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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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EXPLANATORY MEMORANDUL

INTRODUCTION

Thisg Directive is based on the principles 12id down in the Programme of
Action of the European Communities on the Environment of 20 December 1973,

0J No C112, and in particular the principle of "preverting, reducing and,

as far as possible, eliminating pollution and nuisances" (Title I page 5).

At present the vast mecjority of factories manufacturing titanium dioxide
(Tioz)/dump their waste at sea or in estuaries, relying on the buffer effect
of the sea to neutralize the acid part of the waste and on the cepacity of
the oxygen present to convert the ferrous sulphate to ferric sulphate, the
other waste (various oxides of hesvy metals) sinking naturclly to the sea
bed. ’ '

At the same timé, it must be reczlized that the demand for titanium dioxide

on the Buropean market is incressing and that the producers hope to double

~ their capacity in ten years, either by extending exieting factories or by

setting up new ones,

The process generslly used in Europe is the ''sulphate process"*, To obtzin
Ti0, from the commonest ores (ilmenite and slag), these have to be treated
with sulphuric acid. Obtaining one tonne of TiO2 involves 2.6 tonnes of
waste, -which consists mainly of sulphuric acid and iron sulphate. Assuming
that authorizétion were given for dumping at sea, and also assuming that

production were doubied, marine pollution from this waste would be almost

“bound to double in turn. .

A whole series of pollution control cempaigns have been conducted at the
present dumping grounds; these campaigns have been sponsored by national

auvthorities or sometimes by the producers themselves.

* Chepter 1 of the techniczl report desls in detail with this section.



- 4 - J‘)‘, " ’rir‘ 'r.; Ny

It is clear from an anclysis of the results of thece controls thet weste
from the T102 industry is potentizlly or sctu-1lly hrrmful. These sdverse
effects on the merine environmeni src due cbove 11 to reidity, the prescnce

of ferrous sulphste snd probzbly other metels (he vy met-ls).

The effects in questlon c=n trke the following various forms, depending on
the method 1nd plaCu of dumpinp.

1. Reduced oxygenstion and pH of the water rnd incresscd concentrrtion of

Fe and heavy metzls,

2. a) Te@porary shortrge of the zooplrnkton biomzss cnd inducement of effects
lending to a deteriorstion of the morphologicel structure of its

- components;
b) repulsion and depsrturc of some species of fish;

c) reduction of the biomzss, production and specific diversity of benthic
and/orvnectobenthic biocenoses in the dischrrge ~res. In more severe

cases, rll enimal life may dissppear.

3+ Chenge in the colour, transparency and turbidity of the weter znd tempor-ry
reduction of photo:ynthesis, of phytoplenzton ~nd in primery procduction,
perticularly in the cese of surface cumping. The serbed becomes covered
with iron oxides and with oxides of other metzls where the duaping is

carried out in estuzries ond in shallow woter. -

4. On the other hand, there is no evidence of any toxic effects on man

from the consumption of species of fish ceuzht in the dumping rreas.

It ié therefore zdvisrble grédunlly to reduce the:dumping st ser of this
weste over a reasonsble and reslistic period. Paftll of thé technical
report contcins an inventory of the wesste from the production of 'I'iO2
These wastes hove been clagsified in four maJor cetegories correrondlng
to the w=ste products dlschzrged by f~ctor1cs at dlfferent stﬁges of

production. These ceategories zre @
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1) insoluble matter remeining sfter filtration
~ 1i) "copperss" (ferrous sulphete)-
1ii) strong scids '
iv) werk acids or weak ligquors

The report 21so considered how =nd at what price this waste could be disposed
of by either conversion or recycling. It should be borne in mind fhet the '
processing cost vealues dete beck to the end of 1573 and the begihning of
174 2nd must be updated to tske cccount of chenges in the economic sgitus=-
tion. A study on this is being cerried out : it is nevertheless true thet

the figures given in the reporﬁ reﬁain'fully velid for the purpose of

" assessing the hisgh cost of treatment in relntion to production costs and

Yo #llow comparison of the various solutions proposed.

COIMENTS ON SOiE OF TEE ARTICLES AND ANNEXES

The aim of this Directivé'is graduzlly to reduce end then to eliminste pollu-

tion of the sea by waste from the titenium dioxide industry.
1) Several stages are enviseged during the trensition périod to 2llow industry
to adept from the present situstion to one where thse is 2lmost total

eliminztion of dumping at sea. : . L :

Stese 1 ¢ 1575 = 1 Jznuery 1978

During this period éxiéting and new plonts will be sble to dump their
waste »t sea or in estuaries subject to prior suthorization (Arts. 4 and

5) =nd an ecological control of the environment (Art. 7).

- Stage 2 : 1 Januery 1978 = 1 Jenuery 1981

Existing plants will hove to be equipped with trestment facilities such
that "the pollution after trestment is not greater than 70 % of the totsl
untreated pollution"(Art. 8 (3)). These provisions correspond to a 30

reduction in pollution; the remaining 70 % can be dumped st see or in

"’.



estueries (Arts. 4 cnd 5 and Art. 8).

New pl:onts will heve to be equipped with trentment facilities such that
"the pollution after treatment is not grester thizm 30 5 of the totel
untreated pollution"(Art. 8-2). These requirencnts represcnt a T0 s
reduction in pollution; the remaining 30 7 can be dumped ot se: or in

estuaries (Arts. 4 and 5 and Art. 8).

This will mean that in the first instconce the total pollution is con-

taoined and that thereafter it will begin to drom.

Stoge 3 ¢ 1 Januery 1081 ~ 1 Januory 1605

Existi@g plonts will have to be equipped with treatment f-cilities

such that "the pollution zfter trestaent does not exceed 30 , of the

total untrested pollution"{Art. 8-3 and Annex II). This corresponds

to the situ~tion of new plants in Stace 2, wherc there is & TO % reduction
in pollution, thc remeininz 30 /o being dumpod 2t sez or in estuaries
(frts. 4 and 5 and Art. 8). S

The situation for the new plants is tihe some as in the second stage,

This will leed to a sipnificant reduction of the total pollution.

Stame 4 : from 1 Janusry 1985 onusrds

Exis*ing and new plonts will be required to treat their effluent in
such a woy that only 5 % of the totrl untrested pollution remains

to be dwsped at scz or in estuaries (Arts. 8/2—3~and 9=4.).

Total pollution will be reduced by S5 7



e ow T EW/4T/T5E

2) There are therefore three aspects to this Directive, namely :

3)

i) prior authorizstion
ii) ecological control of the envzronment
iii) the measures which are to be t=ken to "reduce and

eliminzte pollution and nuisances'.

1. The choice of the.dumping areo and the weste characteristics must be
token into consideration and the interaction between them must be
- carefully ex*mined. Thence dumping =t sea can only be carried out
under certzin conditions (Art. 5) end storage on lend must meet cer—

tain requirements (Art. 6).

2. During the period in which dumping at sea is still being carried out,
there must be an ecological control of the cnvironment merine envie

ronment control compaigns w111 therefore e necessary (Art. 7).

Controls will cover acute tomlclty, larval development and biorccumur :

lation tests in the pelagic cheins.

3, Firms in this sector wili have to
; a) store on lend the insoluble m-tter remglnlng after filtre tlon7
b) make certzin reductlons in the totel pollutlon (elther 30 ¢ o, 70 %
 or §5 3) Article 8 + Annex I1). '

These reductions are brsed on perfectly feasible techniques. HWith

plants using ilmenite, for exrmple, a reduction of 30 % would mean
- thet the ferrous sulphcte had been trested, 70 ;5 thet the ferrous

sulphate and the strong zcids had been treated, and S5 % that the

ferrous sulphote, strong acids and the bulk of the weak sncids had

* been treated.

It should be pointed out thnt the three and six year periods reSpectively
should eneble firms fto meke the necessary ﬁdJuStments under rezlistic
economic -and techinicsl. coadltlons. (See Part I, pera. 2 znd 3 of tech~

nical docurent.)
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In the cose of rew plenta, coustruction projccts will be ~ble to take

~ccount of these requirements (ferrous sulphate and strong ~cids).

In the case of existing plants, treatment of ferrous sulphete /dehydrq-
tion + roasting or tipping on prepared spoil hesps) cen be corried out
during this three-ycar period. The proposed six-ye-r period should
nllow theese units a choice in the treatment of strong acids. The pro-
poscd ten-ycor period for a 95 5 reduction scems to be ressonable for

perfecting the trestinent of weak acids.
Aprrt from the foct thrt this Directive will serve to climinete almost
21l mrrine pollution from this tynme of wrste, its apnliceiion will cncou-

rege waste recycling.

3. LOGAL CONSTDTR.LTIONS

Severeal llember Stetes heve rlready pascsed leows on - emong cther things -

the disporal of weste from the titanium dioxide inlustry.

The German Law of 7 June 1272 on waste disnosal requires both local nutho-
rities and privete individuals to use speci~l plants for the trestment,

storrge and disposzl of solid wacte.

Likewise the French Low of 1$17 on inductricl esteblishuents which sre
dengerous, irsenitory or carry on noisy or noxious trades spplics to tito-
nium dioxide menufacturers by virtue of the frct that they process minersl
ores using, @nong other things,'Sdlphuric ~¢id which cs#n causc cdverse
chenges in wrter (cf No 295 in the nomencloture to this lew). The Orders
issued by the Préfet pursu-nt to the sboveciientioned low euthorizing the
sctting-up of industrisl establishments zrc subject to conditions which

govern, emong otier things, the dischzige of cffluent into wrter couises.

A new droft law m-lies these conditions even stricter and stipulctes that
any outhorizztion pranted must teke sccount of the dangers or drawbecks
which the industrial esteblishrient in qucstion mey present cs reg-rds n~ture
and. the environment znd must lry down inst-1l-tion ond opercting conditions
concerning, in‘particular, the purificotion and disposal of effluent, wrstes

#nd residues,

o/
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In Ttaly, it is the Pishing Code (Lew 963 of 1965) which zpplics to
dipcharges ot scoe ‘

In the other MNember States, general laws on the protection of water, air

and soil apply. -
.

The attached proposel for a dircctive bosed on Article 100 of the EEC
Trecty therefore scts out to harmonize these lows and thus crecte a

cohercnt set of provisions which can apply in 211 Nember St stes.

Under Article 100 of the Treaty the Opinion of tho Europcan Paili:_ment and

the Economic and Socizl Committee is required. - f
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Annex

Pro oscl for a Council Directive on weete from the

titanium dioxide industry

TnE COUNCIL OF TH: EUROPEAN COIITUNITILS,

Hoving regerd to the Tresty establishing the Zuropcan Econoric Comnmunity,
and in perticular Article 100 thereof;

Having regard to the proposcl from the Commission;
H-ving regard to the Opinion of the Duropern Perlianment;
Having regcard to the Opinion of the Economic and Socirl Cormittec;

Whereas waste from the titonium dioxide industry is liable to be hormful
to humzn health and to the environmcnt, including aquatic flora and fruna;
whereas it is therefore cpproprirte gredurlly to rcduce ond then to elimincto

pollution caused by the dumping at ses of such wastes;

Wherees the Programme of Actinn of the Turope-n Communities on the
Environment (1) ~dopted by the Council of the Buropean Comnunitics and
ropresentotives of the llember Stotes meeting in the Council, in the
declaration of 22 November 1973, refers to the nced to undertske Community
action ggainst certain types of toxic waste =nd in particuler woste from

the titaniun dioxide industry;

Wherers nationrl l-ws on waste from the titoniun oxide industry vary from
one lember State to snother: whereas these disparities azre lilioly to
constitute berriers to trede within the Community snd will therefore hove

g direct c¢ffect on the functioning of the Common linricct;

Hhereas EZC Council Dircotive No (2) concerns weste disposzl in
genersl; whereas for prrticularly dangerous woste it is odviszble to lzy
down 2 specizl system offering every gucrentec that human health ~nd the

enviromment is protected ecgrinst tho homful effects caused by the discharge,

(1) o7 o C 112, 20 Dcceuber 1673

(2) o7
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" dumping or unaontrolled tipping of such wastes; vheress this should be

the cose with wesse frort the titeorium dioxide industry;

tYhereas, in order to attd.n those objectives there should be machinery
for prior zuthorizstion of all discharges of waste from t‘mc nanufocture
of titanium dioxide into wzter courses, lalkes ond the sea, ond for
'duxz.plng 2t soa or storcge on or in the ground; whercas for industrial
establishments loceted in tie territory of a liember State, this
authorization rmust be granted by the competent authority of this St*te;
vaerces for industriczl establishments locsted in the terrltory of 2
non-rember State, tic suthorization must be issued by tho competent
authority of the llember Stezte in whose territory the weste is stored or

deposited;

Whereas it is 2lso advisoble to meke the issuc of this authorization
subject to specific conditions, not only for the dumping of weste at sea
or dischzrge thereof into estueries but also for stornage tlhereof on or

in the so0il;

Whercas, to ensure effective momtoring of *t;ne nerine env:.ronment, it is
‘essential thet ony discharge carricd out in o maritime crez or en eatu ary
be accompenied by a systematic follow-up on the pgeneral ccology of the -

environmewt;

I*.?hereés, in order to protect the sess surrounding the Community, it lis
essenticl to law down levels to which discharges of pollutants sust be

" reduced; vhereas these levels must be reached in successive stages over
a meximum period of ten years from the date of entry into force of the
Directive; whercas existing or new industricl establishments and new
capecities added to existing industrial promises must use enti-pollution
“techniques in order to achieve these levels within the required time—
limits; = - ' '



-3- C ENY/a7/15R

HAS ADOPTED THIS DIRECTIVE :
Article 1.
1. The sim of this Directi#e/ié the gradusl roduction and the elininetion
from the sea of pollution caused by weste from the titaniun dioxide

.

industry. ' | - | L

2. For tho purposcs of this Directive :
(2) "waste" means any residue from the titcnium dioxide manufecturing

procogs; -

(b) "dispossl! means the removel 'fravspO“t4tion, treatment, réc&dling ’
or recovery of wastes, the storzge ond dcp031tinr thereof on or in
the soil and/or the Cischarge thereof into weter courses, lezes

ead the seca, end dumping =t son;

(c) "existing industrial establishments" nesns those industrisl
establishnents whlch hove recched thieir full production capeeity
before tne d~te of evbry into force of tnis Dlrect1vc,.bv

(d) "new intustriol estﬂbllsnrents" meons those industrial establishments,
which cre in the course of being sct up snd which hzve not resched
heir full production ceprcity =t the d=te on which this Dircctive
entered into force, together with 211 industr:.cl osta‘bh n.monts

which are set up after this dcte.
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Article 2

. lember Stetes shell take the necessary measures to ensure thet the waste

is disposed of : ’ ’ "

= without endangering human health;

- without risk of contaminztion to water, zir or the soil or to the flora
and fauna;

- without adversely affecting beauty spots and the countryside.

Article 3

[ ~

Iiember States shrll tcke the necessary mensures to promote the treatment,

recycling and recovery of wastes.

The diecharge of waste into weter courses, lckes ond the sea, Cumping at
sea or storzge on or in the ground shzll be subject to 2 prior authorizztion
~issuedby the competent ruthority of the Stcie in whose territory the

industrizl est efblism:dcnt is locsted.

