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Water Protection in Europe 

KARL-GEERT MALLE, BASF AG, D-6700 Ludwingshafen, West Germany 

ABSTRACT 

In addition to national regulations, there arc supranational as well 
as international conventions for protection of European waters. 
Supranational directives have been passed by the E'uropean Com- 
munity concerning, for instance, the quality of bathing water and of 
fish as well as shellfish waters, on the quality of drinking water 
and surface waters for production of drinking water. The directive 
on "pollution caused by certain dangerous substances dischargcd 
into the aquatic cnviromncnt" is of special importance. A number 
of international conventions with special purviews correspond to 
this directive. The purpose of all the regulations is to control pol- 
lutiun caused by dangerous substances. With regard to suhstances 
of "list 1", pollution is to bc eliminated by fixing emission standards 
for all discharges. To reduce pollution by substances of "list 11", 
memher states shall lay down emission standards which arc based 
on standardized quality objectives. These standards shall l)e harmon- 
ized by the European Commission. The conventions contain only 
lists of families and groups of substances, among which certain 
individual substances first have to be selected. Meanwhile, 46 
substances are under examination; for 83 more substances, discus- 
sion is proposed. This procedure is rather complicated. Technological 
aspects such as amounts, production processes, use and treatment 
technology are taken into account as well as ecolugical properties 
like toxicology, persistence and hioaccumulation. Examination also 
includes the economic problems involved. The proposals for emis- 
sions standards and quality objectives thus resulting havc to pass 
through the normal lcgislativc procedure before becoming legally 
binding on the respective states. The first implementing directive is 
limiting the mercury discharges from the chlor-alkali clcctroiysis 
(amalgam process), t:urthcrmorc, there arc proposals for a drins 
as wcll as a cadmium directive, The first suhstancc of list ll undcr 
examination is chrnnlium with its conlp,ouuds. 

REVIEW ON SUPRANATIONAL AND 
INTERNATIONAL REGULATIONS 

In Western Europe ,  t r a n s - b o u n d a r y  p r o t e c t i o n  of  the  waters  
is of  special impor t an ce .  T he  Rh inc  basin is n o t  the  only  
area in Europe  where  s tates  are s i tua ted  so closely t oge the r  
t ha t  po l lu t ion  of  the  waters  in one  s ta te  inev i tab ly  has 
consequences  for  the  ad jo in ing  states.  The re fo re ,  for 
several years there  have been sup rana t iona l  and  inter-  
na t iona l  regula t ions  for  wate r  p r o t e c t i o n  in add i t ion  to the  
respect ive na t iona l  laws. 

Directives in the European Community 

During the  pas t  years,  several sup rana t iona l  di rect ives  have 
been  passed by the  E u r o p e a n  C o m m u n i t y  (Table  1). Wi th in  

a f ixed pe r iod  of  t ime,  they  have to be i m p l e m e n t e d  on  a 
na t iona l  basis by the  m e m b e r  states.  If  the  s ta tes  fail to  
take the  necessary  ac t ion  wi th in  the  p resc r ibed  per iod ,  the  
C o m m i s s i o n  may  br ing  the  m a t t e r  be fore  the  I n t e r n a t i o n a l  
Cour t  of  Jus t ice .  This  a l ready has h a p p e n e d  several t imes.  

However ,  t he  e f fec t iveness  of  m o s t  of  the  EEC direct ives  
is l imi ted.  For  ins tance ,  it is lef t  to  the  s ta tes  to  decide  
which  surface waters  are to  be used for  the  p r o d u c t i o n  of  
d r ink ing  wa te r  and  for  fish- or shel l f i sh-farming.  Only  
t hen  are these  wate rs  sub jec t  to  the  EEC regula t ions  on 
l imi t  values and  the i r  con t ro l .  F u r t h e r m o r e ,  the  direct ives  
o f t en  s ta te  d i f f e ren t  numer ica l  values as guide values. A n d  
only  the  least  s t r i ngen t  one  o b t a i n e d  by a c o m p r o m i s e  is 
f ixed as impera t ive  value. Direct ive 76/464/EEC on 
" p o l l u t i o n  caused by cer ta in  dangerous  subs tances  dis- 
charged in to  the  aqua t ic  e n v i r o m n e n t  of  the  C o m m u n i t y "  

of  4 May, 1976,  is the  on ly  direct ive of  great  i m p o r t a n c e ,  
This  direct ive is to  improve  the  p r o t e c t i o n  of  the  surface 
waters  against  individual  subs tances .  

