JAMP Guideline for the Estimation of Riverine PAH Inputs

into the North Sea and the North-East Atlantic

(Reference number: 2002-12)

1.
Introduction

This guideline relates to the adequate estimation of suspended solids load and particle-bound, dissolved, and total loads of polycyclic aromatic hydrocarbons (PAHs) transported via rivers into the marine environment. The recommendations comprise suitable sampling methods and methods for computing these loads.
The recommendations given in this Guideline are only briefly explained, and literature references have been omitted. Instead, where necessary, reference is made to the Final Report of the International Pilot Study for the determination of riverine Inputs of PAHs to the maritime area on the basis of a harmonised methodology  (see Heininger P et al, 2002). Therefore all references to chapters in the text of this guideline correspond to chapters of the final report.
2.
Sampling
2.1
Sampling location

The sampling site should be as far downstream as possible to include all contaminant discharges and other contamination sources. However, in some cases this is not possible because of the dynamics of the suspended matter in the watercourse.

In natural waters, where settling and erosion zones may exist, the dynamics of suspended solids differ considerably from those of the dissolved substances. This applies especially to estuaries that are influenced by tides, and where the strong temporal and spatial heterogeneity of the suspended solids concentrations and the velocity patterns of currents have so far prevented the experimental determination of the suspended solids dynamics (cf. Chapter 2). As particle-bound PAHs share the fate of the substances to which they are bound, their transport behaviour is completely different from that of dissolved PAHs.
This has the following consequences for the selection of the sampling location:
· generally, the sampling site should be as far downstream as possible; but

· the representativity of sampling must be ensured.
In natural estuaries with complex suspended solids dynamics (i.e. estuaries with settling and erosion zones, tidal flats, etc.), representative sampling is possible only upstream of the tidal limit. In such cases, the sampling site should be located in the non-tidal zone of unidirectional flow (e.g. upstream of a weir), so that the PAH inputs via the weir into the estuary can be reliably estimated as one component of the overall balance (cf. Chapter 2). 

Moreover, it is essential to pay attention to the spatial homogeneity - in particular in the impounded reach upstream of the weir. If inhomogeneities are noted, they should be compensated by selecting one, or if doubts remain several, representative sampling sites. 

2.2
Sample types

Because neither the dissolved portion of PAHs nor the particle-bound PAHs in the river must be neglected (on the distribution (cf. Chapter 5.1.4), PAHs may be analysed either in the dissolved and the solid phase or directly in the total sample. The concentration in the total sample (PAHtotal) equals the sum of the dissolved (PAHdissolved) plus the particle-bound (PAHSS) concentrations. The decision for one of these options depends on the location of the sampling site and on the analytical preconditions.
location of the sampling site: In cases when the suspended solids dynamics differ from that of dissolved substances, the suspended solids and the centrifugate/filtrate should be collected and analysed separately. In all other cases, e.g. in canalised watercourses, where settling processes do not play a role, from a theoretical point of view it is sufficient to analyse the total sample.
Analytical preconditions: However, in practice it is much more difficult to analyse the total sample than the suspended solids. Problems arise from sample inhomogeneities, changing suspended matter concentrations and from clogging up of the SPE columns (SPE: solid-phase extraction). 

Moreover, a flow-through centrifuge collects the suspended solids from several cubic metres of water, so that this integrated sample can be considered as a kind of concentrate and ensures better representativity than e.g. a 5-l or 10-l sample used for analysing the aqueous phase (total or dissolved).
Conclusion
Provided the local conditions (no settling or erosion zones) and the analytical requirements (quality-assured analysis of total water samples) permit, the analysis of the total sample, on the one hand, and the analysis of the solid and the dissolved phases, on the other hand, can be considered as equally reliable. In all other cases, it is recommended to collect and analyse suspended solids and centrifugate/filtrate separately. In any case, the representativity of sampling must remain guaranteed.
2.3
Sampling frequency

