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Sampling devices


Quality Assurance and Quality Control

I
Introduction


Concern over the threats of the sea’s environmental health lead to the creation by the five countries: Azerbaijan, Iran, Kazakhstan, Russia and Turkmenistan, in 1999 of the Caspian Environment Programme. This establishment was followed, in November 2003 by the signature, in Tehran of a Strategic Action Programme. The Caspian Sea became one among the 18 programmes of the Regional Seas Programme of UNEP.


Within this Regional Seas Program of UNEP, many scientists are concerned about sediment sampling and analysis and therefore there is an increasing demand for the reliable analysis of both organic and inorganic pollutants in sediments. On the other hand, the sampling strategy set prior to the monitoring activity is critically important and should be established with caution in order to represent the sampling site and achieve the statistical objectives of a trend monitoring programme.


The need for a revision of the trend monitoring programme in sediments was raised during the Second Review Meeting of MEDPOL Phase III Monitoring Activities (Saronida, 2003), after a first examination of the sediment monitoring data was made by an expert, and it was recommended by the meeting to revise the existing strategy (UNEP(DEC)/MED WG.243/4). Afterwards, an expert meeting to revise the strategy for trend monitoring of pollutants in coastal water sediments was organized in April 2005 (Athens) and the meeting report (UNEP(DEC)/MED WG.273/2) considered important recommendations for the revision.


This manual aimed at presenting the state-of-the-art in sediment monitoring in coastal waters was drafted by Dr Jean-Pierre Villeneuve (IAEA/MESL). It fully took into account the recommendations of the expert meeting on both sampling strategy and analysis. A detailed section on sampling instruments and sample handling was also included in the manual, because it was observed in the training courses organized by MED POL and IAEA/MEL that there is lack of knowledge on different sampling instruments and the sampling/sample pretreatment techniques. The draft manual was discussed in the Third Review Meeting of MEDPOL Phase III Monitoring Activities (Palermo, 2005) and further comments of the meeting were incorporated in the present text.


It is a considerable demand on resources to sample and analyze sediments, so, in order to facilitate the work of the laboratories in charge of the monitoring, two different approaches (see the Conclusion) are indicated for sampling, sieving and analyzing the samples: the minimum requirement and the state-of-the-art, then laboratories could use the way that would correspond better to their needs and to their budgets.

II
General matters


Sediments have an important role in the monitoring of the environment as they are considered as the final sink of most contaminants. Marine sediments are closely inter-related to other compartments of the environment. Therefore, their use in monitoring should be part of an integrated monitoring program.


A)
Monitoring objectives


Two basic types of monitoring are identified within the framework of Regional Seas Programs: compliance and trend monitoring. Surveys will also be carried out in order to complement the monitoring data and facilitate decision-making for management purposes. 


Compliance monitoring is defined as the collection of data through surveillance programs to verify that the regulatory conditions for a given activity are being met.


Trend monitoring is defined as repeated measurements of concentrations or effects over a period of time to detect possible changes with time and also with space.


Sediment monitoring is usually handled within trend monitoring activities being an integral part of the monitoring system established for hot spots and coastal waters.


B)
Definitions of hot spots 


Hot spots areas are defined by as being:


“Point sources on the coast which potentially affect human health, ecosystems, biodiversity, sustainability or the economy in a significant manner. They are the main points where high levels of pollution loads originating from domestic or industrial sources are being discharged”.


“Defined coastal areas where the coastal marine environment is subject to pollution from one or more point or diffuse sources on the coast which potentially affect human health in a significant manner, ecosystems, biodiversity, sustainability or the economy”.

III
Sampling Design


A)
Objectives


By far the most important step in designing of the sampling strategy of the monitoring programmes is the strict definition of the objectives of the programme concerned where the objectives should be put as detailed, specific and quantifiable as possible. To do that, a number of important factors should be taken into account, including the nature of the control measure, the contaminant concerned, the nature and location of the inputs, statistical aspects of sampling and analysis etc. Regarding the statistical objectives of a trend monitoring programme: 


The monitoring has to permit a statistical comparison of the concentration of contaminants between sites (spatial distribution), highlighting areas with high concentrations of contaminants that are of concern.


It is anticipated that a temporal trend monitoring program for trace metals will at minimum have 90% power to detect a 5% per year change over a period of between 15 and 20 years. 


B)
Choice of sampling sites

Within Regional Seas monitoring programmes, basically two site typologies are considered (on example of Mediterranean Sea): 

Hot spots and coastal waters. As a matter of definition, coastal zone trend monitoring is done through a network of selected fixed coastal stations, with parameters that contribute to the assessment of trends and the overall quality status of the Mediterranean Sea. This type of monitoring is carried out on a regional basis. Trend monitoring of “hot spot” areas is done at intensively polluted areas and high risk areas where control measures have to be taken. These areas are designated by local authorities according to some common definitions provided by WHO-MED POL. 

Concerning sediment trend monitoring definition of hot spots and coastal areas might be stated more specifically as

· Hotspots are the most polluted sites as recorded with sediments and all such sites should also be monitored 

· Coastal sites are sites mainly located in the near shore coastal waters and a limited representative stations should be selected for state assessments 

Both hotspot and coastal areas are suitable for monitoring contaminants content in sediments, however, only sedimentary basins with positive accumulation can be considered for monitoring. Basins having sedimentation rates >1cm/year might be favourable monitoring sites. 


Sensitive areas for biological life and protected areas within the near shore coastal waters are also recommended to be included in the monitoring network


C)
Sampling stations


Sample sites are normally chosen on a broad grid network or transects. At least three stations are recommended to be chosen along the sediment distribution gradient of a selected site to include hot spot and the near-shore coastal area. While doing so, nearby sensitive areas for biological life should also be included in the network.

In an example case, ”O” marks sampling stations in the grid below and “hot spot” station is marked by “Δ”. The arrow is pointing in the direction of the residual current (distances are indicated in nautical miles).


It could be recommended to limit the number of stations for data quality assurance purpose, however, the selected station(s) should be representative for the hot spot and the other area of interest.

It is also recommended to examine the selected site for sedimentary purposes as an initial step of the work in order to identify the sediment structure of the whole area as well as the sedimentation rates. Fine and regular sedimentation sites are experienced as more favourable for monitoring purposes. 
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D)
Number of samples

Multiple samples have to be collected at each station in order to achieve the statistical sensitivity of sampling. It was recommended to take at least three samples at each station area (ex: for an area with app. 10 m depth and 10 m radius). In the pilot phase of the programme (first five years) five samples for each station is recommended to better understand the sampling variability if it is not known from previous monitoring efforts. Pooling of individual samples is not recommended especially in the pilot phase in order to achieve the field variability, which is an essential parameter for power analysis and trend tests. 

E)
Sampling layer

For a spatial trend monitoring at a distribution gradient, surface sediments (uppermost 1 cm) should be sampled both at hot spots and near-shore waters.

For temporal trends, it is recommended the sampling of the upper 1 cm at hot spot stations whereas at coastal near-shore sediments deeper layers could be used. However, this will depend on the specific situations.

F)
Sampling frequency 

As a basis and general rule, it was recommended that the sampling frequency had to be adapted considering the sedimentation rate. 

It is generally accepted that for monitoring temporal trends at hotspot stations with high sedimentation rates (>1 cm/y), the sampling frequency can be initially set to yearly. If the sedimentation conditions are very variable at selected hot spots other frequencies could be adapted (in some coastal areas the sedimentation rate is on the order of 1 cm/year, taking into account the compacting of the particles and the bioturbation of the layer, this first centimetre will integrate many years of deposition, so, the frequency of sampling could be on the order of 5 years or even more). If sampling of deeper layers at near-shore coastal waters was adopted for temporal trends then sampling frequency could also be reduced according to the accumulation rate at the site. Sampling frequency is also reduced when parameters are close or below the quality targets. 

IV
Sampling instruments and sample handling 


A)
Sampling instruments


The type of sampling equipment required for sediment surveys is dependent upon the contaminants of interest and on the information requested. Samples of surface sediment taken from a grab can be used to provide an assessment of the present levels of contamination in an area. The use of a more sophisticated sampler, such as a box-corer, would add reliability to the sample, but also would increase the operating cost of the survey. The type of sampler should be chosen among the followings:


Sediment samplers could be divided roughly into 2 different techniques: grab sampling which collects surface and near surface sediments and coring which collects a column of the subsurface sediment and could be required to establish the historical pattern of the contamination. In all grab and core operations, a slow approach to the sea floor should be ensured to avoid the creation of “bow wave” that disturbs the sediment-water interface prior to sampling. In some circumstances, it would be, also, possible to have the samples collected by divers using either glass or Teflon beakers.



a) 
Grab sampler


Undisturbed surface sediment samples can provide an immediate assessment of the present levels of contamination in the area in relation to the textural and geo-chemical characteristics of the sediment. The sampler used must consistently collect relatively undisturbed samples to a required depth below the sediment surface and of sufficient volume to permit subsequent analyses.


The Van Veen grab is among the most commonly used grab samplers. With this bottom sampler, samples can be extracted from any desired depth. While it is being lowered, both levers are locked wide apart whereby the jaws are open. Upon making contact with the waterbed, the locking mechanism is released and when the rope is pulled out to raise the sampler, the jaws close.


The small model (Figure 1), with a surface of 250 cm2, made of stainless steel has a weight of approximately 5 kg and could be hand-operated from a small vessel. It is not recommended for greater water depth. The main problem with this sampler is that it is sometimes difficult to recover the surface layer of the sediment, so this type of sampler could be used only in case a coring device is not available.
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Figure 1: Van Veen grab operated manually (picture from Hydro-Bios, Germany).


There are other models of Van Veen grab, which are winch-operated, with a weight up to 80 kg. These models are represented in annex.



b)
Corer


Sediment subsurface samples are often taken using barrel or box corers to determine the change in lithology and chemical composition with depth in order to assess environmental changes in metal fluxes with time. Cores are usually collected in areas of fine-grained sediments but specialized corers are available for coarse-grained sediments.
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Figure 2: Gravity corer (picture from Hydro-Bios, Germany).


The main types of corers having cylindrical barrels are the gravity corer (Figure 2) which free-falls from the ship and penetrates the sea floor by gravity, and the piston corer which is released a set distance above the sea floor, penetrates the sediment by free fall, and sucks the sediment into the core barrel by an upward moving piston as the core is retrieved.


For Trace Metal analysis, plastic core liners are placed inside the core barrels to contain the sediment core sample and to avoid the problems of extrusion and contamination that occur in unlined barrels. When this kind of liner is used, care should be taken for collecting the sample for organic compounds determination, the sample should be collected at the inner part of the core at about a cm from the wall of the plastic liner. In general, the greater the diameter of the liner, the less will be the amount of distortion of the subsurface sediment by the corer penetrating the sediments. Core liners with internal diameters > 50 mm are usually satisfactory for obtaining samples for geochemical purposes.


After the corer is retrieved, the liners are capped at the bottom; the liner is removed from the barrel; the top is capped, and the core stored in a vertical position until all the water inside the liner has risen to the top. The liner is cut off at the sediment - water interface, capped and placed in a deep freezer or a cold room (4°C) for transport to the laboratory. Visual observations and measurements of sediment core samples should include information on the site number and location, depth, time, core length, lithology, stratigraphy, and any distortions in sediment layers.


In the laboratory, core sampling is best carried out by extruding the core upwards and slicing off layers (~ 1 cm) using a non-contaminating cutter (e.g. stainless steel, plexiglass or splitting the plastic core liners lengthwise, avoiding the smeared zone around the inside of the core liners and sampling the interior section of the core.


In order to check the repeatability of the sampling, more than one sediment sample can be collected within the same area. This can be done with the multi-core sampler (Figure 3). After analyzing the different samples, an estimation of the standard deviation due to sampling can be estimated.
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Figure 3: Multi-core sampler.



c)
Box corer


Rectangular sampling devices which obtain cores about 15-25 cm square and 15-60 cm deep are known as box corers (Figure 4) and can be recommended for detailed sampling 

[image: image24.wmf]
Figure 4: Box corer.

at or below the sediment-water interface. The advantage of the various types of box or square corers is that they can recover the surface sediment and fauna virtually intact. They can be sub-sampled by inserting several 5 cm diameter tubes into them. When sub-sampling, however, the core material should be taken from the mid-part of the core to avoid any “edge effects”. Such samples are treated in the same way as the core samples described above.


B) Sample handling


The procedure outlined below assumes that these samples will be collected from a vessel equipped with the basic collection facilities such as a winch, or other such lifting equipment and adequate refrigerated storage space.


Regardless of the equipment chosen for the sampling, it is useful to know the water depth at each station before starting the sampling. The purpose is to ensure adequate cable length for operation of the correct equipment and to control the speed of entry of the sampler into the sediment. The speed of deployment of the sampler can be critical to good operation and sample recovery. It is also useful to have some understanding of the currents at the sampling site. Strong near-bottom currents can lead to poor equipment deployment, deflect a grab sampler, or require a long cable/wire to be deployed. Care should be taken to ensure that the weight of the sampler is adequate for working at the particular current conditions.


On-board, the sediments contained in the grab sampler require attention to ensure that essential components, are neither lost nor contaminated through improper handling. The most critical sampling and storage techniques relate to the avoidance of chemical contamination and change in the physico-chemical characteristics of the sediments. Special steps should be taken to minimize contamination of the samples. For trace metal determinations, the use of a stainless steel grab sampler with Teflon coatings on all surfaces that come into contact with sediments, and polyethylene coated lowering cables are highly recommended. All samples should be collected into cleaned plastic (inorganic samples) or glass vials or aluminium containers (organic samples).


The actual collection procedure is quite simple:

a) Prepare all sample containers for organic analysis by cleaning with solvent and heating in oven at 250 °C overnight.

b) Clean the sediment grab thoroughly with hot soapy water, rinse with tap water. Avoid placing the grab sampler on the open deck, keep in a large plastic or aluminum tub while not in use.

c) Clean a large sized plastic or aluminium tub depending on the destination of the sample.

d) Cock the grab sampler.

e) Haul sampler on-board.

f) Initially, a visual inspection should be made of the sample by means of the small trap doors on top of the grab to ensure that the sample has been collected in an undisturbed state and to determine if there is water on top of the sample. If water is present, it can be siphoned off with a glass tube or slowly drained so as not to wash the sample unduly.

	Note :
Plastic bags or wide-mouth jars (polypropylene or borosilicate glass) should be used for temporary storage of sediments for trace metal analysis. Prior to their use, containers and glass or plastic parts associated with the sampling equipment should be cleaned with detergent and acid then rinsed with metal-free water. For trace organic analysis samples should be stored in cleaned wide-mouth borosilicate glass or aluminum containers. The samples should be stored frozen, or at a sufficiently low temperature (~ 4°C) to limit biological and chemical activity. It is recommended that a minimum sub-sample size be 50 grams.


g)
Once the top of the sediment is exposed, visual estimates of grain-size (coarse, medium, fine grained), color, and the relative proportions of the components should be made and recorded. In situ measurements such as pH can be made by inserting the appropriate electrodes into the sample.

h)
Most fine-grained sediments usually have a thin, dark yellowish brown surface layer resulting from the oxidization of iron compounds at the sediment-water interface. Since in most cases this layer represents the material being deposited at the present time, it should be sampled carefully with a non-contaminating utensil such as a plastic spatula for trace metals determination and a stainless steel one for organic compounds determination. About 10-30 g should be placed in a numbered polyethylene vial for trace metal analysis and in glass or aluminium container for organic analysis, sealed and frozen for transport to the laboratory.

i)
After the surface layer has been sampled, the grab can be opened and an additional sample, representative of the subsurface, can be obtained. Observations of this material should include color and textural characteristics. To ensure a representative sample, about 100 to 200 grams (or even more) should be collected and placed in a numbered vial. The sample should be frozen quickly for return to the laboratory. Larger samples of about 1 kg are required for admixtures of gravel, sand and mud.

j) Store all sediment samples deep-frozen or, at least, under refrigeration (4oC) until they are transported to the laboratory.



a)
Part of sample taken for analysis


Depending on the analysis required and on the material of the sampler (plastic liner for corer), the collection of sediment should follow an agreed protocol. The main idea being to avoid contact with plastic liner for organic compounds and contact with stainless steel for trace elements analysis.
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Figure 5: Collection of sediment according to analysis required.


The distribution of sediment depending on the analysis to be performed is indicated on the Figure 5.



b)
Pre-treatment of the sample

Freeze-drying:


After collection, the sediment samples are transferred into pre-cleaned aluminium boxes or pre-cleaned aluminium paper for organic analysis or into plastic bags for trace element analysis and deep-frozen (or at least kept refrigerated at about 4°C during the transport to the laboratory in order to avoid the bacterial degradation in case of petroleum hydrocarbon analysis).


When in the laboratory, the sediment samples should be deep-frozen at -20°C and, when frozen, freeze-dried in a freeze-dryer. But it is always interesting to archive part of the sample in order to be able to re-analyze it in case of suspected contamination during the analytical process. So, before freeze-drying, one half of the sample should be stored, as such, in the deep-freezer for future reference (in this case it could be interesting to have a -80°C deep-freezer).


In order to proceed with minimal risk of contamination in the freeze-dryer, the samples should be covered with aluminium paper with some pins holes to let the water vapor evacuate and reduce the eventual cross-contamination.


Contamination from the freeze-dryer and from the vacuum pump should be monitored by freeze-drying, with all batch of samples, a portion of clean Florisil. By analyzing the Florisil it is, then, possible to check if the freeze-dryer does not contaminate the samples. 


The samples could be weighed before and after freeze-drying in order to access the ratio of dry/wet weight for each sample.

Note: for frozen sample there is no storage limit in time, for freeze-dried samples, if the samples are kept in the dark, in a cool place (20°C) and with Teflon tape around the neck of the bottles to avoid the humidity to enter in the sample, the limit of conservation could be on the order of 10-15 years without deterioration of the sample.

Sieving:

After freeze-drying the sediment samples could be sieved in order to remove the small gravels, pieces of branches and shelves. Before sieving, it is recommended to sort out, with stainless steel forceps (for organic analysis), or with plastic ones (for trace metal analysis), in the sediment sample the small pieces of shelves, branches and leaves that could be present in the sample in order to avoid the contamination by extra materials. Then, to do that, the samples are transferred in the top sieve of a sieving machine and the machine is activated. Doing so, the sediment will be disaggregated and not crushed.


The question of sieving is very delicate, as many possibilities exist. One will sieve at 1 or even 2 mm (pre-sieving), only to remove the small pieces of shelves, leaves and branches, some will sieve at 250 µm. In most cases, sieving the sediments through a 63 µm sieve in order to separate the silt and clay from the sand and coarser material is both useful and practicable and it is a widely adopted procedure (However, sieving is not recommended for fine and homogeneous sediments, usually found in the zones with high sedimentation rates where the content of the contaminants will be highest because of their wealth of fine particles for which the contaminants have a particular affinity. Obviously, when it is not possible to find fine sediments, sieving can be recommended to extract the finest particles).


Ideally, sieving could be made at 63 µm and the fraction with less than 63 µm and the fraction of more than 63 µm could be analyzed. Even in some cases, sieving at 20 µm is undertaken and 3 fractions are, then, analyzed: more than 63 µm, between 20 µm and 63 µm and less than 20 µm.


Since sieving may also cause contamination problems of the samples (basically for the organic contaminants), many steps of sieving should be avoided -if it could be- and it may even be recommended to sieve only from 250 µm before organic contaminant analysis. 

For spatial trend monitoring sieving is not a critical issue however sieving from <1mm or <2 mm in the field could be recommended directly after sampling or after freeze-drying step.

For temporal studies sieving could be recommended over 63 (m. However, it is important to achieve the programme consistency, therefore, if all set criteria in terms of sufficient trend detection are met by a laboratory that is using a whole fraction (e.g. less than 1 or 2 mm) for temporal studies, at present it is not recommended to switch to any other fraction.

Wet sieving:


Some laboratories are using wet sieving techniques. One of the problems that occurs with this technique is the possibility of contamination for organic samples as the material used for this wet sieving method are plastic (silicone tubing and plastic tubes with nylon nets), another problem, also, has to be taken into consideration is the time spent on this wet sieving technique. This wet sieving method could be used for trace metal work and in well-equipped and staffed laboratories.

