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1 Preface

The coastal and shelf zones of the Russian Arctic Seas are among the greatest in the World. The length of
the coast in the Russian Arctic exceeds 40,000 km, some 27,000 km of which belong to the continentd
shordine. Already from this point of view, the Russan Arctic coadtd zone is a very important region
featuring profound land—ocean interactions.

The coastd environment of the Russan Arctic is naturaly characterized by severe cold climate conditions,
widespread permafrogt, huge fresh water runoff, river and seaice, rich minerd resources plus oil and gas
reserves, precious metals and others. On average it has alow population dengity, mainly indigenous people,
and thereisavariety of sendtiveissues in terms of economic development of the region. On the other hand,
even recently, the Arctic has Hill been consdered as dmost pristine because of its remoteness and low
population (less than 4 Mio people). Neverthdess, a present the Arctic is exposed to contamination
pressures originating from loca sources aswell as from distant regions of the world.

This dek sudy is a firg attempt to apply the DPSIR (Driver-Pressure- State-Impact- Response)
framework, origindly promoted by OECD in 1993 and further developed within the LOICZ core project
to the Russan Arctic river basns-coast systems. The data sources accessed include, firgt of al, the
materids collected by the Russan water qudity monitoring system which has been collecting relevant
information most extensively in the World during the Soviet era. The recently published Year Books
“Qudity of surface waters in Russan Federation” (Anon. 2000, Anon. 2005), “Review of environmentd
pollution in the Russian Federaion in 2000” (2001) and “Review of environmenta pollution in 2003
(2005), and aso the annua “ State Report on the environmenta conditions and use of water resources in
the Russan Federation in 2000-2004” (Anon. 2001-2005) have been based on this work. Where
possible, other available dataincluding origind data and published results of the authors have been andyzed
and included in this synthesis.

The mog widdy used criticd threshold information in Russa is the so-cdled “maximum dlowed
concentration” (MAC). It can be conddered as a “dngle substance criticd load” and observed
environmenta substance concentrations are measured and evauated againg this MAC. However, a more
acceptable environmenta quality criterion is the critical load (CL) thet is defined as the flux of one or few
pollutants entering an ecosystem without causing negetive changes in its mogt sendtive parts. This critica
threshold is much more difficult to obtain and currently there are only two cases in the Russan Arctic
coastal zone where this criterion has been gpplied to assess the ecosystem conditions (the Kola Peninsula
and the Norilsk region, looking a sulfur fluxes in both cases, see Table 2.4). In a few cases we dso
gpplied the so-cdled index of toxicity and the index of ecologicd risk (see section 2.3.2). The quditative
ranking of the impact (impact category) is given as an expert assessment based on a synthesis of dl these
avalable materids. This inherently means that these assessments while based on primary information il
have certain subjectivity which asks for caution when using them from international comparison.

The review and synthesis of the results show that in generd while being consdered to be at least partly il
amog prigine the Russan Arctic has severd “hot spots’ where the critica loads and additiond
environmenta qudity criteria indicate sgnificant pollution exceeding criticd levels during the last few
decades. The most important “hot spots’ are the Northern Dvina River and Arkhangelsk sub-region in the
White Sea basin, the Kola Peninsula and the Pechora River in the Barents Sea sub-region, the Yamd
Peninsula and the Ob and Yenisey River basins discharging into the Kara Sea. With a lesser degree of
impact the Khatanga, Olenek and Lena Rivers in the Laptev Sea basn and the Indigirka and Kolyma
Riversin the East- Sberian Sea basin need to be mentioned. In the Western Russian Arctic indudtridization,
navigation and nuclear-power engineering, nuclear industry and Navy are among the main driversreflecting
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societal demand for resources, energy, space, trangportation and defense infrastructure. In further easterly
direction among the anthropogenic drivers/pressures such as dumping, navigation and indudtridization are
facing a coast which is aso subject to increasingly intensive natural change and impact, i.e. thermoabrasion,
eroson (here: naturd and partly anthropogenic origin) and sedimentation. However, the most immediate
coastal impact/issues derive from pollution by heavy metds and hydrocarbons, acidification and
radionuclide contamination. Impact categories that were scored highest (up to a maximum of 9-10) were
detected in the White and Barents Sea basins (Arkhangel sk sub-region and the Kola Peninsula) and in the
Kaa Sea basn (Norilsk and other regions). Increasing trends of these impacts are expected in the
Northern Dvina mouth - Archangelsk sub-region, the Kola Peninsula and the Pechora River basin and in
the Lena and Indigirka- K olyma River basins driven by progressng industrid development, navigation and
more intensve minerd resources extraction and mining in the near future. At the same time, the nuclear
pollution shows an evident decreasing trend due to the stop of nuclear wegpon testing in the region.

The findings that reveded from this fird RusABasns assessment, and the “hot spots’ identified are derived
through application of the standardized DPSIR assessment approach. Therefore they complement to and
link to the wider globd context of the series of comparable assessments undertaken within the same
framework in Latin America, Asa, Africa and Europe (see www.loicz.org, and Sdomons et al., 2005).
The synthes's presented follows the same andytical format as has been used for the coastal zone of other
regions of the world. However, one needs to be aware that the Stuation of driver/pressure links and
impacts, the interplay of climatic and anthropogenic globd change reflecting in the Russan Arctic is very
specific dlowing rather limited potentia for comparison with other regions.

The information compiled is aimed to be particularly important for a better understanding of the circumpolar
processes, regiona pressures and impacts and to identify key questions that cal for internationd scientific
cooperation in the Arctic for the common god of sustainable development. Secondly it may serve as an
initid framework of anadyss for coastd zone managers which as such may benefit from experiences
deriving from other regiona studiesin the globa LOICZ network. In this context it may assist the regiond
planning in taking into account the quite specific states and processes in the sendtive coastd zone and the
scae on which impact on biologica productivity of arctic ecosystems is relevant. This includes to enable
indght into the inditutiond dimensions of anthropogenic versus environmental globa change processes in
the Arctic, and to evauate and recognize the role of coasta communities and ecosystems, and their
vulnerability under the anticipated scenarios of globa change and anthropogenic activity. Obvioudy there is
a gtrong rationa for follow up projects which could idedly follow at least loosely the other Basins derived
international  river catchment — coast interaction <udies i.e. EuroCat (http://Aww.csiiacnr.it/
EUROCAT/project.htm), AfriCat (http://www.start.org/Networks' Africa_network _ AfriBasinshtml), and
daNUbs (http://danubstuwien.ac.at/). This approach may prove useful when studying the main “hot spots’
in the Russian Arctic, trends and vectors of changes. The objective isto predict and mitigate the impacts on
locdl, regiond and globd level and to maintain the natural and human vaues for future generaions.

In this context it is worthy to note that in 2005 the Ministry of economica development and trade of the
Russan Federation in cooperation with the United Nation Environment Program (UNEP) and Globa
Environmentd Fecility (GEF) has daborated a large scde project on the protection of the marine
environment from land- based sources of pollution. The main objectives of the project are:

- adoption and redlization of the Strategic Action Program on the remova of damage and threats on
the arctic environment from land-based activities in the Russan Federation;

- direct or indirect improvement of the environmenta protection system (legidative and normative
base, indtitutiond and technica possbilities);



- activation of measures directed to ecologica sabilization in the Arctic, liquidation and neutrdization
of the most dangerous “hot spots’;
- redization of actions againgt new ecological risks.

It is planned to focus on pre-investitiond investigations of identified priority hot spots with known significant
transboundary consegquences.

Moreover, it is suggested to redize three demondration projects with the am 1) to clean the marine
environment from ail pollution with the help of brown seaweeds, 2) rehdbilitation of the territories of two
former military bases with the subsequent transfer into avil use, and 3) participation of indigenous peoplein
the management of environment and resources use. The duration of the Program istill 2010.



2 Regional assessment and synthesis: Northern Russia

2.1 Introduction

As many places of the world, Russian coastad areas have a great potential for economic and socid
development. Due to decades of “cold war” a substantial part of coastd areas was consdered as a
borderline and had not been used leaving rather favorable natura and economical conditions. One other
possible reason is that in contrast to the overal globd tendency of growing concentration of population in
the coastdl zone, Russia does not feature such atypica settlement pattern. Nevertheless, thisis different in
the southern coastd areas due to thelr rich recreationa resources, dong with port facilities, and agriculturd
lands al of which attracted considerable growth in population. Wide rurd and urban settlements devel oped
rather quickly. In turn northern, western and eastern parts of the Russian coastd zone are connected more
with industrid development (mining, refining, shipbuilding, congtruction including defense industry) and
commercid fisheries. All types of settlements, from well-devel oped urban areas dong the Bdtic Sea coast
to small rurd settlements dong the northern coasts, are present.

However, despite of this generdly ill limited use of the coastd zone as compared to other marine
countries, the environmentd Sate of certain parts of the coastd zones and in paticular ther future
development is a mgor concern. It seems that an urgent shift in management policy is required towards
sustainable development of coastal natura resources and more reasonable use of coasta space. This refers
to many areas of the western part of the coastal zones (washed by the Baltic Sea), the southern part (by
the Black, Azov, and Caspian Seas) as well asto the Barents, Kara and Laptev Sea.

Geopalitical changes happened in the beginning of the 1990ies, since the Soviet Union's demise, and
transformed wide parts of Russa into a typical northern country. Now the northern regions occupy more
than 64 % of the whole territory of the Russan Federation. Therefore in terms of resources, ecosystem
goods and services, environmenta and socid and economic state these regions are of crucid and growing
sgnificance for the current and future development of the whole country. The rest of the country, occupying
the more southern latitudes is dready of extremdy high importance dthough offering provison of services
on arather limited geographical space, dthough under usudly more favorable dimatic and living conditions
for mogt parts of the population.

The combined length of the Russan coastline exceeds 60,000 km accommodating a population of around
17x10° people. More than 40,000 km are Arctic coast, some 27,000 km of which belong to the
continental shoreline (Mikhaylichenko, 1998). The Russan Arctic has a long history of resource use and
development, but most of the activities concentrate n the more recent period as referred to from the
beginning of the 1930ies to our days. Due to the severe climatic conditions and great expenditures needed
to explore and develop Arctic aress, river and marine trangport lines were and are the most important part
of the Arctic infrastructure. The greet rivers — the Northern (Severnaya) Dvinariver, the Pechorariver, the
Ob river and its tributaries, the Yenisey river, the Lena river, the Khatanga river, the Jana river, the
Indigirkariver, the Kolymariver are flowing to the Arctic ocean gathering their waters from huge catchment
basins (Figure 2.1). These basns are under consderable pressure from populated and indudtrialy
developed aress, paticularly to the west of the Yenisa River. Teleconnected effects originate from
arborne and waerborne pollutants finding their way to the Arctic via long-range transport pathways
(Figure 2.2). Main characterigtics of the Russan Arctic Rivers and their ddtaareas are givenin Table 2.1.



Figure 2.1: Circumpolar map of catchment river basins

Because of prevailing sea currents, the Arctic Ocean acts as asink for awide range of pollutantsincluding,
among others, heavy metds, toxic substances, hydrocarbons, PCBs, and nuclear wastes (Griffiths and
Young 1990). In recent years various economic endeavours have been launched to extract vast quantities
of natura resources, which caused a change of geopoaliticd interrations in the area and made this region
an arena of internationa cooperation.

The notion of environmentd safety is particularly relevant to the Arctic for severd reasons. Among them,
priority concerns the fragility of northern ecosystems and their extreme vulnerability to human disturbance.
Second, the area has profound influence on globa (or at least hemispheric) environmental processes such
as amospheric and oceanic circulation, globa warming, and ozone layer depletion (e.g., Broadus and
Vartanov 1994).

The processes in the Arctic coasta seas are strongly controlled by regionaly specific phenomena, such as
the sea-ice cover and transition between onshore and offshore permafrost. During the long winter season a
thick and extensive searice cover protects the coastline from hydrodynamic forcing. During the open water
season, mainly after break-up in spring, the seerice is an important transport agent for coastal sediments.
Globa and regiond climate changes will sgnificantly affect physical processes, biodiversity and socio-
economic development in the Arctic coastal aress. In reverse, Arctic coastad systems, via materid flux
generated by eroding coasts and the greenhouse gases emission from degrading coastal permafrog, likdy
feedback into the global systems (Rachold et al. 2003a; Figure 2.2).
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Traditiond economy of the indigenous people connected with use of renewable natura resources such as
reindeer pastures, hunting areas and fishery in fresh and marine waters, still remains a noticesble feature of
arctic regions. However, the main pillar of the economic development can be found in diversfied industrid
use of non-renewable resources such as oil and naturd gas, cod, minerals, raw materids, rare and precious
metds. Therefore the Arctic coastad environment is under growing pressure from both loca indudtrid
centers and traditional economies, changing the horizonta and atmospheric flows of pollutants, water and
sadiments in the large contributing river basins. All northern rivers on their way to the Arctic ddtas are
passng severd climatic zones where human activities feature condderable differences. Consequently,
environmenta and resource management regulations for coastd zone activities are unlikely to be effective if
they do not condgder detrimenta impacts and systemic change dong the entire water continuum of the
catchment-to-coast basin.

Processes

® Sediment transport by
waves, currents and ice

® Permafrost degradation

¢ Hydrodynamic ® Erosion and
Environmental system accretion

forcing * Atmospheric ® Thaw
system consolidation

Coastal
responses

® GHG emission

® Organic carbon flux

* Bathymetry and
morphology

Impacts
® Human systems

Feedback

® Biology and ecosystems

Figure 2.2: Environmental forcing, coastal processes and responses, impacts and feedbacks
(Rachold et al 2003Db).

Brief introduction into the LOICZ Basins approach

The LOICZ Basins gpproach for studies of river catchment-based coastal changes (see Annex for detailed
methodology) gives a comprehensive assessment of key natural processes and coadtal States which are
under impact of both, natural and anthropogenic driving forces. Rivers and their lower reaches have great
significance in coastd development, exchange of energy, sediments, water runoff, and impact on
biodiverdty, attractiveness of shores for human habitation, recrestion and economic activity. For natura
and socid scientists, the LOICZ Basns dudies expand their understanding of the causes of coastd
environmenta changes and transformations, and give a new vison of links between the eements of coastd
ecosystems. The coastal zone may be considered as the interface area between continents and oceans but
everything that happens in the coasta zone is affected consderably by spatid processes originating far
beyond its borders.



Table 2.1 Characteristics of main riversin the Russian Arctic and their delta areas (Mikhailov 1997; Gordeev et al. 1996; Holmes et al. 2002)

River catchment | River | Catchment | Delta Delta Water Sediment | Salt load, Length of penetration, km
(index as givenin | length area area, length, runoff, load,
Figure 2.3)
km 10°km? km? km km?y? 10°t y*! 10% y* Tides Storm surges | Seawater

North Dvina (A2) 744 357 900 45 110 4.1 22.0 135 135 45
KolaRiver (B1.1) 83 3.85 0 0 1.46 19 - - - -
Tuloma(B1.2) 64 21.5 0 0 7.63 - - - - -
Pechora (B2) 1810 322 3200 120 130 8.5 - 190 160 10
Ob (C2) 3650 2990 3200 144 402 13.0 54.0 50 350 0
Yenisey (C3) 3490 2580 4500 196 597 13.0/ 4.9* 70.0 445 870 -
Khatanga (D2) 1636 364 0 0 105 52 6.3 227 - -
Lena(D4) 4400 2448 32000 175 523 20.7 55.0 - - -
Y ana (D5) 872 238 6600 140 33.1 4.2 15 30 70 60
Indigirka (E1) 1726 360 5000 130 53.9 11.9 11.0 24 200 -
Kolyma (E2) 2130 647 3200 120 119 12.1 - 185 185 -

Catchment classes< 10 x 10° km? — small; 10— 200 x 10° km® — medium; > 200 x 10° km* — lar ge (see also L acerda et al. 2002)
* values before and after regulation



The DPSIR framework ter minology

This desk study (LOICZ Russian Arctic Basins - RusABas) is a firgt attempt to apply the D-P-S-I-R
(Driver-Pressure- State-Impact-Response) framework to Russan river basns. This multidisciplinary
approach origindly promoted by OECD in 1993 and further developed within the LOICZ project (Turner
et al.1998, Ledoux et al. 2005, Crossdand et al. 2005) alows to combine the knowledge and experience
of natural and socid scientists. Data and information are reviewed in such away as to produce a complex
picture of interactions of economic sectord activities that affect coastd zone ecosystems and socid
processes, and to reved further indicator functions and impacts on natural and socid values of coastd
zone. The analys's should assess the response of society on environmenta and anthropogenic changes in
the coasta zone.

Drivers. the catchment-based sectoral economic activities for the Arctic coastdl zone
mining and refining industry
demand for energy that resultsin oil and gas development
timber woodworking and pulp and paper industry
port facilities and urbanization
shipping operations
agriculture
fisheries
aquaculture
land- use change (e.g. demand for space and water)

Pressures. processes affecting key ecosystem and social system functioning
damming and other water-course construction
river diverson and water abstraction
discharge of indudtrid effluents (industridization), agriculturd and domestic wastes
navigation and dredging
extraction of river-bottom sediments (building materids, gold mining)
sealevd rise induced by land-based activities affecting the coastd zone.

State and state change: theindicator functions and how they are affected
- water, nutrient and sediment trangport (including contaminants where appropriate) observed in the
coadtd zone as key indicators for trans-boundary pressures within the water pathway;
geomorphological settings, eroson (thermoabrasion), sequestration of sediments, sitation and
Ssedimentation;
economic fluxes reating to changes in resource flows from coastd systems, their value and changes
in economic activity including the vauation of natura resources, goods and sarvices.

Impactson system characteristics and provision of goods and services
habitat alteration
changesin biodiveraty
socid and economic functions
resources and services avallability, use and sustainability
depreciation of natura capital.

Response: action taken
scientific regponse: research efforts, monitoring programs



policy and/or management response to either protect againgt changes such as increased nutrient or
contaminant input, secondary sea-level rise; or to ameliorate and/or rehabilitate effects following
adverse development and land-use change and to ensure or re-establish the chance for sustainable
use of the system resources.

2.2 Indicatorsof coastal change

LOICZ Russan Arctic Basins (RusABas) ams to use exising quantitative environmenta indicators,
accepted in lydrochemicd analyss to evauate and confirm/update the qualitative expert assessment of
environmental state (biochemicad and biologicd) in the coastd zone. Both types of indicators may be
interchangeable, so that if quantitative measurements are not available for a Ste, quditative indicators may
help understanding and assessing possible environmental change in coastd zone processes. A st of
environmentd indicators of pressures and state change gpplied to the Russian Arctic context is presented in
Table 2.2.

Figure 2.3: Thelarger Russian river basins discharging into the Arctic Ocean (from Crossland et
al., 2005)



Table 2.2. Summary of environmental indicators of pressures and state change applied to the Russian Arctic context

Drivers/Pressures pressure

Environmental conditions

Response

Indicators (examples)

Oil and gas production and
processing
Emission of heavy metals

Emission of sulfur

Radioactive pollution

Emission of nutrients
(C,N,P)
Sedimentation

Erosion

Fisheries losses

Freshwater withdrawal

Concentrations of organic pollutants
Concentrations of heavy metals in water, sediments
and biota

Concentrations of sulfates in rain water, masses of
sulfur deposited, pH of waters

Concentrations of radionuclides in water and
sediments, soils, biota
Concentrations of nutrients C, N, P in waters and

sediments

Total suspended solids concentrations (TSS);
Sedimentation rates

Coastal erosion rates

Fish stocks

Ground water salinisation

Maximum allowed concentrations
(MAC)

MAC
Critical loads (CL) of sulfur deposited
on unit of area in unit of time

MAC
Magnitude of total radioactive dose in

biological tissue

MAC

MAC

Integrated coastal zone management

Maximum catch, fisheries management
legislation, total allowable catch (TAC)
allocation

MAC

Frequency of occurrence and level of
surpassing the MAC

Frequency of occurrence and level of
surpassing the MAC

Percent exceeding CL

Frequency of occurrence of surpassing the
MAC and critical radioactive dose

Dissolved oxygen, primary production rates
Frequency of occurrence of surpassing MAC

Historical variations of sedimentation rates

Loss of beaches
Dune destruction rates

Change in fisheries stocks, catch diversity

Change in water regime in the coastal zone;
Groundwater salinity variations along the
gradients.
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2.3 Coastal issues, drivers/pressures, state changes, critical loads and ranking

2.3.1 Regiond drivers/pressures and hot spots

Catchment basin activity is irregular in the Russan Arctic (Figure 2.4). In the Western Arctic, the normal
resource uses encompass sectors such as navigation, fisheries, timber industry and reindeer breeding; in
pardld indudria production sectors are developed, such as metdlurgic plants (Severonickd,
Pechenganickd, Norilsk), incl. mining and concentrating and processing industry (Apatit, Pechora-cod) as
well as high-capacity oil and gas related complexes. The data are summarized in Table 2.3, which dso ligs
initid findings of the mogt important “hot spots’ in the Russan Arctic region.

Table 2.3. Initial summary of priority driver/pressure featuresin the Russian Arctic by rough sub-

regions, corresponding “hot spots’ and sour ces of available information
Rosgidromet: Federal Service of Russia for Hydr ometeor ology and Monitoring of the

Environment
Sub-region Driver/Pressure Hot spots Available information

White Sea basin Pollution (industry, Arkhangelsk area Annua data of
urbanization, navy, power and North Dvina Rosgidromet and Russian
industry) mouth and Bay Academy of Sciences,
Acidification (industry, major bibliography
transboundary transfer) sources
Navigation

- Agriculture (nutrient loads)

Barents Sea basin |- Pollution (industry, mining, Kola Bay Annual data of
urbanization, oil and gas Nickel area Rosgidromet, Kola
production and processing, Monchegorsk area | Scientific Center Russian
NAVY, radioactive waste Pechora Bay Academy of Sciences,
burid) Nenets AO international lake projects
Oil soills (middle stream) Novaya Zemlya “Lake Su_rvey_" and
Acidification (from industry, idands other, mgjor bibliography
mining, transboundary sources
transfer)

Navigation

Kara Sea basin Pollution (oil and gas Norilsk area Annual data of
production and processing, Yamal-Nenets AO | Rosgidromet and Russian
industry, mining) Ob River (upper and | Academy of Sciences,
Acidification (industry, middlereach) and | M&or bibliography
mining, transboundary Bay sources
transfer) Yenisey River
Damming (upper and middle

reach) and Bay

1
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Figure 2.4: "Hot spots” in theRussian Arctic

2.3.2 Coadd issues, states, thresholds and ranking of impact (river-catchment and sub-regiond scale)

To make aranking, severd different approaches can be used. A frequently acceptable one is the method
using critica loads (CL). CLs determine the maximum flux of one or a few substance- pollutants entering an
ecosystem without causing negative change in its most sengitive parts (Henriksen et al. 1994; Moiseenko
1997, 20018). The anadyss can proceed if the CLs of combined pollution for biologica systems are
defined and if there are models of interaction between inputs in the watershed and the corresponding
concentrations of pollutants in the target ecosystems. The distance of the observed concentrations from
these levels (exceeding the CLs or ranging below them) can be determined for the environmenta issues
given (see examples in Arthurton et al. 2002, Hong et al. 2002; Kjerfve et al. 2002; Lacerda et al.
2002). In the North of Russa, CLs were identified for sulfur fluxes, particularly in the Kola Peninsula
region (Moiseenko et al., 1997, Moiseenko 2001a, 2003), the Norilsk region (Myach 1996) and in the
LenaRiver basin (I1zrad et al. 2001).