International Conventions 

To this  direct ive c o r r e s p o n d  qui te  a n u m b e r  of  i n t e r n a t i o n -  
al c o n v e n t i o n s  wi th  vary ing  purviews and  s igna tory  s ta tes  
(Table  II). A m o n g  these  conven t ions ,  the  R h i n e  P r o t e c t i o n  
C o n v e n t i o n  is of  special i m p o r t a n c e  for  Middle  Europe ,  
It is prac t ica l ly  ident ica l  to the  EEC direc t ive  and  it also 
i nco rpo ra t e s  Swi t ze r l and  in this sys tem of  conven t ions .  
In the  m e a n t i m e ,  the  EEC add i t iona l ly  acceded  to m o s t  of  
the  i n t e rna t i ona l  conven t ions .  In this way, the  pract ical  
i m p l e m e n t a t i o n  of  these  various c o n v e n t i o n s  has been  
largely h a r m o n i z e d .  The  policy on  the  EEC level has  it 
k ind of signal effect ,  because  here  the  work  has made  the  
mos t  progress.  The re fo re ,  the  fo l lowing  will deal wi th  this  
directive.  

PROTECTION OF THE WATERS 
FROM DANGEROUS SUBSTANCES 

It  is the  pu rpose  of  the  EEC direct ive  to con t ro l  " p o l l u t i o n "  
of surface waters.  " P o l l u t i o n "  is de f ined  as the  discharge by 
man,  d i rect ly  or indi rec t ly ,  of  subs tances  or energy  in to  
the  aquat ic  e n v i r o n m e n t ,  the  results  of which  are such as 
to cause hazards  to  h u m a n  hea l th ,  ha rm to living resources  
and  to aquat ic  ecosys tems ,  damage to ameni t i es ,  or inter-  
ference  wi th  o t h e r  legi t imate  uses of water .  A l t h o u g h  this  
de f in i t ion  may  seem ra the r  extensive ,  i t  b e c o m e s  clear at  

T A B L E  1 

EEC Direct ives  on Water P r o t e c t i o n  

CODE Name Issued on 

75/440/EEC Quality of surface water for drinking water 16.06.1975 
76/160/EEC Quality of bathing water 08.12.1975 
76/464/EEC Discharge into the aquatic environment 04.05.1976 
78/176/EEC Waste from the titanium industry 20.02.1978 
78/659/EEC Quality of fresh water for fish life 18.07.1978 
79/869/EEC Sampling and analysis of drinking water 09.10.1979 
79/923/EEC Quality of shellfish waters 30.10.1979 
80/68/EEC- Protection of ground water 17.12.1979 
80/778/EEC Quality of water for human consumption 15.07.1980 
82/176/EEC Mercury from chlor-alkali electrolysis industry 22.03.1982 
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TABLE I1 

Conventions  for the Protection of Surface Waters 

Scope Origin of pollution Convention Signatory countries 

Open sea By ship or aeroplane Imndon 

North Atlantic By ship or aeroplane Oslo 
North Sea 

Biscay, British Channel, By land-based sources Paris 
Irish Sea, North Sea 

Baltic Sea By ship, aeroplane, ltelsinki 
land-based sources 

Mediterranean By ship, aeroplane, Barcelona 
land-based sources 

International By discharge Strassburg 
w a t e r c o u r s e s  

Surface waters of EC By discharge EC directive 
(ENV 131) 

