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Annex C Specific Studies of the Pollution in the Bottom Sediment and Particulate Phase of Riverine and Sea Water, by O.Voitsekhovich (KE2)
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 should be part of an integrated monitoring program and in particular hot spot site specific RWQMP to be developed for Caspian Sea in frame of current Tacis Project.

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.

Specific pilot studies which can also help in understanding of the behavior and environmental impact of the contaminants accumulated in the bottom sediments (both in particulate and interstitial phases), to be also recommended as research methodological component of the monitoring data interpretation, in regards of Environment Impact assessment needed for identifying pollution source functioning and counter measurement.

This manual aimed at presenting the state-of-the-art in sediment monitoring in coastal waters was already introduced to the Caspian monitoring experts by Dr Jean-Pierre Villeneuve (IAEA/MEL) via GEF CEP program and it took into account the recommendations on both sampling strategy and analysis. The good examples and practical applications of these recommendations for the Caspian Region have been recently published by Stephen de Mora & Tim Turner, Jean-Pierre Villeneuve, Mohammad Reza Sheikholeslami, and others in Marine Pollution Bulletin 48, (IAE-MEL,2004). 

In particular, separate missions were undertaken in Azerbaijan, Russian Federation sector, Islamic Republic of Iran and Kazakhstan during surveys which were implemented from October 2000 to September 2001.  Altogether 105 surface sediment samples were collected using a Van Veen grab.  75 sediment samples were obtained and studied for PTS analyses at the coastal zone of all Caspian Sea Member states during CEP Cruises 2005 and in addition about 30 samples were extensively analyzed for Volga River Delta during CEP-II Volga Delta Contaminants Survey in 2005.  Specific IAEA-Cruise with international experts have been carried out in 2006 studying radionuclides pollution status over sedimentation area impacted by oil companies with NORM radionuclides and potentially having artificial origin due to nuclear techniques application at the Kura and Araks River basin of the Caspian Sea. During this cruise the number of bottom sediment cores were taken and studied using Pb-210 bottom sediment chronology methods in assistance of a history of the anthropogenic loads took place in the region over recent 30-50 years. 

Due to these recently carried studies the wide spectra of contaminants were measured in the bottom sediments such as following: trace  metals, aliphatic hydrocarbons, polycyclic aromatic hydrocarbons (PAHs), chlorinated pesticides (lindane, DDT, etc.), and polychlorinated biphenyls (PCBs), artificially and norm occurring radionuclides, together with other parameters such as grain size distribution, total organic carbon (TOC), carbonate content, and hexane extractable organic matter (EOM) and other. 

The overall conclusions from these studies were the following:

· Petroleum hydrocarbon concentrations in mud fractions of the deposits were quite high by global standards at some locations, notably to the south of Baku Bay, Azerbaijan and Volga Delta and Turkmenbasy bay

· DDT-related compounds exhibited high concentrations at numerous locations in the deposits of the coastal zone of Azerbaijan and Iran. Especially high pollution of DDTs was found in the bottom sediment near Kura River delta where riverine suspended particles are deposited. Fresh inputs of some PTS (in particular DDTs) were evident.  High concentrations of PCBs also were found in fresh sediments of the area close to the Kura River Delta.

· Generally, the concentrations of heavy metals were found co-varied with those of aluminum, reflecting the influences of terrigenous inputs and grain size.  In particular As, Cr & Ni have been found in high natural backgrounds due to mineralization. 

· Ag, Cd & Pb are quite low and seemed to pose no pollution problem. 

· Cr, Cu & Zn showed localized hot spots that reflected anthropogenic inputs in deposits near Volga, Terek and Kura rivers and also near Iranian Coast.

· Mercury in high concentration was found in the Kura River reservoir, and coastal deposits in the Caspian Sea near its delta. 

· Relatively high Ba contamination were found near Turkmenistan coast and also in some places near the Oil exploration platforms, that probably occurs by the drilling mud in offshore oil exploration and also from some land-based industry production. 

· Data obtained during the International IAEA-MEL cruises show low levels of radioactivity in the sediments and waters of the Caspian Sea. In some areas high content normally occurring radionuclides such as Ra-226 and Th and its progeny products were found being most probably resulted due to oil and gas wells drilling mud. Sediments along Turkmenistan and Iran Coast had relatively high contents of the Uranium, most probably being resulted by Mining and Milling Facilities developed at the Region.  
As an important  conclusion these studies clearly show that regular bottom sediment pollution trend monitoring and suspended matter contaminants study are very useful and to be included in to the hot spot specific RWQMP. 

However, such type of study applying the sampling, analytical and state-of-the art interpretation techniques are not a trivial task, which still can not be widely applied. Tacis experts may contribute their experience in studying the particulate transport and sediment fluxes of the toxic contaminants in the riverine flows and sea water column.  This experience was gained from the Black Sea BSERP program and different international projects implemented during Environmental Pollution studies at the Danube, Dnieper and Rhein and other EU waters.

