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Disclaimer

Conformément au réglement (CEE, Euratom) n°® 354/83 du Conseil du 1er février 1983
concernant I'ouverture au public des archives historiques de la Communauté économique
européenne et de la Communauté européenne de I'énergie atomique (JO L 43 du 15.2.1983,
p. 1), tel que modifié par le réglement (CE, Euratom) n° 1700/2003 du 22 septembre 2003
(JO L 243 du 27.9.2003, p. 1), ce dossier est ouvert au public. Le cas échéant, les documents
classifies présents dans ce dossier ont été déclassifies conformément a I'article 5 dudit
reglement.

In accordance with Council Regulation (EEC, Euratom) No 354/83 of 1 February 1983
concerning the opening to the public of the historical archives of the European Economic
Community and the European Atomic Energy Community (OJ L 43, 15.2.1983, p. 1), as
amended by Regulation (EC, Euratom) No 1700/2003 of 22 September 2003 (OJ L 243,
27.9.2003, p. 1), this file is open to the public. Where necessary, classified documents in this
file have been declassified in conformity with Article 5 of the aforementioned regulation.

In Ubereinstimmung mit der Verordnung (EWG, Euratom) Nr. 354/83 des Rates vom 1.
Februar 1983 uber die Freigabe der historischen Archive der Europdaischen
Wirtschaftsgemeinschaft und der Europaischen Atomgemeinschaft (ABI. L 43 vom 15.2.1983,
S. 1), geandert durch die Verordnung (EG, Euratom) Nr. 1700/2003 vom 22. September 2003
(ABI. L 243 vom 27.9.2003, S. 1), ist diese Datei der Offentlichkeit zugénglich. Soweit
erforderlich, wurden die Verschlusssachen in dieser Datei in Ubereinstimmung mit Artikel 5
der genannten Verordnung freigegeben.
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Introduction

In implementation of the Action Programme of the, European

Communities on the Environment of 20 December 1973, the Council

“adopted on 20 February 1978 (78/176/EEC) the Directive on waste

from the titanium dioxide industry, the aim of which {s the pree'
vention and progress1ve reduction, with a view to its eL1m1nat1on,

of poLLut1on caused by waste from the t1tan1um d1ox1de industry.

: /
The Directive st1puLates the measures to be taken to ach1eve th1s»
end, in part1cular.the pr1or author1zat1ons for waste d1scharge

1ssued by the competent authorIty of the Member State in whose .‘.

. territory the waste is produced and the drawing up of programmes

for the brdgresSive reduction of pollution with a view to its
: v o
ultimate elimination. - ‘ S -

Art1cle 7 of the DTrect1ve also st1pulates that the Commission N1LL,~
within one year of notification of the D1rect1ve, subm1t to the
Council a proposal on the procedures for the surveillance and
mon1tor1ng of the env1ronments affected by waste from -this’ o

industry. _ - : T

Comments on the proposed Directive

T — vy — o— d— —— — — —— —— — — — — — —

The Commission has brought together a group of national experts
~to assist it in drafting the technical part of the Directive. -
~This group, which has met three times, has advised the Commission

~on the methods of sqrveiltance and monitoring_td be used and, in

particular, on the list of the relevant parameters to be measured

throughout the Commun1ty and on the m1n1mum annual frequency of .

sampL1ng with respect to the different env1ronments rece1v1ng

waste from the t1tan1um dioxide 1ndustry.
. 13
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'2;2.'u Aims of the Directive v'r"fv: o S bv"hv R

o This Directive wiLL - on- the baeis of the parameters setected -
“provide the means of identifying poLLution levels in those parts
of the enVironment affected - from a physical, chemical biologicat
‘ and ecoLogicaL pOint of view - by discharges of titanium dioxide -
'_ waste, of understanding poLLution trends and of asse531ng the pro- -

greSSive reduction of potLution caused by these wastes,

R . , T o oo ) oo - ’

3. ' Comments on titanium dioxide .

« [ ~ . L,

— e

3.1 Pigmentary progerties N

In its crystaLine form, titanium dioxide is currently regarded as
having the highest refractory index of all the QOnventionaL p.g- o
ments in both its allotrophic f0rms,'i e. anatase and rutiLe. ‘As -;_”~'

‘a white pigment,'it is incomparable and irreptaceabLe.

—-—_.—.——_
T

»'On account'of its pigmentar9 properties:*his produat has‘come‘/r
into widespread use iR many areas, prinCipaL among which are
paints and varnishes, paper, plastics,,rubber, floor coverings,

' ceramics, and/synthetic fibres., The palnt‘and varnish industry

accounts for more than half of the totaL con5umption.

. Manufacturing of titanium dioxide pigments consists in preparing
“~high purity titanium dioxide from an ore in which it is present f

already but mixed with other - substances. N

,
ao -

There is no industriat process for manufacturing titanium. diOXide
“by which titanium dioxide can be extracted selectively. lThe,
only two existing industrial processes invoLve digestion of the

ore, foltowed by selective operations to extract the titanium compound._:-

P I‘.l,-... B



'processes respectvvety. ) _ '

" is then calcined to give the titanium oxide.

‘s

In a final stage, the t1tan1um dioxide is obta1ned from the

_1ntermed1ate compound

1
!

These two processes are known as the 'sulphate' and 'chloride’

In the.firstfprocess; the ore is opened up by sulphuric acid and

fhen the titanium hydroxide is precipitated selectively. Finally,

the‘titanium oxide is obtained by calcination of the hydroxide.

4 - - . 1

" In the chloride process, the ore is chlorinated and the resultant

. . \ . " . R N
titanium tetrachloride is first separated from the other chlorides
mechaoicatly and then distilled. Finally, the titanium oxide is

obtained by oxidation of the titanium tetrachloride.

In Europe, the sulphate process is the one most commonly used.

!
¢

SuLphate process

The ore used is either ilmenite or-slag.

/

- ILmen1te 1s a m1neraL complex of t1tan1um and iron conta1n1ng

on average S5% T102 and approx1mately 30/ 1ron,
- esLag is obtained from iron ore which contains some 70%’Ti02.'
~ 10% iron as oxide plus metallic iron. | |
The main stages involved in the separat1on of T102 from other

compounds are to dissolve nearly all the ore and then to pre-

~ cipitate the t1tan1um selectively as hydroxide. Th1s hydrox1de

.'.-/.".



