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PREFACE

The Commission of the European Communities, Directorate-General for
Environment, Nuclear Safety and Civil Protection has commissioned BKH
Consulting Engineers to carry out Study Contract B6612-90-006688:
Updating of data concerning the impact on the aquatic environment of
certain dangerous substances, 2nd part: benzenes.

The study deals with the following dangerous substances which belong or should
belong to List I of Directive 76/464/EEC:

benzene (7)

ethylbenzene (79)

isopropylbenzene (87)

chlorobenzene (20, 53, 54, 55, 109, 117, 118)

chloronitrobenzene (27, 28, 29, 30, 63)

chloroanilines (17, 18, 19, 52)

The study updates information on the description of the substances, the level of
contamination of the aquatic environment, the persistence of the substances in the
aquatic environment and other media, the toxicity (mainly in the aquatic environ-
ment) and bioaccumulation. On the basis of the available data, water quality
standards are proposed.

The study is presented in four parts:

Part 1 Benzene, ethylbenzene and isopropylbenzene
Part 11 Chlorinated benzenes

Part 111 Chloronitrobenzenes and 4-chloro-2-nitroaniline
Part IV Chloroanilines

The study has been carried out by F. Balk, P.C. Okkerman, M. Hof, A. van de
Bovekamp and J.W. Dogger. Critical remarks of J. Blok were greatly appreciated.
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SUMMARY

The impact of chlorobenzenes on the aquatic environment is evaluated in order to
provide a toxicological basis to derive a proposal for water quality standards. Data
concerning physical and chemical properties, degradability, toxicity, chemical
detection and environmental concentrations have been reviewed and updated.
Table i presents an ovverview of the availability of data on the different subjects.

Chlorobenzenes are used in the production of chloronitrobenzene and diphenyl
ether; in rubber intermediates and as a solvent.

The major uses of 1,2-dichlorobenzene and 1,2,4-trichlorobenzene are as a process
solvent and as intermediates in the synthesis of dyestuffs, herbicides and
degreasers. 1,2-dichlorobenzene and 1,4-dichlorobenzene are used as deodorizer.
1,2,4,5-Tetrachlorobenzene is the only tetrachloro-isomer used in industrial
quantities. Other isomers are not used in significant quantities.

Total production levels (t/year) in the EC are for monochlorobenzene 70-80000 in
1982; for dichlorobenzenes 80000 in 1987 and trichlorobenzenes (technical) 12-
40000 in 1987.

Chemical analysis of chlorobenzenes is possible by isolation with purge and trap
techniques, followed by GC separation and detection with ECD or FID. For
complex mixtures an identification with MS is recommended.

Depending on the type of chlorobenzene and the detection method, the detection
limits are between 6- 20 pg/l water up to about 500 pg/l.

Concentration levels in air, river water, sediment and biota have been reported
scarcely. In urban air between 0.05 and 7 pg/m® is measured, but in the
neighbourhood of some industries 1 - 3 g /m? may occur.

In sediments the range is 0.1 - 250 pg/kg, depending on the neighbourhood of
pollution sources. In municipal sewage water up to several hundred pg/l have been
measured. In surface water recent measurements in the river Rhine show maximum
levels below 0.1 - 1 pg/l.

Levels in fish are between 0.01 and 20 pg/kg body weight and in fat tissue or milk
of human values up to 130 pg/kg fat have been found. Values are rather variable
and highly dependent on the neighbourhood of emitting industry.

The chlorobenzenes are not likely to be photodegraded in the aquatic environment;
however, after volatilization photodegradation in the atmosphere will be the main
pathway for disappearance.

The biodegradation of chlorobenzenes depends on suitable circumstances. Except
for 1,4-dichlorobenzene all other isomers failed to pass the standard screening tests
for ready biodegradability. Inhibition of the bacterial growth and a lack of adapted
micro-organisms seems to be a reason for the negative test results. In different
types of simulation tests and under experimental conditions most isomers have
shown to be inherently degradable. Under anaerobic methanogenic conditions
dehalogenation of the higher substituted benzenes is likely to occur but more
information on the rates and end products is needed. Information on the actual
biodegradation rates in the river sediment and other relevant places in the
environment is incomplete.

The chlorobenzenes are water soluble to a level between 1 and 500 mg/l depending
on the degree of chlorine substitution. They will disappear from the water phase by
volatilization within a few months and in atmospheric conditions they will be
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photodegraded. The higher substituted isomers are less soluble and show a higher
sorption to sediment and a higher degree of bioaccumulation. For tetrachlor-
benzene the bioaccumulationfactor may be around 1000.

The toxicity of the chlorobenzenes is documented fairly well; however, the results
have to be interpreted with care because of the variability due to volatilization
under the test conditions. Acute toxicity for a variety of aquatic species varies
between 4 and 22 mg/] for the monochlorobenzenes and between 0.1 and 31 mg/l
for the di-, tri- and tetrachlorobenzenes. All available chronic toxicity data for
aquatic organisms are above 0.1 mg/I.

Based on the low variability of sensitivity between different species and between
acute and chronic effects a safe level can be proposed for all aquatic ecosystems at
10 pg/l. This implies that maximum levels in the river Rhine (1 pg/l) are one
order of magnitude below this safe level.

The proposed water quality standards of 10 pg/l for the sum of all chlorobenzenes
is within an order of magnitude of the standards proposed by the Rhine Action
Program of 0.1 pg/l for each trichlorobenzene isomer.

The risk for human health through exposure of chlorobenzenes in water is
negligible. For tetrachlorobenzene, however, data are incomplete.
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ZUSAMMENFASSUNG

Werte beziiglich physischen und chemischen Eigenschaften, Abbaubarkeit,
Toxizitdt, chemischer Determinierung und Umweltkonzentrationen wurden
revidiert aufgebessert fir Chlorobenzolen. In Tafel i sind die Ergebnissen
dargestellt iiber die verfiigbare Daten der verschiedene Gegensténde.

Chlorobenzole werden angewendet in der Produktion von Chloronitrobenzol und
Diphenylaether; in Gummi-zwischenverbindungen und als Lésungsmittel.

Die wichtigsten Anwendungen von 1,2-Dichlorbenzol und 1,2,4-Trichlorbenzol
finden statt als Losungsmittel in der Verfahrenstechnik und als
Zwischenverbindung in der Synthese von Farbstoffe, Pflanzenschutzmittel und
Entfetter. 1,2-Dichlorbenzol und 1,4-Dichlorbenzol werden eingesetzt als
Deodorant. 1,2,4,5-Tetrachlorbenzol ist der einzige Tetrachlor-Isomer welche in
industrieller Mengen angewendet wird. Die ubrige Isomeren werden mcht in
betrachtliche Mengen angewendet.

Die totale Produktion (Tonne/Jahr) in der EG wird eingeschatzt auf 70-80000 in
1982 fiir Monochlorobenzol, 80000 in 1987 fir Dichlorobenzolen und 17-40000 in
1987 fiir Trichlorobenzol (Technisch).

Chemische Analyse von Chlorobenzol ist moglich durch die Isolierung mittels
Reinigungs- und Einfangtechniken, fortgesetzt durch GC Trennung und
Determinierung mit ECD oder FID. Fir komplexe Mischungen wird eine
Identifizierung mit MS empfohlen.

Abhingig von der Art Chlorobenzol und die Determinierungsmethode, liegen die
Determinierungsgrenzwerten zwischen 6-20 pg/l Wasser bis ungefahr 500 pg/l.

Uber Konzentrationsniveaus in Luft, Flusswisser, Sedimente und Biotopen wurde
spirlich berichtet. In Stidteluft wurde 0,05 bis 7 pg/m’ gemessen, aber in der
Umgebung von einigen Industrien kénnen 1-3 g/m® auftreten.

In Sedimenten ist die Streuung zwischen 0,1-250 pg/kg, abhingig von der
Umgebung der Verunreinigungsquellen. In kommunalen Abwisser sind bis zu
mehrere Hunderte pg/l gemessen worden. In offenen Gewissern vereigneten
rezente Messungen im Rhein maximalen Niveaus unterhalb 0,1-1 pg/l.

In Fischen liegen die Niveaus zwischen 0,01 und 20 pg/kg Korpergewicht und in
Fettgeweben oder Muttermilch wurden Konzentrationen bis zu 130 pg/kg Fett
aufgezeignet.

Die Werte variieren ziemlich und sind in hohem MaBe abhingig von der
Umgebung der emittierende Industrie. Es ist nicht anzunehmen dass die
Chlorobenzole in der aquatische Umwelt Photogen abgebaut werden; aber nach
Verfliichtigung wird Photogenischer Abbau in der Atmosphere der bedeutenster
Entfernungsweg bilden. Biologischer Abbau von Chlorobenzole ist abhingig von
dazu geeignete Umstinde. Mit der Ausnahme von 1,4-Dichlorbenzol zeigten sich
alle weiteren Isomere nicht im Stande die normierten Beurteilungstests zur direkter
biologischer Abbau zu durchlaufen.

Die Verhinderung von Bakterienwachstum und das fehlen von angepassten Mikro-
Organismen scheint der Ursache fir die negativen Versuchsresultate zu sein.

In verschiedenen Arten von Simulierungsversuche und unter experimentelle
Bedingungen zeigten die meisten Isomere inherent abbaubar zu sein. Unter
anaerobe methanogenische Bedingungen konnte Dehalogenation der hdéher
substituierten Benzole erwartungsgemiss stattfinden, aber weitere Hinweise nach
Schnelligkeit und Endprodukte sind notwendig. Fakten iber auftretender
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biologischer Abbau an Flusssedimenten und ibrigen im Frage kommenden Stellen
in der Umwelt sind nicht vollstindig verfiigbar.

Die Chlorobenzole sind l6slich in Wasser bis eine Héhe zwischen 1 und 500 mg/l,
abhingig von der Grad an Chloridensubstitution.

Die Chlorobenzole werden durch Verfliichtigung in wenigen Monaten aus dem
Wasser entweichen und unter atmospherischen Verhiltnissen findet photogenischer
Abbau statt.

Die hoher substituierte Isomeren sind weniger loslich und zeigen ein hoherer
Haftungsgrad an Sedimenten und ein héherer Grad an Bioakkumulation.

Fiir Tetrachlorbenzol kénnte der Bioakkumulationsfaktor ungefahr 1000 betragen.

Die Toxizitdt von Chlorobenzole ist recht gut dokumentiert; aber die Ergebnissen
sind mit der notigen Sorgfalt zu beurteilen durch die Varationen welche auftreten
durch Verfliichtigung wihrend den Versuchsumsténden.

Akute Toxizitdt beziiglich einen Vielfalt von aquatischen Arten variiert zwischen 4
und 22 mg/l bezogen auf Monochlorobenzole und zwischen 0,1 und 31 mg/l
bezogen auf die Di-, Tri- und Tetrachlorobenzolen. Alle verfiigbaren chronischen
Toxizitatswerten fiir aquatischen Organismen liegen tiber 0,1 mg/l.

Ausgehend von der niedrige Empfindlichkeitsvariation zwischen den verschiedenen
Arten und zwischen akuten und chronischen Effekten konnte ein sicheres Niveau
fur alle aquatischen Umweltsystemen vorgeschlagen werden von 10 pg/l.

Das bedeutet, dass die maximalen Niveaus in Rhein (1 pg/l) um ein Faktor zehn
unter dieses sichere Niveau liegt.

Das vorgeschlagene Wasserqualitdts Kriterium (10 pg/l fir die Summierung von
alle Chlorobenzene) ist innerhalb ein Faktor 10 vergleichbar mit dem Kriterium der
Rhein Aktionsprogramm (0,1 pg/! fiir jedes Trichlorbenzolisomer).

Das Gesundheitsrisiko fiir Menschen durch Aussetzung an Chlorobenzolen in
Wasser ist bedeutungslos.
Fir Tetrachlorobenzol aber sind die Werten unvollstandig.
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RESUME

Les données concernant les propriétés physiques et chimiques, la dégradabilité, la
toxicité, la détection chimique et les concentrations dans ’environnement ont été
recueillies et revisées pour les chlorobenzénes. Le tableau 1 montre un apergu de la
disponibilité des données concernant les sujets divers.

Les chlorobenzénes sont utilisés dans la production de chloronitrobenzéne et de
I’éther diphenyl, dans les intermédiaires de caoutchouc et comme dissolvant. On
applique le 1,2-dichlorobenzéne et le 1,2,4-trichlorobenzéne principalement comme
dissolvant et comme intermédiaire dans la synthése de colorants, d’herbicides et
comme moyen de dégraissage. Le 1,2-dichlorobenzeéne et le 1,4-dichlorobenzéne
sont utilisés comme désodorisant. Le 1,2,4,5-tetrachlorobenzeéne est le seul isomere
tétrachlorique qui est utilisé en quantités industrielles. Les autres isomeéres ne sont
pas utilisés en quantités signifiantes.

Les chiffres de la production dans la CEE sont pour le monochlorobenzéne 70-
80.000 tonnes/an en 1982, pour le dichlorobenzéne 80.000 tonnes/an en 1987 et
pour le trichlorobenzéne (technique) 17-40.000 tonnes/an en 1987. ‘

Une analyse chimique de chlorobenzénes est possible par moyen d’isolation par
une technique de purger et d’attraper, suivie de la séparation par CG et de
détection a capture d’électron ou de détection a ionisation de flamme. Pour les
mélanges plus complexes une identification par spectrométriec de masse sera
recommendée.

Les limites de détection dans I’eau varient entre 6-20 pg/l et 500 pg/l, selon le type

de chlorobenzéne et la méthode de détection.

Les niveaux de concentration dans lair, dans les eaux de surface, dans les
sédiments ou en matiére biologique, n’ont été rapportés que rarement. On a
mesuré un niveau entre 0,05 et 7 pg/m* dans lair urbain, mais un niveau de 1-3
g/m? dans les zones industriels peut se produire.

Dans les sédiments ce niveau varie de 0,1 - 250 pg/kg, dépendant de la proximité
de sources pollueuses. On a mesuré un niveau de quelque cents pg/l dans les eaux
d’égout. Des sondages dans I'eau du Rhin montrent des niveaux sous 0,1 - 1 pg/I
au maximum.

Dans les poissons les niveaux sont entre 0,01 et 20 pg/kg et dans la matiére grasse
ou dans le lait maternel on a trouvé des valeurs jusqu’a 130 pg/kg matiére grasse.
Les valeurs sont assez variables et dépendent largement de la proximité d’industries
pollueuses.

Il nest pas probable que les chlorobenzénes soient photodégradables dans
I’environnement aquatique; pourtant la photodégradation dans I’atmosphére sera la
voie la plus probable aprés que les chlorobenzénes sont évaporés.

La dégradation biologique des chlorobenzénes dépendra de circonstances
favorables. Aucun des isomeéres n’a pu passer les "screening” tests d’examination de
base. Seul le 14-dichlorobenzéne pouvait étre désigné comme facilement
biodégradable ("readily").

A ce qu'il parait la croissance bactérielle freinée et l¢ manque de micro-organismes
adaptés forment la raison de ce résultat négatif. La plupart des isoméres prouve
étre bien dégradables sous autres formes de test simulé ou en de conditions
expérimentales. Les benzénes substitués sur un plan plus élevé pourraient se
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déhalogéniser en de conditions anaérobies méthanogenes, mais il nous faut
Pinformation sur la vitesse et les résultats finals. L’information sur la vitesse de la
biodégradation dans les sédiments fluviaux et dans d’autres situations pertinentes
est incomplete.

Les chlorobenzeénes sont solubles dans I’eau jusqu’a un niveau de 1 & 500 mg/l,
selon le degré de substitution chlorique. Ils disparaitront du niveau aquatique par
vaporisation dans quelques mois et ils seront photodégradés en de conditions
atmosphériques. Les isomeres substitués sur un plan plus élevé sont moins solubles
et montrent une capacité d’absorbtion en sédiments et un degré d’accumulation
biologique plus large. Le facteur de bio-accumulation de tétrachlorobenzéne peut
étre environ 1000.

La toxicité des chlorobenzénes a été documentée suffisamment, pourtant les
résultats doivent étre interprétés soigneusement 2 cause de la variabilité issue de la
volatilisation conditionnée par les tests. La toxicité aigue de beaucoup d’especes
aquatiques varie entre 4 et 22 mg/l pour le monochlorobenzéne et entre 0,1 et 31
mg/l pour les di-, tri- et tétrachlorobenzenes. Toutes les données qu’on a de la
toxicité chronique pour les organismes aquatiques sont au-dessus de 0,1 mg/l.

Un niveau maximal de 10 pg/l peut étre proposé pour tous les systémes
écologiques aquatiques, basé sur la variabilité mineure de sensibilité entre les
especes différentes et entre les effets directs et chroniques. Ceci signifie que les
niveaux maximaux dans I’eau du Rhin (1 pg/l) sont un niveau de magnitude en
dessous de ce niveau.

La proposition dun "niveau maximal" de 10 p/l pour Densemble des
chlorobenzénes convient aux limites proposées par la Programma Rhin Action de
0,1 p/1 pour les trichlorobenzénes distincts.

Le risque pour la santé de 'homme par I’exposition aux chlorobenzénes dans I'eau
peut étre négligé. Pourtant pour le tétrachlorobenzéne les données sont
incompletes.



SAMENVATTING

Voor chloorbenzenen zijn gegevens over de fysisch-chemische eigenschappen,
afbreekbaarheid, toxiciteit, chemische detectie en concentraties in het milieu
verzameld.

Gegevens aangaande de beschikbaarheid van data over de verschillende
onderwerpen staan vermeld in Tabel i.

Chloorbenzenen worden gebruikt bij de produktie van chloornitrobenzenen en
difenylether, van rubbertussenprodukten en als oplosmiddel. 1,2-Dichloorbenzeen
en 1,24-trichloorbenzeen zijn vooral belangrijk als industrieel oplosmiddel en als
tussenprodukt in bij de synthese van Kkleurstoffen, herbiciden en ontvet-
tingsmiddelen. 1,2-Dichloorbenzeen en 1,4-dichloorbenzeen worden toegepast als
stankverdrijvers. Van de tetrachloor-isomeren wordt alleen 1,2,4,5-tetrachloor-
benzeen in industri€le hoeveelheden gebruikt; van de andere isomeren worden
geen belangrijke hoeveelheden gebruikt.

De totale produktie in de EG wordt geschat op 70-80000 ton/jaar in 1982 voor
monochloorbenzeen, 80000 ton/jaar in 1987 voor dichloorbenzenen, en 17-40000
ton/jaar in 1987 voor technisch trichloorbenzeen.

Chloorbenzenen kunnen chemisch geanalyseerd worden door opwerking met "purge
and trap" technieken, scheiding door GC en detectie met ECD of FID. Voor
complexe mengsels wordt identificatie met behulp van MS aanbevolen. Detectie-
grenzen in water variéren, afhankelijk van de structuur en de detectiemethode,
tussen 6-20 pg/l tot 500 pg/l.

Er zijn maar weinig resultaten van concentratiemetingen in lucht, oppervlaktewater,
sediment of biologisch materiaal gepubliceerd. In steden zijn concentraties in de
lucht gemeten tussen 0,05 en 7 pg/m? maar in de buurt van bepaalde industrieén
kan 1 tot 2 g/m?® voorkomen. In het sediment kunnen de concentraties variéren van
0,1 tot 250 pg/kg, afhankelijk van de aanwezigheid van verontreinigingsbronnen. In
rioolwater zijn concentraties tot enkele honderden microgrammen per liter
gemeten. Recente metingen in Rijnwater leverden maximum waarden van minder
dan 0,1 tot 1 pg/l op. In vis liggen de gehalten tussen 0,01 en 20 pg/kg
lichaamsgewicht en in menselijk vetweefsel of moedermelk zijn concentraties tot
130 pg/kg vet gevonden. De meetresultaten variéren sterk en zijn afhankelijk van
de aanwezigheid van industriéle bronnen.

