!\
e ,.
S

HILLMARM

COMMISSION OF THE EUROPEAN COMMUNITIES

3.\ coM(75) 339 final
\ Brussels, 14 July 1975

A
\
o

Proposal for a
COUNCIL DIRECTIVE

on waste from the titanium dioxide industry

(submitted to the Council by the Commission)

COM(75) 339 final






I.

/47 /75-8

EXPLANATORY MEMORANDUL

INTRODUCTION

This Directive is based on the principles 12id down in the Programme of
Action of the Buropean Communities on the Environment of 20 December 1973,
OJ No C112, and in particular the principle of "preventing, reducing and,

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

‘At present the vast mzjority of factories manufecturing 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 ocapacity of
the oxygen present to convert the ferrous sulphate to ferric sulphate, the
other waste (various oxides of heesvy metals) sinking naturclly to the sea
bed.

At the same time, it must be realized that the demend for titanium dioxide
on the European market is increszsing and that the producers hope to double
their capacity in ten years, either by extending existing factories or by

setting up new ones..

The process generslly used in FEurope is the "sulphate process'*, To obtein
TiO2 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 authorization were given for dumping at sea, and also assuming that
production were doubled, marine pollution from this waste would be almost
bound to double in turn.

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

authorities or sometimes by the producers themselves.

* Chepter 1 of the technical report derls in detail with this section,
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It is clear from an anslysis of the resulte of these controls thst weoste
from the Ti0, industry is potemtizlly or soturlly h~rmful. These adverse
effects on the merine environment sre due zbove 11 to zecidity, the prescnce
of ferrous sulphzte and probzbly other me‘tﬁls (he?vy met=1s).

The effects in question can trke the following various forms, depending on
the method and place of dumping:

1. Reduced omrgenat1611 end pH of the water snd increescd concentrstion of
Fe and heavy metels, ’

2. a) Temporary shortrzge of the zooplenkton biomsse =nd inducement of effects
' leading to a deterioration of the morphologicel structure of ite

components;
b) repulsion and depsrture of some species of* fish;

c) reduction of the biomass, production and specific diversity of benthic
and/or nectobenthic biocenoses in the discherge ~ress In more severe

cases, ~ll animal life may disappear.

3. Change in the colour, transparency and turbldity of the weter =nd temporsry '
reduction of photo:ynthesis, of phytoplenltton ~nd in primery :production,
perticulsrly in the case of surface dumping. The serbed becomes covered
'with iron oxides and with oxides of other metzls where the dump:.ng is

carried out in estueries and in shellow water.

4. On the other hand, there is no evidence of any toxic effects.on man
from the consumption of species of fish csaught in the dumping creas.

It is therefore adviseble gradunlly to reduce the dumping zt sea of this
. weste over o reasoncble end realistic period. Paert 1 of the technical
report conteins an inventory of the waste from the production of ‘1‘5.02.
These wastes have been classified in four major categories corresponding
to the waste products discherged by frotories at different stages of
production. These categories ere '
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i) insoluble metter remaining sfter filtration
ii) “copperss" (ferrous sulphote)
iii) strong scids

iv) weck acids or weak liquors

The report clso considered how and a2t what price this waste could be disposed
of by either conversion or recycling., It should be borne in mind thet the
processing cost velues dete bzck to the end of 1573 and the beginning of

1974 and nmust be upda#ed to tzke zccount of changes in the economic situs~
tion. A study on this is being cerried out : it is nevertheless true thet
the figures gmiven in the report remain fully velid for the purpose of
assessing the high cost of treatment in relstion to production costs and

to 2llow comparison of the various solutions proposed.

COLMENTS ON SQUE OF THE ARTICLES AND ANNEXES

The aim of this Directive is gradu=lly to_reduce and then to eliminste pollu=-

tion of the sea by waste from the titaniua dioxide industry.
1) Several stages sre enviseged during the tronsition period to 21low industry
to adapt from the present situstion to one where thse is ~lmost total

eliminstion of dunping at sea.

Stege 1 ¢ 1375 = 1 Januery 1978

During this period existing and new plonts will be #ble to dump their

waste ot sees or in estuaries subject to prior suthorization (Arts. 4 =nd
'5) =nd =n ecologicel control of the enviromment (Art. 7).

Stage 2 ¢ 1 Januery 1978 = 1 Januery 1981

"Existineo plants will have to be equipped with trestment facilities such
that "the pollution after treetment is not greater than 70 % of the totsl
untreated poliution"(Art. 8 (3)). These provisions correspond to a 30 i
reduction in pollution; the remaining 70 % can be dumped ¢t ses or in

/
.,.



estuaries (Arte. 4 cnd 5 and Art. 8).

New piants will have to be equipped with treatment facilities such that
“the pollution after treztment is not greater then 30 5 of the totel
untreated pollution"(Art. 8-2). These requirements represent a 70 7
reduction in pollution; the remaining 30 % can be dumped at sea or in
estusries (Arts. 4 and 5 and Art. 8).

This will mean that in the first instance the total pollution is cone
tained and that théreafter it will begin to drop. '

Stoge 3 : 1 January 1981 - 1 January 1985

Existing plonts will have to be equipped with treatment focilities

such that "the po‘llu;tion after treatment does not exceed 30 x of the

total untreated pollution"(Art. 8-3 and Annex II). This corresponds

to the siturtion of new plants in Stsge 2, where there is a 70 /% reduction
in pollution, the remeining 30 % being dumped st sea or in estuaries
(Arts. 4 end 5 and Art. 8),

The situation for the new plants is the seme as in the second stage.

This will lead to a significant reduction of the total pollution.

Stage 4 : from 1 January 1985 onwerds

Existing and new plants will be required to treat their effluent in
such a way that only 5 % of the totel untrested pollution remains
to be dumped at ses or in estuaries (Arts. 8/2-3 and 9-4). * -

Total pollution will be reduced by S5 %.



. iw v/ 47 /155

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

3)

i) prior suthorization
ii) ecological control of the environment
iii) the mensures which are to be taken to "reduce and

elimin~te pollution and nuisances".

l. The choice of the dumping aren and the wsste characteristics must be

token into consideration and the interaction between them must be
carefully ex~mined. Thence dumping =t sea can only be tarried out
under certzin conditions (Art. 5) and storage on lend must meet cer-

tain requirements (Art. 6).

2. During the period in which dumping at sea is still being carried out,

3

there must be an ecological control of the environment; merine envi-

ronment control campaigms will therefore be necessary (Art. 7).

Controls will cover acute toxicity, larval development and bioaccumu-~

l2tion tests in the pelagic chains.

Firms in this scctor will have to @
2) store on land the insoluble mr~tter remeining after filtrstion;
b) make certsin reductions in the totzl pollution (either 30 %, 70 %

or §5 o) Article 8 + Ammex II).

These reductions cre b-sed on perfectly fessible techniques{ With

plants using ilmenite, for exrmple, o reduction of 30 % would mean
thet the ferrous sulphate had been treeted, TO %5 thet the ferrous

sulpheate and the strong scids hed been treasted, and 95 % that the

ferrous sulphate, strons acids ond the bulk of the weak acids had

been treated.

It should be pointed out that the three =nd six year periods respectively

should eneble firms to mske the necessery zdjustments under reazlistic

economic end technicsl conditions. (Sec Part I, para. 2 and 3 of tech-

nical document. )
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In the cese of new plants, construction projects will be able to teke
account of these requirements (ferrous sulphate and strong ~cids).

In the case of existing plants, treatment of ferrous sulphete (dehydra-
tion + roasting or tipping on prepared spoil heaps) cen be corried out
during this three-ycar period. The proposed six-yerr period siaould
allow these units a choice in the treatment of strong acids. The pro=-
posed ten~yesr period for a %5 5 reduction scems to be reasonable for
perfecting the treatment of weak acids.

Apsrt from the fact thet this Directive will serve to eliminato almost
2ll merine pollution from thie type of weste, its applicetion will encou-
rage waste recycling,

3. LEGAL CONSIDERATIONS

Several lMamber Steles have already passed lawe on - smong other things -
the disposal of waste from the titenium dioxide industry.

The QGerman Law of T June 1572 on waste disposal requires both local autho-
rities and privote individuals to use spécirl plants for the treziment,
storege and disposal of solid waste.

Likewise the French Law of 1917 on industrisl establishments which ore
dangerous, irsanitary or carry on noisy or noxious tredes applics to tite-
nium dioxide mcnufacturers by virtue of the f:ct that they process minersl
ores using, zmong other things, sulphuric rcid which can causc adverse
chenges in wrter (of No 295 in the nomencleture to this lew). The Orders
issued by the Préfet pursusnt to the abovementioned lew euthorizing the
getting-up of industrial establishments ere subjeot to conditions which
govern, among other things, the dischrige of effluent into wrter oourses.

A new drcft law mokes these cénditions even stricter snd stipulcotes that |
any euthorizztion granted must toke account of the dangers or drawbacks
which the industrial establishment in cucstion mey present os regards nature
and the environment ond must ley down install-tion and operating conditions
concerning, in particuler, the purificction and disposal of effluent, wostes
end residues.

/e
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In Italy, it is the Fishing Code (Law 963 of 1965) which spplies to
discharges ot seo.

In the other llember States, general laws on the protection of water, air
and soil apply. ’

The attached proposel for a dircctive based on Article 100 of the EIC
Trecty therefore sets out to harmonize these laws and thus crecte a
coherent set of provisions which can apply in 211 lMember Stotes,

Under Article 100 of the Treaty the Opinion of the Buropean Parlicment and
the Economic and Socizl Cormittee is required.
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Annex

Pro 0o8cl for a Council Directive on weste from the '
titaniuvm dioxide industry

THE COUNCIL OF THE EUROPEAN COLITUNITIES,

Having regerd to the Tresty estzblishing the ILuropean Economic Community,
and in perticular Article 100 thereof;

Having regard to the proposal from the Commission;
Having regard to the Opinion of the Europesn Perliament;
Having regarc to the Opinion of the Economic and Socirl Committee;

Whercas waste from the titanium dioxide industry is liable to be hammful

to humzn health and to the enviromment, including squatic flors and fauna;
vhereas it is therefore zppropriate graduclly {to recduce and then to eliminete
pollution caused by the dumping at sea of such wastes;

Whereas the Programme of Action of the Buropesn Communities on the
Environment (1) adopted by the Council of the Duropean Communities and
representatives of the lember Stotes meeting in the Council, in the
declaration of 22 November 1973, refers to the need to undertske Community
action against certain types of toxic wastc and in particular waste from
the titeniun dioxide industry;

Whereas nationrl laws on waste from the titonium oxide industry vary from
one llember State to another; whereas these disparities are likely to
constitute barriers to trsede within the Community and will therefore have
e direct effect on the functioning of the Common larket;

Whereas EEC Council Directive No (2) concerns weste disposal in
general; whereas for prriicularly dangerous weste it is =dviszble to lay
down 2 special system offering every guorentee that human health and the
enviromment is protected sgeinst the hzrmful effects cauced by the discharge,

A

1 No C 112, 20 December 1573
(2; o7
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dunping or unoontrolled tipping of such westes; wherens this should be

the cose with vosto from the tito-niun dioride industry;

tYhereas, in order to attnin these objectives thore should be mochinery
for prior authorizction of all discharges of waste from the menufocture
of titanium dioxide into water courses, lokes ond the sea, ond for
durping at sea or storoge on or in the grouhd; whereas for industrial
establicshments loceted in the territory of & liember Steate, this
anthorization nust be granted by the competent authority of this Siste;
whercas for industriel establishments loceted in the territory of =
non-menber Stete, the authorization must be issued by the competent
euthority of the lember Stete in whose territory the waste is stored or
deposited;

Whereas it is also advisable to make the issuc of this authorizotion
subject to specific conditions, not only for the dumping of wrste at sea
or dischzrge thereof into ectunries but also for storrge thereof on or
in the soil; ’

Whéreas, to enoure effective monitoring of the merine enviromment, it is
essential that ony discharge carried out in 2 meritime cres or sn esttuayy
be accompenied by a systematioc follow-u§ on the peneral ecology of the
environment;

Whereas, in order to protcct the seas surrounding the Community, it is
essenticl fto law down levels tc which discharges of pollutants nust be
reduced; whercas these lovels must be rcoched in successive stages over
e meximum period of ten years from the date of entry into force of the
Directive; whereas existing or new industrizl establishments and new
capzcities added to existing industrial promises must use onti-polliution
techniques in order to achieve these levels within the required time-
limits;
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HAS ADOPTED THIS DIRECTIVE
Article 1

1. The sim of this Directive is the groadual reduction and the elimination
from the sea of pollution caused by wastc from the titaniun dioxide
industry.

2. Por the purpodes of‘thié Directive :
. (2) "waste" meuns any residue from the titonium dioxide manufecturing

Process;

(b) "disposrl" means the removel, transportstion, treatmont, recycling
or recovery of wastes, the storage ond depositing thereof on or in
the soil and/or the cischarge thereof into wztor courses, lakes
end the scz, cnd dumping ot scr;

(¢) "existing industrial establishments" nerns those indusiriel
establishnents which hove recched their full production capeeity
before the drtc of entry into force of this Directive;

(a) ™new incustrizl ectablisiments” meons thosc industrial ests=blishments,
which cre in the course of being set up -nd which heve not resched
their full production cepreity at the dote on which thiz Directive
entered into force, together with 21l industrizl cstablishments
which rre sct up after this dote. '

}
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Article 2

I'ember Stctes shell toke the necessery measures to ensure thet the waste

is disposed of :

- without endangering human health;

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

-~ without =adversely =~ffecting besuty spots and the countryside.
Article 3

liember States shrll toke the necessary measures to promote the treatment,
recycling and rccovery of wastes,

Article 4

The discharge of waste into weter courses, lckes cnd the sen, dumping at

sea or storzge on or in the ground shzll be subject to 2 prior authorization

issuedby the competent cuthority of the Btcote in whose territory the
industrial estcoblichment is located.