A8 regards waste frou industrial estzblishments located in the territory
of a non-member State, this suthorizetion shell be issued by the competent
_ authority in the llember State in whose territory these wastes arc stored

or deposited.

Article 2 | , oo

ls In the cese of dumping at sea or discherge into estuaries, the competén‘t' ‘
authority shell, on the basis of the infomrtioﬁ supplied in eccordance
with Amnex 1; grant the authorization referred to in Article 4 on con=-
dition that s ‘ . |
(2) there is no adverse effect on boa:bixig, fishing, leisure 'activities,
ore extraction, desalinatioﬁ, fish end shellfish breeding, on regions

of specicl scientific valuc and on other legitimete uses of the sea;

A
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(b) no other meons of destruction or Gisposal exists.

2. Irrespective of the method by which and tho extent to wihich the effluent
in question is treated, authorization shcll not be grented if the level
of dilution is inadequate to ensure thot the pH of the receiving water,
beyond the actual discharge point, does not cxceed the pH value 2t which

acute toxicity is caused.
Lrticle 6

In the case of storage on or in the soil, the authorizotion refcrred to in

Article 4 shcll, irrespective of the method and extent of trectment of the

effluent in question, be eubject to the followving conditions :

(2) discharge into underground strats is prohibited;

(b) insoluble substences remeining efter filtretion sh~11l be stored on land
in conditions such that they do not =dversely affect the ground weter;

(c) ferrous sulphatc treatment products, strong end werk acids ond woste
other than the insoluble substences remcining efter filtretion mey, if
they are nét subsequently used, be stored on lend provided they do not
adversely affect the ground watcr.

Article T

1. Irrespective of the method and extent of trestment of the effluent which
is to be discherged, eny discharge into 2 meritimec area or into an
estuery shell be accompanicd by a systemetic followeup on the general

ecology of the environment.

2., This follow-up shall include in particulaor :
(2) an ecologiccl inventory of the current state of the ares affected
by the rcleses. This requirement shall be fulfilled when new
industrial esteblishments zre set up or when capacity is increased

in existing industrizl establishﬁents;
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(b) sampling species of molluscs, crust-ceans, fish »nd planiton

organisms.

‘This sampling shall be corried out regularly by aﬁbody sppointed by the

Uember Stote in whose territory the industrizl estzblishment is located. |
In the czse of cross~frontier pollution, the body in question shall be
appointed by the Commission. L
Apart froﬁ the monitoring of chenges in the marine enviromment, tests for
acute toxicity shzll be cecrried out regulsrly on species of molluse, -
crustace~n, fish end plarikton which are commohly‘found in the release
ares. Over g period of 36 hours, and et sn efflucnt dilution of'l/SOOO,
these tests shell not, for 80 7 of the species tested, give rise to
nortality. The tests sarll be éupplementod by tests on larval develop=
ment, which shcll on such 28 to ensure totrl suwrvival of the lavaee after
24 hours at an effluent dilution of 1/5000.

When these cheols heve been completed, disch-rge operztions shall be

suspended if :

() 2n examination of the rener:l ccolosy of the arer reverls e ncred
“doteriretion of thei ecology; ' '

(b) tests for toxicity induced by the accumulstion of metzls in food
chairs indizatc on accumulstion hezardous to huwasn he-lth;

(¢) the results of the tests for acute toxicity are et verionce with the

volucs set out sbove.

1, Teuber States shcll tszke the necessary meesures to ensure that existing

~
“~e

and new industriel estsblishnents sre ecuipped with effluent treztment

Pl st
Ls from 1 Jonuary 1578 the total pollution'after treatment from new

industrizl establishments sh-1l be less taen 30 7% of the total untreated

pollution, and ss from 1 January 1585 it chell be less then § Joe

A
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3. As from -1 Janu:iry 1978,'totcl.pollution ofter treetment from existing

industrial cstablishments shzll be less than 70 o of the totsl unirested

- pollution; as from 1 Januery 1681, it shcll be less then 30,5 and es

. from 1 Janucry 1985 it sholl be less than 5 T

4. This total untreated pollution shell, in,accord@ncclwith Annex II, be
defined by pollution'category and by the type of ore used.

Article 3.

Existinv industrial.esﬁﬁblishmchts which increcrse their préduction cepecity
after the date of eatry into force of this Directive shzll be required
either to : . . . .
(a) comply w;th the reqvl*euents of Articlo 8\2) as to the proportion.

corresponding to the increzse in production, and of Article 8(3) as

to the projportion corresponding to the former production, on tho dates

on which cach of these requiremcnte enters into force;

or to 3 ﬁ , ‘ v

(b) apply generzl trestment in both existing -nd new esis b’lshuents 50. uhﬂt

. the total pollution after tre~tﬁent doed ﬁot e&cecd tno sunm of the

-

A Tinke: 10

Henber States may: adopt strlctor rewulﬂtlons w1thou+ p”caudlce to tbo pro-
vicions of this Directive. - -

Article 1l

Annexes I and II shell form an infegral pért of this Directive.

v Article 12

Lember St?tes shzll put into force the meQSLros needed in order to conply
with this Directive within ~ noximum period of elghtecn nonths of its noti-

ficwi;on and shell for%hthn 1nform the bommlsolon tnoreof.

heﬁber Stries shnll onsure thzt the texts of the provisions of nxtional
low which tney edopt in uhe ficld covered by this Directive are communl-
cated to the Commission.

Articlelld

This Directive is sddressed to the llembor States.
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ANNEX 1

Provisions governing the dunpins® of waste st sce znd discharging into
1) (< & ] 1~

estusries.

1, Waste charscteristics
. TS St A T SN P AN A i A

(e) Quentity ond composition; o

(b) Quantity of substznces and mnterials which are to be dumped or dischaf-

zed daily (weckly, montly);

(¢) For:z in wkich the wasto is to be durpea or dl“Oh?r@Ci, i.e., solid,
semi-solid, liquid;

(&) Physical properties (in particuler soiubility and density), chemical
proporties, biochemical propertics (oxygen demand, nutritional ve lue)
and biclogical properties (presenco of V1ruses, bacterla, yoast para~
sites, etc.);

(¢) Toxicity;

(£) Persistency; ,

(g) Accumuletion in the b;oloalcel actter or sediment; - o

(h) Chemical cnd physicel chenges occurring in the waste after dischargc, in’
particular the form~tion of new compounds;. i | i .

(i) Probebility of any changes which would decrezse the marketing potential

of nature resources (fish, molluscs, ctc. ).

2. Cheracteristics of thq~dumping or dischbgge arca end methods employed

(a) Geogr*phicalvsitu tion, depth of water and dlstgnce fron the coest;

(b) Location in relation to living crestures in tne udhlt or growing stege;
(o) Locstion in relstion to amenity arcas; '

(d) Where approprl rte, meuho~" cf packeging;

(e) Initial dilution level nchieved by the proposed discharge method;

(£) Dispersion, horizontali diSplacement'rnd:vcrtical mixihg cheracteristics;
v(g) Sxistence and effects of current and previous dlscharglnv and dumping in

\

the ares (including accumulailon e¢foctg)

¥ Within the meaning of the London Couvention on the dumping ¢f weste ot ses.

LW



Untrected waste from the sulphaté process

ANNEX 2

" (calculsted per tonne of Ti0, manufacturcd end -

- expressed in kilogreomnes)

NV/41/i5-E

Norwegicn fustralicn Canadian Tnriched
Ilmenites Ilmenites Slog Ore
Cotegory X SO4 Ions 4,250 3,170 2,830 2,330
Liuti (acia)
Pollution + + + .
* Q 680 170
Iron cations 520 1 25
Total H 5,200 3,850 3,000 A 2,400
Category 2 Other metal _
Pollution cations 110 ~ 100 200 120

* Allowing for additions during manufacture.
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ANNEZX 2 (continued)

P eV

Untrerted weste from the sulphoice process
(calculetod per tonne of Ti0, memufrctured and

expressed in kilogromies)

- . T et WL - . -

o T Lo B Y= S L S R R AT W
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The pollution categories affected by the reductions recuired under frticles

8 and 9 arc as follows :

Category 1 : pollution by direct toxicity »
- SO4 ions, acidity (suiphuric ccid process)
~ CL ions rcidity (chlorine process)
- Fe cations (botﬁ pfbdésses)
Category 2 : pollution by indircct boxicity
‘ - cations of metals other than iron (Pi, Cr, ¥, Wi, etc.)

{both processes). . !
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The modern world needs e number of manufactured products‘in order to -

provide every citizen with a certain standard and quality of life.

The way in which these various products are obtained at the industrial

level can be summarized by the following equation:

Raw material + materials used for processing + energy - . - . -, -y
. ' = product + waste (solid, liquid or gaseous). .

. One thing is therefore obvious: everything that is put in at the beginning
is still there at the end.

In the case of certain industries, the greater fart of the ofiginal
materials is processed and little waste appears in the prbduction chain

" (the petrochemical industry, for instance). .In other industries, however,
the raw material is relatively poor in basic constituents of the finished
product, and the amount of material contributed for the processing of the

raw material is considerablec. ’

Thig is true of the titanium—oxidefproducing industry. Ohe tonne of -
Ti05 ‘involves about 2.6 t of waste in the most widely used process,

not counting the consumpi<en of water.
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CHAPTER 1 - THE PROPERTIES AND USES OF TiOp

Titanium dioxide is at present regarded as the best white pigment.
The main properties which help to give it this superiority are examined

below.

It should be noted that the two commercial forms of this pigment, "anatase"
and "rutile", correspond to two crystalline forms of titanium dioxide.
The same names are used to designate the similar crystalline forms which

are to be found in nature with a lower dezree of purity.

The essential quality of a pigment is ite opucity, that is, its power

of reflection when dispersed in a medium.

This light-reflecting power is due to the reflection of light at the
crystal-medium interfaces. This power will depend on the refractive
index of the crystal and, for a given pigment concentration, on the

number of crystal facets.

The former value is inhercnt in the crystal, while the latter is improved
by very small crystal sizes, which must however be greater than a minimum

size commected with the wavelength of the light to be reflected.

Titanium dioxide

~ which has the highest refractive index of all traditional pigments

(average index of synthetic rutile for a wavelength of 450 nm : 2.921);

— of which crystals of optimum size {0.05 - 105/u) can be produced
synthetically;

-~ which has very good transparency in the visible range

is therefore a very effective pigment.
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Rutile and anatase differ by their behaviour in the ultfa—viéléf ranée.
This behaviour produces differences in the light-fastness of the paints .
in which they are used. '

Lastly it should be noted that coatings of metal oxide make it possible
to improve the wettability and disper51b111ty of the pigments and thus
to enhance the quallty of the dlspcr31ons., ’

gsgs

The fundamentel characteristics of rutile and anatase.crystals have been
noted. These properties have led to very widespread use of titanium
dioxide in many fields. ‘

Major categories worthy of mention are: (1)

- paints and varnishes ' 50%

}7 pape:s B i - l  R | 205

- planicsvi ' - " BT ‘ 107 : ‘ o

- rubbcr c . - . 4.5 R
+ = floor coverings - . . | 4 . 4% .
o iﬁks S R |  ;: w'i?‘mut.;>-ii!j\"'205%“ I e e e
-~ geranics ?f o ; \_‘ | L ' ',2°5%

- synthotic fibres . - S W7 3

- miscellaneous,v1nc1uding.cosmet168' IR N

and pharmaccutical products . - ST 5.3% o

‘ : : . Ty
Consumption of this pigment, owing to %ts-field of application, may be

" regarded as an index of a country's degree of iﬁduétrialidéVélopment;”

"With regard to the dlstrlbutlon of its appllcatlon by sectorg, this may
vary from country to country, but it should in ‘any case be noted that’
paints and varnishes represent more than hzlf of total consumption, while
the other sectors represent proportions ranging from 3 to 157 of the total.

,

In all these applications, titanium dioxide is a suspensidn in the various

media.

(1) The distribution of uses shown corresponds to the situation in‘the
United States. This distribution is taken from the study
EPA-230/1~73-015 dating from 1973.
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It is obvious that the future of titanivm dioxide is bound up with the
The effects of

competition from similar products are slight ia these fields.

development of its traditional fields of applicztion.

The averzge annual growth in world consumption of titanium dioxide was
estimeted in 1974 at about 5¢%. This rate may, however, be expected to

inerease in the next few years.

By the end of 1974 this substantial demend had led to a rise in prices,
which were around 595 units of account (U.A.) per tonne of anaitase and
720 U.A. per tonne of rutile (mid-December 1974 prices per consignment
of 20 tonnes).

The prices of Japanese products are the highest, folloued by Suropean prices,
cxcept for those in I'rance and Great Britain, which were subject to taxation

as from lst July 1974. Lastly, American prices appear to be lower.

H A

Countries USA BLLGIUll} IFRANCE | FiD. RFEP. NETHER-- ITALY G.B.

Prices not of GERMANY| LANDS !
c Iy o ‘ UA/kg UA/xz
incluvding tax Ur/kg | UA/kg | UA/ks UA/kg UA/kg kg ./'u

20 t counsignments : -

July 1974 Anatase 0.45C 0.570 0.333 0.432 0.551 0.5C5 0.300
Retile | 0.500! 0.575 | 0.580 0.674 0.671 | 0.713 | 0.424

The July 1674 prices in UA

Lo

D

that one UA = 50 Belgian francs, as given by "European Chemical News", Vol. 25

No. 842.

ara besed on quotations on 15in July 1374, assuming '
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CHAPTER II - PROCESSES

Déscrigtion of processes

The method of manufacturing titanium dioxide pigments consists of preparing
a titanivin dioxide of very high purity from an ore which already contains

it, but wixed with other elements.

There is no industrial process for the preparation of titanium dioxide

which enables it to be extracted selectively.

Actually the only two existing industrial processeé consist of an attack
on the whole of the ore followed by selective operations to extract the
titanium compound. . A final stage enables the titanium dioxide to be

obtained from the intermediate compound.
These two methods are the so~called "sulphate" and "chlorine® processes.

In the case of the sulphate processvthe whole of the ore is attacked by‘
sulphuric acid, and then titanium hydroxide is selectively precipitated.
Finally titanium dioxide ie obtained by calcination of the hydroxide.

In the case of the chlorine proc;ss the whole of the ore is cﬁiorinéted
and the titanium tetrachloride formed is first of all separated from theb
other chiorides by mechanical means and then distilled., Finally the
titanium dioxide is obtained by oxidation of the titanium tetrachloride.
(The chlorine process is generally used only with ores which are rich

in titanium (rutile). Only one firm has succeeded in applying this

process to poorer ores (ilmenite).)
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CHAPTIR III - THE RAY MATIRIALS

All titanium dioxide is precpared from netural ore. The titanium is
contained in the latter mainly in the form of iron titanate in the
case of the more ordinary ores (ilmenitz) ard alrcady in the forun of

crystallised TiO2 (rutile form) in the richer ores.

While reserves of ore of the rutile type are small and becoming exhausted,
reserves of ordinary ores such as ilmonite are extremely large. In

particular, thers are enormous deposits of them in Canada and Norway.