-5 -

The main waste products are:

(1) res1due from .the ore dwgest1on process.
This 1nsoluble residue is composed of unattached ore

,and 1nsoLubLe silica; -

(i) ferroue sulphate in the form of hepfahydrate (SQAFe,7H20),
commonly known as 'copperas", resulting from the
reduction and crystalization of the solutions formed
from the 1Lmen1te digestion stage., This Liqubr ié made
up of a complex salt of titanium, ferrous and ferr1c

sulphateﬁ
N

(1i3) mother Lliquor produced from the'separation of titanium

gel after hydrolysis by filtration and/or decantation.

This liquor is made up of a solution of ferrous éutphate
. in sylphuric acid. It also contains the sulphates of
the metals present in trace amounts in the raw

material;

(iv) various gel wash waters and waters from the scrubbing
of the calcination gases. They contain dilute sul-
phuric acid, traces of the salts of iron, titanium and

" other metals present in the ore.

Chloride process

The standard ore used 1in the chloride process is natural rutile,

"a scarce ore very rich in TiO2 (approximafely 96%), or alteran-

tively concentrates generally obtained from ilmenite or synthetic
rutile. .

The process‘consists in obfaining titanium tetrachtoride from

the high~ temperature ‘chlorination of a rutile and carbon m1xture.

After condensation, purification and oxidation of the titanium

N -n-/--o
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3.4.

3.4.7..

)

tetrachloride, the titanium qioxide is obtained; the regenerated
’ ’ ; . ) .

chlorine is recycled. .

1

v Th1s process generates only smalt amounts of waste but is Little

used in Europe. But although th1s process uses concentrates of
ilmenite, it does involve an iron removaL stage. This pre-

treatment leads to the same problems as those assoc1ated with

[
.

waste from the sulphate process.

~ \ ) B o .
I . B R N . ' N . ) N

v
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In the sulphate process, the main wastes from‘the industry are:lc

"“s1nsolub1e substances, copperas, mother L1quors or strong acids,

-

wash waters or weak ac1ds. C o .

In the chloride process, the main process wastes are the chlorides

of manganese, magnes1um, calc1um, sodium, alun1n1um, chrom1um,

K 1ron, vanad1um, Zr02, t1tan1um d1ox1de, T1CL4 and chLor1ne.

t
, .

The deta1Led composition of t1tan1um dioxide manufactur1ng wastes

~,var‘1es accord1ng to the ores used, the manufacturing processes and i

‘the waxein'which the solid, l1qu1d and gaseous wastes' are treated

at each stage of the process. =

Ltquid wastes

GeneraL[y, these wastes have the following features: .

ihigh acidity;

~ . N

a h1gh iron content, ma1nly 1n the form of iron sulphate .
(0. .8 to 14/)- N R ’ >',j“ -
= suspended solids (oxides of Ti, Si, ?e, AL, Ca, Ir);

! -‘./.l‘. N



- dissolved metals, normally in the following concentrations
Gin mg/L): ‘ ‘ o
Mn: 400 to 1400; Cr: 4 to 225; Zb: 1 to 125; Vi 75 to 110;
Nis 4 to 50; Cu: 0.1 to 10; Pb: 3 to 6; As: 0.04 to 4; -
¢d: £0.1; Hg: £0.005. ‘

Solid wastes

’ Thesa are made up of.copperas, arising from the processiag‘of
raw materials in the sulphate process and by the néutratizad
residues of ore or s[ag. Copperas contains\some 90% of iron
sulphate present as FeSO 7(H20)- the remaining fraction is

b made up of titanium d1ox1de, magnesium sulphate, free sulphuric
acid and water of crystallization. ~The neutralized residues
from the sulphate process‘contain ore or slag wh%ch is
insoluble at 200°C in 90% sulphuric acid together with filter
aids; the waste products from the chloride proceLs compr1se
unattacked ores, coke and metaL hydrox1des. o

- Gaseous waste

Principal amoné these.are'so2 and 303 which abe formed froﬁ the
residual sulphuric acid €100-120 kg per tonne Ti02) and the’
sulphur contained 1n the fuel -used to 1n1t1ate combust1on when
the hydrated titanium oxide is calcined. Depend1ng on the con-
~ ditions ‘in wh{ch calciaation takes place, the ratio of 302:803
(calculated as H230 ) ranges' from 1:1.92 tq 1:2.80. The amount
of gaseous waste produced in the manufacture of one tonne of -
titaniun dioxide ranges from 12 to 22.4 kg SO, and 53.6 to

60.2 kg 503.

i .o-/'.-_



4.1 -

'Prinfipal‘methods of waste disposal used by the titanium

dioxide industry ! - o N .

\

The effects on biotopes due to the various properties of the

~

wastes are closely linked to the nature of the receiving medium.
Sea waters are most frequently used for this, but in certain
;pecial circumstances the wastes may be discharged in fresh

N

water, stored on Land or injected underground into deép strata.
. ' ) * /

' The two principal methodslbf disposal are:

(i) by, pipeline from the coast
I" ' "
i d1scharge at sea from special sh1ps

A}
o

The first method normally fequires prior dilution of the effluent

, and a discharge po1nt which favours rapid dispersal of the

effluent. The ac1d1c solut1ons are neutral1zed by d1Lut1on and
by the buffer effect. '

~ The second method, namely discharge at sea, necessitates the use

of specially-equipped tanker ships which enabLe'the acid effluent

to be discharged directly into the ship's wake, thus‘providing'

rapid d1Lut1on and conveyance of the effluent to greater depths.
This method is used for soluble wastes (ferrous sulphate and
acid solutions). '

When t1tan1um dioxide waste is d1scharged from a ship, the
predom1nant short-term chemical impact is caused by the
reduction in pH. According to the guidelines laid down by the
Oslo Convention on d1scharges of titanium d1ox1de waste, the pH
of the receiving waters must reach 6 w1th1n a maximum of S

minutes after discharge.

'../..-I



N

'S1nce the pH of wastes varies accord1ng to the1r source and that

d1fferent types of ship may. be used (d1fferences in size and
speed), the fotlow1ng measurements shouLd be taken before the
perm1tted level of d1scharge 1s dec1ded'
(i) the pH at d1fferent dilutions of the rece1v1ng water
" should be calculated in such a way as to produce a pH/
*dilution curve; ‘ ‘

/ L
to Ay

(ii)-‘en'the=basis‘of this:curve,ﬁif‘a pH of 6 or more must

]
R}

. be reached within S minutes, the requisite dilution
3 v .F i - .
can be calculated; - . )

,
/

'(iii) the. rate of discharge can be.uorked out depending on
- the required ditution'on the basis of experimentat work
carried out on the ship- 1tself (us1ng tracers) .or by
'calculat1on (using general formulae for the m1n1mum'
dilution in the ship's wake).