Rhine By discharge Rhine protection 
convention 

Danube By discharge Danube convention 

Seafaring nations 

N, S, DK, SF, D, NL, B, 
F, E, P, GB, JRL, JS 

B, DK, D, GB, F, JRL 
NL, L,J,  N,S 

Countries bordering the 
Baltic Sea 

Countries bordering the 
Mediterranean 

Countries in the 
Council of Europe 

Countries of the EC 

NL, F, D, CH, L, EC 

Countries bordering the 
Danube 

TABLEIII  T A B L E 1 V  

Discharge of Certain Dangerous Substances List 1 of Families and Groups of Substances 

Best technical 
Elimination Emission standards means available 
of pollution (GB: quality objectives) (protocol: 
(list I) economic availability) 

Reduction Quality objectives Latest economically 
of pollution (basis for emission feasible technical 
(list 11) standards) developments 

the same t ime that  i t  does no t  aim at a zero emission,  as at 
t imes the directive incorrect ly  has been in te rpre ted .  With 
regard to substances  of  list I, " p o l l u t i o n "  is to be elimin- 
ated (Table Ill).  

For  this purpose ,  all respective discharges require prior  
au thor iza t ion ,  which may be granted for  a l imited per iod 
only. The au thor iza t ion  has to specify emission s tandards ,  
i.e., m a x i m u m  concen t ra ion  and m a x i m u m  quant i ty .  The 
measures  for  prevent ion  of  pol lut ion have to be based on 
" the  best  technical  means  available", while,  according to 
a p ro toco l  minute ,  the " economic  availabil i ty" has to be 
taken into account ,  too.  With regard to substances  within 
list II, " p o l l u t i o n "  shall be reduced via nat ional  programs,  
which arc to fix quali ty objectives for the respective waters  

1. Organohalogen compounds and substances which may form 
such compounds in the aquatic environment. 

2. Organophosphorus compounds. 

3. Organotin compounds. 

4. Substances in respect of which it has l)cen proved that they 
possess carcinogenic properties in or via the aquatic environment. 

5. Mercury and its conlpounds.  

6. Cadmium and its compounds. 

7. Persistent mineral oils and hydrocarbons of petroleum origin. 

(emission l imit  values). Here, with regard to the  measures  
for  p revent ion  of  pol lu t ion,  the " la tes t  economica l ly  
feasible technical  d e v e l o p m e n t s "  have to be cons idered .  

Selection of Substances 

Nevertheless,  it has been a long way f rom the principal  
agreement  to actual measures.  We had a mere  f r amework  
directive. Actual  legal consequences  could bc e f f ec t ed  only 
by imp lemen t ing  directives. As of ten  with poli t ical  agree- 
ments ,  the  actual detail work had been reserved to sub- 
sequent  invest igat ions by experts .  The EEC directive,  like 

TABLE V 

List 11 of Families and Groups uf Substances 

1. The following metalloids and metals and their compounds: 

1. zinc 6. selenium 11. tin 16. vanadium 
2. copper 7. arsenic 12. barium 17. cobalt 
3. nickel 8. antimony 13. beryllium 18. thalium 
4. chromium 9. molybdenum 14. boron 19. tellurium 
5. lead 10. titanium 15. uranium 20. silver 

2. Biocides and their derivatives not appearing in list I. 

3. Substances which have a deleterious effect on the taste and/or smell of the products for 
human consumption derived from the aquatic environment. 

and compounds liable to give rise to such substances in water. 

4. Toxic or persistent organic compounds of silicon, and substances which may give rise to 
such compounds in water, excluding those which are biologically harmless or are rapidly 
converted in water into harmless substances. 
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all the other conventions on water protection, does not 
mention individual substances, It merely contains two lists 
of families and groups of substances in an annex. (Tables IV 
and V). 

Among these families and groups, individual dangerous 
substances have to be selected "mainly on the basis of their 
toxicity, persistence and bioaccumulation." 

