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Kurzfassung 
Obwohl DCDPS weltweit und schon seit Jahrzehnten als Polymerisationsprodukt in der 

Kunstofferzeugung in Mengen von 10.000 – 100.000 t/Jahr zum Einsatz kommt, werden 

Umweltauswirkungen und Langzeiteffekte dieser Gruppe der halogenierten Sulfone erst 

untersucht. DCDPS wird derzeit als potenzieller PBT, vPvB- Stoff eingestuft. Er wird als 

persistent (P) und sehr persistent (vP) klassifiziert. Daten zur Bioakkumulation sind derzeit 

noch unzureichend, um DCDPS als B oder vB Stoff einstufen zu können. 

Dieser Stoff wird nach eigenen Berechnungen relevanter Parameter, mit Episuite Tool und 

PBT Profiler, sowie publizierten Studien und ECHA - Daten bewertet. 

DCDPS wird aufgrund der geringen bzw. zu langsamen Abbaubarkeit in der Umwelt nach 

ECHA- Kriterein als sehr persistent in Wasser und Sediment bewertet. Der Haupttransport 

über die Wasserwelle kann in Kläranlagen nur teilweise gestoppt und abgebaut (25%) 

werden. Kilometerlange Verfrachtung (über Wasser und Luft) befördert dieses Sulfon bis in 

entlegende Arktisgebiete. Lokale Schadstoffeinträge dieses Stoffes in Boden und 

Sediment würden wegen berechneter Persistenz (dank guter Adsorptionseigenschaften) 

als schwerwiegend betrachtet; die Wahrscheinlichkeit für solche Emissionen wird jedoch 

als gering erachtet bzw. auf Industriegebiete beschränkt. Ausständige Studien über 

anaerobe Degradation und Bioakkumulation im Boden werden von ECHA aufgrund der 

Persistenzresultate gefordert. Eine Aufnahme vom Boden in Pflazen ist möglich. 

Biomembrangängiges DCDPS weist auf temporäre Bioakkumulation hin, kann für den 

Wasserlebensraum jedoch nicht ausreichend nachgewiesen werden. Im Tierversuch 

(Nagetiere) wird das Halogensulfone über hydrophile Metaboliten fast vollständig, aber 

langsam (Halbwertszeit 12 Tage) nach vorangegangener Speicherung in Fettgewebe und 

Leber wieder ausgeschieden. Andererseits existiert ein Anreicherungspotential in 

Landlebewesen. Es wurden hohe DCDPS Konzentrationen über Jahrzehnte in 

wildlebenden Brutkolonien und Robben nachgewiesen. Dieser Anreicherungszyklus muss 

für eine endgültige B oder vB Bewertung weiter untersucht, abgeklärt und neu bewertet 

werden. 

DCDPS ist nicht akut toxisch, wird aber als chronisch toxisch Stufe 2 (NOEC < 0,01 mg/ 

L) für den Wasserlebensraumes nach ECHA bewertet. Obwohl dieser Stoff in hoher 

Konzentration und wiederholter Verabreichung teils irreversible Organschäden hervorruft, 

sowie indirekt (über Muttertoxizität) zur Fehlentwicklung der Embryonen und geringerer 

Nachkommenszahl beiträgt (Daphnia), erfüllt dieses Halogensulfone nicht die 

Toxizitätskriterien (mutagen, kanzerogen, reproduktionstoxisch) nach ECHA. Vorerst stuft 

ECHA DCDPS aufgrund von schlüssigen aber noch ausständigen Informationen als nicht 

toxisch ein. Ich persönlich würde DCDPS aufgrund der zahlreichen schädigenden, 

sublethalen Auswirkungen und der chronischen Gewässergiftigkeit als potentiell toxisch 
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bewerten. Weitere Tests sind hierfür noch ausständig (2. Reproduktionsstudie und 

Embryonen- Studie, toxische Auswirkungen auf Mensch und Haustiere sowie Viehzucht). 

Im Rahmen des Vorsorgeprinzipes wird DCDPS derzeit als potenziell PBT und potentiell 

vPvB eingestuft. 

DCDPS- hältige Polymere sind weder gesundheitsgefährdend für den Menschen noch 

eine wahrscheinliche, direkte Quelle für DCDPS- Freisetzung in die Umwelt. 

Aufgrund der Umweltpersistenz und des weltweiten, hochtonnagigen Einsatzes von 

DCDPS in Kunststoffpolymeren, werden grüne Alternativen wie Lehm, metallisches Glas 

oder Biopolymere auf Basis von Stärke, Zellulose oder Zucker angedacht. 

Schlagwörter: DCDPS, Persistenz, Bioakkumulation, giftig, Langstreckentransport, 

grüne Alternative 
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Abstract 
Bis (4-chlorophenyl) (DCDPS) is used worldwide as intermediate for polymerisation in 

plastic industry in amounts of 10.000 – 100.000 tons per year for decades. Thus requires a 

PBT (persistence – bioaccumulation – toxicity) assessment. If the PBT criterias are fulfilled, 

DCDPS will be listed in Annex B (ECHA) to achieve a limited registration and authorisized 

use. For this assessment calculation tools llike “Episuite Tool”, “PBT Profiler” and scientific 

publications from ECHA homepage are used. 

DCDPS is vP in water (DT50 > 60 days), air (DT50 >2 days) and sediment (DT50 > 180 

days) and is estimated to be persistent in soil (DT50 > 120 days). 

Because this sulfone is affinated to organic material it is slightly immobile in soil. This is 

expressed in the parameters Log Kow (3,9), the “Octanol- Water Partitioning Coefficient” 

and Log Koc (3,5), the “Soil Organic Carbon-Water Partitioning Coefficient” may lead to 

local and long- term depositions, mainly at industrial sites and plant uptake (Vertellus SFS, 

2010). At least soil is no primarily target compartment for DCDPS (exposure scenario, 

ECHA, 2014). 

This sulphone is environmentally stable and doesn’t undergo any great abiotic (26% 

degradation in wastewater treatment) or biotic (biodegradation less than 1%) 

environmental degradation. It is neither readily nor fast biodegradable (microorganism). 

Although involatile DCDPS is waterborn and tends to stay near the ground, the 

atmosphere seems to play a main role in a particle- mediated long- range transport with 

water (deposition and aqueous transport). A middle- ranged off- site disposal may happen 

by water. 

DCDPS is not B in aquatic fauna and flora, but may be potentially B/ vB in air- breathing 

animals. A half- life of parent DCDPS of 12 days in rodents, a slow depuration rate and 

storage in fat and liver argue for classification as B. Reported high bioconcentration levels 

in birds and wildlife proofe of inter- and intraspecific differences in metabolic capacities and 

thus further information and some still required studies are needed for a final B evaluation. 

This aryl sulfone may be classified as T as a precaution regarding target toxicity in liver 

(STOT. RE 1), because liver degradation was not lethal and is reported as normal adaptive 

organ change in answer to exposure to DCDPS in literature. The contaminant may not be 

neurotoxic, mutagenic nor toxic for reproduction nor modulate the endocrine system. But it 

may be categorized as aquatic chronic 2 (NOEC < 0,01 mg/ L).Actually some tests on 

toxicity required from ECHA are still missing. 

The recent PBT assessment classifies DCDPS as vP, potentially B (terrestrial) and T. 

A vP/ vB rating is not possible to give now, because needed data for this is lacking. 

The market of green alternates as bioplastics, metallic glasses and loam will get more 

important in the future. 
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1  Identification  of  the  substance  bis  (4-

chlorophenyl)  sulphone  

1.1  Name  and  other  nomenclatures  of  the  substance  
The substance bis (4-chlorophenyl) sulphone (DCDPS) was registered twice under 

REACH. Full registration was submitted to the European Chemicals Agency (ECHA) in a 

joint type with the tonnage band of 10,000 - 100,000 tonnes a year. The second 

registration type is for intermediate use and only from individual submisisons. There is no 

data on the tonnage band of uses as intermediates (ECHA, 2017). 

According to the REACH Regulation (EC) No 1907/2006 DCDPS is notified by the Solvay 

legal entity under a registration number of 01-2119531800-49-**** and a tonnage band 

more than 1000 t/y. 

DCDPS is no candidate in the list of nominated „Substances of Very High Concern“(SVHC) 

or recommended from ECHA to be part of Annex XIV of REACH. DCDPS doesn’t contain 

consciously any of these listed substances in concentrations above 0,1% either (Reach 

information statement, 2014). 

Following companies have registered DCDPS on ECHA and/ or thus are suppliers of 

DCDPS powder: 

Nationality Registrant/ Supplier City Postal code Adress 

Italy Solvay Specialty Polymers Bollate 20021 Viale Lombardia 20 

Germany BASF SE Ludwigshafen am Rhein 
Rheinland-Pfalz 67056 Carl-Bosch-Str. 38, 

U.K. 
Ganesh LEO Alchemie 
Europe Bury Lancashire BL9 0DZ Ltd 7/9 St. Mary'a Place 

U.K. Indus Chemie Pinner Middlesex HA54EB 
Ltd (OR10) 18 Dove Park Hatch 
End 

U.K. Vertellus Specialties UK Middlesbrough 
Cleveland TS2 1UB Ltd Seal Sands Road Seal Sands 

Table 1: active registrants and suppliers of DCDPS 

Solvay Specialty Polymers Italy S.p.A. was founded in 1981 and produces and supplies 

plastic products, polymer films and sheets for customers in Italy and internationally. It 

serves plastics to various markets, such as customers in aircraft and aerospace, alternate 

energy, automotive, building and construction, electronics, healthcare and membranes 

(Business week, 2014). After the fusion with Solvay Advanced Polymers, Solvay Solexis 

and Solvay Padanaplast companies 2011, it is now the global leader in high-performance 

plastics (Solvay Specialty Polymers, 2014). 
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BASF is a chemical company having 376 manufacturing bases, also one in Austria. Their 

selling products worldwide are fine chemicals, plastics, herbicides, oil and gas1. 

Indus Chemie Ltd (ICL), founded 1999, provides chemical specialties and outsourced 

technical actives, intermediates, polymer additives, biocides & natural products2. 

Vertellus sells intermediaries for the plastics and polymers markets. These functional 

additives and monomers are needed to grade up the attributes of high performance 

polymers such as PVC and are used as modifiers for starch engines, oil lubricant additives, 

plasticizers, chemical intermediates, epoxy curing agents, viscosity, pour-point modifiers, 

and moisture control additives for leather goods and corrosion control (Vertellus, 2014). 

49 more vendors are reported in PubChem, 2017.3 

Substance identity is summarized in table 2 and from the ECHA website4, 2017. 

EC number: 201-247-9 

EC name: bis(4-chlorophenyl) sulphone 

SMILES: Clc1ccc(cc1)S(=O)(=O)c2ccc(Cl)cc2 

CAS number (in the EC inventory): 80-07-9 

CAS number: 80-07-9 

CAS name: -

IUPAC name: 1-chloro-4-(4-chlorophenyl)sulfonylbenzene 

Index number in Annex VI of the CLP 

Regulation 
-

Molecular formula: C12H8Cl2O2S 

Molecular weight range: 287.1617 

Table 2: substance identity and synonyms of DCDPS 

1 BASF, 2017 http://www.basf.com/group/corporate/de/about-basf/index?mid=0 
2 Indus Chemie, 2017 Ltd http://www.induschemie.co.uk/ 
3 PubChem, 2017 https://pubchem.ncbi.nlm.nih.gov/compound/6625#section=Substances-by-Category 
4 ECHA website, 2017: http://apps.echa.europa.eu/registered/data/dossiers/DISS-9c80d264-3f91-5e11-e044-

00144f67d249/DISS-9c80d264-3f91-5e11-e044-00144f67d249_DISS-9c80d264-3f91-5e11-e044-

00144f67d249.html 
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Synonyms:  
Benzene;  1,1'-sulfonylbis  4-chloro- Benzene;  1,1'-sulfonylbis[4-chloro- 1,1'-
Sulfonylbis(4-chlorobenzene);  4,4'-DCDPS;   4,4'-Dichlorodiphenyl su lfone;  
4,4'-Dichlorodiphenyl su lphone  4-06-00-01587  (Beilstein  Handbook  
Reference);  4-Chloro-1-(4-chlorophenylsulfonyl)benzene;  4-Chlorophenyl  
sulfone  AI3-01386  AI3-02901  Benzene;  1,1'-sulfonylbis(4-chloro- Bis(4-
chlorophenyl)  sulfone;  Bis(4-chlorophenyl)  sulfone  (BCPS);  Bis(4-
chlorophenyl)  sulphone;  Bis-(4-chlorophenyl)sulfone;  Bis(4-chlorophenyl)-
sulfone;  Bis(4-chlorphenyl)sulfone;  Bis(4-klorfenyl)sulfon  Bis(p-
chlorophenyl)  sulfone;  Bis-4-chlorophenyl su lfone  BRN  2052955  CCRIS  
8813;  Dichlorodiphenyl su lfone  (DCDPS);  Di-p-chlorophenyl su lfone  HSDB  
5233  NSC  23899;  p,p'-Dichlorodiphenyl su lfone;  p,p'-Dichlorodiphenyl  
sulfone  (DDS);  p-Chlorophenyl su lfone  Sulfone;  bis(p-chlorophenyl)  (6CI,  
8CI)  4,4-dichlorodiphenyl-sulfone;  1,1'-Sulfonylbis[4-chlorobenzene];  
Bis(4-chlorphenyl)sulfon  (German);  bis(4-clorofenil)  sulfona  (Spanish);  
bis(4-chlorophényl)sulfone  (French);  Sulfone;  bis(p-chlorophenyl)  p,p-
dichlorodiphenyl su lfone;  4:4'-Dichlorodiphenylsulphone;  di-4-chlorophenyl  
sulfone;  4,4'-DDE  1,1  sulfonyl-bis(4-chlorobenzene);  p,p’-dichlorodiphenyl  
sulfone  DDS;  4,4'-bischlorophenyl su lfone  BCPS;  DCDPS  
dichlorodiphenylsulfone;  Bis-(p-chlorophenyl)-sulphone;  di-(p-
chlorophenyl)  sulfone;  Bis(4-klorphenyl)sulfon  Benzene;  1,1'-sulfonylbis*4-
chloro- 4,4'-Dichlorophenyl su lfone;  1-Chloro-4-[(4-
chlorophenyl)sulfonyl]benzene;  4,4'  Dichlorodiphenylsulphone  bis(p-
Chlorophenyl)  sulphone;  4,4[-Dichlorodiphenyl su lphone];  4,4'-
Dichlorodiphenyl su lphone;  99%  1,1'-Sulphonylbis(4-chlorobenzene);  1,1'-
sulfonylbis-4-chlorobenzene  

96  records  are  reported  for  DCDPS  synonyms  of  DCDPS  in  PubChem,  2017.5  

Structural  formula:   

Fig.  1:  in  the  left  molecular  structure  of  DCDPS  (ECHA  website,  2017),  another  possible  2D  figure  

reported  in  PubChem,  2017  in  the  middle  and  a  3D  model  of  DCDPS,  PubChem,  2017  on  the  right  

side                         

                                

5  PubChem,  2017  https://pubchem.ncbi.nlm.nih.gov/compound/6625#section=Substances   

12 

https://pubchem.ncbi.nlm.nih.gov/compound/6625#section=Substances


 

   

 

 

 

 

1.2  Composition  of  DCDPS  

The  bis  (4- chlorophenyl)  sulphone  is  an  organic,  mono-constituent  substance.  It’s  

analytical p urity  is  about  99,5  %.   

No  further  inpurities  such  as  free  acids  or  additives  are  known  (ECHA,  2017).  

1.3  Physico-  chemical  properties  

   1.3.1 Water solubility 

   1.3.1.1 Estimated data 

Due  to  Merck  Millipore  (2014)  DCDPS  is  insoluble  in  water  at  20  degrees  Celsius,  but  

soluble  in  alcohols  (ethanol  and  chloroform  (Lide,  2000,  in  Toxnet,  2014))  and  olive  oil  

(Ohlsen,  1995).  A  value  below  0,1g/100  ml  (1.000mg/l)  at  20  degrees  Celsius  for  DCDPS  

is  reported  from  K.  Nörstrom,  2006.   

The  calculated  water  solubility  estimated  for  DCDPS  from  EpiSuite  based  on  Log  Kow  

(WSKOW  v1.42)  represents  6,861mg/l  at  25  degrees  Celsius.  The  Log  Kow  data  used  

seemed  to  be  valid,  therefore  the  low  water  solubility  seems  to  be  valid  too  and  has  been  

also  reported  from  ChemSpider,  2014  as  well.  Solubility  seems  increasing  with  rising  

temperature  (decimal p ower  with  5  degrees).  

DCDPS  is  thus  slightly  soluble  in  water  (Lide,  2000,  in  Toxnet,  2014).  

1.3.1.2  Experimental  data  

The  according  value  from  ECHA  (2017)  for  water  solubility  of  DCDPS  was  measured  under  

GLP  conditions  in  a  conclusive  and  valid  guideline  study,  published,  2004  (validity  Klimsch  

1).  The  study  showed  a  solubility  in  purified  water  (column  elution  method)  of  0,86  mg/  L  at  

20  degrees  Celsius  (the  equilibrium  was  reached  after  three  days)  at  a  pH  range  from  5,5  

to  6.  According  to  ECHA,  2017  DCDPS  is  slightly  soluble  (0,1-100  mg/  L).   

1.3.1.3  Conclusio  on  water  solubility  

DCDPS  is  lipophil  and  estimated  to  be  slightly  soluble  in  water.  This  is  confirmed  by  the  

experimental  value  0,86  mg/L  (20°C,  ECHA,  2017).  Thus  DCDPS  is  slightly  soluble  in  

water.  

 

Table  3  gives  a  summary  of  the  physical a nd  chemical p roperties  of  DCDPS.  
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CAS number 80-07-9 
EC number 201-247-9 

Property Value Remarks 
Physical state at 20°C 

and 101.3 kPa solid, white powder Georgi 2009 
solid, white pellets Habeck 2009 

Melting/freezing point 147 - 150°C (at 1013 hPa assumed) Heymann et al. 1945 
148 °C at 1013 hPa Lewis, Richard J. Sr., 2004 

147,9 °C SRC PhysProp Database, 2009 
148.85 °C Novoselova NV et al., 1985 

145 - 149 °C Aldrich (1998) and Sloss Industries (1988) 
Boiling point 397 °C at ca. 101325 Pa ICI plc 1991, p 1, company data 

405,1 °C at 1013.25 hPa Value 
extrapolated from the vapour pressure 

curve EU Method A.2 (Boiling Temperature), 1986 
>= 195 <= 200 °C at 66,6 Pa Mironov et al., 1970 

250 °C at 1333 Pa (Lide et al 2000 taken from toxnet, 2014) 
ca. 390,24 °C at 101325 Pa OECD, 2009; Joback (1982) and Stein & Brown (1994) 

Relative density 1.504 g/cm³ at 20.2 °C ± 0.5 °C Exp. study 2009, in ECHA 2017 

Particle size distribution 

7,48% inhalable Crystalline material, 
higher for DCDPS powder; no respiratory 

fraction 
Study 2009 in ECHA, 2017 

Vapor pressure 
1,5 x 10 -5 Pa at 25 °C 

Study 2010 in ECHA, 2017 
Partition coefficient Log Kow 3,9 at 22°C study 2006 in ECHA, 2017 

Water solubility 0,86 mg/ l at 20°C (slightly soluble) study 2004 in ECHA, 2017 
explosiveness Not explosive study 2009 in ECHA, 2017 

oxidation Not oxidative study 2010 in ECHA, 2017 

Table 3: summary of the physico – chemical properties of DCDPS from ECHA (2017) 
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DCDPS is reported to be combustible and release toxic chlorine, hydrogen chloride and sulfur 

oxides when heated for decomposition (Sax and Lewis, 1989 in Chabbra et al., 2001; 

PubChem, 2017). Due to eChemspider (2014), two experimental Flash Points of 233°C and 

192,4°C boiling points ranging from approximately 250°C over 400°C to 455,6°C for DCDPS 

are reported. Because DCDPS is inert, non- flammable and self- extinguishing, it’s used as a 

flame retardant (European Chemicals Bureau, 2005 in Toxnet, 2014). 

1.4  Spectral  properties  of  DCDPS  
Ultra-Violet (UV), Infra-Red (IR) and a Nuclear Magnetic Resonance (NMR) or a Mass 

Spectrum (MS) are still requested from ECHA in the compliance check from 2014 for 

identification of DCDPS. This information is published on PubChem, 2017 (reported from 

toxnet) and listed in table 4: 

Spectral properties of DCDPS 

property data source from Toxnet, 2017 reported in PubChem, 2017 

mass 52.655 Nist/ Epa/ Msdc Mass Spectral Database 1990 Version 

229 Aldermaston, eight peak Index of Mass Spectra, UK 

IR 18.067 Sadtler Research Laboratories IR Grating Collection 

UV 1.356 Sadtler Research Laboratories IR Grating Collection 

NMR 9.042 Sadtler Research Laboratories IR Grating Collection 

GC-MS 159-161-11 NIST, 2017, Nist number 374814 

Table 4: summary the spectral properties of DCDPS 

The gaschromatografic spectrometry for DCDPS was found in NIST databank (2017) under the 

number 374814. The mass spectrum shows a quantitative distribution of identified substances. 

DCDPS has given 144 total peaks with a top peak at 159 161 (NIST, 2017). This is shown in 

figure 2. Unfortunately no data was reported, which substances were found. 

Figure 2: GC- MS for DCDPS (NIST, 2017) 
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2 CLP Harmonised classification and labeling 

2.1  Harmonised  classification  and  labelling  for  DCDPS  
There is no harmonized classification and labelling reported for bis (4-chlorophenyl) sulphone 

(DCDPS) according to the CLP (Classification, Labelling and Packaging) Annex VI of 

Regulation (EC) No 1272/2008 (CLP Regulation). 

2.2  Self-  classification(s)  proposed  by  registrants  
DCDPS was self- classified by the registrants as eye irritating, acute and chronic toxic to 

aquatic environment as also toxic for specific target organs. A summary is given in table 5. 

International Chemical identification EC No CAS No 

Classification 

Hazard Class and 

Category Code 

Hazard statement 

Code 

bis(4-chlorophenyl) sulphone 201-247-9 80-07-9 

Eye Irrit. 2 H 319 

Aquatic Chronic 1 H410 

Aquatic Chronic 2 H411 

Aquatic Chronic 4 H413 

Aquatic Acute 1 H400 

STOT RE 2 H373 
Table 5: Summary of different self- classifications proposed by the notifiers for DCDPS 

241 single and 7 aggregated notifications were registered for DCDPS in the C & L Inventory 

(Classification and Labelling) on the homepage of ECHA (2017). 
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   3.1.1 Polymer Victrex 

           

                

                                                

     

 

3 Manufactures and uses 

3.1  Manufacture  of  DCDPS  
DCDPS is produced by adding monochlorobenzene to sulfur trioxide, forming p-

Chlorobenzenesulfone acid. In further addition of Sulfur trichloride monoxide 4-

chlorobenzenesulfone chloride is produced. A fusion of these two 4-chlorobenzenesulfone 

chlorides forms DCDPS (US EPA, 1994). 