There are some useful methods for monitoring and transport assessment of the contaminants fractions being bound with riverine suspended particles and also studying its sedimentation fluxes and remobilization phenomena to be proposed in regard to justify strategies for Caspian Sea hotspot specified RWQMP:

1. Large volume suspended particles pumps application for contaminants  transport study at the inlet riverine fluxes and sea water columns (mainly to be applied for chlorinated pesticides, Σ PAHs and Σ PCBs and heavy metals )

2. Bottom sediment chronology dating aiming to reconstruct site specific history of the marine environment pollution at the different Caspian Sea area under impact of the main caused anthropogenic sectors of impact. 
1.  Contaminants Transport in Particulate Phase of the Riverine and Sea Waters

The prior experience gained from Kura River CEP studies (2005) show that to collect enough amount of riverine suspended matter for its further analytical research for PTS in wide spectra of contaminants the high volumes of the river’s waters (50 l and more) and up to 200-300 l of the sea water have to be taken. The adequate methods to collect large amount of suspended particles in both river and sea condition during relatively short time are very important.  There are different methods can be applied. During recent Kura River pollution studies the sampling procedure aiming to collect 50-100 liters water samples have used just trivial 5 L standard volume water sampler and in complied small volume water filtration kids. The approach was inadequate time consuming and having some other methodological constrains with needs to transport and store large water volumes (with or without adequate preservation of the taken water before filtration procedures completed).

The methods of hand sampling by the way used (Fig.1) also can not provide adequate meaning of the sampling via river cross-section and to calculate Sediment Load transport inlet to the Sea.
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	· Fig.1. Hand sampling of the water during Kura pollution study (2005)
	· Fig. 2. Filtration procedures with small volume Millipore filtration kids applied for Kura River suspended matter pollution study 


The new challenges to be achieved with use large volume suspended particles pumps which were successfully applied studying isotopes and trace elements sear water pollution in the previous UNOPS BSERP (Black Sea Eutrophication Recovery Project) program studies (2003). These techniques were also wide used in Dnieper River Estuary Environmental Assessment (2004) for, at the Danube River (2003-2005) and also during IAEA-MEL cruise (2006) for the Caspian Sea radionuclide pollution assessment.

The principle scheme of the large volume suspended pumping system show on the Fig. 3. This device is widely used aiming in-situ separation and particulate filtration of the large water volumes of water for different environmental applications and monitoring studies. The Tacis consultants suggest use this method for further pollution study to be done for Volga, Terek and Kura River sampling campaign. 
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· 1 – pump with a tube; 2 – filtering system (10 separate; 4– Piston for absorber if needed and water flow meter counter ; portable electro-generator.
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Fig.  3 In-situ filtration procedures with MIDIYA system type application at the Boat desk during sampling campaign (from the Black Sea and Dnieper River and Danube Rive delta experience)
The use of such system to allow avoid the undesirable and solid/liquid adsorption effects may happen during sample transportation and storage. The application of the given approach gives possibility to collect large amount of suspended matter at 10 separate filters for multipurpose further analytical studies and to avoid time consuming procedures for sampling and water in wide scale of turbidity and field conditions.

Moreover we can suppose that such sampling facilities can already be available in Hydromet Russia ( Typhoon) and in Azerbaijan being prior supplied to this countries during implementation IAEA-MEL Caspian Sea sampling campaign 2006.

2. Bottom Sediment Chronology Dating Study

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.

The cheapest methods with a minimum requirement suggest use just simple grab samplers, which were used during sampling campaigns at the Volga Delta by SOI (Russia), at the Kura River in Azerbaijan and are also in use by Oil companies in their monitoring studies along the Kazakhstan and Turkmenistan Coast of Caspian Sea.  The most often the bottom sediment grabs types, given on Fig.4, are used for routine monitoring samplings at the Caspian Region. Some time rod type simple samplers (at shallow water up to 6 m depth) were in use near Volga delta (Fig.4).
	· [image: image4.png]



	· [image: image5.png]



	· [image: image6.png]





Fig.4. The grab corers, which are using for bottom sediment sampling at the river’s Caspian delta
Similar type of bottom sediment sampling devices were also supplied for some key laboratory in frame of prior phase of the CEP-II program implementation (for instance to CaspEcoControl).

In spite of its wide use and relative simple operation, this type of samplers usually makes samples mixed and can not provide by users with correct understanding when and how the deposits were origin. The grab type samplers may be used for a spatial trend monitoring at a distribution gradient in case in surface layer of sediments (uppermost 1-5 cm) can be sampled. But in most of cases with such type of sampler there no guarantee that the only surface layer was taken for further laboratory analyses that create difficulties for the results interpretation. Definitely such type of sampling is useful when the type of sediment and screening classes of pollutants have to be studied, while their use will not be reliable for better understanding of the process and temporal history of the bottom sediment contamination. 