Fotodegradatie van chloorbenzenen in water is niet waarschijnlijk. Als chloor-
benzenen echter door verdamping in de atmosfeer terechtkomen, is fotodegradatie
het belangrijkste afbraakproces. Het optreden van biologische afbraak is afhankelijk
van gunstige milieuvomstandigheden. In de standaard screening testen kon alleen
1,4-dichloorbenzeen als gemakkelijk afbreekbaar (ready biodegradable) worden
geclassificeerd. Mogelijk kunnen de negatieve testresultaten worden verklaard door
remming van de bacteriegroei en het ontbreken van geadapteerde micro-
organismen. In diverse simulatietesten en onder laboratorium- omstandigheden
blijken de meeste chloorbenzenen uiteindelijk wel afbreekbaar te zijn (inherently
biodegradable). Onder anaerobe methanogene omstandigheden worden hoger
gesubstitueerde benzenen waarschijnlijk gedehalogeneerd, maar de snelheden en
eindprodukten zijn niet bekend. De kennis over de werkelijke afbraaksnelheden in
de rivierbodem en in andere belangrijke milieucompartimenten is onvolledig.
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De oplosbaarheid van chloorbenzenen in water varieert tussen 1 en 500 mg/l
afhankelijk van de mate van chlorering. De stoffen verdwijnen binnen enkele
maanden uit het water door vervluchtiging en onder atmosferische omstandigheden
treedt fotodegradatie op. De hoger gesubstitueerde isomeren lossen minder goed
op, adsorberen sterker aan sediment en bioaccumleren meer. Voor tetrachloorben-
zeen zou de bioaccumulatiefactor circa 1000 bedragen.

Er is betrekkelijk veel gepubliceerd over de toxiciteit van de chloorbenzenen. In
verband met de vluchtigheid van deze stoffen onder testomstandigheden moeten de
onderzoeksresultaten echter zorgvuldig worden bekeken. Voor monochloorbenzeen
varieert de acute toxiciteit voor groot aantal aquatische soorten tussen 4 en 22 mg/l
en voor de di-, tri- en tetrachloorbenzenen tussen 0,1 en 31 mg/l. In alle chronische
testen lag de toxiciteit voor aquatische organismen boven 0,1 mg/l.

Gezien het geringe verschil in gevoeligheid tussen de soorten en tussen acute en
chronische effectconcentraties wordt voorgesteld het veilige niveau op 10 pg/l te
stellen. Dit betekent dat de hoogste concentraties die in de Rijn gemeten zijn (1
ug/l) een factor onder het veilige niveau liggen.

De voorgestelde waterkwaliteitsnorm van 0,05 pg/l is binnen een factor 10
vergelijkbaar met normen opgesteld door het Rijn Actie Programma van 0,01-0,1

pg/l.

Het risico voor de volksgezondheid door blootstelling aan chloorbenzenen in water
is te verwaarlozen. Voor tetrachloorbenzeen zijn de gegevens om dit te beoordelen
echter niet volledig.
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1.1

DESCRIPTION

Chlorobenzenes are used in the production of chloronitrobenzene and diphenyl
ether; in rubber intermediates; as a solvent in adhesives, dyestuffs paints, waxes,
and polishers; and as an inert solvent it is also used in very small amounts in the
production of some pesticides.

The major uses of 1,2-dichlorobenzene are as a process solvent in several certain
chemical manufacturing processes and as intermediates in the synthesis of
dyestuffs, herbicides and degreasers. 1,2-Dichlorobenzene is also used as a
deodorizer.

1,3-Dichlorobezene has no documented use.

1,4-Dichlorobenzene is used primarily as an air deodorant and insecticide.
1,2,4-Trichlorobenzene is used as a dye-carrier, a herbicide intermediate, a heat
transfer medium, a dielectric fluid in transformers, a degreaser and a lumbricant
(EPA 1980°). Other isomers are not used in significant quantities.
1,2,4,5-Tetrachlorobenzene is the only tetrachloro-isomer used in industrial
quantities (EPA 1980°) e.g. in the synthesis of 2,4,5-trichlorophenol; and as a
fungicide (sources: CCREM, 1987 and Ware, 1988).

Identification

chlorobenzene

List I Dir. 76/464/EEC 20

EINECS-no. 2036285

CAS no. 108-90-7

Synonyms: phenylchloride
benzene chloride
monochlorobenzene
monochloorbenzeen
MCB c

Molecular formula: CH,Cl

Structural formula:

WLN formula: GR

1,2-dichlorobenzene

List I Dir. 76/464/EEC 53

EINECS-no. 2024259

CAS no. 95-50-1

Synonyms: o(rtho)-dichlorbenzene

o-dichlor benzol
o-dichloorbenzeen

1,2-DCB
Molecular formula: CH,Cl, cl
Structural formula:
cl
WLN formula: GR BG



1,3-dichlorobenzene
List I Dir. 76/464/EEC
EINECS-no.

CAS no.

Synonyms:

Molecular formula:
Structural formula:

WLN formula:

1,4-dichlorobenzene
List I Dir. 76/464 /EEC
EINECS-no.

CAS no.

Synonyms:

Molecular formula:
Structural formula:

WLN formula:

1,2,3-trichlorobenzene
List I Dir. 76/464 /EEC
EINECS-no.

CAS no.

Synonyms:

Molecular formula:
Structural formula:

WLN formula:

4

541-73-1

m-di chlorobenzene
m-di chlorobenzol
m-dichloorbenzeen
1,3-DCB

CH,Cl, c

GR CG
cl

55

2034005

106-46-7
p-dichlorobenzene
p-di chlorobenzol
p-dichloorbenzeen
1,4-DCB

CHCl, c

GR DG

87-61-6
1,2,3-trichloorbenzeen
1,2,3-TCB

CH/.Cl, cl

GR BG CG
Cl



1,2,4-trichlorobenzene
List I Dir. 76/464/EEC
EINECS-no.

CAS no.

Synonyms:

Molecular formula:
Structural formula:

WLN formula:

1,3,5-trichlorobenzene
List I Dir. 76/464/EEC
EINECS-no.

CAS no.

Synonyms:

Molecular formula:
Structural formula:

WLN formula:

1,2,4,5-tetrachlorobenzene

List I Dir. 76/464/EEC
EINECS-no.

CAS no.

Synonyms:

Molecular formula:
Structural formula:

WLN formula:

118
120-82-1

1,2,4-trichloorbenzeen
1,2,4-TCB

@]

GR BG DG

C

108-70-3
1,3,5-trichloorbenzeen
1,3,5-TCB

CH,Cl, cl

GR CG EG

109
95-94-3

1,2,4,5-tetrachloorbenzeen
1,2,4,5-TeCB

Cl

GR BG DG EG
Cl

Cl
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Physicochemical characteristics

CB 1,2-DCB 1,3-DCB 1,4-DCB

mol. weight 112.56 147.01 147.01 147.01
COD (mg O/mg substance)
mg substance/mg organic C1
melting point (°C) -45 -17 -24.7 53.1
boiling point (°C) 131.7 180.5 173 174
density at 20° /4°C 1.106 1.305 1.288 1.458
vapour pressure (kPa) 1.581 0.196 0.307 0.09
at 20-25°C
water solubility (mg/l) 491 134 122 83,2
at 25°C
log K, 2.89 34 3.5 34
Henry's constant 0.363 0.195 0.366 0.160
(kPa.m3/mol) at 20°C
Standard half-life (h) 260 550 290 670
(volatilization)
log Koc 225 2.63 2.65 2.74

1,2,3-TCB 1,2,4-TCB 1,3,5-TCB 1,2,4,5-TeCB
mol. weight 181.45 181.45 181.45 215.9
COD (mg O/mg substance)
mg substance/mg organic C1
melting point (°C) 53 16.95 63 140
boiling point (°C) 218 2135 208 243
density at 20°/4°C
vapour pressure (kPa) 0.053 0.061 0.077 5.4*10*
at 20-25°C
water solubility (mg/]) 24 29.8 15.8 0.6
at 25°C
log K. 4.13 4.05 4.18 4.6
Henry's constant 0.234 0.379 0.161 0.261
(kPa.m3/mol) at 20°C
Standard half-life (h) 510 320 730 500
(volatilization)
pKa
log Koc 3.10 3.04 3.20 4.03
References:

log K, and standard halflife: obtained from De Bruin, 1985
density: Verschueren, 1983
other references: Canadian Water Quality Guidelines, 1987

Production levels

Data on the production of chlorobenzenes in EC are presented in Table 1.1,
derived form EURECO (1990).
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ANALYTICAL DETECTION TECHNIQUES
Detection methods

In the previous report of the EC, Hooftman and De Kreuk (1981; 1983) reported
on the detection method for all chlorobenzenes. They described a purge and trap
method which is analogous to the EPA methods that will be described later.
Nevertheless, they proposed GC/MS-detection for a better identification of
chlorobenzenes in mixtures with many other substances.

EPA method 612 for chlorinated benzenes (EPA, 1984a) describes a detection
method for chloroethane, hexachlorobutadiene, 2-chloronaphtalene, 1,2-dichloro-
benzene, 1,2-dichlorobenzene, 14-dichlorobenzene, 1,2,4-trichlorobenzene and
hexachlorobenzene in municipal and industrial discharges.

The contaminated water is extracted with methylene chloride. The extract is dried
by passing through a sodium sulphate column and concentrated to a volume of 10
ml or less. The substances are detected with a gas chromatograph suited for column
injection with an electron capture detector (ECD). Table 2.1.1 lists the detection
limits for EPA method 602.

Table 2.1.1 Detection limits for chlorobenzenes with EPA method 612 (EPA,

1984a)

Substance Detection limit
(ug/1)

1,3-dichlorobenzene 0.009

1,4-dichlorobenzene 0.018

1,2-dichlorobenzene 0.012

1,2,4-trichlorobenzene 0.006

The analytical conditions for the EPA method 602 are:

- column temperature: 75°C

- carrier gas: 5% methane/95% argon (30 ml/min)

- column: Supelcoport 80/100 mesh coated with 1.5% OV-1/2.4% OV-225 packed
in a 1.8 m long x 2 mm ID glass column

In EPA method 602 for purgeable aromates (EPA 1984b) a purge and trap
chromatographic technique has been described for benzene, chlorobenzene, 1,2-
dichlorobenzene, 1,3-dichlorobenzene, 1,4-dichlorobenzene, ethylbenzene and
toluene in 6 types of water: distilled water, drinking-water, surface water and three
types of wastewater. An inert gas is purged through a water sample in a chamber
with a specific temperature. The aromatics are transferred to the vapour phase and
are trapped in a sorbent trap. After purging is completed the trap is heated and
backflushed with the inert gas tot desorb the aromatics onto a gas chromatographic
column. The gas chromatograph is temperature programmed to separate the
aromatics which are detected with a photo-ionization detector (PID).

The analytical conditions are:

- temperature programme: 50°C-2 min., 6°/min to 90°C
- carrier gas: N, (20-40 ml/min)
- column packing: 5% SP-1200/1.75% Bentone 34

The chromatographic conditions and detection limits for this method are presented
in Table 2.1.2.
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Table 2.1.2 Method Detection Limits for EPA method 602 (EPA 1984%)

~ Substance Detection limit Method standard
(»g/N) deviation (%)
chlorobenzene 0.2 94
1,4-dichlorobenzene 03 204
1,3-dichlorobenzene 04 20.0

1,2-dichlorobenzene 04 27.7

Lopez-Avilla et al. (1989) evaluated EPA method 8120 (EPA, 1986) for the
determination of chlorinated hydrocarbons in environmental samples, including the
compounds discussed in this study: di-, tri-, and tetra-chlorobenzenes. After some
adaptations on the chromatographic column satisfactory recovery rates were
obtained. This resulted in a better separation of complex samples.

The GC was equipped with a ®Ni-ECD and a fused-silica open tubular capillary
column. Samples were extracted at neutral pH with methylene chloride. The
extracts were dried and concentrated. Hexane was added and the volume again
reduced. The samples were cleaned up with florisil, with petroleum ether and
diethyl ether as eluents.

The precision of the method for water samples containing chlorinated hydrocarbons
discussed in this study ranged from 3-9%, and recoveries were almost 100%. The
detection limits of the method for chlorobenzenes are presented in Table 2.1.3.

Table 2.1.3 Detection limits for EPA Method 8120 (Lopez-Avilla et al., 1989)

Substance Detection limit
(ng/h)
1,2-dichlorobenzene 270
1,3-dichlorobenzene 250
1,4-dichlorobenzene 890
1,2,3-trichlorobenzene ‘ 39
1,2,4-trichlorobenzene 130
~1,3,5-trichlorobenzene 12
1,2,4,5-tetrachlorobenzene 95

In Table 2.1.4 a review is given of the detection methods for chlorobenzenes in
ground, water- and air. For. each technique the sample treatment, cleaning,
detection method, congeners, detection limits and references are presented, as far
as possible (Slooff et al., 1991).
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Table 2.1.4 Detection methods for chlorobenzenes (Slooff et al., 1991)

Sample treatment ‘Cleaning/ Detection Sample Subst. Detection Ref.
desorption method volume limits
(ng/l)
Sround;
purge and trap GC-MS 29 ®ONo 1
adsorbens: tenax di
purge gas: N, tri
Water:
purge and trap desorption with GC-FID S ml mono 100 2
adsorbens: graphitfluoride helium at 300°C di 500
purge gas: helium
purge and trap desorption with GC-FID with S0 ml di 2 3
adsorbens: tenax heliun at 180°C cryotrap
purge gas: helium
extraction with pentane GC-FID 11 att 0.3-0.5 &
hexane extract chromatography  GC-MS di H)
over acid/base tri
column (AgNO,/- tetrs
AL NO,)
Air;
purge and trap desorption with GC-FID 31 mono 2
sdsorbens:graphitfluoride  helium at 300°C
purge and trap desorption with GC-FID/ECD mono é
adsorbens: tenax K, at 200°C di
tri
trapping on activated coal desorption with GC-FID 1000t mono 0.8 1
carbondisul fide di
tri

References:

1 Kliest and Van der Wiel (1987)
2 Yoo and Zlatkis (1987)

3 Vandegrift (1988)

4 Strottmeister et al. (1988)

5 Cuiu et al. (1986)

6 Termonia and Alaerts (1985)

Alberti (1987) described a detection method for chlorinated hydrocarbons in water
and in sediment. The water sample is extracted with n-pentane, n-hexane or
acetone. The extract can be cleaned up by elution through silica gel, florisil or
aluminumoxid. Detection can take place with GC-ECD. For non-volatile substances
the sediment is dried at 110°C or with sodium- or magnesiumsulphate and
subsequently extracted and detected like water samples.

With this method the following detection limits can be reached: 1,2-, 1,3- and 14-
dichlorobenzene 0.5 pg/l; 1,2,4-trichlorobenzene 0.1 pg/l.

Barkly et al. (1980) studied the concentration of halogenated hydrocarbon in
humans and in environmental media in the neighbourhood of a toxic chemicals
dump in the US. They analyzed urine, blood, water, breath and air (indoors and
outdoors). For detection they used a capillary gas chromatograph. The urine, blood
and water samples were heated (50-90°C). The evaporated substances were
trapped on a Tenax column and after desorption analyzed by GC-MS. The breath
and air samples were collected by a respirometer. From hereof analysis was the
same as for the blood, urine and water samples.
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Conclusions

The most frequently applied technique for chlorobenzenes is proceeded by a purge-
and trap technique. As environmental samples often contain a mixture of
substances that can disturb the identification of single substances, this pretreatment
is important. Generally the substances are detected by GC-ECD, GC-MS or GC-
FID. In general, detection methods for chlorobenzenes are well described by the
EPA. Other authors have often developed related methods for measurements
under special environmental conditions.

In some cases the detection limit can be approximately 10 ng/l, depending on the
applied technique and on the complexity of the mixture.
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ENVIRONMENTAL LEVELS

In this chapter a review will be given of the concentration levels for the
chlorobenzenes in various environmental compartments. These levels depend on
environmental conditions like climate, the organic content of sediments, water flow
rate of the rivers, etc. Therefore these levels will give only restricted information
of the concentration levels that may occur at other locations.

Residues in the atmosphere

In their report on chlorobenzenes for the EC Hooftman and De Kreuk (1981;
1983) reported levels of chlorobenzenes in the air. A summary of these levels is
presented in Table 3.1.1.

Table 3.1.1 Levels of chlorobenzenes in air (Hooftman and De Kreuk, 1981; 1983)

Substance Location Concentration
monoch L orobenzene Los Angeles and Phoenix 0.2 ug/m’

(USA)

New Yersey (USA) 0.25 - 0.8 pg/m°
dichlorobenzenes (all)  Los Angeles (USA) 8 - 53 ng/m’
1,2-dichlorobenzene wool mills 60 - 1620 mg/m’
1,4-dichlorobenzene Tokyo (city) 2.7 - 4.2 ug/m®

Tokyo (suburban) 1.5 - 2.4 ng/m’

manufacture works 60 - 3300 mg/m’
1,2,4-trichlorobenzene  urban air 3 -7 ug/m®

Table 3.1.2 Concentrations of indoor and outdoor air in The Netherlands (Slooff
et al,, 1991)

Substance Indoor Outdoor

(pg/m’y’ (ug/m*)’
monoch Lorobenzene 0.4)?
1,2-dichlorobenzene 0.004 (0.013)
1,3-dichlorobenzene 0.002 (0.009)
1,4-dichlorobenzene 7.2 (299) 0.024 (0.110)
1,2,3-trichlorobenzene
1,2,4-trichlorobenzene (0.033)
1,3,5-trichlorobenzene €0.3)?
1,2,4,5-tetrachlorobenzene (<0.081)

1 In parentheses the maximum measured concentrations are presented
2 Calculated maximal year average on a 500 meter's distance from 8 sewage
treatment plant

Hooftman and De Kreuk (1981) presented references, but no data, for occurrence
of 1,3-dichlorobenzene in the environment. 1,2,3-, 1,2,4- and 1,3,5-trichlorobenzene
were also detected after combustion of PVC at 1 pg/g PVC.

Slooff et al.,, (1991) reported concentrations in air samples in The Netherlands. A
summary of these air concentrations are presented in Table 3.1.2.
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Residues in soil

Hooftman and De Kreuk (1981; 1983) reported concentrations of some
chlorobenzenes in sediments. In the Great Lakes (Canada) trichlorobenzenes were
detected: 1,2,3-trichlorobenzene in a range of 0.1 to 16 ug/kg, 1,2,4-
trichlorobenzene in a range of 0.1 to 220 pg/kg; 1,3,5-trichlorobenzene in a range
of 0.1 to 250 pg/kg.

In 1982 Alberti (1987) reported concentrations of 0.8-1.0 pg/kg in dry sediment
samples in the river Rhine in Germany for 1,2,4-trichlorobenzene.

Masunaga et al. (1991a) studied the concentration of chlorobenzenes in the
sediment of the Ise Bay in Japan on different locations. The concentrations were
found to be higher in the vicinity of the two ports of the bay. The average
concentrations for chlorobenzenes are presented in Table 3.2.1.

Table 3.2.1 Concentration of chlorobenzenes in the Ise bay sediment, Japan
(Masunaga et al., 1991a)

Substance Average concentration
(ng/9)

1,2-dichlorobenzene 2.3

1,3-dichlorobenzene 1.9

1,2,4-trichiorobenzene 4.8

1,3,5-trichlorobenzene 0.04 - 0.15

1,2,3,5- and 1,2,4,5-tetrachlorobenzene 0.04 - 0.15

In general, chlorobenzenes can migrate in the soil and they may be found in the
soil in the vicinity of waste landfills.