For a quick and practicable start, national experts in a 
first stage had proposed for examination those substances 

TABLE VI 

Substances Already Selected for Investigation 

First series Progress made 

1. Mercury, chlor-alkali electrolysis Directive 22.03.82 
Mercury, other industries Directive in prepara- 

tion 

2. Cadmimn and cadmiurn Proposal for a 
compounds Directive 17.02.81 

3-5. Aldrin, dicldrin, endrin Proposal for a 
Directive 16.05.79 

Second series 

16, 17 Chlordane, heptachlor 
(hop tachlorcpoxide) 

8, 9 DDT, hexachlorocych)hcxanc 
(all isomers) 

10, 11 PCB (P(YI') I lcxachlorobenzcne 

No action nccessary 
18.07.80 

Proposal in prepa- 
ration 

Discussion under way 

Third series 

12, 13 Endosulfan, hcxachlorolmtadicnc 

14, 15 I'cntachlorophcnol, trichlorophcnol 

l)iscussion undcr way 

Fourth series 

16-18. Benzene, carbon tctrachloride, 
chloroform 

Carcinogens 

19-21. Arsenic (and mineral compounds), 
benzidine, PAH 

Studies in progress 

Studies in progress 

Fifth series 

22-36. 1,1-Dichloroethanc, 1,2-dichloroethane 

1,2-dibromethane 

1,1,1-trichloroethane 1,1,2-trichlorocth ane, 

1,1,2,2-tetrachloroeth ane 

1,1-dichlorocthcne, 1,2-dichlorocthcnc, 

trichloroethenc 

tetrachloroethene, chh)robenzene, 

trichlorobenzene 

dichloromethane, 1,2-dichlorpropene, 

malathion 

Sixth series 

37-46. 2-Chloroaniline, 3-chloroaniline, 

4-chloroaniline 
1-chloro-2-nitrobenzene, 1-chloro-4-nitrobenzene, 

2,4-dichlorophenol 

2-chloroethanol, 1,3-dichlorop rop anol, 

epichlorhydrin, parathion 

obviously presenting risks for the aquatic environment 
(Table VI). 

Simultaneously, the EEC Commission had charged the 
firm of Biokon to list all respective substances as complete- 
ly as possible. Thus, ca. 1,500 substances were named. 
From this "Biokon list," those substances then have been 
preselected which are first to be examined. The EEC has 
found that, of these 1,500 substances, 1,000 are produced 
or used in the community in quantities of less than 100 
tons/year, 186 more than 1,000 tons/year, 44 more than 
10,000 tons/year and only 25 in excess of 100,000 tons/ 
year. The risks to the aquatic environment from discharges 
of these substances have been examined by means of a 
mathematical model for evaluation. In this way, 129 
substances have been specified (Table VII). 

Eventually these substances will be studied. As a result 
of this examination it surely will become evident that 
several of them are less important. 

Examination of the Substances 

The actual examination of the substances is rather time- 
consuming. First, the EEC Commission for each substance 
orders three expertises from scientists or institutes with 
regard to ecology, technology and economic impact (Table 
VIII). 

These papers then are discussed in detail together with 
reports from all member states, before the proposal for an 
implementing directive can be introduced into the legisla- 
tive procedure. This procedure, too, needs the usual period 
of time. In addition to the scientific and technical problems, 
there are a lot of fundamental juridical problems which 
have to be solved with the very first implementing directive. 
Therefore, it is not surprising that studies have been com- 
pleted for only a few substances so far. 

Quality Objectives 
Above all, the British "quality objectives" proved to bc a 
drag on efficient proceeding. Naturally, the British Isles are 
important for the ecological situation of the North Sea 
and it seemed necessary to include Great Britain in the 
conventions. Therefore, the continental states have con- 
ceded that Great Britain may apply limit values for emis- 
sion, the so-called "quality objectives," instead of the 
continental emission standards which are relatively easy to 
convey. This means that, for each individual substance, 

