameter.

15.
Stop the sampler by switching off circuit breaker no. 2.

16.
Note stop time.

17.
Open the sampler and place it in the holder on the work bench.

18.
Remove the PVC gasket using tweezers / disposable gloves and place it on a clean piece of aluminium foil.

19.
Remove the filter using tweezers / disposable gloves and place it on a clean piece of aluminium foil and fold in two with the exposed side turned in. Wrap it in and make sure that there are no holes in the foil. Label the filter package with start, stop time, and the flow data.

20.
Remove the filter backing using tweezers / disposable gloves and place it on the foil with the PVC gasket.

21.
Remove plug no. 1 using tweezers / disposable gloves, place it on a clean piece of aluminium foil, wrap it in and label the same data as above and "PLUG No 1" before removing plug no. 2.

22.
Repeat the procedure for plug no. 2 using tweezers / disposable gloves.

23.
Adhere strictly to the sequence and make sure that you do not swap the plugs before labelling.

24.
Reload if required.

25.
Seal with new foil if the sampler is left or new sampling is not initiated immediately.

Reassemble the sampler making sure that the wing nuts are tightened evenly. 

C.2
Measurement of PAHs in precipitation - procedure of wet-only sampling

"Reference method" of the field experiment provided by Germany

The sampling equipment includes the following parts:

· wet-only sampler NSA 181/KE (EIGENBRODT, FRG) (Figure 3) with a conductivity sensor or an optoelectronic sensor.

· pre-cleaned sampling glass bottles (5 l); glass bottles for sub-samples (1 l); glass bottles for funnel rinsing (0,5 l). 

· solvents: hexane (purity for residue analysis), methanol (HPLC-reagent).

· instruction manual for installation of the sampler and for adjustment of sampling parameters and with list of replacement parts.

Figure 3: Wet-only sampler (EIGENBRODT)

Recommendation for the installation:

Refer to the instruction manual of the EIGENBRODT-sampler. All details for transport, installation, connection with electric power and control functions are described in this paper.
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The glass funnel is pre-cleaned, but before starting the funnel has to be rinsed with methanol.

· In dependence from the season the temperature of sampler interior has to be controlled with the thermostatic system (adjustment of heating or cooling system).

· In winter the funnel heating has to be used.

· Control functions for opening of the lid have to be carried out.

· The responding mode of the sensor must be controlled regularly. The surface of conductivity sensor should be cleaned. The optoelectronic sensor must be controlled for foreign bodies (e.g. spider networks) in the gap between the diodes. 

Procedures for sampling:

The sampling frequency is one month. 

 Samples have to be changed on Tuesday morning between 8.00 and 9.00!

Sampling should be done to the following procedure taking great care to avoid contamination. Plastic gloves should be used during all handling of the samples and the equipment. Refer to the Figure 3 and to the sampler manual following the instructions below.

A. 
Procedure used during the field experiment: 

· Remove the sampling glass bottle from the Teflon tube (connection between funnel and bottle).

· Put a separate glass bottle (0,5 l) under the tube. 

· Rinse the funnel with 200 ml methanol (sample: funnel rinse). Rinsing of the funnel should be carried out slowly. Consider! The entire surface of the funnel must be moistened when rinsing.

· Insert a new sampling bottle.

· Weight the sampling bottle with the precipitation sample (difference bottle with precipitation and bottle without precipitation = precipitation amount in ml). 

· Shake the precipitation sample strongly by hand in the sampling bottle.

· Subdivide the precipitation sample. (We use for analysis 500 to 800 ml (in the 1 l glass bottle). The other sub-sample can be used as a parallel sample analysed by your institute).

· Add 10 ml hexane to the sub-sample and shake it.

· Rinse the sampling bottle twice with 30 ml hexane and collect the hexane in a separate glass bottle (0,25 l) (sample: rinse sampling bottle).

· Store all bottles in the refrigerator in the darkness.

· Send the samples as soon as possible to the project manager packed in a parcel. 

· Make certain that the bottles are closed very well and that they can not be destroyed during transport.

B. 
Procedure used for monitoring:

· Remove the sampling bottle from the sampling tube.

· Put a separate glass bottle (0,5 l) under the tube from the funnel. 

· Rinse the funnel with 200 ml methanol (sample: funnel rinse). Rinsing of the funnel should take place slowly. Consider! The entire surface of the funnel must be moistened when rinsing.

· Insert a new sampling bottle.

· Weigh the sampling bottle with the precipitation sample (difference bottle with precipitation and bottle without precipitation = precipitation amount in ml).

· Add 10 ml hexane to the precipitation sample in the sampling bottle and shake it. 

· Store all bottles in the refrigerator in the dark.

· The bottles are transported in cooling boxes by car to the laboratory.

Remark: The precipitation sample is directly extracted in the transport bottle (procedure A.) or in the sampling bottle (procedure B).

Field blanks

· The QA programme includes field blanks. During the period of the field experiment we control field blanks for precipitation samples (high purity water (HPLC-reagent) with 10 ml hexane in a 1 l transport bottle) and one field blank for funnel rinsing (200 ml methanol in 0,5 ml glass bottle) at every station. 

-
The field blanks should be handled in the same way as the samples.
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