Archiving:


Archiving sediment (and biota) samples is a must in QA/QC procedures. All samples should be kept for the duration of the monitoring in order to be able to come back to any of them, or to all of them, in case of problems. 


Archives should consist of different parts: the first one being the sample wet and deep-frozen as it has been collected. This archive will be used in case of contamination that can appear during the freeze-drying process. So, one part of the original sample can be extracted again, even wet and dried with sodium sulfate, if it appears that the freeze-dryer had contaminated the sample.


Then when the sample has been dried, and an aliquot has been analyzed, the remaining sediment sample should be kept in a glass bottle, with Teflon tape around the closing system (that should be aluminium for organic and plastic for trace metal) to protect against the moisture and then, stored in a cupboard in the dark and cool place. This way, the sample archived can be stored for 10-15 years, so, for the duration of the monitoring program.

V
Normalization factors


Normalization is a process that could reduce the discrepancy between data sets by taking into account the differences in grain size distribution and in the mineralogy (sediment composition) between samples. 


Both trace metals and organic contaminants concentrations will co-vary with such grain size, and organic carbon content. As an example, metals and organic contaminants show a much higher affinity to fine particles than to the coarse fraction.


For normalization purpose, in order to account for the metal variations in respect to the variations of the aluminosilicate mineral fraction, the determination of, at least, Al and/or Li are recommended followed by Fe and Mg. 


In case of temporal trend monitoring, the idea consists in making comparison with time within a series of independent locations. The critical factor will be to ensure that from one year to the other the laboratory will always analyze the same grain size fraction to be able to compare the data obtained.
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Summary of Normalization Factors (from UNEP/IOC/IAEA, 1995)

Normal. factor

Size

Indicator


Role

Textural

μm

------------------------------------------------------------------------------------------------------------------------------

Grain Size

2000-< 2
Granular variations

Determines physical 






of metal bearing minerals/
sorting and depositional






compounds


patterns of metals

Sand


2000-63
Coarse grained metal-poor
Usually diluent of trace






Minerals/compounds

metal concentrations

Mud


< 63

Silt and clay size metal
Usually overall concentrator






bearing minerals/

of trace metals*






compounds

Clay


< 2

Metal-rich clay minerals
Usually fine grained 










Accumulator of trace










Metals*

Normal. factor

Size

Indicator


Role

Textural

μm

Chemical

Si




Amount and distribution of
Coarse grained diluter of






Metal-poor quartz

trace metal concentrations

Al




Al silicates, but used to
Chemical tracer of Al-






account for granular

silicates, particularly






variations of metal rich
the clay minerals*






fine silt + clay size Al-






Silicates

Fe




Metal-rich silt + clay

Chemical tracer for Fe-rich






size Fe bearing clay

clay minerals






minerals, Fe rich heavy






minerals and hydrous






Fe oxides

Sc




Sc structurally combined
Tracer of clay minerals






in clay minerals

which are concentrators of










trace metals

Cs




Cs structurally combined
Tracer of clay minerals






in clay minerals and 

which are concentrators






feldspars


of trace metals

Li




Li structurally combined
Tracer of clay minerals,






in clay minerals and micas
particularly in sediments










containing Al-silicates in










all size fractions

Organic Carbon


Fine grained organic

Sometimes accumulator of






matter



trace metals like Hg and Cd

* except in sediments derived from glacial erosion of igneous rocks

A) 
Grain size distribution


The methods for fractionation into grain size can be found in UNEP/IOC/IAEA, 1995 and in Loring and Rantala, 1992. The sequence of steps for the grain size separation of sediment sample can be found in Figure 6, below. This method is good and easy to follow, but the laboratories can use more automated method with instruments such as the Mastersizer (see below), depending on the availability of their instrumentation.

Preparation prior particle size analysis:


Samples are freeze-dried and sieved at 250 (m. Aliquots of about 1gram are used for particle size analysis.


Approximately an aliquot of 1g of sediment was put in a 10mL tube. 5mL of MilliQ water is added and tube is shaken in order to separate properly the silt particles. A period of about half an hour is taken to assure that the sample is homogeneously wet before analysis.

Introduction to Particle Size Analysis:


The Mastersizer is based on the principle of laser ensemble light scattering. It falls into the category of non-imaging systems due to the fact that sizing is accomplished without forming an image of the particle onto a detector.


The Mastersizer employs two forms of optical configuration to provide its unique specification. The first is the well-known optical method, called “conventional Fourier optics”. The second is called “reverse Fourier optics”, used in order to allow the measurement size range to be extended down to 0.05µm. There are restrictions placed upon the sample presentation requirements in this configuration, which limit its availability to particles dispersed in liquid suspension.
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Figure 6: Sequence of steps for the grain size separation of a sediment sample

The result of the measurement analysis is a volume distribution characterized over the size limits of the optical configuration used. The results may be presented in a number of ways to suit the users needs. For this study, the distribution is listed as a table of results, giving frequency and cumulative forms of distribution. It is also plotted on a log size axis high-resolution graph in frequency and oversize form. In addition to this treatment of the fundamental volume measurement it is possible to derive further information using numerical transformations. Finally the standard derived diameters are provided, complete with volume percentiles.
B)
Total Inorganic Carbon (TIC), Total Organic Carbon (TOC)


Organic material interacts strongly with both organic and inorganic contaminants. The organic carbon is one of the measures of the organic material. Another parameter would be the determination of lipids, or lipid-like material. The measurement of the hexane extractable organic matter (or HEOM) is also a normalising variable.


The carbonate content (inorganic carbon) of the sediment is generally considered as a dilution factor of the main phases carrying the contaminants and should, also be determined.


Total inorganic carbon (or carbonates) are obtained by the difference of data:




TIC (%) = TC (%) – TOC (%)

Preparation of samples:


Samples for TC analysis are weighed (mg) in tin boats and directly analysed. Samples for TOC analysis are weighed (mg) in tin capsules and acidified with H2PO4 1M until the inorganic carbon is removed (3 times in 8 hours intervals to the oven at 55°C). Tin boats and capsules are folded and pressed before the analysis.

Procedure:


Analyses could be done with automatic analyser (such as Elementar “VARIO EL” Instrument) in CN mode. For the mass determination of C and N, an oxidation of the sample followed by the reduction of nitroxides is realized, coupled to chromatographic glass column separation and thermal conductivity detection for CO2 and N2.

Note: In case a CHN analyser is available and used for the TC-TOC analysis, Total Nitrogen and Total Organic Nitrogen can be measured simultaneously which can provide a general insight of the lability of organic matter, simply based on the C/N ratio.

Quality control:


Acetanilide standard (C8H9NO) is used as a correction factor for accurate and precise measurements (71.1 % C and 10.4 % N) and to control instrumental stability. 


The precision of TOC and TC measurements in the samples depends in numerous random factors such as: weighing, use of an acidification step, sample structure (i.e. matrix), concentrations, as well as the instrumental noise. Coefficients of variation (% RSD) must be calculated for each pair of determination, specially, for TOC analysis, which includes an acidification step.

Alternative method to estimate Organic Material in case a CHN Analyser is not available:

The Organic Matter (OM) content in sediments can be measured with the following method:


1)
Put the (wet) sediment sample in oven at 60°C for 24 hours (up to constant weight).


2)
Weight approximately 1 g of dry sediment (precision 0.01 mg) in a small porcelain boat.


3)
Put the sediment for ignition into a furnace at 450°C for 3 hours.


4)
Weight the sediment after ignition (precision 0.01 mg).

The Organic Matter (OM) content is equivalent to the percentage of Loss of Weight (LOI %)




LOI % = (Wdry – Wign) x 100 / Wdry
Where:

LOI % = Loss on Ignition (equivalent to the total Organic Matter)

Wign = Weight after ignition

Wdry = Weight of dry sediment before ignition


C)
Al and/or Li


It has been observed that in many contaminated and uncontaminated environments, the majority of the trace elements are held in the fine-grained, alumino-silicate fraction of the sediment. When the fine-grained material is uncontaminated and from the same provenance, the ratios of trace metals to conservative elements, such as aluminium or lithium, is almost constant. If provenance of the sediment remains practically constant in a studied area, this consistency should be reflected in the metal to aluminium ratios. Plots of individual metal concentrations against aluminium concentrations will be linear and significant deviations from the linear relationship would reflect a contaminated area.


Loring and Rantala (1992) conclude their paper by stating that “the use of the granulometric measurements, metal/Al, metal/Li or other metal/reference element ratios are all useful approaches towards complete normalization of granular and mineralogical variations, and identification of anomalous metal concentrations in sediment”.

VI
Analytical Techniques for Organic analysis


Before proceeding to the analysis, an aliquot will be taken from the bulk sample and in order to be sure that what is analyzed is representative of the collected sample, the sediment sample should be well homogenized. This could be done in a specialized laboratory homogeneizer, but it could be done, more simply, with a spatula, taking care of mixing well the sediment sample before collecting the 10 g aliquot (for organic) or the 1-2 g aliquot (for trace metal) for the extraction.


The analytical part can be found in the Reference Methods for Marine Pollution Studies published by UNEP. All these Reference Methods are available, free of charge, from IAEA-MEL/MESL.


With all set (one for 10 samples, as a minimal requirement) of sediment samples extracted, a sediment Reference Material should be extracted to check the quality of the data produced (UNEP/IOC/IAEA/FAO, 1990).

Petroleum hydrocarbons, Chlorinated pesticides and PCBs.


For Chlorinated pesticides and PCBs in sediment samples, the analytical part can be found in UNEP/IOC/IAEA, 1996.


The analytical part for petroleum hydrocarbon analysis can be found in UNEP/IOC/IAEA, 1992.


VI.1.
Cleaning of laboratory glassware and materials



VI.1.1
Cleaning of Laboratory Glassware


The material of choice for analytical equipment used in trace organic analyses is borosilicate glass (Pyrex, Duran, etc.). Soft glass (also called soda-lime glass) is suitable as well, but it breaks more easily under mechanical or heat stress. For special purposes, mainly photochemical investigations, flasks etc. are used made of vitreous silica. It is cleaned using the same procedure as described for “glassware”.


Glassware, if visibly dirty, is first cleaned with a household cleaning powder such as Ajax® or similar with tap water and a bottle brush followed by copious rinsing with hot tap water. The glassware is then immersed for several hours (overnight) in a dilute aqueous laboratory detergent solution such as Alconox® (available through Aldrich Chemical Company or Cole Palmer Co), Extran MA® (Merck), etc. It should be noted that if organophosphorus compounds are to be analyzed, phosphate free detergents (such as Micro®, which is available through Bioblock Scientific or Cole Palmer Co) should be used. Small pieces of glassware may be cleaned effectively by ultrasonication for 10 minutes in detergent solution. Following detergent treatment, the glassware is rinsed with abundant hot tap water, organic free ion exchange water, and is rinsed with methanol and then with hexane. The glassware in then heated at 200 °C in a drying oven overnight. When cold, all openings are closed with pre-cleaned aluminum foil in order to prevent the dust to enter the glassware.


Aluminum foil used for protection from dust and vapors can be a source of contamination because lubricants used in manufacture may adhere to its surface. Rinsing with solvents such as acetone and hexane and drying in the oven at 200 °C usually removes extraneous material.


An oven for drying cleaned glassware must not be used for any other purposes. Otherwise it may too easily itself become a source of contamination.


Checks must be run at regular intervals to ensure that the chosen cleaning procedure is adequate for a given purpose. This is done by rinsing the cleaned glassware with the amount of solvent (or the mixture of solvents) used for a given analytical procedure followed by the same work-up and analysis as for the analyte.



VI.1.2
Cleaning of reagents


Powdered or crystalline reagents, such as anhydrous sodium sulphate (Na2SO4)*, potassium hydroxide (KOH), glass wool* and carborundum boiling chips*, are thoroughly cleaned before use. They are extracted with hexane in a Soxhlet apparatus for 8 hours and then with methanol or dichloromethane for another 8 hours. For those indicated by an *, this will require pre-combustion in a muffle furnace at approximately 400 °C.



VI.1.3
Cleaning of adsorbents


Silica gel, Alumina and Florisil are treated chemically and are not clean when received from the supplier. Reagents are first refluxed with methanol or dichloromethane in a Soxhlet apparatus for 8 hours, then with n-hexane for the same period. The solvent is removed in a rotary evaporator at a low speed, until the sorbent starts falling down as fine particles. Reagents are then dried in a drying oven at 120 (C for 4 hours. When dried, they are stored in amber glass bottle in a laboratory cupboard.


When needed, silica and alumina are activated at 200 (C for 4 hours. They are allowed to cool in the oven. As active sorbents attract water and contaminants from the atmosphere, controlled deactivation is carried out by adding water to the fully active sorbent (5% by weight) and mixing by gentle shaking for a few minutes, the equilibration takes one day. They should be used just after equilibration (because of the humidity of the atmosphere they will be fully deactivated very quickly and could not be used at such).


The same procedure is applied for Florisil: when needed, Florisil is activated at 130 (C for 12 hours, partially deactivated with 0.5% water, the water is mixed by gentle shaking for a few minutes and the Florisil is kept in the laboratory for the water to equilibrate for 24 hours. If not used the following day, the activation procedure has to be done again.


VI.2
Sample preparation



VI.2.1
Laboratory apparatus and equipment

-
A coring device with liners and plunger or a grab sampler. Thoroughly cleaned with detergents and solvents before use.

-
Glass jars and aluminium foil, stainless steel knives, scoops, forceps, labels, marking pens, log-book.

-
Insulated plastic boxes for transporting samples. Ice or dry ice.

-
Deep freezer (-18 to -20 (C) for sample preservation (frost free type freezers heat to above zero during frost removal cycles and they cannot be used for long term storage).

-
Rotary evaporator.

-
Soxhlet extraction apparatus and heaters or microwave oven designed for solvent 
extractions.

-
Glassware including boiling flasks, ground glass stoppers, beakers, Erlenmeyer flasks, separatory funnels, centrifuge tubes, weighing bottles, pipettes, tissue grinders.

-
Drying oven (temperature range up to at least 300 (C) for determining sample dry weights, baking of contaminant residues from glassware and reagents.

-
Centrifuge and tubes.

-
Freeze-dryer and porcelain mortar and pestle.

-
Analytical balance with a precision of 0.1 mg and an electro-balance with a precision of at least 1 µg.

-
Stainless steel tweezers and spatulas.

-
Dessicator - completely cleaned and with no grease applied to sealing edges.

-
Supply of clean dry nitrogen.

-
Columns for the silica/alumina chromatography.

-
Mechanical blender (food mixer).

-
Vacuum pump (water-jet air pump).

-
Ultrasonic bath.

-
Gas Chromatograph equipped with suitable detector



VI.2.2
Chemicals and reagents

-
Distilled water produced by distillation in a quartz distillation system. The water should, then be extracted with hexane (1 litre of water extracted twice with 80 ml of hexane). Milli-Q type water should be avoided, as it will contain traces of plasticizers such as phthalates.

-
Detergent.

-
Sulfochromic cleaning solution made from concentrated sulfuric acid and potassium dichromate.

-
HCl, 30 %.

-
Hexane, ”distilled in glass” quality.

-
Dichloromethane, “distilled in glass” quality.

-
Methanol, “distilled in glass” quality.

-
Acetone, “distilled in glass” quality.

-
Tetrahydrofuran (THF).

-
Hexamethyldisilazane (HMDS).

-
Bio-Beads SX-3 (200-400).

-
Sephadex LX-20.

-
Anhydrous sodium sulfate.

-
Carborundum.

-
Copper powder (Aldrich, 200 mesh, 99 % purity).

-
Glass wool

-
Silica gel Merck Kieselgel 60 (0.04-0.063 mm, 230-400 mesh).

-
Aluminium oxide neutral Merck 90 Aktiv (0.063-0.200 mm, 80-200 mesh)

· KOH.

· Hg.

-
Florisil PR (60-100).

-
n-C19 d40, n-C32 d66.

-
Hexamethylbenzene, Cadalene: 1,6-dimethyl-4-(1-methylethyl)naphthalene, Naphthalene d8.

-
Standard solutions of aliphatic and aromatic hydrocarbons.

-
PCB congener 29 and 198.

· (-HCH.

· Endosulfan I d4.

-
DDT reference solutions - Stock solution of the DDT series (pp’ DDT, op DDT, pp’ DDD, op DDD, pp’ DDE, op DDE) are prepared by dissolving 50 mg of each compound in 100 ml of hexane. Stock solutions are stored in sealed glass ampoules.

Other reference solutions - are prepared the same way, if other residues are to be quantified in these procedures.

NOTES : Working solutions from the stock reference solutions are prepared on a regular basis and stored in clean glass volumetric flasks tightly capped with non-contaminating materials such as Teflon or glass. Extreme care must be taken to ensure that standards have not changed their concentrations through solvent evaporation. In order to achieve a good accuracy of the standard solutions, at least 50 mg of pure individual compound should be weighted and dissolved into 100 ml of hexane. This will give stock solutions of 500 ng/µl.

VI.3
Analysis of sediments



VI.3.1
Analysis of PH’s in sediments


10 to 20 grams of freeze-dried sediment sample, ground and sieved at 250 µm, are extracted in a Soxhlet extractor with a mixture of hexane and dichloromethane (50:50). Internal standards are added to the sample for recovery: 50 µl of a mixture containing about 20 ng/µl each of n-C19 d40, and n-C32 d66 for the first fraction and about 20 ng/µl each of Hexamethylbenzene, Cadalene and Naphthalene d8 for the second fraction.


Extraction is realised in the Soxhlet with 250 ml of the mixture hexane/dichloromethane, the siphon cycle is about 10 minutes during 8 hours.


When the extraction is finished, the extract is evaporated with a rotary evaporator to a volume of about 15 ml (the temperature of the water bath does not exceed 30 (C).

Note:

In fact the parameters to take into account for the concentration with the rotary 
evaporator are: the temperature of the water bath and the vacuum obtained with the 
vacuum system used. These parameters have to be considered as a couple, if one is  
not powerful enough, then the other one could be increased. As an example, in case 
the vacuum is very poor, then, the temperature of the water bath could be increased to 
35 (C or even to 40 (C. The observation plays an important role, the distillation of the 
solvent should be slow, but solvent condensation should be seen in the flask. The 
parameters (temperature, vacuum) are adjusted in such a way that it takes about 20 
minutes to 
concentrate an extract from 250 ml down to 15 ml.


Clean-up and Separation


Purposes of the clean-up: removal of lipids, whenever present in significant amount; removal of elementary sulfur and sulfur compounds. Both these compound classes can interfere with the gas-chromatographic separation.

Sulphur and sulphur compounds removal:


Preparation of Copper:

Transfer about 20 grams of the copper powder in an Erlenmeyer. Add enough concentrated HCl to cover the copper powder, agitate. Sonicate for 10 min., agitate, put again in ultrasonic bath and sonicate for 10 min. Throw the used HCl, add some fresh HCl, transfer in ultrasonic bath and sonicate for 20 min. Repeat that procedure four times in total. Wash with distilled water, agitate, discard, add water again, transfer in ultrasonic bath and sonicate for 15 min., discard the used water, do it again, up to pH neutral. Wash with acetone, agitate, transfer in ultrasonic bath and sonicate for 15 min. Repeat that procedure four times in total. Then use the same procedure with hexane as a solvent.

Keep in hexane (use it immediately, avoid Cu to be in contact with air).

Transfer 3 to 4 Pasteur pipettes per sample in the flasks containing the hexane extracts. Let the copper react all night. The presence of sulphur compounds in the sample will be detected by the tarnishing of the copper powder.


The extract is dried with anhydrous sodium sulfate and transferred in a graduated tube and concentrated down to 1 to 2 ml using a flow of clean nitrogen.