As regards waste from industrial esteblishments located in the territory
of o non-nember State, this asuthorizetion shell be issued by the competent
authority in the llember State in whose territory these wastes are stored
or deposited.

Article 5

le In the cese of dumping at sen or dischorge into estuaries, the competent

authority shall, on the basis of the informrtion supplied in sccordance
with Annex 1, grant the authorization referred to in Article 4 on coh-
dition that

(a) there is no adverse effect on boating, fishing, leisure activities,

ore extraction, desalination, fish and shellfish breeding, on reglons
of specicl scientific valuc and on other legitimate uses of the sea;

Qlt
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(b) no other means of destruction or disposal existe.

2. Irrespective of the method by which and the extent to which the effluent
in question is treated, azuthorizstion sholl not be granted if the level
of dilution is inadequate to ensure thot the pH of the receiving water,
beyond the actual discharge point, does not exceed the pH velue &t which
acute toxicity is caused.

Artiole 6

In the case of storage on or in the soil, the authorization referred to in

Article 4 shall, irrespective of the method and extent of treatment of the

effluent in question, be subject to the following conditions :

(2) discharge into underground strata is prohibited;

(b) ineoluble substznces remeining after filtretion shell be stored on land
in conditions such that they do not adversely affect the ground water;

(c) ‘ferrous sulphatc treatuwent products, strong and wesk acids and waste
other than the insoluble substaonces remcining after filtretion mey, if
they are not subsequently used, be stored on land provided they do not
‘adversely affect the ground water.

Article 1

1. Irrespective of the method anc extent of trestment of the effluent which
is to be discherged, s=ny discharge into a meritime avea or into an
estuary shall be accomparied by a systematic follow-up on the general
ecology of the environment.

2. This follow-up shall include in ba.rticular :

(2) an ecologicel inventory of the current state of the ares affected
by the releses, This requirémon’c shall be fulfilled when new
industrial establishments ere sot up or when capacity is increased
in existing industrial establishments;
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(b) sampling species of molluscs, crustaceans, fish and plankton
organisnma,

This sampling shall be corried out regularly by a body appointe& by the
Tember State in vhose territory the industrial estzblishment is located,
In the czse of cross-~frontier pollution, the body in question shall be
appointed by the Commission. |

Apsxt from the monitoring of changes in the merine environment, tests for
acute toxicity shzll be crorricd out regulr:ly on species of mollusc,
crustace-n, fish eznd planicton which are commonly found in the release
are~ Over a periol of 36 hours, =nd st an effluent dilution of 1/5000,
these tests shell not, for 80 % of the spcoies tested, pive rise to
nortality. The tests sirll be supnlementcd by tests on larval develop-
ment, which shall on such as to ensure totrl suwrvival of the lavee after
24 hours at en effluent ¢ilution of 1/5000.

When these checlis heve beon completed, disch rge operztions shnll be

suspended if :

(2) ~n e:aminntion of the rencr.l ccolozy of the nres revesls = meried
dotertration of thai ccologr;

(b) tests for toxicity induced by the zccumul-tion of metele in food
chains indicate an occumualetion hezordous to huwasn he-lth;

(c) the rezults cf the tests for zcute toxicity are st verisnce with the

vlues sct out sbove.

iclc 8

1. lNember States she 11 toike the necessary mecsures to ensurc that existing

2e

and new industricl estsblishnents ~rec oguipped with effluent itrectment
plent.

Ls from 1 Jenuary 1578 the total pollution after treatment Lrom new

industrizl establishments sh~11l be less then 30 2 of the total untreated
pollution, and ~s from 1 Jenuary 1¢85 it shell be less than 5 Se

A
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3. As from ) Janucry 1078, tot:l pollution after treetment from exlsting
industrial establishments shall be less than 70 % of the totrl untrested
pollution; as from 1 January 1481, it sholl be less than 30 .5 and as
from 1 Januery 1985 it shrll be less than 5 o

4. This total untreated pollution shell, in acocordsnce with Annex II.,; be
defined by pollution cctegory ~nd by the type of ore uscd.

Arbiclo S

Existing industrial establishments which incrocse their production cepacity
after the date of entry into force of this Directive sh=2ll be reguired
either to : '
(a) comply with the requirements of Article 8(2) as to the proport:.on
corresponding to the inoreasse in production, and of Article 8(3) as
to the proportion correspording to the former production, on tho dates
on which cach of these rcqu1remont<‘ entors into force;
or to :
(v) apply gener:l treetment in both existing -nd new estsbliskments so that
the total pollution after treatment does not excecd the sum of the

Aginle 10

Lember States may adopt stricter regul~tions without prejudice to the p.co—-
vigions of thie Directive.

|
Articlel)

Annexes I and II shell form an intexrel part of this Directive,

Article 3.__2__

liember States shall put into force the meoasures needed in oxder to comply
with this Directive within 2 noximum period of cighteen months of its noti-
fication and shell forthwith inform the Commission thereof,

lember Strtes shall ensure that the texts of the provisions of nationsl
law which they adopt in the ficld covered by this Dircotive are communi-
cated to the Commssmn.

Articleld

Thie Directive is nddressed to the I'cmber States.
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ANNEX 1

Provisions poverning the dunpins® of waste ot sca snd discharging into

estucries.

1. Waste char~ctcrigtics

(2) Quentity ond composition:

(b) Quentity of substances and mrteriale which sre to be dumped or dischar-

ged daily (wéokly, montly);

{c) Forn in which the wastc is to be dumped or discherged, i.e., solid,
seni-gsolid, liguic;

(4) Physical properties (in particulor solubility snd density), chemical
propcrties, biochemical propertics (oxygen demand, nutritional velue)
and biological properties {presence of viruses, bacteria, yeost, prra-
sites, ctc.);

(e) Toxicity;

(f) Persistency;

(g) Accumulation in the biological mrtter or sedimeut;

(h) Chenmical cnd physiccl changes occurring in the waste after discharge, in
narticular the form=tion cof new compounis;

(1) Probebility of any changes which would dccrense the marketing potential

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

2. Cheracieristics of the dunping or dischrrge area ond methods employed

(é} Geographical situation, devth of water and distance from ihe coast;

(b) Location in relation to living crestures in the adult or growing stege;
(¢) Locrtion in relestion to amcnity creao;

(4) Where approprirte, methods of packeging;

(e) Initial dilution level achieved by tlic proposed discharge method;

(£) Dispersion, horizontal displacement rnd vertical mixing cheracteristics;
() Existence and cffccts of current end previous discharging and dumping in

the ares (including accumulation effects).

¥ Within the mesning o7 the London Convention on the dumping of weste ot secs

LA

C emw



Untrezted waste from the sulphate process

ANNEX 2

(calcul:ted per tonne of Ti0, manufactured end

expressed in kilogremmes)

NV/41/45-E

Norwegizn hustralicn Canadian Taricaed
Ilmenites Ilmeniten Slag Ore
Category 1 304 Z([ons ) 4,250 3,170 2,830 2,330
acid :
Pollution " + + -
#® 680 0
Iron cations 520 17 25
Total A 95,200 3,850 3,000 /A 2,400
#
Category 2 Other metal
Pollution cations 110 100 200 120

* Rllowing for additions during menufacture.
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2 (continued)

L I T I NS

Untrerted wrste from the sulphcte process

(calculsted per tonne of Ti0, meruf-ctured and

expressed in kilogromues)

Category 1

FPollution

(3

Chlorine uced

Netural Rutile
1,060

Cl Ions (ccidity)

+
Iroéé)
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Total

] -

Cekegory 2
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¥alves inserted here for record only.
Allowing for sdditions during manufzcturc.
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Asustralian Ilmenites
2,500 ~ 2,800
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970 to 680

r
450
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A

1,30
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LAnnex 2
R

The pollution categories affected by the reductions reguired under Articles
8 and 9 ere as follows :

Category 1 : pollution by direct toxicity
- S0 4 ions, acidity (sulphuric scid process)
- CL ions rcidity (chlorine procoss)
- Fe cations {both processes)

Category 2 : pollution by indirect toxicity
- cations of metals other than iron (T4, Cr, ¥V, Ni, etc.)

{both processes).
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CGENERAL

The modern~world needs a number of mamufactured 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
= 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 grecater part of the original
materials is proceesed and little waste appears in the production 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 considerable.

This is true of the titanium~oxide~producing industry. One tonne of
TiO involves about 2.6 t of waste in the most widely used process,
not counting the consump’*an of water.
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CHAPTER 1 -~ THE PROPBRTIES AND USES OF TiO2

1) Pignentary properties -

Titanium dioxide is at present regerded as the best white pigment.
The main properties which help to give it this superiorlty 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 a2 lower degree of purity. -

The essential quality of a pigment is its opacity, that is, its power
of reflection when dispersed in a medium.

This light-refleoting power is due to the reflection of light at the
orystal-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 inherent in the orystal, while the latter is improved
by very small orystal sizes, which must however be greater than a minimum
size connected with the wavelength of the light to be reflected.

Titanium dioxide

- which has the highest refractive index of all traditional pignments
(average index of synthetio rutile for a wavelength of 450 nm : 2.921);

- of which crystals of optimum size (0.05 - 1.5 /u) can be produced
synthetiocally;

~ which has veyy 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 ultra=violet range.
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 dispersibility of the pigments and thus
to enhconce the quality of the dispersions.

Uses

The fundamental characteristics of rutile and anatase orystals have heen
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%
- papers 205
- plag: fos 107
- rubicr 4.5%
~ floow coverings 4%,
~ inks ' - 2.5
- cermrics - 2.5¢
- synthctic fibres 1.2%

- miscellaneous, including cosmetics .
and pharmaceutical products ' 5e 3%

Consumption of this pigment, owing to its field of application, may be
" regarded a8 an index of 4 country's degres of industrial development.

" With regard to the distribution of its application by sectors, this may
vary from country to country, but it should in any case be noted that
paints and varnisghes represent more than hzlf of total consumption, while
the other sectors represent proportions ranging from 3 to 15% of the total.

In all these applications, titanium dioxide is a suspension 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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3) Eoonomic situstion

It is obvious that the future of titaniuvm dicxide is bound up with the
development of its traditional fields of application. ' The effects of .
competition from similar products are slight in these fields.

The average annual growth in world consumption of titanium dioxide was
estimated in 1974 at about 5%. This rate may, however, be expected to
increase in the next few years.

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

»

The prices of Japanese products are the highest, followed by FBuropean pricea,
except for those in France and Great Britain, which were subject to taxation
as from lst July 1974. Lastly, American prices appear to be lower.

Countries usa | BELGTUM| FRANCE | FED. REP. | NETHER-| ITALY | @.B.
Prices not of GERMANY| LANDS ‘ ;
including tax UA/kg Us/kg | UA/kg | Ua/ke Urfeg | Ua/kg | Uafke

20 t consignments

July 1974 Anatese 0.4'587 0.570 } 0.333 0.432 0,561 0.505 0.380

Ratile | 0.500 | ~0:575 | 0.560 |} 0.674 | 0.671 | 0,713.| 0.424

The July 1974 prices in UA/kg are besed on quotations on 16th July 1974, assuming
. that one UA = 50 Belgisn francs, as given by "Buropean Chemical News", Vol. 25
NO. 6420

A



-6~ ENV/AT/75-E
Orig.: F

CHAPTER II - PROCESSES

Deseription of progesses

The method of manufacturing titanium dioxide pigments consists of preparing

a titanimn dioxide of very high purity from an ore which already contains
it, but miced 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 processes consist of an attack
on the whole of the ore followed by selective operations to extract the
titanivm curpeund. A final stage enzbles the titanium dioxide to be
obtained iiow the intermediate compound.

" These two methods are the so-called 'sulphate" and "chlorine" processes.

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

In the c2se of the chlorine process the whole of the ore is chlorinated
and the fitz.aium tetrachloride formed is first of all separated from the
other chlorides 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 titenian ‘rutile). Only one firm has succeeded in applying this

process 4o poover ores (ilmenite).)
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CHAPTER IIT - THE RAW. MATERIALS

All titanium dioxide is prepared from natural ore. The titanium is -
contained in the letter mainly in the form of iron titanate in the

casé¢ of the more ordinary ores (ilmenite) and already in the form of

crystallised TiO2 (rutile form) in the richer ores.

While reserves of ors of the rutile type are small and becoming exhausted,
reserves of ordinary ores such as ilmenite are extremely largs. In
particuler, there are enormous deposiis of them in Canada and Norwey.

| As a whole, ore availability should not create any problems during

the next 75 years., However, a very great research and development -
effort is at present being made for the preparation of an orc very

rich in Pi0> (synthetic rutile) from the ilmenite-type ore, in view
of the environmental prcblems oreated by ores of the ilmemite type.
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CHAPTER IV ~ WASTE FROM THE PRODUCTION OF TiO2

4

. SECTION I. QENERAL ' ‘
In this chapter, two categories of "“waste" will be discussed: :
a) the waste oroducts inherent in the process, resulting from the '

carrying out of the production process, that is, from the various
separations taking place in the process itself before any treatment; ;

b) the final wacte products, 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 ireatment of process waste products" is regarded

as embrecing any intervention vhich leads to a 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.