\ ’

rZAnother poss1b1L1ty 1s d1rect measurement of the pH of the waste

. dissolved 1n the sh1p s wake dur1ng the d1scharge operat1on.

~
'

These conditions also presuppose that. the dilution engendered by

) the propeller wake will be adequate to reduce the density

difference between the sea water/waste m1xture and the rece1v1ng

water to a sufficiently low Llevel to preveht the format1on of

" "dense’ layers which would impede the subsequent mixing process.

.o

i - -
s . . '

______________ "

\

This method of disposal is’used for acid solutions once they have

_been neutralfzed,-'The‘neutralization'products:are disposed ofl'

with the ferrous sulphates.. '

X "/ e &



4.3a~' Storage on land

’Th1s type of storage on "t1ps is used by small capacity"
titanium d1ox1de plants and is most frequently used for’ the small
fract1on of insoluble waste mater1als (i. e. those which cannot '

" be d1ssolved by sulphur1c ac1d when the ore is opened up)

v

':Furthermore, the ac1d effluent from this 1ndustry can be
neutral1zed by calcium carbonate and slaked Lime (Ca(OH)Z) and then
stored on land The same 1s true. for the ferrous sulphates. |

0 ., . - . . . . .

4.4;, Inlect1on 1nto undenground strata

— e —— — — ——
[

5

W1th this disposal method, the prev1ously neutral1zed ac1d ‘ o
:'solut1ons are pumped into subterranean strata. . |
" ('v.. _' o ' '
4.5, 'Recycl1ng'gf_the_ugste_progugts ‘
" In some product1on plants the d1lute sulphur1c ac1d solut1ons
are recovered, reconcentrated and used aga1n. In others, vary1ng :
amounts of copperas (ferrous sulphates) are roasted and converted

\ to sulphur1c ac1d by the add1t1on\of sulphur.

Other potent1al outlets for these products have been contemplated
for example. 1ron oxige p1gments, flux for the cement 1ndustry,
weed killer and 1n water treatment for the production of o
dr1nk1ng water., But only ‘'small quantities of copperas are
-involved jn'theselapplications. R , . , -

5. Methods of surveillance and monitoring of the environments affected

AN

The methods for the surveillance and mon1tor1ng of the environ-
ments rece1v1ng T1Oz wastes discharged at sea or 1nto fresh water,‘
stored or dumped on land or 1nJected into underground strata are

based on the provisions of Annex II B of the Dieective on waste

'Il/... '



5.1.

A Flora and fauna

- 11 -

from the t1tan1um dioxide 1ndustry, adopted by the Counc1l on

20 February 1978 (78/176/EE£)

I3

where the waste s discharged dnto fresh water or dumped/

immersed at sea; the following three nbmpohents shall be

mon1tored the water column, Living organisms and the sediment.

Per1od1c checks on the state of the area affected by the dis=-

charges wle make At poss1bLe to monitor changes in the environ=-
ments affected.

A& , _ _
Monmitoring of theljolLowing;parameters shall be compulsory: -

(a) In the water column

- pH, the sal?nity:bf'sea Qaten, dissolved oxygen, turbidity,
- hydrated 7iron oxides and ‘hydroxides +in suspension,

concentration of dissolved salts, toxic metals;

b)Y 1In suspended solids and “in sediment

- ‘hydrated dron oxides and hydrox%des,and toxic metals;

) In Living organﬂsms “(having due regard to the spec1es typ1caL,
" of the discharge zone)

- _the levels of 1ron, ¢1tan1um, shromwum, cadmwum, mercury,‘

vanadium, n nckeL, copper, 21nc and Lead;

Diversity and relative abundance.

»e e '/c'lr- '
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5.2.

i 1ncLude.

=12 -

i
[y

Monitoring of the following parameters shall be optional:

\

- the level of chromium, vanadium, zinc, lead, nickel,

copper, manganese in the water column and sediment ‘and the

»
.

amounts of suspended solids.

In the case of storage, tipping or 1nJect1on, the monitoring shall

] -

f—_ tests to ensure that surface waters and ground waters ‘have .

not been contaminated. These tests relate to a control of
acidity, the teQels of iron (dissolved and in suépehsionf,
calcium, chlorides, titanium and sulphates anq to the ‘
environment of the storage s1tes, i.e. the permeab1l1ty,
poros1ty, structure and stab1l1ty of the so1L, and to a.
general ecological assessment of the area surround1ng the

“tipping, storage or injection point. ,

"Samgling

The greatest attention should be paid to the téking of samples

- which should be regérded as a preliminary phase in the analysis

prdcess..

The methods of sampling should be such as to ensure that the con-_ 
ditions in which the measurements are taken can be'rebroduced and
that the methods are represéntative'of‘the conditions prevailing

in the surrounding environhent.'-ArticLe 4(4) of this proposal for

- a directive lays ‘down the general rules to be observed for sampling.

.../.-l



,,Minimum annual frequency for sampling and fer the analysis

" of parameters .

T~

cs

Thevfrequency of sampling and anaLysis is the minimum number of

sampling operations and analyses to be carried out each year in

respect of the various parameters described in- the foregoing

chapter and depending on the" d1fferent environments affected by

,the d1scharge of waste from the t1tan1um dioxide’ 1ndustry.

LY . . \

. The samples shoutd beﬁtaken having due regard‘to Local environ-‘-

.mental and d1scharge cond1t1ons, i.e. whether the d1schargecr‘

are 1nterm1ttent or continuous. The exact site of the sample

. taking and its ‘distance from the d1scharge point shoutd be speci-

f1ed in each case by the competent author1ty in each Member State.‘

#

i E o -

Where the resuLtslof measurements taken on samplgs from the dis-

~ charge zone are consistent or-show a significant improvement in .

environmental quality over the prev1ous year, the frequency of

-, sampling and ‘analysis may, w1th ‘the prior agreement of the

COmszsnon, be reduced by the MembervState concerned.

f N Lo . ' o - R N

RN N ! N ' . - ' -.‘Q

Accord1ngty, the Member States . shouLd commun1cate to the .

Commission the resuLts of these measurements and state the
\ .
frequency they prOpose to adopt.

A

Preservation and transport of samples'

-

~ As stated in Art1cLe S, the type of contawner used for sampl1ng

and packag1ng shoula not 1nfLuence the anaLytwcaL resuLts.

.. !