When DCDPS starts a polymerization process (nucleophilic substitution reaction) with 

bisphenol A, final polymerization endproducts are amorphous and transparent high temperature 

sulfone polymers, common known under the trade names Udel, Victrex and Radel (Fig.3). 

These substances are rigid but also buildable due to their chemical, mechanical, hydrolytic and 

thermal stability (Wikipedia, 2017)6. Thus they are used in everything from plumbing pipes to 

applications in aircraft and medical care. 

Referred to T. A. Tweddle et al., 1983, these polysulfones are used for membraned 

ultrafiltration and reverse osmosis applications (D. Nevstrueva, 2009). 

DCDPS added to bisphenol A forms Victrex, a rigid and thermally resistant material. 

Figure 3: Polymerization reaction of DCDPS with difunctional nucleophiles forming the polymeres 

Victrex, Radel R-polyphenylsulphone and Udel (Wikipedia, 2017). 

According to Solvay Advanced Polymers GmbH (2014) Victrex is a sulfonated polyether-

etherketone, which is the basic structure for further polymers like Radel and Udel, as shown in 

6 Wikipedia site, 2017: https://en.wikipedia.org/wiki/4,4%27-Dichlorodiphenyl_sulfone 
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Fig. 4. Polyethersulfones show the highest molecular content of polar sulfones and therefore 

have the highest water absorption of all sulfone- polymers. 

    3.1.2 Polymer Radel 

            

             

           

                 

       

         

 

          

 

             

     

 

               

               

           

              

             

 

Radel R-Polyphenylsulfone consists of Victrex and 4,4'- Biphenyl ether, that increases the 

impact resistance. Due to the phenylsulfone and the ether-group, Radel has the strongest 

resistance against hydrolysis and chemicals among polysulfones, which makes it predestinated 

for using in fuel cells (K. Yu Seung et al., 2008) and food related industries (US EPA, 

1994).There are two forms of Radel: 

Radel R- Polyphenylsulfone (Fig.4) and Radel A- Polyethersulfone (Fig.5). 

              

            

            

  

 

 

Figure 4: molecule polymer Victrex (Solvay Advanced Polymers GmbH, 2014) 

Figure 5: molecule structure of Radel A- Polyethersulfone, comprising the primary structure Victrex 

(Solvay Advanced Polymers GmbH, 2014) 

Victrex, Radel or Udel have no sulfonic acid group and an average molecular weight greater 

than 30,000 g/mol. According to Soczka-Guth T. et al., 2002, Victrex and Radel are preferred 

polysulfones for production of single-or multilayer, acid-doped plastic membranes made of 

polymer blends with recurring Azole. The strong resonance between the sulfone in the highest 

oxidation level and the benzene rings increases the molecular, thermic and oxidative stability. 

   3.1.3 Polymer Udel 

The polyethersulfone Udel has similar properties and usages as Radel, existing of the basic 

structure Victrex and 4,4' diphenylensulfone Isopropylidenether, as shown in Fig.6. It is 

generated, when DCDPS is substituted with bisphenol A in dimethyl sulfoxide (Wikipedia, 

2014): 
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(ClC6H4)2SO2 + HO-X-OH → 1/n [(O-X-OC6H4)2SO2]n + 2 HCl 

Figure 6: The stoichiometry of the condensation of DCDPS with Bisphenol A (in dimethyl sulfoxide) forms 

the Polymere Udel (Wikipedia, 2014). 

A patent, from Michael Stump et al., 1991, declares another way of production of DCDPS, by 

reacting chlorobenzene with sulfuric acid at 200° to 250° C in presence of a condensing agent 

(boric acid), that shortens the reaction time of chlorobenzene. 

One of the most well-known methods for preparing DCDPS is the Friedel-Crafts reaction of 4-

chlorobenzenesulfonyl chloride with chlorobenzene. 

Another production method for DCDPS is the reaction of chlorobenzene with sulfur trioxide and 

dimethyl (or diethyl-) sulfate, which is toxic and therefore unacceptable. 

Workers are expected to be exposed to DCDPS during synthesis or preparation of DCDPS in 

closed (batch) processes (ECHA, 2017). More than 80% of DCDPS is shortly polymerized by 

Solvay. This company is allowed to sell DCDPS to at least 5 customers (or downstream users) 

worldwide (OECD, 2008). 

DCDPS was manufactured for captive use by Amoco Corporation of Marietta, Ohio and ICI 

American Holdings Company of Fayetteville, North Carolina, in a range of approximately 6,8 

million kilograms alone in 1988. Therefore round 5,4 million kilograms of monochlorobenzene 

were consumed (US EPA, 2014). 
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3.2  Uses  of  DCDPS  

       3.2.1 Uses of DCDPS as an intermediate 

    3.2.1.1 Uses as thermoplastics 

            

           

             

               

          

 

             

              

                

    

                

          

             

   

              

             

         

              

     

               

                

            

  

                

             

      

                

     

              

              

             

                

               

    

                                                
     

DCDPS is a lipophilic monomer used for polymerization of polysulfone (PSU) homopolymers 

and copolymers (Vertellus Specialties, 2014). That the high production volume chemical 

(HPVC) DCDPS is commercially often used as a starting material for thermoplastic production 

is also confirmed by K. Norström (2004). DCDPS was found in 20 mixtures of polysulsones, 

sulfanediide and polymers, like Bisphenol A, reported in PubChem, 2017.7 

The thermally resistant (about 213 °C, suitable for steam sterilization) and chemically stable 

polymers (chlorinated hot water, acids and alkalis) are used for cooking and food equipment 

like microwaves in an amount of 0,0002% to 0,008%. Levels greater than 0,1% are not relevant 

for ECHA regulations. 

Indeed Radel is licensed for contact with food according to FDA (United States Food and Drug 

Administration “Food Contact Notification” number 000083 and guideline 2002/72/EG) and 

drinking water (according to BS 6920 certificated Radel R-5000 and R-5100) (Solvay Advanced 

Polymers GmbH, 2014). 

Whereas Radel is mainly heat resistant and Udel has high flexibility for engineering plastics, 

both polysulfones have licenses for contact with drinking water (additional licenses are ANSI/ 

NSF standard 61, water regulations advisory scheme, plastic-drinking water-recommendation 

and DVWG-work sheet W 270 december 1990 grow of microorganism) and food material (3A 

sanitary standards, NSF standard 51). 

DCDPS is applicable as monomer in plastics with the Plastic reference number 15610 due to 

the EU- legislation No. 10/2011 of 14 January 2011 on plastic materials and articles intended to 

come into contact with food (European commission, Health and consumers, Food Contact 

Materials, 2014). 

Furthermore DCDPS is authorized to be used as food contact material (FCM) in the EU like 

dishes, containers and processing machines with its FCM number 00152. This includes also 

packaging materials for drinking water. 

But there was no data found for authorization of DCDPS as food contact material from the 

ESFA (European food safety agenda). 

The water soluble plastic polymers Radel, Udel and Victrex are also applied in manufacturing 

medical equipment like nebulizers and dialysis parts (Chabra et al., 2001). The use of 

polysulfones as high performance biocompatible polymers (Wenz et al., 1990) for blood dialysis 

is also reported from Gastaldello et al. (2001) and for nebulizers from Chabbra et al. (2001). 

Biopolymers were used in in- vitro cell cultures with water soluble tetrazolium for a cytotoxicity 

test (Huhtala et al.1998). 

7 PubChem, 2017 https://www.ncbi.nlm.nih.gov/pcsubstance/?term=6625[ComponentCID] 
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Diphenyl Sulfones are used as a reagent for High-Performance Polymer Research (Chemical 

book, 2014). 

Dental applications and surgical instruments (Solvay Advanced Polymers GmbH, 2014) are 

also formed from polysulfones like Radel and Udel. 

A prothesis coated with a non- toxic polymer like Udel has achieved a long-term bone fixation 

after implantation (N. Ballintyn et al., 1982). UDEL MG II, sold by AMOCO Performance 

Products, is reported to be biologically inert and nonbiodegradable in the animate being (W. 

Johnson, 1992). 

PSU was also biocompatible for drug delivery and is thus applicated as capillary fibers for 

intraocular drug delivery (Rahimy et al.1994). 

Further application areas of aromatic polysulfones are aircraft and automobile industry as well 

as electrical and electronic facilities (coating on metals (US EPA, 1994), batteries and television 

elements) (Chhabra et al., 2001). 

The Environmental Release Category (ERC) describes the broad spectrum of DCDPS usage 

from an environmental perspective with 12 categories. The categories ERC 1 to 7 and 12 

illustrate industrial activities, whereas 8 to 11 constitute consumer or professional uses (ECHA, 

2014). According to ECHA (2017) DCDPS is categorized to ERC 1, that means that the 

substance is manufactured and thus can get into the environment by industrially working. But 

ECHA (2017) has yet no registered information about the concrete use of DCDPS in 

manufacturing or the chemical articles produced. The categories 3, 6a, 6c and 6d just infrom 

that the main use of this sulfone is industrially polymerisation of plastics. And that further 

DCDPS is synthetisised in a closed batch process with transfers from and to vessels where 

exposure may arise (use as an intermediate). ECHA (2017) published no data on possible 

release routes of DCDPS to the environment (not yet). Identified uses (by workers and 

consumers), formulation and an article service life of DCDPS may be reported soon under the 

life cycle description on ECHA homepage (yet still inactive, ECHA 2017). 

Whereas DCDPS is produced or imported in amounts of 10,000 - 100,000 tonnes per year in 

Europe, it’s tonnage band exceeds one million pounds (500 tons) annually in the U.S. (3.300 

chemicals in commerce (excluding polymers) used in such substantial quantities). According to 

Chabra et al. (2001) in H. Jörundsdottir, 2006 DCDPS annual production is up to 10.000 tons 

yearly. 4 - 7 trillion pounds of high volume chemicals (HPV chemicals) are produced or 

imported annually in general in the U.S. (Scorecard, 2014). 

      3.2.1.2 Use as epoxy hardener 

The intermediate form of DCDPS is further a necessary component for the fabrication of resins, 

rubber applications (ECHA, 2014). 

Therefore DCDPS intermediate state is needed for the synthesis of bis- (aminophenyl) sulfone 

“Dapson” (DDS). It is structurally similar to DCDPS (Fig. 7) and required for hardening epoxy 

resins (M. Stump et al., 1991). 
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Figure 7: Structure of Dapson (Wikipedia8, 2014) 

   3.2.1.3 Pharmaceutical use 

          

                 

            

     

The chlorinated organosulfane “Dapsone” is an antileprotic drug (Hindustan Monomers, 

Product list, 2005 taken from toxnet, 2014). This is confirmed by M. Stump et al., 1991 and 

Solvay America Inc., 2013. Furthermore DDS is important to prepare sulfonamide antibacterial 

agents (Chemicalland 21, 2014). 

 

         3.2.1.4 Use as a reactive dye in textile industry 

              

      

 

Furthermore DCDPS may have applications as additive in industrial textile dyes (Ohlsen et al., 

1995 in Solvay America Inc., 2013). 

      3.2.2 Other uses of DCDPS 

      3.2.2.1 Use as a flame retardant 

               

            

              

              

           

     

             

                

 

                 

          

            

           

                

           

               

                                                
    

Inert DCDPS and some other sulfone derivatives are used as a flame retardant in plastics 

(Chemicalland 21, 2014). The chemicals can be incorporated physically as additives (Tris (2,3-

dichloropropyl), CAS No 78-43-3 Log Kow 2,9; Koc 998) or chemically as reactive ingredients 

(Tetrachlorophthalic anhydride, CAS No. 117-08-8 Log Kow 3,5; Koc 1900 (Å. Bergman et al., 

2013). Potassium 3- (phenylsulphonyl) benzene-sulphonate is another example for a sulfonic 

flame retardant (Chemicalland 21, 2014). 

Polychlorinated biphenyls (PCBs) for example were also applied as flame retardants but used 

also in electrical equipment from the late 1920s until the mid-1980s (Å. Bergman et al., 2013). 

     3.2.2.2 Use in pesticide production 
DCDPS is reported from Chabra et al., 2001 to be a by-product of pesticide production, even a 

major contaminant of the pesticide 4-chlorobenzene sulfonamide (Harnagea, F.and Badilescu, 

S., 1965, in K. Nörstrom, 2006 and Chabra et al., 2001). 

Although the non- insecticidal quality of unsymmetrical (p-chlorophenyl) sulfone was reported 

by Spencer, 1973 (in Toxnet, 2014), the contaminant DCDPS seemed to be as effective as an 

insecticide, compareable to the pesticide dichlorodiphenyl trichloroethane (DDT) for the fly 

Musca nebulo (Misra and Asthana, 1957). Thus DCDPS was used as a pesticide in Russia 

8 Wikipedia, 2014 https://de.wikipedia.org/wiki/Dapson 
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(Tarasenko, 1969 in K. Nörstrom, 2006), but is rarely used recently as an insecticide (Olsson 

and Bergman, 1995). 

     3.2.3 Conclusion uses of DCDPS 

The main application of DCDPS as an intermediate for plastic polymerization leads to a wide 

range of applications and distributions. Although DCDPS has a history as pesticide (K. 

Nörstrom, 2010) it also finds application as “Dapson” in the pharmacy (leprosy and antibacterial 

therapy). It is supposed, that DCDPS may be set free to the environment through diverse 

current industrial releases due to use as intermediate in manufacture of high temperature 

polymers and pharmaceuticals (PubChem, 2017). 

DCPS is nearly inert and therefore used as a flame retardant and as epoxy hardener in the 

building industry. 

Due to its historical and intended high production and use, DCDPS was nominated by the 

National Cancer Institute for analysis to fill the lacking toxicity data (Chabbra et al., 2001). 
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4 Persistence of DCDPS - Environmental fate 

properties 

4.1  Degradation  

   4.1.1 Abiotic degradation 

  4.1.1.1 Hydrolysis 

4.1.1.1.1 General consideration 

Due to lacking hydroliseable functional groups (Pubchem, 2017), DCDPS is hydrolytically 

stable. Sulfones are very hard to oxidise or reduce and thus chemically stable (Wikipedia8, 

2014). The two chlorine atoms tend to react with hydrogen, but may not compensate a lacking 

hydrolysis potential for the whole DCDPS molecule. 

4.1.1.1.2 Experimental data 

It is reported, that DCDPS is hydrolytically stable (ECHA, 2017). Hydrolysis was calculated as a 

function of pH in a valid, reliable and conclusive guideline (OECD Guideline 111) study under 

GLP conditions. The half- life DT50 of DCDPS in water is assumed to be greater than one year 

at 25 °C and a pH value of 9. 

4.1.1.1.3 Conclusion on hydrolysis 

According to Annex XIII from REACH, DCDPS fulfills the persistence criteria (about 40 days) 

and even the very persistence scale (about 60 days) with a half- life greater than one year. 

Thus DCDPS is very persistent (vP) and hydrolytically stable in in water. 

   4.1.1.2 Phototransformation/ photolysis 

4.1.1.2.1 Phototransformation in air 

4.1.1.2.1.1 Estimated data 

EPI SUITE is a screening- level predictive tool useable for a rapid identification of potential PBT 

substances of many organic chemical substances. EPI Suite (Estimations Programs Interface 

Suite for windows, generated by US EPA) calculates chemical and physical properties of 

substances after manual input of their unique CAS number and Smiles Code. Environmental 

fate is analysed with thirteen individual models (for example atmospheric oxidation rate, 

bioconcentration factor, biotransformation rate, biodegradation and aquatic toxicity) and four 

integrated classes (sewage treatment plant model or Level III fugacity model) (EPI Suite, 2014). 

Multiple estimations from a single input are possible with the Batch Mode. 

24 



 

   

              

               

           

          

             

               

                

             

   

                 

               

               

              

             

                

              

              

               

       

              

         

           

            

             

              

    

               

                  

             

             

            

             

   

              

            

  

 

                                                

    

EPI Suite (version 3.20) calculated a photodegradation rate of 18 days based on hydroxyl 

radicals and ozone (12 hours, 25 degrees) for DCDPS, whereas ECHA, 2017 (based on ECHA 

2008 Guidance on information requirements and chemical safety assessment, Chapter R.16: 

Environmental Exposure Estimation) and EPISUITE (AopWin v1.92) (A. Kölbl, 2017, 

unpublished) reported a dissipation half-life of DCDPS of 27 days, based on tropospheric, 

indirect photolysis. This DT50 value of 27 days is also estimated and reported from PubChem, 

2017 and accounts for a photodegradation rate of 0,05 m³ molecule per day, which is fast 

compared to Perfluorooctanoic Acid, shortly PFOA, with an atmospheric lifetime of 130 days 

(OECD, 2006). 

This half- life value for vapor-phase DCDPS degradation in air seems to be right with 27 days 

(Howard and Muir, 2010, in ECHA, 2017) and is also reported from Toxnet (2014). 

The UV light ranges from 1 to 400 nanometers (nm) (Wikipedia9, 2014). DCDPS does not 

absorb at wavelengths above 290nm (nanometers) in atmosphere and thus is not anticipated to 

direct photolysis (Pubchem, 2017). But the radiant energy of short wavelengths below 200nm 

has 6,20–12,4 (eV) electronic Volt and would be high enough to rip out some electrons or 

atoms from weak linkages in the molecule (as ether or sulfonates) in DCDPS, forming 

carbondioxide, sulfurdioxide or free radicals (Joshi and Lina, 2011). It seems that light of 

200nm is not available in atmosphere (only radiants with one third of energy) and mostly 

blocked out through the ozone layer. 

Direct photolysis by sun seems possible for DCDPS, because sunlight is strong enough to 

degrade the very persistent Decabromdiphenylether (DecaBDE, CAS No. 1163-19-5) 

(Willamette riverkeeper DecaBDE breakdown studies, 2009), a much more inert halogenic 

representative than DCDPS is. But although DCDPS molecule offers enough molecular links 

for selective degradation, Toxnet and PubChem (2014) do report no direct photolysis. Highly 

halogenated molecules are one of the most stable organics due to its benzene molecules, 

polarizability and strong moleculebonds. 

Particulate-phase DCDPS will be removed from the atmosphere at least (after 55 days) by wet 

and dry deposition. According to REACH criteria Annex XIII a long half- life in air greater than 2 

days indicates persistence and promotes a long- range transport by vapor and particulate 

phase (vapor or dust as transport vehicle for DCDPS) to remote areas. 

DCDPS is not oxidated (0,59 E-12 cm3/molecule- sec calculated oxidation of DCDPS, 

simulated with hydroxyl radicals at 25 degrees Celsius with (AopWin v1.92) EPI SUITE). 

4.1.1.2.1.2 Experimental data 

No data on experimental results for phototransformation of DCDPS in air has been observed 

under relevant environemental conditions nor is reported from ECHA, 2017 or eChemportal, 

2014. 

9 Wikipedia, 2014 http://de.wikipedia.org/wiki/Ultraviolettstrahlung 
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4.1.1.2.1.3 Conclusion on photolysis/ phototransformation in air 

DCDPS atmospheric half-life is calculated to be 27 days, photodegradated indirectly and slowly 

by photochemically produced hydroxyl radicals (Toxnet, 2014) and removed finally after 55 

days from the atmosphere by wet and dry deposition. Degradation through direct photolysis by 

sun and oxidation in atmosphere may not work for DCDPS and thus it may be persistent in air 

(defined by Annex XIII REACH with a half-life greater than 2 days). Little amount of DCDPS 

may be long-range transported in air. 

4.1.1.2.2 Phototransformation in water 

4.1.1.2.2.1 Estimated data 

There isn’t any estimated or calculated data on phototransformation in water referred from 

ECHA or from OECD eChemportal. 

It has been reported, that dissolved organic matter (DOM, like humic and fulmic substances) 

enhances the phototransformation of organic contaminants in aquatic system, producing 

reactive substances like hydroxyl radicals (OH·), singlet oxygen O2 and DOM triplet states 

(3DOM) under sunlight. This all leads to a natural dilution of contaminants like PCB’s in 

environment (Lei Chen et al., 2013). 

Photodegradation of chlorothalonil (fungizid, CAS No. 1897-45-6) in natural rivers and lakes 

was improved by humic substances too (Vasilios et al., in Chemosphere 2002). If persistent 

and chemically stable polychlorated substances as PCB 31, PCB 153 or the fungizid 

chlorothalonil can be photochemically degraded or at least transformed, DCDPS may also be 

susceptible for this process. 

4.1.1.2.2.2 Experimental data 

There were no experimental values on phototransformation in water available from OECD or 

eChemportal (2014) or ECHA (2017). But they are expected on ECHA homepage. 

4.1.1.2.2.3 Conclusio photodegradation in water 

Photolysis in water may be possible for DCDPS, as it is reported for persistent PCB 31 and 

chlorothalonil. 

4.1.1.2.3 Phototransformation in soil 

4.1.1.2.3.1 Estimated data 

No results were reported on this topic neither on ECHA nor on the homepage from OECD 

eChemportal. 
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4.1.1.2.3.2 Experimental data 

No experimental data on phototransformation in soil is referred whether from OECD 

eChemportal (2014) nor ECHA (2017). But they are expected on ECHA homepage. 

4.1.1.2.3.3 Conclusio photodegradation in soil 

Due to missing data DCDPS has to be categorized as persistent in soil. 

    4.1.1.5 Summary abiotic degradation 

Lipophil DCDPS is slightly soluble (ECHA, 2017), hydrolytically stable and very persistent in 

water ((Annex XIII criteria for solubility > 0,01 mg/ L) and DT50 > 60 days, Annex XIII REACH 

(A.XIII)). 

DCDPS is persistent in atmosphere (DT50 > 2 days A.XIII) and little amounts of this involatile 

sulfone may absorb to particulates for a long- range transport. Indirect photodegradation 

happens through hydroxyl radicals (Toxnet, 2014) (DT50 >27 days) whereas direct photolysis 

doesn’t seem to play a role for abiotic degradation of DCDPS (PubChem, 2017). 

Data is lacking on phototransformation in water and soil for DCDPS. But many persistent PCB’s 

are phototransformed in presence of sunlight and dissolved organic matter (Lei Chen et al., 

2013) so it may be possible for DCDPS too. 

    4.1.1.6 Conclusio abiotic degradation 

DCDPS is slighly soluble in water (A. XIII solubility > 0,01 mg/ L), very persistent in water 

(DT50 > 60 days) and persistent in air (DT50 > 2 days).Photolysis data in water and soil is 

missing. Phototransformation seems probable for DCDPS. 