Before going into this question of waste products in more detail, it

is interesting to note that the production of the "TiOo" pigment industry
is very simple to define, because it consists of high-purity titanium
dioxide. In 2ll evaluations, the particular additives which enable

the performance of the pigments to be improved, and also the residual
quantities of impurities, which are extremely smell, will be disregarded.

As production consists only of titanium dioxide, 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 carried 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 TiOs based on the following ores are considered:
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- Norwe;gié.n‘ ilmenite
« Australian ilmenite

- Canadian slag
- -Enriched ore (hypothetical) containing about 88% of T402
(maximum possible for sulphate process).

Similarly, in Section III, for the chlorine process, three caées of
" production based on the following ores are considered:

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

For each of these types of production, ) acconnt v}d.ll be taken

~ of the quantities of raw materials employed;
- of the total weights of waste produots corresponding to these rau

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

and quantity.

We shall thus see how the various original oonstituents are distributed
in the main process waste products. 1
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SECTION II. SULPHATE PROCESS

oy me me o n o e o

1) Waste products inherent Segs_

General

It should not be the purpose of the caloulations presented in thie
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 meke possible, as far as the main waste products are
oconoerned, a valid quantitative approach for the different 'types of
production and different factory oapaoitiea representing the main
European produoers.-

PFour main oa.te'gbriee of waste produots corresponding to possible
groupings of the waste products inherent in the proocess are considered:

- the insoluble substances rema.ining after filtration
(waste product 1) - .

~ the "oopperas” (i.e. ferrous sulphate) compounds
(waste product 2) .

~ the "strong aocids"(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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WASTE PRODUCTS CORRESPONDING TO ORE A. NORWEGIAN ILMENITE
ORIGINAL ORE

NORWEGIAN ILMENITE

% kg
Ti02 44~45 | 1130.000
PO | 3334 | 827.500- -
Pe0s03] 12-13 | 312.500
810 2.5-3.0 | 66.700
2102 - -
4103 0.6-0.7 15.000
P205 { 0.03 0.700
MnO0 2-0.3 £.000
¥e0 4.5-5.5 | 125.000
Crg03 0.07 1.700
V205 0.15-0.17 4.000
Ca0 | .0.2-0.3 | = 6.200
Nexo | =~ . -
S {0.04 ¢{1.000
3 P.D.0. P‘Gga.mmes
¥i 81-113 | 253.000
Zn 51-93 187.000
Cu 6¢~8.2 | ¢18.000
oa 439 | <4000 |
Pb,Be | <1 {2.3 each
Sb,Hg | &1 <2.5 each

b

" Yield: 38.5%

Waste bﬁd&u&é

Corresponding weight of ore: 2,500 kg

N.B.

: The total of the column does not correspond to

N

2,500 kg, as the weights of each constituent have

average values related to different compositions of .

ilmenite.
Yo

The, -

L I

it

PRODUCT
Ti0p: 1 tomme
FATAL WASTE PRODUCTS
expressed as quanti‘tieaﬂ
of metal (kg)
‘0 [ 78.000
Fe 755,000
Si 32.000
Zr -
A 4.000-
P 0.142
Mn 3.870
Mg 75.000
Cr 0.559
A 1.050
Ca 4.275
in grammes
s {1000
Ni. 253,060‘
Zﬁ 187»000’ ‘
Cu 18.000
Cé 4.000
Pb, Be € 2.5 each
Sbh,Hg < 7.9 each

fi. Thig pahta meloee O
ke

»
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The quantities shown below relate to 1 tomne of finished product and are
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based on the wvalues in the preceding table.

. Yaste product 1 — Insoluble substances

81 kg

+ 8l kg

162 kg

Haste grodugt 2 ~ Copperas

3,372 kg
+ 460 kg .
+ 23 kg
3,855 ke

Waste product 3 - Strong acid

127 kg

M kg

41 kg
1,482 kg
5,127 kg

7,411 kg

+ + & 4+

Waste ue - We id

391 kg

28 kg

22 kg
300 kg
5,753 kg

000 kg

- + + +

(3102, TiO0p, A1203, Mg0, Cry03, ons,
W0, V,0,, Cs0, Si, Ni, &n, Cu, Cd,

Be, Sb, Hg)

H,0 (assuming H0 = 50% of total weight)

various sulphates, including 2,941 kg
FeSO,, TH,0

LHD

free H2504

various sulphates, including 585 kg of
FeSO4
'1‘5.02 in suspension

T102 in solution

H,S50, (exp. as 100%) concentration 20%

H,0

verious sulphates, including 315 kg of
FeSO4
'1'102 in suspension

Ti0, in solution ~

H,S0, (exp. as 100%) concentration 10%

H,0

P e T T DN

B N T Y

nze. e

P

—
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WASTE PRODUCTS CORRESPONDING TO ORE B. AUSTRALIAN ILMENITE

ORIGINAL ORE
_ AUSTRALIAN ILMENITE - :

q kg . Yields 88;5}#_““_,? | . PRODUCT
MO, | 554, U000 | 710,: 1 tonne
FeO | 23.8 ' ]485.450 |~ -
Fe,0, | 16.9 | 344.800 |
510, | 0.15 3.060 _— PATAL WASTE PRODUCTS
Zr0, I S C R jExpressed as quantitied
4,0, | 0.94 19,200 “ - of metal (kg)
PO, | 0.08 1.650 ™ 78.000
¥n0 0.72 14.700 - 1Fe. ]| . 498.000
MO ‘ 0.27 5500 | 8i 1,400
or0, | 0.4 2.850 ) Zr -
V205 0.17 3.500 Wastle producti ‘ .| AL 5.080
ca0 | 0,02 0.400 | P =2 ‘:} e 0330
¥a,0 - - | R 11,370
Z,0 - - ‘ Mg 3.300
s 0.01 0.200 Cr 0.940
¥i - - N 0:920
7n - - ~ | Ca 0.260
on _ _ s 0.200
o _ _ ﬁ i -
Pb,Be | - - P zc: -
Sb,Hg - - v od -

Pb, Be -

Corresponding weight of ores 2,040 kg.

N.B.t The total of the column does not correspond to- = = SR
. 2,040 kg, as the weights of each oonstituent have
avorage values related to different compositions of
ilmenite. '

Nevertheless, the complex information in this table makes
it possible to assess the qverall guality and quantity of
the waste products. ' ’
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The cuantities shown below relate to 1 tomme of finished product and

are based on the values in the preceding table,

Wagtec product 1 - Insolubls substances

20 kg
+ 20 kg
40 kg
HWaste pfoduc‘c 2 =~ Copperas
1,768 kg
+- 241 kg
+ 12 ko

L 2 e e e )

2,021 kg

Wegte product 2 - Strong acid

637 kg

34 kg
36 kg
1,250 kg
4,291 kg

+ o+ + o+

6,250 kg

Waste product 4 -~ Weak acid
33 kg

+ + o+ o+
AT EAY
-
A5}
&

(s:to?_, Ti0y, A1,0y, 180, Cr,03 P205,
0, V,0., Ca0, Si, Ni, Zn, Cu, C4,
-
Be, Sb, Hg)
1,0 (assuning H,0 = 50% of total weight)

various sulphates, including 1,725 kg
FeS0,, TH,O

HZO

frse IIZSO 4

various sulphates, including 584 kg
of Fe30 4

’I‘:'LO2 in suspension

'I‘102 in solution

HZSO/L (expe as 100%) concentration 20%
H20

verious sulphetes, including 314 kg

T PelS0
o e,

‘I‘:'LOP in suspension
Ti0, in solution
E,50, (exp. as 100%) concentration 10%

IIZO
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WAS‘I‘E PRODUGTS CORRBSP(NDING\'T‘O OrE C, C!WADT;ZL? SLAG

" ORICTNAL ORE

CANADIATN SLAG | yiela 88,54 e
. B .| Propucy
EEEE T N .o
—— = -'t::::::::::::::f Ti02: * 1 toune
Ti0, 70,72 1130,000 ¢ = ‘ e !
FeO | 12415 194,138.11 R
'Fe203 ,50 1 23,960 " [PATAL WASTE PRODUCTS
5102 315540 67’100 ‘ ' Expressed as cuant:.ties
. 2002 S T B . + . lof metal (kg) ‘
mz203° | 4,0-6,0 - ] 79,690 ﬁ i ] 78,000
P2°5. § 0,025 | 0'399 he 159,751
Ng0 1 4,5+5,5 | 79,892 | Weste Productg |, -
cr203 0,25 | 3,994 11* 21,14
v205 0,5=0,6 - 8,788 10,081
"CaO .‘ 112; B 19,174 2,472
Ne2o 1 - R 47,935
K20 -7 "m 14314
S 0’(15_ ' O 233
;o 0,08 1 1,358 } 13,210
m o ! N": . . “ ~,“( 1'1 ¥ i 1 -' -
o0 oot | o 0,158
| cd - B B ' 1,068
} Pb,Be\ - ’ | O,CJ"Z’ 11,1)
Shfe - - 0,189
‘ (0,07)
Corresponc?:mg welght of ore: 1, 60\. kg.
NeBet The total of the column docs not
corraspond to 1,600 kg, as trs weights {

cf each cou Sti'tuen’b have av ws'g;e vaelues
releted to differont compo* itiors of
elag W

Noverthelass, the complex im ormation in . \
this tabla makes it possivlie to amsess ' /
the cverall cuality and cxwmi'tv of 'tae

woste n*od.mm ES .
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The cuantities shown below relate to 1 tonne of finished product and
are based on the value in the preceding table,

Waste product 1 « Insoluble substances

107 kg

+ 107 kg

214 kg

Waste product 2 - Copperas

None

llaste product 3 =~ Strong acid

630 kg

M4 kg.

33 kg
1,440 kg
51063 kg

+ + + +

7,200 kg

lWagte product 4 - Weak acid
339 kg

28 kg

19 kg
778 kg
6,624 kg

+ + + +

79780 kg

sio., Tio,, A1,.0., M Cr.,0. P.Q

( oy +1Uny 2v3? 80, 2¥3, ‘255,
Mn0, V,0c,. Ce0, Si, Ni, , Cu, 04,
Be, Sb, Hg)

H,0 (assuning H)0 = 50% of total weight)

various sulphates, including 303 kg

of FeSO4

T:i.O2 in suspension
Ti0, in solution
HéSO4 (exp. as 100%) concentration

HéO

various sulphates, including 163 kg

of FeSQ4

T102 in suspension
Ti0, in solution -

2
1,50, (exp. as 100%) concentration 10%
Héo

T T e Cace e i

P

'
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WASTE PRODUCTS CORRESPONDING TO ORE D,
-ENRICHED MINERAL (Hypothetical)
(Similar to Caneddsn slag)

ORIGINAL ORE
ENRICHED ORE Yield 88.5% PRODUCT
# .. ke 140,51 tonne
88,00  1130,000 e
5,00 64,204 }. _
0,50 6,420  {FATAL -WASTE PRODUCTS |
1,65 21,187 Expressed as cuantities
- - of metal (kg)
2,00 5,681 B P 78,000
0,01 0,128- Fe 52,133
0,08 1,027 i 9,746
2,00 . 25,681 \Waste products-\ 70
BNY o B ‘ -
0,10 1,28 7 6,719
?
0,40 5,136 Mn 0,795 -
- - hie 15,408
- - Jor 0,422
0,02 0,256 v 0.680
]
0,03 0,385 ca 3,538
- | L a -
?
- - i - T 1,068
= a Cu 0,101

Corresponding weight of ores 1,284 kg,
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The quentities shown below relats to 1 torme of fimished product and
are baged on the values in the preceding table,

Waste product 1 - Insoluble substonces

. 5T kg

+ T k

114 kg

o2

Wagte product 2 -« Copperas

None

(810,, T40,, 41,05, Ng0, Cr,04, PO,
Wn0, V,0gy €0, Si, Ni, Z, Ou, C4,
Be, Sb, Hg)

H,0 (assuning H0 = 50% of total weight)

Woste product 3 - Strong acid

185 kg

34 kg
31 ke
1,395 kg
54330 kg

+ + + +

6,975 kg

Waste product 4 = Weak acid

100 kg

28 kg

17 kg
750 kg
6,605 kg

+ + + +

7,500 kg

various sulphates, inoluding 98 kg

of FeSO 4

f{'io2 in suspension
'1‘102 in solution
H2804 (expe as 100%) concentration 20%

H20

verious sulphates, including 53 kg

of TFeSO 4

‘I‘io2 in suspension

T102 in solution

H2804 (exp. as 100%) concentration 10%

H20

re e Aty e

N
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2) Disggsal or treatment of the waste products inherent in the process

1 « Definition

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

in their characteristics, whioh can range from mere dilution in
order to reducé the concentration to very elaborate operations
radically chaenging the nature of the waste.

2 = List of the main methods of elimination and treatment thet can be

envisqﬁed for "waate Eroduots inherent in the process"
DISCHARGE INTO THE SEA (1)* This can be done direct from the coast

Injection into underground
gtrata

STORAGE ON LAND (2)

NEUTRALISATION (3)

or by scattering over the sea, This
method is widely used for soluble waste
products (copperss and acid sélutions).

This rectulres speoial geological condit;ons.
Its use in the United States (DuPont) hes
given rise to strong coriticism. The
"injected" 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 problems owing

to their solubility and their large . .
quantities. The company THANN & MNULHOUSE,
in Thenn (France), stores on land insoluble
products, "ocopperas" and the neutralisation
products of its acid liquors (output

20,000 tonnes per enmum of Ti0,).