Extractable organic matter (EOM)


The EOM is determined in the following manner. On the weighting pan of an electro-balance, a known volume of the sediment extract is evaporated (up to 100 µl) and the residue is weighted with a precision of about ( 1 µg. If the residue is less than 2 µg, pre-concentration of the original extract is required. The quantity of EOM is:



   Weight of residue (µg) x volume of the extract (ml) x 1000

EOM (µg/g) =     -----------------------------------------------------------------------------



   volume evaporated (µl) x quantity of sample extracted (g)


Separation of Compounds

The clean-up and separation are achieved by a simple column chromatographic partition as follows:


Preparation of silica and alumina: silica gel and alumina are pre-cleaned by Soxhlet extraction, first for 8 hours with methanol and then for 8 hours with hexane. They are dried at 60 (C to remove the solvent, then at 200 (C for 8 hours and then stored in amber bottle.


Before use, they are activated at 200 (C for 4 hours and partially deactivated with 5% water.


A chromatography column is prepared using 50 ml burette in which a piece of glass wool is added near the stopcock to maintain the packing material. Then, 5 grams (or 10 ml) of silica are transferred into the column, then 10 grams (or 10 ml) of alumina and on top 1 gram of sodium sulfate is added in order to avoid the disturbance of the first layer when solvents are poured into the column.


The sample (maximum 100 mg lipids) is applied on top of the column. A first fraction is obtained by eluting the sample with 20 ml of hexane (F1), this fraction will contain the saturated aliphatics. The second fraction (F2) is obtained by eluting with 30 ml of a mixture of hexane and dichloromethane (90:10), this fraction will contain the unsatured and aromatic hydrocarbons.


Sonic or Shaker Extraction


As an alternative method to Soxhlet extraction, laboratories equipped with a sonicator can follow the US-EPA SW846 Method 3550 or NSTP procedures described by Krahn et al., (1988). In this method the sediment is mixed with Na2SO4 as above and spooned into a 250 ml glass or Teflon jar. Add surrogate standards to each jar. Add 100 ml of 1:1 v/v dichloromethane/acetone. Sonicate for about 3 minutes at settings appropriate to yield efficient extraction. Alternatively, the extracts can be shaken several hours on a mechanical shaker. After extraction, decant the solvent into a clean flask. Repeat the extraction two more times combining all extracts into the flask. Filter and dry the extract through glass wool and Na2SO4. Reduce the extract volume as described previously. Use the same quantity of Na2SO4 for the blank than the quantity used for mixing the sample.


Alternate Method: Microwave extraction


Another alternative method for the extraction of PH’s in sediment samples is the use of the Microwave oven instead of the Soxhlet extractor. The main advantage of the microwave oven is the fact that, for one sample, only 40 ml of solvent mixture are used instead of 250 ml for clean-up of extraction thimbles and 250 ml for the extraction itself.


10 to 20 grams of freeze-dried sediment sample, ground and sieved at 250 µm, are put in the glass tube of the reactor. Internal standards are added to the sample for recovery: 50 µl of a mixture containing about 20 ng/µl each of n-C19 d40, n-C32 d66 for the first fraction and about 20 ng/µl each of Hexamethylbenzene, Cadalene and Naphthalene d8 for the second fraction and samples are extracted with 40 ml of a mixture of hexane / dichloromethane (50:50).


Extraction is realised within the following cycle:


-
Power of the microwaves: 1200 watts


-
Temperature increase to 115 °C in 10 minutes.


-
Extraction maintained at 115 °C for 20 minutes


-
Cooling to ambient temperature within one hour.


The carrousel containing 14 reactors, 12 samples could be extracted together with one blank and one Reference Material within 1 and half hour and with 10 times less solvent mixture than the standard Soxhlet extraction.


After cooling down to room temperature the solvent mixture is recovered in a 100 ml glass flask. The sediment is poured in a glass funnel containing a plug made of glass wool. The extracted sediment is washed with 10 - 20 ml of hexane. The extract is then cleaned with copper.

Note 1:
In this context “surrogate standard” is meant to be a compound added to the 
sample, which will behave in an identical manner to the compounds to be quantified and which is used to correct the results for the recovery through all steps of the analytical procedure. Since the hydrocarbons are to be separated into fractions, it is necessary to add at least two standards, but as the volatility range is rather important it would be better to have 2 standards in each fraction. The two standards considered for the aliphatic fraction are: n-C19 d40 and n-C32 d66. The three standards for the aromatic fraction are: Naphthalene d8,  Hexamethylbenzene and Cadalene. If samples are to be analysed by GC/MS there is a variety of deuterated aromatic hydrocarbon standards that could be added just before the injection in the GC/MS, such as Anthracene d10, Pyrene d10, Perylene 
d12 and Chrysene d12.

Note 2:
Since the basis of all quantitative work is the analytical balance, control must be 
exercised over the care of the balances. They must be routinely checked for 
accuracy against a set of high quality calibration weights. Also, since the 
standards for hydrocarbon analysis are made up in volatile solvents, extreme care 
must be taken to ensure that concentrations are not altered by evaporation. 
Solutions should be made up by weight into tight sealed vials and the total weight 
recorded on each vial. Working solutions are then weighed before every use. The 
weight of every stock vial should be recorded for future evaluation of the 
usefulness of the solutions. Iso-octane is recommended as the dilution solvent for 
stock solutions while hexane dilutions of these should be added to samples as 
surrogates.


High purity nitrogen gas should be used to evaporate samples. A molecular sieve trap should be placed in-line. Either a single line could be used or a manifold could be constructed. Flows must be adjustable and all materials in-line must be 
non-contaminating (glass, Teflon, stainless steel). If necessary, high purity air could be substituted to the N2. Prevent cross contamination of samples by solvent rinsing the evaporation tips between each sample.



VI.3.2
Analysis of chlorinated hydrocarbons


Sample extracts obtained for the analysis of petroleum hydrocarbons can also be used for analysis of chlorinated hydrocarbons. In this case, internal standards should be added directly to the extract. Alternatively, the following protocols could also be followed.



A)
Extraction




i)
Extraction of freeze-dried samples

A 50 to 100 grams sub-sample of the sediment is selected, weighted and freeze-dried. When dried, it is weighted again and the dry to wet ratio is calculated. Then the sample is pulverised using the mortar and pestle and sieved using a 250 µm stainless steel sieve. About 20 grams of ground sample is weighted accurately and placed in the pre-cleaned extraction thimble. 1 ml of a solution containing about 20 pg/µl each of CB 29, CB 198, Endosulfan I d4 and (-HCH as internal standards is added to the sample. The sample is extracted for 8 hours in a Soxhlet apparatus with 250 ml of a mixture hexane / dichloromethane (50:50). An empty thimble is extracted in the same way as the samples for purposes of generating a procedural blank.




ii)
Extraction of wet samples

The sediment is thawed, sieved at 250 µm and homogenized manually with a stainless steel spatula or clean glass rod. A sub-sample of 1-2 grams is weighted into a flask and placed in a drying oven at 105 (C for 24 hours, then allowed to cool to room temperature and re-weighted. Calculate the dry to wet ratio and discard the dry sediment.


Place a 30 to 40 grams sub-sample of thawed, homogenized sediment in a blender. Slowly add 100 grams of dried anhydrous sodium sulphate (desiccant) and blend the mixture at maximum speed for 10 minutes. Transfer the dried sample quantitatively to the pre-cleaned extraction thimble in the Soxhlet apparatus, add the internal standard solution (see above) and apply the same extraction procedure as above. Extract the same amount of sodium sulphate as a procedural blank making sure to add an appropriate amount of internal standard solution.




iii)
Alternate Method: Microwave extraction

An alternative method for the extraction for chlorinated pesticides and PCBs in sediment samples is the use of the Microwave oven instead of the Soxhlet extractor. The same advantage (see VI.3.1, PH in sediment sample) of the microwave oven is the fact that, for one sample, only 40 ml of solvent mixture are used.

A 20 to 100 grams sub-sample of the sediment is selected, weighted and freeze-dried. When dried, it is weighted again and the dry to wet ratio is calculated. Then the sample is pulverised using the mortar and pestle and sieved using a 250 µm stainless steel sieve. About 5 - 15 grams of ground sample is weighted accurately and placed in the pre-cleaned extraction glass tube of the reactor. 1 ml of a solution containing about 20 pg/µl of CB 29, CB 198, Endosulfan I d4 and (-HCH as internal standards is added to the sample.


Extraction is realised with 40 ml of a mixture hexane / dichloromethane (50:50) within the following cycle:


-
Power of the microwaves: 1200 watts


-
Temperature increase to 115 °C in 10 minutes.


-
Extraction maintained at 115 °C for 20 minutes


-
Cooling to ambient temperature within one hour.


The carrousel containing 14 reactors, 12 samples could be extracted with one blank and one Reference Material within 1 and half hour and with 10 times less solvent mixture than the standard Soxhlet extraction.


After cooling down to room temperature the solvent mixture is recovered in a 100 ml glass flask. The sediment is poured in a glass funnel containing a plug made of glass wool. The extracted sediment is washed with 10 - 20 ml of hexane. The extract is then cleaned with copper (or mercury in case only OC’s are of interest) and concentrated with rotary evaporator.


B)
Concentration of the extract


After extraction, the extracts are concentrated on a rotary evaporator to about 15 ml. The temperature of the water bath does not exceed 30 (C.(see Note at VI.3.1) The extract is dried with anhydrous sodium sulphate. The dried extract is collected in the graduated tube and adjusted to 1 ml by evaporating excess solvent under a gentle stream of clean dry nitrogen. The sample extract is analysed gravimetrically for extractable organic matter (EOM) content at the 1 ml volume as a starting point. If measurements of the EOM are outside of the calibration range of the balance, the total volume of the extract is adjusted accordingly using either dilution with hexane or evaporating under a stream of nitrogen gas.



C)
Extractable Organic Matter (E.O.M.)


The EOM is determined in the following manner. On the weighting pan of an electrobalance, a known volume of the sediment is evaporated (up to 100 µl) and the residue is weighted with a precision of about ( 1 µg. If the residue is less than 2 µg, preconcentration of the original extract is required. The quantity of EOM is:



   Weight of residue (µg) x volume of the extract (ml) x 1000

EOM (µg/g) =     -----------------------------------------------------------------------------



   volume evaporated (µl) x quantity of sample extracted (g)



D)
Clean-up Procedure and Fractionation

Purposes of the clean-up: removal of lipids, whenever present in significant amount; removal of elementary sulphur and sulphur compounds. Both these compound classes can interfere with the gas-chromatographic separation.



Sulphur and sulphur compounds removal



a) Elementary sulphur and sulphur compounds such as mercaptans are removed using mercury.

Note:
Mercury method should be used only if chlorinated pesticides and PCBs are 
analysed. If the combined method is used for petroleum and chlorinated hydrocarbons, 
then the copper method should be used instead of mercury that will destroy some of 
the PAHs.


One drop (a few ml) of mercury is added with a drop counter to the sediment extract and vigorously shaken for one minute. The extract is carefully recovered in another tube. If the mercury is tarnished, the treatment is repeated with another drop of mercury. This treatment is repeated until the mercury stays brilliant in the extract. Then, the resulting solution is concentrated to 1 ml with a gentle stream of nitrogen.



b) Removal of sulphur and sulphur compounds using copper:

Preparation of the copper:

Transfer about 20 grams of the copper powder in an Erlenmeyer. Add enough concentrated HCl to cover the copper powder, agitate. Sonicate for 10 min., agitate, put again in ultrasonic bath and sonicate for 10 min. Throw the used HCl, add some fresh HCl, transfer in ultrasonic bath and sonicate for 20 min. Repeat that procedure four times in total. Wash with distilled water, agitate, discard, add water again, transfer in ultrasonic bath and sonicate for 15 min., discard the used water, repeat that procedure again, up to pH neutral. Wash with acetone, agitate, transfer in ultrasonic bath and sonicate for 15 min. Repeat that procedure four times in total. Then use the same procedure with hexane as a solvent.


Keep in hexane (use it immediately, avoid Cu to be in contact with air).


Transfer 3 to 4 Pasteur pipettes per sample in the flasks containing the hexane extracts. Let the copper react all night. The presence of sulphur compounds in the sample will be detected by the tarnishing of the copper powder.



Fractionation


Preparation of the columns: 50 ml glass burettes (1 cm diameter) with Teflon stopcocks make convenient adsorption columns. The column is plugged with pre-extracted glass wool. Separate columns are prepared for each sample and blank determination. A slurry method to fill the columns is recommended. The column is partially filled with hexane. The appropriate amount of sorbent is mixed with hexane in a small beaker. A glass funnel and a glass rod are used to pour the adsorbent into the column. Several rinses with hexane are necessary to fill the column to the desired height. Each column is prepared freshly immediately before use.


A Florisil column is used for this separation, which is prepared in the following way. The Florisil is pre-extracted in the Soxhlet apparatus to remove any contaminants using methanol or dichloromethane for 8 hours, then hexane for another 8 hours. It is then dried in an oven. Activation is achieved by heating the dried Florisil at 130 (C for 8 hours. It is then partially deactivated with 0.5 % water by weight and stored in a tightly sealed glass jar with ground glass stopper. The water is well mixed into the Florisil and the mixture is allowed to equilibrate for one day before use. The activation/deactivation procedure is made one day before use. A 50 ml glass burette with Teflon stopcock is plugged with pre-cleaned glass wool. 18 grams of Florisil are weighted out in a beaker and covered with hexane. A slurry is made by agitation and poured into the glass column. The Florisil is allowed to settle into an even bed and any Florisil adhering to the column is rinsed down with hexane. The solvent is drained to just above the Florisil bed. It is rinsed by a further 5 ml of hexane, one gram of anhydrous sodium sulphate is added to the top of the column in order to protect the surface of the Florisil. Individual columns are prepared immediately before use, and a new column of Florisil used for each sample.


The extract, reduced to 1 ml, is applied to the Florisil column. It is carefully eluted with 65 ml of hexane and the first fraction collected. Then the column is eluted with 45 ml of a mixture containing 70 % of hexane and 30 % of dichloromethane and the second fraction collected. The third fraction will be eluted with 55 ml of pure dichloromethane.


Fraction one contains the PCBs, pp’ and op DDE and some other pesticides such as HCB, aldrin, heptachlor, DDMU.


Fraction two contains the DDTs, DDDs, most of the toxaphene, and some pesticides such as the HCH isomers and chlordane components.


Fraction three contains mainly dieldrin, endrin and endosulfan components.


VI.4
Measurements



VI.4.1
Determination of PH’s by UVF


The fluorescence intensity of the sample analyzed is compared with the fluorescence of a reference solution of almost the same concentration as the unknown extract or to a series of reference solutions. An universal standard is Chrysene, but as a complement, the local crude oil should be used.


After measurement of fluorescence, the extracts are concentrated to an appropriate volume (50-100 μl) using a gentle flow of clean nitrogen and injected into the gas chromatograph. Quantification of the internal standards should be made first in order to assess the % recovery of the extraction.



a)
Calibration

The fluorescence intensity of the sample analyzed is compared with the fluorescence of a reference solution of almost the same concentration as the unknown extractor to a series of reference solutions. When the measurement of fluorescence of the sample takes more than one day, the fluorescence of the reference solution must be measured at least once a day under identical instrumental conditions. To achieve comparability of results in the Region, each laboratory must use chrysene and the same crude oil standard. The standard (ROPME) crude oil could be provided to the participating laboratories by IAEA-MEL/MESL, but any local crude oil standard could be used instead. From the stock solution prepared, a range of standard solutions of 0.01, 0.02, 0.05, 0.1, 0.2, 0.5, 1.0, 2.0 and 5.0 μg/ml are prepared. At least 100 ml of each solution should be prepared to allow adequate supply. This will require the use of a micro-pipette. The intensity of the fluorescence of the standards is then measured on a spectrofluorometer in a stoppered 1cm silica cell using a wavelength of 310 nm and an emission wavelength of 360 nm. The results are plotted as intensity of emission versus concentration. The plot should be linear to at least 5 μg/ml.


Chrysene standard solutions are prepared in the same way as for the crude oil. These standards are then run on the spectrofluorometer at the same sensitivity at which the crude oil standards were run, and a calibration plot prepared. An intercomparison ratio (R) can be calculated from the crude oil and chrysene standardization curves according to the following formula:




Fluorescence intensity

Concentration in μg/ml




 of crude oil standard

X
  of chrysene standard


R
=
---------------------------------------------------------------------------------




Fluorescence intensity
X
Concentration in μg/ml



 of chrysene standard


       of oil standard


Typical runs of Crude Oil and Chrysene in a scanning spectrofluorometer are shown in Figure 7.

Table 1: Stability of different compounds to different treatment

	Compounds
	Treatment H2SO4
	Treatment KOH/MeOH
	Transformation product

	HCB
	+
	+
	

	Lindane
	+
	-
	

	2,4,5 trichlorobiphenyl (PCB 29)
	+
	+
	

	Alpha-HCH
	+
	-
	

	Aldrin
	+
	-
	

	pp’ DDE
	+
	+
	

	Heptachlor epoxide
	-
	-
	

	Dieldrin
	-
	+
	

	op’ DDE
	+
	+
	

	op’ DDT
	+
	-
	op’ DDE

	pp’ DDD
	+
	-
	pp’ DDMU

	op’ DDD
	+
	-
	

	pp’ DDT
	+
	-
	pp’ DDE

	PCBs
	+
	+
	

	Toxaphene
	+
	-
	

	Phthalate esters
	-
	-
	


+: Stable against treatment

-: Not stable against treatment
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Figure 7: Example of typical fluorescence for ROPME Crude Oil (RCO) and Chrysene



b)
Fluorescence Analysis of Sample Extracts and Blanks

The fluorescence of sample extracts and blanks is measured in the same way as for the standard, i.e., at an excitation wavelength of 310 nm and an emission wavelength of 360 nm with the instrument set at the same sensitivity at which the chrysene and crude oil standards were run. This provides a detection limit of approximately 0.4 μg ROPME crude oil equivalent per liter (corresponding to 0.05 μg chrysene equivalent per liter).


It is recommended that a simple standard addition technique is also used to check the quantification of the results.


More information on differences in extract composition can be obtained from fluorescence emission spectra. Synchronous excitation and emission scanning (25 nm offset) is especially useful to provide information on relative aromatic ring number composition, Wakeham (1977).



c)
Calculation of Original Sample Concentration

The concentration of hydrocarbons in the sample extract, in crude oil equivalents, is read from the calibration curve and corrected for blank fluorescence. The original sample concentration in crude oil equivalents is then calculated according to the following:




B
x
C


A
=
----------------------





D

A = Concentration of hydrocarbons in original samples (μg/l water, μg/g sediment).
B = Concentration of hydrocarbons in samples extract (μg/ml).

C = Volume of extract (ml).

D = Volume of original water sample (liters) or weight of original sediment sample (grams).


The result is reported in crude oil or in chrysene equivalent concentrations (μg/l water, or μg/g of dry sediment).



d)
Testing for Fluorescence Quenching

Instances may occur where high concentrations of compounds, other than hydrocarbons, may be present in the sample that could quench or inhibit the fluorescence of the hydrocarbons in the sample. An experiment to test whether this is the case can be performed as follows:

a)
the fluorescence of the sample extract is measured;

b)
the fluorescence of the crude oil standard is measured;

c)
equal volume of the sample extract and crude oil standard are combined and the fluorescence of the mixture is measured;

The fluorescence of the mixture should be equal to:






Fluorescence of

Fluorescence of






crude oil standard

 sample extract

Fluorescence of the mixture
=
----------------------
+
---------------------







2



2


If the fluorescence of the mixture is over 20% less than calculated from the above formula, significant quenching is occurring and sample clean-up should be attempted.



VI.4.2
Determination of chlorinated hydrocarbons by Gas Chromatography


Electron capture detector


High-energy beta particles (β-), emitted by a radioactive source within the detector (e.g. a 63Ni foil), are subjected to repeated collisions with carrier gas molecules, producing secondary electrons. These electrons (with the low energy of the thermal e-), can be captured by sample molecules, eluting from a GC column. The resulting reduction in cell current is the operating principle of the electron capture detector. The detector current produced is actually a non-linear function of the concentration of electron-capturing material. However, the useful linear range of an ECD may be greatly improved if the instrument is operated at a constant current but in a pulsed mode, i.e. with short voltage pulses being applied to the cell electrodes. The current in the cell is kept constant by varying the frequency of the pulses.