As a whole, ore availability should not create any problems during
the nert 75 years. However, a very great research and developmcnt
effort is at preseni being made for the preparation of an orec very
rich in Ti0, (synthetic rutile) from the ilmenite~type ore, in view

of the environmental problems created by ores of the ilmenite type.
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CHAPTER IV - WASTE FROY THEZ PRODUCTION OF TiO2

SICTION I. GENERAL

In this chapter, two categories of “waste" will be discussed: .

2) the waste products inherent in thé’prodess, resulting from the

. carrying out of'the production process, that is, from the various

geparations taking placg'in”the process itself before any;jieétment;

b).jpe final waste nroducts, which are obtained after elimination or

treatment of the process waste products. These final waste products
may be identical to the process waste products if the'factory does

not carry out any elimination or treatment. But, by definition,

"elimination or treatment of process waste products" is regarded

as embrecing any intervention which leads {0 & change in their
characteristics, which can range from mere dilution in order to
reduce their concentration to very elaborate operations which .-
radically change the nature of the waste.
! (A Lot
Before going,intb this question of waste products in more detail, it .
is interesting to note that the produbtion of the "TiOy" pigment industry
ig very simple to dofine, because it consists of high--purity titanium
dioxide.  In all evaluations, the particular additives vwhich enable
the performance of the pigments to be improved, and also the residual

quantities of impurities, which are extremely small, will be disregarded.

As production consists only of titanium dioﬁide, all raw materials
other than titonium dioxide will of necessity be discarded at one of
the stages of the process. Moreover, as production of titanium dioxide
is éarried out with a certain yield, there will also be some titanium

dioxide in the waste products.

That is why, in Section II, for the sulphate process, four cases of
production of TiOz based on the following ores are considercd:
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. Norwegién ilmenite

-~ Australian ilmenite

-~ Canadian slag ‘

~ Enriched ore (hypothetical) containing about ¢C% of Ti0p

(maximum possible for sulphate process).

Similarly, in Section III, for the chlorine process, three cases of

production based on the following ores are considered:

- natural rutile
~ synthetic rutile
~ ilmenite (hypothetical).

For each of these types of procduction, account will be taiten

~ of the quantities of raw materials employed;

-~ of the total weights of waste products corresponding to these raw
materials:

~ of the main categories of waste products, stating their nature

and quantity.

We shall thus see how the various orizinal constituents are distributed

in the main process waste products.
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SECTION II. SULPHATE PROCESS

Genercl

It should not be the purpose of the calculations presented in this

chapter to ascertain the exact compositions of effluents.

The reason why such a calculation has nevertheless been attempted
is rather in order to achieve a coherent overall analysis based

on well-defined hypotheses.

These hypotheses can be argued about and the caloulations adjusted,
but they do make possible, as far as the main waste products are
concerned, a valid quantitative approach for the different types of
production‘and different factory capacities representing the main

European producers.

Four main categories of waste products corresponding to possible

groupings of the waste products inherent in the process ere considered:

the insoluble substan¢es remaining after filtration
(waste product 1)
the "copperas" (i.e. ferrous sulphate) compounds

!

(waste product 2)
the "strong acids"(waste product 3)
the "weak acids" (waste product 4)

obtained after the operations schematically shown in the following
illustration (Table 2).
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’
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WASTZ PRODUCTS CORRESPONDING TO ORE A. NORWEGIAN ILMENITE

ORIGINAL ORD

NORWEGIAL ILNLNITE

% ke
Ti02 44~45 | 1130.000
Fe0 33-34 8C7.500
Pe0p03]  12-13 | 312.500
$i0p 2.5-3.0 68.700
Zr02 - -
41503 0.6-0.7 15.000
P20 {0.03 0.700
¥n0 2-0.3 5.000
M0 4.5-5.5 | 125.000
Cr03 0.07 1.700
V205 0.15-0.17 4.000
Cca0 0.2-0.2 6.200
Nap0 ~ -
S ¢ 0.04 ¢ 1.000
P:p.n. | Grammes
Ni 01-113 | 253.000
Zn 57-93 157.000
Cu 5¢~0.2 | £13.000
e’ |- 439 | < 4.000
Pb, Be <1 {2.3 each
Sb,Hg <1 (2.5 each

>

Corresponding weight of ore: 2,500 kg

N.B.:

The total of the column does not correspond to
2,500 k;, as the weights of each constituent have
average values related to diffcrent compositions of

ilnenite.

thel =

. e
, 1 A

Yield:s Z28.5%
BEE SOl o> PRODUCT
// - el
,..-/"
¢ . : TiOp: 1 tomme
FATAL WASTE PRODUCTS
expresced as quantitics
of metal (k)
Ti 784 000
L o 755.000
Waste products Si 32.000
I g, e
L r
Al 4.000
P 0.142
Mn 3.8710
Mg 75.000
Cr 0.559
v 1.050
Ca 4.275
in gramnes
S {1000
Wi 253.000
Zn 107.000
Cu 15.000
cd 4.000
Pb, Be € 2.5 each
Sh, Hy < 7.9 each
o 1 hig tanta maieoe 44




NORWEGIAN TLMENITE

The quantities shown below relate to 1 tomne of flnlshed product and are
based on the values in the preced1ng table.

PRt e
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we

. Haste groduct 1 — Insoluble substances B . e g‘*"'~ “'” e
81 kg (5105, Ti0p, Al,04, MeO, Cry03, PyOs,

81 kg

162 kg

Waste product 2 - Coppcfas

Wéste product i ; Strong acid
. 727 kg -

+ + + +

CERE

3,312 kg

460 kg -
23 kg

©3,€55 ke

M kg
 Mke
©1,482 kg

5,127 kg -

17,411 kg

HWaste product 4 — Weak acid

+ + + +

1391 kg

28 kg
T 22 kg
300 kg
69753 kg

c, 000 kg

-

3 ~",

MnO, V 05, Ca0, Si, Ni, 2n, Cu, Cd,‘. ‘
Be, Sb, Hg) -
H,0 (assuming H)0 = 50% of total weight)

various sulphates, includlng 2, 941 kg
Sop MO |

H20

free H2504 . -; | ;

various sulphates, includlng 585 kg of -
FeSO4 , . L : \
Ti0, in suspemsion.. , .
Ti0, in solution v i

504 (exp. a8 100%) concentration 207 .
B.O O T VO

various sulphutes, 1nc1ud1ng 315 kg of
FeSO 4 , S
T10 in suspension‘-t- B IR
T10 in solution =
0 (exp. as 100%) concentratlon 10%

th



Table 4
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WASTE PRODUCTS CORRESPONDING TO ORE B. JAUSTRALIAN ILMENITE

ORIGINAL ORE

AUSTRALIAN ILMENITE

>

% kg

710, 55.4  |1130.000
Fe0 23.8 7| 485:450 |~
Fe,0, 16.9 344.800
510, 0.15 3.050
Zr0, - -
41,0, | 0.94 19,200
on5 0.08 1.650
MnO 0.72 14.700
Mg0 0.27 £.500
Cr203 0.14 2.350
v2o5 0.17 3.500
Cal 0.02 0.400
Na 0 - -
0 - -

S 0.01 0.200
Ni - -

Zn - -

Cu - -

ca - -

Pb, Be - -
Sh,hg - - p

s

—

Waste products

ey
/ o

i

A{>

Correcsponding weight cf ore: 2,040 kg.

N.B.:

The total of the column does not correspond to -

2,040 kg, as the weights of each constituent have

average values related to different compositions of

ilmenite.

“{'Mn

PRODUCT

2

Ti0,: 1 tonne

FATAL WASTE PRODUCTS

1Expressed as quantities
' of metal (kg)

Ti
Fe
Si
Zr
Al
F

g
Cr
v

Ca
s

Ni

Zn
- Cu

cd
Pb, Be

76.000
498.000

1.400

5.080
0.330

11.370

3.300
0.940
0.920

0.2€0
0.200

Nevertheless, the complex information in this table makes
it possible to assess the overall quality and quantity of
the waste products. '
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AUSTRALIAN TLMENITE L , /
The cuantities shown below relate to 1 tonne  of finished product eand - - -

- are based on the values in the preceding table,

Waste product 1 ~ Insolubla suost"nces .
20 kg ' (8102, T102, A1203, g0, Cr 03 5 5,

o, V 05, Ca0, Sl, Ni, Zn, Cu, cd,
o Be, Sb, Hg) L ;
+ 20 kg F O (a.,sumlng H20 = 50% of total wel gn't)
40 kg . f ¥

Waste producf 2 = Copperas

41,768 kz ‘ various sulphates, including 1,725 kg
o S PeS0,, THLO ’
v 241 kg 1,0 ' '
o 12 k-:;_ free HQSO4

2,021 kg '

-
v

Weste product 2 = Strong acid ‘. .

637 kg variovs sulphates, ircludin g 584 kg
o of PeSO, -
+ 3 kg | ‘1’:3.02 in suspension
+ 36 kg 'I'iO2 in solution
+ 1,250 kg HZSO4 (expe as 100%) concentration 20%
* 4,291 kg Smo | '

6,250 kg

]

Waste product 4 — Vesk acid

33 kg . verious évxlphates; including 314 kg
| of FeSO, o
+ 28 kg S "I‘:i.O2 in suspension ‘
+ 2% kg 'I‘:i.O;2 in solution
+ 672 kg ' H2504 (exp. as 100%) concentra't:l.on 10%
+ 5,663 kg E.0 '

2

&,727 kg
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PASTE PRODUCTS CORRT'SPONDING. TO ORE C, CANADIAN SLAG

- ORIGINAL ORRE
CANADIAK SLAG Yield 88,,ﬂ -
; ; : "~ 'PRODUCT
A0, % - kg . ;_::5
| C:::i:::::*‘”’f Ti02¢ 1 toune
Ti0, 70,72 1130,000 X e
Fel 12,15 194,138 11 ,
N . .o A [ 3N
Fe203 1450 23,960 | ' meAL WASTE PRODUCTS
_ o n o |
5oz . 355,90 '.67f1 0 Hxpressed as cuantities
o2 . | - L= ©  lof metal (kg)
41203 4,0-6,0 79,890 ~ 78,000
?
P205 0,025 0299 e 159,751
. . ”9
MnO 0,2 b 3,195 . sy 31,3 .
.o ’ ' ' .
- Ng0 445=5,5 _:79:892 Heste Product§\‘Zr 7 -
Cr203 0,25 - 3,994 || & 7l 1 14
V205 0,5-0,6 8,788 {; N 0 081
. ; i g L0
: 1 19,174 ¢
Ccal 52 N 9,174 ) hw 2,472
He20 - T .Y 17,933
' , : i 1749
K20 S - . ‘ e 1,314
, G,C oL
8 ; 955 0,7 v o BETEE T
W10 i C,085 1,358 | ea 13,210
4 . PR e L s < 8 A
7 ] - 1;1 g; bt -
Cuo 1 C,015 0,229 i g 3. 798
e - N D '_ , i “.0G8
Fb,Be - | 0,07 | ,
’Pb, (0,07)
 Corresponding veight of ores 1,400 k. i
NoBet The total of the column docz rvt :
corraospimd to 1,600 kg, 2s the weoishis . . i
of ezol Lo:cgltuent have avaraze fc“ves
‘related to c¢ifferent comp;SL iovs of
elrkag )

Neverthelses, the complex $nfovmation in
this tablas nukes it possiuls to arsoc
the overall cua;ity and Gnanti‘y of

_ V\Tt—‘bus D“Ouh.L..« Se
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CANADIAN SLAG - ' 0wy

40 e

- The cuantities shown below relate to, 1 tonne of finished product and

are based on the value in thé precoding table.

Waste product 1 = Insoluble substances

107 kg - ~ (3102, T102, A1 03, g0, cr2 3’ P, 5’
Cam v Sney e v - R ‘ Fmo V 05’ CEO, Sl, I‘Il’ m’ Cu- Cd’
e e e Bey, Sby Hg) . - . e . ems |
o+ 10Tkg o HO (assuming H,0 = 50% of total weight)
o 214 kg | :

!
o
e

Waste product 2 Copperes .

None * ' R

~ Haste product 3 - Strong acid - _ _ , s

030 kb  ' | various sulphates, including 303 kg
‘ _ , of FeSO4 ‘_ _
+ M kg ‘ T102 in suspension
+ 3 kg e. .. TO,in solution .
o+ 1,480 kg '"'“'“ *""sto (exp. as 100%) concentration
+ 5,063 kg 1,0 '
7,200 kg e -
Waste product >4 -~ Heak acid _
. 339 kg Qafious sﬁiphates, including 163 kg :
| D | of FeSO, |
+ 28 kg TiO, in suspension
+ 19 kg Ti0, in solution. ‘:. : ;
C+ 778 kg - I-I?_SO4 (ex;:. as 100%) concentratiqnjo%
+ 6,624 kg - H,O ' '

2

7:780 kg . o b e e e
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YASTSE PEODUCTS CORRESPONDING TO ORE D,
ENRICHED LIVERAL (Hypothetical)
(Similer to Cancdian slag)

ORIGINAL ORE
of
ENRICHED ORE Yield 88'5P.‘\‘ PRODUCT
% kg // Ti0,: 1 tonne
Ti0, 88,00  1130,000
20 5100 64!204 i ) .
e203 0,50 6,420 ' FATAL WASTE PRODUCTS
. [~ [0 :
5102 1165 21,107 Expressed as cuantities
7002 - - of metal (kg)
[~
41203 2,00 25,681 o 78,000
4 ”
P205 0,01 0,128 - 52,133
0 0,08 1,027 | a1 5,706
100 2,00 25,681 SHaste products, or -
~ : . i T ' P
Cr203 0,10 1,284 An 5,719
| =4
V205 0,20 2,568 b 0,026
Ca0 0,40 5,136 ' 0,795
ﬁazo = - lig 15,408
20 - = Cr 0,422
3 0,02 0,256 v 0,680
T 3
710 0,03 0,365 Ca 3,528
[:Zn - o= p\T% :
Cu 0,01 0,128 {_J} S 0,256
Cd - - s 1,068
Pb,Be - - 7N -
50, Hg - - Cu 0,101
L

Corresponding weight of ores 1,284 kg.
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A4
N B !

ENRICHED ORE E E
The quentities shown below relats tao 1 tonne of fInIshed product and

are bagsed on the values 1n the precedlng table.

Waste product 1 = Insoluble substonces

57 kg (Sioz, Ti0yy A1,04, MgO, cr, o

1m0, V,0c, Ca0, Si, Ni, 2, Cu, ca,
Be, Sb, Hg)

5'

~ 4 o STkeo o HO (assuming H,0 = 50% of total weight)
114 kg
Waste product 2 - Copperas S g
None . .. '

-~ Waste product 3 ~ Strong acid

185 k¢ - various sulphafes, including 98 kg
. of FeS0, ’ '
+ 34 kg T102 in suspension
S+ - 31 ke Ti0, in solution
+ 1,395 kg _ H‘zso4 (exp. 28 100%) concentration 20%
+ _

5,330k H,0

6: 975, kg
Waste product 4 = Weak 2c¢id _
- 100 kg various sulphates, including 53 kg
- of PeSO, ‘
+ - 28xg Ti0, in suspension
B 17 kg v TiO2 in solution

+ . 750 kg . H,50, (exp. as 100%) concentration 10%
+ 6,605 kg H20 . (oo

| 7,500 kg
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2) Disposcl or treatment of the weste products inherent in the process

1 -

prinition

"Elimination or treastment of waste products inherent in the process”
is understood to mean any intervention which leads to a change

in their characteristics, which can range from mere dilution in

order to reducé the concentration to very elaborate operations

radically changing the nature of the waste.