   4.1.2 Biotic degradation 

   4.1.2.1 Ready biodegradability 

4.1.2.1.1 Estimated data 

The probability of rapid biodegradation of DCDPS was estimated with BIOWIN v4.10 

(EPISUITE 4.10). DCDPS was investigated according to the screening criteria for persistence 

(P) (Guidance R11 document: Table R.11-4). Biowin 2 (non-linear model prediction) and Biowin 

3 (ultimate biodegradation time) or Biowin 6 (MITI non-linear model prediction) and Biowin 3 

(ultimate biodegradation time) were used to assess persistence criterion. The results are 

summarized in Table 6 below. 
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Persistence Criterion Conclusion Probability of Rapid 
Biodegradation (BIOWIN 
v4.10): 

Biowin 2 (non- Does not biodegrade Potentially P Biowin 2: 0,0061 
linear model fast (probability <0.5), or vP 
prediction) and and ultimate Biowin 3: 2,15 months 

Biowin 3 (ultimate 
biodegradation 

biodegradation 
timeframe prediction: 

Biowin 6: 0,0053 

time) ≥months (value < 2.2) 

or or 

Biowin 6 (MITI Does not biodegrade 
non-linear model fast (probability <0.5) 
prediction) and and ultimate 
Biowin 3 (ultimate biodegradation 
biodegradation timeframe prediction: 
time) ≥months (value < 2.2) 

Table 6: Estimated persistence calculated with Biowin v.4.10 (EPISUITE 4.10) 

Biowin Models are only recommended for “negative” screening and thus conclusion on non 

biodegradability (P). Ready biodegradability for DCDPS was predicted to be “NO”. DCDPS 

does neither biodegrade fast (value < 0,5). The results from Biowin 3 and 6 indicate, that 

DCDPS is potentially P or vP (according to the screening criteria for P, (Guidance R11 

document: Table R.11-4)). 

At the moment there exists no general accepted definition of the model domain of the method 

within the Biowin 4.1 model. The predicted results are considered to be acceptable, because 

the substances modelled are within the molecular weight range of the training sets and most 

relevant fragments within the substances being modelled (aromatic chlorides and aromatic 

hydrogen, only the sulfone ether is missing) occur in the training sets. Only the sulfone ether 

group is not represented in the training set and thus no fragment coefficient for it is available. 

But the sulfone molecule is considered within the prediction modell based on total molecular 

weight of DCDPS (287,16 g/mole). Additionally a coefficient for the fragment “sulfonic acid/ salt 

with aromatic attach” was found in the databank for biodegradation modell. This showed mostly 

similar values than for represented “aromatic chloride”. It is assumed that it does not influence 

the result significantly (the positive coefficient for that sulfonic acid modell in model Biowin 3 

(ultimate biodegradation time) may shorten the total biodegradation (2,15 < 2,20), but not 

significantly). The sum of the fragment coefficients leads to the predictions on biodegradability 

for DCDPS under aerobic conditions. Therefore these prediction methods are considered 

appropriate and reliable (category 2, reliable with restriction) for these substances. 

A wastewater treatment is calculated to remove 25% of DCDPS according to EPISUITE v. 

4.10. Only 0,29% of DCDPS are calculated to be biodegradated. 
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4.1.2.1.2 Experimental data 

Experimental data for ready biodegradability in water (screening test) and in water/ sediment 

complex (simulation test) are reported in the next chapters. But no other studies on ready 

general biodegradability of DCDPS are available. 

4.1.2.1.3 Conclusion ready biodegradability 

The Biowin Models v. 4.10 from EPISUITE v. 4.10 (Vega Qsar Ready Biodegradability model 

version 1.0.8) estimated, that DCDPS is not readily biodegradated under aerobic conditions 

(according to the persistence criteria in A. XIII, biodegradation time < 2,2 months) and does not 

biodegrade fast (probability < 0,5). Thus DCDPS is potentially persistent and may even be 

potentially very persistent. The biodegradation of DCDPS in wastewater treatment is also 

calculated to be very low (0,29%) (EPISUITE v.4.10). 

    4.1.2.2 Biodegradability in water 

4.1.2.2.1 Estimated data 

DCDPS half- life in water is estimated to last 60 days (fugacity III modell EPISUITE v.4.10). 

According to Annex XIII from REACH, DCDPS fulfills the persistence criteria (> 40 days for 

limnic water and > 60 days for marine water) and also the very persistence criteria (> 60 days). 

The ITC (Interagency Testing Committee) removed DCDPS from the Priority Testing List 

because most screening data has been evolved (short- term toxicity, metabolism studies and a 

physiologically- based pharmacokinetic model). Health effects will get tested and a two-

species rodent carcinogenicity assay (Matthews et al., 1996) should evaluate structural 

potential and predict the carcinogenic factor of DCDPS (Environmental Protection Agency, 

1995). 

4.1.2.2.2 Experimental data 

In the study report from 1999 reported by ECHA (2014) a valid and reliable (Klimsch 1) ready 

biodegradability screening test in water with activated sludge (Modified MITI Test (I) (Ministry of 

International trade and Industry, Japan)) according to the OECD Guideline 301 C) was 

conducted under GLP conditions. This MITI (I) (301 C) test is used for poorly soluble and 

adsorbing substances (Biosciences LLC, 2014) as DCDPS is. The test results revealed that 

DCDPS was not readily biodegradable. The initial concentration of DCDPS was 100mg/l and 

the suspended soilid concentration in sludge 30 mg/l. The parameter O2 consumption 

(Biochemical Oxygen Demand, BOD) and sludge cocncentrataion were analysed by HPLC L-

column and surveyed in reference to Aniline. According to the OECD guideline 301 C the CO2 

evolution should have also been measured (OECD, 1992), but is missing from ECHA, 2017. 

The results are shown in table 7 exceeding a maximum of 7,4 mg air consumption after 28 
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days due to biodegradation of DCDPS compared to Anilin with nearly 80mg. DCDPS BOD was 

only slightly higher than the blank control or pure water. 

The test is valid regarding the biodegradation of aniline (BOD) with 75% (criteria > 65%) after 

14 days. But due to the variation (> 20%) in results for DCDPS, a repetition of the test should 

be examined (OECD, 1992). 

Substance descript ion BOD in mg at 28 th day 

Inoculum & Aniline (reference) 78,6 

Water & DCDPS (abiotic control) 0,7 

Water & Inoculum (blank control) 6,0 

Inoculum I with DCDPS 1,6 

Inoculum II with DCDPS 7,4 

Inoculum III with DCDPS 4,8 
Table 7: Biological oxygen demand measurements of all samples ready biodegradability (ECHA, 2014) 

In these 28 days DCDPS biodegradated only to 1 % (according to BOD) and 0 % (according to 

HPLC analysis). Although OECD Guideline instructs a test concentration of 30mg/ L, this 

DCDPS solution may be toxic, prohibitively or not bioavailable for bacteria. Additionally oil 

could have increased dispersion on sewage sludge and bioavailability for bacteria. Although the 

OECD 301 C test was indeed correctly conducted, it was maybe the wrong test for DCDPS. 

The CO2 developmental test OECD 301 B for badly watersoluble substances would have fit 

better. An option would also be the OECD 301 A screening test on biodegradability for test 

substances with good adsorption properties. At least molecular stability and density of DCDPS 

could cause negative results on biodegradability. 

A negative test result for ready biodegradability states not implicitly environmental 

undegradability of DCDPS, reported OECD (1992). But calls further for a simulation test to 

receive environmental biodegradation rates or requires an inherent biodegradability test with 

optimised aerobic conditions (biological sewage treatment plants (STP)). 

The required activated sludge respiration inhibition test from REACH for substances with 

imports or uses higher than 10 tons a year (Annex VIII) is therefore fulfilled (as seen in table 

11). Exactly the same screening test is reported from the Official Bulletin of Economy, Trade 

and Industry, Japan, 2002 (same DCDPS test concentrations, measurements and duration) 

(Nite, 2014). But the test should be replied with a lower test concentration of 3mg/ L DCDPS 

(OECD, 2003). This is also recommended from OECD, 1992 for substances with less than 60% 

biodegradation. 

The OSPAR convention aims to protect the marine environment of the North- East Atlantic and 

numerates DCDPS actually not as one of the 42 substances on OSPAR’s “list of chemicals for 

priority action”, that might potentially damage the ocean (OSPAR, 2014). OSPAR is named 

after the original Oslo and Paris Convention “OS” for Oslo and “PAR” for Paris. The structurally 
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similar organohalogens like perfluorooctanyl sulphonic acid and its salts (PFOS) or 

polychlorinated biphenyls (PCB’s) are listed. 

4.1.2.2.3 Conclusio on biodegradation in water 

The activated sludge screening test reported that DCDPS is not biodegradable in water 

(decomposition < 1%). The calculations (fugacity level III modell EPISUITE v. 4.10) also 

indicate potentially persistence. An inherent biodegradability test for DCDPS is recommended. 

According to screening data DCDPS may be persistent and very persistent. 

         4.1.2.3 Biodegradation simulation tests in sediments and water 

4.1.2.3.1 Estimated data 

Half- life values and totally biodegradation for an entire water/ sediment system have been 

extrapolated with ModelMaker 4.0 (20 degrees Celsius) in the reliable (Klimisch 1) experimental 

key study (ECHA, 2014) and represent 394,3 days for the natural water and sediment sample 

from Goose River and 1.287,2 days for the sample from Tift. DCDPS decreased in total from 

98% to 94% (Goose River, loam) and leveled off from 97% to 82% in the second sample (Tift, 

sandy loam). All other results were achieved experimentally as listed below. 

The level III fugacity modell calculated half- lifes for DCDPS in single medium water with 60 

days and sediment with more than 5.000 days. According to A. XIII DCDPS is persistent (DT50 

>60 days) in water and very persistent in sediment (DT50 > 180 days). Also the half-lifes for the 

entire water/ sediment fulfill the sum of days for criterion on water and sediment if added (more 

than 240 days). 

4.1.2.3.2 Experimental data 

The valid and reliable (Klimisch 1) aerobic screening test followed the OECD Guideline 308 and 

GLP standards by evaluating the biodegradation of DCDPS in water and sediment 

compartiment, reported on 30th April 2014 on ECHA site (2014). 

The test substance DCDPS was C- 14 radiolabeled. The two American loam samples derived 

from natural water and sediment sources were contaminanted with diquat dibromide. 

Radiochemical and CO2 parameters were measured during biodegradation of DCDPS (initial 

concentration 0,3 ug/g water) in 100 days. No other transformation products than CO2 were 

detected or catched via KOH traps. 

HOWARD and MUIR (2009) reported neither any further degradation products of DCDPS. 

Degradated DCDPS migrated from water to sediment (80%) due to it’s good adsorption 

properties, delaying the degradation. Thus aerobic transformation is not a main part of DCDPS 

biodegradation (only 4- 15%). 

This is confirmed in an aerobic water-sediment simulation test from ECHA (2017) where 

DCDPS half- life time is shorter in water (around seven days) than in sediments (around 400 
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and 1.300 days). Both degradation times in sediment fulfill the criterion for high persistence 

(vP) (half- life > 180 days in freshwater, estuarine or marine sediments) and thus also 

persistence (P) (half-life > 120 days in freshwater or estuarine sediment). No relevant soil 

exposure is expected based on the exposure scenario. 

4.1.2.3.3 Conclusion on biodegradation in water and sediment 

Although EPISUITE v. 4.10 calculated a half- life for DCDPS of 58 days in water and 542 days 

in sediment (Kölbl, A., 2017, unpublished), the DT50 value for the entire water/ sediment system 

is modelled to last between 400 and 1.200 days. These long half-lifes tested in sediment 

indicate persistence (A. XIII and DT50 > 60 days in limnic sediment and DT50 > 180 days marine 

sediment) and even high persistence (same criterions as for (P)). Thus DCDPS is vP in water 

and sediment. 

4.1.2.4 Biodegradation in soil 

4.1.2.4.1 Estimated data 

According to the Fugacity Model Level III (EPISUITE (Kölbl, A., 2017, unpublished) DCDPS is 

persistent in soil with a half- life of 120 days, fulfilling the persistence criterion according to 

REACH Annex XIII (DT50 > 120 days). 

No results for DCDPS biodegradation in soil were reported on OECD or eChemportal. 

The ITC (Interagency Testing Committee) removed DCDPS from the Priority Testing List due to 

already realized screening tests on short-term toxicity, metabolism and a physiologically-based 

pharmacokinetic model (Environmental Protection Agency, 1995). Meanwhile also Matthews et 

al. (1996) carcinogenicity assay on rodents regarding health effects of DCDPS from 1996 are 

evaluated (see Chapter 6.2.) 

However DCDPS is still listed as “High Priority Chemical with Persistence and Bioaccumulation 

Potential” (ECHA, 2017). 

The main use of DCDPS is industrial intermediate for polymerization production. According to 

Solvay America (2013) DCDPS entering drains or the soil is prevented and disposed 

moderately in case of accident. Thus no environmental release by using or transporting is 

expected (Solvay America, 2013). After polymerisation no more free DCDPS in the polymer is 

available, but an environmental release of remains of DCDPS powder or pellets through waste 

water can’t be ruled out. Also the use of DCDPS in epoxy hardeners or drugs may end up in an 

environmental impact in water and sediment. A direct release of DCDPS to soil may happen 

primarily at industrial sites and in case of fire via flame retardants, before it’s depolluted. In my 

opinion these little amounts have to be considered, especially if DCDPS is released undiluted 

to soil, due to the good adhesive property of DCDPS to organic substance and it’s persistence 

in soil. Due to the high recycling rate nowadays and the high stability of polymers against acids, 

water and heat, makes an elution of DCDPS from plastics in old garbage dumps into soil 

unprobable. This is confirmed by Haglund, P., et al., 1998 in Nörstrom, 2006 who report, that 
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potential environmental exposure through residues of DCDPS in plastic samples from BASF is 

impossible. This is confirmed by (Haglund et al.,1998 in K. Nörstrom, 2006), reporting that 

possible environmental releases of DCDPS don’t arise from residues of DCDPS in plastic 

samples from BASF (company manufacturing DCDPS). The release of DCDPS in 

environmental plastics may be too small than playing a role in direct release to soil. It is 

reported, that DCDPS is not released from bottles made of PES (polyethersulfone) (Simoneau 

C., et al., 2011 in PubChem, 2017). 

Otherwise an emission of industrial burned DCDPS or its decomposites may release DCDPS 

and it’s toxic chlorine and sulfur oxides to air (Sax and Lewis, 1989 in Chabbra et al., 2001), if 

no industrial safety precautions like filters are used. 

4.1.2.4.2 Experimental data 

Simulation tests on anaerobic degradation of DCDPS in soil are lacking (ECHA, 2017 and 

PubChem, 2017). On ECHA homepage the registrants indexed, that these results can be 

disclaimed. 

But results of activated sludge testing can be brought up to assume, that DCDPS isn’t also 

readily biodegradated in soil by bacteria or enzymes (Solvay America, Inc., 2013). Although soil 

is relevant for storage of DCDPS, the required tests from ECHA (Annex X) regarding short- and 

long-time effects on terrestrial (micro-) organism, invertebrates, plants and sediment are not 

fulfilled (table 11). Thus no information on the persistency of DCDPS in soil is available. 

4.1.2.4.3 Conclusio on biodegradation in soil 

Soil and sediment may likely be main compartments for retention of DCDPS, probably because 

of good adsorption properties to organic material Koc value (3,45). 

Although no experimental results for biodegradation in soil are available, wet and dry deposition 

can lead anywhere to a little impact of DCDPS into soil. But significant amounts of direct 

release of DCDPS to soil are not expected. 

According to REACH Annex XIII (DT50 > 120 days) DCDPS is persistent in soil and very 

persistent in sediment (DT50 > 180 days) complex. 

     4.1.2.5 Distribution to environmental compartments 

4.1.2.5.1 Estimated data 

A four compartiment model (EPI Suite version 3.20) calculated an emission of 1kg/ hour and 

distribution to soil (99,7%) with the remainder to water (0,2%), sediment (0,05%) and air 

(0,001%) (OECD, 2008). The calculation model Level III Fugacity Model from EPISUITE v. 4.10 

(Kölbl, A., 2017, unpublished) calculated a probable percentage of DCDPS distributing to air, 

water, soil and sediment, according to REACH criterions for P and vP in table 8. This modell 

predicts an affinity of DCDPS for soil (87,3%). 
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DCDPS would probably allocate more to soil than to sediment and air, if released directly, 

which is in line with the EPISUITE v. 4.10 Level III Fugacity Model. An emission of 1kg/ hour 

DCDPS into water expected a distribution of 81%, with the remainder to sediment (19%), soil 

(0,3%) and air (0,003%). These assumptions seem to be erring but confirm, that DCDPS, once 

released to an environmental compartment, is not expected to distribute to another medium. 

Especially the elevated Koc value (3,45) leads to a retention of DCDPS in soil and sediment due 

to its good adsorption to organic substrate. 

Compartiment Mass amount 

(percent) 

Half -life 

(hours) 

Emissions 

(kg/hours) 

REACH criterion 

P DT50 (days) 

REACH cri terion 

vP DT50 (days) 

Air 0,43 219 1.000 DT50 > 2 days 

Water 9,95 1,44 e+003 1.000 DT50 > 60 days (marine) DT50 > 60 days (marine) 

DT50 > 40 days (limnic) DT50 > 40 days (limnic) 

Soil 87,3 2,88 e+003 1.000 DT50 > 120 days DT50 > 180 days 

Sediment 2,33 1,3 e+004 0 DT50 > 180 days (marine) DT50 > 180 days 

DT50 > 60 days (limnic) DT50 > 60 days (limnic) 

Table 8: Distribution possibility of DCDPS in environmental compartments it’s half- life times in each 

single mediums based on EPI SUITE fugacity modell level III 

The fugacity level III model EPISUITE v. 4.10 calculated a total persistence time of 3 months, 2 

weeks and 4 days for DCDPS. It predicts an affinity to soil (87 %) with a half- life of 120 days (4 

months and 8 days). For conclusion, DCDPS would be present in soil until full mineralization for 

2 years 8 months and 6 days, fulfilling the persistence criterion from REACH (half life in soil 

DT50 > 120 days) with exactly 120 days. Soil is a calculated main target for DCDPS but seems 

not to suffer direct exposure in great amounts in reality. Sediment shows affinity for storage 

(half- life is 5.416,67 days, which is a period of 1 year 4 months and 3 days) but may not be 

relevant for impact of DCDPS (distribution to sediment 2%). According to REACH Annex XIII 

DCDPS fulfills even the very persistence criteria (DT50 > 180 days) with its half- life value in 

sediment. 

Although DCDPS half- life in air is 18 days thus persistent according to REACH (DT50 > 2 days) 

DCDPS may not distribute to air (0%). 

The approximately 10% of nearly insoluble DCDPS in water may be explained by the good 

adsorption of DCDPS to organic materials and suspended solids in water. DCDPS aquatic half-

life represents 60 days, fulfilling the REACH criteria for high persistence (DT50 > 60 days). 

According to these results DCDPS is classified as persistent (p) and even very persistent (vP). 

Thus soil and sediment seem to be main store departments for DCDPS and water may be the 

most important distribution medium in environment. 

Another distribution scenario has been calculated with Fugacity III modell, showing the highest 

estimated half- life for DCDPS in soil (51,5%) and sediment (35,8%), when an equal 
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distributrion to all four compartiments is assumed (see table 9). If a release of DCDPS is only 

assumed for water, soil and air (equal to fugacity level III modell from EPISUITE v. 4.10), 

DCDPS would also primarly remain to soil to 81,2% and water (12,9%). Another suggestion 

was the investigation of pathways for DCDPS when released to only one environmental 

department. In all three cases (water, air and soil) DCDPS retained mainly (> 86%) in the 

medium, where emitted, reflecting the inherty of DCDPS. The retention was especially high in 

soil (> 97%), when emitted only to soil, comfirming soil and sediment as target compartments 

for DCDPS. 

Property DCDPS 

Input data 

Molecular weight 287,16 

log Kow 3,90 

Vapour pressure at 25°C 1 (0 was no valid value) 

Water solubility 6,86 mg/l 

Half-life in air 10 days (219 hours) 

Half-life in water 60 days (1.440 hours) 

Half-life in sediment 5.417 days (13.000 hours) 

Half-life in soil 120 days (2.880 hours) 

Predicted distributions 

Estimated equal emission to air, water and soil 

Air 5,60% 

Water 12,90% 

Sediment 0,30% 

Soil 81,20% 

Estimated equal emission to air,water,soil & 
sediment 

Air 2,97% 

Water 9,76% 

Sediment 35,80% 

Soil 51,50% 

Assumed emission to air only 

Air 86,90% 

Water 5,66% 

Sediment 0,14% 

Soil 7,33% 

Assumed emission to water only 
Air 10,30% 

Water 86,40% 
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Sediment 2,17% 

Soil 1,15% 

Assumed emission to soil only 

Air 1,38% 

Water 0,88% 

Sediment 0,02% 

Soil 97,70% 

Table 9: Estimated half- lifes of DCDPS in water, soil, air and sediment 

Although the vapor pressure is zero for DCDPS, the value 1 had to be put in the calculation 

modell EQC v. 2.02 for vaporization to get results. Thus results for air may probably lower in 

reality. Physical properties and half- lifes were taken from EPISUITE v 4.10 modell (Kölbl, A., 

2017, unpublished). The PBT profiler calculates and qualifies the persistence of a substance 

according to U.S. criterions. These threshold values differ from the ECHA ones and are 

represented in table 10 together with the estimated results for DCDPS. 

Medium Half - life (days) Half-life DCDPS 

(days) 

% in medium 

DCDPS Not P P very P 

Water < 60 days >= 60 days > 180 days 60 10 

Soil < 60 days >= 60 days > 180 days 120 88 

Air <= 2 days > 2 days 28 0 

Sediment < 60 days >= 60 days > 180 days 540 2 

Table 10: PBT profiler results on environmental distribution and persistence classification for DCDPS 

qualifyied on half- time values. The colours orange or red indicate, that EPA criteria have been 

exceeded. Green means no persistence of DCDPS in this medium. 

According to the PBT profiler DCDPS may be P in water and soil (half- lifes equal or greater 

than 60 days). Due to EPISUITE criterions the sulfone is supposed to be also P (DT50 > 120 

days) in soil and vP in water (DT50 > 60 days). DCDPS seems very persistent in air, but the 

estimated aerial distribution is 0%. 

Soil and sediment may be target and storage mediums for DCDPS. Because soil shows 

highest distribution of DCDPS (88%) and DCDPS has the highest half- lifes with 540 days 

(nearly 1,5 years) in sediment (see fig. 8). 
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Figure 8: Estimated probable distribution of DCDPS in various mediums (red) with it’s half- lifes in days 

for each environmental compartiment, estimated from PBT profiler 

Direct impact to soil in relevant amounts may only happen by sewage-sludge holding to fields, 

river flooding or in case of accident (unprofessional storing). In a little quantity it may occour 

through atmospheric deposition (a few percent). 

Although industrial safety precautions hypothesize DCDPS exposure only for workers, elevated 

levels of DCDPS at industrial sites are reported (Vertellus SFS, 2010). Local accumulations of 

DCDPS (K. Nörstrom, 2006) lead to the assumption, that DCDPS is industrially released by air 

(particle- mediated transport) and different wastewater streams (Pubchem, 2014). 

Although Solvay America Inc., 2013 assures, that DCDPS is not selled to the community, 

everyone can order DCDPS online (as from Sigma Aldrich homepage, Sigma Aldrich, 2014). 

4.1.2.5.2 PBT Profiler 

The PBT profiler is a screening calculation model like EPISUITE, generated by the U. S. EPA 

for organic chemicals with molecular weight compounds below 1.000 g/ mol. The CAS Registry 

Number, product ID or acronym and SMILES notation have to be inserted for calculation. 