The optimum flow for the “make-up” gas in an ECD is about 30-50 ml per minute (depending on the GC brand). Contamination of the detector (and thus lower sensitivity) may result from high boiling organic compounds eluting from the column. Periodic heating to 400 (C may overcome this problem. The 63Ni ECD can be used at 300 (C under normal operational conditions, in order to limit such contamination.

Note: 
It is easy to check the response factor of one compound every day, when 
standards are injected, and by following it on a graph in the log book of the GC, to 
judge when it is necessary to heat the detector to clean it before it gets too dirty.




i)
Preparation of Standard Solutions


In order to achieve acceptable accuracy for the standard solutions, at least 50 mg of pure individual compound should be weighed and dissolved into 100 ml of hexane. This will give a stock solution of 500 ng/μl.


Example of preparation of stock solution:

Preparation of a stock solution of pp’ DDE at approximately 500 ng/μl

The pp’ DDE stock solution is prepared by dissolving approximately (but weighed accurately) 50 mg of pp’ DDE in hexane in a 100 ml volumetric flask and bringing the volume to exactly 100 ml with hexane. If the actual weight of pp’ DDE is 52 mg, then

  52 mg DDE


1000 μg

    ml

   52 μg DDE
------------------

X
----------
X
---------
=
-------------------

100 ml solvent


    mg


1000 μl
100 μl solution
52 μg/100 μl
=> 0.52 μg/μl
=> 520 ng/μl

The concentration of the stock solution will be: 520 ng/μl

Preparation of the intermediate solution:


Use the stock solution to prepare the intermediate solution. The concentration of pp’ DDE in the intermediate solution should be approximately 5 ng/μl. To prepare the 5 ng/μl intermediate solution, transfer 1 ml of the stock solution into a 100 ml volumetric flask and dilute with hexane to 100 ml.

1 ml DDE stock solution

520 ng DDE


  5.2 ng

--------------------------------
X
----------------
=
----------------------------

   100 ml final volume



μl

μl intermediate solution
The concentration of the intermediate solution will be: 5.2 ng/μl

Preparation of the working solution:

Use the intermediate solution to prepare the working solution. The concentration of pp’ DDE in the working solution could be approximately of 50 pg/μl (but depending on the sensitivity of the electron capture detector, it would be necessary to prepare less concentrated working solution such as 10 pg/μl or even less).


To prepare the 50 pg/μl working solution, transfer 1 ml from the pp’ DDE intermediate solution into a 100 ml volumetric flask and dilute with hexane to 100 ml.

1 ml DDE interm. solution

5.2 ng

1000 pg


52 pg

-----------------------------------
X
--------
X
----------
=
-------------------------

     100 ml final volume

   μl

    ng


μl working solution
The concentration of the working solution will be: 52 pg/μl

Note:

Working solutions from the stock solutions are prepared on a regular basis and 
stored in clean glass volumetric flasks tightly capped with non-contaminating materials 
such as Teflon or glass. Extreme care must be taken to ensure that standards have not 
changed their concentrations through solvent evaporation. As all volumetric flask 
containing the standard solutions are kept in a fridge and are sealed with Teflon tape, 
the evaporation occur when the solution is taken out of the fridge and is opened. The 
more concerned one will be the working solution being used in the everyday work, it 
will be more subjected to evaporation and should then be changed every 6 months. 
Then as it is prepared from a more concentrated solution. This more concentrated 
solution will be opened only every 6 months, so it will be evaporated after a few years 
(4-5). Then this solution will have to be prepared again from the stock solution. The 
stock solution could be used many years before being discarded and re-prepared.




ii)
Quantification


PCBs represent a complex mixture of 209 compounds that cannot be resolved on capillary column. Also, there is no simple standard available for their quantification. Each peak in a sample chromatogram might correspond to a mixture of more than one individual compound. These difficulties have led to the recommendation of various quantification procedures. The usual method to quantify PCBs is to compare the chromatograms of commercially available industrial formulations such as Aroclor 1254 and Aroclor 1260, then within the Aroclor 1254, peaks that belong only to that mixture (at the beginning of the chromatogram) could be chosen to calculate the contribution of Aroclor 1254 to the sample. Then the peaks at the end of the chromatogram of Aroclor 1260 (that belong only to Aroclor 1260 mixture) could be used to calculate the contribution of the Aroclor 1260 to the sample.


Of course, the best way would consist to quantify PCBs as individual congeners when possible. In this case the quantification will follow the same method used for any individual compounds, using the peak area (or the peak height) of the standard and comparing them with the peak area (or the peak height) of the same compound in the sample. The formula to be used is the following:





h x C x V x 1000

[Concentration]
= 
------------------------
ng/g (or pg/g)





h’ x V(inj) x M x R

Where:

V
=
total volume extract in ml

M
=
weight of sample extracted in gram

h
=
peak area or peak height of the compound in the sample

h’
=
peak area or peak height of the compound in the standard

C
=
quantity of standard injected in ng or pg

V(inj)
=
volume of sample injected in μl

R
=
recovery obtained for the sample




iii)
Gas Chromatographic Conditions


-
Gas chromatograph with a split/splitless injection system, separate regulation system for inlet and column pressures and temperatures, multi-ramp temperature programming facilities (preferably microprocessor controlled), electron capture detector interfaced with the column with electronic control unit and pulsed mode facilities. An integrator with a short response time (0.25 s) is essential.


-
Narrow bore (0.22 mm internal diameter), 30 m long, fused silica open tubular 
column coated with 0.17 μm film thickness, chemically bonded 5% phenyl - 
methyl silicone phase (such as SE-54 or DB-5 or OV-5 or equivalent) with sufficient 
resolution 
to separate the relevant peaks in the standards provided for the PCB 
analysis.


-
Carrier gas should be high purity H2. If this is not available or if the GC is not 
equipped with a special security system for hydrogen leak, He may be used. Gas 
purification traps should be used with molecular sieves to remove oxygen, moisture 
and other interfering substances.


-
High purity nitrogen gas (99.995%) as ECD make-up gas should be used 
(Argon/methane high purity gas is another option, but the ECD response will be lower 
than with nitrogen).

Conditions:


-
H2 or He carrier gas at inlet pressure of 0.5 to 1 kg/cm2 to achieve a flow rate of 1 to 2 ml/min. (in case H2 is used as a carrier gas, the flow rate could be much higher than 1 or 2 ml/min. but, anyhow, the exhaust from the electron capture detector should be connected by a tube to the exterior of the laboratory to avoid any build-up of hydrogen in the room).


-
Make-up gas N2 or Ar/CH4 (second choice) at the flow rate recommended by the manufacturer (between 30 and 60 ml/min.).


-
ECD temperature of 300 (C


-
Injector temperature: 250 (C (lower temperature could be used depending on the quality of the septum used).


-
Septum purge: 1 ml/min.


-
Injector purge: 20 ml/min. (valve to be opened 50-60 seconds after injection)


-
Temperature programme: 70 (C for 2 min., then, increase at 3 (C/min. to 260 (C, then maintained at isothermal conditions until the end of the analysis (15 to 20 min.).

Column preparation:


Fused silica columns are the columns of choice for their inertness and durability (they are extremely flexible). They are made of material that is stable up to 360 (C. The 5% phenyl-methyl silicone gum (SE-54, DB-5 or OV-5) liquid phase is present as a thin (0.17 μm), uniform film which tolerate temperatures up to 300 (C. SE-54 is relatively resistant to the detrimental effect of solvents, oxygen and water, at least at low temperatures. These columns are even more resistant and durable if the liquid phase is chemically bonded to the support by the manufacturer.


For GC/MS work it is advised to restrict the film thickness to 0.17 μm because with thicker film some of the phase could be released, resulting in an increase of the noise signal in the GC/MS. Special columns for GC/MS could be found on the market, they are indicated by a “MS” after the name of the phase (ex: HP-5 MS).


The flexible fused silica columns can be conveniently connected to the inlet and outlet system without the transfer lines used in conventional glass capillary chromatography which often lead to increased dead volume. Low bleed graphite or Vespel ferrules provide a good seal.


The presence of extraneous peaks and elevated baseline drift will result in poor detector response performance. This can be caused by components, which elute from the column, such as residual solvents and low molecular weight liquid phase fractions on new columns, and build-up of later eluting compounds on old columns. Conditioning is a necessary step to remove these contaminants. New columns are connected to the inlet (while left unconnected to the detector). Columns are flushed with carrier gas at low temperature for 15 min. to remove the oxygen, then heated at 70-100 (C for 30 min. and finally at 170 (C overnight. The column can be then connected to the detector. Old columns can be heated directly to elevated temperatures overnight. The final temperature is selected as a compromise between the time required to develop a stable baseline and exceed column life. Thus, it may be necessary for older columns to be heated to the maximum temperature of the liquid phase resulting in shorter column life. The temperature of the ECD, when connected to the column, should always be at least 50 (C higher than the column, in order to avoid condensation of the material onto the detector foil. It is essential that carrier gas flows through the column at all time when at elevated temperatures. Even short exposure of the column to higher temperature without sufficient flow will ruin the column.

Caution:
If H2 is used as a carrier gas, position the column outside of the oven to avoid explosion risk.
Column test:


A column performance test should be carried out at regular intervals.


The column remains in optimal condition as long as the liquid phase exist as a thin, uniform film. The quality of the film at the inlet side may be degraded as a result of repeated splitless injections. Decreased column quality may be remedied by the removal of the end of the column (10 to 20 cm) at the inlet side. Chemically bonded liquid phase require less maintenance. These columns can be washed with hexane (10-20 ml of hexane pushed through the capillary column with the help of nitrogen pressure) to remove impurities. It is very important that the hexane is injected on the detector side so the impurities, being at the inlet side, will travel quickly out of the column.

Quality assurance/Quality control:


Guidelines on the QA/QC requirements for analysis of sediments and marine organisms are detailed in Reference Method No 57, “Contaminant monitoring program using marine organisms: Quality assurance and good laboratory practice”.

Precision:


The precision of the method is established by the replicate analysis of samples of the appropriate matrix. The precision of the entire analytical procedure is estimated by extracting 5 sub-samples from the same sample after homogenization. The principal advantage of using a RM is that the material permits the simultaneous evaluation of accuracy while offering a well homogenized sample. Precision is evaluated as a matter of course during the initial implementation procedure just before initiation of sample analysis.

Accuracy:


The accuracy of the method is confirmed by analysis of a suitable RM (i.e. appropriate matrix, analytes) prior to initiation of sample analysis. Agreement between measured and certified concentrations for any individual analyte should be within 35% and on average, within 25%. Further description of the preparation of control charts and criteria for data acceptance are elaborated in Reference Method No 57.

Blanks:


Blanks represent an opportunity to evaluate and monitor the potential introduction of contaminants in the reagents, those arising from passive contact between the sample and the environment (e.g. the atmosphere) and those introduced during sample handling by hands, implements or glassware. It is essential to establish a consistently low (i.e. with respect to analytes) blank prior to initiating analysis or even the determination of the method detection limit. In addition, it is necessary to perform blank determinations on a regular basis (e.g. with every batch of samples).

Recovery:


Recovery reflects the ability of the analyst to fully recover surrogate compounds introduced to the sample matrix or blank at the beginning of the procedure. The primary criteria for selection of compounds to be used for testing recovery are that they: 1) have physical (i.e. chromatographic/partitioning) properties similar to and if necessary spanning those of the analytes of interest, 2) not suffer from interferences during gas chromatographic analysis, 3) be baseline resolved from the analytes of interest. Recovery is tested on all samples and blanks as a routine matter of course.



VI.4.3
Determination of aliphatic and aromatic hydrocarbons by GC/FID and GC/MS

Gas Chromatography Conditions

Gas Chromatograph:

Detector:



FID

Injection Technique:


On column

Injector temperature:


30 (C

Injection Volume: 


1 µl

Carrier gas:



Helium or Hydrogen

Flow rate:



1-2 ml/min. for Helium, 10 ml/min. for Hydrogen.

Column used:



Type of column:


Capillary

Length:



25 m (but analysts are encouraged to use longer ones).

Diameter:



0.32 mm (for on-column injector)

Phase:




SE - 54 (or equivalent: DB-5, OV-5, etc.).

Film thickness:


0.17 µm

Temperature program:

Initial temperature:


60 (C

Rate:




3 (C/min.
Final temperature:


300 (C

Isothermal:



20 min.

Detector temperature:


310 (C

Air flow:



300 ml/min.

Hydrogen flow:


30 ml/min.

Confirmation:

GC/MS:

Detector:



MS - SIM

Injection Technique:


Splitless

Injector temperature:


270 (C

Injection Volume: 


1 µl

Splitter closing time:


1.5 min.

Carrier gas:



Helium

Flow rate:



1-2 ml/min.

Column used:



Type of column:


Capillary

Length:



30 m (or longer)

Diameter:



0.25 mm

Phase:




SE - 54 (or equivalent, better if specified “MS” quality)

Film thickness:


0.17 - 0.25 µm

Temperature program:

Initial temperature:


60 (C

Isothermal:



1 min.

First rate:



10 (C/min.
To:




100 (C

Second rate:



4 (C/min.

To:




285 (C

Isothermal:



10 min.

Interface temperature:

285 (C

Gas Chromatography using fused silica capillary columns


Better resolution is achieved by using an instrument manufactured to accommodate fused silica capillary column. In order to achieve stable response factors, all of the gases must be of ultra pure grade. Each must have accurate flow control based on multiple staged constant pressures. Extreme caution to eliminate oxygen and water in the lines is necessary. Columns useful for hydrocarbon analysis are 5% phenyl methyl silicone (SE-54 or equivalent) chemically bonded onto fused silica. Optimum performance is achieved with a “Grob” type on-column injector, which requires 0.32 mm i.d. columns. Alternatively, a split/splitless injector using 0.25 mm i.d. columns can be used. Carrier gas can be hydrogen, helium or nitrogen, depending on the availability of high quality grades. Safety cut offs must be included if hydrogen is used. The carrier gas should be plumbed independently of the detector gases. As flow rates are low, make-up gas is essential. The flow rate of the carrier gas should be optimised. The following procedure is useful for 25 m columns and H2 carrier gas. Set oven temperature to 150 (C. If using splitless injection, time the valve opening for 60 seconds after injection. Set carrier flow rate to approximately 10 psi or 1 to 2 ml/min. Inject 1 µl of a solution containing 20 ng/µl n-tetradecane (C14). Time the emerging of the C14 peak from the leading edge of the solvent peak. Adjust the carrier flow rate to make this difference approximately 2.7 min. Then adjust the flow of H2, air and N2 through the detector to give optimum response. With these optimum flows, the system is now ready for calibration. Under the conditions given in Table 2, it will take approximately 30 min. to elute C17. C17/pristane and C18/phytane should show baseline resolution and the entire run will take approximately 70 min.


Successful analyses using gas chromatography is a skill acquired by years of practice. The novice is referred to Freeman (1981) for further details.

Table 2: Conditions for a capillary Gas Chromatograph

Carrier gas:


Helium at approximately 8 psi or 60 kPa (1 to 2 ml/min.)

Make-up gas:


N2 at 40 ml/min. (not for all GCs)

Column:


Fused silica SE-54 (or equivalent: DB-5, OV-5, etc.)

Injector temperature:

On-column: 30 (C





Splitless: 250(C

Detector temperature:

310 (C

Initial oven temperature:
60 (C

Programme rate:

3 (C/min.

Final Temperature:

300 (C

Final Time:


20 min.

Injection volume:

0.3 - 0.5 µl for On-column





1 µl for splitless

Calculations for resolved components


First the chromatograph is calibrated by injecting an appropriate standard mixture which includes all the surrogate standards used in the analysis. The Response factors (RFs) for the aliphatic fraction are calculated in area/ng (or area/pg):



Area of C10 by integrator

RF C10
=
---------------------------------



 Quantity of C10 injected


Then the same calculation is done for RFC12, RF C14, etc. All RF are expressed in unit area given by the integrator/ng. Then the average RF is calculated for the aliphatic fraction:





      Sum of all RF

Average RF aliphatics
=
------------------------------------------------------------





Number of compounds used

Calculation of the recovery:


When the extraction started, 2 internal standards were added for the first fraction: n-C19 d40 and n-C32 d66. The calculation of the recovery for the first fraction is done by calculating the quantities of n-C19 d40 and of n-C32 d66 recovered through the complete procedure.





Area n-C19 d40 in sample
x
Volume of extract

Quantity C19d40
=
-------------------------------------------------------------------------






Average RF
x
Volume injected





Area n-C32 d66 in sample
x
Volume of extract

Quantity C32d66
=
--------------------------------------------------------------------------






Average RF
x
Volume injected






     Quantity of n-C19 d40 recovered

The recovery for n-C19 d40 will be:
----------------------------------------------------
X
100






Quantity added when extraction began






    Quantity of n-C32 d66 recovered

The recovery for n-C32 d66 will be:
---------------------------------------------------
X
100






Quantity added when extraction began

The recovery for the aliphatic fraction will be the average of the two recoveries:





Recovery of n-C19 d40 + Recovery of n-C32 d66
Recovery Aliphatics
=
-------------------------------------------------------------








2


Doing this, you take into account the great variability of volatility for the aliphatic fraction.

Calculation of individual aliphatic compounds:


For all identified compounds within the first fraction, the quantity of these compounds could be calculated as:





   Area of compound in sample  x  Final volume of extract

Quantity compound
=
-----------------------------------------------------------------------------------





Average RF x Volume injected x Recovery for aliphatic fraction

Quantity of compound in the sample = Quantity compound in sample - Quantity compound in Blank

The concentration can be calculated by:




Quantity of compound in the sample

[C compound]
=
-------------------------------------------------





    Quantity extracted

This calculation has to be done for all aliphatic compounds from n-C10 to n-C34.

Calculation of the total resolved aliphatics (TRA):


The area of the total resolved aliphatics is given on the integrator by the total area to which should be removed what has been added, such as the solvent and of course, the areas of the internal standards added at the beginning of the extraction. The best way to do it for the solvent peak is to start the integration after the solvent peak has eluted (at a retention time of 5-10 min.).



[Total Area - Area of I.S. - Area solvent peak]  x  Final volume of extract

TRA
=
------------------------------------------------------------------------------------------------



  Average RF  x  Volume injected  x  Recovery of the aliphatic fraction





TRA in sample – TRA in Blank

Concentration of TRA =
------------------------------------------






Quantity extracted

Calculations for unresolved components;


The calculation of the UCM is the same than the calculation of all peak, the Response Factor should be calculated first:



  Peak Area of the Standards 

RFUCM
=
------------------------------------------



Quantity of Standards injected

The peak area should be expressed in mm2

Recalculate, for all aliphatics, the Response Factors, using the peak height and peak width at mid-height.

Peak Area = (Peak height) x (peak width at mid-height)

Then, calculate the average Response Factor in mm2 /ng.

Cut, on a piece of integrator paper, a square portion of paper of 10 cm x 10 cm, this will represent: 100 cm2, or 104 mm2.

Weight this piece of paper to the mg.

You obtain a factor in mm2 / mg by dividing 104 by the weight obtained.

With another piece of the integrator paper, draw the UCM and then, cut it and weight it to the mg.

The area of the UCM will be: Weight of UCM x Factor in mm2 / mg

The Quantity of UCM will be:





Area UCM in mm2  x  Final Volume of Extract 

UCM
=
-----------------------------------------------------------------------------------------------------



Average RF in mm2/ng  x  Volume injected  x  Recovery of the Aliphatic fraction

The real quantity of UCM in the sample will be:

Real Quantity UCM = (Quantity UCM in the sample) - (Quantity UCM in the Blank)

The concentration of the Unresolved Complex Mixture in the sample will be:



Real Quantity UCM 

[CUCM]
=
-------------------------



Quantity extracted

Note:

Some computer programmes are now available for acquisition of GC data and 
calculation of the results. For petroleum hydrocarbon analysis, the software must be 
capable of calculating the UCM independently of the peaks (ex.: Agilent Technologies 
Inc. and their Chemstation software).

