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Guidance note on the sampling and analysis of

PCBs in air and precipitation

1.
Introduction

This document provides guidance on the sampling and analysis of polychlorinated biphenyls (PCBs) in air and precipitation.

The measurement of PCBs in precipitation is included in the Comprehensive Atmospheric Monitoring Programme (CAMP) as a voluntary monitoring commitment. In this respect Contracting Parties are urged to consider monitoring for the seven congeners recommended in the Joint Assessment and Monitoring Programme (JAMP) (i.e. CB28, CB52, CB101, CB118, CB138, CB153 and CB180).

From model calculations (Baart et al., 1995) it has been concluded that, although the overall uncertainty of the PCB deposition flux is around a factor 2 to 5, atmospheric deposition represents the largest contribution to the total PCB input to the North Sea. Moreover, it is estimated that for PCBs, input via dry deposition is considerably more important than via wet deposition. For the remaining parts of the Maritime Area it is also expected that atmospheric deposition forms the most important input route.

This guidance note provides a brief summary of the techniques available for the sampling and analysis of PCBs in air and precipitation. The techniques selected are useful for routine monitoring. To ensure the comparability of data reported it is recommended that the various national participants to CAMP apply one of the methods described in this document. If other methods are used, then a detailed description of the procedures followed and the results of a comparison of the method used against one of the methods recommended in this document should also be provided. 

The sampling and analysis of persistent organic compounds is expensive; total costs for one sample amount to about 800 ECU. To help reduce costs a combination of PCB monitoring and monitoring for other semi-volatile organic compounds such as polyaromatic hydrocarbons (PAHs) is possible. Details for the analysis of PAHs and other persistent organic pollutants (POPs) have not been included.

For all techniques used to monitor trace pollutants, strict protocols and detailed documentation for the sampling and analysis are essential. The documentation is necessary to trace back all steps in the sampling and analysis, including the chemical reagents, sampling equipment and materials used. Procedures and documentation for the measuring activities should accord with guideline ISO9000 or other certification and accreditation systems.

2.
Sampling procedures

2.1
PCBs in air

For model validation, as well as for studies of atmospheric processes and deposition/re-emission fluxes consideration should be given to the partitioning of PCBs between the gas phase and the particulate phase.

Due to the low concentrations of PCBs in ambient air, large air volumes must be collected. Air volumes of about 1000-2000 m3 are frequently used, with typical flow rates of 25 m3/h. A High Volume Sampler (HVS), equipped with a glass-fibre filter for the collection of particulates and a polyurethane foam (PUF) adsorbent for sampling the semi-volatile compounds in the vapour phase, is the most suitable technique for the sampling of PCBs. As the sampling time is critical for the breakthrough of PCB on the PUF-plug, back-up plugs should be used in order to control the sampling recovery. The adsorbents commonly used for sampling POPs in ambient air are PUF and an amberlite polymer XAD-2. Although XAD-2 is more effective for trapping the more volatile POPs, PUF is recommended because it is easy to handle in the field and has good air flow characteristics and a low-pressure drop. 

As PCB partitioning between the gas phase and the particulate phase may be affected by the duration of the sampling, the total atmospheric concentration (i.e. the sum of the filter-retained and adsorbent-retained compounds) should be reported. A sampling time of 24 hours should give a rough estimate of the gas/particulate partitioning of the PCBs.

The recommended sampling time for air using an HVS is between 24-48 hours in order to avoid breakthrough of the PUF-plugs. When only a limited number of samples can be taken within a given time period (for example due to budgetary constraints) it is suggested that one 24h sample is taken every 5 to 7 days. This would limit the number of samples to be analysed each year to 50 - 70; thus, seasonal changes may be detectable and it should be possible to calculate a reasonably reliable annual average concentration. Alternatively, the monitoring strategy could be based on short intensive measuring campaigns; for example, two campaigns (summer and winter) could be used to obtain information about the main seasonal changes and also about variations in concentration under different meteorological conditions. When re-volatization is important three campaigns could be considered; for example, one in winter, one in late spring/early summer (May-June) when ambient temperatures increase and one in late summer (August-September) when sea water temperatures reach a maximum.

2.2
PCBs in precipitation

To be able to determine the proportion of PCBs in rain, active collectors should be used, i.e wet-only samplers, which are only open during precipitation events. Passive collectors, i.e. bulk samplers, are open to the atmosphere at all times and, in addition to the wet deposition flux, collect an unknown amount of the dry deposition flux. For CAMP the use of active collectors has been recommended; for PCB monitoring both active and passive collectors are currently in use by Contracting Parties.