‘The volume of such‘samptang botttes should be such as to~enabLe

-the specified measurements to be carried out in optimum conditions

of reproduc1b1l1ty. S1nce the character1st1cs of the sample’ water

. may alter quite rap1dLy under the act1on of the various organ1sms

it contains, such changes as may occur between the moment of ‘
sampt1ng and anaLys1s should be ‘kept to a str1ct minimum by carry—

ing out the. analyses as rap1dly as poss1bLe. - uf,.../.a.
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Many investigat%ons have been made with a view to recommending
methods by which water samples can be stored without their compo-
sition being affected. But it is 1mposswble to Lay down any hard

and fast rules which would cover every case and every situation

.‘ and to which there would be no exceptions. The samples needed to

measure the parameters should be transported to the laboratory
for exam1nat1on at the earliest opportun1ty.‘ If immediate
analys1s is not poss1bLe, the samples should be kept under con-
ditions where the containers are protected from any outside '
contamination andrno change in the state of their contents is

i

possible.

g

Methods of'measurement

The reference methods of measurement for each parameter selected
for the surve1Llance and mon1tor1ng of the environments affected

are shown 1n the Annexes to this proposat

’Laborator1es in the Member States us1ng other methods must ensure

that the resuLts obtained are equ1valent or comparable to those

g1ven in the Annexes.

The result obtained from the samples and methods of measurement

must be representative of the true average quality of the water
analysed. The various operations needed to achieve this result
may lead to errors; it is vital that such errors be detected

and then eliminated or reduced

The Annexes to this proposal for a Directive layldown'the con-

ditions in which the measurements of certain parameters must be
carr1ed out in view of the r1sk that the1r value may change |
dur1ng the transport or protracted storage of the water samples in

containers. This is the case with temperature and pH.

'--/..-
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Action at international and Community Llevel

In the bampéign against freshwater and sea vater boLLutiqn,

- the CommUnity is a.Contracting Party to internatiénél conventioﬁs

"aimed at reduc1ng and eventuatly eL1m1nat1ng th1s type of poLLu-

-

, ) ', ‘ ,' ' ’ .
Convention for the Protection of the Mediterranean Sea

\

“tion. The convent1ons are:

« -

’

The Convention for the Prevention of Marine Pollution from

‘Land-based SoUrées‘(Paris Convent ion) (75/437/EEC5;

>

againétrPoLLution (Barcelona Convention?;

P

ProtocoL for the Prevent1on of PoLLut1on of the Med1terranean Sea
by Dump1ng from Sh1ps and A1rcraft (77/585/EEC)°

Convent1on on the Protect1on of the Rhine agamnst Chem1cal
PoLLut1on (77/585/EEC)

On 17 May 1980 the Commun1ty also s1gned the Protocol on the:

protectwon of the Medwterranean Sea aga1nst poLLut1on from Land-

based sources.

~

Spec1f1c art1cLes of these Convent1ons e1ther ban the dumping or’

d1scharge of certa1n substances such as ac1d compourds whose

composition and auqnt1tyvare such that they may adversely affect

the quality of sea water or make the dumping or dischérge of

specific substances, such as titanium, chromium and acid com= -

pounds subJect ‘to the prior grant1ng of a specific perm1t or to

appropr1ate programmes and measurements to reduce poLLutwon.

Vot
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The Commun1ty part1c1pates as an observer in the Convent1on for the ‘

\ Preveq&1on of Marine PoLlut1on by Dump1ng from Sh1ps and A1rcraft, -
signed in Oslo on 15 February 1972. The Commun1ty is cLoseLy DR
fotlowing:the'work being done underlthe ausp1ces of the Stand1ng _

- Advisory Committee to the Scientific Councils of the ostlo
Convention and the Jo1nt Working Party on mon1tor1ng and cont1nuous

. surveillance under the Oslo and Paris Convent1ons, th1s work concerns
the mon1tor1ng and cont1nuous surve1LLance of the sea areas 1nto ‘

'wh1ch t1tan1um d1ox1de wastes are d1scharged ;

~’ ; -/" L . -
. N o

In January 1976, moreover, the Comm1ss1on put forward a proposal
- for a Council D1rect1ve on the dump1ng of wastes at sea (0J € 40,
- 20 February 1976) wh1ch'conta1ns a brief review of‘the Legat“
‘ ’» situatﬁon regarding'this method of dumping at-sea.' S _;‘<~
\ ', o R '1,v,_ . / . , |
F1natly, a D1rect1ve on poLLut1on caused by certa1n dangerous_
substances discharged 1nto the aquatic environment of the _
Commun1ty (76/464/EEC) st1pulates that prior author1zat1on must
be obta1ned for any discharge into waters L1kely to conta1n one

of the substances spec1f1ed in Annex II, such as t1tan1um, z1nc,

t -

vanad1um, chrom1um etc.
{

. 11. - Consultation of theVEuropean'Partiament and the Economic and

Social Committee

. *Since this proposal for. a Directive is based on Article 7 of
Directive 78/176/EEC, consultation of the European °arLiament
and of the Economic and Soc1aL Committee is obl1gatory, as |

st1puLated in paragraph 3 of thws Art1cle. :

v
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’ - THE COUNCIL OF THE EUROPEAN COMMUNITIES
Having regard to the Treaty éstabtishing the EurOpéan Economic
Commun1ty, and 1n part1cuLar Art1c(es 100 and 235 thereof, 5‘

v

Having regard to Counc1L Directive 78/176/EEC of 20 February 1978

lyon waste from the titanium d10x1de 1ndustry1, and in part1cular
' Art1cle 7(3) thereof '

~

Having regard to the proposal from the Commission,

"Having regard to the opinion of the European Parliament,

" Having regard to the opinionvof‘the Economic and Social Committee,
Whereas, irrespective of the methud and extent pf tbe'treatment of
wastes from the titanium dioxide industry, the discharge, : - -
‘ dumping at sea, storage, t1pp1ng or injection 1nto the ground of

: such wasteés must be accompanied, in particular, by measures to
monTtor the environment affected from a physical, chemical, biolo~-

gical and ecological point of view; -

whereas, in- order to monitor the quatvty required of the environ-
ments affected a- regular minimum number of samples should be taken
’annually so that the parameters spec1f1ed in the Annexes_may be ,;
meésured; whereas thé number of these sampling operations could be»’
reduced in the Light of the results obtained; whereas to ensure

that the munitoring is effective, samples should also be taken in

- a zone deemed to be unaffected by.the dischargeé in ‘question;

lWhereas in conhertion with the analyseé_carried out by the Member °
States, common reference methods of measurement should be fixed for
determining the parametric values which define the physical, rhemicat,

. biological and ecoLogiééL‘Characteristics of the environments

affected; o 7 :