The PBT profiler is a free online tool and predicts persistence, bioaccumulation, and aquatic 

toxicity of the contaminant, based on common criteria (US EPA, 2012). The numeric results are 

interpreted by using a traffic light system and can be seen as indication for the European 

evaluation. It seems, that the U.S. criterions are less severe for water (vP > 180 days 

compared to ECHA > 60 days) and more severe for soil (P > 60 days, ECHA > 120 days). 

4.1.2.5.3 Experimental data 

The simulation test in water and sediment showed an affinity of DCDPS for sediment (ECHA, 

2014). Although data is still lacking on environemental pathways (K. Nörstrom, 2004), it seems 

that DCDPS presence in Swedish wildlife (fish, birds and seals) and Latvian rivers (Valters et 
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al., 1999 and Olssen et al., 1999), ranging up downstream to 190 ng/g l.w., can be explained by 

the transport medium water. Levels in German marine water (German Bight of North) and 

German rivers Elbe and Rhein ranged up from 3,4 to 34 ng/g l.w. (liquid weight), confirming a 

distribution via aquatic pathways and finally deposition in the ocean. DCDPS has been found in 

one air sample from the Swedish east coast (aspvreten). And although DCDPS occoured in 

same concentration levels as single PCB congeners, the sulfone shows rather aquatic 

distribution routes than the common pathways of organochlorine substances (K. Norström, 

2006). 

4.1.2.5.4 Conclusion distribution to environmental compartiments 

Environmental distribution of DCDPS was modelled with three programs (EPI Suite v. 3.2, EQC 

v. 2.02 and PBT profiler), all indicating soil as target medium (98%) for DCDPS. This sulphone 

may be persistent (P) in soil (DT50 > or equal 120 days A. XIII criterion and PBT profiler DT50 > 

60 days). 

DCDPS is calculated to be persistent (PBT profiler, DT50 > 60 days) and very persistent 

(EPISUITE DT50 > 60 days A.XIII REACH) in water . 

Although DCDPS may only distribute to water to 10%, the sulphone may be soluble and 

persistent enough to be long- ranged transported and reach sediment and biota. This could 

explain the widespread presence of DCDPS in Swedish wildlife species at small levels (K. 

Norström, 2006). 

DCDPS seems very persistent in air (PBT profiler and EPISUITE v. 3.2 (criterion A.XIII 

REACH) DT50 >2 days) and distribution is calculated with over 50%. Thus DCDPS is potentially 

long- range transported, even to remote arctic areas as reported from J. Verreault et al., 2005. 

Although adhesion of DCDPS to organic material (dust) is high enough (Koc 3,45) for particle-

mediated transport, air is not a main pathway, confirmed by the very low amount of 

atmospheric (involatile) DCDPS (PBT profiler 0%, EPI Suite v. 3.2 calculates 1,3 – 5% but 

probably overestimated in EQC v. 2.02). 

The adhesion of DCDPS is reversible (estimated Koc 3,5 EPISUITE v. 3.2) so that after 

atmospheric deposition of a few percent to soil or the ocean a little DCDPS (estimated 

volatilization 0 - 10%) can be picked up (from waves, dust or suspended particles) and 

transported further. 

Despite high recycling rates and industrial safety precautions, DCDPS accumulated at 

industrial sites (Vertellus SFS, 2010), assuming industrially release of DCDPS by air (particle-

mediated transport) and different wastewater streams (Pubchem, 2014). But because of the 

great physical and chemical stability of plastic polymers, a direct impact of DCDPS to soil may 

happen only through direct release (sewage-sludge holding to fields) or wet and dry 

atmospheric deposition. 

DCDPS is calculated to be very persistent in sediment (PBT profiler and EPISUITE v. 3.2 

DT50 > 180 days due to criterions in A.XIII REACH), with a half- life of 540 days (1,5 years, 

EPISUITE v. 3.2). and tends to migrate from water to sediment (simulation test from ECHA, 
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2014). Thus once exposed to soil or sediment, DCDPS may tend to store in these 

compartments. 

   4.1.2.6 Summary Biodegradation 

DCDPS is predicted to be not readily biodegradable (EPISUITE v 3.2). This is confirmed by the 

activated sludge screening test MITI (I) (301 C) and the low total degradation rate of only 4 to 

15% in water/sediment simulation test reported from ECHA, 2014. 

The calculated 2% mass amount of DCDPS (PBT profiler and EPISUITE v. 3.2) scattering to 

sediment may increase over time, because a constant diffusion from water to sediment is 

reported (water/ simulation test, ECHA, 2014). DCDPS may be adhesive enough to diffuse 

partly to sediment and also being long- range transported via water. 

   4.1.2.7 Conclusio Biodegradation 

DCDPS is not readily or fast biodegradable (Biowin Models EPISUITE v. 4.10 and wastewater 

treatment biodegradation 0,29%). This is confirmed in the activated sludge screening test MITI 

(I) (301 C), where DCDPS decays less than 1%. A total degradation was not greater than 4 to 

15% in water/sediment simulation test (ECHA, 2014). DCDPS may be persistent (total 

calculated persistence 3 months 2 weeks and 4 days > REACH A. XIII criteria 2,2 months). 

DCDPS may be vP in limnic water s (half- life of 58 days REACH A. XIII DT50 > 40 days), but 

persistence data for the ocean is not available. DCDPS is slightly soluble (A. XIII REACH 

criteria >0,01 mg/L) and stable enough (P) (A.XIII REACH) DT50 > 60 days) for aquatic wide-

range transport. But affinity for water compartment is low (10%). 

Due to the good adsorptive property of this sulphone to organic material (slightly elevated Koc of 

3,45 (KOCWIN v.2.00 EPISUITE v. 4.10)) and persistence v(P) in air (A.XIII REACH DT50 > 2 

days) DCDPS may be predestinated for long- range , particle-mediated atmospheric transport . 

The long- range transport seems to work on the deposition- impact- transport- mechanism. 

This would explain the widespread presence of DCDPS reported in Swedish wildlife species at 

small levels (K. Nörstrom, 2006) and remote arctic areas. 

In the entire water/ sediment system DCDPS tends to migrate from water to sediment, that 

delays the total degradation (DT50 400 -1.200 days). Pubchem (2014) confirms, that DCDPS 

tends to adsorb to sediment and suspended solids. 

DCDPS is vP in sediment with a half- life of 542 days (A. XIII DT50 > 60 days for limnic and 

DT50 > 180 days for marine sediment). 

DCDPS may be P in soil (DT50 120 days, REACH Annex XIII criteria DT50 >120 days), 

calculated from all three calculation models (EPI Suite v. 3.2, EQC v. 2.02 and PBT profiler). 

The high affiliate to soil (86%) and the high persistence in sediment make both mediums to 

target compartments for DCDPS. 
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4.1.3  Annex  XIII r equirements  on test ing  

Table 11 and 12 represent the standard tests required from REACH for registration and 

authorization. Evaluated tests for DCDPS from the registrants are shown in the column 

beneath. All the standard tests from Annex VII und VIII are executed. 

Annex VII 

>1 to/a 
registrant Annex VIII 

>10 to/a 
registrant 

Algal growth yes (exp.) Short term fish yes (exp.) 

Short-term 
Invertebrates yes (exp.) Activated sludge 

respiration Inhibition yes (exp.) 

Ready bio-
degradability 

yes (exp.) 

water 
Adsorption/Desorption yes (exp.) 

Hydrolysis yes (exp.) 

Table 11: The REACH Annexes VII and VIII list all required standard tests necessary for the regulation 

and accreditation of a substance with a tonnage band with 1 or 10 tons a year or more. The higher the 

tonnage, the more tests are required. The table shows, if the tests are fulfilled from the registrants. 

For used substances in volumes higher than 1.000 tons in a year, all tests in the tonnage band 

underneath have to be applied (table 12): 

Annex IX 

>100 to/a 

registrant Annex X 

1.000 to/a 

registrant 

Simulation testing: Further information on yes 

Surface Water/ 
Soil/Sediment 

yes fate and behaviour of the 
substance and/or its 
degradation products 

(not 

reliable) 

Identification of 
degradation products 

no 

Effects on terrestrial 
organisms 

no 

long-term Invertebrates 
Water yes 

soil no 
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Long-term plants no 

Long term sediment yes 

Long time birds yes (exp.) 

Bioaccumulation in 
aquatic species (fish) 

yes (exp.) 

Further information on 
adsorption/de-soprtion 

yes (exp.) 

Effects on terrestrial 
organsim 

Short term 
Invertebrates 

Effects on soil micro-
organisms 

Short term on plants 

no 

Water yes/ 
soil 
no 

no 

no 

Long -term fish yes (exp.) 

Long-term invertebrates yes (exp.) 

Table  12:  The  REACH  Annexes  IX  and  X  list  all  required  standard  tests  necessary  for  the  regulation  and  

accreditation  of  a  substance  depending  on  the  tonnage  band.  The  table  shows,  which  tests  are  fulfilled  

from  the  registrants  and  which  not.  

A testing proposal for terrestrial bioaccumulation is suggested from the registrants, as soon as 

the calculation model RAIDAR Ver.2.0 is approved (ECHA, 2015). The results are then 

discussed with data from literature. Registrants waived missing data on DCDPS terrestrial 

biodegradation due to considerations of data exposure. 

DCDPS stability in organic solvents and degradation products still have not been tested 

(justified with no named reasons). As also test results on DCDPS toxicity to soil organisms and 

plants are missing (study scientifically unjustified). The supporting study from Howard & Muir 

(2010) listed DCDPS as P & B in commercial chemicals in North America and Arctic, but is not 

reliable. 

According to the U.S. endocrine disruptor screening program 2012, developed by U.S. EPA, 

DCDPS is listed as an endocrine disruptor (U.S. Environmental Protection Agency Endocrine 

Disruptor Screening Program, 2012). 
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4.2  Environmental  transport  and  distribution  

   4.2.1 Adsorption/ desorption 

       4.2.1.1 Soil Organic Carbon-Water Partitioning Coefficient (Koc) 

           

             

           

                

              

              

             

               

               

                

                 

           

     

     

   
  

  

    

   

    

    

    

   
            

 

   

          

      

          

           

        

      

            
              

 

                                                

     

The Log Koc (Soil Organic Carbon-Water Partitioning Coefficient) is concentration- independent 

and expresses the mobility of substances, especially of soil contaminants (U.S. EPA, 2001). 

The dimensionless distribution coefficient describes the ratio between adsorbed substances to 

organic material, such as soil. This is calibrated to organic carbon in soil and the dissolved 

concentration of the substance in water. Results of Koc describe the environmental behaviour of 

contaminants and the degree of mobility in nature. US- EPA classified the mobility of 

substances based on their Koc values for predicteable environmental behavior of chemicals in 

the FAO mobility classification as shown in table 13. If substances seem to be long-term 

bonded to soil particles (or aerosols) due to temporary or permanent bonding and are thus 

immobile, the Log Koc is very high (Wikipedia10 , 2014) and greater than 5. Low KOC values 

predict high mobility of organic chemicals due to a weak bonding to soil (U.S. EPA, 2001) and 

assume a potential desorption from soil into the ground water. 

Mobility classification according to K oc 

Koc Log K oc classification 

(mg/L or L/kg) 
(mg/L or 
L/kg) mobility 

<10 <1 highly mobile 

10-100 1-2 mobile 

100-1.000 2-3 moderately mobile 

1.000-10.000 3-4 slightly mobile 

10.000-100.000 4-5 hardly mobile 

>100.000 <5 immobile 
Table 13: Mobility class based on Koc values (McCall et al., 1981) 

4.2.1.1.1 Estimated data 

The differently calculated values are summarized in table 14 below. 

Log K oc Koc calculation model reference 

3,45 2.855 EPISUITE KOCWIN/ MCI method Kölbl, A., 2017 unpublished 

3,11 1.277 EPISUITE KOCWIN/ Kow method Kölbl, A., 2017 unpublished 

3,88 7.615 EPI Suite PCKOCWIN v1.66 eChemspider, 2014 

3,66 4.613 ACD/ Labs eChemspider, 2014 

3,88 7.600 structure estimation method Meylan WM et al.,1992 in Toxnet, 2014 
Table 14: Log Koc values and their corresponding Koc results, calculated with various models 

10 Wikipedia, 2014 http://de.wikipedia.org/wiki/Sorption#Messung_.26_Beschreibung 
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The Log Koc was calculated with KOCWIN and represents 3,45 (corresponding Log Koc Value is 

2.855 l/ kg and also estimated with MCI method). A calculation with the Kow method generated 

a Log Koc of 3,11 (Kölbl, A., 2017 unpublished). 

The model ACD/ Labs (Advanced Chemistry Development) showed a Log Koc 3,66 (at pH 7,4 

and 5,5) from Chem Spider 2014, corresponding to a Koc 4.613,25. 

And another predicted Koc from Chemspider, 2014 was calculated with EPI Suite (PCKOCWIN 

v1.66) and represents a Log Koc of 3,88. 

This Koc value is also reported form Toxnet, 2014 (calculated with structure estimation method, 

based on molecular connectivity indices, (Meylan et al., 1992 in Toxnet, 2014 and and 

PubChem, 2017)) which strengthens the conclusion, that DCDPS is expected to be immobile in 

soil (Swann RL et al., 1983 in Toxnet, 2014). 

4.2.1.1.2 Experimental data 

The adsorption rate was determined experimentally in a valid and conclusive GLP study 

(ECHA, 2017) with the HPLC estimation method (the conversion into a Koc has been 

calculated). The reference substances were amongst others Formamide, Naphthalene, α-

Endosulfan and DDT. Determining their retention times by HPLC, the results ranged from 2,1 to 

11,9 minutes, while DCDPS eluted after 5,3 minutes. The log Koc of DCDPS was 3,5 which 

corresponds to a Koc of 3.162 (pH 6,7) punctuating the limit of mobility and immobility. This 

result accounts for very weak mobility and rather for local accumulation . PubChem (2017) 

confirms this immobility in soil. Though it is rarely possible, that DCDPS is desorpted and 

remobilised from the soil through flood. DCDPS belongs to the “Slightly mobile” class in FAO 

Mobility Classification from US- EPA, which ranges from 1.000 – 10.000 (Hornek, 2014). 

4.2.1.1.3 Conclusio Soil Organic Carbon-Water Partitioning Coefficient 

Estimated and experimental results of Log Koc around 3,5 indicate a local accumulation 

potential of DCDPS. Thus it is classified as slightly mobile. Due to strong bonding of DCDPS it 

is immobile in soil and a remobilization through the flood is improbable. 

4.2.1.2 Octanol-Water Partitioning Coefficient (Log Kow) 

The Log Kow expresses the lipophilic properties of a substance (UBA, 2014) and therefore the 

bioaccumulation potential for aquatic animals. The dimensionless coefficient indicates the 

absorption to organic material in soil. The higher the Log Kow, the more unpolar the compound 

(U.S. Environmental Protection Agency, 2009) and the greater the adsorption to organic 

material in soil or fat tissue of living organisms (UBA, 2014). “Because the Log KOW is inversely 

proportional to solubility in water” (quote, U.S. Environmental Protection Agency, 2009) it can 

be concluded, that the lower the Log Kow is, the more water soluble is the substance (UBA, 

2014, explanations on fact sheets). Because DCDPS is only slightly soluble and the log Kow of 

3,9 seems inversely correlative, the value of the coefficient has to be seen as high (although 
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DCDPS is polar). An environmental transport via water streams is favoured the smaller a Log 

Kow is (Hornek, 2014). Thus short or middle transport seems possible. 

4.2.1.1.4 Estimated data 

The log Kow has been estimated (KOWWIN v. 1.68) to 3,9. This value is also reported from 

Olsson and Bergman, 1995 in Chabbra et al., 2001 and describes the polar tendency of 

DCDPS. The molecular polarizability of DCDPS is 28 due to the polarity of sulfur and chlorid 

(eChemportal, 2014). Thus the sulphone may retain more in lipophil than in hydrophil 

substances. This assumption is supported by the water insolubility of DCDPS. 

K. Nörstrom, 2006 reported a calculated partition coefficient of 4,1 for DCDPS. In comparison, 

DDT possesses five chlorine atoms and no hydrophilic sulfonyl groups, and has a higher log 

Kow of nearly 6 (Chabbra et al., 2001). 

4.2.1.1.5 Experimental data 

The measured Log Kow for DCDPS is 3,9 at 25 degress Celsius (OECD, 2008) which predicts a 

tendency for slightly bioaccumulation in aquatic living organism. This value is also reported 

from Howard & Muir (2010) and marks the border of potentially bioaccumulation. Due to the 

good solubility in oil or acetone it is assumed, that DCDPS can pass cell membranes. 

This Log Kow of 3,9 also represents the well absorption to organic substrates (in soil or particels 

in air). Thus also confirms the value Koc. 

4.2.1.1.6 Conclusion Octanol-Water Partitioning Coefficient 

DCDPS may be polar and local accumulated (Log Kow 3,9). It is assumed to pass 

biomembranes and may be potentially bioaccumulating. 

    4.2.1.3 Summary Adsorption/ desorption 

DCDPS is immobile in soil and thus local accumulated, confirmed by the results of Log Koc 3,5 

and Log Kow 3,9. Both coefficients express the affinity to bind on organic material like soil or 

sediment. Thus DCDPS will probably be long- termed deposited. Remobilisation through the 

flood (Toxnet, 2014) seems unprobable. DCDPS polarity and Log Kow predict bioaccumulation. 

But DCDPS does not fulfill the ECHA bioaccumulation criteria of 4,5 for Log Kow (3,9). 

The different environmental behavior of DCDPS, compared to other chlorinated organics (K. 

Nörstrom, 2006) as airborne pollutants DDT and PCB’s, may be explained by DCDPS’s 

involatility. 

4.2.1.4 Conclusion adsorption/ desorption 

The estimated and experimentally derived log Koc of 3,5 account for slightly mobility and local 

accumulation of DCDPS in soil or sediment. This tendency is also confirmed by the estimated 

and measured Log Kow of 3,9. This value also proves that DCDPS seems slightly 

bioaccumulating in aquatic organism, because it can pass biomembranes. 
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  4.2.2 Volatilisation 

   4.2.2.1 Estimated data 

               

          

              

              

              

            

              

       

 

       

     

    

 

             

  

           

       

 

               

               

     

               

             

     

               

                 

            

                

              

                 

                 

  

                

              

             

           

              

          

The volatilization of DCDPS is estimated (EPI Suite, Octanol/ Air (Koa) model, Kölbl, A., 2017, 

unpublished) to be zero. No ozone reaction has been estimated. 

The Henry’s law constant is another dimension for volatilization, describing the distribution of a 

substance between air and water. The value correlates with the volatilisation of a substance. 

The Henrys Law Constant at 25 degrees Celsius was calculated with HENRYWIN v3.2 via 

VP/WSol and represents zero (4,514E-003 Pa- m3/mole) (Kölbl, A., 2017 unpublished). 

Another result was received with the same formula by A. Kölbl, 2017 (unpublished) and 

represented a similar result of 4,964e-8 atm-m3/mole. 

KH = Vapor pressure x Molecular weight 

(760 x Water solubility) 

= 4,964e-8 atm-m3/mole 

Data used for vapor pressure: 0,00003244908 torr (0,000000113 Pa at 25 degrees Celsius, 

(ECHA, 2014)) 

Molecular weight of 287,16 g/ mole (ChemSpider, 2014 and Toxnet, 2014) 

Water solubility of 0,86 mg/l (ECHA, 2017) 

Corresponding to ECHA 2017, the Henry's law constant for DCDPS is derived from the EUSES 

2.1.1 calculation and accounts for 0,0337 Pa m³/mol at 25 degrees Celsius and 0,00107 Pa 

m³/mol at 20 degrees Celsius. 

Also PubChem, 2017 reported an estimated Henry's Law constant of DCDPS of zero (1.4 x 10-

7 atm-cu m/mole (SRC), fragment constant estimation method, Meylan WM, Howard PH, 1991, 

taken from toxnet, 2014). 

The values for Henrys Law constant are nearly all smaller than 0,01 Pa*m3/mol and therefore 

DCDPS tends more to bond to terrestrial and moist surfaces than to disperse into air. Also the 

estimated volatilization from water (estimated by Bond SAR Method from EPISUITE (model 

“river”)) confirms the non- volatilization of DCDPS with a half-life of 301,8 days and even 3.298 

days for the model “lake” (with incomplete data). That DCDPS is nonvolatile from water 

surfaces is declared from Lyman WJ et al, 1990 too. The reported Koc value of 6.700 (Toxnet, 

2014) assumes, that DCDPS is not only involatile from moist soil surfaces but also from dry soil 

surfaces. 

Due to the vapor pressure of 8,1x10-7 mm Hg at 25 degrees Celcius (calculated with fragment 

constant estimation method, (Lyman WJ et al, 1990)), atmospheric DCDPS will only exist in 

vapor or particulate atmospheric phases (PubChem, 2017). But a distribution model may be 

reported soon on ECHA homepage, 2017. Although DCDPS seems environmentally stable, 

some degradation is apparent (ECHA, 2014) and an annual decline of 1,6% in environmental 

concentrations is measured (Jörundsdóttir et al., 2006, in ECHA, 2014). 
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   4.2.2.2 Experimental data 

           

 

No measured values are reported, proofing that DCDPS is not volatile. 

   4.2.2.3 Summary Volatilisation 

              

               

                

                

      

 

The volatilization and oxidation is estimated to be zero (EPISUITE Octanol/air (Koa) model) and 

thus DCDPS is involatile. This is confirmed by both dimensions vapor pressure and Henry's law 

constant. DCDPS is rather long- term bonded to soil and terrestrial surfaces than to disperse in 

air (K. Nörstrom, 2009). DCDPS hardly exists in the atmosphere and thus is not relevant for 

inhalation of living terrestrial organism. 

   4.2.2.4 Conclusion Volatilisation 

                

    

 

 

DCDPS may be involatile and rather stay near the ground than disperse in air. Inhalation for 

terrestrial organism seems insignificant. 

    4.2.3 Dissipation time 

   4.2.3.1 Estimated data 

 

Dissipation  is  an  elimination  process  due  to  transformation  and  mineralization  such  as  

hydrolysis,  volitalization,  plant  uptake  or  phototransformation  and  at  least  microbial  degradation  

(DT50),  leading  to  transformation  products  before  it  is  finally  mineralizaed.  All  this  seems  not  

significantly  relevant  for  DCDPS.   

   4.2.3.2 Experimental data 

        

 

 

No experimental values for dissipation times are reported. 

    4.2.3.3 Conclusion dissipation time 

              

            

      

 

 

Although a degradation of 25,72 % for DCDPS in wastewater treatment could have been 

observed (OECD 2008), biodegradation was calculated to be zero. Thus some small 

degradation over decades may happen. 

  4.2.4 Exposure 

   4.2.4.1 Estimated data 

            

            

              

Exposure to DCDPS happens mainly through inhalation and dermal contact at industrial 

workplaces (PubChem, 2017). The concentrations (8 hours) of DCDPS and the long-term 

exposure to indoor workers via dust have been estimated by Vertellus, 2010 and are 
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summarized in table 15. Filling DCDPS into a reactor vessel can cause inhalativ exposure 

levels of DCDPS from 0,01 to 0,1 mg/m3, that is seen as a background concentration in 

manufacturing processes, where no protection procedures are prescribed. 