Thie method, which results in a very large
volume of neutralisation product, is very
little used. Its cost is high. At present,
in BEurope, only THANN & MULHOUSE uses this
method for its acid liquors (at Thann), In
the United States, "SCM" neutralises the
dilute acid fraction, The neutralised
products are redfluted and discarded,

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

Europesn context,



Production of gypsums

LURGI COPPERASw
DRYING PROCESS (4)

FPluidisedebed drying
of copperas compounds

LURGI FLUIDISED~BED
ROASTING PROCESS (5)

ROASTING IN A ROTARY
FURNACE (6)
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Production of gypsum from the neutralisation
of the acid licuors requires a special local
contexts In the United Stetes the American
Cyananid company is building e factory for
procucing building componcnts of gypsun. It
should be noted that in this case there are no
local gypsum resources; moreover, the local types
of buildings are well suited to the use of such

e material,

This method enables "copperas” compounds to be
dehydrated by changing them into iron sulphate
nonohydrate, which can be roasted in a
fluidised-bed furnzce (there is an existing
unit at Spinetta, It~ly, and one being built
at Celje, Yugoslavia).

Process employed by BAYER to enable iron sulphete
to be roasted in rotary furnaces,

The LURGI roasting process mckes it possitle

to treat iron sulphete 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 802 which can be directly used in an
H?_SO4 synthesising unit and, on the other hand,
the netal oxides corresponding to the salts in
solution. There is no experience yet of working

with licuid feed.

This technicue, which is an old one, makes it
possible to treat "copperas" compounds after
dehydration or salts precipitated during
concentration of acid liquors. Actually the need
10 use sulphur or pyrites to bring about
combustion leads to the production of quentities
of HZSO4 greatly in excess of the recuirements
of a TiO2 unite This method has been employed
narginelly by Bayer = Titengesellschaft - Pigment
Chenie in Germany and by British Titan Products
at Orimsby (Great Britein).
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'"EW JERSEY ZINC"
PROCESS (7)

LURGI ACID-
CONCENTRATION
PROCESS (8)

BAYER ACID-
CONCENTRATION
PROGESS (9)

BAYEF~ JERTRANS
ACID-CONCENTRATION
PROCESS (10)

Production of
superphosphate
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This process cen bz used for tresting acid
liquors, After treatment pure sulphuric acid
is obtained, together with iron sulphate
monohydrate mixed with the other elements present
in the solution, At present the only plant

‘besed on this process is a small pilot in the

United States,

This process "treats" acid liquors by bringing
them up to & concentration of 70%, The acid

is not evaporated, and the 70% acid still
contains all the salts in solution., Mo actual
wnit besed on this principle.

Beyer uses 2 prooess of concentration by submerged
fleme, This process has proved very
unsatisfactory.

This process fof concentration of acid licuors

uses & film evaporestor. There is still little

information‘abduﬁ the possibilities of using it
in the T40, industry,

Superphosphete is a fertiliser the use of which

‘1n Burope has considerably declined. It is

obtained by attacking natural tricalcium phosphate
with sulphuric acid. At present only cne state~
owned company in Polend uses this process, which
recuires prior concentration of the acid licuore

up to 65%



- Amnoniun sulphate

- production

I.F.P. PROCESS (11)
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This process enebles amoniun sulphate to be
produced fron 2cid licuors. Ishihara Sangyo
Kaisha holds the rights to a process making
possible the optimum treaiment of acid licuors
by this nethod, Aumonium sulphate is no longer
used in Europe, and this method is thus of little

interest at present, a2t least in Europe.

This process enables dissolved sulphates to be
treated., It thus makes it possible to treat
elther acid liquors alone or acid liguors in
which the "copperas™ compounds have been
previously redissolved, The products obtained
are sulphur and hycdroxides and sulphides of the
metals in solution,

To these »rocesses should be added those of the BUMNER and SAINT
GOBAIN companies, described es "new technicues" in the field of acid

concentration,

Note: In the Netherlands there is a system of taxation of effluents.

Its anount at present represents about 3.5% of the cost of TiO,.

2

I It is said that this tax is to be doubled every year,
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SECTION 3 - Treatment units and final waste procuots

A, AINS
In Seotion 2 a list has been given of the processes
which could be used for the treatment of waste products
inherent in the production process,

In this section an attenpt will be nade, by combining
the various proposed processes, to establish conplete
treatment unite. There are obviously very many
possibilities, end only the most oheracteristic ones

have been oonsidered,

Furthermore, depending on the degree of treatment

which it is desired to achieve, the units proposed can
either bo adopted 2g a whole or some of their constituent
parts replaced or even omitted.

The capital investﬁents end operating costs involved
for each of these units will be stateds The capital
investemtn figures are based only on design data
available at present, and the operating costs have
been oalcu;ated‘on the besis of values recorded at |

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

in the light of the present economic situation. The
characteristics and volumes 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 end on the following page, the weights of effluents to be
treated corresponding to an output of TiOR of 100 tonnes per day

are given for the four types of raw materizls.

- enoe

Norwegisan Avstralian Canadian Inriched
ilmenite ilmenite slag ore
1) I'SQLUBLE
SUBSTANCES
Total weicht 15 t/a 3.8 t/d 21 t/a 11 t/d
Volume if d = 2% | 32 m>/d 7.6 m/a 42 m3/a 22 w3/d
| "Dry" weightw* 8 t/a 1.9 t/d 10.5 t/d 5.5 $/d
2) COPFERAS t/d t/a t/d t/d
Total weight 385 202
FoS0yy 11 /2 B0 [ 189 111 does not docs not
' exist exist
I‘Igso4 2004 1e1
exp. in HéSO4 122 62

* d: density of the insoluble substances as a whole
(@ = 2 is a hypothetical value)

*¥* represents the weight of the insoluble substances if

water is excluded from them,
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Norwegian | Australien Canadian | Inriched
ilmenite ilmenite slag oreé
3) ACID LIGQUOR t/a, £/ 1¢' t/d t/d
(hypothetical '
concentration
20%)
Total weight 141 625 720 697
HO 512 . 429 506 533 -
Free H2304 148 125 144 140
FeS0, \ 58 58 30 10
Various sulphates 14 5 32 9
S0, (free + . 196" 165 184 152
2 ‘4 combined)
Exp. in Fe,0, 61 61 31 1
Exps in sulphur 64 54 60 50 .
4) DILUTE ACID t/a #T: t/d t/a t/a
(hypotheticel
concentration
10%).
Total weight 800 672 778 750
Free H,50, 80 67 78 7%
i HZO 6715 566 652 660
‘Feso4 , 31 31 16 5
Various sulphates 8 3 18 5
11,80, (free + 106 89 99 82
K 4 combined) .
Exps in Te,0, 33 33 17 5
IExp. in sulphur 35 29 32 27
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C. COST ASSESSMENT

a) Capital investment

For each treatment unit the total capital investment is determined
from the capital investrents for each constituent port, These

are for the pericd end 1973 = beginning 1974 and mudt therefore
adjusted in the light of the present economic situation,

Allowance has also been made for the price of recovering the sulphur

or sulphuric acid as the case may be, exclading all other products,

particularly FeO,.

Enerayr consunption

Por each treatment the energy consumptions for the different types

of raw materials have been established.

For the price of fuel oil, an average price of 50 U.A. per tomne
hes been assumed. It should be noted, however, that the processes
treating geses containing SO? are not interfered with by the use of
very sulphurous fuel oil such ag "vacuuﬁ residues", These two

processes zre the roasting process (LURGI) and the I.F.P. process.

The value of the "vacuw: residues", zlways 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 "racuun residue" may cost the
consumer between 80% and(exceptionelly) 60% of the price of
ordinary heavy fuel oil., M 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 roasting, sulphur can be ueed

as a fusl, which in some ceses makes it possible to reduce
consunption of fuel oil., This possibility depends greatly
on local conditions; it should merely be borne in nind that

the fuel-oil consumptions shoun for rossting are high values,
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¢) By-products

In practice we shall consider only three categories of by-~productss

- sulphuf
-~ gulphuric acid ‘
- ferric oxide (part) or ferric hydroxide (part).

A sulphur "oredit” will be included in ozses where the sulphates

and/or sulphuric acid are decomposed in the form of SO, or

2
elementary sulphur,

A "sulphuric acid" credit will be included whenever reocycling of this
acid can be done directly and therefore aoes not eptail additional
capital expenditure. ‘

The savings are based on the following values:

gulphur t 52 U/t
sulphuric acid: g 29 U.4./%

Note: As the price of sulphur varies greatly, a treatnent cost
corresponding to a sulphur price of 30 U.A./t and thus .
to a sulphuric acid price of 22 U,A./t has also been
given.

With regard to iron in oxide or hydroxide ferm, only

iron obtained from copperas will be regarded as & by-product
which may possibly be reusable, but its value will be
assuned to be zero,



D, RECAPTTULAT

TON

-30—

ENV/47/75=E

Treatment units which can be envisaged

for the titanium dioxide industry

- iCapital. fnvestrent

Wagte products

Constituent processes Ref. (U.As/t.per annum after treatment
of T10,)
(Dehydration) - Lurgi I I1n 263  (Iron oxide)®
Roasting - Iargi Iron oxides + various
Concentration = lurgi ges0,, Fe(OH)2
Neutralisetion Slag 195 Water
(Dehydration) = ILurgi II Tlm 273 (Iron oxide)®
Roasting - Lurgi (Iron oxides + various
Concentration = N,J,Z Slag 195 03304, Fe(OH)2
Neutralisation watér
(Dehydration) - Lurgi Ilm, 338 (Iron oxide)®
(Roasting) = Lurgi 111 Fe(OH)2 + various
sulphates
IFP process Slag 245 245  Cas0,, Fe(OH)2
Weutralisation ‘ Water
Iln 339 (Iron hydroxide)o
IFP process v Fg(gg)z + various
sulphetes
Slag 254 Weter
. (Dehydration) = Lurgi (Iron oxide)®
(Roasting) = Lurgi v Iin 351 F‘e(OH)2 + various
sulphates
IFP process 7Slag 259 Water
(Dehydration) « Lurgi (Iron oxide)®.
Roesting - Lurgi Vi Iim 312 Iron oxide + various
Concentration = N.J.Z. Slag 233 Water

Note 12

Hote 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 méthocls of treatnént which can be
envigaged for the titanium dioxide industry
© (Sulphate process) - v - SRR RS

R - S

' Hypotheses
Treatimént | SB S ~
Material .
' Fuel oilt 50 UA/t Fuel oil 50 UA/t Fuel oil 50 UA/+
Swiphur 52 UA/t  + dist. res. 40 UA/t ™ + dist. res. 45 A/t
HyS0, 29 UA/t  Sulphur 52 UA/t Sulphur 30 UA/%
HyS0, 29 UA/t H,S0,. 22 UA/'!:
UA/t of O, UA/t of T40, "UA/t of T40,
I I 97.3 90.8 | 113.6
Slag T 72.8 86
1 . 7.4 %1 95.2
Slag 53.8 53.4 64.7
CIIT T Ilm. 134 124.2 145.17
Slag 105.6 97.6 110.8
.I.v et i-l.nxo . :.. - .1..2-6,.“-.- e e e ' e 100 f . 1 . N 130 3
Slag © 94.3 82.9 | 112,2 \
vV . Ilm. 122 108 138.4
. Sle 893 g M22
VI Iin. 95.4 : 92.1 - . 108
' 3lag 52,1 50.9 66.4

Fote - This.ia an.estimate made at the end.of 1973/begiming of . 1974.
A more up~to~date estimate is being prepared. ; -
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Special characteristicas of the main methods of trectuent which can

be envisaged for the titanium dioxide industry (su’phate process)

TREATMANT I - low cost
- concentration process not yet inductrially proved
- neutralisation waste products rather inconvenient

to store

TREATIENT II -~ Same comments as for Treatment I

TREATITENT ITI - Juxtaposition of several fairly reliable processes
- high cost
- neutralication waste produects rother inconvenient

to store

TREATVENT IV =~ only one process used (IFP)
- relatively high cost
- final waste productie a priori less convenient than

_ oxides

TREATIIENT V ~ complex of quite reliable processges
-~ rather high cost
-~ final waste products a priori less convenient

than oxides

TREATIZENT VI ~ "Conceniration section" not industrially proven
-~ co3t uensitive to the concentration of the weck acid
-~ final waste products fairly convenient to store

and/or poesibility of reuse.
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CHIORINE PROCESS

ilaste products inherent in the process

1.

a)

b)

General

Introduction

As already mentioned, the only purpose of the calculations made in
this section is to give orders of magnitude for the quantities.of
waste products to be considered.

Admittedly, in view of the fact that the chlorine process is little
uged in Hurope and that the information about ie is generally
confidential, it has only been possible to make rather rough
hypotheges for this prooess.

However, although these hypotheses may prove inaccurate, the quantitative
approach to the total effluents remains valid.

gxgothesee

We have assumed that?

- the overall operating yield is 98% in relation to the T102 involved,
excluding the finiching (surface treatment) etage. This type of

- treatment has already been seen for the sulphate process. With regard
to effluents, it leads only to dilute salt solutions and s small:
quantity of TiOé in suspension.