TABLE VII 

List of Suhstances Additionally Proposed for Investigation 

2-Amino-4-chlorophenol, anthracene, azinphos-ethyl, 
azinphos-methyl, benzyl chloride, benzylidcne chloride, biphcnyl, 
chloral hydrate, chloroacetic acid, 1-chloro-2,4-dinitrobenzene, 
4-chloro-3-methylphenol, 1-chloronaphthalene, chloronaphtalenes, 
4-chloro-2-nitroaniline, 1-chloro-3-nitrobenzene, 
4-chloro-2-nitrotoluene, chloronitrotoluenes, 2-chlorophenol, 
3-chlorophenol, 4-chlorophenol, chloroprene, 3-chloroprene, 
2-chlorotoluene, 3-chlorotoluene, 4-chlorotoluene, 
2-chloro P-toluidine, chlorotoluidines, coumaphos, cyanuric 
chloride, 2,4-D, demeton, dibutyltin dichloride, dibutyltin oxide, 
dibutyltin salts, dichloroanilines, 1,2-dichlorobenzene, 
1,3-dichlorobenzene, 1,4-dichlorobenzene, dichlorobenzidines, 
dichlorodilsopropyl ether, dichloronitrobenzenes, 
1,3-dichloropropenc, 2,3-dichloropropene, dichloroprop, dichlorvos, 
diethylamine, dimethoate, dimethylamine, disulfoton, cthylbenzene, 
fenitrothion, fenthion, hexachloroethane, isopropylbenzene, linuron, 
MCPA mecoprop methamidophos, mevinphos, monolinuron, 
naphthalene, ~176 oxydemeton-methyl, phoxim, propanil, 
pyrazon, simazine, 2,4,5-T, tetrabutyltin, 
1,2,4,5-tetrachlorobenzene, toluene, triazophos, 
tributyl phosphate, tributyltin oxide, trichlorfon, 
1,1,2-trichlorotrifluoroethane, trifluralin, triphenyltin acetate, 
triphenyltin chloride, triphenyltin hydroxide, vinyl chloride, xylenes 
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TABLE VIII TABLE IX 

Examination of  Substances Mercury (Chlor-alkali Electrolysis) EEC Directive 

~ . / T o  man 

Toxicity ~----'--- I n waters 

~ . _  / Physicochemical degradation 
Ecology Persistence ----------Biological degradation 

Bioaccumulation, biomagnification 

Production, use, processes, amounts 

S Analytics 

Technnlogy~--Discharges into the waters 

 Wam7%ZT:o  
/ I m p a c t  of tile substance 

Economy ~ Costs of treatment tcchnology 

~ C o n s c q u c n c e s  of substitution 

Emission standards Quality objectives 

Load (g ttg/ton chlorine production Fish flesh 
capacity) 0.3 mg ttg/kg wet flesh 
Recycled brine 

Inlaid surface waters 
Effluent from monthly average 0.5 1 ~ig/L total Hg 
production unit daily average 2.0 
1983 Estuary waters 

0.5 ,ig/L dissolved ltg 
discharge into monthly average 
the waters 1983 1.5 

1986 1.0 Territorial sea waters, 
internal coastal waters 
0.3 #g/L dissolved fig Lost brine 

Effluent from 
production unit 
1983 
Discharge into 
the waters 

monthly average 2.5 

monthly average 
1983 8 
1986 5 

t ime-consuming studies of  the emission si tuation are 
necessary before the quali ty objectives can be specified. 
Fur thermore ,  Great  Britain insisted on fixing these qual i ty 
objectives no t  for fresh water,  salt water  and high sea only, 
but  also for ecological  secondary media.  As a consequence  
the average mercury  con ten t  of  samples of fish flesh f rom 
the Liverpool fish market  now is representing the l imit  
value for the British chlor-alkali electrolysis. The weak 
points  of  this regulation arc obvious.  When are the l imit  
values really exceeded? t l ow long will it take until  a dis- 
charge of  mercury  is causing an increase in fish mercury  
content?  Which interrelat ions exist between cause and 
consequence? Therefore ,  on rat if ication of  the directive, 
the cont inental  states have declared their in tent ion  not  to 
claim the al ternative of  quality objectives themselves.  

PRESENT STATE OF PROCEEDINGS 

mercury  or mercury  c o m p o u n d s  f rom earlier activities in 
the sewers). Parallel to the emission standards now there are 
qual i ty objectives for di f ferent  surface waters and for 
fish flesh, as requested by Great  Britain. 