[image: image6.jpg]RF=mm2/ ng

AREA=hx Wi

column
bleed

4

o





Figure 8: Measuring peaks areas and calculating Response Factors manually

Computerized Gas Chromatography/Mass Spectrometry (GC/MS)


A computerized GC/MS system capable of selected ion monitoring (SIM) greatly extend the scope for determining the presence and concentration of specific marker compounds that may not be visible in a complex mixture of hydrocarbons seen by GC with FID. This technique requires extensive investment in analytical equipment and scientific expertise. The information below is intended as a starting point for applying this expertise to analysis of samples for petroleum pollution. Conditions useful for hydrocarbon analysis are given in Table 3.

Table 3: Conditions for the GC attached to the MS

Carrier gas:


He at 1 ml/min. flow rate at 200 (C oven temperature.

Column:


HP - 5 MS bonded fused silica (or equivalent)

Injector temperature:

280 (C for split/splitless; 30 (C for On-column.

Initial oven temperature:
50 (C

Initial time:


1 min.

Program rate:


4 to 6 (C/min.

Final temperature:

280 (C

Final time:


20 min.

Injection volume:

0.3 to 1 µl


The mass spectrometer is operated in the electron impact ionisation mode with an electron energy of 70 eV. It is tuned to optimum sensitivity according to the manufacturer specifications. The column is extended all the way through to the ion source on most modern GC/MS instruments and on the mass selective detectors (MSDs). Mass to charge ratios (m/z) for the most abundant fragments or “target” ions of aromatic hydrocarbons found in the light to medium weight oils are listed in Table 4. These are the major compounds of usual interest in the determination of petroleum hydrocarbons in marine sediments.


The range of hydrocarbons to be quantified will need to be established in each sample set. Benzenes are relatively soluble and volatile and may not be expected to persist in oil contaminated marine sediments unless the residues are isolated from oxidation, solution and volatilisation processes. Thus, it will be important to determine the concentrations of the low molecular weight aromatics only in sediments contaminated with relatively fresh crude oil or light fuel oils. With weathering, these fractions are expected to evaporate or dissolve and the analytical strategy then emphasizes the higher molecular weight compounds.


Prior to use a quantitative instrument for low level analysis of PAH, the linear range of response must be determined by injecting a series of standard mixtures of PAH and by constructing calibration curves. Quantitative analysis can only be conducted when the concentrations of analytes are within the linear calibrated range.

Similarly to GC calibration data, continuous records of the response factors generated must be used to evaluate daily performance. Daily verification checks should generate RFs, which deviate from initial average calibration by no more than 40% for each analyte.

Scan mode GC/MS


In samples of relatively fresh oil, the aromatics are likely to be present in concentrations suitable for analysis by scanning mode GC/MS. This is especially true if saturated and aromatic fractions have been separated using the preparative chemistry procedures.


Quantification by GC/MS can be achieved in a similar manner to GC/FID when the mass spectrometer system is calibrated with standard solutions of known concentrations. However, response factors are determined from the ion current generated and will depend on the molecular structure of the compounds and their fragmentation patterns. Response factors are generated for each compound of interest from the integrated areas of specific parent ions acquired in scan mode.


The calibration solution containing the parent hydrocarbons and as many alkyl substituted compounds as available is injected into the GC/MS operated in the scan or total ion current (TIC) mode. This establishes the elution time of the PAH. Table 5 is an example of RT data for a standard PAH mixture. The positions of the alkyl substituted peaks for which pure standards are unavailable are determined by programming the computer to generate reconstructed ion chromatograms using m/z ratios specific to each class of compounds (128 for naphthalenes, 178 for phenanthrenes, etc.).

Table 4: “Target” ions to be used for quantification and “Confirming” ions. The relative percentage of the confirming ions with range shown vary as a result of different isomer configurations within the alkyl group

Compound



Target

Confirming

% Abundance

Benzene
78

C1 - benzene
92

C2 - benzene
106

C3 - benzene
120

C4 - benzene
134

Naphthalene
128
127
10

C1 - naphthalene
142
141
80

C2 - naphthalene
156
141
47 - 95

C3 - naphthalene
170
155
61 - 300

C4 - naphthalene
184
169
189

d10 - diphenyl
164
162
32

Acenaphthylene
152
151
20

Acenaphthene
154
153
86

Fluorene
166
165
80

C1 - fluorene
180
165
95 - 144

C2 - fluorene
194
179
25

C3 - fluorene
208
193


d10 - phenanthrene
188
187
98

Phenanthrene
178
179
16

Anthracene
178
176
20

C1 - phenanthrene/anthracene
192
191
39 - 66

C2 - phenanthrene/anthracene
206
191
16 - 150

C3 - phenanthrene/anthracene
220
205


C4 - phenanthrene/anthracene
234
219, 191
73 - 297

Dibenzothiophene
184
185
14

C1 - dibenzothiophene
198
197
53

C2 - dibenzothiophene
212
211

C3 - dibenzothiophene
226
211

C4 - dibenzothiophene
240
211

Fluoranthene
202
200
17

Pyrene
202
200
21

C1 - fluoranthene/pyrene
216
215
36 - 64

Benz[a]anthracene
228
226
19

Chrysene
228
226
21

C1 - benzanthracene/chrysene
242
243
20

C2 - benzanthracene/chrysene
256
241
75 - 131

C3 - benzanthracene/chrysene
270
255


C4 - benzanthracene/chrysene
284
269, 241

d12 - perylene
264
260
21

Perylene
252
253
22

Benzo[b or k]fluoranthene
252
253
23

Benzo[a or e]pyrene
252
253
22

Indeno[1,2,3-c,d]pyrene
276
138
50

Dibenz[a,h]anthracene
278
279
24

Benzo[g,h,i]perylene
276
138
37


Peak confirmation is achieved by evaluating the retention times of the peaks on the reconstructed ion chromatograms and evaluation of the associated spectrum. The spectra are also used to determine if any co-eluting substances are contributing to the areas of target ions to base used for quantification.

Table 5: Example of retention time reproducibility achieved with manual injection of 1 μl aliquots of standard PAH solution into an SIP selective detector

Peak




Target ion

Retention Time (min.)

Naphthalene



128


17.944 ± 0.031

2-methyl-naphthalene


142


22.010 ± 0.041

1-methyl-naphthalene


142


22.632 ± 0.041

Acenaphthene



153


28.566 ± 0.034

Fluorene



166


31.690 ± 0.039

Phenanthrene



178


37.518 ± 0.034

Fluoranthene



202


44.918 ± 0.034

Pyrene




202


46.222 ± 0.038

1,2-benzanthracene


228


53.782 ± 0.034

Chrysene



228


54.017 ± 0.036

Perylene



252


62.242 ± 0.040

1,2,5,6-dibenzanthracene

278


69.537 ± 0.064


For the peaks that can be calibrated against pure standards in the calibration mixture, the response factors are calculated directly by dividing the area of the parent ion peaks by the amount injected. Very few alkyl PAH compounds are available as pure standards. Thus to compute the amounts of the alkyl PAH, the response factor of the parent compound must be used. This is not rigorously accurate for quantification of the alkyl PAH and methods for estimating the response factors have been proposed.


Once a table of RFs has been constructed, the concentrations of PAH and alkyl PAH in samples can be calculated by acquiring data in the scan mode. Then reconstructed ion chromatograms are generated using each of the target ions. The integrated peak areas are then divided by the appropriate RF of each peak similar to the method for quantification by GC/FID. This is the external standard method.


Co-injection of internal standards increases quantitative accuracy in a manner similar to GC/FID analysis. The internal standard must not be present in the sample, but it must be structurally similar to the compounds of interest. Deuterated analogues of PAH are useful internal standards. Structural similarity is important for the following reason: the justification for using substances other than the compound to be quantified rests on the assumption that the standard yields equal, or very similar, total ion current per amount injected. This assumption is valid only for related structures. For the internal standard method, the external response factors are redefined in relation to the series of internal standards and a new table of RFIS is generated. The internal standard must be included in the calibration runs. The quantification of the naphthalene series is based on the internal deuterated biphenyl (ion 164). Deuterated phenanthrene (ion 188) is used for the quantification of the phenanthrene, dibenzothiophene, and fluorine series. Deuterated perylene (ion 212) is used for the quantification of the fluoranthene and pyrene series. Deuterated perylene (ion 264) is used for the quantification of the chrysene, benzanthracene, perylene and benzopyrene series.





Area ion 128 / ng naphthalene

RFIS naphthalene
=
-----------------------------------------





Area ion 164 / ng d10-biphenyl


Sample calculations are done as follows from area based on reconstructed ion chromatograms from sample runs.




  Area ion 128


ng d10-biphenyl

[C naphthalene]
=
-----------------------
X
---------------------




RFIS naphthalene

   Area ion 164


The practical detection limit for GC/MS analysis in scan mode is generally in the range of 5 to 10 ng per compound injected.

Selected ion monitoring mode:


Sensitivity and signal to noise ratio is greatly increased by acquiring the data in the selected ion monitoring (or SIM) mode. In this procedure, the time windows for ion monitoring are established with scan data for pure compounds and standard oils. Then an acquisition program is written in which specific ions are scanned over the appropriate time windows in SIM mode. A sample SIM acquisition program developed for oil spill studies is shown in Table 6.


As described above, compound identification is based on the relative retention indices and the full mass spectra of the compounds. The full mass spectra are required to avoid mistakenly integrating fragment ions of non-PAH compounds co-eluting with the PAH as if they were actual PAH molecular ions. The mass spectra can only be obtained in a full scan run since SIM mode does not collect mass spectra. For routine SIM acquisition, Table (VI.5) lists some confirmatory ions and the approximate percent relative abundance. These percentages can be used as a first level of confirmation of peak identity for SIM data.


Quantification by SIM mode GC/MS is done by external or internal standard methods as described for scan mode. A calibration solution containing PAH standards and the deuterated internal standard is injected and the data acquired using the SIM acquisition program.

Table 6: Example of a selected ion monitoring program useful for quantitative analysis of aromatic hydrocarbons in oil spill studies

Compound


Target


Confirming

Retention Time

Group 1 (15 - 25 min.)

Naphthalene
128
127
15.5

C1 - naphthalene
142
141
19.5 - 20.1

C2 - naphthalene
156
141
23.3 - 25.0

d10 - diphenyl
164
162
22.4

Acenaphthylene
152
151
24.7

Group 2 (25 - 35 min.)

Acenaphthene
154
153
25.7

C3-benzothiophene
176
161
25.9 - 27.6

C4-benzothiophene
190
175
27.0

C3-naphthalene
170
155
26.6 - 29.2

C4-naphthalene
184
169
29.7 - 33.5

Fluorene
166
165
28.9

C1 - fluorene
180
165
32.5 - 32.9

Dibenzothiophene
188
185
33.9

d10 - phenanthrene
188
187
34.6

Phenanthrene/anthracene
178
179
34.7

Group 3 (35 - 40 min.)

C2 - fluorene
194
179
36.0

C3 - fluorene
208
193
39.6

C1 - dibenzothiophene
198
197
36.7 - 37.3

C2 - dibenzothiophene
212
211
39.1 - 41.0

O-terphenyl
229
230
37.7

C1-phenanthrene/anthracene
192
191
37.9 - 38.5

Group 4 (40 - 55 min.)

C3-dibenzothiophene
226
211
41.6 - 44.2

C4-dibenzothiophene
240
211
44.9

C2-phenanthrene/anthracene
206
191
41.3 - 42.2

C3-phanenthrene/anthracene
220
205
44.0 - 44.3

C4-phenanthrene/anthracene
234
219/191

Fluoranthene/pyrene
202
200
41.9 - 43.2

C1 - fluoranthene/pyrene
216
215
45.5 - 46.8

Benzanthracene/chrysene
228
226
50.7 - 50.9

C1 - benzanthracene/chrysene
242
243
54.0

Group 5 (55 - 70 min.)

C2 - benzanthracene/chrysene
256
241
55.0 - 55.7

Benzofluoranthenes
252
253
56.9 - 57.1

Benzopyrenes
252
253
58.8

d12-perylene
264
260
58.8

Perylene
252
253
58.9

Indenopyrene
276
138
64.3

Dibenzanthracene
278
279
64.5

Benzoperylene
276
138
65.7


The integrated peak areas of the specific ions within appropriate time windows are stored. The response factor table is then used to calculate the amount of each compound in a manner identical to that described for scan mode.


The detection limit for PAH in SIM mode is generally in the range of 40 pg per compound injected. The linear calibration range is generally up to approximately 5 ng. Samples should be concentrated or diluted to yield area counts within the linear range of instrument calibration.

Potential corrections for alkyl PAH response factors


As stated above, the assumption that the response factors for the alkyl homologues are equal to that of the corresponding parent PAH is not rigorously accurate. It will be shown below that the use of RFs calculated from parent compounds may underestimate the content of alkyl PAH by as much as 50%. Several procedures for interpolating the response factors have been suggested and will be mentioned here.


At the time of writing this manual there is no standard method for quantification of compounds by GC/MS for which pure standards are unavailable. It therefore remains the responsibility of the expert analyst to defend the calculation procedures used or to follow the guidelines suggested in individual monitoring programs.

Calibration using standard oils


This procedure was described in the original version of this manual and is reproduced here. It relies on an interplay between GC/FID for determining amounts of alkyl PAH in fractions obtained from a standard oil and the internal standard method on the GC/MS.


The response factors of the different alkyl PAH relative to the appropriate deuterated standards are determined by injecting known amounts of the aromatic components in a mixture of Ekofisk Crude oil (rich in naphthalenes and phenanthrenes) and Arabian Light Crude oil (rich in dibenzothiophenes). The standard oils (20 mg) are first separated into saturated and aromatic fractions by adsorption chromatography. The aromatic fractions are then reduced to near dryness and retained in 100 µl hexane.


These two aromatic mixtures are then analyzed by high resolution GC/FID using the same conditions that will be used for the GC/MS analysis. The composition of the aromatic fraction (in percent) is calculated from the areas on the gas chromatograph. After the peak areas of the unspiked mixtures are calculated, exact amounts of naphthalene, 2,6-dimethyl naphthalene and 2,3,6-trimethyl naphthalene are summed so that the response factors of the naphthalene series can be determined. Phenanthrene is added to determine RFs for the methyl-phenanthrenes and methyl dibenzothiophenes. Fluoranthene is added for the determination of RFs for dimethyl phenanthrenes, di- and trimethyl dibenzothiophenes. The new mixtures are then analyzed by GC/FID and the peak areas integrated. The calibration information is now sufficient to determine the concentrations of naphthalenes, phenanthrenes, and dibenzothiophenes in the aromatic mixtures by GC/MS.


To calculate the RFs for these compounds on the GC/MS, known amounts of the deuterated standards are added to the aromatic mixtures and the samples are then analyzed by GC/MS in the SIM acquisition mode. Since both the amounts of the aromatic hydrocarbons and the deutereted standards are now known, the RFs can be calculated from the peak areas of target ions integrated by the computer. For example, the RF for naphthalene in relation to d10-biphenyl is the number used to divide the area of the 128 fragment to obtain the true concentration.





Area 128 ion / pg naphthalene

RFIS naphthalene
=
-----------------------------------------





Area 164 ion / pg d10-biphenyl


The average response factors for each class of PAH are then used to determine the concentrations of each compound within the class in sample extracts.

Interpolation using relative ion abundances


Another method that has been proposed is to calculate response factors for alkyl-PAH from the relative abundance of specific ions using scan data. The mass spectrum of the substance to be quantified is examined and the area (A) under the reconstructed ion chromatogram of its most intense fragment (usually, but not always, the molecular ion of PAH) is integrated. Using the full mass spectrum of the substance, the abundance (RI) of this most intense fragment is calculated relative to the sum of abundances of the 10 most intense fragments including itself. This ratio is independent of the amount of the alkyl-PAH present in the sample. Very few alkyl substituted PAH are available to determine this ratio from pure standards. It can be computed from tabulated spectra from a library generated on a similar instrument. If the required spectra are not available in tabulated libraries and if the peaks of interest are well resolved from interfering compounds, the ratios can be computed from a scan data obtained from the aromatic fraction of a standard oil run under the same conditions. Subtracting background interference should result in ratios of ion abundances similar to those obtained from pure standards. However, spectra obtained from complex mixtures cannot be used to compute the ion abundance ratios if the spectrum of the alkyl-PAH is contaminated with a co-eluting substance that contributes any peaks with ion abundance greater than the least intense of the 10 most abundant ions in the mass spectrum of the pure alkyl-PAH. The ion abundance ratios for the alkyl-PAH are called R1 values and the ratios for the parent PAH are called R2 values (Table 7). The system is calibrated on a routine basis for quantification in SIM mode by injecting a calibration solution of the parent hydrocarbons and the alkyl-PAH for which pure standards are available. Areas for the major ions to be used in quantification are tabulated as are those of a few “confirming” ions (Table 6). Response factors (RFs) for the parent PAH are calculated as areas of the major ions per pg. The response factor (RF alkyl) for the alkyl-PAH is then equal to the response factor (RF) of the PAH multiplied by R1/R2.

RF alkyl  =  RF  x  R1 / R2

Table 7: Ion abundance ratios R1 or R2 (base ion / sum 10 ions) calculated from library spectra compared to spectra generated from direct injection of pure standards into an H.P. mass selective detector system

Compounds


R1 or R2

R1 or R2


R1 or R2





NBS.L


HCARB.L


Stand. Inj.

Naphthalene


57.3






57.3

2 methyl-napthalene

37.1






38.5

1 methyl-naphthalene

38.3






36.7

2,3 di-methyl-naphthalene
37.3






33.9

Acenaphthylene

52.4






51.1

Acenaphthene


32.1






29.7

Fluorene






40.0


37.2

Dibenzothiophene

58.8






59.4

Anthracene






53.2


49.0

6-terphenyl


35.1



33.6


33.9

3,6 di-methyl phenanthrene
43.4



43.4


41.5

Fluoranthene


54.7



54.7


53.5

Pyrene



44.8



50.4


51.0

1 methyl-pyrene

43.6



40.9


42.0

Benz[a]anthracene





51.2


51.6

Chrysene


51.1



51.1


50.0

1 methyl-chrysene





49.0


49.0

Benzo[k]fluoranthene





46.3


46.2

Benzo[a]pyrene

48.2



55.9


48.4

Perylene






47.1


51.8

Indenopyrene


44.3






51.8

Dibenzanthracene

49.4






57.6


A table of RF and RF alkyl is constructed to include all the “target” compounds (Table 8). The corrected response factor RF alkyl is usually smaller than the response factor RF (in unit of area / pg), because the parent peak is in the spectrum of an alkyl-PAH, in many cases, contributes less to the total ion intensity than the parent peaks in the spectrum of the corresponding un-substituted PAH.

The amount of alkyl-PAH in pg is:





Area


[PAH alkyl]
=
--------





RF alkyl
Table 8: Table showing R1/R2 ion abundance corrections for the alkyl-PAH and sample calculations of response factors. Compounds for which no published spectra or pure standards could be located are given the RF of the nearest alkyl-substituted or the parent PAH

Compound
Target
R1/R2
Standard RF
RF alkyl
Benzene
78


C1 - benzene
92

C2 - benzene
106

C3 - benzene
120

C4 - benzene
134

Naphthalene
128

106



C1 - naphthalene
142
0.67
75
71


C2 - naphthalene
156
0.59
58
63


C3 - naphthalene
170
0.71
71
75


C4 - naphthalene
184
0.69

73


d10 - diphenyl
164


119

Acenaphthylene
152



Acenaphthene
154



Fluorene
166

75


C1 - fluorene
180
0.85

63


C2 - fluorene
194


63


C3 - fluorene
208


63


d10 - phenanthrene
188

77


Phenanthrene
178

114


Anthracene
178

114


C1 - phenanthrene/anthracene
192
0.80

92


C2 - phenanthrene/anthracene
206
0.81

92


C3 - phenanthrene/anthracene
220
0.67

77


C4 - phenanthrene/anthracene
234
0.61

70


Dibenzothiophene
184

122


C1 - dibenzothiophene
198
0.83

101

C2 - dibenzothiophene
212


101

C3 - dibenzothiophene
226


101

C4 - dibenzothiophene
240


101

Fluoranthene
202

132


Pyrene
202

135


C1 - fluoranthene/pyrene
216
0.78

105

Benz[a]anthracene
228

79


Chrysene
228

102


C1 - benzanthracene/chrysene
242
0.89

70


C2 - benzanthracene/chrysene
256
0.61

48


C3 - benzanthracene/chrysene
270


48


C4 - benzanthracene/chrysene
284


48

d12 - perylene
264

34
34

Perylene
252



Benzo[b or k]fluoranthene
252



Benzo[a or e]pyrene
252



Indeno[1,2,3-c,d]pyrene
276



Dibenz[a,h]anthracene
278



Benzo[g,h,i]perylene
276




The accuracy of this interpolation method can be checked by direct determination of response factors for the alkyl-PAH for which pure standards can be obtained. Table 7 shows the ion abundance ratios for the ‘target’ compounds obtained from unpublished libraries and confirmed where possible by scan data from direct injection of pure alkyl-PAH standards. Examples of the interpolated response factors for the alkyl-PAH are listed in Table 8. Also shown in Table 8 are the RFs for a few alkyl-PAH calculated from the direct injection of the standards. Agreement between the interpolated RF alkyl and those calculated from direct injection of standards confirms that the method appears to work reasonably well.