List of the mcin methods of elimination and trcatrent th=t can be

envisepsed for "waste products iitherent in the process®

DISCHARGE INTO THE SEA (1)* This can be done direct from the coast

Injection into underground

streta

STORAGE ON LAND (2)

NEUTRALISATION (3)

or by scattering over the sea, This
nethod is'widely ugsed for soluble waste

products (copperes and acid sélutions),

This retuires special geological conditions.
Its use in the United States (DuPont) hes
given rise to strong criticism. The

"in jected” effluents must not contain

suspensions which might clog the well,

This is used for insoluble waste products.
Storage on land of soluble waste products
("copperas") raises more proulemns owing

to their solubility and their large

. quentities. The company THANN & MULHOUSE,

in Thann (France), stores on land insoluble
procducts, "copperzs" and the neutralisation
products of its acid liquors (output

20,000 tonnes per ennum of Ti02).

This method, which results in a very lerge
volume of neutralisetion product, is very
little used. Its cost is high. At present,
in Lurope, only THANN & IULHOUSE uses this
method for its acid liquors (at Thean). In
the United States, "SCH™ neutralises the
dilute acid fraction. The neutralised

products are rediluted and discarded,

(*) Only the numbered methods cen be envisaged, -a priori, in the

Europeen context,



Production of gypsuns

LURGT COPPERASw
DRYING PROCESS (4)

Fluidised~bed drying
of copperas conpounds

LURGI FLUIDISED-BED
ROASTING PROCESS (5)

ROASTING IN A ROTARY
'FURNACE (6)

-2~ V/41/15-8
' Orig: T

Production of gypsum from the neutralisation
of the acid licuors requires a special locel’
context, In the United States the American
Cyananid company is building a factory for

procucing building componcnts of gypsume It

- should be noted that in this ocase there are no

local gypsum resources; moreover, the local types
of buildings are well suited to the use of such

a material,

This method enables "copperas" compounds to Be
dehydrated by changing them into iron sulphate

nonohydrate, which can be roested in a

* fluidised=bed furnace (there is an existing

unit at Spinetta, Italy, and one Being built
at Celje, Yugoslavia).

Process employed by BAYER to eneble iron sulphete

to be roasted in rotary furnaces.

‘The LURGI roasting process mckes it possible

to treat iron sulphate monohydrate ("copperas®
after dehydration) or concentrated acids (70%)
containing salts in solution. One obtains, from
the solid or licuid substance fed in, on the

one hand SO, which can be directly used in en

2

;HZSO synthesising unit and, on the other hend,

4
the netal oxides corresponding to the salts in

solutidn. There is no experience yet Bf'workingh
wifh_lidtid feed, |

This technique, which is an old one, makes it
possiblelto treat "copperas" compounds after
dehydration or salts precipitated during
concentration of acid liquors. Actually the need
to use sulphur or pyrites to bring about
combustion leads to the production of quantities‘i
of stO4 greatly in excess of the recuirements

of a TiO2 unit, This method has been employed
marginally by Bayer = Titangesellschaft - Pigment
Chenie in Germazny and by British Titan Products
at Grinsby (Great Britein).
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"TEW JWRSEY ZOigM This process cen be used for treating acia
PROCESE (7) liquors. After treztment pure sulphuric acid

is obtaired, tczether with iron sulphcte
nonohydrate nixed with the other elei:ents present
in the solution. At present the only plant
besed on this process is a small pilot in the
United States.

LURGI ACID- " This process "treats™ acid licucrs by bringing
CONCIZMTRATION them up 4o & concentration of 70%. The acid
PROCESS (8) is not evaporcted, and the 70% acid still

contains all the salts in solution, Mo zctual

wmit besed on this principle.

BAYER ACID- Bayer uses a process of concentration Dy submerged
CONCENTRATION flanes, This process has proved very

PROCESS (9) unsatisfectocy.

BAYEF-- 3ERTRAIS This process for concentration of ecid licuors
LCID-CONCENTRATION uscs 2 film evaporator., There is still 1little
PROCESS (10) information about the possibilities c¢f using it

in the Ti0, industry.

roduction of Superphosphete is @ fertiliser the use of which

superphosphate in Burope hes considerably declined, It is
obtained by attacking natural tricalcium phosphate
with sulphuric acid. At precent only cne state-
owned compeay in Polend uses this process, which
recuires prior concentration of the acid licuors

up to €5%



Annoniun sulphate

production

.I.FeP. PROCESS (11)
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This process enables amonivm sulphate to be
produced from eacid licuors, Ishihara Sangyo
Kaisha holds the rights to a process making
possible the optimum treatment of acid liquors
by this method, Armonium sulphate is no longer
used in Europe, and this method is thus of little

interest at present, at least in Europe.

This process enables dissolved sulphates to be -

. treated., It thus nakes it possible 1o treat

either acid liquors alone or acid licuors in

. Wkich the "copperés" conmpounds have been

%

previously redissolved. The products obtained

~are sulphur and hydroxides and sulphides of the

metals in solution.

To thesé processes should be added those of the BUTTNER and SAINT

GOBAIN companies, described &s "new technicues" in the field of acid

concentration,

Note: In the Netherlands there is aisystem of taxation of effluents. .

' Its apount at present represents abouf 3.5% 6f the cost of TiO

2.

I ' It is said that this tax is to be doubled every year,
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SECTION 3 = Trextment units and final vaste orocducts

A, ATIIS
In Section 2 a list has been given of the processes
which could be used for the treatnent of waste products

inherent in the production process.

In this section an ctteapt will be rade, by combining
the various proposed processes, to establish couplete
treatment units. There are obviously very many
possibilities, and only the most cheracieristic ones

have been oonsidered,

Purthermore, depending on the degree of treztment
which it is desired to 2chieve, the units proposed cmn
either be adopted zg a whole or sone of their constituent

parts replaced or even onitted.

The capital investnents ead operating costs involved
for each of these unite will Le statzd. The capital
investentn figures ere beased only on design data
available at present, and the operating costs have
been calculated on the bigis of values reccrded at

a fixed date (end of 1973) and are now being updated

in the light of the present economic situation, The
characteristics and volures of the final effluents will

also be given,

These solutions will be considered for the different

types of raw materials,
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Below and on the following pege, the weights of effluents to be
. treated corresponding to an output of TiO2 of 100 tonnes per day

are given for the four types of raw matericls,.

(d = 2 is a hypothetical value)

¥¥ represents the weight of the 1nso‘uble substances if

water is excluded from thenm,

Norwegien Auvstralian Canadian Enriched
ilmenite ilmenite slag ore
1) I'SOLUBLE
STUBSTAICLS
Total weisht 16 t/a 3.8 t/d 21 t/d 11 t/a
' k!
Volume if d = 2* | 32 m3/a 7.6 0 /a 42 m3/a 22 wi/a
"Dry" weight¥* 8 t/d 1.9 t/d - 10.5 t/d 5.5 t/d
2) COPPERAS /4 - s/d t/d t/a
Total weight 385 20%
FeS0,, 1.1 /2 H,0 | 189 111 does not does not
_ . exist exist
MgSO4 20.4 1o '
exp in K80, {122 62
exp. in Fe,0, 169 99
* d: density of the insoluble substances as a whole
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Norwegian Australian Cenadian | Dariched
ilmenite ilmenite slag - | ore
1
3) ACID LIQUCR t/a t/d t/a t/a
(hypothetical '
ooncentration
20%)
Total weight 741 625 720 697
H0 . 512 429 | | 506 533.
Free H2$O4 148 125 144 140
FeS0, 58 58 - 30 10 -
Various sulphates 14 5 32 9
H,S0, (free + . 195, 165 184 152
_ _ combined) . : , |
Exp. in Pe,0, 3 .61 T 61 31 1
Exp. in sulphur 64 54 60 50
4) DILUTE ACID £/ t/a Ctfa t/a
(hypotheticel s o |
concentration .
107) ;
Total weight 800 : 672 - 778 750
Free H,S0, 80 67 78 5
H,0 675 566 652 660
jFesO, . . ' 31. 31 16 5
Various sulphates 8 3 18 5
11,50, (free + 106 89 99 82
2 4 combined) , )
Expe in Fe,0, 33 33 17 5
|Expe in sulphur 35 29 32 27
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COST ASCFSOMTET
Copital investment o
For each treatment unit the total capital investment is determined

from the capital investirents for each constituent part, These

arz for the period end 1973 = beginning 1974 and must therefore
adjusted in the light of the present eccnomic situation,

Lllowance has also been made for the price of recovering the sulphur
or sulphuric acid as the case mey be, exclading all other products,

particularly FeO,

Enerar consvrntion

For ezch treatment the energy consumptions for the differentvtypés

of raw materials have heen established.

For the price of fuel oil, an average price of 50 U,A, per tonne
has been assumed. It should be noted, however, that the proccsses
trgating gases contéining 802 zre not interfered with by the use of
very sulphurous fuel oil such asz "vacuum residues”". These iwo )
processes ere the roasting process (LURGI) and the I.F.P. process.
The value of the "vacuum‘reéidues", a&lways less than that of fuel
oil, will depend on the particular situations of each petroleum
group, the location of the refinery and its distance from the

consuning factory.

"Depending on the situation, the "vacuurg residue” may cost the

consumer between 80% and(exceptionally) 60% of the price of
ordinary heavy fuel oil, In the present case the possible use
of "distillation” residues" costing 40 U.A, per tonne has been

assuned,

Note: It will be recalled that, for rossting, sulphur can be meed '

as a fuel, which in some cases makes it possible to reduce

consunption of fuel cil, This possibility depends greatly

on local conditions; it should merely be borne in mind that

the furel~o0il consumptions shown for roésting are high values,
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Bzﬁgroducts

In practice we shall consider only three categories of by-products:

- sulphur

- sulphuric acid

~ ferric oxide (part) or ferric hydroxide (pert).

A sulphur Yeredit" will be included in cases where the sulphates

and/or sulphuric acid are decomposed in the form of SO2 or

elementary sulphur.

A "sulphuric acid" credit will be included wherever recyclirg cof this
acid can be done directly and therefore dces not entail additionzl

capital expenditure.
The savings are based on the following values:

52 UuA./t
sulpburic acid: : 29 U.A./t

sulprur

Note: As the price of sulphur varies greatly, a treatment ccst

corresnonding to a sulphur price of 30 U.A./t and thus

to a sulphuric acid price of 22 U.A./% hzs elso been

givan,

With regard to iron in oxide or hydroxide fcrm; only

iron obtained from copperas will be regarded as & by-product

which nay possibly be reusable, but its value will be

assuned to be zero.
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Treatnent wnits which can be envisaged

for the titaniun dioxide industry =

Ref,

¢ 1Capitel investment

Waste products

. Constituent processes (Uuhu/t -per annum . after treatment
. of T102)
(Dehydration) = Lurgi I I 263  (Iron oxide)®
Roasting - Iurgi : Iron oxides + various
Concentration = Lurgi - CeS0y, Fe(0H),
Feutralisstion Sleg 195 Water
(Dehydration) =-Iurgi II Tln 273 (Iron oxide)®
" Roasting - Lurgi - o " (Iron oxides + various
cOncen'tration - N.J.2 Slag 195 CaSQ4, Fe(OH)2 :
Neutralisation Water
(Dehydration) = Lurgi Ilm, 338 (Iron oxide)®
(Roasting) = Lurgi .  III. ' Fe(OH), + various
Lo .- sulphates. -
IFP process Slag 245 245 CaSO4, Fe(OH)2
Neutraligation v Water '
- Iin 339 - (Iron hydroxide)®
IFP ﬁrocess ‘ v ‘ 1'4‘e(OH):2 + various
T o sulpha-bes
Slag 254 Weter
- (Dehydration) - Lurei = - (Tron oxide)® - -
(Roasting) - Lurgi YV Iim 351 Fe(OH), + various
. sulphates
~ IFP process - Slag - 259 . ‘Water
(Dehydration) = Lurgi ) ~ (Iron oxide)® .
Roasting - Lurgi Vi Ilm 312' Iron oxide 4 various
) | Concentration - N.J.Z. Slag 233 Hater

Note 1:
Yote 2:

The substances in brackets disappear if slag is used

The waste products marked (o) may be reusable. They have been

assigned zero value in the economic calculations.
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Cost of the main netrode of treatment which can be
envizsaged for the titanium dioxide industry

(Sulphate procesa)

. Hypetheses
Treatment . Hawr - — ‘
Yaterial
Fuel oils 50 UA/t  Fuel oil 50 UA/t Tuel oil 50 UA/4
Sulphvr 52 UA/t  + dist. res. 40 UA/t 4 dict. res. 45 UA/u
H,50, 29 U4/t  Sulphur 52 UA/t Sulphur 30 UA/t
" H,yS0, 29 U/t H,30, 22 UA/t
A/t of T30, UA/t of Ti0, UA/t of TiO,
1 Iln. 97.3 90.8 113.6
Slag 71 72.8 36
1T I, 77.4 4T 95.2
Slag 53.8 53.4 64.17
111 Ila. 134 124.2 145.7
Slag 105.6 97.6 110.8
IV Iln. 125 100 130
Slag 94.3 82,9 112,72
v Iln. 122 108 138.4
Slag 89.3 119 112,2
VI I1n. 95.4 92.1 108
Slag 52,1 50,9 6.4

Note ~ This i3 an estimate made at the end of 1973/beginning of 1974.

A more up-to-~date estimate is being prepared.
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Special cheracteristics of the main metnodu of tre_tmeﬁt whlch can

be envisaged for the titanium diowide” industry (sulphate procea )

TREATRENT T

mRE;THENT I1

\

TREATILENT IIT

TREATITENT IV

TREATIENT VI

.

low cout
concentration process not yet inductrially proved
nevitralisation waste products rather inconvenient

to stbre 

Same -corments as for Treatment I

N
Juxtaposition of several fairly reliable prbcesses
high cost '
heutralisation wacte prodﬁcts rather inconvenient '

to store

only one process used (IFP)
relatively high cost .

final waste producis a priori less convenlent than

xides ’ ‘ . o ' S .

complexr of quite reliable processoes
rather high cost ’ ’ S S e
final waste products a priori less convenient

than oxides

"Concentration section” not 1naustr1a11y proven
cost zensitive to the coticentration of the vieck a01d

final waste products fairly convenient to'otore

,and/or possibility of reuse.
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CHLORINE PROCEZS

Haste products inherent in the process

1.

2)

General .

Introduction

As already mentioned, the only purpose of the calculatinns made in -
this section 1z to give orders of magnitude for the quantities.of

waste products to be considered.