Another criterion such as maximum alowed concentrations (MAC), which can be consdered as a“sngle
ubgtance critical load” based on scientific information and implemented through ether management
response or policy targets, has also been used. However, the pollution control system based on MAC is
often unable to prevent the degradation of water ecosystems satisfactorily (Nikanorov 1990; Izragl et al.
1991). A ggnificant shortcoming is that considering the isolated effects of sdected chemica substances
without taking into account the whole complex of impacts and transformations in red ecologica conditions
does not reflect the red dtuation. Therefore in Russia, as wdl as abroad, the problem of ecologicd rating
(atheory of critica loads) assumes even greater importance.

In the sudy of the Kola Peninsula Moiseenko et al. (1997) applied the index o toxiticy (IT), whichisa
ratio of a sum of severd metal concentrations to a sum of their MACs to 460 lakes on the territory to
assess the degree of their pollution with heavy metds (IT critical = 1-2).



In recent work of the same research group (Lukin et al. 2000) studying the Pechora river an index of
ecologica risk (IR) was used to assess quantitatively the potencid ecologica risk of agroup of pollutantsin
the region (see also Hakanson, 1980);

IR =S, Tri x Cfi,

where Tri isthe coefficient of toxiticy of the substance given for the present river,
Cii isthe codfficient of pollution,
IR < 150 = low risk, 150£ IR < 300 = moderate risk, 300£ IR < 600 = dgnificant rik, IR 3 600
= high risk.

The ranking of the coastd impacts and issues in the Russian Arctic provided here has been conducted
according to their degree of importance. This referres back to a quantitative or quditative evauation of the
present-day distance to the critica threshold of a given parameter for system functioning and is based on
avalable data (Table 2.4).



Table 2.4. Major coastal impacts/issues and critical thresholds along the coast of the Russian Arctic
Overview and qualitative ranking of impacts: 10 = maximum; 0 = none (see appendix for more detail)

*,** for indexing of regions and abbreviations, see footnote on page 39

Coastal
Impact/l ssue

L ocal site/Region
(contributing river
basins)

Critical substances (for
system functioning)

Distance to critical threshold (qualitative or quantitative)

I mpact
category

Refer ences/
Data source
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Pollution

A2*. Dvinsky Bay
(and North Dvina
River mouth)

Heavy Metals (HMs)

Petroleum Hydrocarbons
(PH)

PAH

POPs

Microbid pollution:

North Dvina delta(in MAC):

(1999) Cu - 2-4, Fe- 2-4,Zn - 2.
Kuznechikha arm (in Arkhangelsk-city):
Al-6,Fe-8,7Zn-11,Cu- 9.

(2003) Cu-7,Fe- 9, Zn- 6

Bottom sediments of the river and delta (Cu, Zn, Pb, Cd, Ni, Co,

Hg) at the background level.

Bottom sediments near Arkhangel sk-Novodvinsk-Severodvinsk:

Cr-2, Ba-2, Pb-1
Soils Cr-7.7, Pb-3.5, Ba-4.1

N.Dvina upstream (1975-93) - 0-0.26,
Average 0.04 mg I'*

M outh (1975-93) - 0-0.56, av. 0.03-0.09 mg I'*
(max 11 MAC)

Dvinsky Bay (1988-96): 0.03-0.04,

Max 0.5 mg I, MAC-3-10

Bottom sediments: 0.15-0.17 mg ¢*,

Max 0.87 mg g*

N. Dvina: fluoranthene - 20-45 ng I'*
Pyrene - 10-75ng I'*
Benz(a)pyrene- <5ng ™.

Dvinsky Bay: a- HCB - 0.1-3.0ng I*

g- HCB - 0.1-2.0 ng I', max 10

c. Verhniy Ustuyg: a-HCB- 19 ngI*, R-HCB- 14 ng I}, 2
HCB- 26 ng I* (MAC=10 ng I

Arkhangelsk region: microbid quality of water samples not
complying with coliform standard (% of total number of
samples): 1991 - 239, 1992 — 224

57

6-8

Anon. 2000,
2005

Kukinaet al.
1999

Petrosyan et
al.1998

lzrael et al.
2001;

L ebedeva 2001

Anon. 2005

Abakumov 1998
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Table 2.4 continued

Coastal L ocal site/Region Critical substances (for | Distanceto critical threshold (qualitative or quantitative) I mpact References/
Impact/Issue | (contributingriver system functioning)”~ category Data source
basins)
Acidification | A2*. Dvinsky Bay Sulfate riverine flux: 6.7x10° t yr™. 5 Moshiashvili
(and North Dvina Atmospheric component - 5 % 1992
River mouth)
continued
Eutrophica Annual concentrations: 5 Gordeev et al.
tion NO; -84 my I*, PO, -19 ny I, TOC -23.4 mg I 1996;
River discharge (1996): NH, - 4.84x10% t yr™, Anon. 2000
NO; -11.3x10% t yr'*, PO, -564 t yr™, Pyt -2.26x10% t yr™, TOC- Gordeev et al.
1.22x10° t yr™. 1999
Underground dischargeis 25 % of river discharge. Sdinity of
ground waters is unknown.
Radioactivity Data on the N. Dvina mouth are unknown. Aibulatov 2001a;
Bottom sediments of the White Sea: **’Cs < 10 Bq kg* Gdimov et al.
1996
Sedimentation Total sediment discharges 4.4x10° t yr™, av. turbidity - 35 mg ™. Mikhailov 1997

There are accumulative formsin Dvinsky Bay. Dredging works
due to navigation ams.
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Table 2.4 continued

Coastal L ocal site/Region Critical substances (for Distance to critical threshold (qualitative or quantitative) I mpact References/
Impact/Issue | (contributingriver system functioning)”” category | Data source
basins)
Biodiversity A2*. Dvinsky Bay | Assessment of agquatic Almost adong the whole length the N.Dvina river isin conditions 57 Abakumov 1998

(and North Dvina
River mouth)
continued

ecosystems:

Class | - Ecologicd integrity
reflecting pristine
environments,

Class |l - Ecological stress;
Class 111 - Signs of ecological
regression;

Class |V - Ecologica
regression (loss of diversity);
ClassV - metabolic
regression (a complete
degradation of the
biocoenosis)

of ecological stress (Class - 11). The signs of ecological
regression (Class 111) can be found below Arkhangelsk city.
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Table 2.4 continued

Coastal
I mpact/l ssue

Pollution

L ocal site/Region
(contributing river
basins)

B1. Kola Peninsula
(smdll rivers Kolos—
Y oki, Nuduai, Rosta,
Pechenga etc.)
(without the Kola
Bay); catchments
near Zapoljarniy,
Monchegorsk and
Kirovsk.

Critical substances (for Distance to critical threshold (qualitative or quantitative) Impact | References/
system functioning)* * category | Data source
— Heavy metals (HM): High | 30 % of the Kola North territory exceeds I T (up to 25). (460 9-10 Moiseenko et al.
concentrations of Ni, Cu, Cd, | lakes were studied). 1997,
Pb, As, Co, Cr, Srinlakeand | Bottom sedimentsin Imandra Lake (MAC excess): Moiseenko
river waters and bottom M onche Bay (near “Severonikel” enterprise) — Ni up to 80, 2001(ab);
sediments. Cu-25, Mn-4, Zn-2.5 Dauvalter et al.
Index of toxiticy Belaya Bay (near “Apatity”) Sr-5, Al-3, Mn-2, Zn-2.5 2000;
IT gitica =1-2 River water in small riversin 1997 (MAC excess): Anon. 2000;
R.Kolos-Yoki (city Nikel) Cu - 5-9, Ni - 36-88,
R.Nuduai (town Monchegorsk) Cu-102, Ni-87,
R.Rosta (city Murmansk) Cu-6, Fe-8,
R.Pechenga (near “Pechenganikel”) Cu 10-13, Ni 10-13. Caritat et al.
Snow samples near Zapoljarniy, Monchegorsk and Kirovsk 1998
(MAC excess): Cu- 35-555, Ni-7-26.
PH M otovsky Bay (1988-93): max 6 MAC in water; 5 L ebedeva 2001;
PechengaR.: Petrosyan et al.
1980-84 0-0.22, av.0.10 max. 4 MAC 1998
1985-93 0-0.07 mg I'*, av. 0.02 <1 MAC
POPs M otovsky Bay (1988-1993): 2-3 Lebedeva 2001

a -HCB 0.7-4.1ng ", <1 MAC
gHCB 0-24ng It

- Microbid pollution

Coaliform standard (CS):

(% of total number of samples
not complying with the
coliform standard)

M urmansk region: Cali-index CS (%)
1991 - 100
1992 - 97.8

6-8 Abakumov and
Talayeva 1998
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Table 2.4 continued

Coastal L ocal site/Region Critical substances (for Distance to critical threshold (qualitative or quantitative) Impact | References/
Impact/Issue | (contributingriver | system functioning)* * category | Data source
basins)
Acidification B1. Kola Peninsula | Low pH in lake waters; 460 lakes. 26 % - pH <6, 11%- pH <5 89 Moiseenko et al.
continued (small Critical load (CL) -0.3 gSmi? | From 1980 to 1995 total emission of SO, decreased from 650 x 1997; Moiseenko
rivers Kolos-Yoki, | yr™ for tundraand mountain | 10° t yr* to 450 x 10° t yr'™. 2003;
Nuduai, Rosta, regions. 17 % of lakes — critical threshold passed. Chernogaeva et
Pechenga etc.) HCO; < 50 pgpeqy I 1990-92: 40 % of territory > 8 gSmi? yr™ al. 1998
(without Kola Bay): 1995: <30 % of territory > 8 gSm?” yr*
catchments near
Zapadljarniy,
Monchegorsk and
Kirovsk.
Eutrophica DOM/Py,t < 1000 - 50-70 % of lakes belong to the distrophic type; 4-5 Moiseenko 1997,
tion dystrophic type of lakes. Eutrophication only takes place in shalow, thoroughly warmed Moiseenko et al.
Oogiss <4 mg " reservoirs because of agricultural and domestic discharges. 2001; Drabkova
Even at high concentrations of phosphorus, aga blooms do not 1998
appear — the eutrophication process is limited by low
temperature and high water exchange
Biodiversity Leved of biodiversty loss In 5 % of the lake's area a degradation of biodiversity is 4-5 Kashulin 1994,
observed. Yakovlev et al.
Accumulation of heavy metalsin organs and tissues of fishes 1996;

Moiseenko et al.
1997
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Table 2.4 continued

Coastal L ocal site/Region Critical substances (for Distance to critical threshold (qualitative or quantitative) Impact | References/
Impact/Issue | (contributingriver | system functioning)* * category | Data source
basins)
Pollution B 1.1 Kola Bay Heavy metds. highest The highest content of Cu (567 ppm) in bottom sediments near 56 Ilyin & Dahle
(KolaRiver: 3850 concentrations in bottom M urmansk port. 1996
km” watershed, 1.46 | sediments of Murmansk port, | Cd 0.34, Hg 0.36, Pb 93 ppm.
km?® yr* discharge; especidly Cuand Zn Port Severomorsk: Cu 54 ppm.
Tuloma River: Bar ents Sea bottom sediments: Cu 2-6 ppm. llyin & Petrov
21,500 kn? KolaBay: Cu 30-567, Zn 80-300, As 10-25, Cd 0.11-0.34, Hg 1994
watershed, 7.63 km® 0.13-0.36, Pb 25-93.
yr* discharge; Air: Murmansk Hg = 0.5-5.5 ng Hg mi°, av. 2.2
Murmansk area) KolaBay Hg 0.7-3.3, av. 1.7 ng Hg mi® Golubeva &
(2 times less than in the air of the European territory of Russia) Burtseva 1996
PH the highest impact inthe | Water of the bay: 7-9 llyin et al. 1996;
Barents Sea 1985-1992: PH = 0.02-0.1 mg ", av. 1 MAC Loring et al.
Maximum 1-7 mg I'', 20-140 MAC. 1995
PAH chronic ail pollution Bottom sediments (0-2 cm):
1995-1996: 470-7350 mg kg™
One sample max. — 50,800 mg kg™
Bottom sediments: & PAH = 240-1211 ny kg™
Benz(a) pyrene = 65-513 ng kg™
(10-20 MAC)
POPs 1992: Bottom sediments - Anon. 1993;
a- HCB = 0.3-3.2 ng g* Savinov et al.
1996

g HCB =0.54.4ngg"

4 DDT =3.310.1 ng g*, av. 6.1 ng g* (15 times above the
Pechora Sea bottom sediments).

PCB = 12.3-282.6 ng g*, av. 93.7 ng g* (Pechora Sea- 0.9 ng

g
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Table 2.4 continued

Coastal L ocal site/Region Critical substances (for Distance to critical threshold (qualitative or quantitative) Impact | References/
Impact/Issue | (contributingriver | system functioning)* * category | Data source
basins)
Radioactivity | B 1.1 Kola Bay Thisregion has anaval bases, | Totd discharge of artificid radionuclides into the K ola Bay 6-7 Kolomiets et al.
(continued) mooring and utilizetion of (1989-1994): 1993
nuclear powered vessels, g5 15.7x10° Bq yr*
storage of exhausted nuclear | *¥'Cs 76.2x10° Bq yr™ Matishov et al.
fud, ship-repairing and ship- | ®Co 61.6x10° Bq yr™ 1996
building plants
Bottom sediments: **'Cs = 3-23 Bq kg'™;
®Co = 0.2-3 Bq kg™
Near “Atomflot”: **'Cs = 2-40 Bq kg™;
®0Co = 227 Bq kg™
Eutrophica Oagiss. CONCENtration, high Ougiss. = 10-13 mg 1, min 60 % in winter. 4-6 Pavlova 1996
tion concentrations of nutrientsin | Surface waters: NO,=0, NOs=25-63 ng I, PO,=0.
interstitial waters Near bottom waters. NO,=0, NO3 up to 55 ny I, PO,=0.
Interstitial waters: NO,=0-26, NO5=20-140, PO,=24-1020.
Biodiversity Existence of oppressed biocenosis in the Rodaykov Inlet and 57 Frolovaet al.
near Murmansk. 1996
Low biodiversity of bottom faunais a result of organic Gudimov and
pollutants. Frolov 1996;
Decrease of biomass of benthos and loss of fish diversity. Karamushko et
al. 1996
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Table 2.4 continued

Coastal L ocal site/Region Critical substances (for Distance to critical threshold (qualitative or quantitative) Impact | References/
Impact/Issue | (contributingriver | system functioning)* * category | Data source
basins)
Pollution B2. Pechora River | Heavy metas: higher River water (annual concentration, ng I'): Melnikov &
and Pechora Sea concentrations of Zn, As, Sr, | Zn - 0.1-30, Ni - 0.05-3.1, Cu - 0.05-0.81, Cd - 0.02-0.4, Pb — Gorshkov 1999
Coastal Zone Cr in the Usa River and the 0.05-1.7,Cr- 0.1-1.7.
KolvaRiver due to sewage of | Ust’-Tsil’ma (in MAC) (2003): Cu- 1-3 Anon., 2005
the coal pits of the Pechora Pechora: Cu- 9-10, max 15
cod basin Nar'ayn-Mar: Cu, Zn- 2, Fe-7 4-6
Nel’min Nos: Hg- 1.9, Pb, Cd <1
(bottom sediments, pug.g*) Hg- 0.31, Pb-6.0, Cd-0.08 (all
MAC<1)
Suspended matter (my gY): Zn 270, Cu 170, Pb 130, Ni 31, Cr Morosov et al.
105 (1972) 1974
Bottom sediments (ny g*): Cu 5, Zn 60, Pb 17, Cd 1.5, Co
13, Ni 31(1972)
Pechora Sea (bottom sediments, ng g*): Cu 21, Zn 80, Pb 19, Loring et al.
Cd 0.07, Ni 41. 1997, Lukin &
R. Usa basin (water, ng I'Y): Cr 6.2, Zn 12.7, Cu 1.3, Po 1.1, Dauvalter 1997
As 3.2, Cd 0.09 (max < 2 MAC for Cr, Zn, Cu).
PH: accumulationof River water (ng IY): PH = 0-60 (1999), 12-50 (2003)
petroleum hydrocarbons in the Bottom sediments (ng g*): pH = 3-20, deltaand lakes PH =
Pechora Delta and the 360-1250 (1999), 17-30 (2003)
Golodnaya Inlet due to R. Kolva mouth: IR - 60. Wartenaet al.
accidents in the ail pipdines. Ddltaof R Pechc;ra: IR = 800-3000. 1997; Lebedeva
Index of ecological risk IRsit Near Narjan-Mar City: bottom sediments - & PAH = 16-500 910 2001; Danle et
> 300 1 ' (Delta) | al. 1997; Anon.
gy kg 2004

Pechora Sea water: & PAH = 10-90 ng I'* (1988-91) (0-2
MAC, max - 10 MAC),

Pechora River water: S PAH=93-106 pg.I* (2003) (
<IMAC)

Bottom sediments: & PAH = 55-265 mg g*




Table 2.4 continued

Coastal L ocal site/Region Critical substances (for Distance to critical threshold (qualitative or quantitative) Impact | References/
Impact/Issue | (contributingriver | system functioning)* * category | Data source
basins)
Pollution B2. PechoraRiver | POPs River waters (ng I™): 46 | Alexeevaet al.
and Pechora Sea (1991-95) a-HCH =0-6, >HCH =4-7 (MAC=10) (Delta) | 1997
Coastal Zone DDT 0, DDE Q. Wartena et al.
(continued) (2003) a-HCH=0.14- 0.18 1997
Bottom sediments (ng kg™): & POP’'s <0.6-12.5 (1994-95) Anon. 2004
Pechor a Sea (open water): Phenols (ng I') — 1; (MAC is Izreel et al. 2001
exceeded in 50 % of cases).
Acidification Sulfate flux 2.1x10° t yr™*, atmospheric component of sulfate = 45 Moshiashvili
10 % 1992
Eutrophica- Pechora River mouth (2000): 4-5 Izrael et al.
tion Ougiss - <4 mg I (4 %). 2001;
Nutrients (1979-95, ng I'): NO; - 74, PO, - 34, P - 53. Gordeev et al.
1996
Radioactivity Bottom sediments of the Pechora Sea 5 Ivanov 1999
137Cs = 1-10 Bq kg™, max 44 near south shore of the Novaya
Zemlia
Pechora Bay — background (av. 8 Bq kg™).
Sedimenta- Tota suspended matter discharge 9.4x10° t yr™, av. turbidity 72 46 Mikhailov 1997
tion mg I'*. Holmes et al
Water exchangein Pechora Bay 20-30 days. Accumulation of 2002

mud in small western arms of the delta and progradation of the
Big Pechora River plume are occurring.