However ,  the number  of  l imit  values in the proposal  of  
the EEC Commission for a cadmium directive is even 
greater (Table X). These examples  may show how compli-  
cated the regulations inevitably will become,  if you try to 
do ju~stice to the di f ferent  s i tuations of  all industrial 
dischargers. 

Exemplar i ly  among the substances within list II, the 
e lement  chrolnium has been studied. In this case, the 
experts  have agreed on a quali ty object ive of less than 
50 /ag/L chromium at the fresh water  border  line. Current-  
ly, national programs for meet ing and maintaining this 
value are being compi led  and will bc presented to the 
EEC Commission.  

The first implement ing  directive is dealing with mercury  
discharges by the chlor-alkali electrolysis (amalgam process) 
(Table IX). 

Emission standards have been fixed for the recycled 
brine as well as for the lost brine. The differing l imit  values 
for concent ra t ions  in the discharges of  a p roduc t ion  uni t  or 
the site of  an industrial plant,  respectively,  take into 
account  the so-called "historical  m e r c u r y "  (residues of  

PRACTICAL CONSEQUENCES FOR THE WATERS 

These procedures are ex t remely  t ime-consuming and the 
results are compl ica ted  and diff icult  to control .  Never- 
theless, tile work accompl ished so far has already had 
posit ive consequences  for the quali ty of  surface waters. 
This may best be i l lustrated by data of  tile thoroughly  
contro l led  Rhine (Table XI). 

TABLE X 

Cadmium EEC Directive (Proposal) 

Emission standards 
monthly average 

concentration 
(rag Cd/L) 

Quality objectives 
load 

(g/kg Cd handled) 

1983 1986 1983 1986 

Mining, nonferrous metal industry 0.5 0.3 - 
Manufacture of I pigments 0.7 
Manufacture of stabilizers 0.8 
Manufacture of batteries | 2.5 
Electroplating ~. 1.0 0.5 0.5 
Manufacture of cadmium compounds / 1.0 

Other industries I 

(#g Cd/L) 

1983 1986 

0.3 
0.5 
1.5 
0.3 
0.5 

Fresh water in relation 
to increasing hardness 
of the water 1.2-3.0 

Salt water 2.0 

Sediments, molluscs or fisb 
may be controlled alternatively 

0.6-1.5 

1.0 

Maximum daily average up to twice the respective montly average. 
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T A B L E  Xl  

S u b s t a n c e s  in t h e  R h i n e  (Yea r ly  Ave rages ,  G e r m a n - D u t c h  Border) 

1 9 7 6  1 9 7 7  1 9 7 8  1979 1 9 8 0  

M e r c u r y  (~g /L)  0 .5  0 .4  0.3 0.3 0 .2  
C a d m i u m  (/*g/L) 3 .0  2 .0  1.5 1.2 0 .9  
C h l o r o f o r m  0ag /L)  6 7  28  22  8 .4  4 .5  
D i c h l o r o m e t h a n e  (,ug/L) - 18 15 0 . 0 9  nn  
1 , 1 , 1 - T r i c h l o r o c t h a n e  (~g /L)  2 .2  0 .27  0 . 0 8  < 0 . 1  0 .2  
T r i c h l o r o c t h v l e n e  (~g /L)  0 . 5 6  O. 50  0 . 3 2  0 .13  0 .23  
HCB (~g/L)  0 . 0 5 1  0 . 0 5 1  0 . 0 2 4  0 . 0 1 9  0 .01  
c~-HCH (~g/L)  0 . 0 2 6  0 . 0 2 5  0 . 0 1 5  0 . 0 0 7  0 .01  
H e x a c h l o r o b u t a d i e n c  (/~g/L) - 0 . 0 6 3  0 . 0 2 3  0 . 0 0 8  nn  
N i t r o b e n z e n c  0 i g / L )  -- 0 . 3 8  0 . 1 2  < 0 . 0 1  - 
F l u o r a n t h e n c  (/.~g/L) - 0 . 21  0 .21  0 . 0 9 6  0 . 0 7 6  
3 , 4 - B e n z o p y r c n e  (#.g/L) - - 0 , 0 5 8  0 . 0 4 1  0 . 0 3 3  
A m o u n t  o f  w a t e r  (m a /s )  1341  2 2 0 8  2 3 6 1  2 5 4 1  2 5 5 2  

The industry is forced to plan on a long-term basis. 
Therefore, waste reduction measures obviously have been 
taken even without actual administrative regulations. 