Residues in water

Hooftman and De Kreuk (1981; 1983) reported, in their literature search for the
EC, concentration levels for chlorobenzenes in different types of water. In Table
3.3.1 a summary of these levels is presented.
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to Hooftman and De Kreuk (1981; 1983)

Table 3.3.1 Concentrations of chlorobenzenes in different types of water according

Substance Water type and place Concentration
‘ (ug/1)

monochlorobenzene groundwater (USA) 1
wastewater (USA) 0.9 - 27
Rhine (Europe) <0.01 - 1.96
well water near chemical 8
plant (Switzerland)

1,2,3-trichlorobenzene surface water (Cansda) 0.1 - 38
drinking weter 2 - 3
wastewater (Canada) 2 - 3
municipal discharge 21 - 46
(USA)

1,2,64-trichlorobenzene surface water (Canada) 0.6 - 107
drinking water 1 - 4
municipal discharge <0.01 - 275
(USA)

1,3,5-trichlorobenzene municipal discharge <0.01 - 26
(USA)
surface water (Canada) 0.2 - 8
wastewater (Canada) 0.2 - 0.5

trichlorobenzenes (all) Rhine 0.6 ¢+ 1.5

Recently, concentrations in groundwater and surface water have also been reported
for The Netherlands (Slooff et al., 1991). A summary of the available concentrati-
ons is presented in Table 3.3.2.

Table 3.3.2 Concentrations of chlorobenzenes in groundwater and surface water in
The Netherlands (Slooff et al., 1991).

Substance Grou\d\‘iater 8urfac1e water
(k9/t) (rg/L)

monoch lorobenzene <0.5 (<0.5)

1,2-dichlorobenzene <0.1 (0.3) 0.03 (¢ 0.6)
1,3-dichlorobenzene <0.1 ¢ 0.3) 0.02 ( 0.3)
1,4-dichlorobenzene <0.1 (0.3) 0.04 ( 0.6)
1,2,3-trichlorobenzene <0.1 (<0.1) 0.02 (¢ 0.09)°
1,2,4-trichlorobenzene <0.1 (<0.1) 0.02 ( 0.09)°
1,3,5-trichlorobenzene <0.1 (<0.1) 0.02 ¢ 0.09)°
1,2,4,5-tetrachlorobenzene (<0.001)

1 In parentheses the maximum measured concentrations are presented
2 Sum of all trichlorobenzenes

Petersen (1986) studied the concentration of chlorobenzenes at many locations in
three rivers in Germany: the Rhine, Main and Elbe. For 1,4-dichlorobenzene the
following concentration ranges were reported: Rhine 0.1 - 2.9 pg/l; Main 0.1 - 1.5
ug/l; Elbe 0.01 - 0.27 pg/l. For each of the trichlorobenzenes concentration ranges
were found: Rhine 0.01 - 0.06 pg/l; Main 0.03 - 0.1 pg/l; Elbe 0.1 - 0.15 pg/l.
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Masunaga et al. (1991b) reported concentrations of chlorobenzenes in the water of
Ise Bay in Japan. The concentrations were measured at various locations and
depths in the bay. A summary of the reported data is presented in Table 3.3.3. In
general, the concentrations at the surface and on the bottom were relatively high as
compared to the concentration in between.

Table 3.3.3 Concentrations of chlorobenzenes in the water of Ise Bay, Japan
(Masunaga et al.,, 1991b)

Substance Concentration range
(ng/g)
1,2-dichlorobenzene not detected - 145.8
1,3-dichlorobenzene not detected - 9.7
1,2,3-trichlorobenzene not detected - 542.1
1,2,4-trichlorobenzene not detected - 29.1
1,3,5-trichlorobenzene not detected - 11.9

Residues in aquatic organisms

In their evaluations for the EC, Hooftman and De Kreuk (1981; 1983) reported
concentration levels for chlorobenzenes in fish. In Table 3.4.1 a review of these
data is presented.

Table 3.4.1 Concentrations of chlorobenzenes in fish (Hooftman and De Kreuk,
1981; 1983)

Substance Fish and place Concentration

1,4-dichlorobenzene horse mackerel 0.05 ug/g wet weight

trichlorobenzenes Herring (Clupea <0.01 - 0.5 ug/g wet weight

(all) harengus)

1,2,4-trichlorobenzene trout (Canadian Lakes) 0.5 - 5 ug/kg wet weight
herring (Can. Lakes) 10 - 20 ug/kg fresh weight

1,3,5-trichlorobenzene trout (Can. Lakes) 0.1 - 5 ®mg/kg

No recent data are available on the levels of chlorobenzenes in water organisms.

Residues in terrestrial organisms

No data are available on the concentration levels of chlorobenzenes in terrestrial
organisms.

Residues in humans

Hooftman and De Kreuk (1981; 1983) reported some concentration levels of
chlorobenzenes in humans. A review of the data available is presented in Table

3.6.1.
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Table 3.6.1 Concentration levels of chlorobenzenes in humans (Hooftman and De
Kreuk, 1981; 1983)

Substance Occurence Concentration
1,4-dichlorobenzene adipose tissues (Tokyo) 0.2 - 11.7 ug/9
human blood (Tokyo) & - 16 ng/ml
1,2,3-trichlorobenzene human milk (Yugoslavia) 128 ng/kg fat
adipose tissues (Yugoslavia) 103 uo/kg fat
1,2,4-trichlorobenzene human milk (Yugoslavia) 9 Bo/kg fat
sdipose tissues (Yugoslavia) 25 uo/kg fat
1,3,5-trichlorobenzene human milk (Yugoslavia) 25 ug/kg fat
adipose tissues (Yugoslavia) 16 kg/kg fat
1,2,4,5-tetrachlorobenzene adipose tissues (Tokyo) 8 -39 pug/kg fat

Barkly et al. (1980) studied the concentration of chlorinated hydrocarbons in the
vicinity of a toxic waste dump in the US. For this reason they measured these
substances in the urine, blood and breath of 9 persons living near the dump. The
concentration levels found are summarized in Table 3.6.2.

Table 3.6.2 Concentration of chlorobenzenes in humans and their environment
near a toxic waste dump (US) (Barkly et al., 1980)

3.7

Substances Concentration range (in 9 persons); average concentration in
parentheses
breat? blood urine
(ng/m”) (ng/ml) (ng/l)
chiorobenzene 0 - trace (0) 0 - 17 (1.9 20 - 120 (41)
‘dichlorobenzenes 0 - 5000 (751) 0.15 - 68 (9.2) 0 - 39000 (4700)
trichlorobenzenes 0 - 90 (10) - -
tetrachlorobenzenes 0 - 180 (23) 0 - 14 (1.6) -
Substances
drinking water air (inside) air (outside)
(ng/ml) (ng/m°) (ng/m’)
chlorobenzene 10 - 60 (26) 0 - 600 0 - 120 (13)
(107)
dichlorobenzenes 10 - 800 (168) trace - 31000 (4- 0 - &40 (170)
033)
trichlorobenzenes - - 0 - trace (0)
tetrachlorobenzenes - - 0 - 300 (33)
Conclusions

A variety of data have been reported for the concentrations of chlorobenzenes in
the atmosphere, soil and water. In general, relatively high concentrations are found
in the neighbourhood of industry.
The data indicate that chlorobenzenes can accumulate in the human body. No data
have been found on residues in terrestrial organisms and only few data have been
reported on the levels of chlorobenzenes in aquatic organisms.
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PERSISTENCE AND DEGRADATION PATHWAYS

Abiotic degradation in the aquatic environment
Abiotic degradation

In the previous evaluation for the EC, Hooftman and De Kreuk (1981; 1983)
reported no chemical degradation for chlorobenzenes in the aquatic environment.

It is expected that chlorobenzenes, which are relatively volatile, will be released to
the atmosphere where they will be degraded by photolyzation by means of hydroxyl
radicals (Hooftman and De Kreuk, 1981; Ware, 1988).

Boule et al. (1987) found that chlorobenzenes can be photohydrolysed into
(chloro)phenols. It was also found that the reaction rate was increased by
quenchers as well.

Dichlorobenzenes are degraded slowly under environmental conditions: direct
photolysis cannot take place, because dichlorobenzenes do not absorb UV-light
above 290 nm (EPA 1981b).

The reactivity of chlorobenzenes is dependant on their substitution pattern. A
higher degree of substitution will result in a lower reactivity (Boule et al., 1987,
Slooff et al, 1991). For example 124-trichlorobenzene is a very unreactive
molecule because the halogenation of this benzene derivative deactivates the reacti-
vity of the ring to electrophilic and nucleophilic substitution (EPA 1981a).

Guittonneau et al. (1988) studied photo-oxidation of chlorobenzene, 1,2,4-
trichlorobenzene and 1-chloro-4-nitrobenzene in water by UV-radiation (253 nm)
and UV-radiation in the presence of hydrogen peroxide. They showed that these
substances degraded much faster in the presence of the hydroxyl radical. The
reaction products of the oxidation are hydroxylated derivatives. For chlorobenzene
the degradation half-life with UV-light with and without hydroxyl radical is 10 and
2 minutes respectively. For 1,2,4-trichlorobenzene they found 49 and 2.5 minutes
respectively. The speed of the photo-oxidation in their laboratory experiment,
however, gives no indication of the oxidation rate in the natural environment.

From experimental data on some chlorobenzenes the photolysis half-lives in water
can be estimated for other chlorobenzenes (Slooff et al., 1991). These are 2 - 5 days
for monochlorobenzene, 12 - 28 days for 1,2- and 1,4-dichlorobenzene, 3 - 7 days
for 1,3-dichlorobenzene, 50 - 110 days for the trichlorobenzenes and more than 150
days for tetrachlorobenzenes. The method for estimating these data is not clear.

No data are available on dichlorobenzenes, 1,2,3-tri- and 1,3,5-trichlorobenzenes
and 1,2.4,5-tetrachlorobenzene.

Conclusions

Limited information is available on the chemical degradation of chlorobenzenes in
the aquatic environment. Most of these substances will volatilize rapidly in air
because of their high volatilization rate. In the air the substances will degrade
rapidly by indirect photolysis with radicals.

Because of the variable environmental conditions, most of the presented data give
only an indication of the photodegradation. Chlorobenzenes are very stable under
environmental conditions. Therefore, chlorobenzenes will break down rapidly only
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under special circumstances, like a high concentration of radicals and a high dose
of sunlight.

Biological degradation and metabolization

The following. literature study is based on a review report on biodegradability of
priority chemicals by Keuning and Janssen (1987), which covers all chlorobenzenes
except for 1,2,4,5-tetrachlorobenzene. In an additional search relevant international
literature from 1986 until the beginning of 1991 was screened for publications on
biodegradation of chloronitrobenzenes.

Standardized tests are available to determine biodegradation under aerobic
conditions (Annex V in Dir. 79/831/EEC). However, most of the studies reported
in literature do not comply with these standardized methods. Therefore, an attempt
has been made to classify the substances in line with definitions used by OECD and
EC on the basis of the available data on test conditions and results. The following
definitions are used:

Primary degradation is the alteration of the chemical structure resulting in the loss
of a specific property; or the loss of the parent compound. Ultimate biode

is achieved when the test compound is totally utilized by micro-organisms,
producing carbondioxide, water, mineral salts and new biomass; or mineralization.
A substance is classified as readily biodegradable if it shows a positive result in
some defined stringent test methods which provide limited opportunities for
biodegradation and acclimatization. Readily biodegradable substances are assumed
to undergo rapid and ultimate biodegradation in the environment. Substances that
biodegrade under more favourable test conditions (prolonged exposure, high
biomass concentration, low substance concentration) may be classified as jnherently
biodegradable. This does not necessarily mean that mineralization is complete, nor
that rapid and reliable biodegradation in the environment will occur.

A negative result in a ready biodegradability test does not necessarily mean that
the chemical will not be biodegraded under relevant environmental conditions. If in
the test the concentration of the test substance is at a level which inhibits microbial
activity, the method is not appropriate.

Monochlorobenzene

Biodegradation in standard screening tests

Monochlorobenzene was classified as not readily biodegradable (OECD TG 301C)
by MITI (1985). Information on the toxicity of chlorobenzene for bacteria is limited
to Microtox data (Photobacterium phosphoreum), which range between 11 and 20
mg/l, see Chapter 7. This implies that a negative result in a test for ready
biodegradability could possibly be connected to inhibition of the microbial activity.

Biodegradation in simulation tests

It seems possible that monochlorobenzene is eliminated under favourable, aerobic
conditions in the natural environment by biodegradation, although abiotic
degradation (e.g. sorption and evaporation) is also important.

Bartholomew and Pfaender (1983) studied the uptake and degradation of *C-
labelled monochlorobenzene by micro-organisms in freshwater, estuarine water and
seawater. Uptake of monochlorobenzene by micro-organisms took place in all three
types of water and 30-40% of the “C-labelled monochlorobenzene was transformed
into ™CO,. The rates of degradation of monochlorobenzene in freshwater, estuarine
water and seawater were 13, 4.9-10 and less than 1-1.7 ng/Lh, respectively. The
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degradation rates were not only strongly influenced by the salinity of the water, but
also by the temperature. Below watertemperatures of 10°C the degradatlon rates
were less than 1 ng/Lh.

Bouwer (1989) performed aerobic batch studies at 20°C on samples from a strip-
pit pond contaminated with alkylbenzenes and chlorobenzene from tank-truck
washing operations. Over a 43-days incubation period 51 + 5% chlorobenzene
(initial concentration of about 100 pg/l) was biotransformed in pondwater, after a
25-days lag period. However, chlorobenzene was transformed without an apparent
lag time in pond water amended with nutrients (10 mg/l acetate; S mg/l N; 5 mg/l
P) as concentrations were below the detection limit after 12 days of incubation. The
addition of nutrients and sediment (collected from the bottom of the strip-pit pond;
concentration: 0.61 g/l) to the pond water produced similar rapid biotrans-
formation. In the pond water amended with nutrients (with and without sediment)
the major product of *C-chlorobenzene biotransformation was *CO, (62-88% after
15 days of incubation). An unidentified fraction increased in the samples and may
have been due to incorporation of C into cell mass.

In a repeated batch experiment with pondwater (with and without sediment)
amended with nutrients chlorobenzene (initial concentration: 100 pg/l) was
completely biotransformed within 24 hours.

Battersby and Wilson (1989) tested the anaerobic biodegradation potential under
methanogenic conditions by measurement of the total net gas production (CH, plus
CO,). Diluted sludge (2 to 3 g dry solids per litre medium) with the test chemical
(50 mg TOC/1) at 35°C for at least 60 days. In this test the chemical to biomass
ratio is relatively high. The test indicated that chlorobenzene is a persistent
compound under methanogenic conditions and that its presence did not inhibit gas
production. Chemicals which fail to be degraded in this type of test may not
necessarily persist at a lower and therefore environmentally more realistic chemical
to biomass ratio.

Biodegradation under experimental conditions

Micro-organisms which can use chlorobenzene as the sole source of carbon and
energy are known in literature.

Klecka and Gibson (1981) isolated Pseudomonas putida from soil. P.putida was able
to grow on toluene as the sole source of carbon and energy. Cometabolic
degradation of chlorobenzene to 3-chlorocatechol was possible in the presence of
toluene. Ring fission of 3-chlorocatechol did not occur because this substrate
inhibited catechol 2,3-dioxygenase in P.putida.

Reineke and Knackmuss (1984) isolated a chlorobenzene degrading bacterium by
continuous enrichment from a mixture of soil and sewage samples. This micro-
organism was able to use chlorobenzene as the sole carbon and energy source. The
maximum growth rates of this organism (strain WR1306) in batch culture were
accomplished at substrate concentrations of < 0.5 mM (56 mg/l) in the culture
medium. The strain was highly sensitive towards higher concentrations of chloro-
benzene. With increasing amounts of chlorobenzene a prolonged lag phase was
observed. Correspondingly, a sudden increase in substrate concentrations (> 0.5
mM) severely disturbed exponential growth with chlorobenzene. Biodegradation of
chlorobenzene in strain WR1306 took place via an ortho-cleavage pathway. The
pure culture of strain WR1306, obtained after several passages of growth with
chlorobenzene, was no longer able to use benzene as the growth substrate.
Obviously benzene when present as a growth substrate counteracts total
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suppression of its meta-cleavage pathway. This pathway, however, which is
unproductive for haloaromatics must be prevented to allow productive breakdown
of chlorocatechols via the ortho-pathway.

Oldenhuis et al. (1989) described the effect of addition of Pseudomonas strain GJ31
to soil slurries (at 30°C) containing approximately 500 pM chlorobenzene. Without
inoculation, the indigenous microflora needed approximately 30 h for adaptation to
degrade chlorobenzene and 100 h for complete removal. Inoculation with cultures
of strain GJ31 (5 mg dry weight per 1 of slurry) realized rapid degradation and
completely disappearance within 50 h. The results showed that degradation was due
to growth of the inoculated cells using chlorobenzene as source of carbon and
energy. Addition of activated sludge did not stimulate degradation. The degradation
rate of aromatic solvents by the added bacteria in soil slurries was similar or, higher
than that observed in liquid cultures of the same organisms.

Pettigrew et al. (1991) studied the simultaneous biodegradation of chlorobenzene
and toluene by Pseudomonas sp. strain JS6, which was originally selected for its
ability to grow on 14-dichlorobenzene, although the catabolic pathways of these
compounds are incompatible: methyl-substituted aromatic substrates are generally
degraded via meta-ring fission catalyzed by catechol 2,3-dioxygenase, whereas
chloro-substituted aromatic substrates are degraded via modified ortho-ring fission
catalyzed by catechol 1,2-dioxygenase; catechol 2,3-dioxygenase of the meta
cleavage pathway is inactivated by chlorocatechols. Pseudomonas sp. strain JS6 can
grow on toluene and chlorobenzene simultaneously by means of an alternative
modified ortho-ring fission pathway.

Goulding et al. (1988) studied the ability of a microbial mixture of five
Pseudomonads, one Klebsiella, four Rhodococci and two fungal strains to degrade
chlorobenzene. After 144 h of incubation the removal percentage of chlorobenzene
(initial concentration 200 mg/l, 30°C, pH 7) was 100 (corrected for volatilization).
In the degradation test no lag period was observed.

Bouwer and McCarty (1982, 1985) studied aerobic columns with immobilised
micro-organisms growing on acetate (1 mg/l), which degraded chlorobenzene in low
concentrations (10 pg/l); the acclimatization period was 20 days. During a period
of 9 months, chlorobenzene was added to the influent and 10% was detected in the
effluent. An increase of the acetate concentration (to 5 mg/l) lengthened the
acclimatization period to 60 days, but the ultimate removal percentage still was
90%.

In general the first step in microbial degradation of aromatics is the production of
catechols. These catechols then can be degraded via the ortho- or meta-ring fission
pathway. For halogenated aromatic compounds the meta-pathway leads to
halogenated dead-end or suicide metabolites (acylhalides which inhibit the ring
fission enzyme dioxygenase). In case of microbial degradation of chlorobenzene via
the meta-pathway accumulation of chlorocatechol will take place. Complete bio-
degradation of chlorobenzene occurs via a modified ortho-pathway. The enzymes of
this ortho-pathway are characterized by high affinities for chlorinated substrates,
while the enzymes of the "normal® ortho-cleavage pathway for degradation of
simple aromatics are characterized by a narrow substrate specificity. Generally Cl.
release takes place after ring fission of catechols; usually Cl-release occurs during
or after lactonization.



422

423

-19-

Almost no data are available on the anaerobic degradation of chlorobenzene.
Bouwer and McCarty (1985) described that immobilised micro-organisms in
anaerobic methanogenic columns growing on 100 mg acetate/l, could not degrade
simultaneously added chlorobenzene (approximately 20 pg/l). The columns were
percolated during the period of 1 year.

A study of Horowitz et al. (1982) on anaerobic biodegradation of aromatics in sedi-
ments and sludge also indicated that chlorobenzene was a persistent compound
under anaerobic conditions.

A summary of the data supplied by the present study is given in Table 4.2.1.

Conclusions

In the previous reports to EC (Hooftman and De Kreuk, 1981, 1983) it was
concluded that monochlorobenzene could be biodegraded although only by
preadapted micro-organisms. Therefore, biodegradation was not expected to play a
significant role for the disappearance of monochlorobenzene at least from non-
stagnant waters.

The additional data supplied by the present evaluation confirm that although
chlorobenzene is not readily biodegrabable, complete mineralization by adapted
bacteria may take place.