Table 2.4 continued

Coastal L ocal site/Region Critical substances (for Distance to critical threshold (qualitative or quantitative) | Impact | References/
Impact/Issue | (contributingriver | system functioning)* * category | Data source
basins)
Pollution C2. Obskaya Guba | Heavy metals (HM) Upper Irtysh River (Kazakhstan) (water, pug 1™): Cu-23 57 Panin 2002
(Ob Bay) (23 MAC), Zn-40 (4MAC), Pb-20 (2 MAC), Mn-40 (4 MAC)
MiddleIrtysh River (Russia) (water, in MAC):
Fe, Mn, Cu, Zn, Ni, Cd, Pb, Cr, Hg, Co- al beow IMAC Gordeev et al.,
Middle Ob River (water, nmg [*): Cu 2.1, Zn 54, 2-4 2004
Tomsk (2000) Cd- 0.2, Pb - 0.8,
AreaHg - 0.12 (max 2.3), Shvartsev et al.
Zn -5MAC, Hg -max 23 MAC. 1999
Lower Ob River: Cu-2.1,Zn-0.3, Ni -1.3, Pb -0.014, Hg-
0.0006, Cd -0.0007 (no MAC exceeded).
Gordeev 2001
Suspended matter (my g™%): Cu -50, Zn -104, Pb -16, Cd -0.53,
Hg -0.05.
Bottom sediments (ng g*): Cu -25, Zn -83, Pb -19, Cd -0.12, ,
Loring et al.
As-36.
1997
(pvl\_/iat\e/:rvfe?j?? ?ﬁg ?Db and pH in river waters along the whole Ob River length (1997, in Evseev 1996
: i i< th ion of MAC): upper reach - Buisk-4, Novokuznetsk - max 30-34,
Yenisey n_vers) Isthe region of -\ mjgdie reach - Barnaul - 21, Novosibirsk - 18, Tomsk - 5-8,
90 % of oil and gas production in Nefteyugansk - 20, low reach — Salekhard - 10 810 Anon. 2000,
Russa | Lower Ob River (2003, in MAC): 1-19 2005
(3-10)x10° t yr~ of crude ail is
going to soils and water in the Ob River mouth: 0.11-34 mg I, av. 0.3-0.9 Petrosyan et al.
region. e | I 1998;
) e 1976-1993 6-18 MAC).
Accidents with oil spills (St. §2003) (1_1)9 M AC)( ) Anon. 2005
lNOJ;?an, 1993 — 420 000 t was Ob Bay: water - 0.05-0.16 (1-3MIAC) Lebedeva 2001
Bottom sediments - 30-60 ny g*
POP's o 1
Ob River:a - HCH - 0-27,av. 2ng [, Anon. 2000

(1997) g- HCH - 0-86, av. 15ng I},
DDT - 0-110, av. 13 ng I'".
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Table 2.4 continued

Coastal L ocal site/Region Critical substances (for Distance to critical threshold (qualitative or quantitative) | Impact | References/
Impact/Issue | (contributingriver | system functioning)* * category | Data source
basins)
Pollution C2. Obskaya Guba Ob Bay: pesticides - 0-1, max 2-6 ng I'* Petrosyan et al.
(Ob Bay) & HCB - 41ngl*, PCB - 43 ngI*, max 11. 1998
(continued)
Phenols Ob River: middlereach - 0-40, av. 9 ng I'*
(1976-1993) mouth - 0-13, av. 2-4 g I* (2-9MAC)
Microbid pollution Coli-index, E. coli-index: 1991 1992 Abakumov 1998
coliform standard . Novosibirsk area 918 815 9-10
(% of samples not complying Tomsk 913 847
with coliform standard): Omsk 100 100
Tumen’ 100 34
Samples not complying with the coliform standard (% of total
number of samples)
Acidification Deposition of sulfur The Arctic coastal zone and the North and the central part of 4-5 Izrael et al. 2001

West and East Siberiain 1999-2000: SO, in wet deposits av. 3
11 mg I, av. deposition of S0.8-0.9 g m?xyr™.
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Table 2.4 continued

Coastal L ocal site/Region Critical substances (for Distance to critical threshold (qualitative or quantitative) | Impact | References/
Impact/Issue | (contributingriver | system functioning)* * category | Data source
basins)
Eutrophica C2. Obskaya Guba | Concentrations of Oxqiss,, Oadiss. IN the Ob River basin in 1996-97 average 9.5-10.0 mg
tion (Ob Bay) nutrients, fish mortality. I, In winter minimum concentrations were detected in the 4-7 Anon. 2000
(continued) Irtysh and Tobol rivers (down to 0.8 mg I') and in the Ob
River (2.1 mg ™). Groundwater from swamp watershed with
low content of O.giss, / fish mortdity.
Underground water discharge 76x10 | yr* (17.7 % of river
discharge). Very high NH, 0.03-2.6 mg I'* (up to 5 MAC), NOs Gordeev et al.
0-48mgI™*, NO, 0-0.14 mg I'*. 1999
Radioactivity Major sources of radioactivity | The Ob River Bay (bottom sediments): **'Cs <10-50 Bq kg™, 810 | Cocran &
located in the Ob River basin: av. £ 10 Bq kg™ (South Norris 1993;
the “Mayak” chemical Urdl)
enterprises (Ozersk town) Matishov et al.
(processing of nuclear fuel for | The Kara Sea sediments of the main part of the sea™*'Cs< 5-6 (delta | 1996; Aibulatov
atomic power stations and 10 Bq kg™, high concentrations to north from the Y ugorsky and sea) | 2001a; Champ
atomic submarines), Siberian Peninsula, Novozemel skaya deep. et al. 1994;
group of chemical enterprises “Yugorsky” spot; 1984 = 245 Bq kg™, 1993 - 95 = 27-31 Bq kg Gaimov et al.
Tomsk-7 (Seversk town) ! decreased by a factor of 7. 1996
(processing of U and Pu)
Sedimenta- In the Ob River basin thereare | Influence of damsis not significant. Dredging works on bay- 56 Mikhailov 1997,
tion 8 dams with total volume 75.2 mouth bars of the Ob, Pur and Taz rivers. Zdogin &
km® of water Total suspended matter discharge — 15.5x10° t yr™, av. turbidity Rodionov 1969;
37mg ™. Holmeset al
Anthropogenic decrease of water discharge (403 km® yr?) is 2002

less than 3 %.
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Table 2.4 continued

Coastal Local site/Region | Critical substances (for Distance to critical threshold (qualitative or Impact | References/
Impact/Issue | (contributingriver | system functioning)* * quantitative) category | Data source
basins)
Pollution C3. Yenisey River | Heavy metas: low Yenisey Bay: 2-3(Bay) | Da & Martin
and Yenisey Bay concentrations in water, Water (ng I'): in 1989-1993 Cu 1.6, Zn 1.5, Pb 0.01, Ni 0.54, 1995; Kravtsov
suspended matter and bottom Hg 0.0003. et al. 1994;
sediments of the Yenisey bay. | Suspended matter (ng g*): Cu 144, Zn 220, Pb 30, Cd 2.2, Ni Gordeev 2001,
There are few deeps with higher | 75 Hg 0.05. Loring et al.
heavy metal's concentrations due | Bottom sediments (ng g'): Cu 45, Zn 108, Pb 15, Cd 0.11, Ni 1997
to natural processes. 61, As21.
One deegp in the Yenisey Bay (30 m, 3 %o):
Oagiss <4 mg I, pH - 7.3, H,Straces, Cu 2.0, Zn 3.5, Pb 0.4,
Cd 0.1 (this deep is atrap of organic matter, low exchange of
water, flux of dissolved metals from interstitial waters).
Yenisey River (water, in MAC):
The Norilsk mining-metalurgica | 1997 Cu 7n Fe 6-7 Anon. 2000
complex (NMMC) is situated in Sayanogorsk (upper
the lower Yenisey River basin. | (3013km fromses) 3 3 15 and
Emission to the atmosphere Abakan (2887) 6 3 15 middle | Evseev 1996
were extremely highin 1960-70- | pjynogorsk (2500) 3 4 2 reach)
s(upto 224x10° t yr"),in 199 | Krasnoyarsk (2480) 7 4 4
down to 1.95x10° t yr™. |garka (711) 3 2 2
2003
Dudinka (435 km) Pb <1, Cd<1, Hg-1.7
Upper Yenisey River Cu-4-11, Zn-2-6 Anon. 2005
Krasnoyarsk (2480) Cu- max 25, Zn- max 34
Soilsin the Norilsk area (70-100 km from the source, ng g™):
10 Anon. 2000

Cu 1400-1700, Ni 250-500, Pb 30, Cd 3-5 (up to 50 x
background).
Near the industrial zones up to 150-200 MAC.
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Table 2.4 continued

Coastal Local site/Region | Critical substances (for | Distanceto critical threshold (qualitative or quantitative) Impact | Referenc
Impact / (contrib. river system functioning)** category | es/ Data
I ssue basins) sour ce
Pollution C3. Yenisey PH: similar situation to the | Y enisey River (1975-93) (mg I} 8-10 Dahle et
River and Ob River (see above). Upper reach — av. 0.17-0.94, max 2.6 (52 MAC) (1975 | al. 1997
Y enisey Bay In 2003 PH pollution middle reach — av. 0.37-0.50, max 1.2 (24 MAC) 1993) Petrosyan
(continued) decreased by afactor of | lower reach — av. 0.17-0.20, max 0.6 (12 MAC) et al.
1.8in comparisontothe | (1996-97): Yenisey R. - 0-1.19 1998
previous years. AngaraR. - 0-0.84
KachaR. - 0-0.64 Anon.
Whole Yenisey basin - 0-1.42, av. 0.20 (4MAC) 2000,
Tebusey Bay (bottom sediments, ny g*): < 1.19-149. 2005.
Y enisey Bay (2003) (water, mg.I™): av.0.032 (max 1.2MAC)
PAH: Yenisey River, Dudinka(2003)
(water, ng.I™) S PAH=226-258 35 | Anon.
(bottom sediments, pug.g*) S PAH=56-71 (2003) | 2005
Y enisey Bay (2003)
(water, ng.I") SPAH=29
POPs Y enisey River (1991-95, water, ng I™): 6-8 Anon.
a- HCH - 0-14, ?- HCH - 2-12, DDT - 0, DDE - Q. (1991- 2004
Dudinka (2003): SHCH=0.21-0.36, DDT=0.29-0.41, CBz (Chlorinated 1995)
benzene)=0.17-0.21, SPCB=0.93-1.54
(al below IMAC)
(bottom sediments, ng.g"): SHCH= <0.05-0.14, DDT=0.52-0.73,
SPCB=1.66-1.92
Y enisey Bay (1992-95, bottom sediments, ng g*): 2-4
4 HCH - 0.1-0.5 (2003)

(water, ng.I"", 2003): a-HCH=0.75, -HCH=0.89, DDT=0.41, DDD=0.14,
DDE=0.21, SPCB=3.1 (all below IMAC)

K ar a Sea shelf (1992-95, bottom sediments, ng g*): & HCH - 0.1-2.3.
Phenols: Y enisey River (1975-93, ng I'): middle reach - 0-12, av. 35.
Dudinka (2003): 0.9-1.1 (max 1.1 MAC)

(bottom sediments, ug.g*): 0.96-3.1
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Table 2.4 continued

Coastal Local site/Region | Critical substances (for | Distanceto critical threshold (qualitative or quantitative) Impact | Reference
Impact / (contrib. river system functioning)** categor | s/ Data
I ssue basins) y sour ce
Pollution C3. Yenisey Microbid pollution Lower Tunguska River: 0-25, av. 6 4-5 Abakumov
River and Angar a River, mouth: 0-23, av. 6 &
Y enisey Bay Irkutsk Reservoir: 0-6, av. 1. Taayeva,
(continued) Y enisey River basin (1996-97): 0-39, av. 1 (av. IMAC). 1998
Samples not complying with the coliform standard (% of the total number of
samples): 1991 1992
Krasnoyarsk region 139 123
Irkutsk region 50 339




Table 2.4 continued

Coastal L ocal site/Region Critical substances (for Distance to critical threshold (qualitative or quantitative) | Impact | References/

Impact/Issue | (contributingriver | system functioning)* * category | Data source

basins)

Eutrophica C3. Yenisey River Ov.diss inthe Y enisey River basnin 1996-97 was on average 2 Anon. 2000;

tion and Yenisey Bay 10.5mg I}, in the lower reach of the Yenisey River - min 6.17 Gordeev et al.

(continued) mg I'* (723 samples). 1996
Lower reach of the Yenisey River (1985-95) (ng I): NO, -
3, NOs3 -41, PO, -13, Py -49.

Acidification Riverine sulfate discharge 9.2x10° t yr™, atmospheric input is Moshiashvili
25 % of this discharge. 1992
Norilsk area air - 0.3-0.5 mg Sm™ (damage to coniferous 10 Evseev 1996
forest,10 backgrounds) (> 5SMAC, up to 70MAC);

Soils 27 gSkg*,

Snow: 30-40 mgS ™.

Areza of acidified atmospheric deposits near Norilsk — 400,000

km”.

S depogtion in Norilsk city:

1999 - 16 gS mxr ™,

2000 - 15.6 gS m2yr ™. Myach 1996
Deposition of Sand N in the NMMC area

Critical Loads CL 3 6for S, CL 3 1.2 for N.

Radioactivity Y enisey Bay (bottom sediments, Bq kg™): 56 Aibulatov 2001a;
37Cs 50-70, max 100 in 1993 Matishov et al.
®co 2-6. 1994; Champ et

al. 1994




Table 2.4 continued

Coastal L ocal site/Region Critical substances (for Distanceto critical threshold (qualitative or quantitative) | Impact | References/
Impact/Issue | (contributingriver | system functioning)* * category | Data source
basins)
Water C3. Yenisey River Total loss of water in the Yenisey River in 1995 8.7 km® yr™, 1 Shiklomanov et
withdrawal and Yenisey Bay consumption - 4.9 km® yr, al. 2000
(continued) Expected in 2025: 12 and 7 km® yr™* accordinally, i.e. 1.2-2.0 %
of river discharge.
Sedimenta- Low activity of erosional processesin the basin, av. turbidity — 2 Lidtzina 1974
tion 20mg I,
There are 8 big damsin the Yenisey basin. After the Mikhailov 1997

Krasnoyarskaya dam construction (1967) sediment flux in
Divnogorsk (just downstream of the dam) dropped from 6.3 to
0.2x10° t yr™*. Annual flux of sediment near the Y enisey mouth
(Igarka) decreased from 13.2 to 4.7x10° t yr™.

In winter river water discharge increased 50-60 %, and during
flood decreased 10 %.
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Table 2.4 continued

Coastal Local site/Region | Critical substances (for Distance to critical threshold (qualitative or quantitative) | Impact | References/
Impact/Issue | (contributingriver | system functioning)* * category | Data source
basins)
Pollution D2. Khatanga Heavy metals Water (mid of 1980’ s-beginning of 90's)(ng I'"): Cu 0.2-15 4-6 Méelnikov and
River (max 15SMAC), Zn 1.1-18 (1.8 MAC), Pb 0.08-0.3, Cd 0.03- Gorshkov,
0.2, Ni 0.1-0.9 (<IMAC) 1999
In 2000 Fe, Cu, Ni exceeded 1.1-2 MAC in 18-24 % of
samples analyzed Méenikov et
(2003) Hg 0.027 (2.7MAC), Pb 3.2, Cd 0.047 (both <IMAC) al. 2001
Suspended matter (ng g): Cu 82, Zn 104, Pb 12, Cd 0.22, Ni Anon. 2004
84, Sn 1.6, As9.3.
Rachold 1999
K hatanga Bay (2000): water- 40 ng I'* (0.8BMAC)
pH Settlement K hatanga: soils - PH 4-6MAC
K hatanga River (2003): >7
(water, pugl™) 5.9-47.9 (<IMAC) (2000)
SPAH= 117-143 ng.I* Melnikov et
(bottom sedimerts, pg.g*) 10.8-18.9 2-3 |al.2001
SPAH= 128-140 ng.g* (2003)
Anon. 2004
Khatanga River
POPs (2000, water)
4 HCB-6ngl*
DDT-3.6,PHB-6.1
2-3

Phenols- 1.3 ng I'* (1.3 MAC).

(2003, water,ng.I™)

SHCH = 0.21-0.31, SDDT = 0.46-0.79, CBz =0.20-0.32,
SPCB= 1.12-1.58 (al below IMAC)

(2003, bottom sediments, ng.g") SDDT= 0.72-0.92, SPCB=
1.28-1.75, SHCH= 0.06-0.11
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Table 2.4 continued

Coastal | Local Critical substances Distance to critical threshold (qualitative or quantitative) Impact | References/
Impact/l | site/Region (for system category | Data source
ssue (contrib. river | functioning)* *
basins)
Pollution | D4. Lena Heavy metals: Reliable | Water (ng I'l): Cu-0.8,Zn-0.4, Pb -0.04, Cd -0.006, Ni -0.3, Hg -0.001, As- 2 Martin et al.
River and data on concentrations | 0.15. (delta) 1993;
Delta in water and suspended | Suspended matter (ng g): Cu -28, Zn -140, Pb -24, Cd -0.6, Ni -34, As -9, 35 Gordeev 2001,
matter in lower Lena Hg -0.12. (upper | Gordeev &
River and its delta Bottom sediments (ny g%): Cu - 8-19, Zn 56-108, Pb 12-19, Cd 0.03-0.13. and Shevchenko
revedl that thisriveris | |n upper and middle reaches (from Peleduy to Zhigansk) high Fe, Cu and midde | 1995;
among the most pristine | zn concentrations detected in 1999 (up to 16 MAC for Cu and Zn and 38 reaches) | Rachold et al.
great rivers MAC for Fe) 1999
(2003, in MAC): Anon. 2000,
Kirensk Cu- 1-2, 2005
Olekminsk Cu-3-4, Zn-1
Y akutsk Cu<1, Mn<1 Anon. 2000,
Jigansk Cu-4, Fe-2, Zn-2 2005
Kiugsur Cu-4, Fe-3
pH 2-4

Lena River (water, mg ')

(1975-1993)Upper reach 0-0.84, av. 0.02-0.12
Mouth 0-0.12, av. 0.04-0.06.

L ena delta (1996-97): 0-2.30, av. 0.03 (0.6MAC)
Lena River basin: 0-4.19, av. 0.05 (IMAC)
Port Tiksi: 0.07 (L.4AMAC)

Buor-Khaia Bay: 0.10 (2ZMAC).

(2003):

Jigansk (765 km from the sea) -1IMAC

Kiugur (320 km)- 2MAC

S. Khabarova (111 km)- 2MAC




Table 2.4 continued

Coastal | Local Critical substances Distance to critical threshold (qualitative or quantitative) Impact | References/
Impact/l | site/Region (for system category | Data source
ssue (contrib. river | functioning)* *
basins)
Pollution | D4. Lena POPs St. Khabarova (111 km)- 2MAC
River and Lena River delta (1993, ngl-1): & HCB - 6.4 Anon. 2005
Delta (1993) DDT - 0.01-2.7, av. 0.2; PCB - 1.8
Buor-Khayabay: & HCB - 0.9 (al < IMAC).
Bottom sediments of the L aptev Sea(ng g-1): oa

DDT 0.1-0.45, av. 0.14; PCB 0.07
Phenols (water, ng |-1):
(1975-1993)  upper reach 0-15 av. < 1-2
mouth 0-13, av. 1-5
(1996-97) Lenadeta: 0-36, av. 3 (up to 13 MAC)
Lenabasin: 0-58, av. 3 (max 116 MAC).
2003: Olekminsk- 2-3 MAC
Y akutsk- 2
Jigansk- 2
Kiusur- 3




Table 2.4 continued

Coastal Local site/Region | Critical substances (for Distanceto critical threshold (qualitative or quantitative) | Impact | References/
I mpact/l ssue (contributing system functioning)* * category | Data source
river basins)
Acidification D4. Lena River Sulfur deposition (1999-2000): 0.2-0.4 gS mi“ yr™, nitrogen 34 Izrael et al.
and Delta deposition: 0.15-0.30 gN m? yr (< CL). 2001
(continued)
Eutrophication In 1996-97 in the L ena River waters Oygiss = 6.3-13.9, av. 9.5 34 Gordeev et al.
mg I'"; 1996
inthe Lena River 0.90-16.5, av. 100 mg I'*,
Av. nutrient concentrations in the Lena delta (ng I'): NOs 40,
NH, 40, PO, 8, TOC 10.1 mg I'*. Cauwet &
Corg/Norg = 20-40 (main arigin of OM in the river is terrestrial Sidorov 1996
vegetation).
Radioactivity ¥'Csin bottom sediments of the Laptev Sea - background 34 Matishov et al.
level. 1994
Coastal erosion Coastal erosion (CE) isvery Thermal abrasion: mean rates of retreat - 2-6, av. 25m yr ™. 6 Are 1980
significant source of material to | Tota mass of aorasion material along 2400 km of the L aptev
the sea Sea coastdl zoneis evaluated as 60x10° t yr™. Grigoriev 1996;
Riverine TSM discharge - 25.1x10° t yr™* (CE/Riv. TSM = 2.4). Rachold et al.
2000
Sedimentation Lena delta (32,000 km2) isthe | Av. concentration of river suspended matter - 34 mg AR: 4-6 Mikhailov 1997;
biggest onein Russian km2xr ™ Korotaev et
Federation. Two dams are Influence of the dams on suspended sediments and water al.1998
located in the upper reach of discharge in the lower Lena River courseis not significant.
the Lena River (2,360 kn?, During last 5,000-7,000 years the river fan has prograded 120-
40.4 km?) 150 km.
Dredging works in the Bykovskaya arm for navigation.
Water Mid 1980s: av. 385x10° m° yr™, i.e. 0.08-0.09 % 1 Magritsky, 2001
withdrawal of river discharge; 2000 - 310-330, 2010 - 570-635.




Table 2.4 continued

Coastal Local site/Region | Critical substances (for Distance to critical threshold (qualitative or quantitative) | Impact | References/
I mpact/l ssue (contributing system functioning)* * category | Data source
river basins)
Pollution D5. Yana River Heavy metals In 1997 discharge of untreated wastes to the Y ana River 57 Anon. 2000
(Nijneyansk) was 1200 m?® yr,
Concentrations of dissolved Fe - max 18MAC, Zn - 9MAC
(Verkhoyansk, middle reach) Rachold 1999;
Suspended matter (ng g*): Cu - 30, Zn - 130, Pb - 23, Cd - 32, Anon. 2000,
Ni - 39, As 27 (background level) 2005
(2003) Middle reach,&.Jubileinaya: Cu,Zn>1MAC in 77-100%
of cases, Fe-max 20MAC
pH Y ana River (2003, water, mg.I"): >1 MAC in 77-100% of
cases
Yana Bay (mg I'): 0.04-0.07 (0.8-1.4MAC)
POPs Phenols (1997): up to 1IMAC
Eutrophication Multiannual average (ng I'l): NOs3 -50, PO, -9, Pt — 12 Gordeev et al.
1996
Sedimentation Total suspended matter discharge - 4x10° t yr™, average 6 Holmes et al
turbidity 130 mg I'*. From 1973 dredging works have removed 2002
an average 350,000 m® yr™* of sedimented material (up to Korotaev et al.
600,000 nT yr'). Elevated turbidity is detected in 3-5 km zone 1998
and for afew hours.
Negative result — intrusion of saline waters to the mouth of the
Glavnoe Gorlo arm: 1) problems with freshwater supply in c.
Nijneyansk; 2) destruction of vegetation.
Water Mid 1980s 8x10° m® yr™, i.e. 0.02-0.03 % of river discharge 1 Magritsky 2001
withdrawal




Table 2.4 continued

Coastal Local site/Region | Critical substances (for Distance to critical threshold (qualitative or quantitative) | Impact | References/
I mpact/l ssue (contributing system functioning)* * category | Data source
river basins)
Pollution El.Indigirka Heavy metals: Multiannual dissolved concentrations (ng I'): Médnikov &
River Cu 0.7-2.6, Zn 0.6-8.2, Pb 0.16-0.20, Cd 0.06-0.14, Ni 0.5-0.9. 35 Gorshkov, 1999
Suspended matter and bottom sediment - no data.
Central part of the East-Siberian Sea(mg I): 0.03-0.04 L ebedeva 2001,
pH: (1990-93); 0.03 (2000) 2-4 Izrael et al.
Cheshskaya bay (v. Pevek) - 0.03 (<IMAC) 2001; Anon.
2000
Anon. 2005
East-Siberian Sea(1990-1993)
POPs 4 HCB - 1.4-1.8ng I, DDT - 0.5-1.0, PCB - 0.56.5
Cheshskaya bay: & HCB - up to 5.3, DDT - up to 3.2, 4-6
Phenols: BMAC (50-100 % of samples).
Indigirka River (2003): up to 12 MAC
Euthrophi- Multiannual average concentrations (ny I'%): Gordeev et al.
cation NOs - 50, PO, - 8, Pyt - 17. 1996
Sedimentation Total suspended matter discharge — 11.1x10° t yr™, av. Mikhailov 1997;
Turbidity — 207 mg I Holmes et al
Dredging works in the main stream. Intrusion of saline waters 2002
to the lower part of the Srednyay arm.
Erosion of the The rates of retreat due to thermal abrasion - 1-15myr™ Korotaev et al.
coastal zone Please score (if possibl.) thermal abbrasion 1998
Water In mid 1980s: 10x10° m® yr™, or 0.02-0.03 % of river discharge. 1 Magritsky 2001
withdrawal
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Table 2.4 continued

Coastal Local site/Region | Critical substances (for Distance to critical threshold (qualitative or quantitative) | Impact | References/
I mpact/l ssue (contributing system functioning)* * category | Data source
river basins)
Pollution E2 Kolyma River | Heavy metals: Multiannual concentrations (ny I'): Menikov &
Cu 0.05-2.1, Zn 0.1-10.4, Pb 0.02-0.35, Cd 0.01-0.4, Ni 0.1-1.8. Gorshkov,1999
Suspended sediments (ng g): Cu 100-1000, Zn 100-250, Pb
80-260, Cd 1-20, Ni 30-350.
Upper reach (Kolymskoe reservoir, 1997) - Fe= 10
MAC, Cu= 10 MAC, Zn=8 MAC.
(2003): Cu,Fe, Pb,Mn- 3-10MAC
57
K olymskoe r eser voir Anon. 2000,
(1996-97): 0.0-1.38 mg I'*, av. 0.15 (3 MAC max 15MAC) 2005
pH (2003): >1IMAC in 50-100% of cases
Kolyma River (Srednekansk, 2003): av.2, max 7 MAC
Chaunskaya bay: 0.02-0.04, max 0.11 (2 MAC).
Phenols (1996-97): 0.0-27, av. 2 ugl™ (2 MAC). Anon. 2000,
(2003): 3-10MAC 2005
POP’s
Eutrophication Ougiss iN Waters of the Kolyma River: 2-3 Anon. 2000;
1996 - 1.17-134, av. 9.63mg I'* Gordeev
1997 - 7.06-16.4, av. 11.3mg I'* et al. 1996
1984-94 (ng I''): NO; 46, NH, 63, PO, 9.5, P 14.
Sedimentation K olyma delta— 3250 kn?, 120 km length. Gordeev et
total suspended sediment discharge - 10.1x10° yr?, av. al.1996;
Turbidity — 83 mg I'*. Kolymskaya dam (1983): decrease of Holmes et al
sediment discharge in Srednekolymsk - 5-10 %. 2002
Dredging works.
Water In mid-1980s: 110x10° m° yr™, or 0.1 % of river discharge. 1 Magritsky 2001
withdrawal In 1999 sharp reduction - 5x10° m® yr™, or 0.004 %.