OUTLOOK ON FUTURE DEVELOPMENTS 

However, possible risks of these proceedings become more 
and more obvious. Again and again, additional substances 
are brought into discussion by various groups. For a sensi- 
ble examination, first their content in the surface waters 
as well as in possible discharges has to be ascertained via 
analysis. For this purpose, the authorities - as, of course, 

the dischargers, too - have to make series analyses in the 
trace range. With regard to these substances, possible points 
of discharge, waste reduction techniques, control measures, 
etc., have to be found. All this has to be done at a time 
when the extensive sanitation measures become evident, 
as shown at the Rhine. There is a danger that bureaucratic 
perfectionism is liable to turn this necessary EEC directive 
into an end in itself. The selection of substances should be 
reasonable and implementation of the directive should still 
be possible. Therefore, selection should strictly concen- 
trate on those substances for which an ecological necessity 
for regulation is definitely recognizable. 

Large-Scale Production and Application 
of Highly Concentrated Ozone 

HANS-PETER KLEIN, BBC Brown Boveri & Cie., CH-8050, Z0rich, Switzerland 

ABSTRACT 

With  the  new,  ve ry  e f f i c i en t  g e n e r a t i n g  p lan t s ,  o z o n e  c a n  b e  p ro -  
d u c e d  in high c o n c e n t r a t i o n s ,  a t  l o w  cos t  a n d  w i th  high re l iab i l i ty .  
Th i s  versa t i le  r e a g e n t  is t h e r e f o r e  de s t i ned ,  in the  nea r  f u t u r e ,  to  
play a more important role in the oleochemical industry than today, 
since it can help to solve different problems in the synthesis of 
chemicals as well as in the treatment of waste. 

INTRODUCTION 

Ozone is an extraordinarily powerful oxidizing agent which 
has been used in drinking water treatment for more than 
80 years. Its outstanding properties-high oxidation poten- 
tial (2.07 V), high reactivity even below room temperature, 
pronounced selectivity and no residues after reac t ion-make 
ozone a reagent which can be used to solve various prob- 
lems. Ozone has many possible applications in synthesis and 
in the treatment of wastewater, and off-gases are being 
studied in laboratory and pilot plant experiments. Never- 
theless, ozone lacks large-scale application in the chemical 
industry. The only known process, where ozone is used in 
amounts of hundreds of kilograms per hour, is the ozonoly- 
sis of unsaturated long-chain fatty acids for the production 
of bifunctional compounds such as dicarboxylic acids, 
aldehydes, ketons and alcohols (1,2). There are several 
reasons for this shortcoming: 

Ozone is very often considered to be an expensive, 
dangerous substance which cannot be produced with the 
reliability demanded for industrial production processes. 
The concentrations in which ozone could be produced in 
the feed gas were restricted to about 1.5 wt-% in air and 
3 wt-% in oxygen. This resulted in the handling of large 
gas volumes and an unfavorable reaction kinetic. Moreover, 
ozone cannot substitute for other oxidants without an 
adaption of the whole process. 

It is the aim of this paper to show that modern large- 
scale ozone generating plants can produce ozone according 
to the requirements of the oleochemical industry, i.e., 
cheaply, reliably and in high concentrations. 

PRINCIPLES OF OZONE PRODUCTION 

Today ozone is produced on a commercial scale exclusively 
by a silent electrical discharge in an oxygen-containing gas. 
An alternating current with a high voltage is applied be- 
tween 2 electrodes separated by a dielectric of glass and a 
narrow gap. While the feed gas is flowing through the gap, 
the silent electrical discharge produces ozone in it. The dis- 
charge causes a dissociation of oxygen molecules into 2 
oxygen atoms, which recombine with oxygen molecules 
and form ozone. 
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