Up till now, significant biodegradation of chlorobenzene under anaerobic conditions
has not been detected.

Dichlorobenzenes

Biodegradation in standard tests

The isomer 1,4-dichlorobenzene was classified as readily biodegradable in the MITI
test (OECD TG 301C, MITI, 1985) and in the OECD Closed Bottle Test (OECD
TG 301B, Topping, 1987).

According to Canton et al. (1985) the Repetitive Die Away test (Blok, 1979)
indicated that 1,2- and 1,3-dichlorobenzene cannot be biodegraded in this ready
biodegradability test in which a non-adapted inoculum was used.

Information on the toxicity of dichlorobenzenes for bacteria is limited to Microtox
data (Photobacterium phosphoreum), which range between 3 and 5 mg/l, see
Chapter 7. This implies that a negative result in a test for ready biodegradability
could possibly be connected to inhibition of the microbial activity.

Biodegradation in simulation tests

As for monochlorobenzene, biodegradation of dichlorobenzenes seems possible,
depending on the prevailing environmental conditions. Kuhn et al. (1985) studied
the aerobic microbial transformation of dichlorobenzenes (initial concentrations
0.2-0.8 pM) in laboratory aquifer columns simulating saturated-flow conditions
typical for a river water/groundwater infiltration system at 20°C in the dark. The
behaviour of dichlorobenzenes in the laboratory was qualitatively the same as that
observed at a field site; dichlorobenzenes were biotransformed under aerobic
conditions. Almost 50% of the original 1,4-dichlorobenzene was recovered in the
effluent after 10 days of operation. The percentage of 1,4-dichlorobenzene removal
and the rate of its transformation gradually increased with time, so after almost 3
weeks, the overall 1,4-dichlorobenzene level in the effluent was reduced to less than
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10% of the input value. Most of the 1,4-dichlorobenzene removal (approx. 80%)
occurred within the 4.7 cm of the column (total length 20 cm). Transformation of
1,2- and 1,3-dichlorobenzene under aerobic conditions never exceeded 25% of the
input concentration and occurred only in that region of the column where 14-
dichlorobenzene was transformed.

Topping (1987) investigated the fate of 1,4-dichlorobenzene (initial concentration
approximately 0.4 mg/l) in a modified Porous Pot test (model activated sludge
plant), operated at an aeration rate of 1.0 Lmin", temperatures of 8, 15 and 20°C
and sludge retention times (SRT) of 3 and 6 days; a domestic settled sewage was
used. The overall removal was found to be consistently >95%. Mass balance results
suggested that under normal operating conditions the major proportion of 1,4-
dichlorobenzene (>76%) had been removed by biodegradation. The amount of 1,4-
dichlorobenzene removed by volatilization showed a slight dependence on aeration
rate, but only became significant (63 + 4%) when adverse operating conditions
prevailed (i.e. 8°C, at a 3 day SRT). Radioisotopic studies confirmed the presence
of 1,4-dichlorobenzene degrading bacteria in activated sludge taken from a porous
pot continuously dosed with 1,4-dichlorobenzene. The results of a similar test using
sludge from an undosed porous pot suggested that acclimatization to 1,4-dichloro-
benzene was rapid, occurring within 2 days. No adverse effects on sewage treatment
processes, due to the presence of 1,4-dichlorobenzene were observed.

Biodegradation under experimental conditions

Aerobic microbial degradation of dichlorobenzenes is described repeatedly. Bouwer
and McCarty (1982, 1985) studied acetate grown biofilms in aerobic columns with
respect to the microbial degradation of all three dichlorobenzene isomers. When
the columns were operated at an acetate concentration of 1 mg/l and separate
concentrations of 1,2-, 13- and 14-dichlorobenzene of approximately 10 pg/l the
lag-phases were respectively 20, 500 and 10 days; the corresponding removal of the
isomers during the first 9 months of percolation of the columns were 96, 22 and
98%, respectively. Even after a percolation period of 36 months only 71% of 1,3-
dichlorobenzene was removed, whereas for 1,2- and 1,4-dichlorobenzene the
removal percentage was 97 and 99%, respectively. An increase of the influent
concentration of acetate to 5 mg/l resulted in a negative effect on the degradation
of all dichlorobenzene isomers.

Goulding et al. (1988) studied the ability of a microbial mixture of five
Pseudomonas, one Klebsiella, four Rhodococci and two fungal strains to degrade
dichlorobenzenes. After 96 h of incubation the removal percentage of all
dichlorobenzene isomers (initial concentration 200 mg/l, 30 °C, pH 7) was 100%
(corrected for volatilization). In the degradation test no lag phase was observed.

Van der Meer et al. (1987) isolated Pseudomonas species, strain PS1, growing
aerobically on all dichlorobenzene isomers and on 1,2,4-trichlorobenzene as sole
carbon and energy sources. Strain P51 was tested for its ability to mineralize these
components also in a non-sterile soil environment. Untreated sand from the river
Rhine in which none of the dichloro- and trichlorobenzenes were degraded was
placed in a percolation column and inoculated with Pseudomonas sp. strain P51.
The column was fed continuously with synthetic river water containing the
chlorinated compounds at concentrations between 10 pg/l and 1 mg/l. The
inoculated microorganisms were able to degrade the chlorinated benzenes and
survived for at least 60 days in the column. For each compound a specific threshold
concentration was observed below which no further degradation took place, and
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which was independent of the initial concentration. These thresholds were 6 + 4
pg/l for 1,2-dichlorobenzene, 20 + 5 pg/l for 1,2,4-trichlorobenzene and more than
20 pg/l for the 1,3- and 14-isomers. Repeated inoculation of -the column with
strain P51 did not affect this minimal concentration. In non-inoculated soil columns
the native microbial population adapted to degrade 1,2-dichlorobenzene after a
long lag phase, and reduced it from 25 pg/l to a threshold concentration of 0.1

pg/l

De Bont et al. (1986) isolated from a mixture of soil and water samples an
Alcaligenes sp. (strain OBB65) by using 1,3-dichlorobenzene as the sole carbon and
energy source. During growth on 1,3-dichlorobenzene almost stoichiometric
amounts of chloride were released. Simultaneous adaptation studies, as well as
enzyme studies, indicated that 13-dichlorobenzene was metabolized via a
dihydrodiol to 3,5-dichlorocatechol. Subsequently, the latter product was converted
to 2,4-dichloromuconate.

Schraa et al. (1986) isolated Alcaligenes sp. strain A175 from an enrichment culture
in which monochlorobenzene, 1,3-dichlorobenzene and 1,4-dichlorobenzene served
as the sole carbon and energy source. Strain 175A was not capable of growth on
1,2-dichlorobenzene and 1,2,4-trichlorobenzene as a sole source of carbon and
energy. During growth with 14-dichlorobenzene in pure culture, stoichiometric
amounts of chloride were released; 3,6-dichlorocatechol and (2,5-dichloro)muconic
acid could be detected as intermediates during the degradation of 14-
dichlorobenzene. Incubation of strain A175 with 14-dichlorobenzene, as well as
with other aromatic compounds sometimes resulted in the production of a red
pigment in the medium which turned black over time. This colour change preceded
an irreversible loss in activity of the cells is most probably the result of the
accumulation of chlorocatechols which undergo autoxidation. It is proposed that
dioxygenases are involved in the initial steps of 1,4-dichlorobenzene degradation,
while ring opening proceeds via ortho cleavage.

Papers by Spain and Nishino (1987) and Oltmanns et al. (1988) describe a similar
pathway for the degradation of 1,4-dichlorobenzene in Pseudomonas sp. and
Pseudomonas and Alcaligenes sp., respectively.

Haigler et al. (1988) isolated Pseudomonas species strain JS100 by selective
enrichment from activated sludge. Pseudomonas sp. strain JS100 was capable of
growth on 1,2-dichlorobenzene or chlorobenzene as a sole source of carbon and
energy. The results suggest that 1,2-dichlorobenzene is initially converted by a
dioxygenase to a dihydrodiol, which is converted to 3,4-dichlorocatechol by an
NAD*-dependent dehydrogenase. Ring cleavage of 3,4-dichlorocatechol is by a
catechol 1,2-oxygenase to form 2,3-dichloro-cis,cis-muconate. Preliminary results
indicate that chloride is eliminated during subsequent lactonization of the 2,3-
dichloro-cis,cis-muconate, followed by hydrolysis to form 5-chloromaleylacetic acid.
Pseudomonas species strain JS100 oxidized chlorobenzene and 1,2-dichlorobenzene
at similar rates, and the initial enzymes seemed to be at least partially constitutive.

In general it is proposed that the aerobic microbial degradation of dichloro-
benzenes is analogous to the degradation of chlorobenzene. That is the production
of catechols by means of dioxygenase activity and the subsequent complete bio-
degradation via an ortho-cleavage pathway. The first elimination of chloride occurs
most probably during lactonization; the second elimination of chloride is less clear.

Anaerobic reductive dechlorination by micro-organisms can transform chlorinated
benzenes to intermediates (lower chlorinated benzenes) which can easily be
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mineralized aerobically. Bosma et al. (1988) studied anaerobic transformation in
columns packed with sediment of the River Rhine. Chlorinated hydrocarbons (30-
50 nmol/l) were present as the only source of carbon and energy. After an initial
lag-phase of 2-6 months (depending on the compound) 1,2,3-, 1,2,4- and 1,3,5-
trichlorobenzene were removed from the column. The dechlorination was specific:
1,2,3- and 1,3,5-trichlorobenzene were solely transformed to 1,3-dichlorobenzene,
while 14-dichlorobenzene was the only product of 1,24-trichlorobenzene
transformation. The column results indicated that dechlorination of
dichlorobenzene was inhibited in the presence of trichlorobenzene. Subsequently
dichlorobenzenes were dechlorinated, yielding monochlorobenzenes.

Bouwer (1985) and Bouwer and McCarty (1985) described that immobilised micro-
organisms in anaerobic, methanogenic columns, growing on acetate (100 mg/l)
could not degrade simultaneously added 1,2-, 1,3- and 1,4-dichlorobenzene (initial
concentration approximately 10 pg/l). The columns were percolated during a 1 year
period.

A summary of the data supplied by the present study is given in Table 4.2.1.

Conclusions

In the previous reports to EC (Hooftman and De Kreuk, 1981; 1983) it was
concluded that 1,2- and 1,3-dichlorobenzene are inherently biodegradable under
aerobic conditions. Biodegradation can be slow and the relevance to the environ-
ment is not clear. Therefore more data are needed on biodegradation under
conditions relevant to the environment.

The supplementary data in this report show that 1,4-dichlorobenzene may be
classified as readily biodegradable. Furthermore, the data confirm the conclusion
that all dichlorobenzene isomers can be metabolized as primary or secondary
substrate under aerobic conditions by several micro-organisms.

Under anaerobic conditions dichlorobenzenes may be dechlorinated to form
monochlorobenzene.

Trichlorobenzene

Biodegradation in standard tests

Trichlorobenzenes (unspecified) were classified as not readily biodegradable
(OECD TG 301C) by MITI (1985). Information on the toxicity of trichloro-
benzenes for bacteria is limited to Microtox data (Photobacterium phosphoreum),
which range between 3 and 4 mg/l, see Chapter 7. This implies that a negative
result in a test for ready biodegradability could possibly be connected to inhibition
of the microbial activity.

Biodegradation in simulation tests

Almost no data are available on the biodegradation under natural conditions. It is
proposed that trichlorobenzenes are rather persistent in the natural environment.

It is assumed that 1,3,5-trichlorobenzene cannot be biodegraded under aerobic
conditions. Biodegradation of chlorobenzenes is expected to take place via ring
fission catalyzed by catechol dioxygenases and this pathway demands two adjacent
positions at the aromatic ring, which are not substituted by chlorine (Slooff et al.,
1991).
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Bartholomew and Pfaender (1983) studied the uptake and degradation of “C-
labelled 1,2,4-trichlorobenzene in freshwater, estuary water and seawater. The
uptake of trichlorobenzene varied from less than 1 to 7.9 ng/Lh; no transformation
to ™CO, was observed. These results indicate that trichlorobenze was either
degraded cometabolically or accumulated unchanged by micro-organisms.

Swindoll et al. (1988) measured the biodegradation in aquifer solid slurries as both
the conversion of radiolabeled substrate to CO, and the incorporation of label
into cell biomass. Under aerobic conditions, the microbial community metabolized
chlorobenzene and 1,2,4-trichlorobenzene. First-order rate constants ranged from
107 tot 10* h ? for the natural compounds (e.g. acetic acid, amino acids, glucose);
for chlorobenzene and 1,2,4-trichlorobenzene this constant was respectively 10¢ and
10% h. Turnover times ranged from 47 to more than 1,900 h for natural
compounds, for chlorobenzene and 1,24-trichlorobenzene turnover times were
respectively 60,000 and 15,000. Mineralization of chlorobenzene and trichloro-
benzene represented respectively 20% and 4% of total metabolism.

Biodegradation under experimental conditions

Aerobic microbial degradation of 1,2,4-trichlorobenzene is described by Bouwer
(1985) and Bouwer and McCarty (1982, 1985); immobilised micro-organisms in
aerobic columns, growing on 1 mg/] acetate removed 90% of simultaneously added
1,2,4-trichlorobenzene (initial concentration approximately 10 pg/l) during the first
9 months of percolation of the columns and after a lag phase of 40 days. Increase
of the influent concentration of acetate to 5 mg/l resulted in a negative effect on
the degradation of 1,2,4-trichlorobenzene.

Goulding et al. (1988) studied the ability of a microbial mixture of five
Pseudomonads, one Klebsiella, four Rhodococci and two fungal strains to degrade
1,2,3- and 1,2,4-trichlorobenzene. After 48 h of incubation the removal percentage
of these isomers (initial concentration 200 mg/], 30°C, pH 7) was 100% (corrected
for volatilization). In the degradation test no lag phase was observed.

Van der Meer et al. (1987) isolated Pseudomonas species, strain P51, growing
aerobically on all dichlorobenzene isomers and on 1,2,4-trichlorobenzene as sole
carbon and energy sources. Strain P51 was tested for its ability to mineralize these
components also in a nonsterile soil environment. Untreated sand from the River
Rhine in which none of the dichloro- and trichlorobenzenes were degraded was
placed in a percolation column and inoculated with Pseudomonas sp. strain P51.
The column was fed continuously with synthetic river water containing the
chlorinated compounds at concentrations between 10 pg/l and 1 mg/l. The
inoculated micro-organisms were able to degrade the chlorinated benzenes and
survived for at least 60 days in the column. For each compound a specific threshold
concentration was observed below which no further degradation took place, and
which was independent of the initial concentration. These thresholds were 6 pg/l
for 1,2-dichlorobenzene, 20 + 5 pg/l for 1,2,4-trichlorobenzene and more than 20
ug/l for the 13- and 1,4-isomers. Repeated inoculation of the column with strain
P51 did not affect this minimal concentration.

Anaerobic reductive dechlorination by micro-organisms can transform chlorinated
benzenes to intermediates (lower chlorinated benzenes) which can easily be
mineralized aerobically. Fathepure et al. (1988) observed complete
biotransformation of hexachlorobenzene in anaerobic sewage sludge within a period
of 3 weeks; hexachlorobenzene (initial concentration approximately 50 mg/l) was
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dechlorinated to tri- and dichlorobenzenes. The major route was the transformation
of hexachlorobenzene via pentachlorobenzene, 1,2,3,5-tetrachlorobenzene and 1,3,5-
trichlorobenzene. More than 90% of the added hexachlorobenzene was recovered
as 1,3,5-trichlorobenzene, and there was no evidence for further dechlorination of
1,3,5-trichlorobenzene. The minor route was the transformation of
hexachlorobenzene via pentachlorobenzene, 1,2,4,5-tetrachlorobenzene, 1,2,4-
trichlorobenzene and dichlorobenzenes.

Bouwer (1985) described that immobilised micro-organisms in anaerobic
methanogenic columns, growing on 100 mg/l acetate as the primary substrate could
not degrade simultaneously added 1,2,4-trichlorobenzene (initial concentration
approximately 10 pg/l). The columns were percolated during a 1 year period.

A summary of the data supplied by the present study is given in Table 4.2.1.

Conclusions

In the EC evaluation reports on trichlorobenzenes (Hooftman and De Kreuk, 1981;
1983) it was concluded that biodegradation was obtained with micro-organisms
from soil and from activated sludge. Therefore trichlorobenzenes may be
considered as inherently biodegradable. However, it is questionable whether
biodegradation of these isomers in the environment will actually occur.

Aerobic microbial degradation of 1,2,3- and 1,2.4-trichlorobenzene is confirmed by
the additional data supplied in this report. The isomer 1,2,4-trichlorobenzene can
be used as sole carbon and energy source by pure cultures. For 1,3,5-trichloro-
benzene no additional data were available.

Although the results with regard to anaerobic biodegradation are contradictory, it is
proposed that transformations are possible by means of reductive dechlorination.

1,2,4,5-Tetrachlorobenzene

Biodegradation_in standard tests

Standard tests with tetrachlorobenzenes have not been reported. Information on
the toxicity of tetrachlorobenzenes for bacteria ranges between 3 and 20 mg/l, see
Chapter 7. This implies that toxicity might inhibit the microbial activity in standard
tests.

Biodegradation in simulation tests

No recent data are available on the biodegradation of 1,2,4,5-tetrachloro-benzene
under natural conditions. With respect to the metabolic pathways it is assumed to
be unlikely that 1,2,4,5-tetrachlorobenzene is biodegraded under aerobic conditions;
chlorobenzenes are generally assumed to be biodegraded via ring fission catalyzed
by catechol dioxygenases and this pathway demands two adjacent positions at the
aromatic ring, which are not substituted by chlorine (Slooff et al., 1991).

Biodegradation under experimental conditions

Information on the degradation of 1,2,4,5-tetrachlorobenzene under experimental
conditions is also limited. Sander et al. (1989) isolated a Pseudomonas strain PS14
from soil samples from an industrial waste deposit by enrichment techniques using
chlorinated benzenes as the substrates. Strain PS14 was able to use 1,24,5-
tetrachlorobenzene as the only source of carbon and energy under aerobic
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conditions. The stoichiometric amounts of chloride which were measured in the
medium of strain PS14 after conversion of chlorobenzene, all three isomeric
dichlorobenzenes, 1,2,3- and 1,2,4-trichlorobenzenes and 1,2,4,5-tetrachlorobenzene,
strongly suggest a complete mineralization of the substrate.

Fathepure et al. (1988) observed complete biotransformation of hexachlorobenzene
in anaerobic sewage sludge within a period of 3 weeks; hexachlorobenzene (initial
concentration approximately 50 mg/l) was dechlorinated to tri- and
dichlorobenzenes. The major route was the transformation of hexachlorobenzene
via pentachlorobenzene, 1,2,3,5-tetrachlorobenzene and 1,3,5-trichlorobenzene.
More than 90% of the added hexachlorobenzene was recovered as 1,3,5-
trichlorobenzene, and there was no evidence for further dechlorination of 1,3,5-
trichlorobenzene. The minor route was the transformation of hexachlorobenzene
via pentachlorobenzene, 1,2,4,5-tetrachlorobenzene, 1,2,4-trichlorobenzene and
dichlorobenzenes. :

A summary of the data supplied by the present study is given in Table 4.2.1.

Conclusions

In a previous report to EC (Hooftman and De Kreuk, 1981) it was concluded that,
although it appears that 1,2,4,5-tetrachlorobenzene is biodegradable, more data on
biodegradation will be needed, based on the relative significance of this compound
for the environment.