This quantification procedure is further improved if internal standards are included in both the calibration solutions and in sample. In this case the internal standards used to correct for the fraction of the total sample injected (dilution factor, XF) as per GC analysis. Including three standards, which elute at different times allows the analyst to note and correct for any discrimination over the elution range which may be due to the injector or detector configurations.

Interpolation using assumed increments within classes


It has been suggested that the response factors within a class of compounds can be assumed to vary in a predictable manner with alkyl substitution. This variation can be determined on individual GC/MS systems from a series of PAH ranging from parent through substituted compounds for which standards are available. For example, the series: naphthalene; 1-methyl- and 2-methyl-; 2,3, and 2,6-dimethyl-naphthalenes; 2,3,6-trimethyl-naphthalene. The increment of variation within the series is then used to estimate the change in response factor with alkyl substitution. Data included in Table 8 indicates that this method is not very accurate.

VII
Analytical technique for Trace Metals


For trace elements, in general, the methods can be found in UNEP/IOC/IAEA, 1995.


For mercury: UNEP/IAEA, 1985 and UNEP/IOC/IAEA, 1985.


VII.1.
Cleaning of laboratory glassware for trace metal analysis



VII.1.1.
Laboratory materials


Trace metal analyses in environmental matrices (especially in seawater) demand extreme precautions to avoid secondary sample contamination. All manipulations must strictly avoid contact of the sample with any metal surfaces, metal vapors, and materials which, under the conditions of sampling, sample storage, sample work-up and analysis, release metals in quantities sufficient to cause significant blank levels, either in ionic form or uncharged. Contact with soft- or soda-lime glass should also be avoided. Because of high levels of trace metal impurities, and because its surface acts as an ion exchanger, equipment made of soda-lime glass cannot be used for trace metal analyses. The same applies to borosilicate glass with one exception: laboratory-ware made of borosilicate glass may be used for mercury analyses.


A variety of plastics are used in the construction of laboratory-ware, and careful selection is necessary to minimise interferences in trace metal analyses. A review of the chemical and physical characteristics of materials used in the manufacture of laboratory products has been published in: ''Inorganic Trace Analysis: Philosophy and Practice" (Howard and Statham 1993). This is most valuable in selecting laboratory apparatus for a given analysis. In general, it is best to avoid all coloured plastics as many of the colouring materials are major sources of metals. Blank tests must be made in order to check for possible contamination.


For trace metals other than mercury, low-density polyethylene (LDPE) is the recommended material, as it should not be a major source of contaminating metals. Laboratory-ware made of Teflon (PTFE, PFA, FEP), and vitreous silica or fused quartz can also be used. High-density polyethylene (HDPE), and polypropylene are less suitable, because the manufacture of these plastics include catalytic processes involving some trace elements. The risk or contamination may therefore be high.


For mercury, Teflon (PTFE, PFA, FEP) is the material of choice. Quartz or borosilicate glass can also be used. Plastics other than Teflon are not recommended because of adsorption of mercury onto the walls of the containers and/or diffusive losses through the walls.


For additional information on the suitability of laboratory-ware for trace metal analyses see: Inorganic Trace Analysis: Philosophy and Practice (Howard & Statham 1993); and Methods of Seawater Analysis (Grasshoff et al.  1983 ).



VII.1.2.
Cleaning procedure


For trace metal analyses, brand new or conventionally cleaned labware should not be considered clean. Almost without exception, a vigorous cleaning procedure is required when a new container is first put into use. The extent and nature of subsequent cleaning depends very much on the application for which the container is to be used. Blank tests must be run to check the efficiency of the chosen cleaning procedure.


The following procedure for cleaning is appropriate for laboratory-ware made of any of the materials described in Section VII.2.1. It involves a degreasing step followed by sequential leaching of the containers with hydrochloric and nitric acids, which have been shown to provide complementary cleaning actions (Howard & Statham 1993).


Degreasing can normally be achieved using commercial laboratory detergents. Compatibility of the cleaning materials with both the final analysis and the chemical nature of the container to be cleaned must be considered at this early stage. The laboratory-ware is immersed for several hours (overnight) or for several minutes when using ultrasonication in a dilute aqueous laboratory detergent solution. Heating the bath to about 60°C enhances the cleaning process. The laboratory-ware is then rinsed with copious quantities of tap water (ten rinses) followed by three rinses with purified distilled or deionized water. A blank test must be run to ensure that the tap water is sufficiently clean. If it is not, purified water must be used exclusively.


The next step is a treatment with hydrochloric acid (1:1, v/v, analytical reagent grade, diluted with purified water). The laboratory-ware is immersed in the acid solution for one week at room temperature or 3 days at 50°C. It is then rinsed thoroughly (at least three times) with purified water.


The final treatment is immersion in nitric acid (1:1, v/v, analytical reagent grade diluted with purified water). The laboratory-ware is soaked in the acid for one week at room temperature or 3 days at 50°C. It is then, once again, rinsed thoroughly (at least three times) with purified water.


For certain applications not requiring the stringent cleaning protocols described above, a treatment with 1:1, (v/v) nitric acid solution followed by a 1:9, (v/v) nitric acid solution can be sufficient for the cleaning of plastic-ware used for the analysis of trace metals (with the exception of methylmercury, for which HCl cleaning is necessary). Adequacy of the protocol must, however, be checked using procedural blanks.


The laboratory-ware is then air dried in a laminar flow hood and sealed in polyethylene bags if not for immediate use. Sample containers, i.e. bottles and flasks, should be stored filled with 0.1% ultrapure hydrochloric acid (HCl) or nitric acid (HNO3). Teflon bottles for Hg analysis should be closed tightly using pliers.


VII.2.
Sample preparation procedures



VII.2.1.
Laboratory equipment

-
Agate mortar and pestle.

-
Mechanical shaker.

-
Drying oven (drying ovens having Teflon coated surfaces and a filtered nitrogen atmosphere are sometimes used to ensure against sample contamination).

-
Nylon or stainless steel sieves (2000, 500, 63, 37 (m diameter).

-
Freeze - dryer.

-
Stainless steel, glass or Teflon tissue homogenizer.

-
Analytical balance sensitive to 0.1 to 0.5 % of the sample weight.

-
Centrifuge: A large capacity centrifuge is highly desirable, although not absolutely necessary, for washing samples free of sea salts and for separating clay size fractions. The same centrifuge with a smaller head, or a centrifuge of smaller capacity, is also needed for separating the acetic acid soluble fraction.

-
Polypropylene or glass centrifuge bottles.


Eight or more Teflon digestion vessels of at least 25 ml capacity, single or in a “digestion block” e.g. Teflon bombs or tubes.

-
Teflon bombs (60 ml) or Teflon tubes (FEP, 60 ml. with caps).

Note :
If smaller digestion vessels are used, the amounts digested must be accordingly reduced to avoid explosions.

-
Oven or hot plate with aluminum block for the digestion vessels, working temperature 120 – 150oC complete with double independent temperature control.

Note :
Oven or hot plate must have two independent temperature controls so that an overheating and consequent explosion can be avoided.

-
Laminar flow hood and/or "clean room".

-
Analytical balance (100-200 g) with a precision of 0.001 g for weighing reagents; preferably a ‘top-load’ balance.

-
Microwave oven for laboratory use.

-
Plastic tweezers.

-
Plastic spatulas.

-
Desiccator.

-
Evaporating dishes.

-
Micropipettes for 0-200 (l; 200 -1000 (l, 1,2,10 ml.

-
Polypropylene tubes with caps (50 ml)

-
1 polyethylene bottle (500 ml) for Milli-Q water.

-
Graduated polypropylene cups for automatic sampler.

-
Teflon bottles 125 ml.

-
Polypropylene spatulas.

-
Glass bottle, 1 litre (preferably with screw).

-
A range of volumetric flasks (borosilicate), graduated measuring cylinders.

-
30 ml capacity glass centrifuge tubes with PTFE lined screw-capped lids.

-
5 ml. capacity tapered vials with PTFE lined screw-capped lids (e.g. “Reactivials").

-
A wrist action shaker capable of holding the centrifuge tubes described above.

Note:

   i)
All glassware to be used in the analyses (including new glassware) should be soap and acid cleaned (see VII.1.2). The apparatus should then be thoroughly rinsed with deionized water. Reagent blanks must be processed to ensure that analyses are free from contamination.

  ii)
Teflon bomb heating equipment


The Teflon bomb in which the sediment sample is decomposed is normally heated by way of a microwave digestion system, which quickly and effectively produces the necessary heat and resulting pressure for the total decomposition of the sample. Alternatively, if a microwave digestion system is not available, the bomb can be heated in boiling water.


a)
For microwave heating:


The microwave oven should be calibrated to detect any decrease in the power output and to facilitate the calculation of the optimum heating time for samples. Once calibrated, recalibration should only be necessary on a periodic basis, and is usually done as part of the regular maintenance by a qualified engineer.  If necessary, calibration can be done by the analyst by measuring the temperature rise of 1 L of distilled water in a beaker with the oven set at full power for 2 min. Specifics for interpreting this data should be found in the user manual.


The heating time depends on the power output of the microwave oven and the load. The optimum heating time can be estimated (Kingston and Jassie, 1986) and verified experimentally by analyzing certified reference materials and comparing the results to those obtained by a 1 hour decomposition in boiling water. Teflon bombs without pressure relief should not be used for microwave heating due to the potential danger of over-pressurization and explosion.


b)
For heating the bomb by submersion in boiling water :


Hot plate;


Covered ceramic dishes (25cm x 25cm x 10cm deep). Each dish can accommodate 8 bombs at a time.


Sufficient water to cover the Teflon bombs is placed into the ceramic dishes and heated to boiling on the hot plate.

-
Atomic absorption spectrophotometer (AAS) with hollow cathode lamps for Cd, Cu, Pb and Zn and with background correction for use with acethylene/air flame or alternatively complete with programmable graphite furnace atomizer.

Note :
Lower detection limits can be reached using an electrodeless discharge lamp.

-
Signal indicator, recorder or similar.

-
Air compressor or high-pressure cylinder with compressed air (for flame atomization only).

Note :
A source of clean, compressed air may be required for some spectrophotometers in the furnace mode to purge ozone which is generated by the deuterium lamp used for background correction from the optics.

-
High-pressure cylinder with acetylene of analytical grade purity (for flame atomization only).

Note :
If acetylene intended for welding is utilized it should be checked against a pure supply. Nitrogen of adequate purity or any other gas or gas mixture specified by the M S manufacturer may be used.

-
Gas Chromatograph. Capillary column instrument with temperature programming and flame photometric detection, fitted with a 25 m x 0.32 mm ID fused silica capillary column and coated with a cross-linked 5% phenyl methyl silicone fluid with a film thickness of 0.52 (m. A retention gap consisting of one meter of deactivated, uncoated fused silica (0.53 mm ID) is attached to the injection end of the analytical column in order to allow on column injection and better chromatographic resolution. The use of an auto-sampler and electronic data capture system is beneficial.



VII.2.2.
Chemicals


All reagents, including the distilled water, should be of recognized analytical quality, with as low as possible trace elements concentration. All reagents must be checked for contamination with the elements of interest by analyzing blanks.

-
Demineralized distilled water or water of equivalent quality, with trace metal content below detection limits of this method, e.g Milli-Q deionised water (>18 D( cm, Millipore).

-
Nitric acid (d20oc 1-4 g.-1).

-
Hydrochloric acid (d20oc = 1.19 g.-1).

-
Standard solution of the elements of interest 1000 mg/l

-
HNO3 (65% analytical grade, low in Hg).

-
HNO3 (65%, Suprapur).

-
HF (48%, analytical grade ISO).

-
HCl (30% Suprapur)

-
H2SO4 (95-97%, analytical grade, low in mercury).

-
Hydrochloric acid, 35.4%, e.g.  1.18.

-
K2Cr2O7 (analytical grade, low in Hg).

-
KBr (Suprapur).

-
KBrO3 (Suprapur).

-
SnCl2 (analytical grade, normal or low in Hg).

-
Boric acid crystals, H3BO3 (analytical grade ISO).

-
Sodium borohydride powder.  Purity 96% or better

-
V2O5 (extra pure).

-
Sodium hydroxide and methanol reagent. Prepared by dissolving 1 g sodium hydroxide (98% pure or better) in 1 l of methanol (99.8% pure or better) to give a 1% solution.

-
Authentic Standards.

 Butyltin trichloride.

 Dibutyltin dioxide.

 Bis (tributyltin) oxide.

 Tripropyltin chloride (Internal standard).

-
Sodium Hydroxide 99%.

-
Hexane (glass distilled grade).

-
Copper sulphate (CuSO4.5H2O).

-
Sodium sulphate - anhydrous (NaSO4). This reagent should be heated at 450°C for 4 hours to remove any contamination, and then stored in a sealed container.

-
L(+) - cysteine hydrochloride (HSCH2CH (NH2) CO2H.HCl.H2O).

-
Sodium citrate (NaO2CCH2C (OH) (CO2Na) CH2CO2Na.2H2O).

-
Sodium thiosulphate (Na2S2O3.5H2O)

-
Ethanol (C2H5OH).

-
Toluene (C6H5CH3) (Distilled in glass).

-
Methyl mercury chloride (CH3HgCl).

-
Ethyl mercury chloride(CH3CH2HgCl).

-
Mercuric chloride (HgCl2).

-
Silver sulphate (AgSO4).

-
Acetone (CH3COCH3).



VII.2.3.
Reagents




VII.2.3.1.
Trace Metal analysis (except Hg)




A)
Standard Solutions

1.
Standard solutions


Individual metal standard solutions can be prepared either from concentrated spectrometric solutions purchased commercially, from dissolving an appropriate quantity of the metal salt (of adequate purity) into the desired volume of dilute acid (generally ~5% ultrapure acid in deionized water), or by dissolving an appropriate quantity of pure metal in concentrated acid, then diluting to the desired volume with deionized water.  From these concentrated solutions, working solutions can then be prepared, either as individual metal or multi-element solutions.

Note :
The concentration of metal in the standard solution should depend on the target metal levels anticipated in the samples to be analyzed.

2.
Metal standard solutions for the calibration curve:

1)
Put about 10 ml of Milli-Q water into clean polypropylene tubes (50 ml).

2)
Add reagents in order to obtain a similar matrix as in the sample (e.g. if sample is in 8% nitric acid, add 4 ml of nitric acid).

3)
Add the appropriate quantity of stock standard solution with a micropipette.

4)
Dilute to the mark (50 ml) with Milli-Q water

5)
Shake well.


These solutions can be kept for a few days if stored in the refrigerator (+4°C).


Depending on the element, it may be necessary to make an intermediate stock standard solution.

3.
Multi-element standard solutions

The primary issues to be aware of when preparing multi-element standards are:


a) the concentration of the analyte should be in an appropriate concentration range to bracket the anticipated concentration in the standard solution. This will mean that a multi-element standard will not contain the same concentration of all elements.  For example, elements such as Cd, Pb, Sb, Sn, and Tl are generally found at lower concentrations in environmental samples than Cu, Cr, Ni and V. For sediments, Al, Fe and the minerals will be at far higher concentrations than the other elements. These factors should be taken into account; a working multi-element standard solution may, for example, contain 10 (g/l Cd and other low-level elements, 500 (g/l Cu and other similar concentration elements (e.g., most first-row transition elements), and 10 or 100 mg/l Al, Fe and minerals.


b) elements should be compatible with the matrix and with one another such that all remain stable in solution. The clearest example of this is ensuring that Ag is in a chloride-free matrix, else it will precipitate as AgCl. Ensuring that no HCl is added is not sufficient; Ag will precipitate with very small quantities of chloride, e.g., from the matrix of another element standard that is being added.


In general, elements in like-acid primary solutions should be able to be prepared together, in a similar acid as they were originally received in (though possibly more dilute; ~5% is generally sufficient for a working solution). Also, ensure that if the standard was prepared from a salt, that the salt anion will not precipitate any of the other elements that will be added to the multi-element standard.




B)
Special reagents

Cadmium


If a graphite furnace technique is used, to each 100 ml of calibration standard and sample alike add 2.0 ml of ammonium phosphate solution which is prepared as follows:


Dissolve 40 grams of ammonium phosphate, (NH4)2HPO4 (analytical reagent grade) in DDW and dilute to 100 ml.


Lead


If a graphite furnace technique is used, to each 100 ml of calibration standards and sample alike add 10 ml of lanthanum nitrate solution which is prepared as follows:


Dissolve 58.64 g of lanthanum trioxide, La2O3 (analytical reagent grade) in 100 ml conc. HNO3 and dilute to 1 litre with DDW.


Vanadium


To each 100 ml of calibration standard and sample alike, add 2 ml of aluminum nitrate solution, which is prepared as follows:


Dissolve 139 g aluminum nitrate, Al (NO3)3.9H2O in 150 ml DDW; heat to effect solution. Allow to cool and make up to 200 ml.




VII.2.3.2.
Analysis of Total Hg




A)
Standard solutions


Solution stock 1: 1 mg/ml Hg in 10% nitric acid

1)
Weigh exactly 1.354 g of HgCl2 into a 1 litre glass volumetric flask.

2)
Add about 500 ml of Milli-Q water.

3)
Add l0 ml of concentrated nitric acid (low in Hg).

4)
Complete to the mark with Milli-Q water

5)
Shake well until complete dissolution is achieved.

6)
Transfer into a 1 litre Teflon bottle.


Closed tightly with a torque wrench and keep in the refrigerator (+4°C).


Solution stock : 1 (g/ml Hg in 4% nitric acid

1)
Weigh 95 g of Milli-Q water into a 125 ml Teflon bottle.

2)
Add 4 ml of concentrated nitric acid (low in Hg).

3)
Add 1 ml of BrCl solution (or 2 ml.  of K2Cr2O7 solution)

4)
Add l00 (l of solution stock 1 (1 mg Hg/ml)

5)
Shake well


Closed tightly with a wrench and keep in the refrigerator (+4° C).


Calibration Curve (at least 3 standards and zero calibration):

1)
Put about l0 ml of Milli-Q water into a clean 50 ml glass volumetric.

2)
Add reagents as in the digested samples (HNO3/H2SO4 2: l; or HNO3)

3)
Add the appropriate quantity of stock standard solution (stock I or stock 9 depending on the samples concentrations) with a micropipette.

4)
Add 1 ml of BrCl solution (or 2 ml of K2Cr2O7 solution).

5)
Dilute to the mark (50 ml) with Milli-Q water

6)
Shake well.


These solutions should be done fresh every day of analysis.




B)
Special reagents


20% w/v SnCl2 in 20 % v/v HCl (200 ml):

1)
Weigh accurately 40 g of SnCl2 into a clean glass beaker using a plastic spatula (beaker and spatula are used only for SnCl2).

2)
Add 40 ml of concentrated HCl directly to the SnCl2 and transfer to a 200 ml volumetric flask. Mix and wait for complete dissolution of SnCl2.

3)
Add Milli-Q water to the mark (200 ml).

4)
With older stock of SnCl2 it may be necessary to warm up the solution on a hot plate to obtain complete dissolution of SnCl2 (do not allow to boil).