* Indexation of the subregions seein Figure 2.3;

**  Accepted abbreviations: HMs- heavy metds, PH- petroleum hydrocarbons, PAHs- polyaromatic hydrocarbons, HCB- hexachlorobenzene, HCH-
hexachlorocyclohexane (organochlorine insecticides, including the g-HCH isomer, lindane), PCB’s- polichlorinated biphenyles, DDT- organochlorine pesticides,
POPs- persstent organic pollutants, DOC, POC and TOC- dissolved, particulate and tota organic carbon, DOM, POM and TOM - dissolved, particulate and
total organic matter, CS- coliform standard, CE- coasta erosion;

MAC- maximum alowed concentration: for HMs (in ng I')- Hg-0.01, Cu-1, Cd-1, Zn-10, Ni-10, Mn-10, Pb-30, As-50, Fe-100 (figures behind chemica
element symbols show the ratio of their actua concentration in water to their MAC values (or excess above MAC); MAC for PH-50ng I,

HCB- 10 ng I* (for example: if the actua concentration of HCB in water is 25 ng I, then its MAC is 2.5 (25/10) and so on)

IT-index of toxiticy, IT=S; C/MAC; (I Tcriticd=1-2);

IR-index of ecological risk (IR critical = 300);

CL-criticd load, it is the maximum flux of one or afew substance-pollutants entering an ecosystem yet without causing negetive change in its most senditive parts.
(see Section 2.3.2 for more explanations).



As is shown in Table 2.4, the mogt significant coastd issues originate in industrid land and sea use, indl.
mining, resulting in oil and radioactive pollution, acidification, and to a lesser degree eutrophication,
eroson/sedimentation, biodiversity can be observed. These pressures have already caused measurable
impact on some locd and sub-regionad coagtd zones in the Russan North. Biodiversty information,
however, which is an important indicator of ecosystem hedth, except for the White Sea subregion, is
practically absent. The Driver/Pressure issues are dedt with in detall:

Pollution

The great remote region of the Arctic, which only recently was considered pristine, became an object of
pollution impact during the last few decades from local and distant sources (Y ablokov 1996; Gordeev
2002).

Among the most important pollutants in the Russian Arctic are heavy metds, oil products, sulfur and
nitrogen oxides and organic micropollutants. Air-borne wastes produced by metdlurgy smelters, cement
plants and mining, srongly affect naturd ecosystems within severd industrid regions in the Kola Peninsula
(B1), Arkhangelsk (A2), Vorkuta (B2) and Norilsk (C3) areas (Figure 2.3). The dtudion in the Norilsk
region is especidly serious, featuring ared hot spot of apassed threshold concentrations. Due to pollutants
emitted by the Norilsk mining/metdlurgica plant (NGMC), concentrations of some heavy metas in the soil
and moss exceed the MAC by 150-200 times (soil Cu - 0.4 %, Ni - 0.4 %, Co - 0.02 %; moss Cu -
700-1400, Ni - 250-500 my gY).

At the beginning of 90ies, the emission to the atmosphere from the NGMC (22.4x10° t y*) has exceeded
the totd emission in the Russian federation in 2004 (20.5x10° t y*). In 2004, emission has been reduced
down to 2.068 x 10° t y™*. Tota discharge of untreated and partially trested waste waters from the NGMC
was 85.4 x 10° n in 2003.

In the Murmansk region (B1), the metdlurgy smelters “ Pechenganikd” (Monchegorsk) and “ Severonike”
(Zapolyarnyi and Nikel) emit about 3000 t of Ni, 2000t of Cu, 100t of Co annualy (Myach 1996).

In snow meltwater near Monchegorsk concentration of Cu was up to 2190 ng I* (av. 555), Ni — 209-708
my I* (av. 258) (Caritat et al. 1998). In the water of Imandra Lake near the “Severonikd” smelter,
concentrations of dissolved Ni were 180 ng [* (18 MAC) in 1986 and 63 ng I* (6 MAC) in 1996; Cu
was 21 g I (2IMAC) in 1986 and in 1996 (Moiseenko 1997). In bottom sediments of Imandra Lake
(Monche Bay) Ni and Cu contents exceed MAC by 80 and 25 times, respectively.

New, relidble data on dissolved heavy metds in the mouth aress of the Ob, Yenisey and Lena rivers,
however, are much lower than previous figures (Martin et al. 1993; Dai and Martin 1995). According to
these studies, the great Siberian rivers are among the most prigtine big rivers in the world (the Lena River
epecidly). Irrespective of this, in the upper and middle reaches of the rivers heavy metads concentrations
may dill be quite high (Shwvartsev et al. 1999; Rachold 1999; Panin and Sbirkina 2000; Panin 2002;
Gordeev et al. 2004 and others).

Mining leads to pollution over hundreds of sgare kilometres at a distance 30-100 km and more from the
sources. The most typicd example is the “Apdtity” mining complex in the Kola Peninsula region. “Apatity”
accumulates annually about 30x10° t of waste ores and emits about 70x10° t of dust. The maximum
concentration of S in the air was 170 ng m®, i.e. 100 times above background level.



Rivers and lakes within gas and oil extraction regions (manly in eastern European and north-western
Siberia) are heavily polluted by crude oil: 3 to 10x10° t of oil are spilled annualy in 300 large (over 10,000
t) and 11,000 intermediate accidents from pipelines and oil extracting facilities (Yablokov 1996). One
study (Bratsev 1989) has shown that one derrick emitted about 2 t of hydrocarbons and soot, 30 t of
NO,, 8t of COz, 5tof SOz.

Qil pallution leads to dgnificant change in the diversty of the locd fauna The number of species and
quantity of birds in the territory of oil outputs decreased sgnificantly in comparison with unpolluted aress.
water-fowls have disappeared completely while the number of snantropous species (following or adapted
to humean dvilisation) increases.

Perdgtent organic pollutants (POPs) are among regularly detected substances in the water, sediments and
biota of the Arctic region. The main contaminants of concern are: organochlorine pesticides (e.g. HCH)
and their metabalites, industrid chemicals (PCBs), and anthropogenic and naturd combustion products
(dioxin/furans and PAHS). For example, in 1995-1997 recurrence (in %) exceeding IMAC of phenol
concentrations in waters of the North Dvina River basin was in the range 35-51 %, in the Ob River basin
44-46 %, in the Y enisey river basin 28-31%, and in the Lena River basn 61-72 %.

Acidification

Anthropogenic acidification of waters is occurring due to atmospheric depostion of sulfur dioxide and
nitrogen oxides in the watershed areas. For anthropogenic acidification of surface waters, two factors are
generdly necessary: the occurrence of acid precipitation and the naura sendtivity of the land to
acidification.

In the Murmansk region (B1), two metalurgic smeters “Pechenganikel” and “ Severonickd” emit 86 % of
sulfur dioxides (another 14 % comes from loca power and wood- pulp and paper plants). At the sametime
the transboundary trandfer of sulfur from Western Europe and even from the American continent is a
sgnificant source of sulfur import in the Russan Arctic.

The NGMC remains the most significant source of sulfur dioxide. In 2003 its emission to the amosphere
was 1.5x10° t y* of sulfur dioxide, 120x10° t y* of carbon oxide and 50x10° t y* of nitrogen oxide.

Comprehensive studies of the pollution of the Kola Peninsula have been carried out by the Ingtitute of
Industrid Ecology Problems of the North (Kola Science Center, Russan Academy of Sciences). They
determined the critica loads for sulfur deposition on the Kola Peninsula territory (Table 2.4). On broader
scae, information on the rest of the Arctic zone apart from North Fennoscandia and the Kola Peninsulais
too limited to draw reliable conclusions about the level of acidificaion in the Russan Arctic (Moiseenko
1997; Khublaryan and Moiseenko 2000).

Radioactive pollution

Sources of artificid radionuclides in the Russan Arctic Seas include the Novaya Zemlya nuclear wegpon
tests (1950s — 1960s), globay transferred input from other tests, the Chernobyl accident, mining-chemicd
plants in Russa, radiochemicd plants in western Europe, dumping of solid and liquid radioactive wastes in
the Barents and the Kara seas, and the northern military marine and atomic icebresker fleet “Atomflot”
(Aibulatov 2001a). Located in the river basns, Russan chemica plants of the military-indudtrid complex
are powerful sources of radioactive pollution of the seas. According to officia data (Yablokov et al.
1993), 1100 Tbg (30,000 Ci) were transferred to the Arctic Ocean through the Ob and Yenisey rivers
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between 1961 and 1989. However, the generd degree of water radioactive contamination of the Arctic
sess differs little from background (~6 Bq ), except for severa locdized areas. The input of the Ob and
Yenisey liquid discharge is not Sgnificant at present.

The adtivity of **’Cs for the Barents Sea bottom sediments generally does not exceed 10 Bq kg*. The
anomalous high content of technogenic radionuclides is due to the vicinity of the southern Novaya Zemlya
polygon (Chernaya Inlet and others). The digribution of atificid nuclides in the Kara Sea bottom
sediments is irregular. High concentrations were detected in the Yenisey and Ob estuaries and in the
Novozemedsky trench. The Yenisey and the Ob (less obvious) should be considered as arteries through
which technogenic radionudlides reach the ocean water (Aibulatov 2001a). The fact that high ©*'Cs
concentrations have not been registered in the Novaya Zemlya coasta zone indicates that solid radioactive
wadte dumping has not yet influenced the contamination of the open Kara Sea. Obvioudy monitoring of the
Ob and Y enisey estuariesis necessary.

Eutrophication

Eutrophicetion in the Arctic does not attract priority scientific attention. Despite the exigtence of
anthropogenic drivers for excess nutrient supply the hydrologicd and biogeochemicd system settings
regulating water formation in the Arctic basn may actudly prevent the development of eutrophication.
Among those factors are a Sgnificant precipitation, good water exchange and a weak soil-vegetation cover
(Moiseenko 1997).

Among those characterigic signds of eutrophication the following can be detected only locdly, increasing
nutrient concentrations, intensive dgae bloom with prevailing blue-green and green phytoplankton species
and subsequently decreasing concentrations of dissolved O,. However, the periodicity of appearance of
low dissolved O, (< 4 mg ') in waters of big Arctic river basinsisvery low (Table 2.4).

Levds of nutrient concentrations in waters of rivers, lakes and reservoirs are important in regard to the
eutrophication process. There are long series of nutrient data for many Arctic rivers in the Rosgidromet
database. However, data for ammonium nitrogen are conddered unrdiable due to andytica problems
(Holmes et al. 2000, 2001). But the very high NH, concentrations (in the Ob and Yenisey rivers
especidly) might be an indicator for eutrophication in these basins.

In generd, eutrophication is sgnificant in some smdll rivers and reservoirs but is not a red problem for the
big Arctic rivers and their recalving water bodies as awhole.

Coastal geomor phology

Damming is serioudy affecting the erason - accretion equilibrium in the basins of some big Arctic rivers.
The detailed consderation of the recent trends in sediment yields of the Arctic rivers shows that “changesin
suspended sediment yields depend more on man's activity than on climate change’ (Bobrovitskaya et al.,
2003).

There are 13 dams and reservoirsin the Ob River basin (total volume 75.2 knt), 8 dams and resarvoirsin
the Yenisey River basin (4739 knt), and a few dams with reservoirs in the Lena and Kolyma basins
(Voropaev and Avakyan 1986). The most important changes in the suspended meatter discharge have
happened in the Yenisey basn. After congtruction of the Krasnoyarskaya dam and hydro-€lectric power
dation in 1967 (73.3 knt), sediment discharge in Divnogorsk (just below the dam) dropped sharply from
6.3x10° t yr' to 0.24x10° t yr*, and in Igarka (few hundred km from the mouth) it decreased from
13.2x10° to 4.7x10° t yr* (turbidity was reduced from 24 mg I'* to 10 mg I'* (Mikhailov 1997)).
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In the Ob River basin, the water and sediment fluxes at Salekhard show no datistically sgnificart trends.
After congtruction of the Novos birskaya dam, the sediment discharge in Novosibirsk decreased from 14.0
to 5.1x10° t yr'. However, observations in Belogorie (sbout 700 km upstream of Salekhard)
demongirated a positive trend from 19.2x10° t yr* (1941-1964) to 28.4x10° t yr* (1956-1990) dueto a
sginificant impact of human activity. Bobrovitskaya et al. (2003) condder that the main reason of stable
regime of sediment flux at Salekhard is a wide flood plain downstream of Bdogorie. A huge amount of
sediments (about 59%) is deposited and exchange between river and the flood plain occurs. Insignificant
changes were found in the Lena and Kolyma basins after congtruction of the damsin their basins. The river
discharge for the Kolyma River at Ust- Srednekan for the period 1941-1988 shows no sgnificant trend. At
the same time, the sediment flux record shows clear evidence of increase — a least double since the mid-
1960s (Walling and Fang, 2003). The increase from 1.9x10° t yr (1941-1964) to 3.7x10° t yr* (1964-
1988) may be explained by gold mining in the Kolyma river basin (Bobrovitskaya et. d. 2003).

In generd, recent investigations have shown that the contribution of coasta erosion to the materia budget
of the Arctic coadtd seas is Sgnificant. Are (1999) suggested that the amounts of sediments supplied to the
Laptev Sea by rivers and shordline erosion are at least of comparable order, maybe even that the coastal
eroson input is likely to exceed the riverine one. The totd mass of abrason meterid dong 2400 km of the
Laptev Sea coastline was 60x10° t yr* (Rachold et al. 2000). Thisis indeed 2.4 times the discharge of
riverine suspended sediment in the Laptev Sea basin (25.1x10° t yr'; Gordeev 2000). Thisis a result of
high erosion rates (2-6 m yr* retreet) due to high diffs and sessond ice mdting. The opposite is taking
place in the Canadian Beaufort Sea: riverine sediment discharge is 64.45x10° t yr* and coastal erosion
sediment input is only 5.6x10° t yr (erosion/ riverine ~ 0.09) (Macdonald et al. 1998). Significant
abrasion was detected in the eastern White Sea coasta zone (13-17 m retreat), and in the East-Sberian
Sea (4-30 m retreat; Aibulatov 2001b).

These pronounced regiond differences in the riverine and coasta eroson sediment input have to be
consdered when edtablishing budgets of the Arctic seas. Recent publications (Brown et al. 2003;
Grigoriev and Rachold, 2003; Rachold et al. 2003b) indicate that coastd eroson forms a mgor source
not only of the sediment input but also of the the total organic carbon (TOC) input to the Arctic sees.

Figure 2.5 shows the comparison between riverine and coastal TOC input in the Arctic coastal basin. It has
to be noted that that the data given in the figure are the best currently available estimates, but may include
errors ranging from ca. 30 % for the Laptev and East Siberian seas to one order of magnitude for the other
seas (Rachold et al. 2003a).

Biodiversity

Increasing pollution of the lakes, rivers and coastal zones of Arctic seas by oil products, heavy metdls,
pesticides and other pollutants leads to loss of biodiversity - reduction of biomass and change in structure
of plankton community, loss of biomass and diversity of bottom fauna and especialy loss of habitats and
sgnificant loss of fisheries.
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Figure 2.5: Riverine and coastal TOC fluxesto the Arctic Ocean (in mio. t C yr™). Gray barsrefer
toriver input and black barsto coastal input. Note that the sum is shown for Beaufort and Chukchi
Sea and that Barents Sea input data include the White Sea. (Rachold et al 2003a).

The White Sea and the Barents Sea were the richest in food-fish stocks. However, mgor exploitation of
these resources occurred in the mid-20th century. The combination of overfishing and pollution led to sharp
reductions in fish population and fish catches. In the North Dvina basin, catch volumes of sdmon and
Sherian White fish has dropped by afactor of 4 between 1985 and 1990 (Mokievsky 1996). In the
Pechora basin reduction of fish catches by 34 times in the early 1990ies was due to industrid wastes
floatage, dredging and ail pollution.

In the Ob River basin, fish catch was about 34,000 t at the end of the 1930s, 80,400 t in the mid-1940s,
but by 1993 it was down to about 400 t yr™ in the Ob mouth and bay and 14,500 t yr™ in the Ob basin
(Mokievsky 1996).

Fish catches in the Yenisey River basn are more or less stable, reducing 20 % from the 1940s to the
1990s. In the Lena basin the highest catch, 9960 t, was recorded in 1944; by 1964 in the lower Lena
River it was down to 1,100 t yr™.

Significant decreases of fish populations results in reduction of numbers of birds, seds and waruses.
Overfishing of capdin in the Barents Sea in the 1970s (3x10° t) resulted in degradation of seashore
colonies of birds (Krasnov et al. 1995). In 1986-87, 90% of the Murmansk (Barents Sea) population of
common guillemote and 50% of thick-hilled guillemote have been lost. The problem of biodiversity
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preservation in the Arctic with its relaively low biota composition and extreme senditivity of ecosystems to
anthropogenic impactsis of high priority.

2.4 Driver/pressure state change relationships

A matrix of causes and effects (Table 2.5) provides an overview of the mgor drivers affecting drainage
basins, the mechanisms whereby the resulting pressures affect the coadt, the specific Sate changes and
impacts observed, and timing of these. In principle the very long Arctic coasta zone in Russaistectonicaly
passive, athough the boundary between the Eurasian and North American tectonic plates passes dong the
Lena River channd. Thus anthropogenic and dimatic drivers of change dominate as compared to
geotectonicd incidents.

In the huge Arctic basin there are many smdl riversinflowing to the coastdl sees. However, due to the very
low dengty of population, the overwheming mgority of them, with the exception of smdl rivers of the Kola
Peninsula and probably of the White and Barents seas, are practically pristine and are not considered here.

Table 2.5. DPSIR matrix characterizing major catchment based driver s/pressures and a qualitative
ranking of related state changes impacting the Russian Arctic coastal zonesversus catchment size
class. Timescale: p - progressive, d - discrete.

State change dimension: major, medium, minor, no impact, insufficient information

Driver Pressure State change Impact on the coastal | Time
(qualitative index) system scale
Large basins
(> 200,000 km?)
Industry - Waste and hest effluent Major - Pollution (heavy metals, p
including - Water extraction (also applicable for small | petroleum hydrocarbons,
mining and - Pollutant loads catchment basin coast | sulfur, POPs, heat)
oil/gas increase systemsin the Kola |- Increasing anoxia
production - Increase in sediment Peninsula) - Loss of biodiversity
Transport
Navigation - Waste influence Medium - Pollution p
- Increasing sediment - Sedimentation
transport due to - Sdinization
dragging

- Increasing demand for
coastal engineering

works
Damming - Decreasing sediment Medium - Coadtal erosion d
transport
- Changing seasona water
flow regime
(decreasing spring flood and
increasing winter runoff)
Agriculture |- Waste/nutrient (excess of Minor - Pollution with heavy p/d
fertilizer) effluent metals and pesticides
- Water extraction - Eutrophication
- Increasing sediment - Increasing anoxia
transport
Urbanization |- Increasing waste effluents Minor - Pollution (heavy metals, dp
- Increasing water extraction organic, nutrients)




| | | - Eutrophication |

As shown earlier in Table 2.4, the smdl rivers of the Kola Peninsula (Kola, Tuloma, Patsa-Joki and others)
are subject to high pressure by pollution and eutrophication due to effluent discharge from indudtriaization,
urbanization and agriculture within their catchment arees.

The timing of changes in the coastd zone is another significant aspect of driver-pressure-state change
relaionships. With the exception of damming, dl other environmenta changes will be progressive in the
coastal zone and will need to become subject of long-term monitoring to understand and manage effectively
the Arctic coastl zone.

2.5 Assessment of impacts by land-based drivers

Land-based drivers and their related coastdl impacts are considered and ranked according to relative scae
categories. The ranking follows the LOICZ-Basins approach (Kremer et al. 2002, Hong et al., 2002),
taking into account the present dimensions of impacts and their expected evolution based on existing data
and expert judgement. In generd, in the Russan Arctic, dthough of predominatly locd and / or sub-
regiond scde, the most concerning coadd issues are caused by pollution originating mainly from
indugtridization and navigation, acidification, radioactive pollution and erosion. The latter can be attributed
largdy to dimate change affecting the hydrologica cycdle, run off, ice-cover patterns and permafrost
conditions. (Hassol, 2004)

25.1 Cachment scde synthess

Pollution by petroleum products, heavy metds and organic micropollutants remains the most sgnificant
problem in the Russan Arctic. The economic recesson of the 1990ies in the Russan Federation
interrupted the further increase of pollution increase in the indudtridized western Arctic, and at present there
isamore or less gable stuation in the Kola Peninsula, Arkhangesk and other regions (Andreeva, 1998b).
At the same time, however, we expect increasing activity of nationd and multinationa oil, gas and cod
companies in exploitation of and eevated output from numerous new depodits in the Arctic basin. Further
development of dl these activities will necessarily require extended infrastructure for land transport and
growing navigdtion in the region. A dgnificant increase of rdated pressure on the environment is anticipated.