The additional data supplied in this report are rather limited, but confirm that
1,2,4,5-tetrachlorobenzene is inherently biodegradable.
Evidence for anaerobic degradation is also available.
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DISTRIBUTION BETWEEN ENVIRONMENTAL COMPARTMENTS
Volatilization

In the previous evaluation for the EC, Hooftman and De Kreuk (1981) reported a
volatilization half-life of 0.3 days for monochlorobenzene (experiment in the river
Rhine). For 13-dichlorobenzene the volatilization half-life in other Dutch rivers
varied from 2 to 50 days; for 1,2,3-trichlorobenzenes 1.9 to 30 days; for 1,2,4-
trichlorobenze 2.1 to 28 days; for 1,3,5-trichlorobenzene the half-life in the river
Rhine amounted to 18 days.

Ince and Inel (1989) carried out laboratory experiments to measure the volatilizati-
on rate of different substances. For chlorobenzene a volatilization (first-order) rate
constant of 0.67 h? (25°C) was found. Aeration of the solution resulted in a
doubling of the volatilization rate.

Hellman (1987) studied the vaporization behaviour of chlorobenzenes. He
developed a model for the quantification of the wvolatilization rate in the
environment. The following volatilization rates were found: for chlorobenzene
0.00165 min; for 1,2-dichlorobenzene 0.0011 min™; for 1,4-dichlorobenzene 0.0013
min™ and for 1,3,5-trichlorobenzene 0.0093 min™.

Rippen et al. (1984) calculated a volatilization half-life of 21 hours for 1,4-dichloro-
benzene from an aqueous solution for 1 meter water depth at 25°C.

No volatilization data are available for 1,2,4,5-tetrachlorobenzene. |

In recent years several models have been developed to estimate the volatilization
behaviour of substances in the natural environment. In this evaluation study the
estimation method developed by De Bruin (1985) is used to estimate the
volatilization half-life ("standard half-life"). The calculation is based on physical
parameters like water solubility, vapour pressure, temperature (20°C), water flow
rate (1 m/s), air velocity (3 m/s), and water depth (1 m). The calculation method is
presented in Appendix 1. The calculated half-lives for the chlorobenzenes are
presented in Table 5.1.1.

Table 5.1.1 The calculated volatilization rate (standard half-life) of the
chlorobenzenes according to De Bruin (1985).

Substance Half-life (h)
chlorobenzene 260
1,2-dichlorobenzene 550
1,3-dichlorobenzene : 290
1,4-dichlorobenzene 670
1,2,3-trichlorobenzene . 510
1,2,4-trichlorobenzene 320
1,3,5-trichlorobenzene 730
1,2,4,5-tetrachlorobenzene 500

A summary of published data on volatilization rates and half-lives data is given in
Table 5.1.2.
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Table 5.1.2 Experimentally determined volatilization rates and half-lives ot

chlorobenzenes.
Substance Volatilization rate Half-life ref.
) h)

chlorobenzene 0.069 7.2 1
0.99 0.7 2
0.67 1.3 3

1,2-dichlorobenzene 0.67 1.0 2

1,3-dichlorobenzene 0.014 - 0.35 d’ 2-504d 1

1,4-dichlorobenzene 0.033 21 4
0.76 0.91 2

1,2,3-trichlorobenzene 0.023 - 0.37 d*' 1.9-30d 1

1,2,4-trichlorobenzene 0.025 - 0.33 d' 2.1-284d 1

1,3,5-trichlorobenzene 0.0016 18 d 1
0.56 1.2 2

References:

1 Hooftman and De Kreuk (1981)
2 Kellmann (1987)

3 Ince and Inel (1989)

4 Rippen et al. (1984)

Table 5.1.2 shows a high variety in volatilization half-lives of each substance, e.g.
chlorobenzene, 1,4-dichlorobenzene and 1,3,5-trichlorobenzene. This is mainly
caused by the differences in experimental conditions. Differences in the half-lives of
the various compounds as reported by the same reference will be caused by the
specific physical and chemical properties of the substances.

For a proper comparison of the volatility of the substances, Table 5.1.1 should be
used, since those calculations are based on identical physical and chemical
properties and assumptions.

In general, it can be concluded that the substances will volatilize within 1 to 2
months from water into the air.

Sorption

For the fate of a substance in the environment, sorption can play an important role.
Substances may adsorb on suspended solids and on sediment where they can
remain for a long time. After sorption a substance may return to the aquatic
environment by desorption. It is possible to measure a distribution coefficient of a
substance between sediment and water. This parameter is the sediment/water
partition coefficient. The value of this coefficient is dependant on physical and
chemical properties of the substances e.g. the solubility, and on the organic carbon
content of the sediment. Usually, the partition coefficient is calculated for the
carbon content of the sediment. This parameter is called the "organic carbon
partition coefficient” (K_.).

For many substances the K has been measured. For other substances the K, can
be estimated from the octanol/water partition coefficient (K,,) or from the water
solubility of that substance, these data are presented in chapter 1. In Table 5.2.1
the calculated K _ are presented for the chlorobenzenes. The following formula has
been used for the calculation (De Bruin, 1985): log K. = -0.557 log S + 0.935,
where S = water solubility (mol/l).
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Table 5.2.1 Estimated K .-values for chlorobenzenes

log K.
monochlorobenzene 225
1,2-dichlorobenzene 2.63
1,3-dichlorobenzene 2.65
1,4-dichlorobenzene 2.74
1,2,3-trichlorobenzene 3.10
1,2,4-trichlorobenzene 3.04
1,3,5-trichlorobenzene 320
1,2,4,5-tetrachlorobenzene 4.03

From Table 5.2.1 it can be seen that the K, is higher with an increasing
chlorination. The dichlorobenzenes have rather low partition coefficients, hence
adsorption to sediment will not be an important pathway for dichlorobenzenes to
leave the aqueous phase. For the trichlorobenzenes and 1,2,4,5-tetrachlorobenzene
the K, is higher indicating that sorption onto the sediment will be stronger than
for the other chlorobenzenes.

Bioaccumulation

Information on the accumulation of substances in organisms can be obtained from
bioconcentration factors (BCF). The bioconcentration factor is the ratio between
the concentration in a organism and the mean concentration in the testwater. The
concentration in the organism (or in body tissue) should be determined at (near-)
steady state. For the former method the test period must be sufficiently long to
reach "steady state”, otherwise the BCF will be underestimated. The BCF can also
be calculated as the ratio between the rate constants of uptake (k,) and depuration
(k,), assuming 1st order kinetics.

The time needed to reach 80% or 90% of steady state can be calculated by:

T (80%) = 1.6/k, k, = elimination rate (d)
T (90%) = 3.0/k,

If k,-values for chlorobenzenes (for fish) are known the minimum, time required to
reach a certain percentage of the steady state can be calculated (Kristensen and
Tyle, 1990). These calculations are only indicative because the kj,-values depend for
instance on the size of the fish (large fish need a longer exposure period to reach
steady state than small fish).

Calculation of the 80% steady state for chlorobenzenes for fish based on measured
k,-values resulted in values ranging from 1.6 days for 1,4-dichlorobenzene to 4 days
for 1,2,4,5-tetrachlorobenzene.

Bioconcentration factors can be expressed based on wet weight or on lipid weight.
As organisms show a variation in lipid weight, more variation is expected in BCF-
values based on wet-weight than in BCF-values based on lipid weight.

Bioconcentration factors available for chlorobenzenes are presented in Table 5.3.1.
Most of the accumulation experiments were conducted with freshwater fish with the
exception of two experiments with algae.
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Monochlorobenzene

For monochlorobenzene the bioconcentration factors for algae were 50 for
Chlorella fusca vari vacuolata and 2172 for Selenastrum capricomutum. The BCF for
the fish Leuciscus idus melanotus was 70.

Monochlorobenzene is classified as being non-accumulative or low accumulative
according to the MITI list (based on results obtained using OECD Test Guideline
No 305 CL MITI, 1985).

Dichlorobenzenes

For the various dichlorobenzenes the bioconcentration factors based on wet weight
ranged from 40 for Salmo gairdneri (alevin) to 1400 for Salmo gairdneri (at
hatching). Both values are derived from the same experiment carried out by
Calamari et al. (1982) who investigated the bioconcentration of 1,4-dichlorobenzene
for different developmental stages of Salmo gairdneri. BCFs based on wet weight,
derived from other experiments with fish, ranged from 50 for Leuciscus idus
melanotus to 740 for Salmo gairdneri. BCFs based on lipid weight ranged from 3590
for Jordanella floridae to 8880 for Salmo gairdneri.

In experiments with algae a BCF (wet weight) of 19,700 was found for Selenastrum
capricomutum and 90 for Chlorella fusca var vacuolata.

Dichlorobenzenes are confirmed to be non-accumulative or low accumulative
according to the MITI list (MITI, 1985).

Trichlorobenzenes

BCFs for trichlorobenzenes varied from 39 for Salmo gairdneri alevins to 4100 for
the adult. The "whole-body” BCF is very dependent on the lipid content of the
organism. Galassi and Calamari (1983) found for 1,2,3-trichlorobenzene and 1,2,4-
trichlorobenzene a similar relationship as Calamari (1982) for 1,4-dichlorobenzene
between developmental stage and "whole-body" BCF in the eyed-egg stage the BCF
for the hatching stage was higher (349) and at the end of the experiment the BCF
decreased to 39 for the alevin. The BCF (lipid weight) varied only within a factor 2.
For algae the only BCF-value available was 250, for Chlorella fusca var vacuolata.
Trichlorobenzenes are confirmed to be accumulative on a medium level according
to the MITI list (MITI, 1985).

1,2,4,5-Tetrachlorobenzene

BCF were only available for fish. BCF were 4054 for Jordanella floridae and 13000
for Salmo gairdneri. Based on lipid weight, BCF were 50300 and 15600.

1,2,4,5-Tetrachlorobenzene is classified as being medium accumulative according to
the MITI list (MITI, 1985).
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Environmental distribution

Some generalizations on the environmental distribution of chlorobenzenes can be
made. Chlorobenzenes which are released into the aquatic environment will
dissolve in water: monochlorobenzene less than 500 mg/l; dichlorobenzenes around
100 mg/l, trichlorobenzenes around 20 mg/l and tetrachlorobenzene less than 1
mg/l. On one hand, the substances will volatilize from the water compartment.
Volatilization half-lives for chlorobenzenes vary between 1 hour to 30 days and the
substances will volatilize from water into air within 1 or 2 months. In air they will
degrade rapidly by indirect photolysis with radicals. On the other hand they will
adsorb to organic matter in the sediment and maintain partition-equilibrium.
Sorption will be important for tri- and tetrachlorobenzenes (log K, > 3).
Chlorobenzenes will also accumulate in fish with low bioconcentration factors for
monochlorobenzene (< 100) en somewhat higher factors for the higher substituted
benzenes (< 1000).

Limited data are available on the chemical degradation in the aquatic environment.
However, it is not expected that chemical degradation is important because of the
stability of the aromatic ring of the substances. Abiotic, degradation can only be
expected under special conditions like a high concentration of radicals and a high
dose of sunlight. However, all chlorinated benzenes up to 1,2,4,5-tetrachlorobenzene
are inherently are biodegradable, whereas 14-dichlorobenzene is readily
biodegradable. Therefore they may be degraded in the sediment but only under
favourable conditions.
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TOXICITY

A general remark should be made with regard to the interpretation of the data
presented in the literature. Several chlorobenzenes are highly volatile substances,
indicated by measured half-lives less than 8 hours (Table 5.1.2). As a consequence
these substances will also disappear from the test vessels in toxicity studies.

According to Kiihn et al. (1989) in a static renewal test where the test medium was
refreshed every other day, the initial concentration of 0.63 mg/l was actually
reduced by 95% to 0.03 mg/l. Therefore the tables give information on initial and
actual concentrations and the way the values are reported.

Aquatic toxicity

All toxicity data for chlorobenzenes are summarized in Tables 6.1.1. to 6.1.14. The
previous reports to EC of Hooftman and De Kreuk (1981; 1983) contain several
tables with toxicity data. A selection of these data are included in the Tables.

Monochlorobenzenes

Most of the acute E(L)Cy-values for bacteria, algae, crustaceans and fish range
from 4.1 to 22.3 mg/l. One low ECq,-value of 0.58 mg/l found for Daphnia magna
is considered as a outlier, as all other ECy-values for Daphnia magna range
between 4.3 and 12.9 mg/l.

Chronic NOEC-values are available for Daphnia magna the fish Brachydanio rerio
and the marine alga Skeletonema costatum and echinoderm Paracentrotus lividus.
For Skeletonema costatum a NOEC-value of 100 mg/l was found, which is
considerably higher than NOEC-values ranging from 0.32 to 5.6 mg/l for Daphnia
magna and Brachydanio rerio, respectively. Monochlorobenzene was most toxic to
the marine Echinoderm Paracentrotus lividus, causing chromosomal abnormalities in
embryos at a concentration of 0.14 mg/1.

Dichlorobenzenes

From the available acute toxicity values it is concluded that 1,2-, 1,3- and 14-
dichlorobenzenes are comparably toxic. Furthermore dichlorobenzenes appear to be
slightly more toxic than monochlorobenzene, indicated by 2 to 3 times lower
E(L)C,-values found for Photobacterium phosphoreum and Pimephales promelas
(On molecular bases this is even more pronounced). However, the lowest acute
data for monochlorobenzene and dichlorobenzeneswere comparable 0.58 and 0.78
mg/| respectively.

Chronic toxicity data confirm that dichlorobenzenes are equally toxic as most of the
NOEC-values are ranging from 03 to 1.0 mg/l for the algae Selenastrum
capricomutum, Daphnia magna, the fish species Brachydanio rerio and Pimephales
promelas.

No difference could be distinguished between chronic toxicity data for
monochlorobenzene and dichlorobenzenes. In experiments performed with the
marine Echinoderm Paracentrotus lividus, both 12-dichlorobenzene and 1,3-
dichlorobenzene also caused chromosomal abnormalities in embryos at a
concentration of 0.14 mg/l.
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Trichlorobenzenes

In accordance with dichlorobenzenes, 1,2,3-trichlorobenzene and 1,24-
trichlorobenzene also have comparable toxicity. For Photobacterium phosphorum,
Daphnia magna and Brachydanio rerio acute E(L)Cy-values were found, most of
them ranging from 0.35 to 6.3 mg/l. For 1,2,4-Trichlorobenzene, eleven LC-values
were available for fish, ranging from 1.32 mg/] for Salmo gairdneri to 21 mg/1 for
the saltwater fish Cyprinodon variegates. The latter LCq-value was based on nominal
concentrations and was very high as compared to the other values.

Chronic NOEC-values of 1,2,3-trichlorobenzene ranged from 0.22 mg/l for the alga
Selenastrum capricomutum to 0.56 mg/l for Brachydanio rerio. Kithn et al, 1989
reported in a renewal experiment with Daphnia magna a nominal NOEC-value of
0.63 mg/l, whereas after analysis an initial concentration of 0.03 mg/l was
measured. Therefore this experiment was not used for effect assessment (chapter
7.1).

The lowest NOEC of 0.1 mg/l was reported for 1,2,4-trichlorobenzene for Daphnia
magna.

For 1,3,5-trichlorobenzene no additional new data were found. However, the data
reported in Hooftman and De Kreuk (1981; 1983) indicate no difference in toxicity
compared to other trichlorobenzenes.

1,2,4,5-tetrachlorobenzene
Three acute (4 d) LC,,-values were reported for fish, ranging from 0.33 mg/l to 1.2
mg/l. No other acute toxicity data were available.

The only reported chronic toxicity data for fish were a MATC of 0.12 mg/l for
Cyprinodon variegates and a LCy-value of Pimephales promelas of 0.3 mg/l.

In an ELS experiment conducted with Salmo gairdneri (Van Leeuwen, 1983), where
concentrations were used which were around the water solubility, no mortality was
found up to and including the sac fry stage.

No other toxicity data were reported for aquatic organisms.
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Quantitative structure activity relations (QSARs)

Based on experimental data quantitative structure activity relations can be
established for substances with similar structures and working mechanisms. For
narcotizing substances like chlorobenzenes QSARs are often used for relations
where toxicity is a function of their octanol-water partition coefficient. Therefore
for several species QSARs are available as presented in Table 6.1.15.

Table 6.1.15 QSARs for the chlorobenzenes

Organism QSAR equations (pmol/l) r s Ref.
Photobacterium  log 1/EC, = 1.03 log K,,,, - 5.22 0.899 0.53 1
phosphoreum®

Selenastrum log 1/LC,, = 0.87 log K,,,, - 4.87 0.988 0.24 2
capricomutum® ‘

Daphnia magna® log 1/NOEC = 0.99 log K, - 4.16 0.974 0.50 3
Brachydanio rerio® log 1/LC,, = 0.94 log K,,,, - 4.62 0.997 0.07 4
Brachydanio rerio® log 1/NOLC = 0.96 log K, - 4.56 0.991 0.13 4
Brachydanio rerio® log 1/NOEC = 1.06 log K,,, - 4.57 0.987 0.17 4
Poecilia log 1/LCs, = 0.845 log K,,,, - 4.63 0.980 - 2
reticulata®

r=correlation coefficient and s=standard error of estimate

References: a 30 minutes
1 Hermens et al., (1985) b 4 days
2 Konemann, (1981) c & days
3 De Wolf et al., (1988) d 28 days
4 Van Leeuwen et al. (1990) e 2 days

Toxicity to terrestrial organisms

Data on the toxicity of chlorobenenes to terrestrial organisms like plants, bacteria
and invertebrates are summarized in Table 6.2.1. As lipophilic substances may
strongly adsorb to organic matter in the soil, the bioavailability of the test substance
for the test organism is strongly influenced by content of organic material in the
soil. Therefore test concentrations are often recalculated and standardized for a so-
called standard soil, which contains 10% of organic matter. NOEC-values for
chlorobenzenes, dichlorobenzenes, trichlorobenzenes and 1,2,4,5-tetra-
chlorobenzene, converted to standard soil conditions ranged from <5 to 220 mg/kg
dry weight.

(Semi)lield studies

The effects of 1,2,4-trichlorobenzene were studied in a multi-species system (Lay et
al., 1985). The concentration where the ecosystem was not affected was estimated
at 57 pg/l (Okkerman et al., 1990).
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Table 6.2.1 LC,- and NOEC-values for chlorobenzenes derived from laboratory
experiments with various soil organisms, converted into standard soil
(organic matter (OM) 10%) (Denneman et al, 1989; Hesse et al.,

1991)
Compound\ Soil Soil properties Expo. Criterion Result Standard Ref.
test organism type pH  XOM Xclay time (mg/kg) soil (mg/kg)
monochlorobenzene
Plants
Lactuca sativa OECD 7.8 2 12 14d ECyy Orowth >1000 >5000 1
NOEC growth 10 50
1,4-dichlorobenzene
Plants
Lactucs sativa OECD 7.8 2 12 14d ECsy growth 248 1250 1
NOEC growth 10 S0
1,2,3-trichlorcbenzene
Plants
Lactuca sativa OECD 7.8 2 12 14d ECyy growth 3.8 20 1
NOEC growth 1 5
Oligochsetes
Eisenia andrei humic 5.3 6.1 2.4 1 LCsy 240 393 2
NOEC growth 100 164
humic sand 4.8 3.7 1.4 14d LCsy 134 362 2
NOEC growth 56 150
peaty soil 6.5 8.1 8.1 14d LCsy 133 a3 2
NOEC growth 56 35
art. OECD 3.8 15.6 9 14d LCsy 547 675 2
soil NOEC growth 180 220
Eisenia andrei humic 5.3 6.1 2.4 d LCy 207 340 3
humic sand 4.8 3.7 1.4 14d LCx 115 310 3
peaty soil 6.5 8.1 8.1 14d LCy 563 695 3
art. OECD 3.8 15.6 ¢ 14d LGy 195 122 3
soil
1,2,4-trichlorobenzene
Oligochaetes
Eisenia fetida art. soil 6.0 10 20 % d LCsy 197 197 4
Allobophora 1%d LCy, 251 251
tuberculata
Eudrilus 1%d LCs 127 127
eugeniae
Perionyx % d LCs 180 180
excavatus
Plants
Lactuca sativa OECD 7.8 2 12 14d ECs, Qrowth 48 240 1
14d NOEC growth 10 50
1,3,5-trichlorobenzene
Plants
Lactuce sativa OECD 7.8 2 12 14d ECy, growth 123 615 1
14d NOEC growth 10 50
1.2,3,5-tetrachlorcbenzene
Plants
Lactuce sativa OECD 7.8 2 1 14d ECsy growth 1.3 6.5 1
14d NOEC growth <1 <5

1 Adema and Henzen, 1990
2 Van Gestel et al., 1989
3 Van Gestel and Ma, 1990
& Neuhauser et al., 1986
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Toxicity to mammals

For chlorobenzenes the relevant routes of exposure of mammals are oral intake
and inhalation exposure. Toxic effects in test organisms are aberrations of the liver,
spleen and lymphatic system. For higher chlorinated benzenes also disturbance of
the porphyrin metabolism is observed. The toxicity data are presented in Table
6.4.1.