5)
In case of low concentration samples if SnCl2 used is not "low in Hg", it should be purged with nitrogen for two hours before use.

6)
This solution should be made fresh for each day of analysis.

Note :
All glassware used for preparation of SnCl2 solution should be kept separately from remaining laboratory ware in order to avoid cross contamination of ware for trace element determination.


Nitric acid 10% v/v (500 ml.):
1)
Put about 400 ml of Milli-Q water into a 500 ml. volumetric flask.

2)
Add carefully 50 ml of concentrated nitric acid.

3)
Make up to the mark with Milli-Q water.

4)
Shake well.

5)
This solution can be stored if kept in a tightly closed flask.


Two alternative choices for oxidizing solution :

a)
K2Cr2O7 l0% (w/v) in Milli-Q water

1)
Weigh 50g of K2Cr2O7 into a clean 500 ml glass volumetric flask.

2)
Add about 250 ml of Milli-Q water and shake until K2Cr2O7 is dissolved.

3)
Shake up to the mark with Milli-Q water

b)
BrCl oxidizing solution:

1)
Weigh accurately 11 g of KBrO3 and l5 g of KBr into a clean 1 litre glass bottle.

2)
Add 200 ml of Milli-Q water.

3)
Add carefully 800 ml. of concentrated HCl.  The dilution has to be carried out in a well ventilated fume hood to prevent exposure to toxic fumes released during dissolution of KBrO3.

4)
Keep the bottle wrapped with aluminum foil.

Note :
These 2 solutions can be kept for an unlimited time if stored in the dark at room temperature in a tightly closed Teflon or glass bottle, and in a Hg free area.




VII.2.3.3 Analysis of MeHg




A)
Standard solutions

Methylmercury and ethylmercury standard stock solutions in toluene (1 mg Hg/ml)

-
Weigh 125.2 mg of CH3HgCl or 132.1 mg of C2H5HgCl into 100 ml volumetric flasks and bring to volume with toluene. These solutions are stable for years.

Stock solutions for chromatography (10 (g Hg/ml)
-
Using a graduated pipette and suction bulb, transfer l.00 ml of the standard stock solutions to 100ml volumetric flasks and bring to volume with toluene.

Standard solutions for chromatography

-
Prepare standard solutions of 20, 40, 60, 80 and 100 ng Hg/(l by adding 0.2, 0.4, 0.6, 0.8 and 1.0 ml aliquots of the stock solutions prepared to 100 ml volumetric flasks and bring to volume with toluene.

Methylmercury and ethylmercury standard aqueous solutions
-
Weigh the same amounts of methylmercury and ethylmercury into 100 ml volumetric flasks and dissolved in 1-2 ml acetone. Make up to volume with 0.1 M hydrochloric acid. Working solutions (1 (g Hg/ml) are prepared by appropriate dilutions with 0.1M hydrochloric acid.

Note :
The stock and working standard solutions must be kept in darkness to prevent decomposition of MeHg by ultraviolet light.




B)
Special reagents and other preparations

Conditioning solution for chromatography

Add sufficient mercuric chloride to 10 ml toluene so that some solid compound remains undissolved.

Sulphuric acid solution saturated with copper sulphate

Prepare approximately 2M sulphuric acid by slowly adding 11 ml of concentrated acid to 90 ml of water. Saturate this solution with copper sulphate by adding sufficient crystals so that some remain in the bottom of the flask without dissolving.

Potassium bromide solution

Weigh 48 g of potassium bromide into a 100 ml volumetric flask and bring to volume with water. This constitutes a 4M solution.

1%, L (+)- cysteine hydrochloride in 20% sodium citrate clean-up solution

Weigh 1 g of L (+)- cysteine hydrochloride and 20 g of sodium citrate into a 100 ml flask and bring up to volume with water.

Note :
Prior to use, this solution should be pre-extracted with toluene.


THIS SOLUTION SHOULD BE PREPARED DAILY.

Sodium thiosulphate clean-up solution

Into a small beaker or vial weigh 0.12 g of sodium thiosulphate. Using a graduated pipette add 4 ml of water and allow to dissolve. Using a graduated pipette transfer 1.0 ml of this solution to a 100 ml volumetric flask, add 50 ml of ethanol and bring to volume with water.

Note :
This solution must be no older than 3 days.

Silver sulphate solution
Dissolve 0.5 g AgSO4 in 100 ml water.

6 M hydrochloric acid solution
Slowly add 500 ml of concentrated HCl to 500 ml of water.

0.1 M hydrochloric acid solution
Slowly add 7.3 ml conc. HCl to 1000 ml of water.

4 M sulphuric acid
Slowly add, with cooling, 22 ml of conc. H2SO4 to 60 ml water.


Filter papers


A 7 cm diameter circular filter papers of "medium" porosity are required in the preparation of "Cysteine paper". A narrow strip (2 mm in width) is cut from the circumference of the paper which is then impregnated with cysteine solution (0.2 ml). The paper is then dried at room temperature in an ACID-FREE ATMOSPHERE. (Papers for each analysis should be prepared just prior to their use).

Note :
1.
Pore size is not a critical parameter.


2.
This method provides a length and shape of paper which is easily added so the extract. (A surface area of approximately 4 cm2 is necessary to treat the 5 to 10 ml toluene extracts).



VII.2.3.4
Preparation of standards for TBT analysis

-
Individual stock solutions of standards are prepared by dissolving 0.1 g of each compound in 100 ml of methanol to produce a solution containing 1 mg/ml of each compound.

-
Individual working solutions are then prepared by dissolving 0.5 ml of stock solution in 50 ml of methanol to provide a 10 (g/ml solution.


A composite working standard may be prepared by adding 50 (1 of each working standard to a centrifuge tube containing 2 ml of distilled water, 8 ml of sodium hydroxide/methanol reagent, 100 mg of sodium borohydride and 2 ml hexane. The tube is then shaken for 15 min. and centrifuged at 2500 rpm. This composite may be used to determine relative response factors for each compound detected by the flame photometric detector.


VII.2.4
Digestion of sediment for determination of trace metals by AAS



VII.2.4.1.
Sediment decomposition methods


In order to determine the major and trace metal concentrations of marine sediments by wet chemical methods, it is necessary to dissolve all or part of the sample. Sample digestion methods commonly used are: (a) Total decomposition; (b) Strong acid digestion, or (c) Moderate or weak acid extractions.



A)
Total decomposition


Total decomposition methods use hydrofluoric acid (HF) in combinations with concentrated oxidizing acids such as aqua regia. Alternatively, alkaline fusion followed by acid dissolution of the flux can be used.


Hydrofluoric acid decomposition has the following advantages:


-
HF is the only acid that completely dissolves the silicate lattices and releases the associated metals such as Al, Fe, and Li used for the grain size normalization of the data.

-
Accuracy can be assessed by analyzing reference materials certified for the metal content.

-
Intercomparable data, free from operationally defined bias, can be obtained.

WARNING! Hydrofluoric acid can cause serious injury – extreme care should be exercised whenever working with HF. As with any acid, eye protection should always be worn during handling, whether pouring the acid or handling beakers or containers that contain HF. In addition, normal vinyl gloves will not provide adequate protection; nitrile gloves should be worn whenever handling HF.



B)
Strong acid (non-HF) digestion



Strong acid digestions using nitric acid (HNO3) or aqua regia (HNO3 + HCl) commonly used to decompose marine sediments. They are NOT recommended for following reasons:


-
Strong acid digestions without HF result in incomplete digestions because silicates and other refractory oxides are not dissolved.


-
The proportion of metals dissolved is variable and depends on the sample type, matrix, and element.


-
Accuracy of the results cannot be determined since no reference materials are certified for strong acid digestions.


-
Metal data obtained from strong acid digestions are not comparable with total metal data and are subject to operationally defined bias.



C)
Moderate or weak acid extractions


Moderate or weak acid extractions such as hydrochloric acid (HCl) and acetic acid (HOAc) are often used for chemical partition studies. They are strictly operationally defined procedures. Accordingly, they cannot be standardized using reference materials.




VII.2.4.2.
Total Decomposition Methods


Principle


Sediment samples are treated in closed Teflon vessels with hydrofluoric acid (HF) in combination with aqua regia in order to decompose the samples. The use of HF is essential because it is the only acid that completely dissolves the silicate lattices and releases all the metals.


Sample size


The size of sample required depends mainly on the expected metal concentrations. In general, a 0.1 g sample is used for the major elements and a 1 g sample is used for trace metal determinations if only flame AAS is available. A 200 mg sample containing normal amounts of major and trace metals, however, has been found to be sufficient for most metal concentrations if the sample is homogeneous and graphite furnace AAS is available. It would be preferable to make only one decomposition for all elements using 0.1 – 0.3 g sample size and adjusting the dilutions accordingly. Certain trace metals occurring in very low concentrations may require larger sample sizes.


Maximum sample size used in the microwave decomposition is 200 mg. Larger samples may be feasible although small samples are best suited for microwave heating.


Procedure

1)
Shake the vials containing the samples for about 2 min. for homogenization.

2)
Wait a few minutes before opening the vials.

3)
Weigh accurately from 0.1 to 0.3 g of dry sample in Teflon bombs (a) or 0.1 to 0.5g in Teflon tubes (b).

4a)
Add slowly 5 ml of nitric acid (HNO3) and 2 ml. of concentrated hydrofluoric acid (HF).  Leave samples at room temperature for at least 1 hour.

4b)
Or add slowly 1 ml of aqua regia (HNO3: HCl, 1:3 v/v) and 6 ml. of concentrated hydrofluoric acid (HF).  Leave samples at room temperature for at least 1 hour.

5a)
Close the Teflon bombs tightly (with the aid of a torque wrench) and place the bombs in microwave digestion system and apply appropriate digestion routine. (See Example routine, Table 8, below.)

5b)
Or close the tubes and place them in an aluminum block on a hot plate at 120°C for 2h and 30 min.

6a)
Weigh 0.8 g of boric acid into 50 ml polypropylene graduated tubes then add about 20 ml of Milli-Q water and shake.

6b)
Weigh 3.70 g of boric acid into 50 ml polypropylene graduated tubes then add about 20 ml of Milli-Q water and shake.

7a)
Allow the samples to cool to room temperature, before releasing the pressure carefully, then open the bombs.

7b)
Allow samples to cool to room temperature then open the tubes.

8)
Transfer samples into the polypropylene graduated tubes (containing boric acid).  Rinse the bombs or the Teflon tubes with Milli-Q water at least 3 times adding the wash to the polypropylene tubes.

9)
Shake the tubes to complete the dissolution of H3BO3 (black carbon residue may remain but does not contain significant amounts of metals and does not interfere with subsequent metal determinations)

10)
Dilute to the mark (50 ml) with Milli-Q water.

11)
Place in ultrasonic bath for 30 minutes to facilitate dissolution / resuspension of boric acid and precipitates.

12)
Allow particles to settle (usually overnight) before analysis.

13)
Sample solutions can be stored for several days before analysis, preferably in the cold (+4oC).

Table 8: Example Sediment Digestion Routine

	Step
	Power (W)
	% Power
	Ramp time (min sec)
	PSI
	°C
	Hold time (min sec)

	1
	1200
	100
	5 00
	600
	50
	5 00

	2
	1200
	100
	5 00
	600
	100
	5 00

	3
	1200
	100
	10 00
	600
	200
	12 00



Reagent blanks


At least 3 blanks should be prepared for each batch of analysis. They are prepared in a similar manner as samples, except that no sample is added to the digestion vials.


Reference materials


At least one certified reference material should be used and prepared in triplicate for each batch of analysis. These digestions are prepared in a similar manner as samples.


Reference material should be of similar composition and concentration range as samples.


VII.2.5.
Digestion of sediment for determination of total mercury by Cold Vapor AAS


Principle


This method is applicable to all sediment samples with total mercury concentrations higher than about 0.05 (g/g. The strong acid digestion is meant to decompose the samples and to oxidize and convert any organic forms of mercury into inorganic mercury.


Procedure

1)
Shake the vials containing the samples for about 2 min. for homogenization.

2)
Wait a few minutes before opening the vials.

3)
Weigh accurately from 0.1 to 1 g of dry sample in Teflon tubes (60 ml) depending on expected concentration.

4)
Add 4 ml of concentrated nitric acid (HNO3) and 2 ml of concentrated sulfuric acid (H2SO4) for sample size from 0.1 to about 0.5 g.

5)
If more sample is taken add more acid in the same ratio (2:1) until the mixture becomes liquid.

6)
Close the tubes and leave 1 hour at room temperature (or longer if the reaction is very strong).

7)
Heat for 3 hours at 90°C on an aluminum block on the hot plate (or in water bath).

8)
Allow the samples to cool to room temperature before opening the tubes. Leave the tubes cooling down in a fume hood to avoid toxic acid fumes.

9)
Add about 20 ml of Milli-Q water.

10a)
Add 1 ml of K2Cr2O7 solution (final concentration = 2% v/v).

10b)
Or 0.5 ml of BrCl solution (final concentration = 1% v/v).

11)
Dilute to the mark with Milli-Q water or transfer to volumetric flasks or to graduated tubes and dilute to 50 ml.

12)
Shake and wait for sedimentation of material before analysis.

Note :
1.
The samples can be kept for a few days before analysis if stored in the refrigerator (+4°C). The maximum storage time has to be determined by experience for each kind of samples.


2.
Reagents, including the distilled water, should be of recognized analytical quality, with as low as possible Hg concentration. All reagents must be checked for Hg contamination by analyzing blanks.


Reagent blanks


At least 3 blanks should be prepared for each batch of analysis.  They are prepared in a similar manner as samples, except that no sample is added to the digestion tubes.


Reference materials


At least one certified reference material should be used and prepared in triplicate for each batch of analysis. These digestions are prepared in a similar manner as sample.


Certified reference material should be of similar composition and concentration of Hg as samples.



VII.2.6.
Digestion of Sediment for Determination of Methyl Mercury (MeHg)


From the method of R.D. Jones, M.E. Jacobson, R. Jaffe, J. West-Thomas, C. Arfstrom and A. Alli – Method development and sample processing of water, soil, and tissue for the analysis of total and organic mercury by cold vapor atomic fluorescence spectrometry:


A 1.0 – 5.0 g portion of the homogenized sample is placed in a 20 ml borosilicate glass scintillation vial. To the vial, 5 ml distilled water, 3.0 ml of 1.0 M copper sulphate and 3.0 ml of acidic potassium bromide solution are added. The mixture is shaken for 1 hr at 330 rpm. Dichloromethane (5 ml) is added and the mixture is shaken for 24 hr at 330 rpm and then centrifuged for 10 min at 500 x g in a refrigerated centrifuge. An exactly known volume of the dichloromethane layer (3.5 – 4.0 ml) is transferred to a 7.0 ml borosilicate glass scintillation vial and 1.0 ml of 0.01 M sodium thiosulphate is added. The mixture is shaken for 20 min. at 330 rpm and centrifuged at high speed in an IEC clinical centrifuge. The aqueous layer (0.9 ml) is placed in a 2.0 ml microcentrifuge tube and 0.3 ml of 0.5 M copper sulphate and 0.3 ml acidic potassium bromide are added. The contents are mixed for 1 min. on a vortex mixer and centrifuged for 2 min. at high speed (16,749 x g). The dichloromethane is transferred to a 2.0 ml glass sampling vial containing a few crystals of anhydrous sodium sulphate and subjected to GC analysis. Injections of 5.0 (l are used. Samples spiked with known concentrations of methyl- and ethyl-mercury chloride are extracted to evaluate the recovery factor used for quantification.


VII.2.7.
Digestion of sediment for determination of TBT by GC


Method


Preparation: Sub samples of 4 g of sediment are oven dried to constant weight at 105°C to determine moisture content. Extraction of alkyltin is then carried out on up to 4.0 g of wet sediment sample, ensuring that there is at least 2 ml of water (either natural or added) in the sample.


An appropriate amount of internal standard (tripropyltin chloride) is added to the sediment or tissue in a centrifuge tube; e.g. 50 (l for samples containing 0.01 to 1 (g/g TBT. Double distilled water is added to the sample if necessary (see above). Sufficient 0.1% sodium hydroxide in methanol is then added to the sample to obtain a 4:1 MeOH:water (v/v) ratio. The minimum volume of methanol reagent is therefore 8 ml and the maximum, below 16 ml for sediment samples. For shellfish, 10 ml of sodium hydroxide/methanol reagent is added for wet samples. The tube is capped and shaken for 45 min. then 2 ml of hexane and approximately 100 mg of sodium borohydride are added. The sample is then shaken for a further 15 min. After centrifugation (4000 rpm for 20 min.), the hexane phase is analyzed by GC/FPD.


The method does not employ a “clean up” procedure, and is therefore rapid, extremely robust and suitable for a high throughput of monitoring samples. Residues of extracted organic material do however tend to accumulate at the injection end of the analytical column/retention gap and degrade the performance of even the highest quality capillary columns. The retention gap should be frequently changed and 15 cm of fused silica periodically removed from the injection end of the analytical column.


Stored extracts will revert to alkyl tin chlorides within days of preparation. Extracts may be stored at –20oC for several weeks. The hydrides may be reformed by shaking extracts with 300 (l of 5% aqueous sodium borohydride.

Summary of Method

Alkyl tin hydrides in sediments:

4g sediment / AQC material / blank / spiked sample

(
add internal standard

(
adjust water content if necessary

(
add 4 volumes of sodium hydroxide/methanol reagent

(
shake 45 min.

(
add 2 ml hexane and 100 mg sodium borohydride

(
shake 15 min.

(
centrifuge

(
analyse hexane by GC/FPD.


VII.3.
Instrumentation



VII.3.1.
Preparation of standard solutions




VII.3.1.1.
Preparation of standards for trace metals


(See section VII.2.3)




VII.3.1.2.
Calibration standards


Prepare dilutions of the stock solutions to be used as calibration standards at the time of analysis.


The calibration standards should be prepared using the same type of acid and at the same concentration as will result in the sample to be analyzed either directly or after processing.


VII.3.2.
Determination of trace metals in sediments


Precise and accurate atomic absorption analyses for the determination of metals involves the use of flame (F-AAS) and graphite furnace atomic absorption spectrophotometry (GF-AAS).


F-AAS is the method of choice for most metal determinations when the metals are present in sufficient concentrations to allow precise and accurate determinations.


GF-AAS is generally used for the determinations beyond the sensitivity of F-AAS. Due to improved accuracy and precision, GF-AAS should be used for all Cd, Cr and Ni determinations. Pb should be determined by F-AAS when concentrations are high enough; otherwise, GF-AAS should be used.



VII.3.2.1.
Determination of trace metals in sediment by Flame AAS


Principles


Samples are digested with strong acids (see procedure VII.2.4). Atomic absorption spectrometry resembles emission flame photometry in that the sample solution is aspirated into a flame and atomized. In case of flame AAS, a light beam is directed through the flame, into a monochromator, and onto a detector that measures the amount of light absorbed by the element in the flame. Each metal has its own characteristic wavelength so a source hallow cathode lamp composed of that element is used. The amount of energy absorbed at the characteristic wavelength is proportional to the concentration of the element in the sample.


In case of flame emission, the amount of light emitted at the characteristic wavelength for the element analyzed is measured.


Before Analysis


Analytical conditions may change for each element, so it is necessary to first carefully read the analytical methods book of the AAS before starting an analysis.


Determine the calibration curve according to the expected concentrations of the samples and the linearity of the AAS response for the element considered (absorbance versus concentration curve given in the analytical methods book).


If interferences or ionization are reported, choose the right option according to the analytical method book, e.g., use of correction for non-atomic absorption by using deuterium lamp background corrector, use of oxidizing air-acetylene flame, use of nitrous oxide-acetylene flame, addition of a releasing agent or ionization suppressant.



A)
Analysis by flame-AAS with normal calibration curve


Calibration curve:


Prepare standards with at least three concentrations plus zero. The zero calibration solution is prepared as other standard solutions without adding analyte.


If samples are not within the calibration range, dilute them in the same matrix, or prepare a new calibration curve.

Sample Measurements:


Measure a blank and re-slope every 4 or 5 samples, depending on the stability of the instrument.