But the efficiency of respiratory and skin protection measures in maintenance or packaging and 

transfer processes are up to 90 and 99%. This reduces the exposed skin area from 0,01 mg/ 

cm2 to maximal 0,001mg/ cm2 or to 0,01mg/4,8 cm2 in total. 

Exposure levels of DCDPS at instrial workpl aces via 
inhalation 

work process exposure conc. 8h mg/m3 

manufacture inhalation 0,1-0,01 

repair inhalation 0,05 

transfer inhalation 0,025 

Exposure levels of DCDPS at instrial workplaces via skin 

work process exposure conc. 8h mg/cm2 

repair dermal 0,01 

transfer dermal 0,01 
Table  15:  Calculated  occupational  long-term  exposure  concentrations  resulting  from  contact  with  solid  

DCDPS  (dustiness)  in  industrial  indoor  activities  taken  from  Vertellus  SFS,  2010  

Different procedure scenarios (PROC) are used for estimations of exposure levels to humans 

and are listed in table 16: 

Proc. exposure scenario phase 
conc. DCDPS 
% exposure 

1 closed process,high integrity liquid 100 hands, neglibly 

5 manufacture or formulation solid > 99,8 dermal, hands 

8a 
Transfer or preparation of 
DCDPS liquid 10 dermal, hands 

8b from vessels to non- dedicated solid < 25 dermal, dust, aerosols, 

8b facilities liquid 100 cleaning of equipment 

14 preparation process 

(extrusion, pelletisation) 

solid > 99,8 hands, dermal 

Table 16: Different procedures (1-14) cause variable exposure scenarios (Vertellus SFS, 2010) 

Although no direct releases to the environment are committed (Solvay America, 2013), DCDPS 

levels in the nearer surrounding of industrial sites were taken for modelling the indirect 

environmental human exposition. This was calculated with the EUSES 2.1 model and assessed 

by estimated DCDPS concentrations in drinking water and foods, in the close vicinity of the 

industrial site, as shown in table 17. Intake via foods and water was supposed for the average 

population and predicts a daily human intake of 3 mg DCDPS per kg body weight. DCDPS 
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levels are lowest in milk and water (0,0003 mg/ L) whereas higher concentrations in fish (0,04 

mg/ kg w.w.) indicate bioaccumulating potential in aquatic biota. The highest level was 

modelled to be found in plants (0,1 mg/kg), which reasons a possible plant uptake of DCDPS 

from contaminated soil or sediment; and further leads to the assumption, that industrial dust of 

DCDPS deposits on plants surfaces. But due to environmental safety precautions of 

manufactures and irrelevant atmospheric deposition of DCDPS, the the plant uptake via roots 

seems more probable. This is also assured by Guenzi et al., 1981, in Chabbra et al., 2001, who 

reports, that DCDPS is taken up by some grass sorts like alfalfa grass and fescue, wheat, and 

corn and by sugar beets. 

Nutrition 
Calcul. Conc. 
DCDPS Dimension unit 

fish 0,0409 mg/kg ww 

meat 0,0013 mg/kg ww 

milk 0,0004 mg/ kg ww 

plants (leaves) 0,0987 mg/kg 

drinking water 0,0003 mg/L 
Table 17: DCDPS levels calcuated with EUSES 2.1 model for oral human exposure via environmental 

uptake in the nearer surrounding of the manufacturing site (Vertellus SFS, 2010) 

   4.2.4.2 Experimental data 

Solvay Specialty Polymers USA is the only known company in the U.S. to manufacture DCDPS 

for polymerisation mainly (Solvay America, 2013). Furthermore production sites are Solvay in 

India and Seal Sands Chemicals Ltd in the United Kingdom. The estimated total production of 

these companies was below 18,000 tons in 2006 (OECD, 2008). But the production output and 

uses of other companies in China, India or the Russian Federation are unknown (OECD, 2008). 

DCDPS itself is not produced in Sweden, but plastic polymers of DCDPS are imported. The 

mass- produce of high temperature polymers happens since 1965 (efunda engineering 

fundamentals, 2006 in K. Nörstrom, 2006). 

   4.2.4.3 Summary exposure 

DCDPS is mainly manufactured by Solvay (USA) and Seal Sands Chemicals Ltd (U.K.) in 

masses below 18,000 tons (2006) (OECD, 2008) for polymerisation (Solvay America, 2013). 

The exposure of indoor workers to DCDPS via inhalation or dermal incorporation reaches 

estimated concentrations between 0,01 and 0,1 mg/m3 (0,001mg/ cm2 with applicated skin or 

inhalative protection) in industrial environments, depending on working process. 

Daily indirect environmental human exposure via food and water is supposed to be 3 mg per kg 

body weight. The U.S. EPA (Environmental Protection Agency) and the TSCA (Toxic 

Substances Control Act) compiled a substance registry list (Canadian Domestic Substance List 

(DSL)) with 3.059 substances of “unknown composition complex reaction products and 

biological materials” (UVCBs) to identify potential persistent and bioaccumulative (P&B) 
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commercial chemicals, that were not considered in current, North American and Arctic 

contaminant measurement programs. In total, 610 chemicals were identified, inclusive DCDPS. 

Although DCDPS has a low predicted Arnot, it is listed as example for “High Priority Chemical 

with Persistence and Bioaccumulation Potential” (ECHA, 2017) and part of the “Inventory of 

HPV Chemicals, 1990“ the initial main list for the HPV Challenge Programm (The HPV Tracker 

© 2007 in Environmental Defense Fund, 2015). 

   4.2.4.4 Conclusion exposure 

            

                

                  

            

                  

               

         

 

 

 

            

           

              

           

  

              

             

     

                 

                  

  

             

             

              

                  

   
                                                

   

 

DCDPS is produced mainly industrially for polymerization. Thus direct or long-term exposure 

happens only to indoor workers (0,1 until 0,001 mg/ m3 or m2). Indirect exposure may be 

possible in the nearer surround of facturing sites (daily intake up to 3 mg DCDPS per kg body 

weight), calculated on DCDPS concentrations in drinking water and foods (EUSES model). 

DCDPS levels in water (0,0003 mg/l L, fish (0,04 mg/ kg w.w.) and plants (0,1 mg/ kg), indicate 

bioaccumulating potential in aquatic biota and plant uptake from soil. It seems that DCDPS is 

transported through waterstreams and diffuses to soil and sediment. 

   4.2.5 Long-range transport 

   4.2.5.1 Estimated data 

The OECD POV and long-range-transport (LRTP) Screening Tool software estimate the overall 

environmental persistence (POV) and long-range transport potential (LRTP) of single organic 

chemicals at screening level, from a level III multimedia chemical fate model (OECD11 , 2014). 

Input parameters are physical values, estimated degradation half- lifes and partition 

coefficients. 

Finally the OECD LRTP- Screening provides a Monte Carlo calculation for a single chemical 

and a dataset of additional chemicals, useful for comparing an evaluated, particular chemical 

with other chemicals (OECD, 2014). 

For DCDPS calculation the molecular mass (287,16) , Log Kwa (- 5,25), Log Kow (3,9), half lifes 

in air (219 h), water (1.440 hours) and soil (2.880 hours) (all data taken from EPISUITE v. 3.2) 

were inserted. 

The most common environmental pathway for chemicals is air and thus Highest Characteristic 

Travel Distance (CTD, a transport-oriented metric) values are calculated for air (OECD, 2014). 

Although DCDPS is involatile and poorly soluble, indeed it’s CTD value (average) is modelled 

to be highest in air 1.506 km (maximal value 1.890 km) and water (149 km in average, maximal 

290 km). 

11 OECD, 2014 http://www.oecd.org/chemicalsafety/risk-

assessment/oecdpovandlrtpscreeningtool.htm 
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Surface transfer efficiency (TE), a target- oriented metric, seems low in general (zero percent 

for water and soil, 5% in air). Thus air may be the transfer medium for DCDPS. 

If DCDPS is emitted to air in first case, most of this substance (nearly 72%) will deposit to water 

(72%) and soil (22%). 

This software also predicts a mass exchange of DCDPS between air, water and soil; whereas 

diffusion happens mainly between air and water (rain dissolution and wet and dry deposition). 

DCDPS is soluble and persistent enough (vP) to be middle-range transported via water and 

long-range carried over hundreds of kilometers in an air / water exchange process. 

In all other compartments, DCDPS generally tends more to local accumulation (transport metric 

for soil is zero) than expansive environmental transport, as shown in the figures 9 – 11 (data 

shown in table 18). 

DCDPS POV represents 171 days. No further environmental transport is calculated to happen 

after 1.727 2055 days. The POV metric weighs DCDPS half-lives in each medium with the 

chemical’s fractions (Webster et al. 1998 in OECD, 2014). Thus the LRT potential of DCDPS 

may increase directly proportionally to the POV. 

emission to air emission to water emission to soil 

air 6,21% 0,02% 0,01% 

water 71,57% 99,92% 1,37% 

soil 22,22% 0,06% 98,62% 
Table  18:  Modelled  distribution  data  to  mediums  air,  water  and  soil  of  emitted  DCDPS  (OECD  POV  and  

LRP  screening  modell)  

emission to air 

air 

water 

soil 

Fig. 9: Distribution of DCDPS in different mediums (only 6% of emitted DCDPS are aerial) 
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emission to water 

air 

water 

soil 

Fig.  10:  DCDPS  emission  to  water  is  bound  to  water  to  99,9%  

emission to soil 

air 

water 

soil 

Fig.  11:  DCDPS  emitted  to  soil  tends  to  stay  in  this  medium  

   4.2.5.2 Experimental data 
Traces of DCDPS have been found in very low levels in Norwegian arctic areas, namely in 

plasma of glaucous gulls (5-140 ng/g fat) (Verreault et al., 2005) as also in arctic char from the 

oligotrophic sea Lake Vättern (1,8 ng/g fat), where no local industries or any other human 

activities in the nearer surrounding are known (Bignert, A. et al., 1998 in K. Nörstrom, 2006). 

Very low or even undetectable concentrations of DCDPS have also been reported for 

guillemots in remote Iceland and the Faroe Islands (Jörundsdottir, in K. Nörstrom, 2006). Thus 

an aerial long-range transport of DCDPS into remote areas seems possible in a small scale. 

A potentially atmospheric long-range transport and bioaccumulation in wildlife of new persistent 

organohalogen contaminants is already reported from Robert J. Letcher et al., 2009. But if 
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DCDPS was airborne like the well- known long range transported PCB’s or p,p’-DDT (Olsson, 

M., et al, 1975 in K. Nörstrom, 2006) arctic concentrations of DCDPS may be much higher. 

DCDPS is waterborne. This is indicated by two facts: DCDPS concentration levels differ too 

much between sampling sites (airborne PCB’s show similar sampling values) and increasing 

downstreamlevels of DCDPS in a Latvian river (53- 160 ng/g fat in perch). This indicates a local 

accumulation of DCDPS near industrial sites due discharges to water (Valters, K., et al, 1999 in 

K. Nörstrom, 2006). 

                  

         

                 

                

               

       

            

           

             

    

              

                

    

         

              

                

               

             

             

     4.2.5.3 Conclusion long- range transport 

DCDPS may be long range transported in air (some 1.000 kilometers) and middle-ranged 

transported in water within around 150 kilometers. 

In summary an environmental long range transport of DCDPS may happen in a continuous 

water-air exchange (this may happen with external, volatile alike energies due to involatile 

DCDPS) and is calculated to last maximal 5 years (OECD POV and LRTP Screening Tool, 

2014). Soil is concluded to function as a local accumulator for DCDPS. 

   4.3 Conclusion persistence 
DCDPS is vP in water ((DT50 >60 days), air (DT50 >2 days) and sediment (DT50 > 180 days) 

and persistent in soil (DT50 > 120 days). 

DCDPS is affinated to organic material (Log Kow 3,9 and Log Koc 3,5) and slightly immobile in 

soil. This may lead to local and long- term depositions, mainly at industrial sites. Although plant 

uptake is relevant (Vertellus SFS, 2010), soil at least may not primarily a target compartment 

for DCDPS (exposure scenario, ECHA, 2014). 

This sulphone is environmentally stable (polar, lipophil, hydrologically stable, hardly oxidated or 

photodegradated) and doesn’t undergo any abiotic (26% degradation in wastewater treatment) 

or biotic (biodegradation less than 1%) environmental degradation and is neither readily nor 

fast biodegradable (microorganism). 

Although involatile DCDPS is waterborn and tends to stay near the ground, the atmosphere 

seems to play a main role in a particle- mediated long- range transport with water (deposition 

and aqueous transport). 

A middle-range off-site disposal may happen by water. 

Although some concentrations of DCDPS in sea gull eggs (from Canada/ New York, Chabbra 

et al., 2001) increased over the last 30 years, some degradation is observed (annual decline of 

1,6% over three deacades (Jörundsdóttir et al., 2006). In my opinion, many factors beneath real 

degradation can cause lowering of DCDPS levels (like lower environmental impact due to 

better safety precautions in industry or a temporary stock removal in terrestrial compartments). 
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5 Bioaccumulation 
5.1.1  General  remarks  

DCDPS shows no biomagnification along the aquatic food web (BCF > 2.000), but has a 

potential for biomagnification in air- breathing systems (reliable Klimisch 2, support study “Kelly 

Gobas FA & McLachlan, 2004” in ECHA, 2017). This calculation model screened the 

bioaccumulation potential of organic chemicals based on Koa and Kow data and regarding 

current knowledge on mechanism (intestinal absorption) in the aquatic and terrestrial food web. 

Altough carcinogenicity studies in mice and rats, from Mathews et al., (1996) confirmed the 

metabolization potential of DCDPS in mammals by hydroxylation to the more hydrophilic 

compound 3-hydroxy-4,4'-dichlorodiphenyl sulfone, even a further hydroxylation to more 

hydrophilic compounds in biota is predicted by the OECD Toolbox v1.1 and a transformation in 

microorganisms is supposed (ECHA, 2014), bioaccumulation in terrestrial food chain seems 

probable (hydrolysis in environment is not expected). 

DCDPS is a structural analogue of DDT (Chhabra et al., 2001), polar and can pass 

biomembranes. The fact that DCDPS is reported to readily absorb and distribute to fat tissue 

and skin, retent to liver and been excreted only slowly in rats study (Mathews et al., 1996), in 

short has a low depuration rate, may indicate (at least temporary) bioaccumulation in 

mammals. In this rat study from Mathews et al., 1996 rate constants for uptake and fully 

elimination are missing as so often. Thus a calculation of a kinetic BCF or BMF is impossible. 

There is no data about a very long exposure to very low levels (like wild- life exposure or arctic 

concentrations). Thus this sulphone may be indeed bioaccumulative, at least temporary in 

mammals due to metabolization and excretion processes. 

Also the detection of DCDPS in wildlife (Helander et al., 2002; Olsson and Bergman, 1995; 

Olsson et al., 1999; Valters et al., 1999) supports this assumption. 

DCDPS has been detected in top predators like the eagle, grey seals, birds and fish from fresh 

and marine waters (K. Nörstrom, 2006), in sediment and also in fresh waters in Europe 

(Guzzella, L. and Sora, S., 1998; Lucas, S., 1984; Müller, S. et al.,1997; Swindlehurst et al., 

1995 in K. Nörstrom et al., 2001). These facts are mainly reported from the Baltic region, in 

breams sampled from Elbe and Rhein in Germany (K. Nörstrom, 2006) and in marine water of 

the German Bight (1,5 ng/ L) (Karin Nörstrom et al., 2001). DCDCPS was furthermore identified 

in Northitalian lakes as Como, Garda, and Maggiore as also in mediterran industrial effluents in 

the Mediterranean. 

The first report of DCDPS as an environmental contaminant was 1995 in perch from the Latvian 

coast (Olsson and Bergman, 1995 in Verreault, J., et al., 2005) and indicated local sources of 

DCDPS (K. Nörstrom et al., 2001) as also a main marine distribution (via waste streams and 

run offs). But DCDPS has also been detected in low concentrations (between 5,3 and 143,0 ng/ 

g lipid weight) in plasma of gulls from Norwegian arctic (Verreault, J., et al., 2005 in K. 

Nörstrom, 2006) and in guillemot eggs from Iceland or the Faroe Islands (Jörundsdottir in K. 
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Nörstrom, 2006), attesting the wide- range potential of DCDPS. It’s bioaccumulation potential 

and atmospheric long- range transport is confirmed by Verreault, J., et al., 2005. 

A national screening programme 2009 of the Swedish Environmental Research Institute Ltd., 

detected concentrations of DCDPS not only in all three marine surface samples (Swedish west 

coast (Raö)) and all baltic fish samples (perch and hering), but also in Swedish urban area 

(Riddarfjärden, Stockholm) and the island Ljusterö next to Stockholm. The highest DCDPS 

levels found on the island Ljusterö conclude a mainly local concentration in urban vicinity on the 

one hand and a water-aiborne distribution of this polysulfone on the other hand. This 

conclusion is also affirmed by the presence of DCDPS in a biological wastewater treatment 

(WWT) sample from Estonia (K. Nörstrom et al., 2009) and the rising concentrations of DCDPS 

levels over years in Latvian fish: DCDPS levels increased in perch from 55 - 82 ng/g lipid 

collected 1994 and 1995 (Gulf of Riga, Olsson and Bergman, 1995; Olsson et al., 1996 in 

Chhabra et al., 2001), to 53 to 160 ng/ g lipid two years later in perch from the same region. 

These levels are similar to the range of 2,2',4,4',5,5'-Hexachlorobiphenyl (CB 153, CAS No. 

35065-27-1) (22 to 120 ng/ g lipid), 2,2',3,4,4',5'-Hexachlorobiphenyl (CB138) (CAS No. 35065-

28-2), one of the most persistent PCB congeners known, and in the same range as persistent 

DDT (1,1,1-trichloro2,2-bis-(4-chlorophenyl)ethane 150 to 330 ng/g lipid), and its metabolites 

(1,1-dichloro-2,2-bis(4-chlorophenyl)ethene (DDE), and 1,1-dichloro-2,2-bis(4-chlorophenyl) 

ethane (DDD) (Valters et al., 1999 in Chhabra et al., 2001). 

The Log Kow around 4 may indicate that DCDPS environmental concentrations are mirrored 

equal to accumulated levels in biota. 

5.1.2  Bioaccumulation i  n aq uatic  organisms  

    5.1.2.1 Bioconcentration factor BCF 
The Log Kow correlates with the BCF. DCDPS Log Kow of 3,9 assumes a low bioaccumulation 

potential. 

Molecular size and weight are also criteria for cell membrane passing: a maximum molecular 

length below 4,3nm (nanometers) does accumulate. DCDPS has a maximal length between 

8,06 Å (Ångström) and 13,64 Å, which means from 0,806 to 1,36 nanometers (eChemspider, 

2014) and leads to the conclusion that DCDPS may bioaccumulate. An average maximum 

diameter smaller than 1,7 nm and a molecular weight below 700g/Mol will also lead to a high 

BCF (above 5.000) value. This is fulfilled by the mass of DCDPS with 287,2 g/ Mol, that also 

assumes a BCF around 5.000 (eChemspider, 2014). 

DDT’s five chlorine atoms cause a log Kow of approximately 6 and thus bioaccumulation (K. 

Nörstrom., 2004). DCPS only two chlorine atoms and single sulfonyl lead to a calculated 

partitioning coefficient log Kow of 4,1 modelled by ACD (Advanced Chemistry Development), still 

high enough for bioaccumulation potential. 
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5.1.2.1.1 Estimated data 

According to the calculation modell EPI SUITE (BCFWIN v2.17) in Chem Spider, 2014, the 

BCF was estimated from the regression- based method with an estimated Log Kow of 3,9 and 

shows the value 199,5. This value is also reported from Howard PH & Muir DCG, 2010. 

According to the EPI Suite (version 3.20) calculation the BCF represents 201, reported from 

OECD 2008. Another regression- derived equation (also estimated with Log Kow 3,9) (Meylan 

WM et al., 1999 in Toxnet, 2014) showed a BCF value of 200 too, suggesting bioconcentration 

potential in aquatic organisms. 

According to the regression- based modell EPISUITE (BCFBAF v3.01) the aquatic 

bioaccumulation represents 172,8 L/ kg wet weigth (Log BCF of 2.238). The BCF for the upper 

trophic level is estimated to be 675 (calculated with Arnot-Gobas method, Log Kow used 3,9 

(BAF-QSAR 1.0; Arnot and Gobas 2003). 

Another estimation method for BCF is the ACD/ Labs method reported from ChemSpider, 2014, 

that predicted a BCF of 922,75 at a pH of 5,5 and 7,4. Corresponding to the publication from 

ECHA, 2017 (Kelly BC, Gobas FA & McLachlan MS, 2004, reliability 2) a model based on Koa 

and Kow calculated a BCF, assuming that DCDPS has no tendency for biomagnification in the 

aquatic system but is potentially biomagnificating in air-breathing organisms. These four 

parameters biomass conversion, digestion or gastrointestinal magnification, micelle-mediated 

diffusion and fat-flush diffusion were used. 

However, DCDPS molecular similarity to PCB methyl sulfone metabolites may hypothesise a 

high bioaccumulation (Letcher et al. 2000 Derek Muir, Environment Canada, and Philip H. 

Howard and William Meylan, Syracuse Research Corporation, 2007). 

5.1.2.1.2 Experimental data 

The bioconcentration factor of parent DCDPS was determined on common carp under flow-

through conditions (experimental key study 2002, reported in ECHA, 2017) in an exposure time 

of 35 days in freshwater with concentrations of 5 µg/l (0,005 mg/ l) and 50 µg/l (0,05 mg/ l) of 

DCDPS. The bioconcentration ranged between 75 l/ kg body ww (wet weight) at 5 µg/L DCDPS 

and 82 l/ kg w.w. at 50 µg/ L DCDPS and was determined by the ratio of DCDPS in carp to the 

concentration in water. BCF results are not lipid normalized to 2% total fat content in carps. 

It should be considered, that results based on the whole body weight may be adulterated, 

because the uptaken substance may be diluted by the growth rate of the fish (ECHA, 2012). 

Furthermore an analysis of the depuration is lacking and thus an evaluation of the reversibility 

of the BCF prohibited. A conclusion on metabolites, their bioaccumulation or protein binding is 

impossible, because only extractable and unlabelled material was quantified (Chabbra et al., 

2001). Thus no depuration rate constant or complete information on metabolised DCDPS is 

reported. 

In rats study excreted, conjugated metabolites of DCDPS (hydroxylation products) are reported 

(Poon, R., et al., 1999 and Mathews, J.M., Black, S.L., and Matthews, H.B., (1996) in K. 
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Nörstrom, 2006), but not necessarily transmittable for fish. This part is detailed discussed in 

chapter 4.3.2.3 metabolism rate. 

A BCF kinetics can be calculated in aquatic organismn with the uptake constant rate (k1) 

compared to the depuration constant rate (k2). Unfortunately these data are rarely reported in 

fish dietary studies and at least stay calculations and are most (Brooke et al., 2012 in Prof. Dr. 

Christian Schlechtriem et al., 2015). 

5.1.2.1.3 Summary BCF 

Estimated BCF values are around 200. 

