E1:
METHODS AND PROCEDURES FOR MONITORING DISCHARGES OF TITANIUM DIOXIDE WASTE TO THE SEA
At its Third Meeting (Brussels, 1981), the Paris Commission adopted the methods and procedures descibed in this document as suitable guidelines for the monitoring of discharges of TiO2 wastes (PARCOM III/10/1, § 3.3).

At its Eighth Meeting (Madrid, 1986), the Paris Commission agreed that Contracting Parties should provide - as a mandatory obligation - reports of their monitoring activities for JMG to assess every second year, commencing in 1987 (PARCOM 8/12/1, § 5.3)
.
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PARIS COMMISSION: PROCEDURES AND DECISIONS MANUAL


METHODS AND PROCEDURES FOR MONITORING DISCHARGES OF TITANIUM DIOXIDE WASTE TO THE SEA
The detailed composition of titanium dioxide manufacturing waste, varies with the ores used (ilmenite or rutile), the manufacturing process (sulphate or chlorine) and the treatments applied to the solid and liquid residues originating at each stage of the process.

In general, this waste features:



i.

high acidity;



ii.
high iron content, mainly as iron sulphate (0.8 - 14%);


iii.
suspended solids (oxides of Ti, Si, Fe, Al, Ca and Zn);



iv.
dissolved metals, in concentrations generally of the following orders ( in mg/l):



mn 400-1400;
Cr 4-225;
Zn 1-125;



V 75-110;
Ni 4-50;
Cu 0.1-10;



Pb 3-6;
As 0.04-4;
Cd 0.1;
Hg 0.005.

This waste must be disposed of without endangering human health or harming the environment.

The effects on biotopes attributable to the various properties of the waste are closely bound up with the nature of the receiving medium in which it is discharged.  The waters of the sea are the most commonly used medium, but under certain special conditions the waste may be discharged into fresh water, stored on land or injected into deep layers of the substratum.  The methods and conditions of monitoring must therefore be specified for each of these receiving media.

I.
GENERAL OBJECTIVES OF MONITORING


TiO2 discharges may:


i.
alter the physicochemical properties of the sea water, such as pH, turbidity and dissolved oxygen;


ii.
increase the natural levels of some metals, giving rise to the formation of insoluble hydroxide suspensions;


iii.
disturb the life of marine organisms and in some cases render them unfit for consumption owing to the accumulation of toxic metals.
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The general objectives of monitoring are to verify that the practice of discharge

1)
has no short- or long-term undesirable effects on the receiving medium and its biotope;

2)
is not incompatible with other legitimate uses of the aquatic environment (fishing and leisure).

II. IMPACT AND BASELINE STUDIES
1.
To enable monitoring of areas where titanium dioxide waste is discharged, it is important to carry out research based on the best available knowledge of the effects of the waste on the aquatic environment.

2.
Before discharge operations begin, research must be carried out at sea and in the laboratory, e.g., on ecological conditions in and near the discharge area, on the physical and chemical behaviour of waste at sea, on toxicity and on the composition and abundance of species at the site.

3.
During the first phase of discharge, in-depth studies of the following must be conducted:




i.
Ecological conditions in and near the area chosen.




ii.
Dispersion, vertical movements and horizontal transport of the waste.



iii. 
Chemical changes occurring in the sea water.




iv.
Accumulation of, in particular, the insoluble fractions of waste in the water, in sediments and in organisms, to allow verification of the non-accumulation of metals in ecosystems.




v.
Evaluation of the impact of the discharge on the diversity and relative abundance of fauna and flora.

The species of organisms taken as samples must be chosen from those most representative of the fauna of the discharge area and from those species most sensitive to this type of discharge.

4.
Once the basic questions on the behaviour, fate and effects of the discharges have been answered, the frequency and extent of the monitoring studies may be established.

5.
The studies must be carried out both in and near the discharge area, and particularly at locations where the waste is likely to be present; however, for comparison purposes they must also be performed in neighbouring areas unaffected by the disposal operations.
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6.
A monitoring system can be designed only on the basis of data on the direction and extent of the diffusion trail and on the location of sensitive areas such as fishing grounds, spawning grounds, shellfish breeding grounds and recreational areas.  Such information is generally included in impact study files or may be obtained from sector studies of local currents, sea bottom topography and biological resource inventories.  The programme should be tailored to the special conditions pertaining to the different seasons and states of the tide.

III. MONITORING PROGRAMME

The measurements and analyses must allow monitoring of the immediate effect of discharges on the physicochemical quality of the water and of any longer-term effects reflected in the accumulation of toxic metals in sediments and living matter.