- The zirconium oxide precent 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 process 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 'I'iCl4 "oxidation" section

. 0.5% of the Ti0, involved is Jost in solid form

.« with regard to the effluents resulting from possible ligquefaction

of the chlorine, these are very traditional in nature and have

been disregarded in the present technical report.

c) Distribution of the different waste products

It hag already been seen in the description of the chlorine process
that the four major sources of waste products are:

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

. Wwaste product 2 - "residues" of the distillation of TiCl4

. wa3te product 3 -~ "venting" from the distillation of the 'I‘iCl4

. waste product 4 -~ waste from the oxidation stage.

The melting and evaporation temperatures of the chlorides of the
different metals meke it possible tn some extent to predict the
distribution of these chlorides in the waste products. Furthermore,
certain hypotheses have been made for the distribution of the losses

of ore, TiCl4 and chlorine.

. Rante product 1
The whole of the Zr02, HnClZ, Mg012, Call

Half of the ore loszes.

o1 NaC1,

. Wautc product 2
The whole of the FeCl3, 41 013, CrC12, NbCl5

The vanadiunm is present in the form of VOCI

2
Half of the ore losses.

« Haste product 3
Tae wiole of the SiCl,, P013 (POCl3)
The whole of the losses of HCl and TiCl,

Fom w4 e
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2 = A, WASTE PRODUCTS CORRESPONDIN? TO NATURAL RUTILE ORE

'QRIGINAL ORE PRODUGT
- NATURAL RUTTLE ‘ 0,1 1 tonne
: % kg
Yield 98% :
40, 96,60  1020.400 ‘ FATAL WASTE PRODUCTS
Fe0 = = expressed as
\ Fb203 0.35 3.696 quantities of wetal
510, 0.35 3,696  (ke)
2x0, 0.65 6.866 : 4, 12,240
A0, 0.45 4.752 Fe 1.219
P,0; 0.05 0.527 Si 1,700
MnO 0.02 0.211 Zr 5.082
g0 0.06 0.633 - Al 1.254
'/ 07,0,  0.30 3.169 - Waste Products P 0.106
V,05 0.66 6.971 o 0,163
. Ca0 0.01 0.105 Mg o 0,380
Na,0 - - cr 1,02 T
X0 - - v 1.874
S - - Ca 0.072
H20 - - Ha -
Co - - S -
c - - Ni -
b0, 0.30 3.169 Zn -
H 0.20 2.113 Cn -
Cu -
Nb 2,352
H 2,119
Total 1056 kg

Typical composition

Distribution of effluents:

waste product 1t 14 kg/t of TiO2 (ZrO2 + various chlorides + ore)
wagte product 23 30 kg/t of Ti0, (+ various chlorides)

waste product 3: 59 kg/t of Ti0, (+ various chlorides)

[£3
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(Benelite type)
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WASTE PRODUCTS CORRESPONDING TO SYNTHETIC RUTILE ORE

ORIGINAL ORE

SINTHETIC RUTILE

%
T102 95
Feo 1G8
Fe203 2.0
Various 162

Corresponding weight of ore:

Waste product 23

Waste product 3:

]

Yield 93¢

S
&

Haste products

Distribution of effluenteo:
Uaste product 1¢ 14 kg/t of T40,,

90 kg/t of Ti0

59 kg/t of Ti0,

PRODUCT

TiOE: 1 tonne

)

FATAL WASTE PRODUCTS

Ixpressed au
nantities of metal
kg)

12.240
22,665

Various

(13.09)

1074 kg

5 -
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ORIGINAL ORE

AUSTRALIAN ILENITE Yield 987
% kg

Tio2 55.4 1020.20
Pl 23.8 438.361
Fbe 3 16,9 - 311.350
S00, - 0.15 2,763
Zro2 - -
A1203 0.94 17.337
P205 ' 0.08 1.489
¥nO 0.72 13.274
Mg0 0.27 4.966
Cry04 0.14 2.753
V’QO5 © 0.17 3.160
Ca0 0,02 0.361
Nazo - -
K20 - - Wante products
S 0.01 0.180
Ni - -
Zn - -
Cu - -
cd - -
Pb, Be - -
Sb, Hg - -

Corresponding weight of ore 1,842 kg

N.B.

The total of the coluum does not

PRODUCT

Ti0,t 1 tonne e

Mg

FATAL WASTE PRODUCTS

expressed in
quantities of netal

(kg)

T4 12,240
Fe 449.513
Si 1.264
Zr -

Al 4.569
P 0.297
i 10.267
g 2.979
Cr 0.848
\i 0.830
Ca 0.252
S 0.180
Ni -
n -
L
Ce -
Pb, Be - - -

correspond to 2,040 kg, as the weights

of each constituent have average veolues related to.different compositions

of ilmenite.

Distribution of effluentss
44 kg/t of Ti0, (2r0 + various chlorides + orc)

Waste product 13

Waste product 23

Waste product 3:

1,339 kg/t of TiO (various chlorides including 1,304 kg of FeCl

76 kg/t of Ti0, (various chlorides)

3)
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3 = Tregtments

A, Bffluents coneidered

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

all cases the installed capacity is small.

Moreover, these units at present use natural rutile, that ié, an ore
very rich in T102 (about 96%), which therefore gives rise to only fairly
minor quantities of effluents.

These two factors mean that the problem of the effluents of the chlorine

process doesd not really arise in Europe.

Nevertheless, the main treatments which can be envisaged in this 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 sulphate process, and secondly
because the possibilitien of development of synthetic rutile or the
poosibility of using a poorer ore may lead to a change in the present

positions.

It may be noted that in the United States, where the chlorine process
is very widespread and where DuPont is said to use a relatively poor
ore in one of its factories, the problem of the effluents of this

process has arisen.

DuPont, which is'the company most involved in this direction, has not
yet succeeded, despite major research efforts and strong economic
incentives, in perfecting the regeneration of the chlorine by oxidation

of the by-product chlorides.

After having envisaged discharge into underground strata, it would

appear that DuPont has 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" umit for the chlorine to be recycled,
a8 these are traditional and not specific to this industry;

~ the effluents corresponding to the finishing 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 tetrachloride and which are sepsrated in
the further course of the process.

Three sources of waste products for this type of effluent and for this
proces3 have been listed. These effluents are identified as "waste
product 1, 2 and 3".

Main processes
The considerations regarding the discharge of effluents into underground

strata or at sea will not be repeated here. 'These eventualities have
already been examined within the framework of the' "sulphate" pfocess

(page 21).

It may be noted, however, that these 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 procesaes which seem to represent a possible treatment for
this type of effluent are ones which enable the metallic chlorides to be
broken down into oxides, the chlorine then being combined to form HC1.

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

- chlorides in Bolution in one case,

=~ 80lid chlorides in the other case.
The companies holding the rights to these processes are WOODALL DUCKEAI

‘and LURGI respectively.
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It should also be noted that the company "CHLORINE TECHNOLOGY Ltd",
which is engaged in the recuperation of ilmenite, is said to hold 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
companied other than those enumerated above are likely to develop

processes which would be based on similar principles.

It may also be mentioned that in the two cases referred to above it is
a guestion of adapting 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

Examination 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 potentially or actually
harmful to the marine aquatic medium.

The degree of harmfulness of the residues may vary depending on their
composition, the method 6f 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 the

other metals (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 physico-chemical characteristics of the

waste products, and especially their concentration;

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

nf its component partis;
b) repulsison and removal of certain species of fish;

¢) reduction of the biomass and of the production and diversity of
8pecies of the benthio and/br nectobenthic biocenoses in the
discharge area, In more serious cases all animal life may

disappear.
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3) deterioration in the colour, transparenocy and turbidity of the water
| and temporary reduction of photosynthesis, phytoplankton and primary
production, especially in cases where the waste is discharged on the
surface. Covering of the sea bed with forric oxides and oxides of
other metals where the waste is discharged in estuaries and places where
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 specigs
from the places where the waste has been discharged.

The degree to which the gbove-mentioned phenomena occur varies deponding
on the different methods of discharge. Theré is not, howevér, a single
case in the scientific literature published or ﬁentioned by the various
experte of the Member States in which one or more of these phenomena haye
not been recorded,

All this leads to the conelusion that discharge into the sea of waste

from the production of Ti0, must be gomtrolled and even suspended within
a certain period in order to prevent damage to the marine environment,
now and in the future.

As gn illustration of the effect of the disposal of effluents of the

TiO2 industry, the results of the "White Book"™ published by France in
comnection with the diacharging of the Montedison company's wasie products into
into the lMediterranean Sem 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 mainly with the physico-chemical changes
(in pH, saturation indices, change in natural concentration, etc.) which

nay be caused by discharges such as those made by the lMontedison

conpany.

1) Three major factors must be considered

A8 has been stated earlier, the waste products are characterised by:

-~ high acidity due to the presence of large quantities of free
suiphuric acid in the effluents: we must therefore assess ilhe
reactions of sea water when faced with the introduction of 330

tonnes »f pure sulphuric acid per day.

« a high content of divalent iron Fe++: the commonest form of

e

iron in the sea is trivalent iron:Fé F thé meohaﬁiSQQMof‘thsﬂ

oxidation in sea water must therefore be considered.

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

chromiun, vanadium, cadmium, etc.

2) Reaction of sulphuric acid
Sea water ig 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, bicarbonatewcarbonate system. It takes
3 milli-~equivalents of strong acid per litre to transform the
carbonates and bicarbonates into carbon dioxide gas and reaéh a pH
of about 6.

On this basis it can be calculated that it takes 12 m3 of sea water
to "buffer" one litre of pure sulphuric acid (pH brought back to a

value of 6 or above).
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It is aseumed (Amerioan'papers) that .15 m> of see water coupletely
neutralise 1 litre of pure sulphuric acid.

On the basis of the above values (330 tormes of H2504 discharged per day)
a neutralisation volume of

L2300 . 2,800,000 n°

is obtained.

In order to establish an order of ggggitgde, the area within which a
daily discharge ia neutralised may be estimated at sbout 30 hectares if
it is assumed that the discharged waste diffuses slowly in a vertical
direction whatever the depth at which it is discharged and that it only
affects a layer of water about 10 n thick (cf. the econclusions of the
C.N.E.X.0, report on horizontal and vertical {remsmissions in the area).

The oxidajgon of divalent irdn into trivalent iron

While seawater has a buffer capacity as regards acide-base equilibria,

the position is different as regards oxidaiionwreduction couples. That
is why it must be assumed that high oxygen demands can only be satisfied

. by utilisation of the oxygen dissolved in the sea water.

If we assume thaf it takes one molaculg of oxygen to oxidise 4 Fe2+ jons
into 4‘F93+ iona, we arrive at thé following caloulations

140 tonnes of divalent iron disoharged per day
need in order to be oxidised:

N

140 » 22
-%% X 5 - 20 tonnes of oxygen

It may be mentioned in this connection that this represents epproximately
the oxygen demand of the sewage of a town with:

20,10°
S = 350,000 inhabitents (1)

(1) This 18 en important point and enables us to relate these discharges
, to those of the coastal towns of the C8te d'Azur and the Gulf of Genoa.
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The available data concerning this area indicate a quantity of dissolved
oxygen of & mg/litre, or 8 g/’m3° The volume of water required for
complete oxidation of the waste is therefore (assuming that the

oxidation takes place near the surface)s:

6

20,10 3
T‘

= 2,500,000 m

(It will be noted that there is a fair degree of similarity between this
value and the volume required to "buffer" the effluent, although it is

necessary to emphasise the approximate nature of the above two calculations,

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

= It would however be misleading to picture an actual volume of 3,106 m3

affected by the sulphuric acid: in fact, only programmes of
measurements carried out on the Spot can permit a more accurate

determination of the volume involved, which is probably smaller owing 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 diluition phenomenon tekes 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 discharges and in the North Sea or in
New York Bay represent a slow oxidation, which never reduces the oxygen

gaturation index of the area by more than 30%.

It is therefore logical to assume that the discharges of waste products

cause the formatinn of a mass of water with a small oxygen deficit, but

nuch larger in volume than has been envisaged.
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4) Role and behaviour of the heavy elements such as chromium, vanadium,

cadnium and titaniun

It has been thought necessary to devote a paragraph to recalling
certain overall data concerninglthe presence and possible role of
‘such elements, which have recently led to the adoption of some
contradictory attitudes. -

1 = It must be recalled 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 Ivanoff (1972) in the
following comparative table.

Elementa WEight present in = Concentration in Weight present in Residence $ine in

1 kg of rock . 'sSea water in 1 kg of pelagic the sea in
(average) in mg ng/1 sedinment in mg years (1)
s 275,000 3 199,000 - 8 10° - _
A 88,000 0,01 65,000 100
Pe 52,000 0.01 41,000 140
Mg . 22,000 1,300 17,000 4.5 107
™ - .. 6,300 0.001 3,500 160 -
i 930 0,002 3,200 1,400
v 120 0.002 330 0. 4
cr 65 0.00005 80 350
. ca 0.5 0.0001 ? 5 10
. Pb : 15 . 0,00003 160 2 10d

(1) The "residence time" of an element in the sea is equal to the average time for
which this element remains in the sea water before disappearing by sedimentation
or biological absorption. A short residence time for an element which is
assumed to be toxic (a favourable factor from the overall point of view) is
therefore not a reassuring criterion from the point of view of the consumer
of the products of the sea, insofar as this rapid elimination is partly achieved
thanks to concentration phenomena in the biological chsins,
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It will thus be seen that the chemical composition of rocks is fairly
close to that of sediments. On the other hand, the relative composition
of sea water is entirely different from that of the earth's crust, a
fact which implies the existence in the sea of processes which limit the
eoncentration 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 ocertain 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. (Many 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, representing
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 yoars. By its characteristics it is closely
akin t» the three most abundant constituents of the sarthts cruat:
silicon, aluminium and iron. Titaniua is regarded as physiologically

inert.