Passive samplers are easier to handle and are relatively cheap. The wet-only samplers have the advantage that they exclude dry deposition which might be of importance in more polluted areas. An intercomparison of precipitation samplers for POPs was carried out in 1992/1993 (Brorström-Lunden et al., 1994; Widequist et al., pers. com.). Five different samplers used in the Nordic countries were tested. The relative standard deviation for the amounts of PCBs measured by the samplers varied between 33-72%. Some of the variation appeared to be due to PCB deposition onto the surface of the funnels. Due to the variation in the sampling efficiency of the different types of sampler, a regular intercomparison of the samplers actually being used in the CAMP network is recommended.

Samplers should be designed for sampling during all seasons and during all climatic conditions. Ice formation in the funnel or the collection bottle must be avoided; at stations where high temperatures are expected during summer, it might be necessary to cool the samples. The sizes of the funnels and bottles used should be appropriate for the sampling periods used and for the amount of precipitation expected. A large collection funnel is preferred for detecting low PCB concentrations.

The following samplers are currently in use: 

a.
wet-only samplers, where the funnel and collection bottle are either Teflon-coated or made from glass or stainless steel. In some Contracting Parties the collection bottles are heated to prevent the sample freezing. This practice should be reconsidered however, as it has been shown that there is a loss of semi-volatile organic compounds during heating, even in Arctic regions. It is recommended that snow or ice are melted under controlled conditions. Samples must be sealed and melted to just above freezing;

b.
bulk samplers, with Teflon-coated funnels of 1 m2 surface area and equipped with PUF plugs;

c.
bulk samplers with glass funnels and glass bottles.

It is essential to clean the collection surface, both for wet-only samplers and for bulk samplers, and to include the rinse water in the deposition sample.

To determine the chemical composition of precipitation and to estimate wet fluxes, it is necessary to have accurate information on precipitation amounts. Common practice has shown that the efficiency of chemical samplers for measuring precipitation may differ. It is recommended that in parallel with sampling for chemical measurements a standard rain gauge is used and the WMO recommendations for measuring the amount of precipitation are followed. A regular check against precipitation amounts measured at the nearest WMO meteorological station is also recommended.

Sampling periods from one week to one month are suitable. It is recommended however, that samples should be taken on a weekly basis in order to reduce the risk of biochemical change in sample and/or of accidental sample contamination (e.g. caused by bird droppings). If the samples are stored in a safe way (e.g. frozen) they can be combined to generate calendar-monthly or 4-weekly samples for analysis.

3.
Analytical procedures

3.1
Clean-up

Prior to analysis the organic contaminants bound to the different matrices need to be extracted into a solvent. The organic contaminants in precipitation can be extracted to an organic phase by liquid/liquid extraction. Acetone or acetone/hexane are most frequently used as solvents for soxhlet extraction of PCBs and PAHs; less common is the use of toluene. Before extraction, the samples should be filtered to separate the particulates from the water, since organic contaminants bound to particulates will probably not be extracted efficiently by liquid/liquid extraction. The organic contaminants can be extracted from the filters and adsorbents using a Soxhlet extractor. At this stage the extract may be divided into two parts, one part for the analysis of PCBs and other persistent compounds that are cleaned up by using sulphuric acid and one part for the analysis of other hydrocarbons such as PAHs. To get a “clean” PCB fraction the extracts must be fractionated on a silica or aluminium column.

3.2
Analysis

PCB analysis is performed by means of gas chromatography, using electron capture detection (GC/ECD) or mass spectrometry (GC/MS). The PCB concentrations in the samples should be adjusted for any losses which may have occurred during analysis, by using internal standards. Field blanks and quality control samples should also be used.

3.3
Quality assurance and quality control

The quality assurance procedures include inter alia:

· careful cleaning of all equipment used for sample collection and sample preparation;

· the use of solvents and chemicals of recognised analytical grade;

· the use of blanks, including reagent blanks, field blanks.

Concentrations in field blanks should be at least 5 times lower than the average of the measured concentrations or equal to the detection limit. For larger measuring series (i.e. more than 50 samples) the lower limit of determination can be estimated by calculating the average concentration and the standard deviation for all the blank values (a minimum of 5-10 blanks). The lower determination limit may be defined as the mean concentration plus three standard deviations found for the field blanks.

An international monitoring network requires the use of comparable sampling techniques and analytical intercalibrations among the various participants. It is recommended that a quality assurance and quality control programme are established for the CAMP network as a whole. Quality assurance procedures have been or are currently being set up for the Arctic Monitoring and Assessment Programme (AMAP) and the Cooperative Programme for Monitoring and Evaluation of the Long-Range Transmissions of Air Pollutants in Europe (EMEP). To a large extent these programmes can be adapted for use by the CAMP programme.
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