The minimum annual sampling frequency required for correct monitoring of the receiving medium can only be evaluated on the basis of local conditions.  It must be greater for new than for established dumping areas for which sufficient knowledge has been obtained as to their hydrological and ecological characteristics and effects of the discharges on the three compartments of water, sediments and living organisms respectively.

A.

Parameters to be determined - sampling
1.

Water samples

The water samples shall be treated so that measurements and analyses can be carried out either on the unfiltered water or on water rid of its suspended solids by running it through a 0.45µ porosity filter and on the suspended solids retained by the filter.


When sampling, the following shall be measured:




i.
Temperature and salinity for the density stratification calculation




ii.
pH



iii. 
Dissolved oxygen


iv. 
Suspended solids content and particle size frequency



v.
Turbidity.



vi.
Metals content (Iron, titanium, chromium, vanadium, zinc, lead, nickel, copper, and manganese in the filtered or unfiltered water samples and in the suspended solids)

E1/81-E












4/7

2.
Sediments
The levels of the metals which are to undergo water column analysis - such as those listed in Annex A of the Conventions and those which are abundant in the waste (viz.  Fe, Ti, Cr, V, Zn, Pb, Ni, Cu and Mn and hydrated oxides and iron hydroxides) - shall be determined from sediment samples, which shall be taken from the top stratum (to a depth of a few centimetres) and in some cases also from deeper sediment layers.

3.
Living organisms
The long-term effects of discharges may take the form of the accumulation in living organisms of certain metals present in the waste and of disturbances of the abundance and diversity of species living in the affected area.


(a)
Fauna

Surveillance of the following therefore appears justifiable:



i.
Levels of metals such as Fe, Ti, Hg, Cr, V, Zn, Pb, Ni and Cu in the muscle tissue, or in other tissues where appropriate, of specific selected organisms;




ii.
The abundance and diversity of species of the benthos and fish.

In addition, for the fishes sampled, the percentage of individuals displaying pathological signs, such as ulcerative necroses, fin erosion, lymphocystis, skin depigmentation, etc., must be stated.


(b)
Flora
In certain areas it may be appropriate to measure primary productivity combined with analysis by chlorophyll a, or to examine the composition and abundance of the species characteristic of the discharge area.

B.
Minimum annual sampling frequency




i.
The minimum annual sampling and analysis frequency for all parameters must be greater for new discharge areas:





a.
for water columns, 4 times a year in different seasons;





b.
for sediments and living organisms, once a year.


These new areas must be studied for at least two years.
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ii.
It may not be necessary to measure all parameters on each occasion.




iii. 
The frequency and extent of sampling may be reduced if the results of surveillance over the preceding years are constant and significant and where no factor liable to impair the quality of the water has been detected.

C.
Monitoring system
1.
General considerations
The system shall comprise a number of stations with precisely known geographical coordinates The number of stations to be installed closely depends on local conditions and the nature and quantities of waste discharged. In general, for a newly licensed discharge area a system should comprise at least enough stations to plot equal-pH curves in the discharge-affected area and a selected reference station in a location assumed to be unaffected by the discharges but with hydrological and ecological characteristics as similar as possible to those of the discharge area.

Hence the water column sampling stations should be located in positions enabling them to monitor waste diffusion from a minimum dilution point within a radius of 50 m from the discharge 1ocations, enabling sensitive points, where more intensive surveillance is required, to be fixed.

Since suspended solids in the discharge tend to settle in the form of a fine-grain sludge, samples shall preferably be taken in areas where such sediment exists. This indicates that the sediment sampling stations may be different from the water column sampling stations.

Benthos and flatfish samples should where possible be taken from the sediment sampling area owing to the interrelations between these species and their substrate.

2.

Coastal discharges by outfall
With outfall discharges, the discharge location is fixed, with either a single outlet or, if the outfall ends in a spreader, a number of outlets. This system normally allows waste to be discharged at the most favourable time for its dispersal or for its removal from sensitive areas which require protection.
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Owing to their high longitudinal diffusion speed, the trails formed by such discharges have a very elongated shape in the direction of the prevailing current.


The sampling station network must take account of the speed and general direction of trails.

3 .

Dumping_from ships (see “Monitoring of Sea Areas where Titanium Dioxide Wastes are dumped” (Fifth Annual report on the Activities of the Oslo Commission))

4.

Estuary discharges
Estuarine biotopes are affected both by the river hydrology and by tidal currents.  The surveillance network in estuaries must take account of tidal current alternations and extend from upstream of the discharge point up to the tidal limits.

The number and density of water sampling stations may need to be greater than in coastal areas and samples must be taken under appropriate tidal conditions (sampling time relative to high tide, tidal constant).
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� 	Annual reporting within the OSPAR framework on discharges of waste from the titanium dioxide industry has now ceased (cf. OSPAR 99/15/1, §§3.42-3.44)