' Jo LS4, 25 February 1978 . T B

-
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Whereas, for'the purposes of surveiLLance, Member States are at

iaLL times free to measure parameters other than- those prescr1bed

by this D1rect1ve, o _ : o
Whereas the Member States should communicate to the Comm1ss1on R
details of the methods of surve1LLance and mon1tor1ng of the

env1ronments affected; whereas it is appropr1ate that the Comm1ss1on

N

. should draw up a consoL1dated report to be sent to the Member States;

~

Whereas certain natural circumstances are outside'the control of

Member States and that, accordingly, prov1s1on must be made for

derogat1on, in certa1n cases, from th1s D1rect1ve,,

‘Whereas techn1cal and sc1ent1f1c progress may requ1re the rapid

ad3ustment of spec1f1c prov1s1ons conta1ned in the Annex, whereas

‘to facilitate implementation of the requ151te measures, a procedure

should 'be laid down to establish close cooperat1on between the

i

" Member States and the Comm1ss1on through a Comm1ttee on adapta-\

t1on to sc1ent1f1c and techn1caL progress,

[

HAS ADOPTED THIS DIRECTIVE

Article One

This Directive Lays down -.pursuant to Article 7(3) of Directive
78/176/EEC - the ‘methods, for the surveillance and mon1tor1ng of the
env1ronments affected from a phys1caL, chemical, biological and

ecoLog1caL point of view, by the discharges of wastes from the

titanium dioxide industry.

W |
Article 2 ;
o ,

For the purpose of this Directive:

(a) ‘'environment affected' means surface water, ground water,

..--,..I '



o subd1v1ded accord1ng to the rece1v1ng'med1um.,

.The frequency of sampL1ng and analys1s ‘may not be Less than the

the sea,’the'tand surface and underground strata and the air

into or on which wastes from the. titanium dioxide 1ndustry

© are d1scharged or stored'

S e o . o K

ﬁb)._'sampl1ng po1nt' means the po1nt at wh1ch the sample 1s

~

'taken,'

, .
. K

“(e) f'reference method of measurement' means a measurement prin=

ciple or the conc1se descrvpt1on of a method for determ1n1ng
fthe parameters spec1f1ed in the Annexes to th1s D1rect1ve.k

]

I3

T - .  Article 3 ; ' et e

T

’l.“

The reLevant parameters for the survewLLance and mon1tor1ng of the

‘env1ronments referred to in Article 1 are shown jn Annexes 1 to 5,

£
2

5V_Where a parameter appears in the ‘mandatory column of the Annexes,

' sampL1ng ‘and analys1s must be carr1ed out in respect of the

env1ronmental components stated R . ' o

/ . ~ . .
( o P P . Con

'where a parameter appears in the gu1de coLumn of the Annexes, the '

';Member States shall endeavour to perform the samvang and analys1s

£ 4

operat1ons for the env1ronmentaL components shown. A v

»

o . Article 4

. N ) f s . . - . . P P2
: v . . . . .

~ The competent author1t1es in the Member States shaLL determ1ne the

frequency of sampl1ng and anaLys1s for each parameter in respect

"of a g1ven zone in wh1ch d1scharge, t1pp1ng, dump1ng, storage,v

depos1t10n or underqround 1n3ect1on takes place.., ; , ,

?m1n1mum frequenc1es shown 1n the Annexes to th1s D1rect1ve. The"

\-sampl1ng per1ods must, as far as poss1ble, be spread over the year

in such a way as to obtain a representat1ve p1cture of the quat1ty_'

S

- of the env1ronments affected.. R D,

I

A



' ‘relat1on to high t1de, tidal coefficient etc.

=20 -

The competent author1ty in each Member State shaLL determ1ne -

on a case by case bas1s - the exact s1te at which samples are to

be taken, the d1stance of this s1te from the nearest poLLutant

d1scharge point and the depth or he1ght at which the samples must .

be taken. A generat description must be given of the sampl1ng :

~ point which_wil( include its permanent features, capable of.befng

codified, and bther.administrative or geograbhical information.

The description shall be made only once when the typicaL‘samcLing

point i3 designated, . ‘ >

. The sampling must be carried out in the'zone directty affected by
the d1scharges, spec1al -account being taken of local env1ronmental

factors and the manner of d1$charge, i.e. whethef intermittent or .

T-

‘

continuous.

In the case of tidal waters, the samp(es must be‘taken at the

) same depth and under the same cond1t1ons, j.e. the same timé in

N

'where the competent author1ty finds that the resutts of measure-”.
) ments on the sampLes/taken in a d1scharge zone dur1ng the prev1ous

‘year are both constant and significant and show that the qual1ty

of the env1ronments affected has been detected, the frequency of

sampL1ng and analysis may ~ with the Commission's agreement - be

" reduced by the Member State concerned;

N

To this end, the Member States shaLl communicate to the Commission

the results of such measurements and notify it of -the frequency

/they intend to adOpt, the Comm1ss1on may make its agreement subJect

to certain conditions, in particular the duration of the reduction

" din frequency.f In the likelihood of any deterioration in the'qdalityA

of the environments‘affected, the Member States shall take the

requisite measures. .

l'./-'.



icantly affect the analyt1cal results.

[

f deemed_to“be'unaffected/by the discharges under surveillance.

- “21 =
_;Article‘S"’ S f‘; y

v

4 . L

:The reference methods of measurement to be used to determ1ne the
'relevant parametr1c values are spec1f1ed in the Annexes.,

, Laborator1es us1ng other methods must ensure that the results
’;obta1ned are equ1valent or comparable.

N

The conta1ners used to carry the samples, the agents or methods
"used to preserve a part sample w1th a view to analysns of one or

‘more parameters, the transport and storage ‘of samples and the1r

preparation for analys1s must be such that they do not s1gn1f1~‘

Article 6 ,Ud“

'.'In order to assess the state of progress in ‘the surveillance and - \

monitoring of the various env1ronments affected from a phys1cal

chemical, b1olog1cal ‘and ecolog1cal po1nt of v1ew, the competent

'_author1t1es in the Member States shall ensure that samples are !

v—';taken and analyses performed 1n respect of each env1ronmental

component specified in the Annexes to this Directive in a zone -

Vi

SR "f.'Artfcler7

. B ¢ CE - ]
o . . !
- . : | -
¢

B

i ,Member States may, -at any. t1me, measure parameters other than those .