Monochlorobenzene

On basis of a 2 year toxicity experiment with mouses an oral dose without effect is
estimated at 30 mg/kg body weight. Using a safety factor of 100 the TDI (tolerable
daily intake, for humans) is calculated at 0.3 mg/kg body weight (Hesse et al.,

1991). Several subchronic inhalation studies with monochlorobenzene are available,
but difficult to interpret. A no observed effect level in rat of 0.1 mg/m*® was
estimated in an East-European study. In other experiments, however, 2000 mg/m?

caused no effects in the rat. In one experiment at 345 mg/m? marginal effects were
found. In other experiments neurotoxic effects in rat were found at 100 mg/m®
(EPA, 1984). ’

Dichlorobenzenes

For 1,2-dichlorobenzene a no-effect dose of 60 mg/kg body weight is found in oral
chronic experiments with mouses and rats. Using a safety factor of 100 the TDI is
calculated at 0.6 mg/kg body weight (Hesse et al., 1991). The lowest concentration
causing effects in semichronic inhalation experiments (6-7 mths) was 560 mg/m? in
male guinea pigs with a reduced spleen weight. No effects were observed at 260
mg/m® (61 mg/m? continuously).

Liver porphyry was found in rat after 15 days exposure to 455 mg/m® (EPA, 1984).
Using a safety factor of 100 a toxicologically derived acceptable level in air for
continuous exposure is calculated at 0.6 mg/m® (Hesse et al, 1991). An odour
threshold is established at 305 mg/m® (Hesse et al.,, 1991).

For 1,3-dichlorobenzene there were too few data available to calculate a TDI. No
inhalation studies are available.

For 1,4-dichlorobenzene on basis of semi-chronic experiments (6 mths) with rats a
no effect dose of 19 mg/kg body weight is found using a safety factor of* 100 The
TDI is calculated at 0.19 mg/kg body weight (Hesse et al., 1991).

In semichronic (6-7 mths) inhalation experiments with rats, guinea pigs, mouses,
rabbits and monkeys, no effects were observed at 577 mg/m’. Using a safety factor
of 100, a toxicologically derived acceptable level in air for continuous exposure is
calculated at 1.2 mg/m’. An odour threshold is established at 1 to 10 mg/m?® (Hesse
et al., 1991).

Trichlorobenzenes

Most the experiments were performed with 1,2,4-trichlorobenzene. On basis of an
oral experiment (120 days) with monkeys a no effect dose of 25 mg/kg body weight
is found for 1,2,4-trichlorobenzene. In toxicity experiments with rats no effects on
reproduction or teratogenic effects were found at 20 mg/kg body weight. Too few
data were available to calculate a TDI. In an inhalation experiment (3 mths) with
rats, 1,2,4-trichlorobenzene did not effect the porphyrin metabolism (EPA, 1984).
In an inhalation experiment (3 mths, rats) with 1,3,5- tnchlorobenzene in rats no
effects were observed at 742 mg/m® (EPA, 1984).
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1,2,4,5-Tetrachlorobenzene

In a semi-chronic experiment a no effect dose was estimated at 0.4 mg/kg body
weight. Due to a lack of data a TDI could not be calculated. No inhalation
experiments with 1,2,4,5-tetrachlorobenzene were available.

Table 6.4.1 Acute toxicity of chlorobenzenes (Sax, 1989; Hesse et al. 1991)

Compound\ Route of Expo. Criteris Result

test organism sdministration time (mg/kg bw)

monochlorobenzene

rat oral LD50 400

rat oral LD50 2,164

rabbit oral LD50 2,830

mouse oral 2y NEL hep 30 bl

rat inhalation Lc50 2,965 *

rat inhalation sub-chron. NEL hep. ren. 0.1 hd

rat inhalation sub-chron, TDLo hep. ren. 345 hd

rat inhalation sub-chron. NEL hep. ren. 2000 *

rat inhalation sub-chron. EC neuro. 100 hd

mouse inhalation LC50 1,886 *

dog inhalation sub-chron. NEL hep. ren. 750 *

rabbit dermal LD50 >10,000

1,2-dichlorobenzene

rat oral LD50 500

rat oral LD50 2,138

rabbit oral LD50 1,875

mouse orel LD50 2,000

guinea pig oral LDS0 3,375

cat oral 103 wks NEL 60 bl

mouse oral 103 wks NEL 60 bl

rat inhalation 15 d ToLo lever 455

guinea pig inhalation 6-7 mths T0Lo spleen 560 -
weight

guinea pig inhalation 6-7 mths NEL 260 hd

1,3-dichlorobenzene

1.4-dichlorobenzene

rat oral LD50 S00

rat oral 6 mths NEL 19 bt

rabbit oral LD50 2,812

rat inhalation 6-7 mths NEL 577 b

guinea pig inhaltation 6-7 mths NEL S77 -

mouse inhalation 6-7 mths NEL 577 *

rabbit inhalation 6-7 mths NEL 577 hd

monkey inhalation 6-7 mths NEL S77 .

1,2,3-trichlorobenzene

1,2,4-trichlorobenzene

rat oral LD50 756

rat oral 3 mths NEL ter. 20 bl

mouse oral LD50 766

monkey oral 4 mths NEL org. 186 "

1.3.5-trichlorobenzene

rats inhalation 3 mths NEL Org. 100 o

1,2,4,5-tetrachlorcbenzene

rat oral 3 mths NEL  hep. ren. 0.4 hd

mouse oral LDS0 1,035

rat oral LD50 1,500

- mg/m’

e mg/kg body weight/day
hep. hepatocellar necrosis
ren. renal effects

neuro. neurotoxic effects
ter. teratogenic effects
org. organs
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Carcinogenic, mutagenic effects and teratogenic effects

The Dutch National Institute of Public Health and Environmental Protection
(RIVM) has evaluated chlorobenzenes for deriving toxicological guidelines
(Vermeire et al.,, 1991). The most important results are presented here.

Monochlérobenzene

Monochlorobenzene is considered to have no carcinogenic properties. From the
restricted in-vitro genotoxicity experiments, however, it was concluded that
monochlorobenzene possibly has mutagenic properties.

Dichlorobenzenes

For 1,2-dichlorobenzene experiments with test organisms have shown no
carcinogenic effects. Too few data were available to evaluate mutagenicity.

No information was available for 1,3-dichlorobenzene for the evaluation of
carcinogenicity or mutagenicity.

For 1,4-dichlorobenzene carcinogenic properties were found in experiments with
test organisms.

Trichlorobenzenes

Experiments with test organisms have shown no carcinogenic effects. Due to a lack
of data the mutagenicity could not be evaluated.

1,2,4,5-Tetrachlorobenzene

Experiments with test organisms have shown no carcinogenic effects. For the

evaluation of mutagenicity too few data were available.

Information on teratogenicity was only available for 1,4-dichlorobenzene. In-vitro
and in-vivo experiments indicated no genotoxic activity for this compound.
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ENVIRONMENTAL IMPACT ASSESSMENT

Comparison of exposure and effects

After release into the aquatic environment, chlorobenzenes will dissolve in water:
mono and dichlorobenzenes to concentrations of 100 mg/l or more,
trichlorobenzenes up to 20 mg/l and tetrachlorobenzene less than 1 mg/l. While
the water solubility is decreasing as the degree of chlorination increases, the
lipophilicity and therefore sorptive and bioaccumulative properties increase.
Bioaccumulation in fish can be predicted on the basis of log K, (2.9 - 4.6).
Chlorobenzenes are expected to be chemically stable in water. However, they are
inherently biodegradable and therefore they may be degraded in the sediment if
conditions are favourable. Another important elimination route from the aquatic
system is by volatilization. In the atmosphere the substances will degrade rapidly by
indirect photolysis with radicals.

Observed environmental concentrations for chlorobenzenes are limited, but vary
from detection limits to 3 pg/l in the river Rhine (early, 1980’s), whereas higher
concentrations of several hundreds of pg/l are reported for surface water of
contaminated locations.

The toxicity for most of these substances is well below their water solubility.
Although for several isomers only a limited amount of data is available, it seems
that in the groups of di- and trichlorobenzenes the isomers are about equally toxic
to aquatic organisms, whereas the toxicity increases with increasing chlorination
(this is more distinct if toxicity data are expressed as mol/l).

The lowest concentration of monochlorobenzene and dichlorobenzenes causing
chronic effects was 0.14 mg/l with as most sensitive species the echinoderm
Paracentrotus lividus. The lowest concentration without effect for trichlorobenzenes
was 0.1 mg/l, for Daphnia magna. For 1,2,4,5-tetrachlorobenzene only one LOEC
of 0.12 mg/l is reported. The margin of safety between these toxicity data and the
above mentioned environmental levels for the river Rhine is at least a factor 30.

Water quality standard

For the estimation of a ’safe’ level for the environment, an extrapolation factor can
be applied to the available toxicity data which accounts for the different sensitivity
of other, non-tested species in the ecosystem. Various approaches have been
proposed to extrapolate from single species toxicity data to a concentration where
the aquatic ecosystem is not affected (OECD, 1991). This NOEC, .. may also
be called maximal tolerable concentration or MTC.

The 'modified EPA method’ can be applied even if only one LC,-value is available.
The method applies an assessment factor of 10 to account for each additional level
of uncertainty: (1) from one or several chronic values to the NOEC, ... (2) from
acute LC,,-values for at least algae, Daphnia and fish to a chronic NOEC-value,
and (3) from only one acute LC-value to a chronic value. Thus, the assessment
factors are 10, 100 and 1000, respectively.

Another approach is to use the variability in the sensitivity among the various test
species as a means to calculate a concentration that is expected to be safe for most
(e.g. 95%) of the species in the aquatic ecosystem. In other words, a concentration
is calculated that is hazardous for only a small number (5%) of species. Two
calculation methods are available, which differ in their basic assumptions regarding
the shape of the distribution curve for the species sensitivity. One method assumes
a log-logistic distribution (Aldenberg and Slob, 1991), whereas the other assumes a
log-normal distribution (Wagner and Lekke, 1991).



- 65 -

The results of the two main approaches are presented in Table 7.2.1.

As the different isomers within the group of di- and trichlorobenzenes are
considered as about equally toxic, the data for all isomers are grouped and the
extrapolation methods are applied to derive a MTC for the sum of all
chlorobenzenes. The results are presented in Table 7.2.1:

Table 7.2.1 Maximum tolerable concentrations for chlorobenzenes

Extrapolation method MTC Remarks

(rg/D
monochlorobenzene
Modified EPA 7 lowest NOEC */ 10
Aldenberg and Slob, 1991 7 95% protection level,
Wagner and Legkke, 1991 6 { g%ozstcggggzgce,)
dichlorobenzenes
Modified EPA 7 lowest NOEC */ 10
Aldenberg and Slob, 1991 80 95% protection level,
Wagner and Lokke, 1991 77 { goz,s::zggg:ce,)
trichlorobenzenes
Modified EPA 19 lowest NOEC */ 10
Aldenberg and Slob, 1991 73 95% protection level,
Wagner and Lgkke, 1991 69 { (50% confidence,)

20 test species
1,2,4,5-tetrachlorobenzene
Modified EPA 6 lowest NOEC */ 10

a: NOEC is calculated by LOEC/2

The calculated MTC-values for the different groups range from 6 to 80 pg/l
Because of the uncertainty of the data, it is proposed that the sum of all
chlorobenzenes should not exceed 10 pg/l.

Another safety factor should account for the combined effects of many other
xenobiotic chemicals present in the environment. Chlorobenzenes and many other
’industrial’ chemicals are neutral substances that show narcosis-type toxicity. The ef-
fects of these substances are supposed to be additive (Hermens et al., 1984). The
order of magnitude for this safety factor is unknown at the present state of the art.
One could suggest a safety factor of 10 when not many other environmental
contaminants are expected, but when the environmental load is high, a safety factor
of 1000 could be more appropriate.

The magnitude of this safety factor is not only a matter of science but political
considerations are involved as well. Therefore no safety factor is applied to the
MTC to derive a water quality standard for the sum of chlorobenzenes 10 pg/l. It
should be realized that the proposed water quality standard does not take into
account that other industrial pollutants may be present at the same time.

This proposed level is detectable by the analytical techniques as described in
chapter 2.
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In the previous report to EC (Hooftman and De Kreuk, 1981; 1983) No effect
levels of 0.5 and 0.3 pg/l for monochlorobenzene and the sum of trichlorobenzenes,
respectively were suggested to protect both freshwater and the marine environment
against mono- and trichlorobenzene, respectively. In view of the recent approaches
in hazard assessment, however, these limits seem to be too stringent.

When the proposed water quality standard of 10 pg/l is compared to the
environmental levels found in the river Rhine (2 pg/l for total chlorobenzenes, see
Chapter 3.1.3) the levels are lower but come close to the proposed water quality
standard.

For trichlorobenzenes also standards were proposed by the Rhine Action Program
(1991) of 0.1 pg/l for each isomer. These standards are based on the extrapolation
of laboratory toxicity data of an algae, daphnia and/or fish.

Extrapolation factors of 10,000 of 1000 were used on the lowest toxicity test results.
Considering the fact that the proposed water quality standard is based on the sum
of all chlorobenzenes, the Rhine Action Program standards proposed for
trichlorobenzene are of the same order of magnitude.

Human exposure

Exposure of man to substances in the aquatic environment may occur through oral
intake from (drinking) water and from fish, shellfish or crayfish. Other possible
exposure routes are dermal contact and inhalation. The route of dermal contact is
relevant if a substance is lipophilic, whereas inhalation is important for highly
volatile substances. For the sake of simplicity, intake by inhalation and dermal
contact are considered to be negligible in relation to the oral uptake for
chlorobenzenes. The human exposure analysis is therefore exclusively based on oral
intake.

The calculations are performed for the concentration in water at the level of the
proposed water quality standard: 10 pg/l.

Moreover it is assumed that only monochlorobenzene is present. Assuming a daily
water consumption of 2 litre, the oral intake of chlorobenzene form the water will
be 20 pg/day.

For monochlorobenzene the concentration in fish is estimated from the
bioconcentration factor (Cg,/Cuner = 70) to be 700 pg/kg fish. If furthermore a
(relatively high) figure for the daily consumption of fish is assumed to be 100 g, the
oral intake will be 70 pg/dy. The total oral intake of total chlorobenzenes is
estimated at 90 pg/day or for a 60 kg person 1.5 pg/kg body weight/day.
Comparison with the "tentative acceptable daily intake" for monochlorobenzenes of
0.3 mg/kg body weight/day (see chapter 6.4) shows that the margin of safety is
rather high.

The 1.5 pg/kg body weight/day for monochlorobenzene can not be taken to be
representative of the intake of higher substituted chlorobenzenes, as the
bioconcentration factors are higher: 740 for dichlorobenzenes and 4100 for
trichlorobenzene.

If it is assumed that only dichlorobenzenes or only trichlorobenzenes are present.
the estimated maximum total daily intake is 13 and 69 ug/kg body weight/day,
respectively. The intake of dichlorobenzenes (13 pg/kg body weight/day) is an
order of magnitude below the lowest tentative acceptable daily intake of 190 pg/kg
body weight/day for 1,2-dichlorobenzene. For trichlorobenzenes, however, no
tentative "acceptable daily intake" is available. The estimated intake is, however, a
factor 500 below no effect doses in chronic experiments with rats and monkeys
(chapter 6.4).
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For tetrachlorobenzene with a bioconcentration factor of 13000, the maximum daily
intake is estimated at 220 mg/kg body weight/day, which is only a factor 2 above
the only reported two effect dose.

The risk for human health through exposure to monochlorobenzene,
dichlorobenzenes and trichlorobenzenes present in aquatic systems in a total
concentration of 10 pg/l is expected to be negligible. this cannot be said for
tetrachlorobenzene, which, however has not been detected in environmental
samples.
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APPENDIX 1.

The calculation method for the volatilization standard half-life according to De
Bruin (1985).

In the calculation method some assumptions have been made:

- water flow rate =1 m/s
- air velocity =3 m/s
- water depth =1 m
- temperature = 10 °C

The calculation consists of 6 different steps that will be described below:

1 Henry Constant (H):

H = p/s

p = vapour pressure (atm.)

s = water solubility (mol/m?)

H = Henry Constant (atmm*/mol)
2 dimensionless Henry constant (H’):

H’ = H/RT

RT = 0.024

3 Liquid-Phase Exchange Constant (k(1)):
if M < 65:
k(l) = 20v(44/M)
if M > 65:
k(1) = 41.93V(32/M)
M = molecular weight

4 Gas-Phase Exchange Constant (k(g)):
k(g) = 4550V(18/M)

5 Overall liquid-phase mass transfer coefficient (K(L)):
K(L) = {H’ -k(g) -k()} / {H - k(g) + k(I)}

6 Half-life (t(}%)):
t(¥2) = 69.3/K(L)
t(%2) = half-life (hours)
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GILES MERRITT

The sparks of unrest
that leapt from Berlin in
November 1989 to
Moscow’s Red Square
in August 1991 are
firing an explosion of
political and economic
change. Out of the
ashes of Communism is
emerging the shape of
a vast new European
market-place stretching
from the Atlantic to the Pacific.
In his fascinating account of
Europe’s fast-changing East-West
relationships, Giles Merritt argues
that a massive rescue operation must
be mounted to ensure the success of
these changes. The upheaval of Com-
munism’s collapse is ‘The challenge
of freedom’.

Written with the cooperation and
support of the European Commis-
sion, this book sets out to identify the
key policy areas where a new part-
nership is being forged between the
countries of Eastern and Western
Europe. It offers a privileged insight
into the current thinking of European

Community officials, poli-
ticians and industrial
leaders, and analyses
the factors that will
determine whether the
emerging market econ-
omies of Eastern Europe
can truly be absorbed
into a single European
economy.

Immensely readable and
often disturbing, this important book
contains much up-to-date and hith-
erto unpublished information on
such major East-West problem areas
as energy, environmental control,
immigration, trade relations, agricul-
ture and investment. It also examines
the arguments surrounding a ‘Mar-
shall Plan’ for Eastern Europe that
would emulate the famous US aid
programme that helped relaunch the
economies of Western Europe in the
aftermath of World War II.

For anyone concerned about the
future of Eastern Europe and the
USSR, whether from a political,
social or economic standpoint, this
book is essential reading.

256 pp. — Price: ECU 14.30 (excluding VAT)
CM-71-91-655-EN-C
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Bulletin

of the European
Communities

The Bulletin of the European Communities, which is issued 10 times a
year (monthly, except for the January/February and July/August
double issues), is an official reference publication covering all spheres
of Community activity.

It is compact, easy to consult (with an index and copious references to
the Official Journal and to previous issues), logically structured (to
reflect the main fields of Community policy) and wholly reliable. The
Bulletin is an essential reference tool, describing the passage of Com-
munity legislation through all its stages from presentation of a pro-
posal by the Commission to final enactment by the Council.

Thanks to its topical commentaries on the month’s major events, it
provides the student of European integration and other interested
readers with up-to-date and accurate information about the most re-
cent developments in Community policy — the creation of a single
market, economic and social integration, the Community’s role in
international affairs, etc.