Corresponding to ECHA, 2014 the BCF calculation model (based on Koa and Kow) remarks, that 

DCDPS has no tendency for biomagnification in the aquatic system. 

Experimental BCF values range around 75 – 80 l/ kg b.w. (not normalized to total fat content of 

fish), depending on and correlating to the water concentration of DCDPS. A more reliable BCF 

would be gained in a kinetic modell evaluating the uptake and the elimination rate (no similar 

data available). An alternative fish dietary bioaccumulation test is recommended to achieve an 

exact BCF for substances with water solubilities below 0,01 to 0,1 mg/l (ECHA, 2012), like 

DCDPS. All BCF results are summarized in table 19 below: 

BCF model/ experimental reference 

199,5 EPISUITE BCFWIN v2.17 Chem Spider, 2014 

201,0 EPI Suite (version 3.20) in OECD 2008 

200,0 Equation Meylan WM et al.,1999 in Toxnet, 2014; PubChem,2017 

172,8 EPISUITE (BCFBAF v3.01) Kölbl, A., 2017 unpublished 

675,0 Arnot-Gobas method (upper trophic) EPISUITE (BCFBAF v3.01) in Kölbl, A., 2017, unpubl. 

922,8 ACD/ Labs method ChemSpider, 2014 

1.500 experimental key study 2002 in ECHA, 2014 

1.604 experimental key study 2002 in ECHA, 2014 

Table  19:  Estimated  and  experimental  BCF  results  of  DCDPS   

However, all reported BCF values don’t meet the B criteria (BCF > 2.000 l/ kg) nor the vB (BCF 

> 5.000 l/ kg) set out in REACH regulations (Europe REACH Annex XIII 2000). DCDPS 

therefore may not to be potentially bioaccumulating in aquatic systems. Lipid and growth 

normalization have to be considered. 

Only the calculated BCF of 2.829 in the upper trophic level may indicate some bioaccumulative 

potential along the food web. Screening studies (Britta Hedlund et al., 2004, pictured in table 

20) and molecular similarity to vB PCB methyl sulfone metabolites (Letcher et al. 2000 Derek 

Muir, Environment Canada, and Philip H. Howard and William Meylan, Syracuse Research 

Corporation, 2007) may display DCDPS bioaccumulation potential. 
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medium unit DCDPS 
Bisphenol 

A 

surface water µg/l 4 24 

sewage water µg/l 2 7 

treated sewage water µg/l - 0,2 

perch µg/g fat <2 35 

air ng/m3 <0,3 7 

sediment 
mg/kg 

TS <0,01 0,3 

ground water µg/l - 0,8 
Table  20:  Maximal  concentrations  of  DCDPS  and  Bisphenol  A  in  different  environemental  compartments  

and  samples  (Britta  Hedlund  et  al.,  2004)  

DCDPS has been detected in low concentrations of a few samples, showing high variation 

within the compartments and in comparison to contaminant Bisphenol A (table 20, Britta 

Hedlund et al., 2004). 

Maximal DCDPS levels have been detected in surface (4µg/l) and sewage water (2µg/l). 

DCDPS may be bonded to oily particles suspended in water near the surface. For conclusion 

DCDPS may be transported mainly via surface and (industrial) sewage water into the sea, and 

seems at once degradated predominantely through sewage treatment (only traces of DCDPS 

were analysed). Defiance DCDPS high Koc value (good adhesion to particles) not much 

DCDPS seems left to sink and bind to sediment (0,01 mg/kg TS) or sludge, but be available for 

uptake by fish and bioaccumulation (measured concentrations in perch above 2µg/g fat). The 

non- volatilization of DCDPS is once more proved and shown in Table 20 (below 0,3 in air). 

5.1.2.1.4 Conclusion BCF 

Although DCDPS may have bioaccumulation potential due to chemical structures, DCDPS may 

not be B or vB according to the BCF. Log Kow is below 5 and the BCF below 2.000. 

    5.1.2.2 Bioaccumulation factors (BAFs) 

Because the BCF only gives a partial picture of bioaccumulation – only regarding exposure to 

water – additional data as metablosim rate or biomagnification are helpful (ECHA guidance, 

2017). 

The BAF considers all routes of uptake (diet, assimilation through the gills) that may lead to 

enhanced concentrations in aquatic organisms. Bioaccumulation is indicated, if the BAF is 

greater than 1. 

5.1.2.2.2 Estimated data 

The calculation model BAF-QSAR v1.1 supplies estimates of bioaccumulation factors (BAF) for 

common fish species in lower, middle and upper trophic levels of the aquatic food web and 

further concentrations of human exposure from eating fish. The quantitative structure- activity 
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relationship (QSAR) is based on uptake from water and diet and a chemical elimination through 

the gills, feces, growth and metabolic transformation (BAF-QSAR 1.0; Arnot and Gobas 2003). 

Only two parameters octanol-water partition coefficient (KOW) and metabolic transformation rate 

constant are required. The metabolism rate calculates the trophic dilution. 

BAF-QSAR v1.1 is parametrized with a bioaccumulation model and calibrated to each trophic 

level. The model is sourced from a large database of empirical BAFs from Canadian waters 

and useable for non- ionic organic chemicals. 

Only a Log Kow and Koa based modell is reported in ECHA homepage about DCDPS to not 

biomagnify in aquatic food chain (Kelly BC, Gobas FA & McLachlan MS, 2004 in ECHA, 2017). 

No other BAF results were reported from eChemPOrtal, ChemSpider or NITE, 2014. Nor 

literature on metabolism rate of DCDPS from EChemportal, ECHA nor Toxnet, 2014 is 

available, only biological half- lifes of 12 days in rats (Mathews JM et al; 1996) or 9 days are 

reported (Bioaccumulation Estimates (BCFBAF v3.01). 

A Log BAF for the upper trophic level of 2,8 is reported from EPISUITE Bioaccumulation 

Estimates (BCFBAF v3.01) using a Log Kow of 3,9 (BAF of Log 692,3). Thus BAF may be 

possible. BCF and BAF were also calculated with the Arnot-Gobas mass balance model (BAF-

QSAR 1.0; Arnot and Gobas 2003) from A. Kölbl, 2017 (unpublished): in first step the Kow value 

of 3,9 was inserted and in the second step a common value for a metabolism rate in fish was 

added additionally. Standard parameters and required input data for the calculation modell 

BAF-QSAR 1.0 are shown in table 21. 
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PARAMETER 

DEFAULT ENVIRONMENTAL CHARACTERISTICS 

MEAN WATER TEMPERATURE 

ORGANIC CONTENT OF WATER 

    Table  21:  Irreversible  standard  parameters  (except  temperature,  in  this  case  10  degrees)  in  the  BAF-   

    QSAR  1.0  modell  for  calculating  the  BAF  (BAF-QSAR  1.0;  Arnot  and  Gobas  2003)  

INPUT 

10 

5,00E-07 

UNITS 

OC 

Kg/L 

DEFAULT BIOTA CHARACTERISTICS 

GENERIC TROPHIC POSITION 

LIPID CONTENT DIET LD 

Primary producer 

1,00% % 

GENERIC TROPHIC POSITION 

WEIGHT 

LIPID CONTENT 

LIPID WEIGHT 

MAXIMUM FOOD WEB MAGNIFICATION FACTOR (Beta) 

"Upper" trophic level fish 

1,53E+00 

10,70% 

1,64E-01 

62,68 

Kg 

% 

Kg 

Unitless 

GENERIC TROPHIC POSITION 

WEIGHT 

LIPID CONTENT 

LIPID WEIGHT 

MAXIMUM FOOD WEB MAGNIFICATION FACTOR (Beta) 

"Middle" trophic level fish 

1,84E-01 

6,85% 

1,97E-02 

30,13 

Kg 

% 

Kg 

Unitless 

GENERIC TROPHIC POSITION 

WEIGHT 

LIPID CONTENT 

LIPID WEIGHT 

MAXIMUM FOOD WEB MAGNIFICATION FACTOR (Beta) 

"Lower" trophic level fish 

9,59E-02 

5,98% 

1,03E-02 

16,07 

Kg 

% 

Kg 

Unitless 

Programmed by: 

Last modified: 

Jon Arnot 

30.Okt.05 

Upper 
Trophic 
Level BAF 

Middle 
Trophic Level 
BAF 

Lower 
Trophic 
Level BAF 

Upper 
Trophic 
Level BCF 

Middle 
Trophic 
Level BCF 

Lower 
Trophic 
Level BCF 

Water 
temperature 

10 degrees 
Celsius 

(L/kg) (L/kg) (L/kg) (L/kg) (L/kg) (L/kg) 

3,22 2,84 2,73 2,92 2,73 2,67 

Table 22: Calculated results (not normalized to fish lipid content) of BAF for DCDPS (BAF-QSAR 1.0; 

Arnot and Gobas 2003) on input parameter Log Kow 3,9 and 10 degrees C for water temperature 

The results represented in table 22 are calculated with an inserted water temperature of ten 

degrees and a Log Kow of 3,9. The BCF is increasing along the trophic levels (2,7 in the lower 

to 2,9 in the upper level). Normalized to a lipid concentration in fish of 5%, BCF is 53,4 in the 

lower trophic level, 54,6 in the middle one and 58,4 in the upper trophic level. Therefore the 

results were divided through the fat content of fish assumed with 5%: 

BCF normalized: 2,67 / 0,05 = 53,4 

BAF results also ascend along the aquatic food web (from 2,7 up to 3,2), at an expected water 

temperature of 10 and 25 degrees Celsius (table 21 and 23). 
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In contrast the BCF slightly decreases with rising water temperature, as shown in tables 23 and 

24. Maybe because the van’t Hoff’ sche norm: the warmer the faster the kinetic reactions 

(metabolism) works. 

STEADY STATE GENERIC BIOACCUMULATION MODEL 

BASED ON : 

Arnot, JA and Gobas FAPC, 2003. A Generic QSAR for Assessing the Bioaccumulation Potential of 
Organic Chemicals in Aquatic Food Webs. QSAR and Combinatorial Science 22: 337-345. 

BAF-QSAR v1.1 

PARAMETER 

DEFAULT ENVIRONMENTAL CHARACTERISTICS 

MEAN WATER TEMPERATURE 

ORGANIC CONTENT OF WATER 

INPUT 

25 

5,00E-07 

UNITS 

O C 

Kg/L 

DEFAULT BIOTA CHARACTERISTICS 
GENERIC TROPHIC POSITION 

LIPID CONTENT DIET LD 

Primary producer 

1,00% % 

GENERIC TROPHIC POSITION 

WEIGHT 

LIPID CONTENT 

LIPID WEIGHT 

MAXIMUM FOOD WEB MAGNIFICATION FACTOR (Beta) 

"Upper" trophic level fish 

1,53E+00 

10,70% 

1,64E-01 

62,68 

Kg 

% 

Kg 

Unitless 

GENERIC TROPHIC POSITION 

WEIGHT 

LIPID CONTENT 

LIPID WEIGHT 

MAXIMUM FOOD WEB MAGNIFICATION FACTOR (Beta) 

"Middle" trophic level fish 

1,84E-01 

6,85% 

1,97E-02 

30,13 

Kg 

% 

Kg 

Unitless 

GENERIC TROPHIC POSITION 

WEIGHT 

LIPID CONTENT 

LIPID WEIGHT 

MAXIMUM FOOD WEB MAGNIFICATION FACTOR (Beta) 

"Lower" trophic level fish 

9,59E-02 

5,98% 

1,03E-02 

16,07 

Kg 

% 

Kg 

Unitless 

 

   

                

               

   

 
               

               

 

  
  

 
 

  

 
 

 
 

 
 

  

 
 

 
 

 
 

  

 
  

 
      

  
 

 
      

       
                

                 

    

     

  

               
           

  

    

     

  
   

    

     

  

 

   

     

     

  

 

   

     

     

  

 

   

     

  

 

Programmed by: Jon Arnot 

Last modified: 30.Okt.05 

Table 23: Given standard parameters (except 25 degrees water temperature) for the calculation of the 

BAF values as example for food web magnification factors (BAF-QSAR 1.0; Arnot and Gobas 2003) 

Upper Trophic 
Level BAF 

Middle 
Trophic 
Level BAF 

Lower 
Trophic 
Level 
BAF 

Upper 
Trophic 
Level BCF 

Middle 
Trophic 
Level 
BCF 

Lower 
Trophic 
Level BCF 

Water 
temp. metabol. 

rate 
(L/kg) (L/kg) (L/kg) (L/kg) (L/kg) (L/kg) 

25 degrees 
Celsius 

0 
3,44 2,96 2,79 2,9 2,72 2,67 

1,97 2,23 2,4 1,97 2,22 2,28 0,8 
Table 24: Calculated results of BAF and BCF for DCDPS (BAF-QSAR 1.0; Arnot and Gobas 2003) 

based on input parameter Log Kow 3,9 and 25 degrees C water temperature and additionally 0,8 for 

metabolization rate of fish 
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Due to lacking data for metabolism rates of DCDPS in fish (uptake constant rates and 

depuration rates), the most common value 0,8 for metabolic exponents in fish, reported from 

Winberg et al.,1956, in Louis A. Giguere' et al., 1988, was taken for calculation of BAF and BCF 

as summarized in Table 24. 

The additionally metabolic transformation rate decreases DCDPS levels indirect proportionally 

to trophic levels. 

An elimination rate of DCDPS is reported from Mathews at al., 1996 rodents study, with a half-

life of 12 days (Mathews JM et al; Drug Metab Dispos 24 (5): 579-87 1996, PubMed Abstract in 

toxnet, 2014), with unknown relation compared to fish. 

Because these calculated BCF and BAF’s depend on estimated model parameters themselves, 

these results are average values for a first screening of bioaccumulation potential of DCDPS. 

DCDPS total water truly dissolved bioavailable 

concentration (Cwt) in water (Cwd) solute fraction 

unit ng/L ng/L Cwd/Cwt 

1 0,99 0,99 
Table  25:  Modelled  parameters  for  total  and  dissolved  water  concentration  of  DCDPS  and  it’s  

bioavailability  (BAF-QSAR  1.0;  Arnot  and  Gobas  2003)  based  on  input  parameter  Log  Kow  3,9;  

independent  from  water  temperature  and  metabolization  rate  of  fish;  Cwd  means  the  freely  dissolved  

water  concentration  and  Cwt  total  water  concentration  

Table 25 shows the calculated bioavailability of dissolved DCDPS (calculated with BAF-QSAR 

1.0; Arnot and Gobas 2003) in the percentage of dissolved DCDPS to total aquatic amount. 

The input parameter used for the calculation was a Log Kow of 3,9. The other parameters like 

water temperature or metabolisation rate of fish don’t influence the dissolvation of DCDPS in 

water. If 1 ng/ L DCDPS is released to water it’s bioavailable solute fraction is high (0,99). This 

means that DCDPS is good available in water, although it’s only slightly soluble. 

5.1.2.2.3 Experimental data 

No measured BAF results are reported on ECHA, Chemspider, eChemportal, Nite or any other 

scientific webpage. 

5.1.2.2.4 Summary BAF 

All calculated BCF values are below the PBT criteria 2.000 (B) and vB 5.000. 

All estimated BAF results exceed the BAF criteria of 1 for aquatic bioaccumulation. 

The BAF values increase with trophic levels (A. Kölbl, 2017, unpublished), but an included 

metabolic rate for fish (0,8) lowers all BAF values (but not under 1). 

Thus organism may not be able to prevent absorbing DCDPS from water (or eliminate it in 

time). But the mainly uptake of DCDPS may be through diet (prey) or sediment. Thus increases 

the concentration levels of DCDPS continuously to the top of the food web. 
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The BCF and BAF results depend on many assumed calculation parameters and vary with 

environmental conditions (temperature, fish body weight). Thus these estimated screening 

results don’t replace experimental data, but support a first bioaccumulation evaluation. 

5.1.2.2.5 Conclusion BAF 

Lipophilic DCDPS is generally good available in water. The estimated screening results for BAF 

may indicate a biomagnification potential of DCDPS on screening level, but are strongly 

depending on used parameters. 

The calculated BCF data does not exceed PBT criteria of 2.000. And DCDPS is calculated not 

to biomagnify in aquatic food chain (Kelly BC, Gobas FA & McLachlan MS, 2004 in ECHA, 

2017). Thus DCDPS may not bioaccumulate in aquatic organism. 

   5.1.2.3 Metabolism rate 

5.1.2.3.1 Estimated data 

The biological half-life of DCDPS is calculated with 9 days (EPISUITE (BCFBAF v3.01)). 

5.1.2.3.2 Experimental data 

The radioactive measured biological half-life of DCDPS in rats is reported with 12 days, 

indicating a slow elimination rate (Mathews JM et al; 1996). This reliable (Klimsch 2) in vivo 

study from 1996 (in ECHA, 2017) revealed, that nearly a third of the carbon-14 (C14) labeled 

DCDPS, applicated i.v. in adult male F344-rats (10mg/ kg bodyweight (bw)), was eliminated 

metabolized and mainly with faeces in a week. Whereas the majority of renal elimination 

happened in the first 24 hours after dosing DCDPS, the faecial excretion was highest in 24 – 

72hours after application. In total 13% of radioactive DCDPS was excreted after 72 h; 

therefrom 3,5% renal and 9,6% faecial as shown in table 26. This mainly faecial elimination rate 

is confirmed by (Hodgeson and Levi, 1994 in ECHA, 2012). 

Radioactive DCDPS conc. 
Urine Faeces 

Collection time 

(hours) 

cumulative 2 2,4 0 - 024 

% 2,6 6 24 - 48 

dose 3,5 9,6 48 - 72 

TOTAL 
3,5 9,6 72 

13,1 72 
Table  26:  Elimination  rate  of  DCDPS  dosed  rats  (ECHA,  2014)  

In this in vivo study from Mathews et al., 1996 (in toxnet, 2014), DCDPS was rapidly and 

completely absorbed from the gastrointestinal tract, distributed generally to all examined 

tissues but concentrated mainly in adipose tissue. 41% to 49% of DCDPS were found in fat 
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tissue 24 hours after single dosed intravenous injection (60% after 72 hours) when steady state 

in blood was reached and before the slow metabolic eliminated started. After repeated oral 

dosing (10 mg/ kg bw) over 3 and 5 weeks more than 90% of parent DCDPS accumulated in 

tissues, therefrom 80% in the liver with three major metabolite fractions also. It took 

approximately 2 weeks before a steady state of DCDPS was reached in tissues (265 µg/g 

tissue, Mathews et al., 1996 in toxnet, 2014). In the end of the 3- and 5- week lasting repeated 

dosing at 10 mg/ kg bw, DCDPS was eliminated to 99 – 106% of the given doses (ECHA, 

2017). 

The few in plasma freely soluble molecules (< 1%) were finally removed with urine after renal 

filtration. High concentrations of DCDPS in fatless tissues (liver and kidney) of dosed rats 

shortly after application i.v., may assume a redistribution of DCDPS from fatless to adipose 

tissue and skin in the first 24 h post dosing (Mathews et al., 1996 in ECHA, 2014). Another 

reliable study in mice (Poon et al., 1999, in ECHA, 2014) where DCDPS was applied oral 

dissolved in corn oil (10, 100, or 1.000 ppm corresponding to 0,8; 8,1 and 75,6 mg/kg bw/day) 

over 28 days, proofed that DCDPS levels were dose- related in all tissues (except kidney), with 

highest in fat, liver and kidney. DCDPS concentrations in adipose tissue and liver remained, but 

those in kidney rised up until the end of the study. 

The adipose tissue/ blood ratio for DCDPS- derived radioactivity was 90 and maintained on this 

level for 21 days after dosing (skin/ blood ratio was 14,6 and fatless tissue/ blood ratio 3 -7). A 

tissual recovery of 75,6% after 72 hours is reported from Mathews et al., 1996 in ECHA, 2014. 

According to ECHA, 2014, the toxicokinetic studies of Mathews et al (1996) prove a 

metabolization of DCDPS by hydroxylation to the less lipophilic 3-hydroxy-4,4'-dichlorodiphenyl 

sulfone, at least in rats. A further hydroxylation to more hydrophilic compounds is predicted by 

the OECD Toolbox v1.1. Finally a transformation of DCDPS in microorganisms seems possible. 

Poon, R. et al., 1999 and Mathews et al., 1996 in Karin Nörstrom, 2006 reported, that DCDPS 

is biotransformed with hepatic enzymes to hydroxylated conjugated metabolites in hepatic 

phase I to increase its water solubility. In hepatic phase II, DCDPS is combined with an 

endogenous substrate for renal excretion (Hodgeson and Levi, 1994). Presence of 

Ethoxyresorufin O- deethylase (EROD), hepatic cytochrome P450 (CYP) and metabolites were 

doubled at repeated oral application of 10 mg/ kg bw/ day DCDPS in comparison to dosage of 

1 mg/ kg bw/ day (P450 increased up to 60%, Mathews et al., 1996 in toxnet, 2014 and ECHA, 

2017). Whereas P450 increased also at a dosage of 100 mg/kg bw/day, DCDPS caused no 

higher EROD activities and thus EROD values may not be reliable for measuring self- induced 

increased metabolism of DCDPS (Mathews et al., 1996 in ECHA, 2017). The potency to induce 

microsomal enzyme activity in rats (Street, J. C., et al., (1971) in K. Nörstrom, 2006) has been 

proved for DCDPS and p,p’-DDT as well (K. Nörstrom, 2006 and ECHA, 2014). 

Five unidentified minor metabolites were found (each containing less than 1% of the applied 

DCDPS dose). The phenolic metabolite 3 - hydroxy- 4,4’-dichlorodiphenyl sulfone (aglycone) 

and its glucuronide were identified as main components (Mathews et al., 1996 in toxnet, 2014). 
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An aglycone 12 is a glycoside, where the glycosid group is replaced by a hydrogen atom 

(wikipedia13 , 2015). After 72 hours past dosing the rats, 81% of DCDPS was metabolized 

excreted and only 19% of parent DCDPS was eliminated unmetabolized. The excretion 

happened mainly via faeces, only the glucuronide conjugate was reported to be secreted 

mostly renal. The composition of metabolites in urine and faeces is summarized in table 27 and 

taken from Mathews et al; 1996 reported in ECHA, 2017. 

% of dosed Sample ratio metabolite / 

parent DCDPS DCDPS as urine faeces total 

glucuronide conj. 2,2 0,6 2,8 

metabolite fraction 0,6 2,4 3,0 

Phenolic aglycone 0,2 3,5 3,7 

total 3,0 6,5 9,5 81% 

parent DCDPS 0,1 1,7 1,8 1,70% 
Table 27: Composition of metabolites measured in urine and faeces of rats, collected 0- 72 hours after 

i.v. administration of 10 mg/kg bw radiolabelled DCDPS (ECHA, 2014) 

DCDPS induces CYP1A forms, but not CYP2B isozymes (Mathews et al., 1996 in toxnet, 2014) 

or benzphetamine N-demethylase. Skin was observed to be the second major storage of 

radiolabelled DCDPS (18%), independent of the application form (Mathews et al., 1996 in 

toxnet, 2014), followed by muscle (12%). The absorption was dose dependent, ranging from 

nearly 100% at 10 mg/kg bw i.v. to more than 50% at 1.000 mg/kg bw dosed rats: rising 

application doses lowered storage and hightened metabolism and excretion levels (faeces) 

(after 72 hours). 