The trace elements, hexavalent chromium (1) and above all cadmium are

well=known for their toxicity. Vanadium would also appear to be toxic,

(1)

Chronium is harmful in its hexavalent form, but in the sea it is quickly

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

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 yét\relatively little literature on this point.

3 = In order to give a clearer idea of the actual scale of the trace elements

discharged with the waste products of the Montedison company, it was

therefore thought worthwhile, on the basis of the foregoing information, to

prepare the following table:

Elenments Weight present in 3000 ¢

Wéight'breaent in the 3000 t of

of rock in kg waste products from the manufacture
of 150 ¢ of Tioz/aay
(ke)
Fe 156,000 145,000
Ti 18,900 7,800
In 2,790 1.750
v 360 710
Pb 45 30
cd 1.5 30
Cr - 195 100

This table brings out the similarity which exists between the quantities
of heavy metals present in the waste and in tho same weight of rocks;
but this similarity is relative, because it must be pointed out that the
effluents contain venadium and cadmium in larger proportions than thé,'

rocks.

Such figures do not warrant the dfawing of dny conclusion regarding the

direct .or induced toxicity attributable to hoavy metals in the waste
products: part of these is dissolved in the liquid effluent, which is
not true of those which are contained in rocks.

‘.
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When the offluents are diluted, a large proportion of the metals
precipitate in minerel form and produce a sediment on the sea bed.
The phenonene of indirecct toxicity are bound up with the two portions

(dissolved and precipitated) of the metal sclts in the waste.

The comparison made is thercfore only of overall value, being
quantitatively valid in relati~on to the geochemistry ~f the whole of

the Ligurian basin. It should furtherrmore be recalled that this area
naturally receives quite substantial quantities of heovy metals naturally

entrained by rivers as the soil is washed and ercded.
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CHAPTER VI - STUDY OF THE BIOLOGICAL EFFECTS OF
EFFLUENT DISCHARGES

The differcnt asrects o tre problen
" The study of the possible effect of the discharging of industrial

effluents into the sea is an extremely complex matter. For this

effect has two different aspects:

- a short-term effect by direct or "acute" poisoning, which can aven
lead to the killing of living beingé in the immediete vicinity of
the discharge arca. In the specific caise of the waste products of
Hontecatini HEdison, this effect will be mainly due to their hinh

sulphuric acid and iron content.

-~ an indirect long-term toxic effect by the zccumulation of cartain
elements in food chains. Thia phenomenon docs not neceasscrily lead
to md jor disorders in marine life itoelf., Probleus may arise, however,
at the level of huaan cousumption of fish or molluscs which have
accunulated high contents of undesirable elements in the seographicnl

area of the waste diccharges.

In the cose of the discharges of the llontedizon company, their indirect
toxicity may be due to their content of hecvy ametals: titanium,
vanadiuﬁ, cadmium and chromium.

For the purpose of studying the biological influence of the waste produvcts
it is therefore necessary to distinguish between these two main directions

of investigation. They can be covered:

- b& biologicdl observations "on the spot"

~ by laboratory experiments.,

‘“
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The studiee of direct or indircct toxicity carried out in lzboratories
arc all bosed on observations of the bchaviour of morine plants or
animals placed for feoirly long period3 in variable concentrations of
the effluent under test.

It iz important to cmphasise this "time” aspect ot the outnet, since

in the natural environment o certain 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 ol effluents,

Mary investizations have been made into the toxieity of the waste

products of the lontedison compeny or of sinilar waste.

The resulss at present Imown will be given, in the light of the

foregoing, under the following main heeds:

- analysis of the short-ternm effects

- analyais of tho possible long-term effecis.

I - THE SHORT-TER LFTECTS

1) Data on the behaviour of the marine flore and fauna in the vicinity

of the dischearges

a) Behevigur of macroscopic smimals

It is important to cmphasise this point, which may have led to

nisuwderstandings in recent months: it has never been poasible

t0 obgerve in the discharge zone any abnorumel mortality of

macrosaconic animals such as fish, melluscs or marine marmals.
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Furthermore, none of the various reports of the five missions
carried out on the spot by French techniciant mentions the presence

of bodies of animels on the surface of the water.

With regard to the stranding of sperm-wiieles and cetacesns which
has taken place fairly recently in the Mediterraneen, the con«
clusions of the report of the Iunstitut Scientifique et Technique

des Péches Maritimes are as follows :

- "With regerd to the strandings of cetrcerns in Corsice, we hrve
been ablé to analyse the muscle 2nd fat of a sperm-whale stranded
near Bonifaccio. It nppears that the mercury content recorded

is high (about 4 mg/kg wet wo-ght), but the fzet that the content
of other heovy metals is in noy woy sbrnormal suggests that the
Montedison waste products, . :ich do not contnin mercury, are not
the resson for the death ot this animal. The high mercury content
may be atfributable to the waste producte of the chlorine industry
discharged into the Gulf of Genoes and to tre discharzing ot ser of

tke waste {rom mercury mines."

Furthermore, examination of the various foreign reports madc on
dischsrge locations in the North Sea or New York Bay iead to
identical conclusions : no deaths of pelagic or even benthic
fish (although such discharges are male at depths of 20 to 30 m)

have been reported in the arscs in questions

It seems likely that the macroscopic animals in the immedizte
vicinity of the waters wherc Sue effluents are most concentrated
fles from them -and thus escebe the imrediate toxic effect of the
waste;‘thé‘ﬁrébébiiity of mforéécbpic animzls being dircesly
engulfed in the waste dischiryes and affected by their acute
toxicity is, morecover, likely to be low. Only additioncl

17
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experiments could make it possible to establish, on the basis
of an amount of data lsrge enough to be statistically processable,
whether or not the fish stocks heve apprecisbly chenged in the

discherge area.

Behaviour of plankton in the discharge ~ros
It will easily be understood thet o study like this is difficult

to carry out on the spot for purely technical reasons. It is

therefore discussed in much grester detzil in connection with
the presentation of the results obtained in the l-boratory:

it should moreover be noted that plankton does not possess any
reans enabling it to flce from the dischesrge area: the laborateory
study therefore gives an acceptable representation of the actual

behaviour of plankton in the medium.

It is, however, worth while mentioning the conclusion of en
lmericen study mele on the discharge of similar woste products

in New Yerk 3ay.

The National Research Council of the National Academy of Sciences,
Fish snd Wildlife Service, mentione th=t ... "zoopluonktonic
crgrnisns were immobilised by exposure to the effluent. But they
generzlly renused their activity and appeared normal after two

or threc minutcs, even vhen remaining in the contemineted

water.

Specimens nlaced in samples talzen from the wash less than one
mimute =fter the passage of the lighter did not react. As soon
es this water had been diluted half-znd~half with uncontaminated

sec wrter thoy reacted snd started to swim about again'.

It will be noted that these exneriments carried out "in sifu"
do not provide eny accurste experimentesl data (concentration,
epecies observed ...), but they lead us to cxclude any immedirte
lerge~scele nortality of zooplanicton in the wash of the lighter

wiich discharges the effluents into the sea.
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Be that as it mey, this study concludes that "the volume of acid
wrter of easch discharge is so snall compered wilth the water
available thet the effects on the zooplankion and phytoplankton
will be negligible".*

2) Experimental data on the behaviour of marine flora and founa ..

with differcent concentrations of the effluent

Determination of acuie toxicity thresholds

- e W s e - am am wa e we e ev Bm Ae

Maritines

Measurcments of acute toxicity wcre madc on the following

merine oresturcs:

1 phytoplanktonic alga ¢ Phacodactylvm Tricornutum

1 zooplankionic crustacean ¢ Artemie Salina

3 lamellibr~nch melluscs : Ostrea Bculis (oysier)
Cardium Edule (cocl;les

liytilus Edulis (mussel)

1 gasteropod mollusc Littorine littorca (winkle)

Crangon oerengen (shrimp)
Palccmon scrrciuc (prawn)

2 orustacerns

2 firsh Ponatoschistus minutus
Elvers {post-larvac of

Anguilis Anguilla).

.o

The experiments were verfommed on lots of 10 animals in glass
crystallisers with e cenacity of 4 1, each of which received
2 1 of solution., A suiteble aeration wes maint:ined by
bubbling throughout the period of the tests.

The dezd animals were removed and the cumulative mortelity
percentages aftor 48 and 56 hours were recorded.

* N.B. Translator's note: These two quotations, re-transleted from the
French version of the report in questio.n, should be checked with
the Englich original.
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E@sultg

The growth curves of Pheedcctylum tricornutum for the

different dilutions of the effluent are given in Fir. 1.

We firnd 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 spproximately 65 %

of the growih of the reference culture.

A dilution of 1/3000 corresponds very noticeably with the
concentration which reduces the growth of the culture by
holf, or the ID 50.

Lastly, dilutions of 1/2000 =znd 1,/1000 appear incompstible
with the developmont of Pheedactylua dricormutum. DBut it
would appcar that the pH velues of the culturcs a2t thess two

dilutions cire largely responsible for the absence of growth.

The cumul-~tive mortality percentages after 48 and 96 hours are

showm in Fig, 2,

We observe thuat the Artemiae siiow the greastest sensitivity,
since 45, 50 and 100) of the population die at tho
dilutions of 1/3000, 1/2000 snd 1/1000 respectively after

C6 hourg,

Shrimps and the two fish tested are =lso sensitive, because
the dilution of 1/1000 causes the death of the whole of the

populctions efter 96 nours.
Lagtly, for Paleemon scrrsius, Ostrea edulis, Cardium edulis,
Mytilus edulis and Littorina littores, no mortzlity ic found

at the 5 dilutions tested.

e can therefore conclude that the effluent is acutely toxic
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Fimre 2 : Percentrge mort-lity ot 40 and $6 hours depending on the

n——Ccnaeat————
dilutioca of the effluent.

1/10 cco0  1/5 000  1/3 000 1/2 000  1/1 000
45 h 0 0 4 4 100
Lrtenia
salina
96 h O 16 45 50 100
48 h 0 0 0 0 0
Palaemon —
8 atun
errasu <6 h 0 0 0 0 0
48 1 0 0 0 0 66
Cr:zngon -
crangon
06 h 0 6] 0 0 100
48 h 0 0 0 0 0
Ostrea .
odulis
% h 0 0 0 0 0
48 h ¢ 0 0 0 0
Cerdium
. edule — - - -
56 h 0 0 0 0 0
48 h 0 0 0 0 0
iytilus ——
edulis
%6 h 0 0 0 0 0
43 h 0 0 0 0 0
Littorina
littorea
96 h 0 C 0 0 0
48 1 0 0 0 0 100
Pormgtoschistus _ . ) L
pinutus
36 h 0 0 0 0 100
Blvers 28 h 0 0 0 0 100
I},]’l{;’lill E" i i e i i e e e I R e T N s
Ui 12.’, -
PGS Gk e 0 0 o 100
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for concentrstions ranging from 1/5000 to 1/8000 (the latter
concentretion not being fatal to the organisms but retcrding
the growth of some of theia).

Results provided by the Centre d'Etudes et de Recherches de

- - o - an ow e - am S ww ew ew - g e e e

Biologie ef d'Ooéenographie Nédiceles (C.E,R,B,0.M,)

- e oo wm’ pm

The work done by CERBOM revesled toxicity thresholds of the
same order of megnitude as those observed by the I.S.T.P.H.,
i,e. varying toxicities for concentrations of 1/1000 to
1/10,000 (see the results below). It should be pointed out
that the toxic dilution of 1/35,000 is recorded for the most
sensitive fish, but after a stey of 10 days in polluted weter,
which represents srtificial conditions,

Results

1, Pelagic type chain :
- Phytoplaniton * : Asterionclla japonice 1/1,000
- Zooplankton ¢ Artemia sclina 1/1,000

- Pish : Carassius suratus 1/2,000

2. Benthic type chain
- Marine bacteria : between 1/1,000 and 1/10,000
- Annelida : Nercis diversicolor: sbout 1/2,000
.~ Fish . : Labrus bergylta 1/16,000

3. Neritic orustacecn type chain
"= Por marine becteria the thresholds hed been dotermined
during earlier experiments,
- Molluses : Hytilus edulis ¢ sbout 1/8,000
~ Crustaceans : Leander scrratus 1/2,000

4, Neritic mollusc type checin

- Phytoplankton : Diogenocs sp ‘ 1/2,000 to 1/3,000
- Melluscs : Mytilus edulis 1/8,000
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Interesting studies have been mode in New York Bay by the

Woods Hole Oceanographic Institution, HMassachusetts.

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

the discherge area; the results cre summarised as follovs :

"The experiment on the development of phytoplankton did not
show any significant effect on the growth of phytoplankton
for = concentration of 1/10,000,

After 12 doys both the culture in the dilute effluent and
the reference culture showed an increase in the number of
cells of the some order of magnitude, without any apparent

charge in the diversity of the species.