Laid down by this D1rect1ve relevant to the surve1llance and

h mon1tor1ng of the env1ronments affected

1.

i . '.\ o L . N .".. v‘ o e ‘ R
»V - ‘ : E N . ‘ i N . ! L ,v
Article 8 - - -, S
L -'\»,

N

" The followingffnformation shall be given by the Member States in‘
;the report they are requ1red to submit.to the Commission pursuant :
to Art1cle 14 of D1rect1ve 78/176/EEC:

) -o./--l B
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L)
] : 4

(a) details of the methods ef surveiLLance and monitoring

carr1ed out by the bod1es appo1nted in accordance w1th
Art1cte 7(2) of Directive 78/176/EEC;

(b) . the details referred.to in pofnt (a) above shall, in respect
of each environment affected by ‘the discharges, include the -
following information: '

- the results of the'measurements of the parameters Llisted
in the ' mandatory" and "gu1de" columns prov1ded that the

Llatter parameters are measured

- the methodsiof measurement and analysis with their Limit

of detection, accuracy and precision; ' - i o
- the descriptions of the sampling pofnt;

- a description of the sampling methods used.

\
'

" In implementation of this Article, the first set of data to be
’commUnicated is that gathered during the third year following

notification of this Directive.:

The Commission shall, with the prior agreement of the Member
State concerned, publish a summary of the information thus

obtained.

* The. Commission‘witt assess the effectiveness of the environmental

surveillance and mon1tor1ng procedure and will = no Later than
six years after not1f1cat1on of this Directive- place before the
Council, where appropriate, proposals to 1mprove this procedure

and, if necessary, to harmonize the methods of measurement

'1nclud1ng the Llimit of detection, accuracy and prec1s1on and the

sampL1ng methods.

"-./.’I



'.;7 of the Member States and chaired by a Comm1ss1on representat1ve, is .

* Article 9.,

Member‘States‘may derogate from thfs Directive in the event of -
fLood1ng or naturat d1saster or on account of exceptional weather

'cond1t1ons.

Article 10
- The requisite‘amendMents to adapt the methods of analysis and
the G & I parameters shown in the Annexes to scientffic and
technwcaL progress shaLL be adopted in accordance w1th the pro-
cedure laid down in Art1cLe 12. l'4¥
\ - . a
Article 11 - o -

v : - : [
L

1. A Committee on adaptat1on to techn1cal progress (here1nafter

referred to as the "Comm1ttee") consisting of representat1vesz

is hereby set Up. .

\ 1

A T

2. The Commfttee shall draw up i%s rules of procedure.

Article 12 e L ‘
1. Where the procedure'Laid down in this‘ArtieLe is to be followed,
,matters shall be referred to the Committee by its Cha1rman,e1ther
on his own 1n1t1at1ve or at the request of the representat1ve of
the Member States. e n Ce o B

~

/

2. The Comm1ss1on representat1ve shall submit to the: Comm1ttee a

: draft of the measures to be adopted. The Comm1ttee shaLL del1ver -

its opinfon on the draft within a time-L1m1t set by the Chairman

. in the light of the urgency of the matter.~ It shall act by a ' N
fmaJor1ty of 41 votes, the votes of the Member States being we1ghted

. as prov1ded for in Art1cLe 148(2) of the Treaty. The Cha1rman
shall not vote. ’:' e » Sy SUT

+



3. (a)' The Comm1ss1on shall adopt the proposed measures where they

are 1n accordance with the op1n1on of the Comm1ttee.‘

. (b) Where the proposed measures are at variance with the opinion
| " of the Comm1ttee, or 1f no opinion is adopted, the Comm1ss1on
‘ shaLl, without deLay, submit a proposal- to the Council
concernjng the measures to be taken. The Council shall act

\ " by qualified majorfty;

‘(c)n.If"within three months of the proposals being submitted to
T it, the Counc]L has not acted, the proposed measures shalL
-be adopted by the Comm1ss1on. '

’

Article 13
Directive 78/176/EEC is hereby amended as follows:
(@) In Article 7(1)‘the uords "and of the environment concerned ‘
' hav1ng regard to 1ts phys1cal, chem1cal, b1olog1cal and

ecolog1cat aspects" shall be deleted.

. (b) Article 8, paragraph 1 point C is amended as follows:
""If the resuLts of the mon1tor1ng prov1ded for in Art1cle 1
“of Directive - EEC concerning the methods of .
‘surveillance and mon1tor1ng of envwronments affected" show
a deter1orat1on in the spec1f1c env1ronment affected 1n the

+ - area concerned, or:

(c) Annex.II(B)‘fs deleted.-

\ ST artiele 14

1. The Member States shall bring into'force the laws; regulations
and administrative provisions necessary to comply‘with this
c"i' L i : - » ‘ o

I.I/.-l
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Directive before 1.Jaﬁuaryi1983. They shall forthwith inform

the‘Commjssion thereof.

The Member 'States shall communicate to the Commission the tgxts'

‘of the main provisions of national Law which they adopt in the

’

field covered by this Directive.

Article 15 -

" This Directive is addressed to the Member States.

>



RECEIVING MEDIUM:

AIR

N

ANNEX 1

COMPONENTS

)

PARAMETERS

IMPERATIVE

GUIDE

MINIMUM ANNUAL
‘SAMPL ING
FREQUENCY’

. REFERENCE METHOD OF ANALYSIS -

Air

.
g

12

-t W - T

In the preva1l1ng wind in the zone d1rectly )

". affected by the d1scharge

In accordance with those given in Annex II "

of the Directive of 15 July 1980 on air

quality limit values and guide values for

sulphur dioxide and suspended particulates.

(0.J. L 229 of 30 August 1980, pages 30-48)
(80/779/CEE) -

o B o S AL A " D,




RECEIVING MEDIUM «~ SEA WATER (estdarine, coastal, open sea)

-

... . ANNEX II -

1‘251 o | ' -“

MINIMUM ANN'IAL

g e

. PARAMETERS L - Iy
COMPONENTS » SAMPLING . REFERENCE METHOD OF ANALYSIS U
. IMPERATIVE GUIDE . FREQUENCY Lo B . . i
LY ‘\ ) . ’ ~
Water column - _‘
Nonffiltered waferr Temperature - 4 Thermometry - | i .
or ' ‘Salinity 4 Conductimetry ‘ E
Water filtered ' A : A 2
through 0.45 um PH 4 Electrometry. Measurement is to be carried out 1
membranc F on the spot at the time of sampling. }
"Dissolved 02 - "4 ~ ~ uWinkler method ' f
‘ A - Electrochemical mathod 4
j 1
Turbidity ) 4 Turb1d1metry A
or suspended )
' “matter - - Welgh1ng after f1Ltrat1on through 0.45 Fm
filter and drying at 105°C ‘ .
) = Weighing after centr1fugat1on'(minimum time
h S minutes, and average accerlerat1on
2,800 and 3,200 @) :
fe Ccr ’ i 4 Atomic absorption spectrophotometry {
. B ' Molecular absorption spectrophotometry ;
! , i
A Ti Mn, Ni, V, In, ] 4 ‘Atomic absorption spectrophotometry o i %
Cu, Pb A Atomic absorption spectrophotometry polarography
- Suspended solids - N After appropriate preparation of the sample,
wet or dry mineralisation, and purification
fFe Cr 4 - Atomic absorption spectrophotometry . .