Acidification isamgor problem in some locd aress of the Kola Peninsula, the Arkhangelsk region and the
Norilsk region where the critica threshold has been passed. However, a present stabilization or even a
decrease of sulfur deposition in these regions can be observed. At the large scde of the huge Arctic coastd
zone territory the problem of acidification is of minor importance.

Technogenic radionuclide pollution of the Arctic environment remains among the most sgnificant problems
in the Russan Arctic. Maximum pollution took place in the 1960s-70s during and after the period of
nuclear weapons tests. There are indications of a Sabilization of the Stuation, but due to the long life span
of many nuclides the problem will persst for some time in the future.

In the former Soviet Union many very large dams were congructed in Arctic river basns. However,
sgnificant influence of damming on the annua hydrologica regime and suspended maiter discharge was
observed only in the Yenisey River. For example, after construction of the Krasnoyarskaya dam (1967)
suspended matter discharge decreased by afactor of 2-3 during the subsequent few years.

Water withdrawal is not a problem in the Arctic due to very high volumes of river water discharges and
redively low regiond consumption of freshwater. Even looking to the future (2025+) the totad water
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withdrawa in Arctic river basins for industry, agriculture, public services and other uses, together with
water loss by evaporation from reservoirs, would linkdy not exceed 1-2 % of the river runoff.

A synthesis of river-monitoring cbta revedss that the average annud discharge of fresh water from the six
largest Eurasian rivers (N.Dvina, Ob, Y enisey, Lena, Kolyma, Pechora) to the Arctic Ocean increased by
7 % from 1936 to 1999. The average annud rate of increase was 2.0 + 0.7 km?® yr. Consequently,
average annud discharge from the six rivers is now about 128 knt yr* higher than it was when routine
measurements of discharge began. Discharge was corrdated with changes in both the North Atlantic
Ogtillation and globa mean surface air temperature. The observed large-scae change in freshwater flux has
potentidly important implications for ocean circulation and climate (Peterson et al. 2002)

In a recent paper (Gordeev, 2006) the attempt was made to estimate the sediment flux increase over the
next 100 years. A stochastic modd for the amulation of sediment discharge (Morehead et al., 2003)
predicts that there will be a 30% increase in sediment load for every 2 "C of warming in the drainage basin
and a 20% increase in water discharge will result in a 10% increase in sediment transport. The
Intergovernmental Pane on Climate Change (IPCC, 2001) projects a globa surface air temperature
increase between 1.4 and 5.8 'C by 2100. Peterson et al. (2002) consider that, on this besis, the
discharge of the sx largest Eurasian arctic rivers would increase by 18-70 % by 2100 which would mean
that the sediment flux of these s rivers would increase from 30 to 122 % by 2100.

The ranked importance of impacts on coadtd areas by basin activity and their trend expectations are given
inTable 2.6.
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Table 2.6. Thelink between coastal issues/impacts and land based driversin the Russian Arctic - coastal zone - Overview and qualitative ranking on

local, catchment or sub-regional scale:

Category: 1 = low; 10 = high. (1= no impact, 10= very serious impact.) Trends: b = stable, Y = increasing, R = decreasing.

Coastal Drivers L ocal catchment Trend Refer ence/Data sour ces
impact/issue expectations
River Category

Pollution Industridization A2*. North DvinaR. 9 Y Y ablokov 1996
B1. Smdl rivers of the Kola 8-10 Y Matishov et al 1996; Moiseenko 1997
Peninsula (Kola, Tuloma,
Pechenga and other)
B2. PechoraR. 8-9 Y Lukin et al. 2000
C2. Ob R. and bay 4-6 p Izradl et al. 2001; Dai and Martin 1995
C3. Yenisey R. and Bay 4-6 p Izradl et al. 2001; Gordeev 1997
C3. Yenisey basin (Norilsk areg)| 10 p Y ablokov 1996
D4. LenaR. and delta

3-5 p Anon. 2000; Martin et al. 1993
Navigation A2. North DvinaR. 6 Y Samoilov 1952; Zdogin and Rodionov 1969,
B2. PechoraR. 5 Y Mikhailov 1997
D4. LenaR. 3 Y
D5. YanaR. 4 Y
All other locd stes 2 Y
Urbanization A2. North DvinaR. 8-9 Y Y ablokov 1996

Acidification Indudtrialisation A2. North DvinaR. 8-9 P Y ablokov 2001
(Arkhangel k) p
B1. Kola Peninsula (industrid Moiseenko 2003; Izradl et ai 2001
centers — Monchegorsk, Apatity,| 9-10 p
Nike) Y ablokov 2001
C3. Yenisey R. basin (Norilsk) | 10




Table 2.6 continued

Coastal Drivers L ocal catchment Trend Refer ence/Data sour ces
Impact/issue expectations
River | Category
Radionuclides Nuclear-power B1. Kolabay (NAVY bases, | 7-8 p Matishov et al. 1996; Aibulatov 2001a
pollution enginesring, places of nuclear spent fuel
nuclear indudtry, | storage, ship- repairing and
NAVY ship-building plants) p
Guba Chernaya (Black Bay), | 10
south of the Novaya Zemlya
Idands p
C3. Yenisey Bay 5-6 Sapojhnikov et al. 1995; Galimov et al. 1996
Erosion Damming C3. Yenisy R. 2 p Mikhailov 1997 Magritsky 2001
E2. KolymaR. 1
Thermoabrason | Laptev Seacoastal zone 6 n.o. Rachold et al. 2000
Sedimentation Navigation All sub-regions 2-3 Y Mikhailov 1997

* Indexation of the subregions refer to Figure 2.3




2.5.2 Sub-regiond and regiond scae

The adminidrative regions of the Russan Federation correlate closdly with large water basins. Thisdlows
to make a sub-regiond divison reevant to the Arctic seas and to assess the Stuation of management
response in the framework of exissing administrative borders of the Russan Federation (Figure 2.3).

A The White Sea sub-region

Al  TheOnegaRiver catchment basin

A2  TheNorth (Severnaya) Dvina River catchment basin
A3  TheMezen and Kuloy River catchment basin

B The Barents Sea sub-region
Bl  TheKolsky peninsula coast
B2  ThePechoraRiver caichment basn

C The Kara Sea sub-region

Cl  TheYamd peninsulacoast

C2  TheOb River catchment basin

C3  TheYenisey River catcchment basn

D The Laptev Sea sub-region

D1  TheTaymyr peninsulacoast

D2  TheKhatanga River catchment basin
D3  TheOlenek River catchment basin
D4  ThelLenaRiver cachment basn

D5  TheYanaRiver catchment basin

E The East Siberian Sea sub-region
El The Indigirka River catchment basin
E2 The Kolyma River caichment basin

F The Chuckchee Sea sub-region
F1 The Chuckchee Sea coast

The White Sea sub-region (A in Figure 2.3)
Arkhangelsk region

This region includes the basin of the Severnaya Dvina River and the coadta area of the White Sea. The
areais dtuated in an intermediate position between the crystdline Bdtic shield and the flat Russan platform.
Ecologicdly the White Sea is subdivided into two large parts — the eastern part, practicaly clean, washed
by tidal waters with strong destructive processes on coasts due to marine abrasion, and the western part or
internal basin of the sea with bays where naturd conditions are favorable for accumulation of pollutants.
The main resources of the sub-region are foredts, fish and river-marine trangport routes (Figure 2.6).
Exploitation of these resources, particularly chemica processing of timber and dumping of poorly trested
polluted waters into naturd water sysems create the man environmental problems and anthropogenic
impacts on coastal zone. The sources of pollution are located on adjacent land areas - timber industry, pulp
and paper industry, communa and locd industry sewage waters. The locd fleet is dso an important source

50



of polluted waters. All main sources of pollution are located on the coastal zone of the western part of the
seq, in the Dvinsk Bay, Onega Bay, and to alesser extent on the Karelian part of the Kola Peninsula, while
the eastern and northern parts of the sea are practicaly clean. However, the eastern part of the White Sea
IS under strong impact of marine abrason. The rates of coastal destruction may reach 13-17 min ayear on
the Tersky coast (eastern Kola Peninsula) and the Kaninsky coast. As a result about 60x10° tonnes of
sediments come to that part of the sea, mainly aeurit and pdlit fractions.

NSC ARKHANGELSK LINES

Figure 2.6: Arkhangelsk port, North Dvinariver (courtesy: V.P. Shevchenko)

As pat of a sysematic assessment of surface water qudity in Russia, hydrochemica observations are
carried out by Rosgidromet againgt 35 water objectives a 53 points in the catchment of the Severnaya
Dvina River. The main source of pollution in the region are the pulp and paper mills “ Arkhangelskiy CBK”,
c.Novodvinsk, “Kotlasskiy CBK”, c.Koryazhma, “Solombaskiy CBK”, cArkhangdsk and the
enterprises of timber and woodworking industry, and aso the heat-power stations and housng and
communal services. Total emission to the atmosphere in 2000 was about 268x10° t y* and in the following
years the Stuation was practicdly not changed (Table 2.7). The discharge of the untrested and partidly
treated waste waters (65-70 % of tota waste water discharge) has been digthly reduced. Typicd for the
North Dvina pollutants are lignosulphates, phenols, petroleum products, Al, Fe, and Cu in river water and
oils.

One of the main ecologica problems of the Arkhangel sk region is the Situation of the nuclear and radiation
dangerous objects such as the Northern Military Marine with its numerous bases and ship repair fadlities
and civil atomic fleet “Atomflot”. A specific problem is the ecologica rehabilitation of the “fidds of fdls” of
the separated parts of the rocket-carriers and its fud at the redlization of the rocket-cosmic activity on the
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cosmodrom “Plesetsk”. The resdents of coastd communities combine marine hunting and fishing with
coadd fishing. For these people, the sate of the marine ecosystems plays a crucid role in thelr life support
system (fish is amain source of protein) and the possibility to work in their traditiona economy. Apart from
indudrid dtes in urban aress, there are numerous rurd communities involved in coastd fisheries. Thar
activity has drict rules and centuries-old traditions. Now commercid fisheries and industria development
impact these subsistence users of biological resources, and loca communities face the problem of how to
maintain and protect their traditional economy: through illegd catch or saf-management of natura resources
(Cetlin 2000).

Table 2.7 Annual emission to the atmosphere (in 10° t y™) and discharges of untreated or partially
treated waste watersto the water bodies (in 10° m®y™) in the administrative regions of the Russian
Federation (Anon. 2001-2005)

Territory 2000 2001 2002 2003 2004
White Sea/Bar ents Sea sub-region
Arkhangel sk region:
- emission to atmosphere 268 278 261 259 272
- waste water discharge 540 537 513 477 454
Murmansk region:
- emission to atmosphere 373 367 334 316 315
- waste water discharge 429 370 366 339 374
Kara Sea sub-region
Nenets Autonomous Okrug:
- emission to atmosphere 219 17.8 15.1 36.8 63.0
- waste water discharge 11 10 10 12 12
Khanty-Mans Autonomous Okrug:
- emission to atmosphere 1160 1730 2550 2440 2970
- waste water discharge 483 318 510 635
Y amal-Nenets Autonomous Okrug:
- emission to atmosphere 576 587 725 914 1088
- waste water discharge 217 332 331 319 32.5
Taymyr (Dolgano-Nenets) Autonomous
Okrug:
- emission to aimosphere* 16.0 12.4 12.1 14.7 15.1
- waste water discharge 95.8 95.9 9.1 93.3 96.8
L aptev Sea sub-region
Republic of Sakha-Y akutia:
- emission to atmosphere 134 130 131 134 154
- waste water discharge 85.3 86.8 82.9 86.5 79.2
Chuckchee Sea sub-region
Chuckotsky Autonomous Okrug:
- emission to atmosphere 355 319 284 38.2 381
- waste water discharge 53 5.2 5.7 4.4 4.8

1) emission from the Norilsk mining-metallurgical complex is not included.

The approach to resource management for sustainable development is a key mechaniam in the internationd
program “Complex Studies of the White Sea’, launched in 2000 as a sub-project of LOIRA (Land-Ocean
Interaction in the Russan Arctic). The White Sea is a shef water body Stuated in the subpolar physico-
geographica zone of the northern European part of Russa. In spite of the large extent of this water body
lying to the south of the Arctic Circle, the White Sea belongs to the arctic-boreal category of seas due to
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peculiarities of its climate, hydrology, flora and fauna (Berger et. al., 2001). The system approach uses, for
a comprehengve study of the White Sea ecosystem functions (Ligitzin et al., 2003), investigations of the
whole system of oceanology (physics, chemigtry, biology and geology) in their dynamics and interaction in
pace and time (four-dimensiond gpproach). Beginning in 2000, more than 30 expeditions on the R/Vs
“Professor Shtokman”, “lvan Petrov”, Professor Vladimir Kuznetsov”, “Kartesh”, “Ecolog” and other
smdller ships were conducted.

The Barents Sea sub-region (B in Figure 2.3)

Murmansk Region

In the far north-western part of the Russian coastal zone, washed by the Barents Sea, lies the Murmansk
region. It has 1730 km of diversfied coastline with numerous fiords and bays. Geologicdly it conssts of a
Bdtic crygdline shield with radia tectonic bresks. The Kola Fiord is the largest, with water depths up to
300 m. The Kola River enters the Kola Fiord and, together with other rivers of the Kola Peninsula
(including the Patso- Y oki, Zapadnaya Litsa, Tuloma, Vorjema, Pechenga) - brings only 10 % of the total
sediment load to the Barents Sea. Anthropogenic impact of Kola Peninsulaindustry on the environment is
the hghest in the Russan North. It is associated with mining and manufacturing industry complexes thet
were the pioneers of the indudtrid era in Soviet times. Now the work of these enterprises is assessed as
“non-effective development with wrong management nmethods’ (unplanned intengfication, ignoring largdy
the principles of sudainability and nature conservaion, Matishov et al. 1996). Coastd areas of the
Murmansk Region have strong impacts from industrid development, transport facilities and commercia

fisheries. During the 1990s the area received a new stimulus for industrial development: ten oil and gas
fields were discovered in the Barents Sea in hydrocarbon-rich structures at different depths in both ice-
covered and ice-free conditions. Without doubt this region may be consdered as afirg “hot spot” in the
Russian arctic coastdl zone in terms of anticipated grwoing pressures due to intense growth of land and sea
use (Figure 2.7).




Figure 2.7: Qil base at Varandey, Barents Sea (courtesy: S.A. Ogorodov)

Biologicdly the Barents Sea is the richest part of the Arctic Ocean. All forms of life are supported by
advection of the warm Gulf Stream water masses. Meeting with cold Arctic masses they creste diversfied
favorable conditions for numerous biologica cycles. Together with the key role played by floor reief the
southern (coastal) part of the sea, the year-round ice-free conditions are favorable for bioproduction. The
Barents Sea provides 10 % of the world’s catch of marine fish (cod, haddock, perch, etc). During recent
years, this region has aso received great atention for development of non-traditiond fisheries (scdlop,
Laminar saccarina, sea cucumber, king crab). (Matishov et al. 1996).

The Federa Service of Russa for Hydrometeorology and Monitoring of the Environment (Rosgidromet) is
conducting annua monitoring of the terrestria water quality. The results are published in annua reports. In
the Murmansk region, 38 water bodies are included in a permanent net of observations. Along with rivers
srongly impacted by mining, chemical, metdlurgica and timber indudtries, other rivers which experience
little anthropogenic impact are aso taken into assessment. Some natural ecosystems show loads of Cu, Fe
and phenoals beyond the maximum alowable concentrations (MAC), which originate from natural sources.
The totad emisson to the amosphere in the Murmansk region including the Kola Peninsula has been dightly
reduced in the period from 2000 to 2004 (from 373x10% t y* to 315x10%t y*, Table 2.7). About 80-85 %
of this volume was treated (catched and rendered). The same trend is observed for the discharges of
untreated and partialy treated waste waters — from 429 to 374 x 10° n? y* (60 - 75 % of tota waste
water discharge).

The gross output of the Murmansk region was increased by 31 %, the industrid output by 24 % during the
last three years. A dight decrease of the anthropogenic impact on the environment during an increase of
gross and industria output testifies positive results for the ecologica policy of the local administration.

A specific feature of the region is the existence of many sources of nuclear danger. These are the Centra
Nuclear Polygon on the archipelago Novaya Zemlya, the Northern Military Marine and its bases, solid and
liquid radioactive waste dumping in the Barents Sea, atomic submarine condruction and maintenance
fadilities and Atomflot (@omic flegt) of the Murmansk Shipping Company. In 2003, around 1x10° Ci of
radioactive wastes were accumulated in the region

Kola Peninsula

The best-investigated area of the Russan coastal zone is undoubtedly the Kola Peninsula This areaisthe
most industrialy developed and populated in the Russian North. Around 60 % of the region’s population,
which is 90 % of the urban population, are concentrated in the coastal zone. There is dso an active
scientific center — the Kola Science Center of the Russian Academy of Sciences. This center includes such
famous research inditutes as the Murmansk Marine Biologicd Indtitute, the Indtitute of Industrial Ecologica

Problems, the Inditute of Economica problems and the Knipovich Polar Research Ingtitute of Marine
Fisheries. The center has good cooperative links with research ingtitutes in Scandinavian countries. During
recent years the Russian indtitutes carried out severa large programs of comprehensive studies aimed at the
functions of natural ecosystems and processes of the Kola Peninsula, and anthropogenic impacts connected
with the mining indugtry. One of the reaults is the “Ecologicd Atlas of the Murmansk region” (Apatity
1999). The detrimental impacts of industrial enterprises located in such places as Apatity, Nicke,

Monchegorsk and Murmansk created many environmenta problems not only for the Murmansk region, but
aso for neighbouring countries — Norway, Finland and Sweden. The joint programs are aimed &t radical

changes to the environmenta Situation on the Kola Peninsula. All these countries, including northern regions
of Russa, are members of a new international organization “Barents-Region” which eaborated long term
research programs where ecologicd issues are of firg priority.



In order to protect the region’s natura resource base and fragile ecosystem and to improve socio-
economic conditions, one such program was initiated by United Nations Development Program (UNDP)-
Capacity 21. Themain god of the “Murmansk Region Barents Sea Sustainable Devel opment Project” was
to strengthen the capacity of inditutions to effectively plan and implement environmentaly sustainable
economic development policies and programs. The first stage of this work had been finished in 2000 and
now another part of the “Barents-Region” — Nenets autonomous okrug (NAO) — is the subject of the
sustainable development program. It will be represented in more detail below.

TheKara Sea sub-region (Cin Figure 2.3)
The Nenets Autonomous Okrug

The south-eastern part of the Barents Sea has its own name — Pechora Bay, or the Pechora Sea, from the
associated river. The Pechora River is the largest river of the lowland north-eastern part of Russa. Its
water runoff to the Barents Sea is 130 ki y* or 80 % of dl river runoff. The lowland is a deep
sedimentary basin covered by thick layer deposits of complex marine and continenta origin. Theriversare
al young, having attained their present flow features after the end of the last glaciation (Lavrinenko et al.
2000). Two macro-scae reief zones may be diginguished: South of 67 ° N, the landscape has a gentle
topography, extended swamps and occasiond lakes, while to the north, glacid landscapes dominate — ice-
pushed ridges, hill and trough pairs, kames and hummocks, and numerous dissected lakes (Astakhov
1994).

The region’s unique natura landscgpe complexes are determined by the Pechora River and by the
geologicd history of the territory. Although thisis atundra zone, there are relict idands of bored foredts, a
the extreme northern boundary of ther digtribution. Many water-bird species wintering in Western Europe
breed in this area, and the mgor spawning route of Atlantic Samon passes through here. All this
contributes to the profound biodiversity of the Pechora catchment basin, with Siberian and European faund
aspects (Lavrinenko et al. 2000).

Anthropogenic pollution of the Pechora catchment basin began in the mid-1950ies. It was driven by the
industrid development of the Komi Republic, located to the south of the Nenets Autonomous Okrug
(NAO). More than two-thirds of the economic potentid of the Komi Republic is Stuated in the Pechora
River basn, so that industry and domestic as well as agricultura use of floodplains ae the man driving
forces in changing the natura environment. All types of ail industry, from exploitation of fields to chemica
processing of oil and gas, produce heavy impacts though chronic environmental pollution and emergency
emissons of petroleum, as wdl as by ail products and heavy metds (Andreeva 1998c). Regular release of
non-treated communal wastes and domestic sewage exacerbate the Stuation.

Particularly the tributaries of the Pechora River — 1zhma, Ukhta, Vorkuta, Nibdl, Voy-Vozh, Yarega and
Kharjaga — appear to be heavily impacted by industrid pollution. Among them are the two big cod-mining
centers of Vorkuta and Inta. A specific feature of pollution of river waters in cod mining aress is the input
of large volumes of cleared and polluted mine-water, resulting in high levels of minerdisation, a prevaence
of chloride and sulfate, and dgnificant loads of suspended matter, phenals, petroleum hydrocarbons and
heavy metas. Already in the 1960ies some tributaries had logt their economic “service’ category as high
figh producing rivers (Andreeva et al. 2003).



The expangon of oil exploration and drilling activities not only in the Komi Republic but dso to the north, in
the Nenets autonomous region, in the 1980ies-90ies generated increasing anthropogenic impact. In the
northern part of Timan-Pechora oil-gas province, 82 oil and natura gas fields have been discovered, of
which five are under exploitation. A sgnificant number of coesgd and marine oil fidds will soon be
accessed for further exploration and devel opment.

Extraction of oil in the Nenets AO has increased from 3.4 in 1998 to 12x10° t y* in 2005. The emission of
pollutants to the atmosphere increased from 21.9 x 10° t y* in 2000 to 63 x 10° t y* in 2004, and
practicaly dl this additionad volume of emisson was connected with ail extraction. Sharp change for the
worse is expected in the nearest future when many new depodits will be developed, especidly the
Shtokmanovskoe gas deposit in the Pechora Sea (stock ~2.8x10™ nt of gas) and the Prirazlomnoe oil
deposit (60 km from the shore in the Pechora Bay — stock ~100 x 10° t).