In the deep sea bottom, where no significant water mass dynamic due to wave or water mass currents effects the sediment fluxes to the sea bottom are relatively stable. If no significant bottom sediment surface mixing, the vertical distribution of the contaminants concentration in the sediment layers will reflect the time chronology of the sea water column pollution by PTS. In fact this information about vertical distribution of the trace elements, PTS and POPs over the sediment core may be used for reconstruction of the regional pollution load in the past. The depth where deposits  may have undisturbed layers depends of the local hydrodynamic and sedimentation conditions are rather site specific and may  vary from 40-50 m to several hundreds meters and more. At the area with typical cyclonic circulation water mass circulation in the relatively closed sea bays (for instance Tukmenbashi Bay)  the bottom depth with undisturbed mud sediment may be found in much shallow conditions  (30-50 m of depth). In most of area with high sedimentation rate (for instance near the river inlet), the relatively soft and undisturbed deposit reflects a seasonal or long-term peculiarities of the water runoff and sediment riverine load. Consequently the bottom sediment layers in the area of deposits are corresponding with vertical structure of the bottom sediment pollution history. 

Special interest and important to study the vertical distribution of some POPs and trace elements in the bottom sediment deposits are for deep see region in both northern and southern gyres. The most of pollutions which inlet to the Caspian sea with Volga River, Ural, Terek and other rivers as well as pollutants having Industrial origin have to be accumulated in the deposits of the deep see in the Northern Gyre. The long-term Loads from the Azerbaijan and Iranian land-based sources to be accumulated in the deposits of the Southern gyre. The residue fractions of PTS have to be distributed in the bottom sediments of the both specific parts of the Caspian Sea.  

Among the many types of the corers, which are using for contaminants vertical distribution studies  the Consultant may suggest relatively cheap and available in a Region the hand operated corers  to be used till the depth 50 m (shallow sea) and the Box-corers  (or multi-corers) to be used for deep sea basin. 
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	Sampling corer (left) and core slicing procedure from the top to the bottom (reliable cut layer 1-5 cm). The type of pistons (plastic or metallic) to be chosen depends of plans for analyses.
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	· Box corer type to be used
	· Non-disturbed 1 m cores taken 
	· Multy corer type samplers


Fig.5. The type of coring facilities,  which Consultant suggests to use for pilot study of sedimentation rate and bottom sediment chronology dating for sea avandelta of the Volga, River,  Kura River and Terek River ( upper line) and for deep see bottom sediment coring
The cut samples will be stored in the pre-cleaned aluminum foil or aluminum container for organic analysis and also in plastic bags for inorganic analysis.  Samples to be stored in Deep-freezer, waiting first for further isotope analyses for identifying 226Ra and 210Pb as well as 137Cs (marked during bomb period and due to Chernobyl aerosol deposition) with semi-conductor low gamma  spectrometry system. After that samples to be analyzed using the appropriate reference method for   TOC, TIC, EOM, Al and other.

The dating of each sliced layer to be estimated using 210Pb isotope methods. Similar studies were applied by CMSET in 2004 in frame of BSERP. Some results of such study applied for the Black Sea are given below for PCBs in the bottom sediment of Sevastopol Bay (IBSS, Ukraine) and in application for sedimentation rate studies using 210Pb and 137Cs (bomb testing and Chernobyl markers ) dating tools for the deep see basin.
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	· Fig. 6. The examples of bottom sediment chronology method application for bottom sediment pollution studies in the Black Sea done under IAEA Black Sea Marine Environmental Assessment (2003) and UNOPS (BSERP) in 2004


The application of such comprehensive study may help to identify chronology of the Caspian Sea environment pollution during recent at least 50 years and to re-construct the anthropogenic load on to the sea at the different Caspian Sea hot spot specific areas.

The first priority region for such type of study application is chosen such as following.

· The Volga Delta River

· The Turkmenbasy Bay

· The Kura river sedimentation area.

At least 3 cores from the each areas will be taken during sampling campaigns 2007 (Turkmenbasi Bay), The Volga River sediment study (spring 2008) with hand operated corer and also at the Kura River suspended particles deposits area (2008).

The deep sea coring depends of resources and box (multi) corer availability. The samples have been coring from the deep part of the Caspian sea taken during IAEA-MEL cruise (2006) are currently being deep frozen stored in CMSET and will be available for trace metals and some POPs analyses. 

The project proposals to NATO Science for Peace program will be submitted to involve more resources for such type of studies to be carried to support justification of enhanced RWQMP.
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