Molecular absorption spectrophotometry

v -

‘ll/l..
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ANNEX II
page 2

COMPONENTS

PARAMETERS

" IMPERATIVE

GUIDE _

MINIMUM ANNUAL
SAMPLING
FREQUENCY

REFERENCE METHOD OF ANALYSIS

Ti

Mn, Ni, V, Zn

Atomic absbrption spectrophotometry

Cu, Pb

Atomic absorption spectrophotometry
polarography >

Mydrated oxides
hydroxides of
iron

Extraction of the sample under dilute acid
conditions (HCL; CH_,COOH; HNO3 HCL O, /HNO,) ,
measurement by atomic absorption spectropéotometry.
The determination of iron by molecular absorption
spectrophotometry can be made without inter-~
ference if the extraction is made using CH3C00H.

The same method of acid extraction must be used
for all samples coming from the same site

o

- o

Sediments

In the top layer of
sediment (0-1 cm.)

’

Fe, Ti~

tr, vV, In, Pb,
Ni, Cu, Mn

Identical methods to those for measurements in the
water column.

‘After appropr1ate preparat1on of the sample (wet

or dry m1neral1sat10n and purification)

= The duant1t1es of metals may be measured for

a specific range of particle sizes

= ' The quantities of metals are to be expressed

“in mg/kg of dry matter

Hydrated oxides
hydroxides of
iron

Identical methods to those for measurements in
the uater column :

Y
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- fauna, fish e

relative

abundance

[
2

S ANNEX 1T
oot ) : ‘ page
: . PARAMETERS !‘ MINIMUM ANNUAL o - S : .
COMPONENTS - ] - ’ " SAMPLING - REFERENCE»_METHOD OF ANALYSIS .

) ~ | IMPERATIVE GUIDE, - FREQUENCY ‘ .

N . : ‘
Living organisms - ; S g
Sgecies representa- Cr, Cd, V, Hg, ] - 1 : ' Atomic absorption spectrophotometry.after
tive of the site: fFe, T1, in, Pb, . ~ appropriate preparation of the composite sample
molluscs, crusta- Ni,. Cu of ground flesh (wet or dry m1neral1sat1on and

" ceans apd fish and at] - . pur1f1cat1on) ,
least two inverte- A .. : - -

. brates including, if " for f1sh, the metals must be measured ln'
possvele, one benthic R . muscle. The sample should cons1st of at least {
organism (1) . - E : 10 spec1mens. : . H

- The quantities of metals are to be expressed P
, " in mg/kg of wet matter )
N /
- N For the molluscs and crustaceans, the metals must
. - : be measured in the flesh. The sample should
- = N cons1st of at teast 50 specwmens. -
) N ) . The quantities of metaLs are to be expressed
“in mg/kg of wet matter, :
Benthic flora and’ Diversity and Qualitative and quantitative classification

indicating the liste of species, the specimen .
count per species, the specimen count, density
dominance, and in-the case of fish, the per-.

centage showing morbid anatomical symptoms. .

(1) Species representative of the dlscharge ‘site: such as mytilus edulis, crangon crangon, fLounder, pLalce, cod, mackerel
red mullet, herring, sole (or another approprlate benth1c species). . :



RECEIVING MEDIUM:

FRESH WATER

S ANNEX IIT

B Y

’ 'ivv—.-o.-.wﬂo'

fe

" Molecular absorption spectrophotométry

. PARAMETERS ' MINIMUM ANNUAL . S
COMPONENTS SAMPLING REFERENCE METHOD OF ANALYSIS
3 N .~ IMPERATIVE GUIDE FREQUENCY - a - -
Water column . ‘ '
_Samples taken at a _ )
depth of 0.50 m : . } oo . ) o .
below the surface at] pH’ B 4 Electrometry. Measurement is to be carried out
the same time of the : \ : on the spot at the time of sampling.
year - - . -— S—
- . 4 - -~ Winkler method h L
On non-filtered Dv;solved'oz - - Electrochemical method .
water or water
filtered through a Turbidity or 4 Turbidimetry = =~ . ) ,
0.45 Jm membrane suspended . - o - A
) . matter . : ~ Weighing after filtration through 0.45 Pm
S - filter and drying at 105°C ’
v - Weighing after centrifugationhtminimum time
) 5 minutes, and average acceleration '
- 2,800 and 3,200 g) and drying at 105°c¢C.
Dissotlved 4 ) Electrometric measurement of conductivity at 20°C
salts . -~ ) : : . :
- o Fe -Cr 'v Y 4 Atomic absorption spectrophotometry
: Molecular absorption spectrophotometry
Ti - Mn, Ni, V, Zn} 'y { Atomic absorption spectrophotometry
. Cu, Pb 4 “Atomic absofption Spectrophotmetry;polarOgraphy
'Suspended solids - ; i y After appropriate preparation of the sample,
) S : ) { wet or dry mineralisation, and purification
- - ’ 1 : .
. . ‘ } !
Cr 4 ; Atomic absorption spectrophotometry

TN T
N
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 ANNEX 111

hydroxides of
iron

the water column

T - page 2
: ) PARAMETERS MINIMUM ANNUAL Lo ;
COMPONENTS - SAMPLING REFERENCE METHOD OF ANALYSIS ‘t
IMPERATIVE GUIDE FREQUENCY - : s i
' i
Ti ° Mn, Ni, V, In 4 Atomic absorption spectrophotometry
.Cu, Pb 4 Atomic absorption spectrophotometry - ‘ S . }
P Polarography A . -
Hydrated oxides & Extraction of the sample under dilute acid
hydroxides of conditions (HClL; CH,COOH; HNO,; HCLO /HNO,)
iron _ measurement by atomic absorpt1on spectropéotometry.
P The determination of iron by molecular absorption
spectrophotometry can be made without interference
if the extraction is made using CH3COOH.
. The same method of acid extraction must be used
. for alt samples coming from the same site.
i
. Sediments . '
On the top layer of Fe, Ti Cr, V, In, Pb, ’ 1 Identical methods to those for measurements in -
sediment (0-1 cm.) o T Ni, Cu, Mn : - the water column.
After appropriate preparation of the sample (wet
or dry mineralisation and purification)
‘ - The quantities of metals may be measured for
) a specific range of particle sizes - ‘
~ The quantities of metals are to be expressed
E in mg/kg of dry matter , -
Hydrated oxides 1 Identical methods to those for measurements in