Admittedly, in view of the fact that the chlorine process ic little

uged in Furope end that the information about is is generally

confidential, it has only been possible to malze rather roush

hypotheses for this process.

However, although these hypotheses may prove inaccurate, the cuantitative

approach to the total effluents remains valid.

b) Hypotbeses

We have assumed that:

- the overall operating yield is 98% in relation to the 'I‘iO2 involved,
excluding the finiching (surface treatment) stage. This type of
treatment has already been seen for the sulphate process. With regard
to effluents, it leads only to dilute salt solutions and a small

quantity of TiO2 in suspension.
- The zircoanium oxide present in the ore is not attacked.
~ All the other metals and metalloids are chlorinated. '

= 1% of the raw ore is lost in the "blow-offs" of the fluidised

bed and by entrainment in the »nrocess gases.
~ 0.5% of the titanium dioxide is lost in the form of TiCl4.

- 2% of the chlorine necessary for the chlorination of the titanium
dioxide is lost through combination with hydrogen from the

reduction coke and the ore,
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- For the T1014'"oiidation" section . . . . .

. 0.5% of the T102 involved is lost in solid form :

. w1th regard to the effluents resaltlng from p0931b1e liquefaﬁtlon
of the chlorine, these are very traditional in nabure and have

been disregarded in the present technical report.

¢) Nistribution of the different waste products

It hae already been seen in the description of the chlorine process
that the four major scurces of waste producte are: .. |

. waste product 1 = "blow=off" from the fluidised bed

. waste product 2 - "residues" of the distillation of TiC1,
. waste preduct 3 - "venting" from the distillation of the 'I‘iCl4

. waste product 4 ~ waste from the oxidation stage.

The melting ard evapbration(temperatureﬁ'of'the chiorides of thé -
different métals meke it possible to some extent to predict the
distribution of these chlofides in the waste products. TFurthermore,
certain hypoiheces have been made for the distribution of the lozses

. of ore,‘TiCl4 and chlorine.

. Waste product 1
The ¢™oie of the Zr0
Falf of the ore los

mnc12, ¢gCI CaCl,, HaCl. -

2’

\,~thte_product 2
The whele of the FeCl,, Al Cl3, CrCl,, FbCl5
2 <

| The vanadium is present in the form of VOCI2

Half of the ore losses.

. daste product 3
The whole of the SiCl,, PCly (POC1,) N
The whole of the losses of HCL and TiCl, |

i
¥
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2 - A, WLOTE PRODUCTS CORRESPOMDING TO NATURLL KUTILE ORE

ORICGINAL ORE

"TATURAL RUTILE

ik kg

Cal
Na .0
K.0

H.C
Co

U110

56,60  1020.,400

Yield 93%

PROTUCT

mi0 1 tomme

22

F.TLL WASTE PRODUCTS

expressed as

0.35 3,696 guantities of uetal
0.35 3.696 (kz)

0.65 6.566 Ti. 12,220
0.45 4,752 Fe 1,219
0.05 0.527 Si 1.700
0.02 0.2%1 Zr 5,00
0,06 0.633 Al 1.254
0.30 - 3.169 Wa3te Products P © 0,106
0.66 6.971 i 0.162
0.01 0.105 B e 0]

- - Cr 1,002 el

- - v 1.07¢

- - Ca 0,072

- - Tla -

- -~ Q -

- - Wi -
0.30 3.169 Zn -
0.20 2.112 Cn -

Cu -
Jog 2,352
31 2111

Total 1056 kg

Typical composition

Distribution >f effluents:

weste product 1
waste procduct 2

waste product 3:

14 kg/t of 710, (Zr02 + various chlorides + ore)
20 kgft of Ti0, (+ various chlorides)

59 kg/t of Ti0, (+ various chlorides)
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2 -~ B, WASTE PRODUCTS CORRESPONDING TO SYNTHETIC RUTILE ORE

~ (Benelite type)

ORIGINLL ORE PROZUCT
Yield 93%
SYNTHETIC RUTILE -~ - Ti0,¢ 1 tomne
% kg
A Malia
TiO2 95 1020,40 , FATAL WASTE PRODUCTS
FeO 1.8 18.96 Expressed ao
' © quantities of metal
Fe203 2.0 21.60 (kg
T4 12,240
Various 1.2 13.09 Fe 22,665
Various

Waste products

(13.09)

Corresponding weight of ore: 1074 kz

Distribution of effluents:

“Haste product 1: 14 kg/t of 'I’iO2

Waste product 2: 9C kg/t of Tio2

Weste product 3: 59 kg/t of 40,
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2 - ¢, YASTE PRODUCTS CORRICPCONDING TO AUSTRALILN ILNENITE ORX

ORIGINAL ORE _ o PRODUCT

-

LUSTRALTAN TLIENITE Ti02: 1 tonne

Yield 98%

A e

/° L8
Ti02 §5.4 1020.20 FATAL WASTE PRODUCTYS
FeO 23,8 438,361 . expresced in
Fezo3 16,9 - 311.350 %ﬁg?tltl?s cf netel
800, 0.15 2.763
Zr02 - - Ti 12,240
A1,04 0.94 17.337 Fe 445,513
P205 0.08 1,489 3i 1.261
¥n0 0.72 13.274 Zr -
11g0 0.27 4,966 Al 44569
Cr2O3 0.14 2.753 P 0,297
V205 0.17 3.160 in 10.267
Cald 0.02 0.361 g 2.979
Na,0 - - Cr 0.843
KZO - - Waste products v 0.330
] 0.01 0.180 Ca 0.252
Wi - - 5 0.180
Zn - - i -
Cu - - n -
ca - - Cu -
Pb, Be - - Ce - -
Sb, Hg - - Pb, Be -

Corresponding weight of ore 1,842 kg

N.B. The total of the columm does not correspond to 2,040 kz, as the weights
of each constituent have average velues related to different cerpositions
of ilmenite.

Distribution of effluents:

Waste product 1: 44 kg/t c? 'I‘iO2 (Zr0 + various chlorides + ore)
Waste product 2: 1,339 kg/t of TiO2 (various chlorides including *,304 kg of FeCl3)
Waste product 3: 76 kg/t of Ti0,, (various shlorides)
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3 = Treatments

A, Effluents congidered

A3 stated earlier, the chlorine process is little used in Europe. In

all cases the installed capacity is small.

Moreover, these units at preéent use natural rutile, that iz, an ore
very rich in Ti0, (about 96%), which therefore gives rise to only fairly

minor quantities of effluents.

Theze two factors mean that the‘problem of the effluents of the'éhlorine

process doed not really arise in Europe.

Néveftheless, the mein treatments which can be énvisaged in thia case
will be examined,_firstly because even though the chlorine procesa is
at present little used in Europe;«it is nevertheless under certain
conditions a valid alternative to the su]phate process, and second1y
. because the pessibilities of development of synthetic rutile or the
pocsibility of using a poorer ore may lead to a change in the present

positiona,

It may be noted that in the United States, where the chlorine process
1s very widespread and where DuPont 1s said to vse a relatively poor
ore in one of 1*3 factorle& “the problem of the effluents of this

proces: has arisen.

. DuPont, whidh»is the company most involved in this direction, has not
yet succeeded, des plte major research efforts and strong economic
incentiVes,.inﬂﬁerfectln the regeneration of {the chlorine by ox1dat10n

of the by-product chlorides.

After having ehvisaged discharge into,undérground stréta, it would

appear that DuPont hasg decided to opt for discharge at sea.
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!

The following will not be considered in this chapter:

~ the effluents of the "regeneration" wunit for the chlorine to be recycled,

as these are traditional and not specific to this industry;

~ the efflucnts corresponding to the firishing operations {surface

treatment); these are not peculiar to this process.

We shall deal here with the treatment of the chlorides which are formed
simultaneously with the titanium tetrackloride and which are sepsrated in

the further course of the process,

Three sources of waste products for this type of effluent and for thris
proces3 have been listed, hese effluents ore identified as "waiste

product 1, 2 and 3",

l"ain processes

The cconsiderations regarding the discharge of effluents into underground
strata or at sea will not be repeated here. These eventualities bhave

already been examined within the framework of the' "sulphate" process

(page 21).

It rmay be noted, hcwever, that thezse are the only two methods which .have
been adopted in practice in the United States; underground discharge has

incidentally been strongly criticised.

The only two processes which seenm to represent a pessible treatment for
this type of effluent are ones which enable the metallic chlorides to be

broken down into oxides, the chlorine then being corbined to form HCl.

Actually these two precesses are fairly similar in prineciple, the main
difference being their type of feed:

-~ chlorides in sclution in one case,

- golid chlerides in the other case.
The companies holding the rishts to these processes are WOODALL DUCIGIAIL

and LURGI respectively.
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It should also be noted that the company "CHLORINE TECHNOLOGY Lta",
which ia engaged in the recuperation of ilmenite, is said to hcld the
rights to a process for the oxidation of the chlorides, but this is not
yet regarded as very satisfactory. There is no doubt, however, that

. companies other than ihose enumerated above are likely to develop

processes which would be based on similar principles.

It may also be mentioned that in the two caszses referred to above it is
a question of adepting existing, proven processes whose application has

not yet, however, been tested in this particular field.
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PART 2

ECOLOGICAL ASPECTS
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GENERAL

Exanination of the results already obtained

Examination of international scientific documentation on the effects of
discharging'the residues from the production of titanium dioxide into .
the sea leads us to regard these waste products as Eo+ent1311v or actually

harmful to the marine aquatic medlum.

The degrée of harmfulness of the fesidues nay var& depending on their
composition, the method of discharge and the characteristics of the
receiving medium. The adverse effects on the environment are due mainly
to the acidity, to the presence of ferrous sulphate and probably to tae

other netals (heavy metals) which are also present,

Depending on the cases, the adverse effects on the environment can take

the following forms:

1) reduction of the oxygenation and pH of the water and increase of the
concentration of iron and other heavy metals. The duration and extent
of these effects depend on the phy51co-chemlca1 characterlstlcs of the

waste products, and especially their concentration;

. f
2) a) temporary depletion of the zooplanktonic biomass and production of
' effects leading to a deterioration in the morphological structure

- of its component parts;
b) repulsiéon and removal of certain species of fishj

c) reduction of the biomass and of the production and diVersity of
species of the benthic and/or nectobenthic biocenoses in the
discharge area. In more serious cases all animal life may

disappear.
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3) deterioration in the colour, transparency and turbidity of the water
and temporary reduction of photosynthesis, phytoplankton and primary
production, especially in cases where the waste is discharged cn the
surface. Covering of the sca bed with ferric rxides snd oxides of
other metals where the waste is discharged in estuvaries and places wherce

the water is shallow;

4) on the other hand, there have been no reports of dangers of toxicity
for human beings due to effects produced by the consumption of species

from the places where the woste has been discharged.

The degree to which the above-mentioned phenomena occur varies depending
or. the different methods of discharge. There is not, however, a single
case in the scientific literature published or mentioned by the various
experts of the liember States in which one or more of these phenomena have

not been recorded,

£11 this leads te the conclusion that discharge into the sea of waste

from the production of TiO2 nust be controlled and even susncnded within
a certain period in order to prevent damage to the marine eavir-nuent,

now and in the future.

As an illustration of the effect of the disposal of effluents of the
T102 industry, the results of the "Vhite Book" published by France in

connection with the discharging of the Hontedison company's waste products into

into the llediterrancan Sea are reproduced on the following pages.
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CHAPTER V = ESTIMATE OF THE PHYSICO~-CHEMICAL CHANGES DUE
TO THE DISCHARGES

The following analysis deals m&iﬁly with the physico-chemical changes
(in pH, seturation indices, change in natural concentration,.etc.) which
nay be caused by discharges such as those made by the Montedison

1) Three major factors must be considered

As has been stated earlier, the waste products are characterised by:

~ high acidity.due t0 the presence of large quantities of free
sulphuric‘acid'in the effluents: we must therefore assess the
reactions of sea water when faced with the introduction of 330

tonnes of pure sulphuric acid per day.

. ! . ° : . /
= a high content of divalent iron Fb++: the commonest form of
iron in the sea is trivalent iron Fe . ': the mechaniama of thie

oxidation in sea water must therefore be considered.

-a by no means negligible content of heavy metals such as titanium,

chromium, vanadium, cadmium, etc.’

© 2) Reaction of sulphuric acid

Sea water is a medium with a very strong buffer capacity with regard
to acids and bases. This buffer capacity is bound up with the balance
of the carbon dioxide gas, bicarbonate-carbonate system. It takes

3 milli—equiﬁalents of strong‘acid per litre to transforu the
carbonates and bicarboneates into carbon dibxide gas and reach a pH

of about 6.

3

On this basis it can be calculated that it takes 12 m™ of sea water
to "buffer" one litre of pure sulphuric acid (pH brought back 1o a

value of 6 or above).
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It is assumed (Anerican papers) that 15 n3 of ses water conpletely

neutralise 1 litre of pure sulphuric acid.

On the basis of the abuve values (330 tommes of Haso4 discharged per day)

a neutralisation volune of

15 x 320,000 3

1.8

= 2,300,000

is obtained.

In order to establish an order of nagmitude, the area within which a

daily discharge is neutralissd may be estimated a2t about 20 heecteores if

it is asemed that the discharged waste diffuses slowly in a vertical
direction whatever the depth at which it i3 discharged and that it orly
affects a layer of water about 10 m thick (cf. the e nclusions of the

C.N.E.X.0, report on horizontal and vertical treonsmissions in the area).

The oxidation of divelent iron into trivalent iron

While seawater has a buffer capacity as regards acid-base equilibria,
the position iz different as regards oxidation-reduction couples, That
is why 1t must be assumed that high oxygen demands can only be satisfied

by utilisation of the oxygen dissolved in the sea water.

If we assume that it takes onc molecuwle of oxyzen to oxidise 4 Fe2+ ions

into 4 Fo ions, we arrive at thé following caloulation:

140 tonnes of divalent iron discharged per day

need in order to be oxidised:

1[5’2 x '%221 = 20 tomnes of oxygen

It may be mentioned in this connection that this represents approxinately

the oxygen demand of the sewage of a town with:

200106
D o

= = 350,000 inhabitcnts (1)

(1) This is an important point and enables us to relate these discharges
to those of the coaistal towns of the Cote d'izur and the Gulf of Genoa.
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The available data concerning this area indicate a quanfity of dissolved
oxygen of 8 mg/litre, or 8 g/h3. The volume of water required for
complete oxidation of the waste is therefore (assuming that thef

oxidation takes place near the surface):

" 20.10° 3

== 2,500,000 n
(It will be ncted that there is a fair degree of similarity between this
value and the volume required to "buffer" the effluent, although it is
necessary @o,emphasise the appfoximate nature of the above two calculations,

the sole purpose of which is to provide orders of magnitude.)

6 3

.= It would however be misleading to picture an actual volume of 3.10 m
affected by the sulphuric acid: in fact, only programmes of

. measurenents carried out on the s8pot can permit a more accurate

" deternination of the volume involved, which ié'probably sﬁallef'bﬁing to.!
the turbulences which appear at the surface of the streams of waste
products and which have the effect of spreading out the period during -

. which the dilution phenomenon takes place.