The frequency of sampling depends on the type of parameter. Among the parameters that are directly used for contaminant load calculations, streamflow Q and suspended solids content CSS show the widest variations (cf. e.g. Chapter 5.1.1), so that they should be measured more frequently than the PAH concentrations. Associated parameters, like the contents of the clay and silt fraction (GSA<63µm) or organic carbon (COC) generally do not vary so widely, but may sometimes change very rapidly (e.g. during beginning algal blooms or flood events).
The following sampling frequencies are recommended (cf. Chapter 5.2.4):
· daily mean values of streamflow Q;
· suspended solids concentrations CSS  –  daily, if possible, at least fortnightly;
· PAH concentrations (PAHtotal, PAHdissolved, and PAHSS) monthly or event-related.
In order to collect CSS data in higher frequency, the installation of a continuously recording turbidity probe may be helpful, possibly in combination with a fluorescence probe for estimation of phytoplankton concentrations (cf. Annex 4, Chapter 4.1.5.1).
Event-related sampling should be sufficient, in particular, for measuring the particle-bound PAH concentration, provided CSS is measured in high frequency. "Event-related" refers here to the flow situation (measurements at high flow and low flow), and in eutrophic rivers it includes also the biological situation (measurements at times of algal blooms, clear-water stages, winter period).
2.4
Sampling methods

Regarding the collection of water samples (total sample) reference is made to well-proven standard methods.
Suspended solids should be sampled by means of filtration or with flow-through centrifuge (cf. Chapter 5.1.6).
Filtration (two 0,7µm glass-fibre filters, 5l of water per filter) is a low-cost option, which, however, yields only very small amounts of suspended solids. The subsequent analysis must be able to cope with this unfavourable ratio between sample and filter mass. Moreover, it must be ensured that the 10-l sample is representative for the whole river cross section.
The flow-through centrifuge usually separates within a few hours several grammes of suspended solids (Example: CSS=20g/m³, throughput 800l/h; separating rate 95% ( suspended-solids yield after two hours: 30gDW). This simplifies analysis and increases the likelihood that the sample is representative.
Conclusion
· flow-through centrifuges are preferentially used for suspended solids sampling;
· if the representativity of sampling and a highly resolving analysis are ensured, 
filtration may be an alternative.
Methods based on the passive settling of suspended solids cannot be recommended, because they collect selectively particles with higher settling velocities. The quality of such material may differ considerably from the suspended solids in the water body (cf. Annex 4, chapter 4.1.3).


3.
Analysis

3.1
Parameters

The relevant parameters for estimating the contaminant load are streamflow Q in m3/s, suspended solids concentration CSS in g/m³, and the concentration of the 16 PAH compounds specified by EPA in ng/l (PAHtotal  in the total sample, and PAHdissolved in the dissolved phase) or in mg/kgDW (PAHSS in suspended solids). For a list of the 16 compounds (cf. Chapter 3).

For a more detailed interpretation of the results, particularly in terms of hydro-biological processes in the rivers, it is helpful to measure also the parameters COC (organic portion in the suspended solids in %, or as an alternative the loss on ignition in %) and GSA<63µm (grain-size fraction <63µm (clay and silt) in %), as well as the field parameters water temperature, oxygen content, and pH.
Auxiliary parameters for continuous recording of suspended solids concentrations may be turbidity or chlorophyll-a concentration.
3.2
Sample analysis

For sample preparation and analysis of the 16 PAHs specified by EPA, reference is made to national and international standards, as e.g. US EPA Methods 610 and 8270C as well as DIN 38414-21 for suspended sediments or US EPA Method 1625 and DIN 38407-8 for aqueous samples.

3.3
Quality control and limit of quantification

Quality assurance and control
Contracting parties should make sure that their data are of sufficient quality. The quality assurance of the analytical laboratories generating data should preferably consist of the following three elements: the use of validated analytical methods, having an in-house or internal quality assurance system, and participation in external quality assurance programmes. Quality assurance should ensure at any time that the analytical method is under control and that analytical results are comparable to those of previous determinations. For that purpose, there are measures which can be carried out regularly such as analysis of certified reference materials, control of precision and repeatability, analysis of blind samples, and determination of analyte recovery. The main element of external quality assurance is the participation in intercomparison exercises. Such exercises serve as a tool to evaluate the proficiency of a laboratory. Quality assurance systems for analytical laboratories are compiled in several European and international standards (e.g. EN 45 001, 1997).
Limit of quantification
Values below the limit of quantification (LOQ) enter the load calculation with half the LOQ value. Additionally, minimum and maximum loads may be quoted which are based on computations with the value zero or the LOQ value. Thus, they mark the interval in which the real contamination load may be expected.
If more than 50% of measurements are lower than LOQ, the calculated loads cannot be considered as reliable.
Generally, the limit of quantification should be adjusted to the problem under consideration. Rivers carrying low contaminant loads require analyses with higher sensitivity. If in a river the measurements are below the limit of quantification in more than 50% of all cases, and if the PAH load appears negligibly small in comparison with neighbouring rivers, load calculations should be omitted completely. Otherwise, the sensitivity of measurements had to be increased.
4.
Suspended solids and PAH load calculation methods