The studies of chlorophyl o cnd of carbon pcriicles confirm
the above results,

Taere does not appear to be any effect on the survival of the
ezgs or the Cevelopment of the copepod "pneudodiaptomus
coronatus" in soiutions with concentretions of waste acid of
10-5 and 10-6 by volume, At these concentrations the period

of kevelopment from the egg st-ge to the odult stege in filtered
and unfiltered effluent was 13 to 14 deys, wheress the reference
in sea wetor (water from the Woods Hole bridge) indicated 13
days. In the s-me experinent, bubt with wn -cid concentrotion
of 10-7, the cgos dit nod hrich, high mortolity of nruplii wes
observed, or the period of developient frou the egg to the rdult
was lonser then thot observed in the reference somple. _Owing"
to the fret thet the nauplii end the adulis displeryed, when
ex~mined, en cccumulation of iron on their exo-skeletons rnd
their sppendrges, filtered waste ncid wes used in rnother series
of rnclyscs during which the mort~lity ond development times in

eech of the 10-% woste neid concentretions ~nd in thc veference

concentration were comparel. In two of these solulions no copepod

reached the adult stege.
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In the two others the development '!;ime; was lengthered from
3 to 7 days in comporison with the times observed to be
taken to reach an identical degree of evolution in the
reference sample from the Woods Hole bridge."*

¥ N.B. Translator's Note : Here t'oo, compare this re~translation
Wwith the English originsl,

A
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4) feute toxicity thresholds
It is obviously difficult to draw any finel conclusions from
results of studies carried out on different organisms under
conditions which are sometimes dissimiler; moreover, some

figures put forward displcy relotively large discrepancies.
The results 28 2 whole can, however, be summzrised as follows :

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

~ with regerd to zooplenkton, the toxicity threshold is for
dilutions of 1/2,000 to 1/5,000. However, certain stoges
of development are sensitive to dilutions doun to 1/100,000

(imerican experiment);

- for molluscs the rcsults diverge ~nd, in the worst cose,
give toxicities for 2 dilution of 1/8,000;

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

- lestly, the growth of marine becteriz is normal for a
dilution of 1/10,000. ‘

It cen therefore be concluded that the direct toxicity effects
of the effluent only appear below a dilution of 1/10,000.
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3) Estimote of the direst cou syuence of the dischcrmes on m~rine

fauns and florc (The effect of sludge-type waste is excluded
from the calculations)

It appears that ¢ certain proportion of the "biomsss" (total
bady of living metter) is affected by the direct toxicity of the
waste products when these are insufficiently diluted, Part of
the food stock of the zone in question can thus be affected.

It is risky to attempt to make a precise estimate of the annual
loss of living matter due to the weste products; as has just

- been seen, the toxicity thresholds very depending on the snalyses
made, and it is also necessary to make esssumptions concerning the
diffusion of the waste products, the primary productivity of the
ares, etc,

Nevertheless, it is poseible to make the following estim~tes :

z) Phytoplenktonic productivity in the dmcharge area (Erimrrz
groductivit « P

s The only deta which we possess concerning't'herzone were
published by Kondrstieve (1970). Primsry production wes -
about 5 mg of carbon per rn3 per dey at the surface, in Harch
1968. This value, with those of the other ststions on the
Ligurian Sez, is one of the highest ‘that the author has been
able to obtein from the various measurements which he has meade

* throughout the Meddterranean. It seens, however, that
Kondra.tieya's resu],‘l;s are suspect in terms of absolute vzlues.

It seems more reasonsble to acocept the figures of Mines (1960)
relating to the Leboratory Buoy (42° 47' N,7° 29' E). 1In
these, emnual primary production is estimated at 76 g of

carbon per m (aggregate production for the whole dep’th)
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b) Estigste of the loss of primary productivity due to the direst

On the basis of » discharge of 3,000 tonnes of effluents per
day (or about 2,500 m> with density of 1.2) it is found that
the volume necessary to dilute the effluent 10,000 times is
25,000,000 m3. (It wes not possible to meke allowznce, in
this estimrte, for the screening offect of the sludge
discherge.) In vicw of the frct thst the horizont~l rates
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of diffusion rre much ligher then t.e verticel retes, it can
" be assumed thot the thicl:nesé of the volume zffected iz less
than 70 m (limit depth of the euphotic zome (1)). If it is
assumed that in the 0 - 70 m zone primecry productivity is
independent of depth it will be seen that, for a depth of
‘ 0 m af‘fected. by the discharge, the surface area affected
by insufficient dilution of the effluent is 360,000 mz or

36 hectares.

"It is necessary to make an assuption here regarding the time
which the waste products take to dilute down to the threshold
of 1/10,000: if we assume that in one day the medium reverts
to normel conditions (and therefore that the waste products
of the next day will be discharged into a zone which can be
regarded as intect), it can be assumed that throughout the
year 36 hecté,res will be permenently lost for the production
of the zone.

Taking the primary-productivity figure adopted in section 2sa),

this represents a loss of :

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

If, furthermore, it is assumed (figures teken from Riley and
Skirrow) that 10 grammes of biomass correspond to 1 gramme of
organic czrbon, we obtain & loss of primary productivity
(phytoplanicton) of 273,600 kg per year.

If, lestly, it is assumed that 1000 g of phytoplankiton mzke
possible the growth of 10 g of planktonivorous fish or of
1 gramme of cernivorous fish, this gives an annual loss of
halieutic resources of the order of several hundreds of

kilogremmes per year.

(1) Zone where photosynthesis occurs, A lens- shaped region of high
productivity is located not fer awsy from the zone. The depth of
this would appear to be 150~200 m,

14
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The argument is based on a number of porameters which are
difficult to zssess and are cbviously arbitrary in nature.
Even allowing for mergin of error of about 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 recelled, however, it was not possible to tcke into
account the role of the waste product discharged; it would
certainly be negligible, in view of the presence of a high-

productivity ares 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 m~de at the site of the discharges

in New York Boy, which lead to the conclusion that the loss

of halieutic resources is negligible.

This judguent needs, however, to be qualified by "on the spot"
observation of the effect of the discharges on local fishing,
and by discussion -~ on the following pages - of the long-term
effect of the wnete products dischorged from the point of view

of accumulation phenomensz.
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. SECTION II - THE LONG-TER. EFFECTS

We have already touched upon the importance from 2 paysico-chemicel
point of view of the introduction of the hecvy metesls contained in the
effluents,

We must now examine whet are the possible biologicrl consequences,
of the accumulation of these elements slong the food cheins. These
consequences can be studied in two weys :

- the first consists of the reproduction, in vitro, of phonomenes

of chronic poisoning;

- the seéond, more promisiné wey consists of on-the-spot observetion
of thé content of undesirable clements in animels fished or
gatherod in the geographical arez of the discharges in order to

rew conclusions cs to the dangers entailed by their ingestion.
This approach must 21low for the extreme variability of the
results obtained =nd be based on a sufficiently large number of
analyses to bring out clearly the effecct of the waste products
themselves.

It would seem useful first of all to recall gome deta concerning
the phenomene of concentretion of the elements encountered in the

effluents.

1) The "netursl" accumulstion processes

=) The diffevent contents observed in_the netural medium

Ls hes been emphesiscd elsewhere, titanium, chromium, vanadium
end cednium are naturelly present in sea weter, in extremely
sm2ll proportions.

The notural trzces of these elements are concentrated by certain
organisms.

r‘.‘
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Thus the following contents have been observed in New Zealond
bihalve organisms (Brooks and Rumsby, 1965, quoted by Horme).

Average conmtent in ppm (ug/gramme) dry weight

Scallop Oyster Hussel
Iron 2,915 680 1,960
Chromium 10 3 16
Venadium S 3 5
Cadmivm 250 35 10

Similarly the following proportions are found in the flesh of
certain marine organisms {ISTPH figures quoted in the GIPU
report, 1573). ‘

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

algae: 0.0006.

Date concerning the content of titenium, venadium znd aluminium

in marine organisms are more rzrely found.

Informs:l;ion‘from CeE.ReBe0.1i. meniions that :

"in the specialised literature it is assumed that for non-polluted
fish, titcnium and venadium are not detectable; with regard to
aluminium, the average proportions zre of the order of 10-6 g/g
dry weight of fish".

The acceptable doses in foodstuffs cre :

1 mg/kg of fish g
for coduium (fresh weight)
5 mg/kg in wolluscs )

0.1 mg/lce: in certzin foodstuffs for chromium,
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{ISTPM figures mentioned in the GIPH report.)

With regard to titanium aond vanodium, there do not appesr to be
any national or intornational stendards of toxicity. ¥Furthermore,
there are no results to be found of work concerning the toxicity
of these two elements, which up to now have not been the subjiect

of many publications, '

Profescor BRISON mentions, in & letter addressed to the CIESH and
pessed to us by the Chairman of the "Campaign ageinst anarine
pollution" Coumittee of that international organisetion :

"Titaniun salte are in themselves harmless, since they are insoluble,

with o few exceptions (bromides, chlorides, fluorides, iodides...).

The solublc sclts are very unstable and rapidly decompose in the
atmosphere. In the pure stcte, soue of them 2re regarded as
irritants, but this hes nothing to do with the present subject.
The most recent trestises on toxicology state that no coge of

peisoning b titanium or its s-lts is known.  Titanium oxide is,

as everyone knows, widely used for thercrpeutic purposes. It is
administered in very heavy doses, severesl tens of grammes per dcy.
Coirre titenium containe § g of titaniun anhydride per 10 grammes
and 2 to 3 doses per day, i.e. 30 grammes, are absorbed.
"Bismutitane" containe 7.4 grammcs of titanium anhydride and 2.5
grammes of bismuth sub-nitrate per 10 grammes; here zgain one

or two doses are taken poer day, mal:ing about 20 gremmes. For

my pert I use these products o lot and make up many prescriptions

for then.

Titzniuvm oxide is included in the composition of many ointments,
the best known being "Métatitane". The sulphate mentioned (in
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the letter from Mr, PAOLETTI (1)) is both insoluble and unstcble,
and the snalyses presented in the Itslian popers show that it hes
a high content of H2504 and iron sulphate, but obviously the
sulphuric zcid is imnediately diluted and neutralised when it

reaches the receiving ses wotord
However, a document provided by CERBOIT mentions that :

"Russian works have shown thot ingestion of titanium (TiC13) in
the orgenism of rabbits (2 mg/kg) led after a certoin period (129
2ays) to certein metabolic disturbances. Other disturbances are
produced by the ingestion of 0.05 nmg/kes of TiCll., In the same
document attontion is drawn to met~bolic disturbences resulting

from excessive ingestion of wvonadium,"

2) Studies of czccunuiation and induced toxicity carried out in laoboratories

a) Report of the I.5.T.P.Ii,

£t the date of publication of the first report of the I.S.T.P.li.
(Fobruary), only cne short experiment on concentrction phenomena
had been performed; the onimzls surviving after four dcoys in the
effluents of different concentrations ond the reference animels

disployed no detectable differences in their content of iron and

cadnium,

A much longer investigction {scheduled to extond over 3 to 4 months)
is in progress: Artemia Salina will be grown from distom cultures
in an effluent diluted to 1/5000, end the Artomia Solina will itself

(1) An expert of the Itali-n scientific commission.
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. be used to feed shrimps and also fish. The results of this

study will bo known in June.
Regults fror CLRBOY

As_CONCEHTRATION PHENOMEIA

CERBOM succeceded in mersuring the phenouen: of induced concentr-tion
by recongtituting in the l-borefory four major aliment~ry cheins of
the ccecn envirommont: +the motliod employed consists of breeding\
the elements of the four chains in tenks combaining varirble dilue
tions of the effluenis. Bach climentory stape which has thus
possibly accumulrted the undesirsble subst-nces from the waste
notter serves os food for tho hisher stage, which itsclf is plnced
in o dilute solution of the effluent, Lestly the cffoct of the

concentration phenorens on the fincl consumer (mouse) is tested.

The resulis reported by CERBO.. are rs follows :

"1) Weritic crustrccan chein, consisting of micro-organisms,
molluscs, shrimps (exposurc to poisoning for 2 weeks for each

of the noaponents):

~ The molluscs (musscle) hrd titanium contents ranzinc from
2 40 4 ug/g and venrdiun contonts remging from 0.5 to 1 ug/e,
‘herces the reference samples hed titenium contonts below the
dctection limit and venedium contents of rround 0.1 ug/g, the
concentretion factor being 6 to 13 for titeniun and 80 to 170
for vronadium, in comprrison with the.contents of the tested

polluted water..

- the crustacesns (shrirmps) Lrd contents of 5 40 7.5 ug/s of
titonium and 2.6 to 2.9 ug'c of venadium, whereas the reference
srnples showed no detectoble conbent of titoniun cnd contents
of 0.5 ug/g for anedium, the concentrstion in cowmporison with
the tested water beinr 16 to 25 for titrnium snd 430 to 450 for
van-diun. (The degrec of dilution of the effluent wes
1,50,000, )
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2) Benthic chcin consisting of micro-orgenisms, annclida and

fish which hed lived in a tenk in o 1/50,000 dilution of
the efflnent for one weck in the cesec of the micro-orgonisms

and annelide and for two months in the cesc of the fish:

- The canelide conmtained from 25 %o 65 ug/g of titaniun and
from 1.5 to 19.5 ug/g of vanadiun, wherces the contents of
the refercnce semples were respectively 1 ug/g of titanium and
en undetoctable proportion for vonadiume The concentrotion
Tactor ranges between 400 and 1,000 for titenium and between
1,250 and 2,500 for vanadium in comparison with the contents

of these metals in the tested water samples.

~ The benthic fish (blennies) conteined from 0.3 to 0.6 ug/g -
wet notter = of titenium ond between 0.5 and 1.1 ug/s of

- vanedium, while the refercncce semples' contente were below
the detcctshle linit for titeniun and 0.3 ug/p for vemadium,
so that the concentration factors in comparison with the
polluted water were 5 to 10 for titenium and 400 to 600 for

vansdiume

3) Pelegic chain composed of phytoplenkion, zooplenicton {exposure
to poison for a period of 8 deys) and fish (exposure for 15
days)e Dilution tested : 1,/10,000.