4 ---/---



ANNEX 111
page 3 -

B8 ST s L S

PARAMETERS MINIMUM ANNUAL . ’ . oL
COMPONENTS : SAMPLING - . REFERENCE METHOD OF ANALYSIS
: IMPERATIVE . GUIDE . FREQUENCY . :
_ . ] ' ;
Living organisms )
Species representa- cr, Cd, V, Ha, 1 Atomic absorption spectrophotometry after
tive of the substrate} Fe, Ti, Zn, Pb, - appropriate preparat1on of the compos1te sample
. ' Co- Ni, Cu - of ground flesh . .
, L)
. - The quant1t1es of metals are to be expressed
e in mg/kg of wet matter , —- i
Benthic flora and Diversity and - ‘qualitative and quantitative classification .
fauna, fish relative . ) jndicating the list of species, the specimen ]
' - abundance’ _2 . count per species, the specimen count, density

dominance, and in the case of fish, the per-
centage showing morbid anatomical symptoms

~




RECEIVING MEDIUM:

STORAGE _AND DUMPING ON LAND

- ANNEX IV

| 32?

- PARAMETERS MINIMUM ANNUAL : Lo 3
COMPONENTS ’ SAMPLING REFERENCE METHOD OF ANALYSIS
~ IMPERATIVE GUIDE FREQUENCY
. Running surface . : ,
- Maters Acidity 2. Titrimetry
Water filtered : Cr(1) - 2. - Atomic absorption spectrophotometry o
through a 0.45 um s . ) Molecular absorption spectrophotometry
membrane : . . : . . : ‘
(a) from the storage 504,«ﬁ‘ ) - . -2 Grav1metry B 3 !
area and evacu- E "Complexometric titration w1th EDTA !
ated to the Molecular absorption spectrophotometry 1
outside (not ; j
recycled) _ o S
(b) around the site v‘1) 2 - Atomic absorption spectrophotometry )
in the area - "
_a:f$Cted bz t:e Fe(1) 2. Atomic absorption spectrophotometry .
-storage and at a - Motecular absorption spectrophotometry
v point outside N
| this area : 'Zn(1) 2. Atomic absorption spectrophotometry
H
Ground waters ' Lo . : '
’ Ca -2 - Atomic absorption spectrophotometry
, ' Complexometric titration
. ‘ © Pb(1)v- 2. Atomic absorption spectrophotometry
Water filtered - Polarography ' ‘
through a 0. AS/um Ti 2 Atomic absorption spectrophotometry
- membrane :
" Around the site Ni(1)‘ 2 Atomic absorption spectrophotometry
“including, where " g '
necessary, its out- cL 2. Titrimetry (Mohr method)
flow points.
. : Culm 2 Atomic absorption specrrophotometry -
. PoLarography
Mn (1) 2 Atomic absorption spectrophotometry
senl waw
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A TR - ANNEX IV
: - - ‘page 2
o ' e - PARAMETERS =~ ° - MINIMUM ANNUAL oL . B J - i i
COMPONENTS ‘, , ; - " ~ SAMPLING ~REFERENCE METHOD OF ANALYSIS »
: <. | 1wPeraTIVE " GUIDE - - FREQUENCY PR N o ‘
: S 7 . ' . N 3
Environment of the R . - N T R o R .
storage and dumping Visual N 1 Methods to be chosen by Member States
site ' e inspection L - ’ . R o : Co
Topography and site ) B
management: .’ y : - 7 -
‘effect ori sub soil st = Do :
and on the etology . ) : ! T
of the site - - T~ . = .
(1) Also includes a quant‘i{a'tiveA analysis of the residue after filtration (sus‘pended ‘matter) . '
' ) . o - ; . ) *. o ) K '7 - .».\ ”< - . -
) R N A
- ‘)’ .
' ) ‘" a : \, . -
N ’ s ; " N
* ) =, - ) - . :



RECEIVING MEDIUN:

[

,'ANNEX v 5{5,;‘

:m -.x-y;—_i

I../III

INJECTION
B : PARAMETERS MINIMUM ANNUAL R : . :
(COMPONENTS ) . - - SAMPLING REFERENCE METHOD OF ANALYSIS.
. IMPERATIVE GUIDE FREQUENCY, ; ' :
Surface waters Acidity R 1 - Titrimetry
~ Water filtered . (1) - ' . ) . !
“through a 0.45 pm Cr 1 1 -~ Atomic absorption. spectrometry 3
membrane : - Molecular absorption spectrophotometry
Around the S'if.e in . SO 1 L . - ]
the zone affected by 4 . Gravimetric analysis. .
. . ' ~ Complexometric titration with EDTA
the injection .
. o - Molecular absorption spectrophotometry
_ V(1) 1 _ - Atomic absorption spectrophotometry . .
Ground waters } ; i
Water filtered . ,Fe(1) ' 1. ~ Atomic absorption Speétrophdtometry A &
through a 0.45 pm ¢ - Molecular absorption spectrophotometry
membrane . K ’ - - -
. In 1 - Atomic absorption spectrophotometry
) Ca 1 - Atomic absorption spectrophotometry )
) - Complexometr1c titration
‘Under and around . R . .
the site including Pb " 1 - 3222;; i:s?rpt1on spectrometry
outflow points ._ ' graphy
. - . Ti 1 ~ Atomic absorption spectrophotometry
b Ni(1) 1 - Atomic absorption spectrophotometry
cL ) 1 - Titrimetry (Mohr method)
Cu(l) ‘4‘ - Atomic absorpt1on spectrophotometry
) ] ~ 1 - Polarography .
Mn(1) 1 | - Atomic absorption spectrophotometry -
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l
i , ' ANNEX VT -
: page 2
! . :
! PARAMETERS "~ MINIMUM ANNUAL - A
COMPONENTS — s ’ SAMPLING . - REFERENCE METHOD OF ANALYSIS
IMPERATIVE GUIDE FREQUENCY. ' s '
\) . “ .
Environment ’ .
Topography Ground ' O Photoéraphic and topographic survey
o= stability ;o Lo ) : NS .
Permeability’ S 1 Pumping tests ~ .
Porosity - . . . Well-logging
-

- By

(1) Also includes a quantitative analysis pf-theirésiddé after filtration (suspended matter).

1%

-