Provided the parameters Q, CSS, and PAHtotal, PAHdissolved, and PAHSS were determined according to the recommendations given in Chapter 2.3 of this Guideline, the remaining problem is the optimum utilisation of all the information provided. In the following, the concentration c in mg/l stands either for the concentration of suspended solids or that of PAHs.
As a result of comparison and evaluation of six different methods of load calculation, two of them were found to be recommendable (cf. Chapter 5.2.2).
While suspended solids concentration CSS and PAH concentration in the aqueous phase (PAHtotal and PAHdissolved) are measured directly in mg/l, the particle bound PAH concentration in mg/l must be calculated from the product of CSS and PAHSS. Consequently, it is appropriate to differentiate between transport in the aqueous phase and in the solid one.
Total and dissolved loads
The first of the two methods is designated in the Common Part of the report as #2a. It was recommended already in the RID Principles (Agreement number 1998-05)and has found wide acceptance:
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where:
N  is the number of samples;



ti  is the time of sampling,  i=1, ..., N;



c(ti)  is the concentration  in mg/l at time ti ;



Q(ti)  is the corresponding streamflow in m³/s ;
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with Qi :  daily average values of discharge Q.


One year equals 364 days @ 86,400 seconds, the annual load is given in grammes (g).

The additional information about the "true" annual streamflow, i.e. the value estimated on the basis of daily mean values Qi, is used here by dividing through the mean value of Q(ti) and multiplying with 
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The second method is named #3 in the Common Part of the report. It is based on linear interpolation of concentration values:
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The missing concentration values are estimated by means of linear interpolation (clin,i), so that for each day the product of concentration and streamflow can be calculated.

Particle-bound load

As mentioned above, in case of the particle-bound load calculation, the suspended solids PAH concentration PAHSS(ti) (in mg/kgDW) is multiplied with the correspondent suspended-solids concentration CSS(ti) (in mg/l) to obtain the particle-bound concentration c(ti) in ng/l. There is one CSS value available for each PAHSS measurement, but CSS was measured in higher frequency than the concentration of PAHs. Then the method (1-aqueous) is modified into:
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where:
ti  is the time of sampling for PAHSS measurement,  i=1, ..., N;



tk  is the time of sampling for CSS measurement,  k=1, ..., M  and  M > N;


All other symbols as explained in Method (1-aqueous).

Besides weighting with the "true" streamflow, an additional correction is made in the suspended-solids concentrations by dividing through the mean value of CSS over all times ti and multiplying with the mean value over all times tk.
When the method (2-aqueous) is used for particle-bound loads, the necessity of a modification is also due to the fact that the concentration c is calculated as the product of CSS and PAHSS. Since CSS usually varies more and is measured with higher frequency than PAHSS, these two parameters must be first linearly interpolated and then be multiplied. Otherwise, the valuable information about the variations of CSS would be lost. The modified equation reads:
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where:
CSS,i  is the linear interpolated CSS value at day i,  i=1, ..., 364;



PAHSS,i  is the linear interpolated PAHSS value at day i.
The methods designated here as (1) and (2) yielded comparable results in the study and there was no indication of general overestimation or underestimation of annual loads by any of these methods (cf. Chapters 5.2.3 and 5.2.4). The recommendation of linear interpolation, besides the well-proven and accepted method (1), is due to the fact, that method (2) yields additional information about the daily transport rates (in tons/day), what opens further possibilities of interpretation. Chapter 5.2.3 has a graphical illustration of these results. The annual load is then obtained as the cumulative sum over these daily transport rates.
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