= Similarly, the oxidation of the divalent iron into trivalent iron
is probably a long-term phenomenon: the experimental results obtained
both at the place of the waste diSGhafgés and in the North Sea or in
New York Bay represent a slow oxidation, which never reduces the oxygen

saturation index of the area by more than 30%.

It is therefore logical to assume that the discharges of waste pfoduhfé.v_A
cauce the formation of a mass of water with a small oxygen deficit, but

nuch larger in volume than has been envisaged.
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4) Rzle and behavisur of the heavy elements cuch as chromium, vanadium,

codiiiun and titvaniun

It has been thought nececsary to devorte a paragraph to recalling
certain overall data concerning the presence and possible role of
gach elements, which have recently led to the adoption of some

contradictory attitudes.

1 - It nust be rccalled in the first place that all these elements
are naturally present in sea water, as is shown by the figures
taken from Riley and Skirow (1965) and Ivancff (1972) in the

following comparative table.

Elenments UWeight present in  Concentration in  Weight present in  Residence tine in

1 kg of rock tea water in -1 kg of pelagic the seza in
(average) in ng ng/1 sedinent in ng yoars (1)
si 275,000 3 199,000 s 10 .
Al 83,000 - 0,01 65,000 100
Fa 52,000 0.01 41,000 140
ilg 22,000 1,300 17,000 4.5 107
Ti 6,300 .001 3,500 ] 160
m 930 0.002 3,200 1,400
v 120 0.002 330 10 4
Cr 65 0.00005 &0 350
ca 0.5 0,0001 ? 5 107
Pb 15 0,00003 | 160 2 107

(1) The "residence tine" of an element in the sea i3 equal to the average time for
which this element remnains in the sca water before disappearing by scdinentation
or biological absorption. A short residence time for an elcuent which ies
ascumed to be toxie (a favourable factor from the overcll point of view) is
thercfore not a rcassuring criterion fron the point of view of the consuner
of the products of the sea, inasofar as this rapid elimination is partly achieved

thanka to concentration phencrmena in the biolngical cheins.
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Tt will thus be seen that the chemical composition of rocks is fairly
close to that of sediments. On the other haﬁd, the relative conposition
of sea water is entirely different from that of the earth's crust, a
fact which implies the existence in the séa of processes which limit the
ooncentration of certain elements although they are continually provided

by rivers, run-off water and wind-borne matter.

The intensity of the action produced by these mechanisms on the various
elements is well represented by the "residence times", which can range
from around 100 years for aluminium, iron and titanium to several tens

of millions of years for certain alkaline and alkalinewearth substances.

" The processes of regulation ultimately tend to eliminate certain -

elenents from sea water by incorporating them in the sediments, They
are physico~-chemical (formation of complexes, co=precipitation,
absorption and ion exchanges on the particles or at the sediment levels)

and biological in nature. (llany marine organisms selectively concentrate

- certain elements. During mineralisation of organic matter, a portion

sediments and represents a loss for the sea water).

With regard more specifically to titanium, it will be seen that ‘this
element is one of the main constituents of the earth's crust, representihg
about 0.5% by weight. It is almost equally abundant in sediments. It

is present in very low concentration in sea water; its residence time

has been estimated at 160 years. By its characteristics it is closely
akin to5 the three most abundant constituénts of the earth's crust:
silicon, aluminium and iron. Titenium iz regarded as physiologically

inert.

The trace elements, hexavalent chromium (1) end ebove all cadmium are

welle=known for their toiicity. Vanadium would also appear to be toxic,

(1)

. changed back to its less dangerous trivalent form. The chromium contained .

Chromiunm is harmful in its hexavalent fofm, but in the sea it is quickly

in the waste from the manufacture of titanium dioxide is already in the
form of a trivalent oxide. ’
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but there is as yet relatively 1little literature on thit point.

3 = In order to give a clearer ideca cf the actual scale of the trace elements
discharged with the waste products of the Montedison company, it vas
therefore thought worthwhile, on the basis of the forezoing infornation, to

prepare the following tabie:

El ements Weight present in 3000 ¢t Weight present in the 3000 t of
of rock in kg waste products fron the manufacture
| of 150 t of TiOz/day
(kg)
Fo 156,000 145,000
Ti 18,900 7,800
In 2,790 1.750
v 360 710
Pb 45 30
c4 1.5 30
Cr 195 100

This table brings out the sinilerity which exists between the quantitics
of heavy metals present in the waste and in tho same weight of rocks;
but this similarity is relative, bccause it nust be pointed out that the
effluents contain vanadium and cadmium in larger proportions than the

rocks.

Such figures do not warrant the drawing of any conclusion regarding the
dircct or induced toxicity atiridvutable to heavy metals in the waste
products: part of these i3 dissolved in the liquid effluent, vhich is - --

not trué of thoae which are contained in rocks.
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When the cffluents are diluted, a 1arge.propbrtion of the metals
precipitate in mineral form and produce a sediment on the sea bed.

The phenonene. of indirect toxicity are bound up with the two portions

(dissoived and precipitated) of the metal salts in the waste.

The conmparison made is therefore only of overall value, being
quantitatively valid in relation to the geochemistry of the whole of

the Iigairian basin. It should furthermore be recalled that this area
naturally receives quite substantial quantities of heavy metals naturally

entrained by rivers as the soil is washed and ernded.,
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CHAPTER VI — STUDY OF THEZ BIOTOGICAL HFITECTS OF
EFYDJZENT DISCHARGES

The different asvects of the problen

The study of the possibie effect of ithe discharging of industrial
effluents into the sea is an extremely complex matter, For this

effect Lo two different atpocto:

- 2 short-tern effect by direct or "acute" peisonirg, which can even
leal. to the killing of living beings in the inmediate vicinity of
tae discharge area. In the specific case of the waste products of

k]

Ioutecatini Tdison, titia effect will be mainly due to their high
]

[

ulphuric acid and iron content.

- an indircct long~term toxric effect by the accumulation of certain
elements in food chains., This pheno.ienon does not nccessarily lead
to mujor dicorders in merin: 1ife iteelf. Problens may arise, however,
at the level of human consumniion of fish or molluscu whiech hove

accunulated hish contents of undesirable eleaents in the geogrnphical

arca of the wanste discharges,

In the case ol the discharges of the Ilontedison comvany, their indirect
toxicity may be due to their content of heavy metals: tivaniun,
venadium, caduiun and caromium.
For the purpoce of studyings the biolegic2l influence of the wacte procducls
it is therefore necescary to diotinguish between thene two main directions

of investipation, Thaey can be covered:

- by biologsical obuervationz "on the spot"

~ by luboratory experinents,
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The stﬁdies of direct or indirect toxicity carried out in laboratories
are all bosed on obzervations of the bchaviour of marine plants or
- animals placed for fzirly long periodl in variable concentrations of .
the effluent mnder test.

It is important to emphasise this "time" aazpect at the outzet, since

in the nztural environment a certein number of the species tested

will tend to flee from the most active zone of the waste matter and
will'finally only be exposed for relatively short periods to the weakest -

dilutions of effluents, -

Mary investigations have heen made into the toxicity of the waste

products of the lontedison company or of similar waste.

The results at precent known will be'given; in the light of the

foregoing, under the following main heads:

- analvsia of the short-term effects

- analysis of the possible long~term effects.

SECTION I - THE SHCRT-TER:T ETTTCTS

1) Date on the behaviour of the marine flora and fauna in the vicinity

"of the discharges

[ )

a) Bchaviour of macroscopic animals
1 L2 I R Y e ad e o s s B .
It is important to emphaszise this point, which mey have led to

misunderstandings in recent months: it has never been nossible

to observe in the discharse zone any abnornal nortality of

. macroscopic animals such 25 fish, molluscs or marine marmals.
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Furthermore, none of the various reports of the five missions
carried out on the spot by PFPrench technicisns mentious thne presence

of bodies of ~nimals on the surface of the wuter.

With regard to the stranding of sperm-wheles and cetescesns which
hes taken place fairly rccently in the Meditcrrenern, the con-
clusions of the report of the Iuastitut Scientifique et Technique

des P8ches laritimes are as follows

"With regerd to the strendings of cetscecans in Corsica, we have
been =2ble to znzlyse the muscle and fot of a sperm-whale stionded
near Bonifaccio. = It appears that the mercury content rccorded

is high (about 4 my/kg wet weight), but the fact that the content
of other heovy metals is in no way abrnormal suggests that the
Montedison waste'products, which do not contain ﬁcfoury, are not
the reason for the death of tiais animel. The high nercury content
may be attributable to the waste products cof the chlerine iﬁdustry
discharged intc the Gulf of Genoa znd to the discherging ct sea of
" the waste froum MGrcury aines. "

Furthermore; exsmination of the various foreign-reﬁorts m:xde on
discharge locations in the North See or New York Bay lecd to
icentical conclusions § no deaths of pelagic or even-benthic

fish (slthough such dischavges are mede at depths of 20 to 30 m)

hezve been rcported in the arers in guestion.

It seems likely that the mocroscopic animals in the immedicte
vicinity\of the waters where tho effluents are nost concentrated
flec from them and thus escape the iimediate toxic effect of the
waste; tue probability of mecroscopic animels being directly
engulfed in the waste discherges and effected by their acute

toxicity is, moreover, likely to be low. Only additionecl
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experiments could mzke it possible to establish,'on the bosis
of an amount of data lerge enough to be statistically prdcessable,
whether or not the fish stocks have appreciasbly chenged in the

discharge arecas

Behaviour of plankton in the discherrc rrer

It will easily be understood that a study like thié is difficult
to carry out on the spot for purely technical reasons, It is
therefore discussed in much grecter detzil in connection with

the presentation of the results obtained in the laboratory:

it skould moreover be noted that plankton does not possess any
means cnabling it to flee from the dischzrge area: the laboraiory
study therefore gives 2n acceptible representetion of the actual

beheviour of plankton in the medium.

It is, however, worth while mentioning the conclusion of en
fmerican study male on the discharge of similar weste products

in New Ycrk 3ay. |

The National Research Council of the National Academy of Sciences,
Fish end Wildlife Service, mentions that ... "zooplanktonic
ergrnisms vere immobilised by exposure to the effluent. But they
generally remuscd their activity ard appeared normal after two

or threc minutes, even when remaining in the contemineted

"~ water.

N

Specimens ploced in samples talten from the wash less than one

- minute after the passcge of the lighter did not react. As soon

28 this water had been diluted halannd—half with uncontsminated

sez weter they reacted =nd started %o swim about again".

It will be noted that these exneriments carried out "iﬂ_ﬁiﬁﬂ"
do not provide sny accuraste experimentzl data (concentration,
epecies observed ..., but they lead us to exclude any immecdiste
large-scale mortality of zooplaniton inkthe wash of the lighter .

which discharges the effluents into the sea.
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Be that as it mey, this study concludces that "the volume of acid
water of each discharge is so small coupered with the W&tor
availlable thet the efiecis on tae zooplﬁnxton and pnf*onl.nkton

will be negligible".*

2) Experimental d~ta on the behaviour of marine flore and frune

with diffqunt conccn@zgjions of thc effluent

Determination of ccute toxicity thresholds

a) Poport of the LnbtltVt Scientifique et Technique des ! écheE

- e W W e - e e e wm e e e

rltlnes

- ew e e

Heasurements of acute toxicity were m:ie on the following

merine crestures:

1 phytoplenictonic alga : Phacodactylum Tricorautum
zooplanktonie crustacern s Artemia Salina
1nrmellibranch molluscs : Ostrea Bdulis (oyster)

Cardium Edule (cockle)
Iiytilus Edulis (mussel)

Tittorine littorca (winxle)

(13

grsteropod mollusc

Cr-ngon cranzon (shrivp)

2 crustaceans :
Palaocmon serratus (praun)
2 fish : Pometoschistus minutus

Tlvers {post-larvee of
Anguille fnguilla),

The experimcnts.were performed on lots of 10 animels in glass
crystallisers with e capecity of 4 1, ecach of which received
2 1 of solution. A suitable acretion wes mointcined by

bubbling throughout the peri.d of the tests.

he dead aninels were removed and the cumulotive mort-1ily

percentsges after 48 and 96 Lours were recorded.

¥ N.B. Translator's note:  These two quotctions, re-transleted from the
French version of the report in guestion, should be checked with

the English original,.
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Results
The growth curves of Phaedactylum trlcornutum fo;. the

different dilutions of the effluent are glvcn in Fig. 1.

We find thet the growth in the culture with a dilution
of 1/10,000 is practically normal.

- A dilution of 1/5000 shows a growth of approximately 05 %

of the growth of the reference culture.

A dilution of 1/3000 éorrespéhds rery nc;ticeably with the
concentration which reduces the growth of the culture by
“half, or the ID 50. '

" Lastly, dilutions of 1/2000 and 1,/1000 appear incompatible
with the development of Pheedactylum tricornutum. But it
. would appear thet the pH values of the cultures st these two

d11ut:.o1s are 1argely respons:.'ble for the c..bsen.,e of growthe . .

The cumulztive mortality percentages after 48 and 96 hours are .
shown in Fig, . 2.

We observe that the Aﬁemiae show thé greatest sensitivity,
since 45, 50 and 100} of the population die at the -
dilutions of 1/3000, 1/2000 and 1/1000 respectively after

96 hours.

Shrimps and the two f:Lsh tested ere also sens:.txve, beceuse
the dilution of 1/1000 causes the death of the whole of the -~
popul ations after $6 hours,

Lastly, for Pé.laemon serratus, Ostrea edulis, Cardium edulis,. )
Hytilus edulis and Littorina littorea, no mortslity is found

A at the 5 dilutions tested.

We can therefore conclude that the effluent is acutely toxic



120

110

g0

80

70

60 |

50

40

20

10

-55 = THV/47/75-E
Orig.: @
. relerence
L i v/////// /// 'l/lo -
L A
1
! ////Zr
!
|
V i
/ l
/ ;5 C00
/ / ,
/ /o e
, /// b L /3 000
/ e
r/
)

et |

1/2 000

1,1 000

— - s 2t o S

¢ dey

'



Fimwre 2 3 Percentege mortrlity ct 43
diieiion of the eflliuent.,

C =56 -

ENV/47/75-B

Orig.: F

and $6 hours depending on the

-~ 1/10 000 1/5 c00  1/3 000 - 1/2 000  1/1 000
48 h 0 0 4 4 100
Lrtemia
salina
96 h 0 16 45 50 100
48 h 0 0 "0 0 0
Palaemon
serrztus %6 h 0 0 0 0 0
48 .0 0 0 0 . 66
Cr:ngon
crangon
26 h 0 o] 0. 0 100
: 48 n 0 "0 0 ) 0
Ogtrea
ednlis .
6 h ¢ 0 0 0] 0
48 h 0 0 0 0 0
Cerdivm ’ - —
edule - .
S6 h 0 i ¢) 0 -0 0
48 h 0 0 0 0 0
¥ytilus _
edulis ‘
S6 h 0 0 o} 0 0
43 h 0 o 0 0 0
Littorina
littorea | .
95 n 0 C 0 0 0
: , . 48 n 0 0 o o} 100
Pomaztoschistus . L
pinutus -
96 h 0 0 0 0 100
Blvers 48 h 0 0 0 0 100
Lnguilla i . i i e — ~— ——— i
rpmeilla . 4
~ 6 h C 0 0 C 100
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for concentratinns ranzing from 1,5200 t5 1/6000 (the lattar
concentrrtion not being fatal to the orgenisms bul red ofia

.the growth of some of theia).