Measure one reference material at regular intervals during analysis



B)
Analysis by flame-AAS using standard additions


If matrix effects are suspected and cannot be removed by other means (e.g., background correction, addition of releasing agent, nitrous oxide flame), it may be necessary to use standard additions calibration.


Calibration curve


The calibration curve should have at least 3 points (2 additions plus the zero addition) and one blank.  The first addition must be half of the expected concentration of the sample solution.  If possible this addition is done without dilution of sample (i.e., less than 250 (l of standard solution for 50 ml of sample).  If a larger amount of standard solution is needed the sample has to be diluted (i.e., put 45 ml of sample, 2 ml of standard solution and dilute to 50 ml).


The second addition should be the double of the first.  In case of dilution, the same volume of sample is used (i.e., put 45 ml of sample, 4 ml of standard and complete to 50 ml).


In case of dilution of the sample solution, this dilution factor should be applied to the calculate result.

Note :
The calibration curve obtained should be used for samples of the same matrix. If there are different matrices in the batch of analysis, several standard addition calibration curves should be prepared.

Calculation
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The units of concentrations are the same as for she standards entered in the AAS program.

C
=
Concentration of element in original sample ((g/g or dry weight)

Cd
=
Concentration of element in sample solution ((g/ml)

Cb
=
Mean concentration of element in reagent blanks ((g/ml)

V
=
Volume of dilution of digested solution (ml)

W
=
Dry weight of sample (g)

F
=
Dilution factor if needed (=1 in case of no further dilution than initial dilution during digestion procedure)



VII.3.2.2.
Determination of Trace Metals in Sediment by graphite furnace or electro-thermal AAS


Principle


In case of graphite furnace (GF) AAS an aliquot of sample digested solution (10/50 (l) is introduced into a graphite tube of the GF-AAS and atomized by rapid heating at high temperature. A light beam is directed through the graphite tube into a monochromator, and onto a detector that measures the amount of light absorbed by the atomized element in the tube. Each metal has its own characteristic wavelength so a source hallow cathode lamp composed of that element is used. The amount of energy absorbed at the characteristic wavelength is proportional to the concentration of the element in the sample.


Before analysis


Analytical conditions may change for each element, so it is necessary to first carefully read the analytical method for GF book before to starting.


Determine the calibration curve according to the expected concentrations of the samples and the linearity of the AAS response for the element considered (absorbance versus concentration curve given in the analytical method book).


The AAS book also gives typical electrothermal programs for each element, generally for 10 (l of sample in diluted HNO3 (0.1%) and indications concerning maximum ashing, and atomization temperatures. More specific informations may also be found in the literature, such as recommendations concerning the need of matrix modifier and the use of partition tube or tube with platform.


Calibration curve for GF-AAS


The automatic sampler makes the calibration curve by mixing appropriate volumes of bulk standard and zero calibration solutions; therefore only one standard solution needs to be prepared. It can be the highest standard solution of the calibration curve or a solution more concentrated in case of standard additions. The solution must be chosen so that the volumes pipetted by the automatic sampler to make the standards are not lower than 2 (l.

Optimization of electrothermal programmed


Temperature and time of drying, ashing and atomizing steps have to be optimized in a systematic manner. The absence of interferences has to be verified by the use of a reference material of similar matrix as samples or by standard addition method if reference material of appropriate matrix are not available. If matrix effect are observed and can not be eliminated by optimization of electro-thermal program, it may be necessary to use standard addition calibration.


When a program is optimized for the determination of an element in a specific matrix all information are reported in the log-book of methods of the laboratory such as quality control charts.


Calculation


If the same volume is always injected.
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The units of concentrations are the same as for the standards entered in the AAS program.

C
=
Concentration of element in original sample ((g/g dry weight)

Cd
=
Concentration of element in sample solution ((g/ml)

Cb
=
Mean concentration of element in reagent blanks ((g/ml)

V
=
Volume of dilution of divested solution (ml)

W
=
Dry weight of sample (g)

F
=
Dilution factor if needed (=1 in case of no farther dilution than initial dilution during digestion procedure).



VII.3.2.3.
Determination of Total Mercury in Sediment by cold vapor AAS


Principle and application


Sediment or biological samples are mineralized with strong acids. The inorganic mercury is reduced to its elemental form with stannous chloride. The cold mercury vapor is then passed through the quartz absorption cell of an AAS where its concentration is measured. The light beam of Hg hollow cathode lamp is directed through the quartz cell, into a monochromator and onto a detector that measures the amount of light absorbed by the atomized vapor in the cell. The amount of energy absorbed at the characteristic wavelength is proportional to the concentration of the element in the sample.


Sample digestion procedure


(See procedure in Section VII.2.5.)


Analysis by CV-AAS


Calibration curve


Prepare standard solutions with at least three standard concentrations plus one zero. The zero calibration is prepared as standard solutions without adding the mercury standard.


If samples are not within the calibration curve, dilute them in the same matrix, or prepare a new calibration curve.



VII.3.2.4.
Speciation of Alkyl Tin Hydrides in Sediments by Gas Chromatography


Principle


Alkyltin compounds are extracted from animal tissues or sediments by sodium hydroxide and methanol, converted to hydrides and partitioned into hexane. The derivatives are then analyzed by gas chromatography with flame photometric detection. The method was developed by Waldock et.al. (1989).


An appropriate amount of internal standard (tripropyltin chloride) is added to the sediment or tissue in a centrifuge tube; e.g. 50 (1 for samples containing 0.01 to 1(g/g TBT. Double distilled water is added to the sample if necessary (see above). Sufficient 0.1% sodium hydroxide in methanol is then added to the sample to obtain a 4:1 MeOH:water (v/v) ratio. The minimum volume of methanol reagent is therefore 8 ml and the maximum, below 16 ml for sediment samples. For shellfish, 10 ml of sodium hydroxide/methanol reagent is added for wet samples.


The tube is capped and shaken for 45 min., then, 2 ml of hexane and approximately 100 mg of sodium borohydride are added. The sample is then shaken for a further 15 min. After centrifugation (4000 rpm for 20 min.), the hexane phase is analyzed by GC/FPD.


The method does not employ a "clean up" procedure, and is therefore rapid, extremely robust and suitable for a high throughput of monitoring samples. Residues of extracted organic material do, however, tend to accumulate at the injection end of the analytical column/retention gap and degrade the performance of even the highest quality capillary columns. The retention gap should be frequently changed and 15 cm of fused silica periodically removed from the injection end of the analytical column.


Stored extracts will revert to alkyl tin chlorides within days of preparation. Extracts may be stored at -20°C for several weeks. The hydrides may be reformed by shaking extracts with 300 (1 of 5% aqueous sodium borohydride.


Summary of Method


Alkyl tin hydrides in sediments:

4.0 g sediment / AQC material / blank / spiked sample

(
add internal standard

(
adjust water content if necessary

(
add 4 volumes of sodium hydroxide/methanol reagent

(
shake 45 min.

(
add 2 ml hexane and 100 mg sodium borohydride

(
shake 15 min.

(
centrifuge

(
analyze hexane by GC/FPD


Calculation of Results


The retention times of standards are used for identification purposes. The peak heights or areas of known quantities of standards are then used to calculate a response factor for each compound to the tripropyltin internal standard. The concentration of each alkyltin compound in the sample (Cy) is then given by:


[image: image9.wmf]W

H

R

C

H

C

i

i

y

y

*

*

*

=

 (g/g (dry wt. sediment)

where :

Hy=
the peak height or area given by the alkyltin compound

Ci
=
concentration of the internal standard (as the cation) in the sediment sample in (g/g

R
=
the relative response of the internal standard (Ri) to that of the alkyltin compound Rx
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Hi
=
peak height or area given by the internal standard

W=
weight of sample in grams (dry weight of sediment).


Precision and Accuracy


The recovery of tributyltin was determined by standard additions of tributyltin hydride to samples previously spiked with TBTO, and comparing the resultant GC peak areas over a range of spiked concentrations. The calculated recovery ranged from 90-97% (mean 93%) for sediment and 95-104% (mean 98%) for shellfish tissue. However the use of an internal standard (tripropyltin chloride), which behaves in a similar way to TBT, allows for loss of sample without compromising the precision and accuracy of the determination. The relative recovery for TBT, DBT and MBT to the internal standard is close to 100%. The detection limit for the method is 0.005 (g/g for TBT, 0.010 (g/g for DBT and 0.02 (g/g for MBT.  These limits may be reduced by concentration of the hexane extracts before GC analysis, however since a "clean up" procedure is not employed, concentrated samples more rapidly degrade the performance of the capillary column.



VII.3.2.5.
TBT Speciation of Organotin Hydrides by GC/MS


GC/MS forms another suitable detection system for alkyltin hydrides extracted by the method described above. The flame photometric detector is replaced with a mass spectrometer set up in the electron impact mode with unit resolution.
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IX
Conclusion


We can consider two different approaches to the sediment sampling for monitoring projects. They follow the schematics below depending on the budget and the manpower of the laboratories. One of the methods is a minimum requirement and the other would be the “state-of-the-art” methodology.

First approach (easiest and cheapest one):
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Archive wet sample


Homogenization of the sample









Archive dry sample

Second approach (complete procedure):
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Homogenization of the sample









Archive dry sample
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Annex

1) Traceability and Sediment Quality Standards

A fundamental principle in practical science is confidence in the ability to measure and compare metrological quantities. Traceability is the process whereby the indication of a measuring instrument can be compared in one or more stages with a national or regional standard for the metrological quantity in question. In each stage, a calibration is performed using a standard with a metrological quantity already determined by calibration with a higher-level standard.

For many parameters related to environmental management, it is difficult to establish an absolute quantity (unit/primary standard) by which all else can be ordered and measured. Instead, one must rely on the precision and "trueness" of analytical methods, supported by the absolute metrological control of measuring instruments wherever possible. The "calibration"/control of analytical capability ensure that the data produced by laboratory units working within a system of laboratories is comparable. By this means a kind of traceability of measurements, analyses, and tests can indeed be achieved.

The following presents NOAA and Canadian Sediment Quality Standards which can be used as an example or guide since there are no agreed regional standards on various contaminants in the Caspian Sea. 

Within the framework of regional pollution monitoring in the Caspian Sea, national laboratories in each country will be responsible for measurements of certain contaminants. In this connection the data produced by different laboratories in the region have to be comparable while the measurements should meet the set out national or regional water, sediment quality standards need. In another word with poor capacity and performance of a laboratory, many of contaminants with low concentration in a sample can not be measured while the set out Quality Standards are within that range of concentration. 
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2) Limit of Detection (LoD) and Sediment Quality Standards

The meaning of "LoD '' is perhaps clear to all, in a qualitative sense. LoD is commonly accepted as the smallest amount or concentration of a particular substance that can be reliably detected in a given type of sample or medium by a specific measurement process. But there are dispute among scientists for defining of the LoD and subject to many questions. The following example will illustrate the LoD in practical sense
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3) Sampling devices.
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Large grab sampler



Shipeck grab sampler.

(picture: S. de Mora)
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Bottom sampler Ekman-Birge 



Gravity core sampler

(picture: Hydro-Bios, Germany).



(picture: S. de Mora)

[image: image23.jpg]



Reineck corer

4) Quality Assurance and Quality control.


A comprehensive list of marine RMs can be found in the document IAEA-TECDOC-854 “Survey of Reference Materials – Vol. 1: Biological and environmental reference materials for trace elements, nuclides and microcontaminants”, IAEA, Dec. 1995. In this document a description is given to each RM (its preparation, its composition and in the case of CRMs the values for the analyte(s) in question) together with the name and address of the organization from which the RM(s) can be purchased.


There are few organizations, which are actively involved in the production of marine RMs for contaminants in sediment and biological tissues. They are:

:
National Institutes of Science and Technology (NIST)


Office of Standards of Reference Materials


Building 202 – Room 204


Gaithersburg MD 20899


U.S.A.

:
National Research Council of Canada (NRCC)


Institute of Environmental Research and Technology


Montreal Road


Ottawa, Ontario


CANADA K1A OR6

:
National Institute for Environmental Studies (NIES)


Division of Environmental Chemistry


16 – 2 Onagonia, Tsukuba


Ibaraki 305


JAPAN

:
International Atomic Energy Agency (IAEA)


Marine Environment Laboratory


4, Quai Antoine 1st

MC-98000


MONACO

:
Institute for Reference Materials and Measurements (IRMM)


Management of Reference Materials Unit (BCR)


Retieseweg


B-2440 Geel


BELGIUM

Note: The IAEA-MEL/MESL is providing (free of charge) upon request the reference materials prepared in Monaco. The list and concentrations of the available materials can be consulted at http://www.iaea.org/monaco.


Some commonly used marine RMs are listed below together with the organization that supply them:

	IAEA
	IAEA-356
	Metals (high conc.)

	NRCC
	MESS-2
	Metals (intermediate conc.)

	IAEA
	SD-M-2/TM
	Metals (low conc.)

	NRCC
	PACS-1
	Metals (high conc.)

	NIST
	SRM-1646a
	Metals (intermediate conc.)

	NRCC
	HS-4
	PAHs

	NIST
	SRM 1941A
	Organics

	IAEA
	383
	Organics (PH and OC) polluted

	NRCC
	HS-2
	PCBs

	IAEA
	IAEA-408
	Organic (PH and OC)

	IAEA
	IAEA-405
	Metals

	IAEA
	IAEA-417
	Organic (P H and OC)

	IAEA
	IAEA-433
	Metals



Analysts who wish to ensure that their analytical data are accurate and precise should purchase one or more of these RMs for use in their evaluation of analytical methods and in their routine quality control work. Although the cost of such materials may appear prohibitive, it is sound judgement to allocate some finance to the provision of such materials in order to ensure that time and effort are used constructively and productively.


Note: 1.Analysts should not use non-marine RMs for validating analytical methods and quality control work associated with marine monitoring programmes. They should choose RM(s), which have matrices, which are either identical or very similar to the samples under study and one(s), which cover the upper and lower range of concentrations of the contaminants being measured.


2.Time devoted to quality assurance work (i.e. about 10% of an analyst's time) is time that is well invested.

Sampling: At least 3 stations at the sampling area to cover the sediment distribution gradient.


Samples are collected with grab (Van Veen)





Sieving


(Pre-sieving from 1-2 mm: Removal of pieces of shell, branch and leaves)


250 (m, 63 (m





 Store in Deep-freezer, waiting for freeze-drying





Store in plastic bags for inorganic


analysis





Store in pre-cleaned aluminium foil or aluminium container for


organic analysis





< 63 µm fraction





At each station take at least 3 grab samples


(Necessary for trend analysis)





Recover 1-2 cm of the surface of the sediment





> 63 µm fraction





It should also be stressed that normalization of the results could only be recommended if there is a strong statistical relation between the contaminant concentration and the normalizer. In the contrary case, it can distort the interpretation of the results. 





 Analysis of one sample using the appropriate Reference Method


                 + TOC, TIC, EOM, Al and Li for normalization





Sampling: A number of stations are selected on a grid or transect to cover the sediment distribution gradient.


	At least 5 stations in the studied area 


	Sample collected with corer or box - corer.





Store in pre-cleaned aluminium foil or aluminium container for


organic analysis





 Store in Deep-freezer, waiting for freeze-drying





Freeze-dry





Split to get desired sample





GRAIN SIZE SEPARATION





At each station take at least 3 cores.


(5 samples per station is recommended at the pilot phase of trend monitoring)





Recover 1-2 cm of the surface of the cores





Store in plastic bags for


inorganic analysis





Thoroughly dry for dry sieving analysis (receiving pan - 1.0 Ø down 4.0 Ø)





 Analysis of samples using the appropriate Reference Method


                 + TOC, TIC, EOM, Al and Li for normalization





Pipette analysis





Canadian Environmental Quality 





Add dispersant and wet sieve





International Atomic Energy Agency





Canadian Environmental Quality 





Grain


> 2 mm (Ø 10)





–





–





Guidelines 





Guidelines 





Collected 


Grain


< 63 µm





Yes





No





Weigh





END





Sediment (





Sediment (





µ





µ





g/kg)





g/kg)





Parameter





Freshwater





Marine





•





DDD





3.54





1.22





•





DDE





1.42





2.07





•





DDT





1.19





1.19





•





Dieldrin





2.85





0.71





•





Endrin





2.67





2.67





•





Heptachlor





0.60





0.60





•





Lindane





0.94





0.32





•





PCBs





34.1





21.5





International Atomic Energy Agency





Canadian Environmental Guidelines 





Canadian Environmental Guidelines 





–





–





Sediments 





Sediments 





–





–





PAHs





PAHs





-





-





µ





µ





g/kg





g/kg





Parameter





Freshwater





Marine





•





Acenaphthene





6.71





6.71





•





Acenaphthylene





5.87





5.87





•





Anthracene





46.9





46.9





•





Benz[a]anthracene





31.7





74.8





•





Benzo[a]pyrene





31.9





88.8





•





Chrysene





57.1





108





•





Dibenz[a,h]anthracene





6.22





6.22





•





Fluoranthene





111





113





•





Fluorene





21.2





21.2





•





Naphthalene





34.6





34.6





•





Phenanthrene





41.9





86.7





•





Pyrene





53





153





International Atomic Energy Agency





Sediment Quality Guidelines from NOAA 





Sediment Quality Guidelines from NOAA 





(USA) and Environment Canada





(USA) and Environment Canada





Chemical    Unit





ERL





ERM





ISQG





PEL





Effect Range Low





Effect Range Medium





Interim Guideline   Probable Effect Level





As





µ





g/g dry





8.2





70





7.24





41.6





Cd





1.2





9.6





0.7





4.2





Cr





81





370





52.3





160





Cu





34





270





18.7





108





Pb





47





220





30.2





112





Hg





0.15





0.71





0.13





0.7





Ni





21





52





Ag





1





3.7





Zn





124





271











DDT





ng/g





dry





1.6





46











PCB





23





180





21.5





189





Aroclor





1254





63.3





709











PAH





µ





g/g dry





4





45





International Atomic Energy Agency





Calculations:





Calculations:





Limit of Detection





Limit of Detection





J.





-





P. Villeneuve





International Atomic Energy Agency





Detected Signal:





Detected Signal:





From the electronic point of view, 





a signal is  





“





detected





”





from a noise





when the ratio:





Signal





---------





>  2





Noise





International Atomic Energy Agency





Example of Experiment:





Example of Experiment:





Suppose that we are analysing a 





 serie 





 of 





sediment samples taken in the same area 





(a Bay):





-





All samples extracted were 10 g dry weight





-





All hexane extracts were at about 1 ml





-





All injections were about 1 





µ





l. 





International Atomic Energy Agency





Evaluation of the Noise:





Evaluation of the Noise:





From the experiment:





the noise on the baseline is evaluated





The noise is measured in mm (ex.: 1 mm)





so the signal detected = 2 x 1 = 2 mm





International Atomic Energy Agency





The minimum amount of a compound X is 





The minimum amount of a compound X is 





injected:





injected:





As an example: 2.5 pg 





of 





Lindane 





is injected:





The peak height is





measured also in mm:





Peak height (ex.: 5 mm)





We can, now calculate the limit of detection for 





Lindane





International Atomic Energy Agency





Calculation of Limit of Detection for 





Calculation of Limit of Detection for 





Lindane 





Lindane 





in that Particular Experiment:





in that Particular Experiment:





2 mm x 2.5 pg x 1000 





µ





l





L.o.D. 





Lindane





= 





-----------------------------------





= 100 pg/g





5 mm x 1 





µ





l  x 10 g





This limit of Detection is valid for 





lindane 





for





that experiment, now. We have to evaluate





the 





LoDs 





for all compounds separately and 





they will be different for all experiments.
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Adjustment of Limit of Detection to a 





Adjustment of Limit of Detection to a 





specific case:





specific case:





For 





lindane 





in these sediment samples we have a





LoD





of 100 pg/g, let us suppose that we have specific 





Guidelines to follow with values of





lindane





< 50 pg/g.





Then, in order to decrease it to the 50 pg/g requested





we would have to extract 20 g dry weight, or to 





concentrate the extract down to 0.5 ml








83

_1129991693.unknown

_1129991880.unknown

_1129646827.unknown