Supplements to the Bulletin are published from time to time, contain-
ing important background material on significant issues of the day.
Recent Supplements have covered German unification, the Commis-
sion’s programme for 1992 and European industrial policy for the
1990s.

The Bulletin and its Supplements are produced by the Secretariat-
General of the Commission, 200 rue de la Loi, B-1049 Brussels, in the
nine official languages of the Community, and can be ordered from the
Community sales agents.
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%‘2 COMMISSION OF THE EUROPEAN COMMUNITIES

National
Implementing
easures
to give effect to the White Paper.
:

of the C z on the C
of the Internal Market

INFO92

The Community database focusing on the objectives and the
social dimension of the single market

As a practical guide to the single market, INFO92 contains vital infor-
mation for all those determined to be ready for 1992.

INFO92 is really a simple market scoreboard, recording the state of play
on the stage-by-stage progress of Commission proposals up to their
adoption by the Council, summarizing each notable development and
placing it in context, and keeping track of the transposition of directives
into Member States' national legislation.

Using INFO92 is simplicity itself. It can be consulted on-screen by means
of a wide range of everyday equipment connected to specialized data-relay
networks. Fast transmission, the virtually instant updating facility (several
times a day, if necessary) and dialogue procedures requiring no prior
training make INFO92 ideal for the general public as well as for business
circles and the professions.

The system offers easy access to information thanks to the choice of
menus available and to the logical presentation modelled on the structure
of the White Paper, the Social Charter and the decision-making process
within the institutions.

Enquiries may also be made to the Commission Offices in the Member
States or — for small businesses — the Euro-Info Centres now open in all
regions of the Community.

Tel. : (32-2) 295 00 03
Eurobases Helpdesk { Fax: (32-2) 296 06 24
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Official Journal of the European Communities

DIRE&TORY

OF COMM LEGISLATION IN FORCE
and other acts of the Community institutions

The Community’s legal system is of direct concern to the
individual citizen as much as to the Member States themselves.

Both lawyers and non-lawyers, then, need to be familiar not just
with national law, but also with Community legislation, which
is implemented, applied or interpreted by national law and in
some cases takes precedence over it.

To make Community legislation more accessible to the public,
the Commission of the European Communities
publishes a Directory, updated twice a year,
covering:

— binding instruments of secondary legislation D I R Ec T 0 RY

arising out of the Treaties establishing the three OF COMMUNITY

Communities (regulations, decisions, directives, LEGISLATION IN FORCE
etc.); and other acts

. . . of the Community institutions
— other legislation (internal agreements, etc.);

— agreements between the Communities and non-
member countries.

Each entry in the Directory gives the number and
title of the instrument, together with a reference to
the Official Journal in which it is to be found. Any
amending instruments are also indicated, with the
appropriate references in each case.

The legislation is classified by subject matter.
; : : 1064 pp. - ECU 83
Instruments classifiable in more than one subject | AUPP-ZE0
area appear under each of the headings concerned. isBN 92-77-77094-5 (volume 1)
ISBN 92-77-77095-3 (Volume | and Ii)
e . . FX-86-91-001-EN-C
The Directory proper (Vol. I) is accompanied by rxss91-002-EN-G

two indexes (Vol. II), one chronological by
document number and the other alphabetical by keyword.

The Directory is available in the nine official languages of the
Community.

28/05/93



EUROPEAN
ECONOMY

European Economy appears four times a
year, in March, May, July and November.
It contains important reports and com-
munications from the Commission to the
Council and to Parliament on the
economic situation and developments, as
well as on the borrowing and lending
activities of the Community. In addition,
European Economy presents reports and
- studies on problems concerning economic
policy.

Two supplements accompany the main
periodical:

— Series A — ‘Economic trends’ appears
monthly except in August and describes
with the aid of tables and graphs the
most recent trends of industrial pro-
duction, consumer prices, unemploy-
ment, the balance of trade, exchange
rates, and other indicators. This supple-
ment also presents the Commission
staff’s macroeconomic forecasts and
Commission communications to the
Council on economic policy.

— Series B — ‘Business and consumer
survey results’ gives the main results of
opinion surveys of industrial chief
executives (orders, stocks, production
outlook, etc.) and of consumers (econ-
omic and financial situation and
outlook, etc.) in the Community, and
other business cycle indicators. It also
appears monthly, with the exception of
August.

Unless otherwise indicated, the texts are
published under the responsibility of the
Directorate-General for Economic and
Financial Affairs of the Commission of the
European Communities, 200 rue de la Loi,
B-1049 Brussels, to which enquiries other
than those related to sales and sub-
scriptions should be addressed.

Subscription terms are shown on the back
cover and the addresses of the sales offices
are shown on the third page of the cover.

EUROPEAN
ECONOMY

28/05/93



Success in business

depends on the decisions you make ...
which depend on the information you receive

Make sure that your decisions are based on information that is
accurate and complete!

In a period of rapid adjustment, with national economies merging
into a single European economy under the impetus of 1992, reliable
information on the performance of specialized industry sectors is
essential to suppliers, customers, bankers and policymakers.

Small and medium-sized enterprises, in particular, need easy access
to information.

The market must be defined, measured and recorded. Information
is needed on production capacities, bottlenecks, future develop-
ments, etc.

Panorama of EC industry 1991-1992

Current situation and outlook for 180 sectors
of manufacturing and service industries
in the European Community

1400 pp.» ECU 110 * ISBN 92-826-3103-6 * CO-60-90-321-EN-C
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SOCIAL
EUROPE

Social Europe, published by the Commission of the
European Communities, Directorate-General for
Employment, Industrial Relations and Social Affairs
(DG V), Coordination and Information Policy Unit,
deals with current social affairs in Europe.

The basic review appears three times a year. In
addition, a number of supplements/files are published
annually, each dealing in depth with a given subject.

OFFICE FOR OFFICIAL PUBLICATIONS OF THE EUROPEAN COMMUNITIES
2, rue Mercier — L-2985 Luxembourg [Tel. (352) 499 28-1]

28/05/93




ENERGY

A CHALLENGE FOR EUROPE AND THE WORLD

Since it first appeared in 1985 Energy in Europe has become recognized as an
invaluable source of information on both the policy-making and the operational
aspects of European Community energy policy. Subscribers include leaders of
energy-consuming and energy-producing industries and other decision-makers in
the private and public sectors, as well as major consultancies and research institutes
in and outside the Community.

In the present situation within the Community, itself at the eve of the single market,
and vis-a-vis the huge energy problems, as well as the potential, of our neighbours
in Central and Eastern Europe and in the Commonwealth of Independent States,
the energy sector is of the greatest strategic importance. An understanding of it is
indispensable in many areas of economic activity. It also constitutes a crucial factor
within a debate of truly global importance, namely the protection of the environ-
ment, including the global warming issue.

Energy in Europe continues to keep its readers abreast of the ongoing situation as
regards overall policy, markets, energy planning, and the constant quest for cleaner
and more efficient energy technology.

Market trends and perspectives are covered in two regular issues each year, and also
in a Short-term energy outlook appearing in the first half of the year and an Annual
energy review at the end of the year which includes the world energy situation by
region including EC Member States, the short-term energy outlook for the
Community, and a review of trends in main indicators over 10 years. Further
Special Issues are also produced in connection with major developments or events,
including international conferences on or relevant to the energy sector.

Energy in Europe appears in English but each issue also contains translations into
French, German or Spanish of articles from the preceding issue.

GY

IN E

UROPE

28/05/93



Also available:

Tteaty fm Earopm Union

253 pp. * Bfgu 9 v ISBN 92-824-0959-7 » Rx-rm-mmm 1992
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Urban social development — Social Europe — Supplement 1/92

125 pp. » BCU 9  ISBN 92:826-4013-2 + CE-NC92:001-EN-C — 1992

Enterprise and people aspects in the information technology sector
to the year 2000 — Social Europe — Supplement 2/92

111 pp. * BCU 9 » ISBN 92.826-4537-1 » CE-NC-92-002-EN-C ~ 1992

'l‘owar&ls a Em‘epe of solidarity: housing — Social Europe — Supplemem 3/92

142 pgs * ECU 9 + ISBN 92»826456?-3 * CE-NC-92-003-EN-C — 1992

The regulation of working conditions in the Member States of the
Enropean Community — Volume 1 — Social Europe — Supplement 4/92

li#pp * ECU 9 = ISBN 92.826.4996-2 + CE-NCH2.004-EN.C - 1992

XXVIth General Report on the Activities of the Emopean
Communities — 1992

520 pp, « ECU 20 » ISBN 92-826-5340-4 « CM*?&*%»&X«EN’-C o 1993 .

EUR 13914 — European cooperation in the field of scientific and
technical research,
C()S’I‘ metariat with the assistance of J. L Roland

93 pp. * BC{}‘ 16.50 » 2831’4' 92:826-4371-9 * CG-NA-13914:EN-C ~ 1992

EUR 14006 — Thesaurus guide — Second edition, prepared by EUROBrokerS
1033 pp. * BCU 78 » ISBN 92-826-4956-3 + CD-NA-14006-EN-C — 1993

EUR 14197 — Evaluation of economic effects: relevance and impacts
of EC programmes promoting industrial R&D with special emphasis

on small and medium-sized enterprises (pilot methodological study}
K. HORNSCHILD, F. MEYER-KRAHMER

129 pp. * BCU 13.50 + ISBN 52-826-3817-0 « CD-NA-14197-EN-C —

EUR 14198 — Evaluation of the impact of Eumpean Community
research programmes upon the competitiveness of European industry —
concepts and approaches ‘

1.8. METCALFE, L. GEORGHIOU, P. CUNNINGHAM, H.M. CAMERON

4 pp, » BCU 6.00 + ISBN 92-826-3818-9 v CD-NA-14193-EN-C — 1992

EUR 14326 — The European market for value analysis

139 pp. ¢ ECU 15 # ISBN 92-82641309  CD-NA-I226EN-C — 1992
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Employment in Europe — 1992

206 pp, * %cu 1125 + ISBN 92-826-4559-2 » CE-75.92-106-EN-C — 1992
Focus cin the East — Energy in Europe

157 pp. * B%;u 19 * ISSN 1017-6705 * CS-BI-92-001-4H-C — 1992

A view %0 the fature ~ Energy in Europe

176 pp. = 8(3{3 19 + ISBN 92-826.3665-8 » C8-75-92.841-EN-C — 1992

The finances of Europe, Danicl STRASSER

439 pp. « ECif 18.50 = ISBN 92-826-2306-8 » CM-60-96-280-EN-C — 1992
XXIst Réport on Competition Policy — 1991

446 pp. * ECL; 29 + ISBN 92-826-3850-2 + CM-73-92-247-EN-C — 1992
Exrope En§ figures — Third edition

256 pp. * ECUEI&SG * ISBN 92-826-3371-1 * CA-70-91-895-EN-C — 1992

Inventory tf taxes levied in the Member States of the European
C ities — 14th edition ,

726 pp. » BCU Q) * ISBN 92-826-0417-9 + CM-59-90-855-EN-C — 1992

A common'market for services — Current status 1 january 1993
Banking « Isurance « Transactions in securities « Transport services « New
technologies 'and services « Capital movements « Free movement of labour
and the professions

(Internal market ~ Volume 1)

184 pp. » ECU 19?‘ ISBN 92-826-5257-2 » CO-10-93-001-EN-C — 1993
i

The elimination of frontier controls — Current status 1 }anuary 1993
Control of goods » Control of individuals « Value-added tax « Excise duties
(Internal market ~ Volume 2)

|

128 pp. * BCU 19 *\I&BN 92-826-5268-8 # CO-10-93-002-EN-C — 1993

Conditions for business cooperation — Current status 1 january 1993
Company law + Intellectual property « Company taxation — Public -
Internal market for energy

(Internal market — Volume 3)

104 pp. + BECU 19 » l%BN 92-826-5277-7 » CO-10.93-003-EN-.C — 1993
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Community social policy — Labour market « Employment and pay -
Improved living and working conditions « Free movement of workers « Social
protection « Freedom of association and collective bargaining « Information,
consultation and participation of employees « Equal treatment for men and
women » Vocational training « Health and safety at work « Rights and
protection of children and adolescents « The elderly » The disabled
(Completing the internal market — Volume 6)

308 pp. * BCU 34 » 1SBN 92-826-3609-7 * C0-62-91-006-EN-C ~— 1952

The current situation, evolution and future prospects
for agriculture in Yugoslavia

128 pp. » ECU 12 » ISBN 92-826-3485-X = CM-72-91-899-EN-(l — £§92

A practical guide to cross-border cooperation

112 pp. + ECU 10 » ISBN 92-826-3143-5 « CT-70-91-992-EN-C —

1992: a pivotal year (address by Jacques Delors, President of the
Commission, to the European Parliament) — From the Single Act to
Maastricht and beyond: the means to match our ambitions — The
Commission’s programme for 1992 — Supplement 1/92 — Bull. EC

43 pp. * BCU § = 18BN 92-826-3841.3 » CM-NF-92.001-EN-C - 1992

Research after Maastricht: an assessment, a strategy —
Supplement 2/92 — Bull. EC

49 pp. » ECU 3§ = ISBN 92-826.4307.7 » CM-NF.92.002-EN-C — 1992

Europe and the challenge of enlargement — Supplement 3/92 — Bull. EC

24 pp. » ECU 5 + ISBN 92-826-4524-X * CM-NF-92-003-EN-C — 1992

The creation of the internal market in insurance, Bill POOL
126 pp. *+ BCU 10.50 « ISEN 92-826-0246-X * CB-38-90-336-BN.C ~ 1992

European Economy — No 44 — One market, one money ~
An evaluation of the potential benefits and costs of forming an
economic and monetary union

351 pp. » ECU 18 » ISSN 0379-6991 + CB-AR-90-044-EN-C ~ 1992

European Economy — The economics of EMU - Backgrotmd smdies
for European Economy No 44 ‘One market, one¢ money’
Special edition No I — 1991

248 pp. = ECU 18 » ISBN 92-826-1996-6 + CM-60-90-208-BN-C ~ 1992
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European Ec@omy No 51 — The climate challenge — Euomnic '.
aspects of th¢ Community’s strategy for limiting CO, emissions

253 pp. * ECU 23.5@ * ISSN 0379-0991 » CM-AR-92-851-EN-C — 1992

Practical guide to legal aspects of industrial subcontracting within the
European Community — Volume I — The subcontract

118 pp. * ECU 11.2§ * ISBN 92-825-9593-5 » CB-27-89-001-EN-C — 1992

Practical guide to legal aspects of industrial subcontracting in the
European Community — Volume II — The legal framework of
subcontracting in the twelve Member States

Topp. + ECU 9 » ISBN 92-826-4651-3 * CB-27-89-002-EN-C —

The rules goviermng medicinal products in the European Commmty -
Volume I — The rules governing medicinal products for human use in
the Europezwg Community — Revised edition | September 1991

228 pp. » ECU 20 *;ISBN 92-826-3166-4 * CO-71-91-631-EN-C — 1992

The rules governing medicinal products in the European Community —
Volume II — Notice to applicants for marketing authorizations for
medicinal products for human use in the Member States ef the

European Cotnmumty
186 pp. * BECU Ié.S@ * ISBN 92-825-9503-X * CB-55-89-203-EN-C — 1992

The rules governing medicinal products in the European Community —
Volume III — Addendum No 2 — May 1992 — Guidelines on the quality,
safety and efficacy of medicinal products for human use

206 pp. * ECU 23 *%ISBN 92-826-4550-9 * CO-75-92-558-EN-C — 1992

The rules governing medicinal products in the European Commaunity —
Volume IV - Good manufacturing practice for medicinal products

177 pp. * ECU 19.56 * ISBN 92-826-3180-X » CO-71-91-760-EN-C — 1992

The rules governing medicinal products in the European Commity«»
Volume V ~ i?eterinary medlcmal products

158 pp. * ECU 14.2$ * ISBN 92-825-9643-3 » CB-55-89972.EN-C - 1992
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The rules governing medicinal products in the Earopean Community —
Volume VI — Establishment by the European Community of maximum
residue limits (MRLs) for residues of veterinary medicinal pmdncts in
foodstuffs of animal origin

127 pp. * ECU 13.5¢ » ISBN 92-826-3173-7 + CO-71-91-763-EN-C — 1992

Credit Institutions ~ Community measures adopted or proposed —
Situation as at August 1992

356 pp. # ECU 37 » ISBN 92-826.4842-7 » C1.76-92-293-EN-C —

New information technology in education — France

110 pp. * ECU 13 * ISBN 92.826-4771-4 * CY-03-92-007-EN-C — 1992

New information technology in education — Germany

124 pp. * BCU 13 * ISBN 92-826.46831 + CY-03-92-004-EN-C — 1992

New information technology in education — Denmark

138 pp. # BCU 14 + ISBN 9282646815 » CY-03-92.003-EN.C — 1992

New information technology in education — The Netherlands
108 pp. + ECU 12  ISBN 92-826-4779-X + CY-03-92-011-EN-C — 1992

New infmtmnteehnolagy in education — Luxembourg

122 pp. # ECU 13 » ISBN 92-826-4777-3 » CY-03-92-010-EN-C — 1992

Removal of tax obstacles to the cross-frontier activities of companies — Supplement 4/91 — Bull. EC
67 pp. * ECU 4.25 » ISBN 92-826-3025-0 * CM-NF-91-004-EN-C — 1992

Agriculture in Europe
97 pp. * ECU 7 » ISBN 92-826-0476-4 * CM-60-90-418-EN-C — 1992

Telecommunications in Europe, Herbert UNGERER with the collaboration of Nicholas P. COSTELLO
Revised edition, 1990
257 pp. * ECU 10 » ISBN 92-826-1640-1 * CM-59-90-346-EN-C — 1992

European Economy — No 35 — The economics of 1992
222 pp. * ECU 16 » ISSN 0379-0991 * CB-AR-88-035-EN-C — 1992

European Economy - No 40 — Horizontal mergers and competition policy in the European Community
98 pp. * ECU 16 * ISSN 0379-0991 * CB-AR-89-040-EN-C — 1992

European Economy — No 45 — Stabilization, liberalization and devolution — Assessment of the economic sitwation and
reform process in the Soviet Union
191 pp. * ECU 18 * ISSN 0379-0991 *+ CB-AR-90-045-EN-C — 1992

European Economy — No 50 — Annual Economic Report 1991-92 — Strengthening growth and improving convergence
285 pp. *» ECU 20 * ISSN 0379-0991 * CM-AR-91-050-EN-C — 1992

European Economy -~ Social Europe — The impact of the internal market by industrial sector: the challenge for the
Member States — Special edition — 1990
340 pp. * ECU 18 » ISBN 92-826-1818-8 * CM-59-90-887-EN-C — 1992

Social Europe 3/91 — Equal opportunities for women and men
202 pp. * ECU 18 *+ ISSN 0255-0776 * CE-AA-91-003-EN-C — 1992
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Guide to the reform of the Community’s structural Funds
104 pp. * ECU 11.25 » ISBN 92-826-0029-7 * CB-56-89-223-EN-C — 1992

The rights of working women in the European Community, Eve C. LANDAU
244 pp. * ECU 5.25 * ISBN 92-825-5341-8 * CB-43-85-741-EN-C — 1992

European Economy — No 36 — Creation of a European financial area — Liberalization of capital movements
and financial integration in the Community
212 pp. * ECU 16 * ISSN 0379-0991 * CB-AR-88-036-EN-C — 1992

1992: the European social dimension, Patrick VENTURINI
119 pp. * ECU 9.75 » ISBN 92-825-8703-7 » CB-PP-88-B05-EN-C — 1992

Research on the ‘cost of non-Europe’ — Basic findings
Volume 1 — Basic studies: Executive summaries
578 pp. * ECU 53.25 * ISBN 92-825-8605-7 » CB-PP-88-B14-EN-C — 1992

Volume 2 — Studies on the economics of integration
652 pp. * ECU 57 * ISBN 92-825-8616-2 * CB-PP-88-C14-EN-C — 1992