The upper Pechora River (western dopes of the Urd Mountains) is not navigable for shipping, but the
middle and lower reaches of theriver are intensively used for transport of people and cargo asthis area has
no ground transport infrastructure. River transport routes are mainly used during warm seasons. Thesmdl
vessels used are a mgjor source of water pollution. For many decades timber rafting was common in the
Pechora River basin and this changed the naturd chemigtry of the aquatic ecosystems. The catchment basin
aso gathers wastes from agriculture, such as pesticides and excess fertilizers used in large quantities on
these poor northern lands. Among dl polluting agents, however, the most important ones are contaminants
such as phenals, hydrocarbons, Zn, Cu and pesticides. Concentrations may exceed maximum alowed
concentrations by manyfold (Lukin et al. 2000).

The lower part of the river and the ddta are very dow-flowing. As a result, dl pollutants from upper
streams accumulate in bottom sediments. Thus, water and sediment samples of the mouth and coastal areas
show maximum pollution levels. In the firgt instance, observed effects are on fish resources in severd parts
of the catchment. The deltais occupied by typical boreal species of the Arctic plain (Roach Rutilus rutilus,
Ide Leuciscus idus, Crician Carp Carassius auratus gibelio, Perch Perca Flavescens, Pike Esox
lucius, Stickleback Gasterosteus aculeatus), while the brackish Pechorskaya Bay and other bays with
st water inlets are the habitat of estuarine species typicd for the marine Arctic ecosystems such as
navaga, four-horned bullhead, Arctic flounder and several species of samoniform figt Atlantic samon
(Salmo salar), Arctic sdmon (Savelinus alpinus), Lake salmon (Salmo solar sebago). The anadromous
Atlantic sdmon has its feeding ground at sea entering upper catchment regions during the spawning
migration; Siberian White Salmon (Stenodus | euci chtys nelma) uses estuaries and bays for feeding before
migration.

The Pechora region is now the second most important economic area in the Russan North. Thisareais
open to the southeastern part of the Barents Sea and is part of the Barents Region Organization area. Due
to its richness in natura oil and gas resources and its close vicinity to European markets, this area has
attracted various industries. In accordance with industria development plans to 2010-2020, this area will
face atrangtion to the second largest oil and gas producer following Western Siberia. Naturaly such large-
scde development is likely to result in increasing pressure on and negative changes of ecosystems and their
natural resources which often carry traditiond forms of regiond economy. It is anticipated that the coastal
and shdf areas of Pechora Bay will be the firgt places in Russia where new technology for exploitation of
ol fidds and pipeline-congruction in the Arctic Sea will be gpplied. Already nowadays the shelf areas
accommodate condderable amounts of oil tanker traffic as well as large-scale congtructions of termindsin
offshore and onshore locations.



It is highly recommendable to conduct a comprehensive investigation of Pechora Bay and adjacent areas
prior to the onset of such alarge-scae economic developments and which have potentid to turn the coastal
aress of the Pechora Sea into a new “hot spot” in the Russian Arctic. Previous discrete sudies have been
consderably augmented by the results of the RussanDutch project “Pechora Delta Structure and
Dynamics of Pechora Delta ecosystems’ (1995-1999), carried out by the Indtitute of Biology (Syctyvcar,
Komi Republic) and RIZA, Indtitute for Inland Water Management and Waste Water Treatment (Minigtry
of Transport, Public Works and Water Management, Lelystad, The Netherlands). Later in 2000 a new
project was launched: “Sustainable Development of the Pechora Region in a Changing Environment and
Society” (SPICE, 2000-2003). Scientigs from Russa, Finland and Grest Britain conducted this
multidisciplinary research project. One of the ams of the sudy was to investigate the distribution, transport
and effects of pollutants on terrestrid, freshwater, deltas and coastal environments.

Western Sberia (Tymen region, Khanty-Mansi and Yamal-Nenets Autonomous okrugs)

Some of the largest rivers of Russia, Ob, Pur, Taz, Yenisey and Pjasna, discharge into the Kara Sea.
Together they form one of the most complex delta-estuarine areas in the world, with a combined area of
more than 55,000 kn?. These rivers contribute 41% of the total Arctic Ocean's river runoff, or 56 % of
the Siberian sector of the Arctic Ocean. The Ob River done contributes 27 % of the runoff to the Kara
Sea, equalling 1480 knT per year. The congtruction of dams on the Ob River had no significant impact on
the volume of river flow, decreasing it by only less than 3 %.

The geologicd history of Western Siberia includes severa marine transgressions and regressions that
brought about accumulation of huge volumes of organic and organic-minerad sediments. Poor drainage of
the plain and the numerous lakes and rivers further contribute to the extremely wet character of the region.
Concentrations of pollutants are due not only to the volume of wastes but dso to the unfavorable
hydrologicd regime. Soils for example have a strong impact on the chemica regime of the Ob River.
Widespread bogs and marshes are typica for the whole region; they become increesingly massive from
north to south because of the growing thickness of the underlying permafros in high latitudes. In the far
northern part of the river catchment, permafrost thickness can reach more than 100 m in coastd aress, but
close to river channels it has a discrete character. Geomorphologicaly, Western Siberia is one of the
greatest plains of the world, with dear latitudind zond differentiation of landscapes from steppes in the
south to subarctic tundraiin the north.

The catchment basin of the Ob River gathers water from the territories of seven adminidrative regions of
Russa, which form the Western Siberia macro-region with a population 16.74 million people (Municipd
Russia 2000). The Yama-Nenets Autonomous Okrug, the northernmost region, opens to the Kara Sea
where the Ob Rver enters the Obskaya Guba (Ob Bay). The river basin is highly indudtridized, with ail
and gas activities dominating. The centrd and southern regions of Western Siberia contain a diversity of
indugtry, including materias processing, cod-mining, agriculture, trangport, building materia's manufacture,
pipeine congruction and military enterprises. The process of pollution starts upstream in the Altay region
and continues adong the whole length of the Ob River to the Kara Sea. The centrd part of the basn
(corresponding to the Khanty-Mans Autonomous Okrug) is a major oil producer (around 170x10° t ol
and 18x10° n? of naturd gas per year). The northern part, the Y amal-Nenets Autonomous Okrug, is a
major producer of natural gas (535x10° n? of natural gas and 30x10° t of oil per year. The ail industry
continues to increase its output while a few gigantic fields of natura gas are ready for exploitation on the
Yamd Peninsula and in shdf waters of the Kara Sea. The main problem for natural resource usarsis a
conflict between locd indigenous peoples in Yamd Nenets and Khanty-Mang and oil and gas companies.
The traditional economy of the Khanty-Mans people has been almost destroyed - they have lost accessto
many aress for reindeer breeding, hunting and fishing. The Yama Nenets are fighting for their rights and are
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looking for other ways of co-existence with indudtria development. The new federd laws relevant to
indigenous peopl€' s status and rights were adopted only within the last few years. Implementation of these
laws can change the dtuation but the poor economic date of the indigenous tribes is forcing them to
compromise with companies.

The Ob River catchment basin and its observation points are part of the State System of Environmental

Monitoring. The hydro-chemica observations have been conducted by Rosgidromet at 236 points on 114
rives of the Ob River catchment basin, as wdll as in 8 reservoirs and a one point on Obskaya Bay. The
current ecologica Stuation in this catchment is assessed as criticd. Moreover, in the southern industrid

areas, the wastes from coamining, processing industries and agriculturd enterprises has led to very serious
date changes or even ecological disaster. The middle and northern reaches of the Ob River and its
tributaries have chronic pollution from crude oil and its products. Together with heavy metds Fe, Cu, Zn
and phenals, ail hydrocarbons are the main persstent pollutants in lower reaches and the Obskaya Guba
(Anon. 1999).

In the course of the forthcoming gas development in the Yama Peninsula and on the Kara Sea shdlf,
ecologicd research and technologica studies addressing the numerous operationa issues were undertaken
during the 1990ies. Over 60 research projects were undertaken involving researchers from more than one
hundred Russan inditutions. The results of these studies are available from the Inditute of the holding
GASPROM “VNIIGAS', in the Arctic and Antarctic Research Indtitute, AARI, Murmansk Marine
Biologica Resources Indtitute, Moscow State University and others.

An gpproach based on integrated resource management is practically nonexisting for the Kara Sea coastal
zone, dthough this problem obvioudy needs specid dtention from federd dructures and regiond
adminigrations.

Eastern Siberia

Krasnoyarsky Kray, Evenkysky, Taymyr (Dolgano-Nenets) Autonomous okrugs

The largest river of Russa, the Yenisey River and its tributaries, drains this area. The area of the catchment
basin is 2.59 x 10° kn? (not including the basin of the largest tributary, the Angara River). Damswith the
two largest reservoirs, the Sayano-Shushenskoe and the Krasnoyarskoe, regulate the river discharge.
From its upper reach to its delta, the Yenisey flows more than 3000 km from south to north. The mouth
area of the river is an estuarine ddta and it is gill forming. The valey is asymmetricd, with a narrow, low
western part and a well-developed mountainous eastern part where most of the tributaries originate. The
coastal area of the Yenisey River conssts of a delta with numerous channels, Y eniseyskaya Guba and the
semi-enclosed Y enisey Bay: these cover 20,000 knt.

The Yenisey River flows through the adminigtrative region of Krasnojarsky kray (with two autonomous
okrugs (autonomous didtricts, AO): Evenkiysky AO and Dolgano-Nenets or Taymyrsky AO) while the
whole catchment basin, together with the main tributary, the Angara River, embraces ancther four regions
of the Russan Federation. Krasnojarsky kray has the one of the lowest population dengties, with 1.3
person km? but regiondly there are great varidions in population and economic development. The
southern part of the region is the most heavily populated (more than 3 million people) and has a diversfied
indugtrid and agriculturd structure. The most important anthropogenic drivers are industry (mining, non
ferrous metalurgy, chemica plants, timber, pulp and paper production) agriculture, loca flegt, housing and
commund holdings. Due to the high level of pollution of the southern upper reach, the environmentd date
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of the whole river is assessed as rather critica (4™ dlass of pollution in accordance with Rosgidromet
classfication).

The middle reach of the river includes the poorly developed aress of the Evenkyisky AO, where the
popul ation density is lower than 1 person km,

Further north, the area is served by two sea ports — Igarka and Dudinka, which are connected with the
main Arctic transport line, the Northern Sea Route. Timber and the timber- processing industry, locd fleets
and port facilities impact the lower reach of the river, so that persstent pollution of the water with phenals,
oil products, Cu, Zn and Fe is common. Moreover, the world-famous non-ferrous metd mining and
metalurgica complex at Norilsk (with a population of more than 300,000) is Situated close to the northern
pat of the Yenisey River basn. This is a mgor nickd production area in Russa, with associated

processing and other industries. The contribution of ar pollution from indudrid complexes in Norilsk

amounts to 77 % of the whole volume of ar pollution in the Krasnoyarsky kray. Pollutants include Ni, Cd,
Zn, Cu, H:S and Pb. Thisindudtrid complex influences mainly the surface waters of Lake Pyasina and the
Pyasina River, which flows into Pyasna Bay and then the Kara Sea, east of the Yenisey River. The impact
of thisindudtrid areais the most devadtating in the Russan Arctic and definitely a“hot spot”. Krasnoyarsky
kray ranks firg in Eagtern Sberia for its volumes of pollutants, particularly ar emissons (66 % of dl

gaseous refuse), and second for liquid (32 %) and solid wastes.

Krasnoyarsky kray is one of 10 economic regions where the Rosgidromet has monitored the water
discharge and hydrochemidry. Intensve ecologica research had been carried out in the Taymyr and
Norilsk areas by academic indtitutes including the Indtitute of Geography RAS, and Arctic and Antarctic
Research Indtitute (AARI). An interesting comparison with other Arctic region, the Kola Peninsula, had
been made by the Indtitute of Industrial ecology of the Kola Scientific Center. In both regions smilar
indugtrid enterprises (“Severonikd”, Pechenganikd in the Kola Peninsula and Norilsknikd in Eastern
Siberia) produce Ni, Cu, Co, Ag, Pt and Se, which impact strongly on the naturd environment and are
sources of acidification of soils and waters. This has led to deforestation of adjacent areas in Norway and
Finland, amagjor teleconnection problem for these countries.

The Laptev Sea sub-region (D in Figure 2.3)

Republic of Sakha-Yakutia

The Laptev Sea washes the coastdl zone of the administrative region Republic of Sakha-Y akutia. Thebig
rivers that flow into the Laptev Sea, including the Khatanga, the Lena, the Olenek and the Jana livers,
generate the magjor freshwater input to the sea. The total annual runoff of these riversis 673 kn, of which
the four biggest rivers contribute 91%. Ice transgressions and modern tectonic movements of three large
sructures determine the geologicd higtory of the basin: the Sberian platform, Lake Baka and the
Verkhoyano-Kolymsky mountain-folded areas. Permafrost is widespread and forms a confining layer. The
coastd zone is presented by a narrow dtrip of tundra that further south becomes forest-tundra and taiga
forests. Surface waters feature a low leve of minerdisation.

The catchment basin of the Lena River is one of the largest in Russia, 2.49x10° ki, and the river is 4400
km long. The Lena River ddtais the largest in Russia, with a very complex configuration. Strong flows of
river sediments have formed numerous channels and idands. The delta consists of 6089 channels, 58,728
lakes, and 1600 idands with atotal area of 32,000 kit
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The population of the area is a little more than one million. Rivers are ill the main transport lines so the
locdl fleet is one of the primary sources of water pollution. Due to the large runoff and rdatively dispersed
industrial development, water is reasonably clean & many observation points. Nevertheless, indudtrid
development such as cod mining, gold-dredging, timber and shipyards produce consderable volumes of
sewage, polluted by oil products, phenols and heavy metds. The man problem of liquid wastes is
inauffident purification. Only 27 % of wastes satisfy the environmental standards. This Stuation gpplies
especidly to the Olenek River (length 2270 km, catchment area 219,000 kn?, water runoff 32.8 ki yr™?)
and to the Yana River (catchment 225,000 kn¥). The water qudity of these rivers may vary from
“practicaly cdean” to “very dirty”. It comesfrom dumping of indudtrid liquid wastes and communa sewage
directly on soil or into water. Near the settlements and mining complexes, pollution of water with phenols,
oil products, Cu, Zn and Fe may reach 6-12 times MAC (Anon. 2000).

The hydrologica regimeis highly seasond, with peaks in May-June, when pollution inflow entering the main
stream from flooded lands also pesks. Even the naturd background of the river shows high levels of Cu
and Zn, which together with the anthropogenic heavy metd contamination creetes a critical ecologica
Studtion at least in small tributaries and lakes.

Rosgidromet has conducted observations of the hydrochemica regime in 47 water bodies, for 66 points.
The Lena River mouth and coastal zone have been investigated for many years by the Arctic and Antarctic
Research Indtitute and Department of Geography of the Moscow State University. The Internationd
Laptev Sea Program has been running since 1996.

TheEast Siberian Sea subdivision (E in Figure 2.3)

Other large rivers, the Indigirka River and the Kolyma River, which enter the East-Siberian Sea, drain the
eastern part of the Republic of Sakha-Y akuta. This sea is very shalow (the shelf covers 866,000 kn¥ of
the 889,000 knt total areg); tidal activity is Significant because of the very narrow strip of water free of ice,
with severe ice conditions for shipping and intengve thermo-abrason of shores due to the high content of
ice (up to 90 % of rock mass). Annualy the shoreline recedes a arate of 4-30 m intota gpproximatdy
10-50 km have been lost since the shoreline stabilised during a period of some 5 to 6000 years (Aibulatov
2001b).

Two rivers deliver mogt of the water to the sea: their shareis 75 % of the total runoff. However, freshwater
affects only 6% of the sea. The Indigirka River originates in a mountainous area and in its lower reach it
passes through easily-eroded quaternary rocks, so it brings high loads of sediments (11.2 x 10° tyr™). The
Kolyma River drains lowland aress and brings 10.1 x 10° t yr. The congtruction of the Kolymskaya
hydroelectric station in 1993 reduced the sediment load by 5 % (Mikhailov 1997).

The main anthropogenic forcing affecting and changing the state of the natural weaters are dam construction,
indugtrid  effluents (gold mines and other non-ferrous metd mining complexes), and agricultura and
domestic wastes. Again the Situation is exacerbated by low-leve purification of liquid westes in settlements
and indudtrid enterprises. This Stuation impacts on naturd waters, particularly in flood season. As aresullt,
in such places the observation points registered high leves of pollution by ail products (7-13 times MAC),
heavy metds (Cu, Fe), phenols and ammonium nitrogen. Particularly widespread pollutants are Cu
compounds (5-10 times MAC, up to 39 MAC). The maximum levels of contamination are typica for smdl
tributaries of the Kolyma and Indigirka rivers, where river water is less able to mitigate pollution volumes.
Despite comparatively low population densties, some parts of such rivers show rather high indicators of
pollution: from 3¢ class (polluted) to 4™ dlass (dirty), in the Rosgidromet dlassification (Anon. 2000).



The monitoring service of Rosgidromet has observation points on 13 water objectives in the Kolyma River
catchment basin, and on 8 water objectives in the basins of the Olenek, Yana and Indigirka rivers.
Hydrologicd and hydrochemica studies in the catchment basins of the Indigirka and Kolyma rivers were
carried out by the Arctic and Antarctic Research Indtitute in 1960-80s and published in regular issues of
proceedings of AARI “Problems of the Arctic and Antarctic” as well as by scientists of the Department of
Geography of the Moscow State University (Burdykina 1967; Bogomolov et al. 1979; Gilyarov 1967,
Turanov 1960). In the recent period of 1980-2000 more attention was paid to the anthropogenic impact
on the processes in the river basins. 1) the hydrologo-morphologica processes in the river mouths, their
anthropogenic variadbility; 2) an assessment of locd human activity influence on the regiond resources, the
problem of protection and rationa landuse; 3) an assessment of the consequences of hydro-power
congructions (Mdik 1990); 4) an assessment of the sediment flux variability due to human activity in the
river basins and under anthropogenic disturbance of the conditions of its transportation (Alekseevskiy and
Sidorchuck 1992; Babich et al. 1992).

The biggest river in the Chukchi Sea basin (without the Alaskan part) is the Amguema River (discharge of

water and suspended matter 9.2 ki and 0.05x10° t yr™, respectively). Total water and suspended maiter
discharge in the basin are insignificant (20.4 knt and 0.7x 10° t yr™*) (Gordeev et al 1996).
Although there are 10 points of observation in the basin at present (Anon. 1999), information on ecological
Stuation is very scarce. The traces of anthropogenic pollution of water and bottom sediments on the
Chukchi Sea shelf by heavy metds are practicaly absent (Kolobokovaand Manyakina 1992; Naidu et al

1997).

25.3 Summary across the sub-regions A-E — anearly sub-continental view

At full regiond scae we can distinguish between two mgor sub-regions, the Western Arctic and Eastern
Arctic. The boundary between these two large sub-regions crosses the Laptev Sea basin and coincides
with the boundary between the Eurasan and North American tectonic plates. There are consderable
diginctions in the geologicd dtructure of the two basins, their eevation and climate. The rivers of Eastern
Siberia exhibit lower runoff, higher turbidity and significantly lower water minerdization, organic metter and
nutrient concentrations than the rivers of the western part of the Russan Arctic. The Eastern Siberian rivers
(Yana, Alazeya, Indigirka, Kolyma) are more Smilar to the North American Arctic rivers than to the rivers
located westward of the Lena River (Gordeev et al. 1996).

Based on the exidting data and information given above a large scde amost sub-continental synthesis can

be found in Table 2.8. It provides a ranking of the importance of the impacts on coastd areas driven by
cachment-based activities and their trend expectations.
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Table 2.8. Thelink between coastal issues/impacts and land-based driversin the Russian Arctic
coastal zone. Overview and qualitative ranking on full regional/sub-continental scale.
Category: 1 - low; 10 - high; trends. b - stable, Y - increas ng, N.o. - not observed.

Coastal Driver Full regional Trend- Reference/
impact/issues expectution data sour ces
Coast’ Category
Pollution | Industridisstion | Western Russian 6-8 Y Table 2.4, Table
Arctic (WRA) 2.5, Tale 2.6
coast
Eastern Russian
Arctic (ERA) 4-5 b /Y
Coast
Navigation WRA coast 5-6 Y Table 2.5, Table
2.6
ERA coast 2-3 Y
Urbanization WRA coast 5-6 Y Table 2.5, Table
ERA 2.6
Coast 2-3 Y
Acidification | Indudridisation | WRA coast 6-7 b /Y Table 2.4, Table
ERA coast 34 Y 2.5, Table 2.6
Radioactive | Nuclear-power | WRA coast 5-6 p Table 2.4, Table
pollution Enginesring, 2.5, Tale 2.6
nuclear industry, | ERA coast 3-4 p
Navy
Erosion Damming WRA coast 2 p Table 2.4, Table
ERA coast 1 p 2.5, Table 2.6
Sedimentation | Navigation WRA coast 1-3 p Table 2.4, Table
ERA coast 2-3 p 2.5, Table 2.6
Lossof Fisheries, WRA coast 1-3 p Table 2.5, Table
biodiversty | damming ERA coast n.o. 2.6

" The Lena River, located at the boundary between the Eurasian and North American tectonic plates, divides
the Western Russian Arctic (WRA) and the Eastern Russian Arctic (ERA). Left side Lena River bagin is
related to WRA, right side to ERA.