A daily dose of 100 mg/kg caused lower absorption rates in tissues (31%) and less 

accumulation in adipose tissue (22%), than 1mg/ kg (63% and 41%, ECHA, 2017). Further 

higher dosages caused increased excretion (>10%). The total tissual decrease of DCDPS was 

also reported for long-term low exposition (10 mg/ kg/ day) from 28 to 10%. 

5.1.2.3.3 Summary metabolism rate 

Uptake and distribution of DCDPS in rodents may be fast (50% in 24 hours, 62% in 72 h) and 

depuration rate slow (elimination of 81% metabolised DCDPS after 72 h, half- life of 12 days in 

Mathews et al; 1996). Thus the definition for a fast elimination may not be fulfilled (depuration 

phase is below the half time of uptake phase, ECHA guidance, 2017). 

But temporary storage (fat, liver, skin) and metabolic elimination happen dose- dependent 

(Chabbra et al., 2011). The higher the exposure, the more efficient the elimination process, 

except in kidney and blood. DCDPS induced hepatic metabolism enzymes (P450 CYP) for 

hydroxylation and excretion (Mathews et al., 1996 in toxnet, 2014). 

12 Wikipedia, 2015 http://en.wikipedia.org/wiki/Aglycone_-_cite_note-1 
13 wikipedia, 2015 http://en.wikipedia.org/wiki/Aglycone 
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Long- term dosing over weeks caused constantly high levels in liver, kidney and skin 

(ECHA, 2017), indicating more stress with elimination process. Steady state was reached 

in 24 hours after single dose and in two or three weeks after repeated oral dosing 

(Mathews et al., 1996 in toxnet, 2014). 

Growth of the organism, gestation, lactation and transfer to the offspring or eggs may also 

lower DCDPS levels in organism and should be considered. All these processes may lead 

to a temporary lower BCF and BAF (ECHA, 2012). DCDPS is involatile and therefore not 

exhaled directly through lungs. 

5.1.2.3.4 Conclusion metabolism rate 

High dosages of DCDPS or very long, low exposure to it induce an efficient (and dose-

dependent) elimination- mechanism: metabolism rate is increased, tissual absorption is 

decreased and tissual excretion ascended (Chabbra et al., 2011). Main elimination 

happens metabolically and via feaces, starting after three days. Little DCDPS is eliminated 

immediately and renal. Long- term low- dosed exposure caused constantly high DCDPS 

levels in innards (kidney, liver). But elimination of DCDPS was completely in the end. 

      5.1.2.4 Biota- sediment accumulation factors (BSAFs) 

5.1.2.4.1 Estimated data 

The biota to sediment accumulation factor BSAF describes the bioconcentration on benthic and 

terrestrial invertebratae and can be estimated by the formula “BCF related to the value Koc”. 

The parameter BCF could be replaced by the criterion for B (2.000) or vB (5.000). 

Figure 12: formula for BSAF, taken from ECHA, 2012 

The PBT criterion for BSAF is calculated according to this fornula shown above: 

For B 14,01 ((2000/ 0,05) / 2.855) and for vB ((5000/ 0,05) / 2.855) 35,02. 

BSAF calc. (all est. with EPISUITE data) = (172,8/ 0,05) / 2855 = 1,21 

To get a range of results, maximal and minimal values were taken for formula of BSAF and are 

summarized in table 28: 
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criterion 

BCF Koc BSAF PBT vPvB 

172,8 2.855 1,21 14,01 35,03 

1.604 7.615 4,21 5,25 13,13 

1.604 1.277 25,12 31,32 78,31 

200 1.277 3,13 31,32 78,31 

200 7.615 0,53 5,25 13,13 
Table 28: Summarized range of BSAF results calculated with various BCF and Koc results (Koc data 

taken from table 13 in chapter 4.2.1.1.1 and reference data for BCF taken from table 18 in chapter 

5.1.2.1.3 

DCDPS’s estimated BSAF ranges from 0,5 to 25,1 depending on the used values for BCF and 

Koc. DCDPS used Log Kow is 3,9, resulting in BSAF results greater than 2 and a calculated 

BCF of 1.600. The corresponding PBT and vPvB criterias are never exceeded. Thus a 

bioaccumulation in biota living in sediment or soil can not be confirmed. A terrestrial or benthic 

(lipid and organic carbon normalized) BSAF value of 2 or 5 with a log Kow of 4,5 indicates a 

BCF of 2.000 l/ kg or 5.000 l/ kg (ECHA, 2012). 

5.1.2.4.2 Experimental data 

No results or measured BSAF values are reported on ECHA, Chemspider, eChemportal, Nite 

or in the web. 

5.1.2.4.3 Summary BSAFs 

According to the estimated BSAF DCDPS is not bioaccumulating in biota (invertebratae) in 

sediment or soil. 

5.1.2.4.4 Conclusion BSAFs 

No bioaccumulation for benthic or terrestrial biota in sediment can be confirmed according to 

the estimated BSAF results. 

5.1.2.5 Biomagnification factors (BMFs) 

5.1.2.5.1 Guillemot 

The 40cm tall guillemot is part of the auk family and incidences circumpolar. The birds are 

breeding in big and dense colonies from the Canadian coast at the North Atlantic Sea und 

North- Pacifique Sea in the boreale and subarctic zone (Wikipedia14). Whereas the populations 

14 Wikipedia 2015, http://en.wikipedia.org/wiki/Guillemot 
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in the southwest of Europe (Schottland, Helgoland, an island in the North Sea) decrease, 

Scandinavian and British colonies expand. It is estimated, that recently 4,7 millions breeding 

pairs exist, 2.600 in middle of Europe. Reasons for the decrease may be a silent oil pollution, 

deposit of nets (1.500 birds may be drowning out per year in nets of the Baltic Sea), marine 

garbage, depletrion of the fish stock and a competition for nesting sites with the northern 

gannet. The good fliers live near the water surface and breed in big colonies in steep and 

narrow cliffs or coasts, where cold and warm sea currents concour. The birds are pubescent 

with five years, place eggs one or two times a year and get 30 – 40 years old. The guillemots 

just dump their conical eggs on the unsafe cliff edges. The rough nano structure on the 100g 

eggshells support them from falling and even permits a survival in those exposed cliffs (BBC, 

2013). This unique surface structure also supports the gas exchange (Sciencedaily, 2015), and 

protects the eggs from salt, detritus and guano (BBC, 2013). The good divers catch herrings, 

sand eels, sprats und codfish to feed the young birds three or five times a day. The daily food 

uptake for adults is nearly 300 gramm of fish and some shellfish in summer of arctic areals. 

Thus a daily uptake of 9µg DCDPS with fish (herring from the Baltic Sea) in my opinion is 

supposed. The BMFs value describes the increasing or decreasing bioaccumulation along the 

trophic food web due to natural trophic hirarchy in ecosystems. A BMF value higher than one 

can be considered as an indication of bioaccumulation (ECHA, 2012). 

5.1.2.5.2 Estimated data 

No data on calculated BMFs are reported on ECHA or PubChem, 2017. A potentially 

bioamagnification in predators like birds (guillemot) is possible, due to insignificant and maybe 

temporary, but ascending values of DCDPS along the aquatic food web (prey), as showed in 

table 24. 

It is reported, that bicyclic chloroorganic compounds were found common in arctic marine food 

webs, partly in levels that exceed PCB concentrations in Norwegian arctic aquatic biota 

(Herzke D. et al., 2003 and Evenset A., 2005 in Verreault J et al., 2005). 

First publication of DCDPS as an environmental contaminant was in perch from the Latvian 

coast in 1995 (Olsson A, Bergman A., 1995 in Verreault J. et al., 2005) and, successively, in 

Great Lakes and herring gull eggs (Letcher RJ. Et al., 1995 in Verreault J. et al., 2005) from 

Canada, as also common in Swedish aquatic wildlife (Norström K. et al., 2004 in Verreault J et 

al., 2005). Robert J. Letcher et al., 2009 confirmed, that these new persistent organohalogen 

contaminants, like DCDPS, may be important contaminants in marine mammals and birds from 

resident populations in the Arctic. 

Bioaccumulation potential of DCDPS may arise from biomagnification along the food web and 

only be relevant for some species, like guillemot feeding on herrings. 

It is reported, that a BCF of 5.000 L/kg, normalized to a lipid content of 5%, matches with a lipid 

normalized BMF gained from the dietary test of 0.31 kg food/ kg fish (ECHA guidance, 2017). 

Equally a BCF of 2.000 L/ kg corresponds to a BMF of 0,10 kg food/ kg fish). 
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This unfortunately gives no information about contaminants levels in food, but only a correlation 

between BCF and BMF. 

5.1.2.5.3 Experimental data 

DCDPS was found in all different trophic levels, in fish from fresh waters and sea, as well as in 

highest levels of DCDPS in grey seals and birds. These facts are mainly reported from the 

Baltic region (which has indeed a huge bay character), but DCDPS levels have also been 

detected in plasma of gulls from the Norwegian arctic (Verreault, J. et al., 2005 in Karin 

Nörstrom, 2006) and bream samples from Elbe and Rhein (K. Nörstrom, 2006), which are 

contiguous neighbours aof the Baltic Sea. An overview of normalized lipid concentrations of 

DCDPS in various organisms is given in Table 29 (K. Nörstrom, 2006 and K. Nörstrom et al., 

2010). 

organism 
tiss 
ue 

trophic 
level 

level 
ng/g 

averaged 
result location year source 

salmon 
mus 
cle 

low/mid 
dle 8,7 9 sweden 1971 K. Nörstrom,2006 

salmon 
mus 
cle 

low/mid 
dle 31, 33 32 sweden 1996 

Norström et al., 2004 in K. 
Nörstrom et al., 2010 

perch 
mus 
cle 

low/mid 
dle 40-100 70 Latvia 1994 

Olsson and Bergmann, 1995 in 
K. Nörstrom et al., 2010 

perch 
mus 
cle 

low/mid 
dle 

38 -
100 68 Latvia 

1994-
95 

Olsson et al 1999 in K. Nörstrom 
et al., 2010 

perch 
mus 
cle 

low/mid 
dle 28-190 110 Latvia 1997 

Olsson and Bergman 1995, 
Olsson et al., 1999, 
Valters et al., 1999 in K. 
Nörstrom etr al., 2010) 

perch l.w. 
low/mid 

dle 38 38 Latvia 2009 K. Nörtsrom et al., 2010 

perch l.w. 
low/mid 

dle 15; 37 25 

sweden, 
island 

Holmön 1998 
Norström et al., 2004 in K. 
Nörstrom et al., 2010 

perch l.w. 
low/mid 

dle 20 20 Sweden 2009 K. Nörtsrom et al., 2010 

perch l.w. 
low/mid 

dle 35 35 Sweden 2009 K. Nörtsrom et al., 2010 

perch l.w. 
low/mid 

dle 41 41 Estonia 2009 K. Nörtsrom et al., 2010 

perch l.w. 
low/mid 

dle 69 69 Estonia 2009 K. Nörtsrom et al., 2010 

perch l.w. 
low/mid 

dle 45 45 Poland 2009 K. Nörtsrom et al., 2010 

herring 

herring 

mus 
cle 

l.w. 

low/mid 
dle 

low/mid 
dle 

29, 31 

17 

30 

17 

sweden 

North Sea 

1996-
98 

2009 

Norström et al., 2004 in K. 
Nörstrom et al., 2010 

K. Nörtsrom et al., 2010 

herring l.w. 
low/mid 

dle 32 32 Sweden 2009 K. Nörtsrom et al., 2010 

herring l.w. 
low/mid 

dle 58 58 Sweden 2009 K. Nörtsrom et al., 2010 

herring l.w. 
low/mid 

dle 26 26 Latvia 2009 K. Nörtsrom et al., 2010 

herring l.w. low/mid 31 31 Poland 2010 K. Nörtsrom et al., 2010 
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bream 
mus 
cle 

low/mid 
dle 

3,4 -
34 15 

Germany 
freshwater 1997 

Norström et al., 2004 in K. 
Nörstrom et al., 2010 

fish l.w. 
low/mid 

dle 15-37 25 Baltic Sea 1999 K. Nörstrom,2006 

fish l.w. 
low/mid 

dle 
1,8 -
190 100 Baltic Sea - OECD, 2008 in K. Nörstrom,2006 

fish l.w. 
low/mid 

dle 
n.d.-

1,8 1,8 
Germany 
freshwater K. Nörstrom,2006 

grey seal 
blub 
ber high 53 - 88 70,5 sweden 1993 K. Nörstrom,2006 

grey seal 
blub 
ber high 68 68 sweden 

1995-
97 K. Nörstrom,2006 

grey seal 
blub 
ber high 

49 -
480 264,5 sweden 

1996-
97 K. Nörstrom,2006 

grey seal 
blub 
ber high 

41 -
240 140,5 sweden 

2000-
01 

Larsson et al., 2004 in K. 
Nörstrom et al., 2010 

grey seal liver high 
55 -
700 377,5 sweden 

2000-
01 

Larsson et al., 2004 in K. 
Nörstrom et al., 2011 

grey seal lung high 21 - 98 59,5 sweden 
2000-

01 
Larsson et al., 2004 in K. 
Nörstrom et al., 2012 

white-tailed 
sea eagle egg high 

n.d. -
610 305 sweden 

1971-
91 

Helander et al., 2002 in K. 
Nörstrom et al., 2010 

white-tailed 
sea eagle egg high 500 500 sweden 1987 K. Nörstrom,2006 

guillemot 
mus 
cle high 

1600 -
1900 1750 Baltic Sea 1989 

Norström et al., 2004 in K. 
Nörstrom et al., 2010 

guillemot egg high 
760 -
2600 1680 sweden 

1971 -
2001 

Jörunddsdottir et al., 2009 in K. 
Nörstrom et al., 2010 

guillemot egg high 
5,1 -

8,8 7 Iceland 2002 
Jörunddsdottir et al., 2009 in K. 
Nörstrom et al., 2010 

guillemot egg high 
4,5 -

16 10,2 
Faroe Islands 

(remote) 2003 
Jörunddsdottir et al., 2009 in K. 
Nörstrom et al., 2010 

guillemot egg high 
n.d. -

18 18 
Norway / 
North Sea 2005 

Jörunddsdottir et al., 2009 in K. 
Nörstrom et al., 2010 

hering gull egg high 
only 
ident. 0 Canada 1989 K. Nörstrom,2006 

glaucous 
gull 

plas 
ma high 

5,2 -
143 74,1 

Norway / 
North Sea 

2002 -
04 

Verreault et al., 2005 in in K. 
Nörstrom et al., 2010 

birds l.w. high 
5,2 -
2600 1302,6 Baltic Sea 2004 OECD, 2008 in K.N. 2006 

arctic char l.w. 
low/mid 

dle n.d. 0 sweden 1972 K. Nörstrom,2006 

arctic char l.w. 
low/mid 

dle 1,8 1,8 sweden 1996 
Norström et al., 2004 in K. 
Nörstrom et al., 2010 

arctic char l.w. 
low/mid 

dle n.d. 0 sweden 1999 K. Nörstrom,2006 

Table 29: DCDPS levels in different species from 1971 until 2009 reported in literature 

For easier illustration of these data, all results are averaged used for the following pictures and 

conclusions. 
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DCDPS values (ng/g) in fish 
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Figure 13: DCDPS cocncentrations in Swedish Baltic fish from 1971 to 1998 

In both Baltic Sea studies from K. Nörstrom, 2004 and 2009 DCDPS has been found in all fish 

samples. No tendency among species or samples from different locations was reported. This 

seems to agree also with DCDPS levels from older fish samples in the 1970’s and 1990’s, as 

shown in figure 13, 14 and 15. This pattern may assume more sporadic industrial wastewater 

streams into the Baltic Sea than a constant enrichment along the food web due to chronic 

DCDPS exposure. But recent studies have reported this trend of increasing DCDPS levels in 

Swedish environment between the 1970s and the 1990s (Norström K, Olsson A, Olsson M., 

Bergman A., 2004 and Helander B. et al., 2002, in Verreault J et al., 2005). This is also visible 

in biota, illustrated in the following figures 14- 19. For example, DCDPS in muscle of Swedish 

salmon increased from 9 ng/ g to 33 ng/ g in the period of 1971 to 1996 (muscle is no target 

organ). 30 ng/ g DCDPS levels are also confirmed for Swedish herring sample from 1997 – 

2009 (Fig. 14) and various perch example from 1998 until 2009 (Fig. 15). These DCDPS 

concentrations were also found in German bream from freshwaters 1997 (H. Jörundsdottir, 

2006). This may support a middle- ranged water- air transport of DCDPS between Baltic Sea 

and others. 

Although constant DCDPS levels from 1971 – 2001 in fish are reported, presented in figure 13 

and table 29, at the same time, a temporal decrease of DCDPS (1,6%/ year) and PCB’s (> 

300mg/ kg l.w. 1970’s to nearly 0 in 2010, A. Roos, 2013) in guillemot eggs from 1971 to 2001 

is reported (H. Jörundsdottir, 2006). It is conclused, that the sinking environmental release of 

DCDPS defiance significant increasing industrial production of polymers may be compensated 

by better technical knowledge. 
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DCDPS values (ng/g) in Herring 
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Figure 14: DCDPS levels in herring sampled from Sweden, Latvia, Poland and the North Sea in the time 

period of 1997 until 2009 

No trend of DCDPS ranks seems visible in these of herring samples catched from various sites. 

Levels of 30 ng/ g l.w. seem constant through the twelve years. DCDPS levels in Perch and 

hering in 2009 are similar and in the same range as levels of PCB-138 and PCB-153; but even 

higher in samples from Estonia and Latvia as seen in figure 31 (K. Nörstrom et al., 2009). But 

PCB levels in contrast showed a sinking trend in common in Baltic region between 1970 and 

2010 (A. Ross, 2013). These halogenic pollutants showed concentrations in Baltic herring of 

around 2,5 mg/ kg l.w. in the 1970’s and 0,5 mg/ kg l.w. in 2010. 

 

    DCDPS values (ng/g) in Perch 
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35 
25 20 
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l.w. l.w. l.w. 
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sweden sweden sweden 

69 

45 41 

perch perch perch 

l.w. l.w. l.w. 

2009 2009 2009 

Estonia Estonia Poland 

Fig.  15:  DCDPS  levels  in  perch  from  various  national  sampling  sites  in  the  years  1994  until  1997  
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DCDPS levels in perch fluctuate greater than in herring. Due to different national sampling sites 

and too variable data, the slightly decrease of DCDPS concentrations over the last 15 years 

cannot be confirmed. 

The different metabolism in birds may be one reason for the difference in aryl sulfones. Another 

the limited knowledge on the fate and toxicological potential of these new halogenic 

contaminants like DCDPS, in arctic biota, particularly in apex of the marine food web (de Wit 

CA., et al., 2004 in Verreault J. et al., 2005) compared to the well- known PCBs and 

organchlorids (OC pesticides) (Verreault J. et al., 2005). DCDPS was first at all reported in 

plasma of glaucous gull in arctic north of Sweden in 2002. For the first time it was confirmed, 

that persistent and involatile contaminants can be long-range transported to remote arctic areas 

(Verreault J. et al., 2005). 

Although these Swedish plasma concentrations (5 – 143 ng/g, 2004) were ten times lower than 

those reported in muscle of common guillemots from the Baltic Sea (1.600–1.900 ng/g l.w.), 

DCDPS levels not automatically have sunken. The toxicology study in mice from Mathews et 

al., 1996 reported, that DCDPS levels are generally lower in plasma compared to fat tissue or 

muscle, skin and liver. 

DCDPS values (ng/g) in Swedish birds 
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Figure 16: DCDPS concentrations in Swedish guillemot and white-tailed sea eagle 

Swedish egg- samples from the white- tailed sea eagle revealed maximum DCDPS levels (610 

ng/ g fat, Helander, B., et al., 2002, in K. Nörstrom, 2006, from 1971 - 1991). Also Baltic 

guillemots (up to 1.900 ng/ g fat in muscles and eggs, confirmed by K. Norström, 2003) and 

peregrine falcon egg DCDPS levels (2.000 ng/ g fat, B.R.T., and Risebrough, R.W., (1992), in 
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K. Nörstrom, 2006) confirm these different avian metabolic capacities as in mammals. These 

differences can’t yet be scientificly verified, as data in birds is often uncompareable or missing. 

In comparison, PCB levels are similar in these two species (H. Jörundsdottir, 2006). The 

significant difference in DCDPS absorption levels between hering gull from Canada and 

Norwegian glaucous gull still needs to be explained (figure 16). Although the guillemot and grey 

seals have the same main food source, herring, DCDPS absorptions are higher in birds (fig. 

17). Birds may be especially sensitive for para- chlorinated aryl substances (H. Jörundsdottir, 

2006). 

DCDPS levels in Swedish grey seals (blubber) did not descend significantly in the last 10 

years. 

   

      DCDPS values (ng/g) in Swedish grey seals 

400 

350 

300 

250 

200 

150 

100 

50 

0 

blubber blubber blubber blubber liver lung 

1993 1995-97 1996-97 2000-01 2000-01 2000-01 

Figure  17:  DCDPS  levels  in  grey  seals  from  Sweden  

Missing l.w. concentrations of DCDPS in grey seals avoid a possible direct comparison with 

birds. But in common DCDPS levels in birds were 3 times higher than in mammals. This 

confirms the slower and different metabolism rate in birds. The detoxificable results for DCDPS 

from Mathwes et al., 1996 in rodents has not to be valid for birds. It is confirmed by K. 

Nörstrom, 2006, that Baltic grey seals are strongly contaminated with organic- halogen 

substances (60 up to 700 ng/g fat) due to their fish diet and long life span. 

In comparison Baltic PCB levels in grey seals, ascended from 80 mg/kg lw in the 70’s to 130 

mg/kg l.w. in 1983 before declining under 20 mg/kg lw in 2010 (averaged values due to missing 

numeral results in the report of A. Roos, 2013). 

Remote sampling sites as Iceland or Faroe Islands may show lower environmental and biotic 

DCDPS concentrations, reflected in lower DCDPS levels in guillemot eggs (< 20 ng/ g in 2002/ 

2003, showed in fig. 18). 
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Most chlorinated pollutants were found in the Baltic region (H. Jörundsdóttir et al., 2008), in 

levels of 5–20 times higher (1972-1999) than in samples from the West-Nordic as Canada, 

Norway, the Faroe Islands and Iceland, remote Lake Vättern (Jörundsdottir.pers. commun. in 

(K. Nörstrom, 2006)) or freshwaters in Germany (K. Nörstrom, 2004). This supposes a 

waterborne pollution of DCDPS from industrial sites. The bay character of the Baltic Sea 

additionally may reduce the watermass exchange to the North Sea due to the geographical sea 

gate. Hexachlorbenzene (HCB) showed an equal distribution between all sampling sites (Hrönn 

Jörundsdóttir et al., 2008). 
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Figure 18: DCDPS concentrations in guillemot and gull species 

In comparison, baltic PCB levels declined significantly from 320 mg/kg l.p. in the 1970’s to 

approximately 10 mg/kg l.w. in 2010 in guillemot eggs (A. Ross, 2013). 