Results proviced by the Centre d'biuces et _de Recherches de

- am em e = w - em w- . - - - o em es

Biologie et d'Océenogrophie iédicales (C.E.K.B. O.u-)

————.— .-.—————.-—————-.————_

he worit done by CFRBO! reverled toxicity threcholds of the
sane order of megnitude =zs those observed by the I.S.T.P.IL.,
i.e. varying foxicities for concentrstions of 1/1000 to
1/10,000 (see the.results below), It should be peinted out
thet the toxic dilution of 1/35,000 is recorded Jor thc nost
sensitive fish, but after a stuy of 10 days in pollutced weter,

which represents sxrtificial conditions.

Results

- ————

1. Pelagic type chain

- Phytoplaniton : Asterionclla japonice 1/1,000
~ Zooplaniton ¢ Artemie scline 1/1,000
~ Fish : Carassius suratus 1/2,000

2. Benthic type chein

- Marine bacteria : botwcen 1/1 000 and 1/10,000
Nercis diversicolor: alout 1/2,000
Labrus bergyltea 1/16,000

-~ Annelida

.= Fish

3« Neritic crustacern type chain

- For marinc brcocteria the thresholds hod been deterained
during earlier experiments,
- nlluscs : ytilus edulis cbout 1/3,000

- Crustaceans : Leander scrrotus 1/2,000

4, Neritic mollusc type chein
- Phytoplankton : Diogencs sp 1/2,000 to 1,/3,000
- Mclluscs : lytilus edulis 1/8,000
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¢) Foroizn experiments

Interestinz studies have been mazde in New York Bay‘by the

Woods Hole Oceanographic Institutién, Hassachusetts.

Some of these give the following results of toxicity studies
"in vitro" on copepoda and phytoplankton gathercd close to

the discherge area; the results cre summarised as follows :

“"The experiment on the development of phytoplankton did not
show any significant effect on the growth of phytoplonkton

for z concentration of 1/10,000.

After 12 days both the culture in the dilute effluent and
the reference culture showed an increase in the number of
cells of tho szme order of megnitude, without eny apparent

chenge in the diversity of the species.

The stulics of chlorophyl a,and of carben pocrticles confirm
the above results, | | |
Taere doés not appear to be any effect on the survivél of the
g63 or the cevelepment of the copepod "pneudodiaptomus
coronatus™ in solutions'with concenirstions of waste smcid of
10-5 and 1C-6 by volime. At these concentrations the peribd
of dbvelopnent from the ezg stoge to the sdult stoge in filtered
and unfiltered effluent was 13 to 14 deys, whefeés the reference
in sea water (water from the Woods Hole bridge) indicated 13
&ays, In tlio s~me eiperinent, but with sn -~cid concentrotion
of 1C-, the cgos dit nod hﬁtch, high mortality of nruplii wes
observed, or the period of developient from the egg to the sduld
was longcr thon that observed in the refofence grmnle, Cwing“‘
to the frct thai'fhe neuplii end the edults displeyed, when
excmined, en cccumulation of iron on their exo-skeletons cnd
their sppendeges, filtered woste scid wes used in snother series
of rnzlyscs during which the mortrlity ond development times in
each of the 10-1 waste acid condenmirztions -nd in the reference
concentration were compareds In two c¢f these solutions no copepod

reached the adult stage.
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In thie two othcers the development time wre lengtliened fron
3 to 7 days in comp-rison with the tines observed to be
taken to reach en identicel degree of evolution in the

reference sample from the Woods Hole bridge,'"*

¥ N.B. Trenslator's Note : Here too, coupsre this re-translation

with the English origincl.
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It is obviously difficult to draw. any finesl conclusions from
. results of studies carried out on different organisms under-
conditions which are sometimes dissimilar; moreover, some

figures put forﬁard displey relctively large discrepancies.
The results =8 2 whole can, however, be summerised as follows :

‘= at a dilution of 1/10,000 the effluents display no toxicity
or inhibition of growth in relation to the phytoplankion
clements (all the results agree on this point);

- With regard to zooplenkton, the toxicity thresholéd is for
dilutions of 1/2,000 to 1/5,000. However, certzin stoges
of development are sensitive to dilutions doun to 1/100,000
(imericon experiment); .

~ for molluscs the results divergc’and,Ain'the worst‘case,
give toxicities for = dilution of 1/8,000; '

- for crustacesns, the toxic dilutions are around 1/2,000;

- lastly, the growth of marine bactefia is normal for a
- dilution of 1/10,000.

- It cen theréfore be concluded that the direct foiicity effects
of the effluent only appear below a dilution of 1/10,000.
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3) Estimote of the ¢irest _consevecicd 97 the dischorres on mrrine

fauna and florc (The effect of sludge-type weete is excluded

from the calculations)

It appears thet e certain proportion of the "biomrss" (total
bady of living matter) is affected by .the direct toxicity of the
waste products when these zre insufficiently diluted., Part of

the food stock of the zone in question can thus be affected.

It is risky to sttempt to make a precise estimate of the annual
loss of living matter due to the weste products; as has just
been seen, the toxicity threshoids very depending on the anclyses
made, and it is also necessary to make essumptions concerning the
diffusion of the waste products, the primary productivity of the

ares, etc.

Nevertheless, it is possible to m~ke the following estim~tes ¢

predwctiviy) -

~  The only deta which we possess concerning the zone were
published by Kondrstieva (1970). Prim:ry production wes
about 5 mg of carbon per m3 per day =t the surface, in IHarch
19€8. This value, with those of the other stztions on the
Ligurian Ses, is one of the higheet thzt the author has been
able to obtein from the various measurements which he hes mede
througﬁout the lieddterranesn. It seems, however, th-ot '

Kondratieva's results are suspect in temms of ebsolute velues.

It seems more reasonsble to accept fhe figures of llinas (1960)
relating to the Lzboratory Buoy (42° 47' N,7° 29' E).. In

these, annual primary production is estimeted =t 76 & of

carbon per o (sggregate production for the whole depth),
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b) Estimate of the loss of primary productivity due to the dlrect

--—-—-—---—-..——

On the basis of a discharge of 3,000 tonnes of effluents per
day (or sbout 2,500 m> with 5 density of 1.2) it is found that
the volume necessary to dilute the effluent 10,000 times is

. 25,000,000 m2. (It wes not possn,'ble to meke aIIOWmue, in
this estimnte, for the screening effect of the siudge

discharge.) In view of the fact thrt the horizontal rates



- 61 - LNV/41/15-E

Urig.: F

of diffmelion rre uch higher then the vertinsl rites, it can
be assumed th-t the thickness of the velume affected is less
than 70 m (limit depth of the eunhotic zone (1)). If it is
essumed that in the 0 - 70 m zone primrry productivity is
independent of depth it will be seen thet, for a depth of
70 m affected by the discherge, the surfece area affected
by insufficient dilution of the effluent is 350,000 m2 or
36 hectcres. '

It is necess~ry to make en essuption here regarding the time
which the waste products take to dilute down t6 the threshold
of 1/10,000: if we essume that in one day the medium reverts
to normel conditions (and therefore that the waste products
of the next day will be dischzrged into a zZone which can be
regarded as intact), it can be assumed theat throughout the
year 36 hectares will be permrmently lost for the production

of the zone.

Taking the primary-productivity figure edopted in section 13),

this represents a2 loss of :

360,000 x 0.076 = 27,360 kg of carbon per year.

If, furtheraore, it is assumed (figures taken from Riley and
Skirrow) thet 10 gremmes of biomass correspond to 1 grzmme of
organic ccrbon, we cbizin « loss of primery productivity

(phytoplanitton) of 273,600 kg per yenar.

If, lestly, it is assumed that 1000 g of phytoplankton nicie
possible the growth of 10 g of plenktonivorous fish or of
1 gramme of carnivorous fish, this gives an annual loss of
halieutic reseurces of the order of sever~l hundrecs of

kilogrammes per year,

(1) Zone where photosynthesis occurs. A lens- shaped region of high
productivity is located not far awsy from the zcne. The depth of
this would zppear to be 150-200 m.
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The argument is based on a number of parameters which are
Cifficult to assess and are cbviously arbitrary in nature.
Even allowing for‘margin of error of -2bout 10, it will be
seen thet the loss of nutritional resources due to the direct

action of the waste products is extremely limited.

. It nust be recalled, however, it was not possiblé to teke into
account the role of the waste product discharged; it would
certeinly be negligible, in view of the presence of @ high-

productivity sres close to the discharge zone.

Here more than elsewhere the number of assumptions involved

calls for the greatest ceution, Nevertheless, the low value

of the figures obtained should be noted; it tallies with the

resulte of the observrtions mode at the site of the discharges
in New York Bay, which le=d to the conclusion that the loss

of halieutic resources is negligible.

This judguent needs, however, to be gualified by "on the spot"
observation of the effect of the discharges on loczl fishing,
ard by discussion - cn the following pages - of the long-term
~effect of tﬂe wasté products discharged frog the point of wviow

of accunulation phenomensz.
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ECTION 11 -~ THE LONG-TERI] FIFACTS

Ve hove alreedy touched upon the import-nce from » piysico-chemicsl
J p P Py
peint of viow of the introdvction of the hecvy retsls contained in the

cffluents.

We must now cxemine whrt are the possible bioclogicrl conscquences,
of the sccumulstion of these elerments along the food chrinse These

censequences can be studied in two woys ¢

- the first consists of the reproduction, in vitrc, of phcnoucns
of chreonic poisoning;

- the sccond, nore promicing wey consists of on-the-spot observroiion
of the content of undesirdble clements in animels fislied or

ethercd in the seographicel zrec of the discharges in order to

drzw conclusions cs to the d=ngers entailed by their ingestion.
This approach must allow for the extreme variebility of the
results obtained end be besed on a sufficiently large number of
znalyses to bring out clearly the effect of the waste products

themselves,
It would seem useful {irst of 211 to reccll sonc dzts concerning
the phenomens of concentration of the elements encountered in the

effiuvents.

1) The "nctur-~1Y nccumulation processcs

m) The dlf’c*cnt contcents observe i Lh _azat 5?91 me

Ls h2s been emphesised clscvhere, titenium, chromium, vanadiun
end codmium are naturclly present in sco weter, in cxtremely

sm=11 proportions.

The notural trzces of these elerments nre concentrated by certain

Off"c«vllSu.u.
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Thus the following contents heve been observed in New Zealand
bihalve orgenisms (Brocks and Rumsby, 1965, quoted by Horne).

Average content in ppm (ug/gremme) dry weight

Scallop o | Oyster Hussel
Iron 2,915 ' 680 1,960
Chromiun 10 3 16
Venadium . S 3 5
Cadmium . 250 35 ' 10

!
H

Similarly the following proportions zre found in the flesh of
certain marine orgonisms {ISTPH figures quoted in the GIPI
report, 1573).

Contents in ppm (up/gramme) dry matter :
Chromium : fish : 0.02 to 1
Cadmium : fish : 0.15 to 3

algae: 0,0006.

Dato concerning the contont of titanium, venadium and aluminium

in marine organisms sre more rarely found.

Informetion from C.E.R.B.0.14. mentions that :

"in the specialised iitera‘ture it is zssumed that for non—pollutéd
fish, titanium and vzn=adium are not detéctable; with regerd to
aluminium, the average proportions ere of the order of 10-6 g/g

dry weight of fish",

b) Tox101ty of these dlfferent elements for human beings

The acceptable doses in foedstuffs zre :
1 ng/kg of fish

g

) for cadnium (fresh weight)
5 mg/ig in molluscs )

‘ /- - 3 ‘ L} -«
0.1 mg/kg in certein foodstuffs for chromium.
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(ISTPM figures mentioncd in the GIPL report.)

With regard to titanium ond vanedium, there do not appesr to be
any national or international stendards of toxicity. Furthermore,
there arc no results %o be found of work concerning the toxicity
of these two clements, which up to now have not been thc sublect

of many publications.

Profescor BRISON mentions, in = letter addressed to the CIESH and
pessed to us by the Chairman of the "Campaign ageinst :arine

pollution" Coumittee of that internstionzl organisction

“Pitaniun sclis are in themselves hernless, since they sre insoluble,

with ¢ few exceptions (btromides, chlorides, fluorides, iodideS...)s

The soluble sclts are very uncteoble and rapidly decoupose in the
atmosphere. In the pure stcte, soue of them rre rcgerded rs
irritants, but this hes noithing to do with the present subject.
The moet recent trestises on toxicology state that ne cose of

peisonings by titonium or ite s:=lts is known. Titanium oxide is,

as everyonc knows, widely uscd for therrpeuwtic purposes. It is
edministered in very heavy doses, severel tens of grames per dry.
Coirre titenium contains ¢ g of titaniuwn anhydride per 10 gramies
2nd 2 to 3 doses per dav, i.e. 30 gromaes, arc absorbed.
"Bismutitane" containz T.4 grammcs of tit-nium anhydride anc 2.5
gramies of bismuth sub-nitrate per 10 graumes; here sgain one

or two dosecs are taken per dry, malidng about 20 greames. For

‘ my.part I use these products ¢ lot and make up many prescriptions

for tiem.

Titenium oxide is included in the conposition of many ointments,

the best known being '"Hétatitane". The sulphate mentioncc (in
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the letter from Mr., PAOLETTI (1)) is both insoluble and unstecble,
and the enolyses presented in the Itelian papers show that it hes
a high content of H2SO4 and iron sulphste, but obviously the
sulphuric «cid is immediately dilufed ané neutralised when it

reaches the receiving sea weterd
However, a document provided by CERBOII mentions that ¢

YRussien works have shown thet ingestion of titaniwa (TiC13) in
the orgenism of rabbits (2 mg/kg) led after a certoin period (129
days) tc certcin metabolic disturbances. Other disturbances are
produced by the ingestion of 0.05 mg/kz of TiCl3. In the same

aocunent attention is drawn to metcbolic disturbences resulting

from excessive ingestion of vonadiuwm.™

2) Studies of cccumulation and induced toxicity carried out in lsboratories

Lt the dete of publication of the first report of the I.S.T.P.li. -
(Fcbruary), only cne short experiment on concentrction phenomena
had been performed;ithe enimels surviving after four days in the
- effluents of differeht concentrations 2nd the reference animels
displeyed no detectzble differences in their content of iron and

cadmiun,
A moch longer investigation (echeduled to extend over 3 to 4 months)

is in progress: Arteria Salina vwill be grown from dictom cultures
in an effluent diluted to 1/5000, end the Artemia Salina will itself

(1) An expert of the Italisn scientific comnission.
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be used to feed snrlmps and also flSh. The results of this
study will be l'nown in June. .
Results fron CLRBONI
A CC’\TCE TTRATION PHENOIILITA
ERDOM succeeded in messuring the phenouen: of induced concentr-tion

by “OuonSultu ine in the lsboretory four mejor alinmentary cheins of

Cthe zn environment: the mothod eaployed congists of breeding

the elements of the four chalrs in trnks containing vericble dilu-

tions of the effluents. Each elimontary stame which has thus

ﬁossibly eccunmlo>ted the undesireble substrnees from the waste

natter scrves as food for the hirher stage, which itsclf is placed
2 dilute solution of thé effluent, Lestly the cffect of the

concentrstion phenomens. on the fincl conmsumer (mouse) is tested.