Table 2.8 indicates that practicdly dl coastd issues and land-based driven impacts are more important
(ranking higher than 6) for the Western Russan Arctic than for the Eastern Russan Arctic. Trend
expectations anticipate increesng impact because of economica demands, and again they are more
pronounced in the Western Arctic. Wide ranging effects can aso be anticipated from recently published
climate change scenarios (Hassol 2004), which will affect the materid trangport and cycling in the Arctic
coastal Sea. Changes in permafrost coverage and seasondlity and spatia scale of ice cover in tandem with
changing run off characterigtics will pardld the growth of new forms of land and sea use. This is being
addressed in various upcoming activities under the IPY umbrella.
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2.6 Scientific and/or management response

This section of the Russan Arctic Basn desk study, RusABas, reveded quite specific and interesting
results. Due to long-term studies conducted by academic indtitutes of the Soviet Union and later Russia,
information on river basins and much of the Arctic coasta zone can rely on rather extensve databases.
These databases are available and can be used for eaboration of comprehensve regiona programs for
sustainable development of coastal zones and adjacent areas. Neverthdess, the current state of
implementation of Integrated Coastd and River Basn Management approachesin policy and adminigtartive
inditutions doesn’'t meet the state of the art requirements of sustainable development in the socio-ecologica
sysem context (see EU Recomm. 2002; http://ec.europa.eu/environment/iczmy/). This indicates that
likewise with many other regions in the world the underdanding among governance circles and
stakeholders of the high vaues of coasta zone areas and their vulnerability and the gppropriate exploitation
of avalable scentific information is rather insufficient. This Stuation applies to Arctic coasts as well asto
other regions of Russia, as can be taken from other desk studies devoted to western, southern and eastern
sectors of the Russan coasta zone. It dso highlights the problem of converting academic data and
information into electronic databases, accessble for work on dl leves of regiond planning and
management. Moreover, a principle shortcoming in science-user communication likewise with multiple
other regions worldwide aso gpplies to Russa This in turn means a greet chalenge to scientists to make
their results clear enough to be understood and gpplicable for decison support in practical management
problems. This task may be solved more successfully by active cooperation between natural and socid
stientigts involving adso regular sakeholder participation (Ledoux et al. 2005). The EU Water Framework
directive and the Recommendations of the Commission to the Parliament on a “Coherent Strategy for
Integrated Coastal Zone Management” (see above) try to pave the way to this complex approach a least
on European scales though including the new independent States of the Eadt.

In our regiond context one experience of such cooperation was the Barents Sea Region Sustainable
Development Program, conducted in the Murmansk region by Russan and American scientists together
with the locd Adminigration. The continuation of this project is connected with the Nenets Autonomous
Okrug, aso a member of the “Barents Euro Arctic Region”. Thiswork is particularly timely, taking into
account the current plans of industrid companies for future expanson of onshore and offshore ail
development.

Another important attempt to extend a vison on the arctic coasta zone as on a complex system where
natural and anthropogenic processes interact and where growing resource use cal for a specid integrated
management gpproach was the comprehensive academic project “Land-Ocean Interactions in the Russan
Arctic’ (LOIRA). This project has been carried out since 1996. LOIRA has basically used the ideas and
approaches of two internationd projects “Land-Ocean Interactions in the Coastd Zone” (LOICZ) (as an
IGBP/IHDP Core Project) and “European Land-Ocean Interaction Studies” (ELOISE). The main task of
LOIRA was to adapt the objectives and frameworks of these internationa projects to the Russian Arctic
on the base of the Russan scientific and national socio-economic priorities (Andreeva 1998a). Since its
beginning, LOIRA was supported by the Internationa Arctic Science Committee (IASC). The project
included a wide circle of natura and socid economic studies on the coasta zones of the White Sea and the
Pechora Sea during the years 1997 — 2004. The results were published in many articles and two
monographies. Some of the LOIRA results are given in chapter 2.5.2 “The White Sea Subregion”.

The primary objective was to obtain a comprehensive scientific understanding of the fundamenta physicd,
chemicd, geologica and biologica processes in the Russan Arctic under influence of globa change and
anthropogenic impact. The goa was to develop the scientific and socio-economic bases for integrated
management of the coagtd environment. LOIRA promoted the development of an integrd approach that
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for the firg time combined the efforts of natura and socia scientigts. In addition to globa change issues,
LOIRA responded to the “precautiond principle’ by recognizing the urgent need to study the naturd
processes in the estuarine zones of the great Arctic rivers before the onsat of indudtrid large-scale
explaitation. This was aimed to enable prognoses of its anthropogenic impacts and the development of
scenarios. Another extremely important aspect was to study, predict and to feed into the scenarios the
S0cio-economic consequences of Arctic coastd zone development in relation to exploitation of nor:
renewable (mainly oil and gas) resources.

For the first stage of the project, the key study areas were the basins of the White and the Barents Seas
with specia focus on the Pechora Sea as its south-eastern part. The LOIRA project was a long-term
research study providing a good opportunity to concentrate fieldwork in the Arctic coastal zone and
exchange of results of complex studies a the annua workshops. Due to its links to the globa change
projects, results which are being published in the form of proceedings of these internationa meetings are
immediatdy exposed to exchange and discusson with the globa community of scientific peers. Ultimately,
LOIRA amed to prepare the scientific base for regiond programs on Integrated Coasta Zone
Management and to facilitate the cooperation of scientists and resource managers. The project finished in
2006, but the main problems formulated during the studies have been transferred into new project
goplications of the Internationa Polar Y ear program.

Strong seasondlity of meteorologicd, hydrologicd, hydrochemical, biologica and geochemical processesis
reflected in the seasondity of sedimentary matter supply and vertical particle fluxes (Listzin et al., 2003).
From 2003 onwards, the studies of verticd particle fluxes were continued usng sediment tragps. In the
river-sea barrier zone (The North Dvina, Onega and other rivers of the White Sea basin), more than 90 %
of riverine sugpended matter (including pollutants) is deposited. There are many Smilaritiesin functioning of
margind filters of the White Sea and other Arctic Seas, but aso some peculiarities (Dolotov et al., 2002;
Lukashin et al., 2003).

Simultaneous remote sensng observations (SeaWIFS and other satellites), suspended matter and
chlorophyl sampling, hydrooptica studies and sediment trgp measurements give possbility to begin 4D
reearches of materid fluxes (Ligtzin et al., 2003; Pozdnyakov et al., 2003). Development of new
dgorithms for interpretation of satellite data has made possible a smultaneous determination for the entire
sea of chlorophyl a concentration, and - &fter verification - of phytoplankton primary production,
suspended materid and dissolved organic matter (yellow substance). All these data were verified during
expeditionsin the seain summer and autumn months.

Multidisciplinary studies in the White Seain the frame of the LOIRA project give a good possihility for the
development of anew generation in monitoring (four-dimensiond) of the Arctic environment.

Arctic Coastd Dynamics (ACD; http:/AMww.awi-potsdam.de/acd/) is an afiliated LOICZ project the first
phase of which finished in 2006. The second phase is about to start. ACD | followed a multidisciplinary,
multinationa project of the IASC and the IPA (Internationd Permafrost Association; Rachold et al.
2003b). The project dements for ACD were formulated at a workshop in Woods Hole, Massachusets in
November 1999. The international workshop, held in Potsdam (Germany) in October 2000, produced a
phased, five-year Science and Implementation Plan (2001-2005). The ACD project office was established
in Potsdam at the Alfred Wegener Inditute.

The overdl objective was to improve our understanding of circum-Arctic coastal dynamics as afunction of
environmenta forcing, coastd geology and permafrost and morphodynamics behavior.



It is planned to establish the rates and magnitudes of erosion and accumulation of Arctic coasts, to develop
a long-term monitoring, to identify and undertake focused research on critical processes, to develop
empirica modes to assess the sengtivity of Arctic coadts to environmenta variability and human impacts,
and to refine and apply an Arctic coastd dassfication in digitd form (GIS format) and produce a series of
thematic and derived maps (Rachold et al. 2003a).

The firgt phase of the ACD | project has been directed towards the assessment and synthesis of exiding
information on Arctic coasta properties and dynamics. A network of long-term monitoring Stes has been
edtablished. The metadatainformation for these ACD key Stesis available on the ACD website. During the
second phase of ACD | research, until 2005, emphasis was on critica processes. This focused on the
trangport and fate of eroded organic materiad and on the most critica and poorly understood transition
between onshore and offshore permafrogt.

A key issue is dso to strengthen the federd legd base regarding coasta zone management for the specia
and very vauable subject of sustained natural ecosystem goods and services, i.e. natura as well as socid
capital. Such a response was raised by the Russian Federal Ministry of Science and Technology in 1997
(now Ministry of Industry and Science). A multidisciplinary group of scientists from Moscow, Murmansk
and Krasnodar was eaborating the scientific background for a new federd law on coastd zone
management for the purposes of rationa use of space and natura resources. The firgt draft of such alaw,
with a comprehensive andysis of the Stuation and the efficiency of the existing legidative base, has been
submitted for congderation a minigterid leve. Meanwhile thiswork is continuing, and specid emphasis will
be placed on the interrelations of natura resource users and mitigation of conflicts between them.

Along with rich materid from academic inditutes, the Federd Service of Hydrometeorology and
Monitoring of Environment provides databases on surface water qudity in river basins based on long-term
dudies. It endbles andlysis of the dynamics of changes and assessment of the current Stuation regarding
pollution and environmental qudity in different parts of the river basins. The land-based sources of
contamination have uneven distributions over vast areas of the river catchment basins, but there are some
places where anthropogenic impact exceeds the maximum alowed loads. These places include the Kola
Peninsula, the mouth of the Ob River, the lower reach of the Yenisey River and the Pyasina River. These
areas can be referred to as “hot spots’ in the coastal zone of the Russian Arctic (Figure 2.4). The coastal
zones of some other Arctic rivers dso show poor environmental conditions due to permanently high
contamination d waters by sewage and wagtes from mining, timber and the shipping industry, dumped
without or with insufficient levels of purification.

Anthropogenic impacts are usudly connected with indudtrid development and exploitation of naturd
resources and urbanization of the western part of the Arctic. There is a likelihood of further economic
growth of this sector of the Russan arctic coastd zone in the near future. Although these regions can draw
on a higher leved of scientific investigations alowing a more advanced understanding of anthropogenic
impacts, red progress refers more to scientific response than to the management and policy sphere on both
regiond and catchment scales. The following table (Table 2.9) summarizes the scientific and management
related responses addressing the Russian Arctic coastd and riverine issues on sub-regiond and regiond
scae.



Table 2.9. Scientific and/or management response to coastal impact/issuesin the Russian Arctic Coastal zone on catchment, sub regional and

regional scale.

River catchment RESPONSE RESPONSE RESPONSE Regional Scale
Catchment scale Sub regional /Country Scale
Sea/Subject of RF Scientific M anagement Scientific M anagement Scientific | Management
Barents Sea Systematic ecological 38 water objectives of | Program of The Barents Sea Region TheBarents Sea- Arctic Monitoring and
Murmansk region studies on population, the Kola Peninsula Ecological - Economic | Sustainable Development. | physical Assessment Program
biological and areincluded in the regionalization of Program was sponsored by | oceanography (AMAP) began 1991,

KolaRiver
TulomaRiver

Kola Peninsula coast
Lakesof Kola
Peninsula

hydrochemical research
on anthropogenic impact
are carried out by
Murmansk Marine
Biological Institute
(MMBI), Institute of
Industrial Ecological
Problems, Polar Research
Institute of Sea Fisheries
and Oceanography
(PINRO)

state system of
surface water quality
monitoring (39 points
and 47 profiles)
(Rosgidromet)

Barentsregion for
purpose of
sustainable
development (MMBI)

UNDR (1995-1999),
managed by Education
Development Center, Inc.
(EDS) and Murmansk
Province State Committee
on Environmental
Protection and Natural
Resources (in frame of
BarentsEuro-Arctic
Region Program, BEAR)
Main task: to develop a
strategy to incorporate
principles of environmental
governance and

sustai nable devel opment
into the policies, programs
and planning process of
key agenciesin the region

resear ch 1991-1995.
By the Institute of
Marine Research
(Norway) together
with Knipovich Polar
Research Institute of
Marine Fisheries and
Oceanography
(PINRO) Barents Sea
Impact Study
(BASIS) —
international program
sponsored by EU
Stage | 1997-2001.
Stage |1 2001 to date

includes 8 Arctic countries,
provides ministers with
assessment of levels of
anthropogenic pollutants
of the Arctic environment.
The results of the first 6-
year term of the program
were published inAMAP
1997: Arctic Pollution
Issues: A state of the
Arctic Environment Report.
Protection of the Arctic
Marine Environment
Program (PAME) began
1993, focuses on marine
pollution and effects on
the environment from land-
based and sea-based
sources. All Arctic
countries participate




Table 2.9 continued

River catchment RESPONSE RESPONSE RESPONSE Regional Scale

Catchment scale Sub regional /Country Scale
Sea/Subject of RF Scientific M anagement Scientific M anagement Scientific Management
White Sea Ecological studies of State monitoring BEAR Program, BASIS AMAP
Arkhangelsk region deforestation, depletion system of surface International PAME
Northern DvinaRiver | of fish stocks, water quality (35 Program Complex

contamination of natural | water objectivesat 53 | studiesof the White

waters in catchment points, 70 profiles) Sea 2000-04 (Russian

basin (Institute of — German Project)

Northern Ecology,

Arkhangel sk
Kara Sea Ecological Study of the Local Administration | PechoraDelta, Environmental impact BASI'S 1997-2000 AMAP
Nenets Autonomous | PechoraRiver Program “ Zones of Structure and assessment of oil LOIRA PAME
okrug Distribution of heavy limited economic Dynamics of Pechora | development off-shore & Land Ocean
PechoraRiver metals, Al, hydrocarbons | activity” (coastal Delta ecosystems in coastal zone of Pechora | Interactionin

in sediments, fishin the
P.R. basin (1997-2000)

zone, rivers & lakes
shores — since 1997)

(1995-1999) Russian-
Dutch project

Sea, 1996-2001

Russian Arctic
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Table 2.9 continued

River catchment RESPONSE RESPONSE RESPONSE Regional Scale
Catchment scale Sub regional /Country Scale
Sea/Subject of RF Scientific Management Scientific Management Scientific Management
State monitoring INSROP (Impact of 1996-2005:
Kara Sea system of surface Northern Sea Route on ACD
continued water quality by regional development & Arctic Coastal
Rosgidromet indigenous people. Dynamics
(17 water objectives 2001-2005
of the Pechora River Main task: to

catchment basin, 26
points, 35 profiles)

determine role of
coastal seasin land -
ocean interactions:
carbon cycle, coastal
erosion and riverine
and direved from
erosion fluxes of
sediments and
organic carbon,
regional and global
consequences of
human impact
through pollution,
eutrophication and
physical disturbance.
Strategic approach to
management of
sustainabl e coastal
development and
resource use.




Table 2.9 continued

River catchment RESPONSE RESPONSE RESPONSE Regional Scale

Catchment scale Sub regional /Country Scae
Sea/Subject of RF Scientific M anagement Scientific M anagement Scientific Management
KaraSea Environmental studies: State monitoring Russian-American Russian-Norwegian
Tymen Region Dynamics of tundra system of surface Expedition to the expeditioninthe Kara
Khanty-Mansi ecosystems, permafrost, | water quality (236 Siberian River Deltas Sea (AARI) — studies
Yamd - Nenets AO. Biochemical, biophysical | pointson 114 rivers (GosNIIPAS, ZIN oceanol ogy,
ObRiver, and hydrochemical of the Ob River basin, | RAS), 1994. hydrobiology (1995-
Yamal Peninsula research of the Ob R. 314 profiles) Complex investigation 1996)
coast mouth, Ob Bay and the on the hydrology and

Y amal Peninsula coast, hydrobiology of

1990-2000 (connected deltas and estuaries

with gas development on Hydrochemical regime

Yamal Peninsula) of estuarine and

Determination of deltas of Ob, Yenisey,

contaminant contentsin KaraSea (AARI,

coastal watersfrom 1990-1993).

Vaygachisland till the Radioactive

Laptev Sea water bodies contamination of the

(INP&SNU) Kara Seathrough the

Ob River basin (1993,
Arkhangelsk)

Taymyr (Dolgano- Biological diversity of State monitoring
Nenets autonomous | Taymyr Peninsula, system of surface
okrug, (AO) coastal waters water quality (124
Evenky AO productivity points on 79 riversin
Krasnoyarsky kray (VNIlpriroda, PINRO,) the Yenisey basin,
Yenisey River, Geographical Dept. Of 179 profiles)
Pyasina River Moscow State University
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Table 2.9 continued

River catchment RESPONSE RESPONSE RESPONSE Regional Scale
Catchment scale Sub regional /Country Scale

Sea/Subject of RF Scientific Management Scientific Management Scientific Management

Laptev Sea Ust-Lensky State State monitoring Laptev Sea System

Republic of Sakha-
Y akutia

Reserve (formed in 1983)
— studies of the Lena

system of surface
water quality (66

Complex Russian-
German Research

LenaRiver River deltaand adjacent | pointson 47 water Project 1994-1998.
YanaRiver area— biological, objectivesinthe Lena (AARI)
biochemical research River basin, 85 ACD 2001-2005
(1990s) profiles)
Anthropogenic
contamination of the
LenaRiver delta(AARI)
East Siberian Sea Environment-transport State monitoring Ecologica and ACD 2001-2005

Republic of Sakha-
Yakutia

Indigrka River
KolymaRiver

conditions in the mouth
of the KolymaRiver
(AARI, 1970s).
Ecological studiesin
Chukchi and East
Siberian Sea, Kolyma
Mouth (anadromous and
freshwater fishes, water
fowl, breeding biology)
on bases of permanent
stations 1980s-90s
(Institute of Biological
Problems of the North,
Far-East Dept RAS)

system of surface
water quality (17
points on 13 water
objectivesin the
KolymaRiver
catchment basin, 17
profiles)

biological studies of
the Laptev Seaand

Eastern Siberian Sea
(Institute of Biology

of the Yakut Branch
of the Northern
Department RAYS)
1990s
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Table 2.9 continued

River catchment RESPONSE RESPONSE RESPONSE Regional Scale
Catchment scale Sub regional /Country Scale
Sea/Subject of RF Scientific Management Scientific Management Scientific Management
Chukchi Sea Ecologica and Bering Sea Impact
Chucotsky Peninsula biological studies of Study (BESIS)
coast Chukchi Sea— 1995-2001
biodiversity, Coastal zone of
catalogues on sea eastern part of

mammals, fishes,
invertebrates (TINRO,
9 expeditions, 1970s-
1990s)

Chukotsky Peninsula
— Western Alaska
Studies of global
change
consequences on
physical, biological,
social systems.

USA, Canada, Russia,
Japan, China
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3 ANNEX
Human dimensions of land-based fluxesto the coastal zone: the L Ol CZ-Basins approach
(from Kremer et d. 2002)

This gppendix provides an introduction in methodology of the regiona assessment and synthesis of human
dimendons of land-based fluxes to the coastd zone as performed in the LOICZ-Basins core project. In
using a common methodology, harmonized assessment protocols and project designs for research on
globa scdes, the LOICZ-Basns framework ams to assig in interregiond exchange and acquisition of
funding opportunities on loca, sub-regiona and regiond scales.

Background

Coasts worldwide are subject to many pressures which are expected to continue or increase in the future.
Naturd flows of water, nutrients and sediments to the coast are largely and increasingly influenced by past
and planned physcd changes in rivers (eg., damming). In addition, the increase in tourism, fisheries,
urbanization and traffic will offer chalenges for the coasta zone managers and regulators. The management
issues and their solutions require an integrated gpproach of the natural and socio-economic sciences
(Turner et al. 1998; Sdomons et al. 1999). Numerous studies (often mono-disciplinary) have been
conducted to ded directly with these issues but could benefit from more integrated assessment.  This
integration of the results of past studies requires a smple and harmonized framework for assessment and
andydss. For the integration LOICZ-Basins uses the DPSIR framework:

L Ol CZ-Bagns faces three mgor chdlenges:

1. to determine the time delay between changes in land-based materid flows (due to socio-economic
activities, morphologica changes or regulatory measures) and their impact on the coasta zone system.

2. to generate an improved understanding of the complexities of the coastd sea environments and to
derive from this complex environment the “critical loads’.

3. to congder the multiplicity of interests and stakeholders affected by transboundary issues, particularly
when locd, regiond, naiond, and multi-nationa governmenta bodies with conflicting interests are
involved.

The DPSIR framework

The Driver-Pressure- State-lmpact-Response or DPSIR scheme (Turner et al. 1998; Turner and Bower
1999) provides a standardised framework for Ste assessment and evauation. It enables the cdculation
and moddling of the impacts of change on the ddivery and use of environmental goods and services
expressed in scientific and monetary terms. The scheme sets up a platform for independent review ad
evauation of politica and manageria response and options. The eements of thisframework are:

Drivers. resulting from societd demands, sectord activities with consequences for the coastal zone

indude:
- urbanisation

aguaculture

fisheries

oil production and processing
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mining

agriculture and forestry
indugtrid development
land use change.

Pressures. processes dffecting key ecosysem and socid system functioning (i.e, natura and
anthropogenl cforcing affectl ng and changing the state of the coastal environment):

damming and other congtructions

river diverson, irrigation and water abstraction

indugtrid effluents (industridisation), agriculturd and domestic wastes (urbanisation)

navigation and dredging

sea-levd rise induced by land-based activities and affecting the coastal zone (e.g., decrease of

riverine sediment load leading to ingtability of coasta geomorphology)

other forcing functions (not primarily anthropogenic) such as climate change.

State and State change: the indicator functions and how they are affected:

- water, nutrient and sediment trangport (including contaminants where appropriate) observed in the
coadtd zone as key indicators for trans-boundary pressures within the water pathway. Indicators
are designed to give an overview of the environmenta status and its development over time and to
enable derivation of criticd load information
geomorphologic settings, erosion, sequestration of sediments, Sltation and sedimentation
economic fluxes relating to changes in resource flows from coagta systems, their vaue and changes
in economic activity including the vauation of natural resources, goods and services.

I mpact effects on system characteristics and provision of goods and services:
habitat ateration
changesin biodiversty
socia and economic functions
resource and services availahility, use and sustainability
depreciation of the naturd capitd.

Response action taken on political and/or management leve:
scientific response (research efforts, monitoring programs)
policy and/or management response to either protect against changes such as increased nutrient or
contaminant input, secondary sea level rise, or to ameliorate and/or rehabilitate adverse effects and
ensure or re-establish the chance for sustainable use of the system s resources.

The pressures are manifold, so we narrow them down within the LOICZ context, which deals with changes
in biogeochemical cycles as mgor indicators. The LOICZ-Basins project therefore deals with the impact
of human society on the materid trangport such as water, sediments, nutrients, heavy metals and man-made
chemicals to the coast. It assesses the loads and their coasta impact and tries to provide feasible
management options together with an analyss of success and failure of past regulatory measures. Since
changes in fluxes are mogily land or catchment-based, the caichment—coastdl sea system is treated as one
unit — a water continuum. In gpplying this scde to loads and coastd change phenomena this means that
beyond activities from agriculture, fisheries, urban development, industry, trangport, tourism aso
morphologica changes made to a catchment (e.g. damming) have to be taken into account.

In particular the following parameters will be assessed:
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materid flow of water, sediments, nutrients and priority substances (past, current and future
trends);

socio-economic drivers which have changed or will change the materid flows,

indicators for impacts on coastd zone functioning; and to derive from them

a"critica load" for the coastdl zone and “criticd thresholds’ for system functioning.