Titaniun contonts ranging from 6 to 16 uz/g wet natter, and
contents of 1.5 uz/g of vanadiunm were observed in fish, whereas
the rcference sariples showed no dotectable content of either
titanium or vonadium, the concentration retios being of the
order of 20 to 55 for titrnium and cround 250 for venedium in
conparison with the concentration of these metals in the toested

water.!
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4) Neritic mollusc chein

The concentretions obscrved ore not included in the results

reportod.

The results obteined at CERBOIN thus confirm those mentioned
in sub-section II-1) with regard to the possibility of
accumulntion of vanodium and titr-nium.

On the other hend, no indicntion was given by this orgenisution
concerning the possible ecownuletion factors of chromivm and
cadmium,

B. With regerd to the induced toxicities observed in vitro, it should
Ye noted thel no phenomenon of this iind wes found. during CORBOM's
experiments; while the same oxperiments performed on other
industrial effluents (effluents of paper mills end of ceramics
foctories) haed in frot led to the de~th of the finel consumers
(nice), no nmertality was found =t this strge by CERBOIl, which

concludcs:

"No acute toxicity was found at the level of 4ae finzl consumer
aftcer the successive consunption of the last stages of the four
mcrine trophodynemic chains.,”" The ssme' docunent strtes, however:
"althovsh, in the medium tern, thcfé were no lothrl nanifestotions
in the l:nd-besed concumer, lmmouledse of the long~tcerm effects

of cortain of its constitucnts docs not exclude the possibility
of delsyed pzthological neanifestotions®,

3) Observetion of the heevy-metal contents of the merine orgenisms

collected in the discharme arco.

We do not at present hove many results of this liind. Only CERBOM
roports on two serics of analyses: the first concerns fish provided
by the Veterinery Services Department of the Ajrccio Prefecture (the

place where they wore causht is not steotod); the second concerns
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fish sont by Bestia fishermen as having been caught north of Cap Corse,

CERDOI remcrks in this comnection that it did not itself srrencc for

ticse two scmples to be teken, which mey introduce artefocts.

The results of thesc analyscs are ns follows @

FISH SUPPLIED BY THE VETERINARY SOURVICES DEPARTIUENT OF THE ;

i
AJACCTIO PRTFECTURS ¢
Samples Titanium Vanadium Alvminium %
:
nuscle N.D. i 4 1.35 :
Com o intestine N.D, H.D. 6435 ’
Sea DA% 1iver N.D. M.D. 536 :
henrd N.D. .33 6.30 ’
mascle N.D. F.D. 1.24 *
o intestine N.D. 2,47 ¢, 87 ‘
Bea-bream  yiier M.D. 1.D. T.46 g
heod N.D. . 1.93 ©5.90 i
ruscle M.D. Ii.De 1.39 '
Ao intestine H.D. 1.63 2.45 :
creen lives N.D. L.D. 14,92 if
head N.D. 2,06 6.18 ;
FISH PROVIDID BY BASTIA PISHORITHN AS HAVING BEEM CAUGHT » ‘ '
NODTH OF CAP COSE T;
g
Sonples Titoniun Vanadium Aluniniun :

) muscle NaDe N.D. . .79
Ray intestine N.D. ¥.D. 1.44 j
Gills N.Dn N-Dc . ‘!}'! 94- Z’\
Sword-fish muscle 1.50 1.50 110 !
Octopus tentacle 8.45 N.D. 84453

¥.D. = not detectable. :
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"It uill ho notod thet titoniwa is not detecteble in most of the
srmples, except for thoe sword-fish muscle and the octopus tentacle.

On the other hand, while all the cdible prrts of the animals (excopt
for the sword-fish) contain no venadium, relsiively hish contents of

this element ere found in the viscera end hesads,

Thesé first rosults may sppear sisnificemt., It is extremely difficult,

however, to drew any definitive conclusions from them.

A certain munber of points require more thorough considefation:

1) The literature rorely cont~ing contomts by orgems but rother average
contents for each orgoniem: the proportions of vansdium and titanium
40 be consideved for o comprrison with other results should therefore
be corrected by nveraging the results found in the viscera and hecds
with those'for the muscleé éf‘thc fish, . ' - S

2) ilorcover, it is rether difficul% to explein the high aluwzinium
contents found in the different orsanisms; there is usually little
information aveilablc on the concontration factors of this elément,
vhich incideniclly does not appesr in very lerge quantitios in the
cfflucnits,

(3) As has olrendy been omphasised, therc is at prescnt o shortage of.
overall data on the actual toxicitiecs of titenium end venedium.
It would therefore be uscful, as a first stage, to cxamine the
- proportions of cedmium and chromium contained in morine organisms,
as the contents of thesc elcments have already been the subject of
detailed investigetions lecding to the ostablishment of>s£andamds;
knowlodge of the contents of titenium and vanedium, while
interesting in itself, does not at present onable one to ostimatou
the possible denrers of consumption of merine procducts, owing to
the lack of rcference data on the proportions contained in cnimels
collected in unpolluted arcas of the Héditerranean.
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N.B. Further resulis were reported by CERBOI in a communicction
coted 10th April 1973.

«ss "but, furthermorc, st the request of the Veterinary Scrvices
Depertnont of the Prefecture of Corsica, we have carricd out a,
scries of mersurements on Fish cought off Coirsica waich have
becn sent to us rerul-rly for the lest fou weeks, These sruples
cncbled uvs to find average vilues of 0,42 titanium, 0.51 for

vanodiwa and 0,40 for morcury (microgramac/sroume - wot woight),

This study is in progress at present. We shell lzecep you iaforred

of the resulis obtaincd subucquently.

The followin~ two points may be noted

£T)

1) The titeniwn contents ore hifher then provioucly, while the
w3

vonadium contents, prescated cs average wvolues, correspond to

the precicus values.
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2) The nercury contents, althongh hish, remsin below the acceptable
thresholds, In wiew of the f~ect thet there hes nover up to now
been eny report of the prescnce of mercury in the efflucnts, it
appears difficult at preseat to link the contente observed with

the Italian dischorses.”
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SECTION III - ECOLOGICAL ASPLCTS - CONCLUSION

The analysis of tho scicntific and bibliogrrphical deta compiled in
‘en effort to gein o clcarer idea of the details and effzcts of the
waste products dischrreged by the liontedison company encbles us to

draw some conclusions.

The industrial waste products in the sec displcy an appr‘ccirble
direct toxicity due to their acidity end their iron content,
which couscs, in the walie of the discherging vessel, ieee in a
limited volune of water, the discppearsnce of tho species vwhich
are uncble to flee or vhich cannot withstand 1/10,000 dilutions
of the offluent in the nodiwm (this beinz the throshold vnlue
obtained for prelonsed stoys); plankton is probobly the main
victin of this mocde of polsoning, althoush the estimrie of the
quantities por deoy affocted by tlhe weste products resulis in

low values when measured in the Ligurirn Sec.

It has not so frr been possible to denonstrate the residucl
toxicity of these waste products, i.c. the homfulness which
may result in the long run from the system~tic introduction
into the medium of the heesvy netals which they contein.
Chemical anclysis of the waste products hes shown thot they
did in fact cbnt cin sm-1l proportions of residual toxic
substances. The studies carried out in vitro have enabled

{the possibility of waccumulation of these substances along the
alimentery chein to be demonstieted. Furthermore, the prosence
of residucl clemonts in certajin fish tolen from the discharge
arec would appeor to confirmm this observetion, althoush
rosponsibility for the prescnce of thosc substances in the
enimals collected crnnot with obsolute ceriainty be atiributed
to Montedicon waste products. It should morcover be recalled
that it hes not been possible to date to prove the chronic
toxicity of the substances conteincd in liontedison's industrizl
waste products cven in the laboratory.
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However, in view cof the absconce of definitc conclusions on this
point, vigilance is crlled for wntil such timc as the
rgenisations vhich are at present still cnpaged in long-tormn

xperiments melse known their results.
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The production capacity of titanium dioxyde factories in Europe of the Nine
is 840.000 tonnes per year (tpa). This represents 39% of world capacity
(2 175 €00 tpa) and is divided up as follows :

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

Facotring discharging into the Channmel or the North Sea account for 727 000 tpa
(87%) and factories discharging into the Mediterranean account for 50 000
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 estueries or on the open
sea @
4 100 t/day SC,H, expressed as 100% concentration
3 000 t/day FeS0, . TH0 (ferrous sulphate)
1 300 t/day FeS0, discharged with the "acid waters (SO4H2)

(2) in the Mediterranean :
335 t/day SO4H2 expressed as 100% concentration in the
form of neutralized products (2 600 t/day)
580 t/day Fe 80,TH,0 are at present stored on land.

A whole series of ecological pollution monitoring campaigns have been
carried out in the actuel discharge areas ; these campaigns have been

investigated by the national authorities or sometimes by the manufacturors
themselves,

It is clear from an analysis of the results of these controls that waste
from the Ti02 industry is potentially or actually harmful. These adverse
effects on the marine enviromment are due above all to acidity, the presence
of ferrous sulphate and probably other metals (heavy metals).
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The effects in question can take the following various forms, depending
+ on the method and place of" dumping

(1) reduced oxygenation.and pH of the water and increased concentration of
Po and heavy metals

§

(2) (e) temporary shortage of the zooplankton biomass and inducement of
effects leading to a deterioration of the morphological structure
of its components :

(b) repulsion and loss of some species of fish ;

(o) reduction of the biomass, production and specific diversity of
benthic and/or nectobenthic biocenoses in the discharge area. In
more severe cases, all animal life mey disappear :

(3) change in the colour, transparency and turbidity of the water and
temparary reduction of photosymtheses, 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 dunping is carried out in estuaries and in shallow
water ;

(4) on the other hand, there is no evidence of any toxic effects on man
from the consumption of species of fish caught in the discharge areas.

Part 1 of this report containe an inventory of the waste from the production
of Ti02. These wastes have been classified into four madorléaxegories cor-
responding fo the weste products discharged by factories 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 pollutimn (either 30%, 70% or 95%).

These reductions are based on perfectly feasible techniques. For plants

using Ilmenite for exemple, a reduction of

30% would mean that the ferrous sulphkate has been treated,

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

95% that the ferrous sulphate, strong acids and the bulk of the weak acids
had been 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 bhorne 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 vomparing the various solutions proposed.

ke e e

s e

A A iy e A T ERIT A o,

. e o - M P



et



	EXPLANATORY MEMORANDUM
	I. INTRODUCTION
	2. COMMENTS ON SOME OF THE ARTICLES AND ANNEXES

	3. LEGAL CONSIDERATIONS

	Proposal for a Council Directive on waste from the titanium dioxide industry
	ANNEX 1: Provisions governing the dumping of wast at sea and discharging into estuaries

	ANNEX 2: Untreated waste from the sulphate process

	POLLUTION CAUSED BY THE TITANIUM DIOXIDE INDUSTRY TECHNICAL REPORT
	CONTENTS
	PART 1: THE TITANIUM DIOXIDE INDUSTRY
	GENERAL
	CHAPTER 1 - THE PROPERTIES AND USES OF Ti02
	1. Pigmentary properties
	2. Uses
	3. Economic situation

	CHAPTER II - PROCESSES
	Description of processes


	CHAPTER III -THE RAW MATERIALS
	CHAPTER IV - WASTE FROMTHE PRODUCTION OF Ti02
	SECTION I. GENERAL
	SECTION II. SULPHATE PROCESS
	1) Waste products inherent in process

	2) Disposal or treatment of the waste products inherent in the process


	SECTION 3. TREATMENT UNITS AND FINAL WASTE PRODUCTS

	A. AINS 
	B. BASIC DATA
	C. COST ASSESSMENT
	D. RECAPITULATION

	SECTION III. CHLORINE PROCESS
	WASTE PRODUCTS INHERENT IN THE PROCESS

	1. General
	2 - A. WASTE PRODUCTS CORRESPONDING TO NATURAL RUTILE ORE
	2 - B. WASTE PRODUCTS CORRESPONDING TO SYNTHETIC RUTILE ORE
	2 - c. WASTE PRODUCTS CORRESPONDING TO AUSTRALIAN ILMENTITE ORE
	3 - Treatments
	A. Effluents considered
	B, Main processes





	PART 2: ECOLOGICAL ASPECTS
	GENERAL
	CHAPTER V - ESTIMATE OF THE PHYSICO-CHEMICAL CHANGES DUE TO THE DISCHARGES
	1) Three major factors must be considered
	2) Reaction of sulphuric acid
	3) The oxidation of divalent iron into trivalent iron

	4) Role and behaviour of the heavy elements such as chromium, vanadium,cadmium and titanium

	CHAPTER VI - STUDY OF THE BIOLOGICAL EFFECTS O EFFLUENT DISCHARGES
	SECTION I: THE SHORT- TERM EFFECTS

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

	2) Experimental data on the behaviour of marine flora and fauna with different concentrations of the effluent determination of acute toxicity thresholds

	3) Estimate of the direct consequences of the discharges on marine flora and fauna

	SECTION II: THE LONG-TERM EFFECTS
	l) The "natural" accumulation processes

	2) Studies of accumulation and induced toxicity carried out in laboratories

	3) Observation of the heavy-metal contents of the marine organisms collected in the discharge area


	SECTION III: ECOLOGICAL ASPECTS- CONCLUSION


	CONCLUSIONS