The results reported by CERBO.. arévés follows :

") Heritic crustrccan chein, consisting of micro-organisnms,

molluscs, shwlmng (exposure to p01son1nr for 2 woeks for ench

of the somponents):

- The nollusce (musscls) hed titanium contents rarzing from
2 to 4 upfg and vencdiun contonts ranging from 0.5 to 1 ug/g,
wherces the refcrence somples h'é titenium contents below the
- detection limit end venedium contents of cround 0.1 uwr's, the
concentretion factor being 6 to 13 for titrniun end €2 to 170
for vronzdium, in comprfison itk the contents of the tested
polluted water, ' '

- the cru erns (shrinps) hrd contents of 5 to 7.5 ug/g of
titonium and 2.6 to 2.9 ug/g of vonediur, wherecas the reference
sonples shéwed no c¢etectc-ble content of tit:nium;and contents
of 0.5 ug/g for vanedium, the concentretion in coiperison with -
the tested water being 16 to 25 for titrnium cnd 430 to 450 for
Van:dium. (The depreoc of dilution of the ¢ffluent wes

1,/50,000. )
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2) Benthic chcin consisting of micro-oxngenicsms, annclida and
fish which hrd lived in a trn: in = 1/50,000 dilution of
the efflrent for one week in the casce of the micro-orgonisms

and annelidea and for two months in the case of the fish&

- The ennclida contained from 25 to 65 ug/g of titaniun and
from 1.5 to 19.5 ug/g of vanacium, vherees the contents of’
the refercnce semples were respectively 1. up/g of titenium and
en undetectable proportion for vcnadiume The concentration
factor ranges between 400 end 1,000 for titenium and between
1,250 and 2,500 for venadium in comperison with the contents

of these metals in the tested uater saaples.

- The benthic fish (blennies) contezined from 0.3 to 0.6 ug/g -
wet metter - of titeniun end botween 0.5 and 1.1 ug/g of
vanedium, while the referonce semples' contents were below
the detectzkle 2init for titenium and 0.3 ug/gvfor venadium,
so that the concentration'factdrs in comparison with the
polluted water were 5 to 10 for titaniwm and 400 to 600 for

vanedium.

3) Pelergic chain composed of/phytoplavktoﬁ, zooplanicton (exposure
%0 poison for a period of 8 écys) and fish (expesure for 15
days). Dilution tested : 1/10,000.

Titanium contents renping from 6 to 16 ug/g'ﬁct matter, end
contents of 1.5 ug/g of vanadium were obsérved in fish, wherezs
the reforence samples showed no deteciasble content of cither
titenium or venadium, the concentration ratios being of the
ordcr‘of 20 t0 55 for titenium and around 250 for venadium in
comparison with the concentration of these metals in the tested

water. "



4) Neritic mollusc chrin

The conceutr::t:.ons obscrved are not included in the results

revorted.

The results obteined at CERBOI thus confirm those uentioned
in sub— oction II-l) with -rc{;ard. to the I)OS“IDlll'tJ of

a,ccu_mul'-tlon of vunwd:.um and titoniuvm. : -

On the other h"-,nd, no indication wes given by this orgenisction
concerning the possille accwwlation factors of chromivm and
cadmium, , L . . '

B. With regerd to the induced toxicities observed in vitro; it ghould
»e noted that no phenomenon of this Imind wes found duringy CTRBOM's
experiments; while the some e;:norir.:énts porformed on other
industrial effluents (effluents o; paper mills end of ceramics

achones) hed in frot led %0 the de~th of the finsl consumers
(rmice), no mortality wes found st this gt~pe by CELRBUII, which
concludos: | o ' . |
"o acute toxicity was found at thac level of tae fin .1 consumer
ﬁ.or the successive consunpblon o.u. the last stzges of the four
merine 'trophoaynamlc chains, " Tho seme document stotes, however:
"althoush, in the medium tern, there were no lothel menifestations
in the l:nd-bosed consumef, mouledze of the long-term effects
©of ccrfuw:.n of its coanstitucnis does not ex clude the possibility
of dcley\.u. pethological ms nl;es‘.,stlons". ' "

1

3) O‘bsarv*tlon of ’mc heex ;g—rﬂc'tcl corntents of the merine o“r anisms

collcoted in the dischrrge srec.

We do not at present hevo meny rosults of this kind. Only CERBOK
r'cpoyr'ts on %wo series ofv'analyses: the first concernc fish provided
by 4he Veterinery Services Depariment of the Ljsccio Profocture (the
placé whero they were caucht is not stetod); the sccond concerns

'
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fish sent by Bestia fishermen as hoving been caught north of Cep Corse,
CERDOL remcrks in this connection that it did not itsclf .mrrecnge for

tlcse two srmples to be telken, which mey introduce artefocts.

The results of these anzlyses are as follows : . -

FICH SUPPLIED BY THE VETERINALY SCRVICES DEPARTIENT OF TiIE
AJLCCIO PREFECTURS

Samples Titoniwm  ©  °  Vanedium Alvainium
muscle N.D. N.De - ‘ 1.35
[P . in"‘ueS’tine‘ N.D. . . I\IoDo 6035 v
ea bass  jiver - ¥.D. .. 5.36
herd N “N.D, . , o 1.33 6.30
mu5010 ’ . . ’ NnDo . - l‘?oD. ’ 1- 24-
- . intestine N.D. 2.47 c.87
Bea—bream 3y cp | N.D. | D, 7.46
" heed ' c . I\IoDQ . T ' 1. 93 C T 9' 90
rusele | n.D., R, 1.39
Breen liver | N.D. 1.D. - 24,92
hoaﬂ NODQ ' 20 06 . , 60 18
FISH PROVIDED BY BIASTIA FISHCRIDHN AS HAVING BEEN CAUGHT
' NORTH OF C.AP COSE o
Sonples ‘ Tit:-niim : Vanzdium 'Alwninium
) muscle o I’IODQ Iquo ’ ’ 1.79
Ray . intestine N.D. ‘ ¥.D. oo la44
: gills ' N.D. T o NQD. ’ '{ll-o 94
Sword-fisn - muscle - 1.50 - 1,50 T 110
Octopus tontacle 8.45 N.De 84453

¥.D. = not dectectable.
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t will he noted thet titoniwa is not detectable in most of tho

srmples, except for tho sword-Tish muscle ond the octopus teutacle.

On the other hand, while all the cdible parts of the animals (excopt
for the sword-fish) contain no vonadiwa, relrtively hish contents of

this elemeni erc found in the viscers cnd heods.

These first results may appear sismificoent. It is extrepely difficult,
however, to drew any definitive conclusions from tlem. :

A certain nwrber of points require more thorough conmsiderction:

1) The literaturc rerely conmteins contonts by orgens but rother average
contents for cach orgdn'sm: the proportions of van~diunm and titanium
%0 be considered for o comperison with other‘fesults ghould therefore
be corrccted by sveraging thc‘results found in the viscera =2nd hecds
with those for the muscles of the fish.

2) liorcover, it is rather difficul’ to expiein the high eluminiun

| contents found in the different orsanisus: there is usuclly little

informetion aveilable on the concentration fectors of this olenent,
vhich incidentrlly does not appersr in very lorpge quantities in the

cffluents. o ) . ' : .

3) As hes alreody been omphasised, there is at present s shortege of
overall data on the sctusl toxicitics of titsnium end vensdium.
It would thercfore be uscful, as a first stage, to cxanine the
- proportions of cédmium and chromium contained in marine orpgenisms,
s the contents of these elcmcnfs heve alrcady been the subject of
detcoiled investisetions le:aing to the cetablishnent of stsndards;
knowlcdge of the contents of titonium and V?nadiun; while
interesting in itself, does not abt prosent enable one to cstimate
the possible dearers of consumption of merine products, owing to
the lack of roference data on the proportions contained in cnincls

collected in unpolluted arcas of the iiediterr:nean.
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N.3. Murther results were reported by CERBOH in a communicotion

¢obed 10th April 1573.

ees "but, furthermorc, at the rcquest of_thc Veterinary Sorviées
Depertment of the Prefecture of Corsica, we have carricd out 2.
scries of necsurenents on fish cought off Corsica wliich have
been sent to‘us rerul-rly for the lest fou weeks., These szmples
ciucbled us to find averagc velues of 0.42 titanium, 0.51 for .

vancdiun and C.40 for mercury (microgrammc/grnmme -~ wet weight).

This study is in progress &b present.  UWe shell lkeep you informed

of the resulis obtained subscguenily.

The following two points mey be noted

1) The titeniwi contents sre higher then previously, while the
vanadium contents, presented o5 aversge veolues, correspond to
the precicus values.
2) The nercury contents, althovgh high, remesin below the 3ccep£able
thrasholds. In vicw of the f~ct thet there hes never up to now
‘ been any report of the prescnce of mercury in the effiuents, it
appcafs‘difficult at preseat to linit the contents observed with.)

the Italian discharges."”
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SPCTION IIT - PCOLOGICAL ASPRUTS - CONCLUSION

'

.The analysis of the scientific and bibliogrrphical dote compiled ih
“an effort to gzin o cleerer idea of the dc'lwils and “effects of the
‘waste products dischrrged by the Lon‘teo:.son comp‘ ny cna.bles us to

drow some conclusions.

The industrial 1-:5:'::'{:0" proeluc;bs in the sea dvispla.y an appreci;ble
direct toricity duc to their acidity and their iron content,
winich couscs, in the wake of the dischrrging vcssei, icc. in a
linited volume of water, the discppearence of the ‘chcioé which
arc uncble to flee or vhich cannot withsiand 1/10,000 dilutions
of the cffluent in the mediwm { this boing the threshold velue
obtzined for prclon.:;cd stoys); plaxizton is probobly the main
victin of this wmode of poisoning, although the estimcte of the

quantities per y affcetcd by tae wasto proclucts rcsults 1n

low values when mcasurcd in the Llrurl n Sete

It has not 8o for been possitle to denonstrots the residucl
toxicity of thesc waste products, i.c. the hornfulness which
mey result in the long run from the sycten~tic introductionv
into the mediun of the hesvy meotals which they cont ein, |
Chemical anzlysis of the waste produ.c*s hes shown thﬂt thoy

- did in fact comtcin smrll proportions of rosidual tonc
substances, Thé studies carried out in vitro have enabled N
the possibility of accumulztion of those substances along the
alimentzry chezin to be deronstrcted. Furthermore, the prosence
of residucl clements in certain fish tclken from the discharge
arez would appeor to confirm this observe:bic\n, althoush
rcsPoﬁsibili‘by for the prescnce of these substonces in the
animals collected connct with obsolute certainty be attributed .
to Mentedisons waste products. It should morcover be recalled
thet it hes not been possible to date to prove the chronic
toxiéi‘by 6f the substences contained in liomtedison's industriel

waste products even in the lzboratory.
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However, in view of the abscnce of definite conclusions on this
point, wvigilance is czlled for until such time as the
orgenisctions vhich are at preosent still engased in long-tema

experiments molte known their results.
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The production capacity of titanium dioxyde factories in Furope of the Nine
is 840.000 tomnes ver year (tpa). This represents 39o of world capacity ‘
(2 175 000 tpa) end is divided up as follows :

741 000 tpa (88%) for the sulphate process _ ‘
99 000 tpa (12%) for the clorine process. v

Facotring discharging into the Channel or the North Sea account for 727 000 tpa
(87%) and factories discharging into the Mediterranean account for 50 COO
tpa (6%). Two factories (63 000 tpa, or 7%) treat their waste on land.
At present, discharge levels are as follows :
(1) in the North Sea and the Channel, either in estuories or on the open
sea : ‘ _ N . '
4 100 t/day S0,H, expressed as 100% concentration

3 000 t/daylFeSO4.7H20 (ferrous sulphate) ‘ ‘

-1 300 t/day FeSO4 discharged with the "acid waters" (SO4H2)

(2) in the Mediterranean :
335 t/day SO4 >
~+ form of neutralized products (2 600 t/day)
580 t/day Fe 3047H20 are at present stored on land.

expressed as 100% concentration in the

A vwhole series of~ecologica1 pollution moritoring campaigns -have been -
carried out in the actuel diecharge‘areas ; these campaigns have been
investigated by the national authorities or sometimes by the manufacturors

Lt

themselves.

It is clear from an analysis of the results of these controls that waste
from the TiO2 industry is potentially or actually harmful. These adverse
effects on the marine enviromment are due above all to aoidity, the presence

of ferrous sulphate and probably other metals (heavy metals).
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The effects in question can take the following various foras, depencing

on the method and place of dumping ¢

(1) recduced oxygcnation and nH of the water and increased concentration of

‘

Fo and heavy metals :

(2) (a) temporary shortage of the zooplankton biomass and inducement of
effects leading to a deterioration of the mnrphological structure

of its components
(b) repulsion and loss of some species of fish :

(¢) reduction of the biomass, prcduction and specific diversity of
benthic and/cr nectobenthic biocenoses in the discharge area. In

nore severe cases, all animal life wcy disanpear -

(3) change in the colour, transparency and turbidity of the water and
temporary reduction of photos;mtheses, of the phytoplankton and of
primary production, particularly in the case of surface dumping. The
seabed becomes covered with iron oxides and the oxides of other
metals where the dwiping is carried out in estuaries and in shallow

water

(4) on the other hand, there is no evidence of any toxic effects on man

fron the corsumption of specizss of fish caught in the discharge arcas.

Pert 1 of this report contains an inventory of the waste from the production
of Ti02. These wastes have been clasgified into four major categories cor-
responding to the waste products discharged by factorics at different

stages of production. These categories are :

1. insoluble matter remaining after filtration
2. "copperas" (ferrous sulphate)
" 3, strong acids

4., weak acids or weak liquors.
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It would seem fair to suggest that industries in this sector should,

within certain reasonable time limits :

a) store on land the insoluble matter remaining after filtration ;
b) make certain reductions in the total pollutian (either 30%, 70% or 95%).

These reductions are based on perfectly feasible techniques. For plants

using Ilmenite for exemple, a reduction of

30% would méan that the ferrous sulphate has been treated,

70% that the ferrous sulphate and the strong acids had been treated, and

95% that the ferrcus sulphate, strong acids and the bulk of the weak acids
had becn treated.

The report is also considered how and at what price this waste could be dispo-

sed of either by conversion or recycling (see p. 28 and following).

It should be borne in mind that the processing cost values date back to
the end of 1973 and the beginning of 1974 and must be updated to take

account of changes in the economic situation. A study on this is being
carried out ; however, the figures given in the report remain valid far
the purpose of assessing the high cost of treatment in relation to pro-

duction costs and for comparing the various solutions proposed,