Volume 3 — The completion of the internal market:
A survey of European industry’s perception of the likely effects
309 pp. * ECU 25.50  ISBN 92-825-8610-3 * CB-PP-88-D14-EN-C — 1992

Volume 4 — The ‘cost of non-Europe’:
Border-related controls and administrative formalities —
An illustration in the road haulage sector
280 pp. * ECU 22.50 * ISBN 92-825-8618-9 * CB-PP-88-E14-EN-C — 1992

Volume 5 (Parts A + B)
The ‘cost of non-Europe’ in public-sector procurement
Part A: 552 pp. * ISBN 92-825-8646-4 » CB-P1-88-F14-EN-C — 1992
Part B: 278 pp. *» ISBN 92-825-8647-2 » CB-P2-88-F14-EN-C — 1992
Parts A + B: ECU 120 » ISBN 92-825-8648-0

Volume 6 — Technical barriers in the EC: An illustration by six industries
The ‘cost of non-Europe’: Some case studies on technical barriers
242 pp. * ECU 21 * ISBN 92-825-8649-9 * CB-PP-88-G14-EN-C — 1992

Volume 7 — The ‘cost of non-Europe’: Obstacles to transborder business activity
154 pp. * ECU 12.75 * ISBN 92-825-8638-3 » CB-PP-88-H14-EN-C — 1992

Volume 8 — The “cost of non-Europe’ for business services
140 pp. * ECU 13.50 * ISBN 92-825-8637-5 * CB-PP-88-114-EN-C — 1992

Volume 9 - The ‘cost of non-Europe’ in financial services
494 pp. * ECU 120 * ISBN 92-825-8636-7 * CB-PP-88-J14-EN-C — 1992

Volume 10 — The benefits of completing the internal market for telecommunication
services equipment in the Community
197 pp. * ECU 17.25 » ISBN 92-825-8650-2 * CB-PP-88-K14-EN-C — 1992

Volume 11 — The EC 92 automobile sector
350 pp. * ECU 27.75 * ISBN 92-825-8619-7 * CB-PP-88-L14-EN-C — 1992

Volume 12 (Parts A + B)
The “cost of non-Europe’ in the foodstuffs industry
Part A: 424 pp. » ISBN 92-825-8642-1 * CB-P1-88-M14-EN-C — 1992
Part B: 328 pp. * ISBN 92-825-8643-X * CB-P2-88-M14-EN-C — 1992
Parts A + B: ECU 120 » ISBN 92-825-8644-8

Volume 13 - «Le cofit de la non-Europe» des produits de construction
168 pp. * ECU 14.25 * ISBN 92-825-8631-6 * CB-PP-88-N14-FR-C — 1992

Volume 14 — ‘The cost of non-Europe’ in the textile-clothing industry
256 pp. * ECU 21.75 * ISBN 92-825-8641-3 + CB-PP-88-O14-EN-C — 1992

Volume 15 - ‘The cost of non-Europe’ in the pharmaceutical industry
182 pp. * ECU 13.50 » ISBN 92-825-8632-4 * CB-PP-88-P14-EN-C — 1992

Volume 16 — The internal markets of North America — Fragmentation and integration in the USA and Canada
176 pp. » ECU 13.50 * ISBN 92-825-8630-8 * CB-PP-88-Q14-EN-C — 1992

Special price for the complete series: ECU 360
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Commission of the European Communities
OFFICES

EIRE — IRELAND
Dublin

Commission of the European Communities
Office in Ireland
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Tel. (353-1)71 2244

Fax (353-1) 71 26 57

Telex (0500) 93827 EUCO EI

UNITED KINGDOM
London

Commission of the European Communities
Office in the United Kingdom

Jean Monnet House

8 Storey’s Gate

London SWIP 3AT

Tel. (44-71) 9731992

Fax (44-71) 973 19 00/19 10
Telex (051) 23208 EURUK G

Belfast

Commission of the European Communities
Office in Northern Ireland

Windsor House

9/15 Bedford Street

Belfast BT2 7TEG

Tel. (44-232) 24 07 08

Fax (44-232) 24 82 41

Telex (051) 74117 CECBEL G

Cardiff

Commission of the European Communities
Office in Wales

4 Cathedral Road

Cardiff CF1 9SG

Tel. (44-222) 37 16 31

Fax (44-222) 39 54 89

Telex (051) 497727 EUROPA G

Edinburgh

Commission of the European Communities
Office in Scotland

9 Alva Street

Edinburgh EH2 4PH

Tel. (44-31) 225 20 58

Fax (44-31) 226 41 05

Telex (051) 727420 EUEDING

UNITED STATES OF AMERICA
Washington

Commission of the European Communities
External Delegation

2100 M Street, NW (Suite 707)
Washington DC 20037

Tel. (1-202) 862 95 00

Fax (1-202) 429 17 66

Telex (023) 64215 EURCOM NW

New York

Commission of the European Communities
External Delegation

3 Dag Hammarskjold Plaza

305 East 47th Street

New York NY 10017

Tel. (1-212) 371 38 04

Fax (1-212) 758 27 18

Telex (023) 012396 EURCOM NY

JAPAN
Tokyo

Commission of the European Communities
External Delegation

Europa House

9-15 Sanbancho

Chiyoda-Ku

Tokyo 102

Tel. (81-3) 239 04 41

Fax (81-3) 239 93 37

Telex (072) 28567 COMEUTOK J

28/05/93



BELGIQUE/BELGIE
Bruxelles/Brussel

Commission des Communautés
européennes

Commissie van de Europese
Gemeenschappen

Bureau en Belgique/Bureau in Belgié
Rue Archimédestraat 73
B-1040 Bruxelles/Brussel

Tel.: (32-2) 295 38 44

Fax: (32-2) 295 01 66

Télex: 26657 COMINF B

DANMARK

Kobenhavn

Kommissionen for De Europaiske
Fatlesskaber

Kontor i Danmark

Heajbrohus

Dstergade 61

Postbox 144

DK-1004 Kabenhavn K

TIf.: (45-33) 14 41 40

Telefax: (45-33) 11 12 03/14 13 92
Telex: (055) 16402 COMEUR DK

FRANCE

Paris

Commission des Communautés
européennes

Bureau de représentation en France
288, boulevard Saint-Germain
F-75007 Paris

Teél.. (33-1) 40 63 38 00

Fax: (33-1) 45 56 94 17/18/19
Télex: (042) 202271F

Marseille

Comnussion des Communautés
européennes

Bureau a4 Marseille

2, rue Henni-Barbusse

F-13241 Marseille Cedex 01
Tel 3399 60

Fax: (33) 91 90 98 07

Télex: (042) 402538 EURMA

LUXEMBOURG

Commussion des Communautes
européennes

Bureau au Luxembourg

Batiment Jean Monnet

Rue Alcide De Gaspen

L-2920 Luxembourg

Tel.: (352) 43 01

Fax: (352) 43 01 44 33

Télex: 3423/3446,3476 COMEUR LU

SUISSE/SCHWEIZ/SVIZZERA
Geneve

Commission des Communautes
europeennes

Bureau de presse et Jd'informauon
Kommussion der Europdischen
Gemernschatten

Presse- und [nformationsburo

Commissione delle Comunitd europee
Ufficio stampa e informazione

Case postale 195

37-39. rue de Vermont

CH-1211 Genéve 20 CIC

Tél.: (41-22) 734 97 50

Fax: (41-22) 734 22 36

Télex: (045) 414 165 ECOM CH

BR DEUTSCHLAND

Bonn

Kommission der Europaischen
Gemeinschaften

Vertretung in der Bundesrepublik
Deutschland

ZitelmannstraBe 22

D-53113 Bonn |

Tel.: (49-228) 53 00 90

Fax: (49-228) 530 09 50/12
Telex: (041) 886648 EUROP D

Berlin

Kommission der Européischen
Gemeinschaften

Vertretung in der Bundesrepublik
Deutschland

AuBenstelle Berlin
Kurfiirstendamm 102
D-W-10711 Berlin 31

Tel.: (49-30) 896 09 30

Fax: (49-30) 892 20 59

Telex: (041) 184015 EUROP D

Mainchen

Kommission der Europiischen
Gemeinschaften

Vertretung in der Bundesrepublik
Deutschland

Vertretung in Miinchen
ErhardtstraBe 27

D-80331 Miinchen 2

Tel.: (49-89) 202 10 11

Fax: (49-89) 202 10 15

Telex: (041) 5218135

ESPANA

Madrid

Conusion de las Comunidades
Europeas

Oficina en Espaiia

Calle de Serrano, 41, $* planta
E-28001 Madnd

Tel.: (34-1) 4351700

Telecopia: (34-1) 576 03 87,577 29 23
Télex: (052) 46818 OIPE E

Barcelona

Comision de las Comunidades
Europeas

Oficina en Espafa

Avenida Diagonal. 407 bis, 18" planta
E-08008 Barcelona

Tel.: (34-3) 4158177

Telecopia: (34-3) 41563 11

Télex: 1052) 97524 BDC E

VENEZUELA

Caracas

Comision de las Comunidades
Europeas

Delegacion

Calle Orinoco, Las Mercedes
Apartado 67 076,

Las Américas 1061A

Caracas

Tel.: (58-2) 91 51 33
Telecopia: (58-2) 91 88 76
Télex: (031) 27298 COMEU VC

EAAAAA

Adqva

Emitpony twv Evponaixaov
Kowottov

Tpageio otnv EAAdda
Bacihioong Togiag 2

T6 30284

GR-10674 A6rva

TnAi.: (30-1) 724 39 82/83.84
Téhepad: (30-1) 724 46 20
Tékes: (0601) 219324 ECAT GR

ITALIA

Roma

Commissione delle Comunita europee
Ufficio in [talia

Via Poli, 29

[-00187 Roma

Tel.: (39-6) 699 11 60

Telecopia: (39-6) 679 16 38 679 36 52
Telex: (043) 610184 EUROMA |

Milano

Commissione delle Comunita europee
Ufficio a Milano

Corso Magenta, 59

1-20123 Milano

Tel.: (39-2) 48 01 25 05

Telecopia: (39-2) 48] 85 43

Telex: (043) 316200 EURMIL |

NEDERLAND

Den Haag

Commissie van de Europese
Gemeenschappen

Bureau in Nederland

Korte Vijverberg §

2513 AB Den Haag
Nederland

Tel.: (31-70) 346 93 26
Telecopie: (31-70) 364 66 19
Telex: (044) 31094 EURCO NL

PORTUGAL

Lisboa

Comissdo das Comunidades
Europeias

Gabinete em Portugal

Centro Europeu Jean Monnet
Largo Jean Monnet. 1-10.”
P-1200 Lisboa

Tel.: (351-1) 350 98 0
Telecoprador: (351-1) 350 98 01 2/3
Telex: (0404) 18810 COMEUR P

28/05/93



European Communities — Commission

Updating of data concerning the impact on the aquatic environment of

certain dangerous substances, second part — Part Il

Document

Luxembourg: Office for Official Publications of the European Communities
1993 — XIl, 80 pp. — 21.0 x 29.7 cm

Part II: ISBN 92-826-5895-3
Parts |-IV: ISBN 92-826-5893-7

Price (excluding VAT) in Luxembourg: Part ll: ECU 13
Parts I-IV: ECU 34

Venta y suscripciones * Salg og abonnement * Verkauf und Abonnement ¢ MwAfoeig xat quvdpopég
Sales and subscriptions * Vente et abonnements * Vendita e abbonamenti

Verkoop en abonnementen ¢ Venda e assinaturas

BELGIQUE / BELGIE

FRANCE

NORGE

TURKIYE

Moniteur beige /

Beigiach Staatsbisd

Aue de Louvain 42 / Leuvensaweg 42
B8-1000 Bruxelies / B-1000 Brussel
Tél. (02) 51200 26

Fax (02) 511 01 84

Autres distributeurs /

Ovenge verkooppunten

Librairie europesnne/
Europese boskhendel
Rue de la Lo 244,

Téi. 11) 40 58 75 00
Fax (1) 40 58 77 00

IRELAND

Fax (02) 735 08 80

Jean De Lannoy

Avenus du Roi 202 /Koningsiaan 202
B-1060 Bruxeiies / B-1060 Bruasel
Téi (02) 538 S1 69

Telex 83220 UNBOOK 8

Fax (02) 538 08 41

Document deiivery:

Credoc

Rue de la Monugno 34 / Bergstraat 34
Bte 11/ Bus

B8-1000 Bruxﬂm B8-1000 Brussel
Tél. (02) 511 89 41

Fax (02) 51331 95

Agency
4-5 Harcourt Road

Oubin 2

Tel. (1) 86 13 111

Fax (1) 47 80 645

Narvesen info Center
Bertrand Narvesens ve: 2
PO Box 6125 Etterstad
N-0602 Osio 6

Tel. (22) 57 33 00

Telex 79668 NIC N

Fax (22) 68 19 01

Pres Gazets Kitap Oergi
:;un-mn Dagitim Ticaret ve sanayi

Narlibahge Sokak N. 15
Istanbul-Cagaiogiu

Tel. (1) 520 92 96 - 528 55 66
Fax 520 64 57

Telex 23822 DSVO-TR

SVERIGE

8TJ AB ISRAEL
'rr.mxvlqen 13 RAOY Intemationai
$-22100 20 80

Tel. (049) 10 00 00
Fax (046) 18 01 25
3079 47

ITALIA ¢

Licoss SpA
Via Duca di cuabm 11

S Fi
TGI (055) 64 54 15
T‘l.x 570«6 LICOSA §

GRAND-DUCHE DE LUXEMBOURG

SCHWEIZ / SUISSE * SVIZZERA

OSEC
Stampfenbachstrafe 85
CH-8035 Zurich

Tel. (01) 365 54 49

Fax (01) 365 54 11

CESKA REPUBLIKA

NiIS CR

Messageries du livre

DANMARK 5. rue Rauffeisen
L-2411 L
J. H. Schuitz information A/S Tél. 40 10 20

Herstedvang 10-12

DK-2620 Albertsiund

T 43632300

Fax (Sales) 43 63 18 69

Fax {(Management) 43 63 19 49

DEUTSCHLAND

Bundesanzeger Veriag

Brerte Strale 78-80

Postfach 10 05 34

D-50445 KoIn

Tel 02 21) 20 29-0

Telex ANZEIGER BONN 8 882 595
Fax 2029278

Fax 401024 01

NEDERLAND

SDU Overheidsinformatie
Externe Fondsen

Postbus 20014

2500 EA "s-Gravannage
Tel. '070) 37 89 911

Fax (070) 34 75 778

PORTUGAL

Imprensa Nacional

Casa da Moeda, EP
Rua D Francisco Manuel de Meio. 5

Fax (2) 235 97 89

MAGYARORSZAG

Euro-info-Service

Club Sziget

Margitsziget

1138 Buaapest

Tel/Fax 1 111 680 61
1111 82 16

POLSKA

Business Foundation

ul. Krucza 38/42

00-512 Warsz:

Tel. (22) 21 QS 93 628-28-82

Internationa: Fax&Phone
(0-39) 12-00-77

x 13056
41 Mishmar Hayarden Street
Tel Aviv 61130
Tet. 3496 108
Fax 3 544 60 39

UNITED STATES OF AMERICA /
CANADA

uNIPUB

4611-F Assambly Drive
Lanham MO 20706-4391
Tel. Toll Free (800) 274 4888
Fax {301) 459 0056

CANADA

Subscnptions oy
Uniquement abonnements
Renout Publishing Co. Ltd
1294 Aigoma Road

Ottawa, Ontano K18 3wWe
Tel. i813) 741 43 33

Fax (813) 741 54 39

Telex 0534783

AUSTRALIA

Hunter Pubhcations
S8A Giops Street
Collingwood

Victona 3066

Tol (3) 417 5361
Fax (3) 4197154

P-1092 Lisboa Codex JAPAN
Tel. (01) 69 34 14 ROMANIA La
GREECE/EANALA
de Livros Euromedia 17-7 Shinku 3-Chome
Q.C. Eleftheroudakis SA Bertrand, Ld. Dronae Lupu Shiusu-iu
International Bookstore Grupo Bertrand, SA 70184 Bucurest: Tokvo 160-91
Nixa Strest & Rus das Terras dos Vaies, 4-A Tel./Fax 0 12 96 48 Tel 103) 3439-0121
-1 thens Apartagdo 37
Tel. (01) 322 6323 P-2700 Amadora Codex Journal Department
Telex 219410 ELEF Tel. (01) 48 59 050 BALGARIJA PO Box 55 Chitose
Fax 32398 21 Folex 18798 DERDIS Europress Kiassica 8K Ltd ;ol (03‘)5:139 0124
Fax 4 2 -
ax 49 60 255 68, bd Vitosha
1463 Sotia
ESPARA UNITED KINGDOM Toi./Fax 25274 75 SOUTH-EAST ASIA
Boletin Oficial de Estado HMSO Books (Agency section) RUSSIA Legai Library Services Ltd
Trataigar. 29 HMSO Publications Centre STK Agency
£:28071 Magnd 51 Nine Eims Lane ccec Rgbmson Rosd
‘el 91) 538 22 95 London SW8 5DR 9.60-iatiya Oktyabrya Avenue ox 1817
Fax (91) 538 23 49 Tel. (071) 873 9090 117312 fww;yw s Singapore 9036
Eax 873 8463 Tel./Fax (095) 135 52 27
m"‘;"”hm‘“ Telex 29 71 138 ax
. TH AFRI
$»2soo1) *Aadna CYPRUS SOUTH AFRICA
‘®l. (91) 231 33 99 Libros) OSTES Safto
431 32 22 (Suscrioctones) RABICH Cyprus of Sth Fi £x House
. 435 38 37 (Direccion) Menz'sche - Industry 2 Aoor, kxpont Ho
Tolex 49370-MPLI-E Veriags. Cor Maude & West Streets
und Universititsbuchhandiung Chamber Buiiding Sandton 2146
Fax 191) 575 39 98 imarkt 16 38 Grvas Dhigenis Ave Tel. (011) 883-3737
Sucursar A-1014 Wien gg-slmol"gv;ssm« Fax (011) 883-6569
Ubrecia | Tol. (0222) 531 61133 7O Box
Conseo de 391 slex 11 X
TS o St > Fax (0222) 531 61-181 ;:‘x lg: deayaaan2 AUTRES PAYS
Tah. (33) 488 3897 OTHER COUNTRIES
Fax (93) 487 76 58 5 e ANDERE ANDER
UOMUFINLAND
Uibreria de la Genersiftat Office des publications officielles
de Catalunys Akateeminen Kirjakauppa Mlllu distributors Ltd des Communsutés suropéennes
Rambia deis Estudis. 118 (Paiau Moj)  Keswuskatu 1 Scots Housa. M A. Vassaili street 2. -ue Mercier
£-08002 Barc PO Box 128 PO Box 272 L-2985 Luxempourg
Tel (93) 302 ko] SF-00101 Helsini Val Tai, 499 28-1
Tel (Q) 121 41 T.l. 24 7301 Télex PLUBOF LU 1324 b
Fax (93) 302 12 99 Fax (0) 121 44 21 Fax 23 49 14 Fax 48 85 73/48 68 17

"9



O-N3-200-€6-2¢-HD

Price (excluding VAT) in Luxembourg: Part Il: ECU 13
Parts |-IV; ECU 34

.+ OFFICE FOR OFFICIAL PUBLICATIONS
. ﬁ % OF THE EUROPEAN COMMUNITIES

L] »
* gk

'L-2985 Luxembourg

ISBN 92-82b-5895-3

L

789282

i

658956




	PREFACE
	SUMMARY
	CONTENTS
	1 DESCRIPTION
	2 ANALYTICAL DETECTION TECHNIQUES
	3 ENVIRONMENTAL LEVELS
	4 PERSISTENCE AND DEGRADATION PATHWAYS
	5 DISTRIBUTION BE'IWEEN ENVIRONMENTAL COMPARTMENTS

	6 TOXICITY
	7 ENVIRONMENTAL IMPACT ASSESSMENT
	REFERENCES
	APPENDIX l.