Linking coastal response to socio-economic drivers

This critical load and threshold concept being developed within the UN/ECE CLRTAP convention will
develop this link. The United Nations Economic Gommisson for Europe' s convention on Long-Range
Transboundary Air Pollution has held several workshops and produced handbooks on the critica load
concept for terrestrial and freshwater systems. In LOICZ-Basins these concepts are extended to the
marine ervironment. In a systems gpproach it can be used (as has been done for atmospheric pollution
abatement) for a cost-benefit andysis of management options. Scenario-building is an integrd part of this
andyds. Critica loads provide key information for te deveopment and gpplication of indicators for
monitoring purposes as required, for example for the implementation of the Coastd Globa Observation
System, C-GOOS, of UNESCO’s 10C.

Socio-Economic Drivers:
Urbanisation and transport/trade
Agricultural intensification/landuse change,
Tourism and recreation demand,
Fisheries and aquaculture, *

Industrial development

Climate Change and
Coastal Processes
Variability

Environmental Pressures
Land conversion and reclamation.
Dredging, aggregates, oil
and gas extraction.
Waste disposal in coastal water.

Water abstraction. Drainage networks,
estuarine and coastline engineering works,

dams, barriers and barrages

Policy Environmental
Response & R..,,.......... ‘State’ Changes
M anagement e, .. Chanaesdin nu(:ti[ientst. tox(ijc

f pLS Sem» RS- compounds, sediments an

Options *s ) water fluxes to the coastal

Stakeholders t
Gains/losses V
I mpacts

N

zone. Loss of habitats and
biological diversity,
eutrophication/water pollution,
coastal erosion.

The changes in processes and
functions of ecosystems leads
to consequential impacts on
human welfare via productivity,
health, amenity and existence
value changes.

Figure 3.1: Description of the Driver-Pressure-State-lmpact-Response



L OICZ-Basns employs different gpproaches to identify targetsand indicators for the coastal response:

- The dample “policy-oriented” approach takes the critical |oads agreed upon in internationd tregties
(e.g., the 50% reduction scenario within the Rhine Action Plan, aso adopted for the North Seg).
The “ecosystem” gpproach uses historica data on the response of the coastd system to changing
loads and identifies indicators. This approach will attempt to discriminate between natura states
and anthropogenicdly dtered states.
The “regiond management” gpproach is based on consultation with loca authorities and identifies
ther criteria for indicators or criticd loads. This incorporates other indicators than those based on
scientific arguments aone.

The indicators and targets are used to derive critical concentrations. Taking into account transformations
and dispergon in the coastd environment, a critical load to the coastd zone can be cdculated. Thiscriticd
load, the critical outflow of the catchment, is a combination of inputs by socio-economic activities and
transformations in the catchment and its deltalestuary. Once these links and the transformations of the
loads have been established it will be possible to carry out scenarios for cost-benefit analysis and trade-
offs. Thiswill require the integration of existing moddling tools from the naturd and socid sciences.

The DPSIR framework is gpplied to determine critical loads of selected substances under various
development scenarios with diverse biophysica and socio-economic settings, triggering discharges into the
coadtal seas. It provides an interdisciplinary platform for joint gpproaches of naturd, socia and economic
scientists, and to incorporate stakeholders - industry, agriculture, environmenta organizetions and citizens.

Large catchments seem to be obvious examples to be addressed within agloba LOICZ synthesizing effort
(e.g., Amazon, Nile, Yangtze, Yellow, Orinoco), and East Adais dominated by big streams. However,
from the perspective of coastd change on regiond and globa scaes, considerable if not mgor influence
from land-based flows is generated in smdl to medium catchments with high levels of socio-economic
activity. Changes in land cover and sectord use need much shorter time-frames to trandate into coastal
change and usudly exhibit more visble impacts in smdler catchments than in large catchments where the
“buffer cgpacity” againgt land-based change is higher Smply as a function of catchment sze. Thus, smdl
and medium catchments are in principle of equa priority to the globd LOICZ-Basns assessment. They
dominate the globa coasta zone (in Vietnam, for example, they characterize extensve parts of monsoon
driven runoff to the South China Seg). In idand-dominated regions such as the South Pecific or the
Caribbean — or in Eagt Asathe idand of Taiwan and the Japanese Archipelago - frequently whole idands
can be consdered as one cachment affecting the coastd zone and influences are generated by both
anthropogenic drivers and globd forcing.

Theapproach

Regional networ ks, assessment wor kshops/desk studies

Through two-stage regiona workshops, LOICZ-Basns builds up regiond multidisciplinary networks of
scientist's who bring their experience and exigting information into the synthesis process. The first workshop
identifies the pertinent regiond issues and provides a first ranking order of current and predicted impacts
with trend andyss, based on expert judgement and published scientific information. A second workshop
finalizes the regiond synthes's, improves the geographica and thematic coverage and assgs in preparing
research proposals for loca and regiond funding. Emphasisis given to close coupling of biogeochemicd
and physica sciences with human dimensions. Workshops have been held and networks established in
Europe, Latin America, East Ada (this report) and Africa, while desk studies cover the Caribbean,
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Oceania and the Russian Arctic. (The East Ada Basins assessment was run as a single workshop. This
was possible through the broad scientific and geographical coverage provided by the network. However,
the two-step approach is preferable).

In February 2001 the European Catchments (EuroCat) project, funded by the European Union, started as
a direct result of a LOICZ assessment (http:/mwwdia-cnr.unica iVEUROCAT /project.htm). The
EuroCat design, objectives and modelling approaches serve as templates for the development of other
regiond catchment-coasta zone projects currently being developed for Africa (in implementation with
support from START as a pilot study phase 2002/03 — four catchments), and Latin America. In East Asa
agmilar devdlopment is foreseen for the near future.

A LOICZ-Basins web-page is now available at the GKSS Research Center, Geesthacht, Germany,
(http://w3g.gkss.defprojects/loicz_basing) and through the LOICZ web-site (hitp:/Mmww.loiczorg). It is
updated continuoudy and provides pdf copies of reports.

Proposals and projects that develop from regiona LOICZ-Basins efforts contribute to the globa LOICZ
assessment. They aso contribute to the Integrated Coasta Area Management initiative, ICAM, aswell as
to the Coastad GOQOS “Globa Ocean Observing System” of UNESCO/IOC. Links to the typology up-
scding effort consdering globd river run off and coasta biogeochemigtry (a joint project of LOICZ and
BAHC  through the  Universty of New Hampshire, ae beng pursued
[http:/imww.kgs.ukans.edu/Hexacorad/Toolstoolshtm]).  Watching briefs exist with other globd efforts
such as GIWA, the WWAP and Millennium Assessment. Increasing the links with the Regiond Sees
initiatives under UNEP and the GPA is under consderation.

Theframework for LOICZ-Basins synthesis and project development
Since LOICZ-Basins workshops have a regiona focus, assessment and ranking follow a hierarchy of
scdesfindly dlowing afull regiond picture to be generated. The scdes increase from:

local catchmentsvia

sub-regiona or provincid scaesup to

regiond scae which could be a country (e.g., continental China) or a sub-continent or continent.

To fadilitate thinking and to guide the evauation of exiding information, the Driver- Pressure- State-Impact-
Response scheme (DPSIR) has proven to be an appropriate descriptive framework. The steps taken are:

1. setupalist of coastal change issues of and related Drivers in the catchment (plenary-task).

2. characterize and rank the various issues of change based on either qualitative information (i.e.,
expert judgement - if there are no hard figures) or hard data coming from investigations or
archived materid; this indudes identifying critical load and threshold information for system
functioning.

3. derive alig of current or prospective “ hot spots’ representative of atype or class of catchment-
coast system, from which to develop a proposal for future interdisciplinary work.

LOICZ-Badins ams to provide an expert typology of the current state and expected trends of coastal
change under land-based human forcing and naturd influences. The assessment follows a set of key
questions which cover the various aspects and scdes of the DPSIR analyss and follow a sequence of
assessment tables; participants are asked to fill in prior to the workshops. A generic scheme is shown



beow. All mgor assessment tables dosdy follow this scheme, and dlow intra and inter-regiond
comparison within the globd LOICZ-Basins effort, dthough the entries to the tables can be different.

|:| Up-scaling process

% Coastal Drivers* Local catchment | Subregional level Region
5 issues level (e.g. by country or level
£, (allowing within- | considering open (e.g., Asia)
c
S & and between- versus enclosed
5 catchment seas)
X © .
g2 comparison)
° g Eutrophi- Damming River A | Trends | Sub- Trends or
<‘>J X . ., .
z 9 cation or region1l | Ranking
o= Ranking | (Rivers
A-D)
Erosion e.g. Water | River B
Abstraction
Loss of
Biodiversity

* = gge comments on this driver identification and ranking on the following pages.
Figure 3.2: Basic schema of assessment tables.
Ranking and classification

The OSPAR 2000 quality status report (http:/Aww.ospar.com) lists human pressures on the coastdl sealin
a ranking order with four classes according to their relative impact on the regiond ecosystem - induding
sudtainable use. Pressures are attributed to various drivers or pressure classes.

Table 3.1 shows some examples compiled dong the OSPAR guiddines, adapted to fit the LOICZ-Basns
concept. It focuses on issues which link to land-based activities.

From these and other examples, adapted to the LOICZ needs and relying strongly on regiona expert
judgement and - if avalable - regiona quality standard protocols and agreements, the LOICZ-Basins task
group has developed a set of LOICZ-Basins Regional Assessment tables for globa application.

LOICZ-Basins Regional Assessment Tables (Table 3.1-Table 3.8) and key questions for
wor kshops, synthesis and project development

The tabulated DPSIR andysi's has proven to be an gppropriate descriptive framework for this purpose.
The questions leading through the tables have usudly been addressed in the first phase of the LOICZ-
Basins workshops. The tables ensure a standardized approach within the globa LOICZ-Basns effort.
They dlow integration of the regiona assessments and expert typologies into the globa scaes and help to
fill gaps and harmonise the synthess. Data included in the first workshop are reviewed and confirmed in
light of new information delivered to the second workshop. Detailed source references for data or critical
load information is included wherever possible (they can, however, aso rely on expert knowledge to a
consderable extend). The steps taken are outlined in the accompanying Regiona Assessment tables.

87



Table 3.1 Examples of impacts, pressuresand driver/pressure settingsin the LOICZ context.

Impact priority

Priority classes of human
pressur es

Driver/pressure settings -
sectoral; land- or catchment- or
sea-based

A (highest impact)

Input of organic contaminants —
land- based

Various economic sectors

I nputs of nutrients — land-based

Various sectors, urbanization,
(wastewater, agriculture)

B (upper
intermediate impact)

Input of oil and PAH — land-/sea-
based

Oil indusiry/Shipping

Input of other hazardous Industry/Shipping/various sectors
substances — land-/ sea-based
C (lower Input of nutrients, organic materid, | Mariculture
intermediate impact) | antibiotics etc.
Minerd extraction — land/ sea Enginearing, Mining
based
Inputs of radio nuclidesfromland | Energy and other sectors

D (lowest impact)

Input of wagte/litter

Recreation, Tourism

Table Input

Magor data needed for the assessment are materia flows and loads (historic data and those of relatively
unimpacted systemsiif possble). Fluxesto be consdered are:

Water
Sediments

N, P,C(S)
Contaminants

The trend information on expected changes in the DPSIR scenarios across the various scaes (how will
drivers change and will this affect the loads to the coastal sea?) provide preliminary assessment that setsthe
gtage for dynamic scenario adysis

The critica thresholds information can be derived from: ecologicad (State/lmpact relationship) as well as
politicd and managerid information (Response) which refers to environmenta qudity Standards,
regulations, water directives and other comparable instruments.



Table 3.2 Major coastal I mpacts/issues and critical thresholdsin coastal zones— Overview and qualitative ranking based on changein the region

following the key questions:
What are major impacts (coastal issues) aong the coastal zone?
How close are they to acritical threshold of system functioning?

Coastal L ocal site/region Critical Threshold Distanceto Critical Impact category References/
impact/issue (contributing river (for system functioning) | Threshold (Impact code and rank | data source
e.g. basins) e.g.: (qualitative or quantitative) | of importance 1- 10)
e.g. e.g.:
Erosion (coastal | River ABC - Ddta For coastal stability; Qualitative or quantitative Erosion - 10 Database
geomorphology) Sustained delivery of xy t | information. about the amount Xyz,
per year needed for coastal security.
..... (e.g., no distance since the Reference
sediment delivery due to abcd, 19......
damming has been reduced to
such alevel that coastal erosion
becomes a continuos process)
Eutrophication Bay ACEF — (rivers Seagrasses show signsof | Further increased nutrient load | Eutrophication — 8
(habitat loss) draining into the Bay destruction; by 20-30% will change the
abc,...) Occurrence of anoxia or system
low oxygen in estuaries,
Nutrient load is at the
threshold.
Pollution Rivers XYZ
Notes for use

This table is a first priority list of issues for the regional coast based on riverine (i.e. catchment-based) forcing. It serves to compile as much information as possible
on critical fluxes, loads and thresholds for systems functions. It provides a first overview of a remaining capacity for materia input or withdrawa that a target
ecosystem might be able to handle without observable change. This can refer to a single function such as the stability of a coastal area against erosion. It can aso
refer to a multicausal impact affecting for example fisheries or water quality. These critical load and threshold estimates return in Table 3.8 as part of the “hot spot”
and response assessment.

The ranking involves 4 main categories. values 1-3 no or minor importance, values 4-6 = medium importance, values 7-9 = mgjor importance and value 10 = critical.
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Table 3.3 DPSI matrix characterizing major catchment-based Driver s/Pressures and a qualitative ranking of related coastal State changesimpacting
the coastal zone versus catchments size class.

State change dimension: major; medum; minor; no impact; ? = insufficient information.

Timescale: p = progressive (continuous); d = discrete (spontaneous) n.a. = not applicable

Key questions and examples:
What are the mgjor (max. 10) driver / pressure settings on river catchment level causing coastal change?
Can we identify spatial scales on which certain driver/pressure settings dominate coastal issues?

Driver Pressures State (qualitative index) Impact on the coastal |Time
change system scale
Large |Medium Small Small basins:
basins | basins basins: passive coast
active coast
Agriculture | Waste/nutrient (excess fertilizer) minor | medium maj or maj or Eutrophication; p
Increasing sediment transport Contamination;
Water extraction Siltation, €c....
Damming Nutrient and sediment sequestration | ? maj or n.a medium Coastal erosion; d
Changing hydrologica cycles Nutrient depletion;
SHinization
Defor estation | Sediment budget alteration minor | major major major Siltation; p
..... Sediment accretion/
Erosion
etc etc Etc
Notes for use

Please refer to the basins in your sub-region or for which you have information and make a judgement on how intense the effects of the various drivers on these
catchments are and to what extent this may impact on the coastal zone. Ranking is in three categories (also used in tables 2 and 4-6); those are: minor importance
equals 1-3, medium importance equals 4-6, mgjor importance equals 7-10.

State changes in coastal zones driven by a catchment — based prozess will vary according to catchment size, for example: Deforestation even on large scale if
conducted in a huge catchment such as the Yellow or Y angtze will cause arather moderate if any coastal signal as compared to effects originating from pressures on
small catchments where even minor deforestation can dramatically influence the sediment budget in the coastal zone. So, deforestation in some large catchments
could be scored a “minor” while in a small catchment it could go score a “magjor” ranking. Where your information is referring to only one catchment type or class
(e.g., large >200.000 km?, medium 10.000 — 200.000 and small <10.000 km?), delete or ignore the other columns.
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Active/passive coast refers to geomorphology, tectonics and climate. Small rivers aong the Viethamese coast for example are in atectonicaly rather passive area
with high seasondlity in runoff (monsoonal influence) while small rivers draining to other coastal areas e.g. the Idand of Taiwan or the Japanese Archipelago are
located in atectonical rather active area exhibiting high dopes but they also feature high amplitiudes of seasona runoff variation on a yearly time-scale.
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Table 3.4 Linking coastal issues/Impacts and land based Driversin coastal zones— Overview, qualitative ranking and trend expectations on local or

catchment scale.

Key questions:

What are the major pressure/driver settings at catchment level causing coastal impacts?
What are the future trends (based on hard data or expert judgement)?

above

Coastal Drivers L ocal catchment Trend References/
I mpact/issues (allowing within and between catchment comparison) expectations data sources
River A Category (1 low — 10 high)
Eroson Damming Area... 10 Increasing XYZ, 2000
\Volume...
Runoff reduction...
Deforestation |Area... 8 stable
Residua TSS production...
Diverson Little, area; effect on water flow... 4 decreasing
Erosion total All drivers In River A Ranking weighted from information  |Overal trend
above
River A Category
Eutrophication Agriculture Residua nutrient production. .. 9
Mariculture | Local residua nutrient production... 5
Municipa Local urbanisation aress... ; Xy t/tear 10
waste residual production
Eutrophication total |All drivers In River A Ranking weighted from information  |Overal trend

Further issues

etc

Notes for use:

After finishing River A, continue with River B,C etc. Where possible please treat pollution separately from eutrophication.
The ranking involves four main categories. values 1-3 = no or minor importance; values 46 = medium importance; values 7-9 = maor importance and value 10 =

critical.
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Table 3.5 Linking coastal issues/I mpacts and land-based driversin coastal zones— Overview, qualitative ranking and trend expectationson country
or_sub-regional scale.

Key gquestions and example:
What are the major pressure/driver settings on country or sub-regional level causing coastal impact observed?
What are the future trends (based on hard data or expert judgement)?

Coastal impact/issues [Drivers Sub-regional (i.e. by country or comparing open versusenclosed ([Trend- References/
seas) expectation data sour ces
Sub Region A Category (1 low — 10 high)
Erosion Damming - Catchments involved S Stable
Area...
Volume...
Run off reduction...
Deforestation Area... 8 increasing
Residua TSS production...
Diversion Little, area...; effect on water flow... 4 increasing
Erosion (total in sub- |All driversand riversiSub Region A Ranking weighted from
region A) weighted information above
Eutrophication Agriculture Residual nutrient production... 9
Mariculture Loca residua nutrient production... 5
Municipa waste Local urbanisation aress... ; Xy t/year 10
residua production
Eutrophication (total
in sub-region A)
etc. etc. etc.
Notes for use:

If you have information about more than one sub-region e.g. north-west Africa or north-east Brazil, please treat them separately. Information involved here should
summarize the coastal issues for the whole region and consider al the rivers reaching the coast.

The ranking involves 4 main categories. values 1-3 = no or minor importance, values 4-6 = medium importance, values 7-9 = mgjor importance and

vauelO = critica.
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Table 3.6 Linking coastal issues/I mpacts and land-based Driversin coastal zones — Overview, qualitative ranking and trend expectations on whole

regional or continental/sub-continental scale.

Key questions:

What are the mgjor pressure/driver settings at whole regiona, continental/sub-continental level causing coastal impact observed?
What are the future trends (based on hard data or expert judgement)?

Coastal Drivers Full regional Trend- Reference/
impact/issues (continent or sub-continent) expectation (data source
e.g. Asaor East Asia Category (1 low — 10 high)
Eroson Damming - Sub-regions involved 2 increasing
Area...
Volume...
Runoff reduction...
Deforestation Area... 8 Seble
Residual TSS production...
Diversion Little, area; effect on water flow 4 increasing

Erosion (total in

All drivers and rivers

Ranking weighted from info above

the region) weighted Full region scale

Eutrophication Agriculture Residual nutrient production... 4
Mariculture Local resdual nutrient production... 5
Municipa waste Local urbanisation aress... ; Xy ty™ 10

residua production

Eutrophication (total

in the region)

etc. etc. etc.

Notes for use:

This table should be filled in during the workshop since it will help synthesising the working group discussions on up-scaling individua catchment and sub-region based

information.

The ranking involves 4 main categories. values 1-3 = no or minor importance, 4-6 = medium importance, 7-9 = mgor importance and 10 = critical.




Table 3.7 Scientific and/or management Response to coastal impact/issues in (continental region) coastal zones on catchment, sub-regional and

regional scale.
Assessment of scientific and/or management Response on the various scales: overview of monitoring programmes and scientific investigations as well as (if

applicable) management interventions, environmental quality standards, legidation, river and other commissions).

Key questions:
What is the current status of response taken at scientific policy and/or management levels against the major coastal issues in the region?

River RESPONSE RESPONSE RESPONSE

catchment | catchment scale Sub-regional/ country scale Regional scale
Scientific Management Scientific Management | Scientific Management

River A eg. monitoring | eg. commisson e.g. (combining eg.... e.g. UNEP eg. qudity criteria
programme established; catchments A-B-.... Regiona Seas for the regiond
19-- 2001, thresholds set; legidation | Programs? programme waters?
Data ...; inplace... Data?
Source: Source: Source

Source: Source:

River B

River C

River D

River E

Notes for users:

This table describes the current activities dealing with the issues on either a scientific or a policy level. This can include databases and monitoring efforts, local
GOOS networks or smply investigations. On policy and management levels, this focus can be on guideines, threshold values and environmenta standards (politica
critical loads). The scale to which these measures are being applied or should apply should be mentioned.

The information and ranking of DPSIR scenarios (tables 1-5) together with this “Response’ information should lead to the identification of “hot spots’ to be listed in
Table 7.
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Table 3.8 “Hot spots’ of land-based coastal impact and gaps in understanding; a first overview of issues to be addressed in future research
(identifying the appropriate scale for the design of a new scientific effort).

Key questions:
What are the magjor gaps in our current understanding of river catchment - coastal sea interactions?
Which “hot spots’ should be addressed in a future integrated scientific effort (natural and socio economic disciplines)

River “Hot spot” “Hot spot” “Hot spot”
catchment | catchment scale sub-regional/ country scale regional
(e.g. Yangtze River or Bohai Sea) scale
Key issues, | Scientific approach Key issues, Scientific Key issues, Scientific
trend and Trend and gaps approach Trend and gaps | approach
gaps
River A Biogeochemical studies eg....

Residua caculation by economic sectors
Criticd flux invedtigation

Stakeholder and scale analysis
ACTION
River B
River C
River D
Notes for use:
This table extracts from the regiona assessment the potentiad demondtration sites, which can be included in a proposal for a future Regional Catchment/Coast
Assessment Project - “...Cat”. ldeally the sites should represent different settings which are typical for a specia sub-region. This would alow up-scaing of the

findings to comparable “classes’ of catchment/coasta systems at a later stage.  An accompanying note may be given informing about ongoing activities, link
suggestions and key contact persons.

Emphasis should be on the human dimensions of catchment—coastal sea interaction considering the co-evolution of natural and societal systems (i.e. involving natural
and socio-economic sciences).