Wildlife species show in common low levels of this aryl sulfone, pictured in figure 19: 

0 

2 

arctic char 

l.w. 

arctic char 

l.w. 

arctic char 

l.w. 

1972 1996 1999 

Sweden Sweden Sweden 

DCDPS values (ng/g) in Baltic 

and Canadian wildlife l.w. 

Swedish Arctic char shows 

very low (1,8 ng/g lipid weight) 

or non detectable DCDPS 

concentrations. 

Figure 19: Low DCDPS levels in 

wild arctic char from Sweden 
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This time trend of DCDPS concentrations in various species (table 29, fig. 13 - 19) indicates 

biomagnification along the food web, especially in top of it in air- breathing predators: DCDPS 

concentrations in low food web levels ranged between 7– 190 ng/ g in fish, raising up to 21 – 

700 ng/ g in grey seals, ending up to 2.600 ng/ g in birds. Data is lipid normalized and therefore 

(K. Nörstrom, 2006), at least statistically, direct compareable. Wildlife species are lowest in 

DCDPS levels (1,8 ng/ g). According to K. Nörstrom, 2006, all sulfone containing compounds 

like DCDPS showed highest concentrations in liver and indeed highest tissue concentrations 

were detected in liver of seals (Larsson et al., 20014 in K. Nörstrom et al., 2010). This may 

explain the liver as target tissue for lipophilic contaminants (Mathew’s rats studies 1996), 

revealing the liver as one major accumulative (and metabolic) store of DCPS. 

5.1.2.5.4 Summary BMF 

BMF data is rarely reported and hard to calculate, because uptake and depuration rates are 

often lacking and standardisized test conditions are lacking (liver data may be overestimated). 

But BMF values seem to correlate with BCF data and thus a list of BCF reports over 30 years 

was used to display a potential magnification of DCDPS over all trophic levels. Although this 

aryl sulfone may not accumulate in the aquatic food web significantly, highest levels were found 

in birds (different metabolism) and mammals, predominantly in liver. Generally higher DCDPS 

levels (10 times higher) in the Baltic Sea could explain a waterborne pollution of DCDPS (K. 

Nörstrom, 2006) from industrial sites. 

5.1.2.5.5 Conclusion BMF 

DCDPS may not accumulate significantly along the aquatic food web but yet in air- breathing 

preadotors like birds and mammals, species dependent. 

     5.1.2.6 Trophic magnification factors (TMFs) 
The factor TMF describes the average biomagnification or biodilution of a substance in 

organisms between trophic levels. 

5.1.2.6.1 Estimated data 

A TMF greater than 1 indicates biomagnification along the food web. Due to lacking reported 

TMF results and calculation modells, only assumptions can be made on BAF and BCF. 

The relationships between the trophic levels are similar for BCF and BAF, indicating a 

biodilution of DCDPS (with a range of around 6% between trophic levels) regarding BCF 

results. The BAF ranges around 20% between trophic levels. 

5.1.2.6.2 Experimental data 
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The weak excretion capacity of birds due to their different metabolism system may be the 

reason for the high BCF values in birds in relation to fish (50:1, table 29). Because similar 

DCDPS concentration levels in fish and mammals (grey seals) do not indicate trophic 

magnification. 

5.1.2.6.3 Summary TMF 

Bioaccumulation along the aquatic food web may not be indicated. In comparison birds show a 

high affinity for accumulation of DCDPS. 

5.1.2.6.4 Conclusion TMF 

DCDPS may not biomagnify in aquatic food web, but in air- breathing animals like birds and 

mammals (grey seals). 

   5.1.3 Terrestrial bioaccumulation 

    5.1.3.1 Terrestrial bioaccumulation (KoA) 

5.1.3.1.1 Estimated data 

The Log Koa describes the tendency of a substance to dissipate likely whether in air or in fat 

tissues. The higher the Koa, the less is the elimination via breathing system and higher 

potentially terrestrial bioaccumulation. The smaller the value, the greater may be elimination 

rate in organism, but the higher a possible environmental „long range transport“. The estimated 

Log Koa (KOAWIN v1.10) of 9,2 indicates terrestrial aggregation. Howard PH & Muir DCG, 2010 

confirm this accumulation potential in air-breathing organisms with a Log Koa for DCDPS of 5,7, 

especially in connection with a lower log Kow. OECD, 2008 affirms that. 

5.1.3.1.2 Experimental data 

No data on an experimental Log Koa is reported. The high DCDPS levels in guillemot eggs from 

the Baltic Sea and it’s slow decrease over time still needs to be declared (Jörundsdottir, H. et 

al., 2006). Also herring gull eggs are highly contaminated with DCDPS (K. Nörstrom, 2004). 

This and low methylsulfonyl metabolites may indicate different metabolism potential of birds 

than mammals. Further disparity in enantioselective metabolism was found in guillemots and 

grey seals, though thy share similar fodd sources. Liver is the target organ in grey seals for 

DCDPS (Jörundsdottir, H. et al., 2006). In comparison, PCB’s are primarily stored in blubber. 

Lipophilicity may only be one parameter in depuration and degradation, beause methylsulfonyl 

metabolites are retended longer than DCDPS. 
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5.1.3.1.3 Summary terrestrial bioaccumulation 

According to the estimated Log Koa results for DCDPS of 9,2 and 5,7 bioaccumulation potential 

in air breathing organisms is supposed. This is confirmed by OECD, 2008 and reported high 

DCDPS levels in birds and seals (Jörundsdottir, H. et al., 2006). The slow degradation of parent 

DCDPS and its metabolites indicate high contamination levels over time. Thus DCDPS may be 

bioaccumulating in terrestrial organism, mainly predators. 

5.1.3.1.4 Conclusion terrestrial bioaccumulation 

DCDPS may biomagnify in air breathing organism (supporting study, 2004 in ECHA, 2015), 

especially birds. 

      5.1.4 Summary and discussion on bioaccumulation 

DCDPS is not B (BCF < 2.000 L/kg) and not vB (BCF < 5.000 L/kg). Waterborne pollutant 

DCDPS does not bioaccumulate in aquatic organism. 

The classification as potentially bioaccumulative with log Kow greater than 3 may be the case for 

air-breathing organism, especially in connection with a high log Koa (Howard PH & Muir DCG, 

2010). 

DCDPS Koa of approximately 9 boostes this assumption. Birds show 50 times higher DCDPS 

levels compared to fish and mammals, due to their different metabolism and slower depuration. 

DCDPS is non- volatile and therefore not easily breathed out. Although DCDPS induced 

hepatic hydroxylation enzymes in rats to biotransform and excrete DCDPS completely, it was 

metabolised slowly (Jörundsdottir, 2006) and dose-dependent. Depuration rate was definitely 

not faster than uptake rate. Most of this contaminant was eliminated via faeces after 72 hours 

(81%). 10% of DCDPS were bioaccumulated unmetabolized in fat tissue, before eliminated 

completely. Liver was target tissue in rats and grey seals (K. Norström, 2006). 

Further research work and an environmental exposure and risk assessment are needed 

(OECD, 2008) for definition as B or vB. 

   5.1.5 Conclusion bioaccumulation 

Due to slow depuration rate and decrease of DCDPS levels, molecular similarity to DDT and 

high concentration levels in birds and arctic biota, this contaminant may at least be classified as 

B. 
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     5.1.6 Human health effects 

   5.1.6.1 Estimated data 

              

       

      

           

 

    

         

              

    

             

                

               

              

             

            

              

                   

              

               

               

             

             

               

               

        

 

               

                

                

            

                

             

               

              

                 

    

 

Some DNELS (derived no effect levels) on workers exposed to DCDPS are concluded from 

ECHA, 2014 and summarized in table 30: 

Long term exposure Inhalation Dermal Oral 

workers 8 hours / day mg/m3 mg/kg bw/day mg/kg bw/day (general 

population) 

DNEL 0,8 0,114 0,037 

Calculated uptake 0,1 - 0,01 0,01 - 0,07 3,0 

Table 30: Concluded DNEL’s for human exposure to DCDPS compared to calculated exposure for 

workers from Vertellus SFS 

Vertellus SFS, 2010 calculated, that workers (8 hours) are exposed to concentrations between 

0,01 and 0,07 mg/ kg bodyweight a day (table 29). These results don’t exceed the DNEL 

criteria (ECHA, 2014) for inhalative and dermal long term exposure and thus may have no 

acute, local, short- or long-term toxicity effects. This is confirmed by the calculated dermal 

permeability coefficient (Kp) and Dermally absorbed Dose (DAD, mg/kg per day) of DCDPS 

(software report 2009 in ECHA, 2014), calculated with the “Dermal Permeability Coefficient 

Program (DERWIN) v2.00” by QSAR and based on maximal water solubility of DCDPS with 

0,86 mg/l, representing a Kp (est.) of 0,015 cm/hour and a DAD value of 7,84 µg/ kg/ day (70 

kg adult) via water contact. In comparison to the PBT substance DDT, that’s dermal 

permeability coefficient (Kp) is 0,27 DCDPS may not easily be dermal absorbed via water. 

Oral exposure to the structural similar DDE pollutant is reported to support various types of 

tumors and carcinomas in different rodents (EPA, 2008). Human epidemiology studies of DDE 

and cancer still reveal conflicting results. Whereas ECHA, 2014 defined DCDPS as not 

hazardous for the general population, an oral uptake of this sulfone exceeding the DNEL of 

0,037 mg/kg bw/day may happen in the nearer surrounding of industrial sites via drinking water 

or plants uptake over a long time. 

   5.1.6.2 Experimental data 

DCDPS concentrations in human livers sampled from Germany ranged from 1,5 to 39 ng/ g 

lipid (Ellerichmann et al., 1998 in Chabbra et al., 2001), deriving from people who died in 

accidents or of heart failure. These concentrations seemed to be five times higher than levels of 

the MeSO2-PCB congener 5’-MeSO2-CB132 (W.A. and Larsson, C., (1998) in K. Nörstrom, 

2006). But no toxicocinetical data in humans of DCDPS is reported. Due to an expected more 

widespread human exposure as a consequence of increasing production and use of DCDPS 

(R. S. Chhabra, et al., 2000), this aryl sulfone was found in American Endocrine Disruptor 

Screening Program in November 2012. DCDPS may be a potential medium hazard in direct 

contact with eyes and a low health hazard for human health in a long- term exposure via 

indirect oral uptake. 
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     5.1.7 Conclusion bioaccumulation in humans 

                 

          

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DCDPS may be a low health hazard for human health in a long-term exposure via indirect oral 

uptake, especially in the near of industrial sites. 
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    6 Environmental Hazard assesment 

6.1  General  toxicological  information   

     6.1.1 Hazard for aquatic organism 

   6.1.1.1 Estimated data 

            

               

               

                

             

 

            

            

                  

         

 

               

      

 

 

 

  
   

   

 

                

                 

                  

            

                

                   

               

              

According to calculated QSAR results (version 1.0.1-DEV) (QSAR, 2015) DCDPS is predicted 

to be toxic category 3, causing toxic effects in concentrations between 10 and 100 mg/l. 

Although this LC50 value in fish seems not to be reliable according to Moorthy RK, Thorley-

Lawson DA, 1993. A PNEC of 0,006 mg/l in freshwater (assessment factor (AF) 50) and 0,001 

mg/l in marine water (AF 500) supports the classification as “middle toxic”. 

   6.1.1.1 Experimental data 

An experimental value from a similar compound (Diphenyl sulfoxide, CAS: 945-51-7, SMILES: 

O=S(c1ccccc1)c2ccccc2, Dataset id: 420, QSAR, 2015) with 85% match to DCDPS, confirms 

the toxic category of 3 (toxic effects between 10 and 100 mg/l) due to the fragments found like 

T3_10 and T3_24, functional groups characteristic for toxic effects. 

    6.1.1.2 Conclusion aquatic toxicity 

DCDPS may be toxic category 3 and harm marine or fresh water organism in concentrations 

between 10 until 100 mg/l. 

    6.1.2 PNEC secondary poisoning 

   6.1.2.1 Estimated data 

PNEC oral 
mg/kg Compartiment AF 

1 Food 30 
Table  31:  Calculated  PNEC  for  potentially  secondary  poisoning,  ECHA,  2014  

Table 31 represents a predicted no effect concentration (PNEC) for DCDPS of 1 mg/kg in food 

for predators. This matches with the T- criteria for avian toxicity (NOEC < 30 mg/kg food) and 

confirms the toxic class of 10 and 100 mg/kg food. The assessment factor of 30 is needed to 

account for all uncertainities evolving in ecosystem when extrapolated from laboratory studies. 

Guillemots feeding on DCDPS contaminated herrings (30 ng/g l.w. at a fat content of 1,5% and 

a mean bodyweight of 0,3 kg) may have a daily uptake of DCDPS of 10 mg with only one 

herring. Feeding a few herirngs a day, the uptake reaches approximately the toxic threshold of 

30mg/ kg DCDPS. However, a biomagnification in birds due to constant feeding on herrings 
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and their higher retention of DCDPS compared to mammalians is assumed (2.000 ng/g l.w. in 

the muscle of guillemot, K. Nörstrom et al., 2004). 

   6.1.2.2 Experimental data 

              

              

           

             

              

          

                

                

                

  

 

OECD 2008 reported a NOAEL (No observd adverse effect level, no damaging effects) for 

DCDPS in toxicity screening tests on reproduction and development in rats at 50 mg/kg 

bw/day, for female rats and embryos 15 mg/kg bw/day (ECHA, 2015). 

Although DCDPS is not significant toxic on fertility or reproduction, it causes uncharacteristic 

toxic effects as slowler body gain (50 mg/kg bw/day), maternal toxicity and reduced bodyweight 

in offsprings (OECD, 2008) and significant liver enlargement, centrilobular hepatocyte 

vacuolation (50 mg/kg bw/day in female rats; 15 mg/kg bw/day in male rats, ECHA, 2015) in 

parental rats. Thus a NOEC (No effect concentration) may be greater than 50mg/ kg b.w. and 

confirm the PNEC of 1mg/ kg food. The predicted toxic threshold may be 10mg/l for aquatic 

compartments. 

   6.1.2.3 Conclusion PNEC 

                 

           

 

 

DCDPS may indicate toxic effects between 10 and 100 mg/l. Thus a NOEC for DCDPS may be 

found between 1 and 10 mg. The PNEC is 1mg/kg food. 

      6.1.3 Summary on general ecological toxicity 

        

               

            

              

               

             

             

          

            

 

 

DCDPS is categorized as medium hazard for eyes. 

The estimated PNEC of 1 mg/ kg food may cause potentially bioaccumulation in air- breathing 

organism. Uptake of DCDPS for guillemots via herrings would represent approximately the 

minimum toxic threshold of 30mg/kg food. But since there are no effect concentrations or 

significant toxic signs on guillemot or its reproduction reported, either the daily uptake is below 

a toxicological effect or DCDPS has a NOEC far above 30mg/ kg food. 

Toxicity is defined as a substance causing irreversible effects in organism, populations and 

biocoenosis. Although generally toxicity environmental concentrations are lacking, DCDPS may 

influence the arts fitness badly in causing weaker generations than normally. 

     6.1.4 Conclusion general ecological toxicity 

                   

                

             

      

              

       

PNEC’s for DCDPS are below 1 mg/l or kg (AF up to 1.000 in ECHA 2017). DCDPS may be 

toxic in concentratrions of 10 – 100 mg/l (category 3). The PNEC STP (Sewage treatment plant 

micro-organisms) with 100mg /l water may illustrate the good biodegradability of DCDPS in 

sewage treatments only (ECHA, 2017) 

Toxic effects in birds may occour at levels about 30mg/kg. NOAEL’s vary with different 

sensibility due to species and sex. 
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6.2  Aquatic  toxicity   
ECHA classifies aquatic toxicity in five categories. A LC50 or EC50 concentration below 1 mg/ 

litre indicates acute toxicity for marine and freshwater organism. Chronic toxicity is grouped into 

4 classes, decreasing toxicity from “chronic 1 to chronic 3” and a “chronic 4”, if data for 

categorizing is lacking, but toxic effects are supposed. 

There is still no harmonized registration of DCDPS, the registrants themselves classified 

DCDPS as summarized in table 32 (ECHA, 2017): 

CLP Classification 

Hazard Class and Hazard statement Hazard statemnet Pictograms Number of notifiers 

Category Code (s) Codes declaration Codes total 

Eye Irrit. 2 H 319 causes serious eye irritation GHS 07 87 

Aquat. Chronic 1 H410 very toxic to aquatic life with long 
lasting effects 5 

Aquat. Chronic 2 H411 toxic to aquatic life with long lasting 
effects GHS 09 71 

Aquat. Chronic 4 H413 may cause long lasting harmful effects 
to aquatic effects GHS 07 16 

Aquatic Acute 1 H400 very toxic to aquatic life GHS 08 5 

STOT RE 2 H373 GHS 09 

not classified 77 
 Table  32:  Splitted  classification  of  DCDPS  according  to  CLP  form  the  registrants  

The majority classifies DCDPS as eye irritating 2 and aquatic chronic 2 (table 32 and 33). Thus 

DCDPS may cause reversible eye damages und toxical long lasting effects in aquatic 

environment, in concentrations between 0,01 and 0,1 mg/ l (ECHA, 2017). 16 notifiers 

registered DCDPS as aquatic chronic 4, which means a safety precaution, when classification 

data is lacking. A dditionally this registration has specific concentration limits, naimly the M-

factors, that were zero. Hazard codes up to 400 indicate environmental hazards. 

This only REACH registration was coming from a leading dossier of a joint submission. 

The most severe categorize for DCDPS was done by 5 notifiers, who registered DCDPS as 

aquatic acute 1 and aquatic chronic 1, suggesting DCDPS as very toxic to aquatic life in a short 

and long- term manner. A reported NOEC (study 2001, in ECHA, 2017) at the water solubility 

from DCDPS of 0,86 mg/l does not automatically conclude a NOEC above the toxicity threshold 

of 1 mg/l. But another valid study from ECHA, 2017 (fish acute toxicity test, 2001 ) calculated 

a Lc50 of > 50mg/ litre for DCDPS, which would fail acute toxicity clearly. 

There was no labelling for STOT RE 2, specific organ toxicity due to repeated dosing of 

DCDPS although rats study from Mathew et al., 1996 indicated liver damages. In the end, 77 

notifiers did even not registrate. 
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classification registrants 

eye irrit. + aquat. Chronic 2 71 

eye irrit. + aquat. Chronic 4 16 

aquatic acute 1 + aquat. Chronic 1 5 
Table 33: Main aggregated notifications from registrants (7 in total, one not classified, one without data) 

ECHA, 2017, categorizes DCDPS as toxic chronic 4 (H 413). This level of hazard for aquatic 

environment is also confirmed from Merck Millipore, 2014. Vertellus, SFS, 2014 classifies 

DCDPS as an environmental potential danger with long lasting and harmful effect to aquatic life 

(chronic 4) (Hazard Precautions H413). 

6.2.1 Aquatic short-term toxicity of DCDPS 

6.2.1.1 Short-term toxicity to fish 

6.2.1.1.1 Estimated data 

VEGA, 2014 (US EPA version 1.0.6, QSAR model, based on multiple linear regression) 

calculated an estimated LC50 (96 h) for fathead minnow of 1,64 mg/ l (5,7 – log mol/l), but was 

not reliable. A Fish LC50 classification (VEGA program, 2014 version 1.0.1-DEV, based on 

fragments built by SarPy software) determined DCDPS as Chronic 3, indicating a toxic effect 

between 10 and 100 mg/l, but this prediction may also be unreliable. 

The program ECSAR v 1.11 calculated Lc50 results for fish of 4,64 in an exposure time of 96 

hours. The estimated Lc50 value for fish in saltwater (SW) with 5,9 in 96 hours is above 1mg per 

litre, the threshold for acute toxicity. It is noted, that DCDPS may not be soluble enough to 

measure these estimated values (ECSAR v 1.11). 

6.2.1.1.2 Experimental data 

A reliable and valid study report from 2006 on acute fish toxicity according to OECD Guideline 

203 (Fish, Acute Toxicity Test) 1992 concluded, that DCDPS is not acute toxic to fish (ECHA, 

2017). No acute toxicity threshold for fish like EC50 or LC50 was found. 

Another fish acute toxicity test according to the OECD guideline 203 from 2001, in ECHA, 2014 

tested the bioconcentration of DCDPS in Japanese Rice fish (1.000 mg/l DCDPS in freshwater 

for 96 hours). The concentration of the test solution was limited by water solubility (0,86 mg/l) 

and the toxicity of the vehicle medium used, HCO-40 (1:100 ratio). Pentachlorophenol sodium 

salt (CAS 131-52-2) was used as control substance and showed valid results (48-hour LC50 

0,704 mg/l). Because DCDPS failed to reach 50% mortality under test conditions, the endpoint 

of 96 hours LC50 was extrapolated to be about 50 mg/ L DCDPS in fish (Doudoroff method). 

This result was confirmed from a study for range- finding in rice fish from (NITE, 2014) and 

OECD, 2008. 
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6.2.1.1.3 Summary short term toxicity to fish 

An experimental endpoint of LC50 (96 hours) was extrapolated to 50 mg/l DCDPS. All these 

results are far above 1mg per litre, the threshold for acute 

DCDPS may be toxic chronic 2 (1 – 10 mg/l) and 3 (10 – 100 mg/l). 

6.2.1.1.4 Conclusion short term toxicity to fish 

DCDPS is not acute toxic to fish. 

      6.2.1.2 Short-term toxicity to aquatic invertebratae 

6.2.1.2.1 Estimated data 

The Lc50 for daphnia was estimated to be 3,1 (exposure time of 48 hours, calculated with 

ECSAR v 1.11. VEGA, 2014 (US EPA version 1.0.6, QSAR model with multiple linear 

regression) and predicted a relative reliable LC50 (48 h) of 1,2 (4,3 – log (mol/L) for daphnia15 . 

An unreliable LC50 (48 h) for daphnia was 1,8 (6,27 –log (mol/L)) (VEGA, 2014, DEMETRA 

version 1.0.3-DEV). 

The LC50 (96 hours) of DCDPS for mysids is 1,2 according to ECSAR v 1.11. Thus again not 

acute toxic (1 mg/ l). According to OECD, the exposure time is 48 hours, so the estimated 

result of 1,2 after 96 hours is clearly significant above 1 mg/l. Limited water solubility of DCDPS 

may have inhibited measurements of these predicted result. 

6.2.1.2.2 Experimental data 

A reliable experimental study on daphnia from 2004 (in ECHA, 2017) reported an EC0 above 

0,9 mg/ l DCDPS. No mortality or mobility effects have been observed at this effect 

concentration, which exceeded the water solubility of DCDPS at 0,86 mg/l (according to 

Boelhouvers (2004). Thus the NOEC mortality is 0,86 mg/l. This valid acute toxicity test was 

part of a chronic toxicity study and similar to OECD 202 (Daphnia sp. acute Immobilisation 

Test). 

Studies on water fleas (Daphnia magna) represent also no acute toxicity on the limit of water 

solubility of DCDPS with an EC50 (48h) about 0,93 mg/ L DCDPS (OECD, 2008). According to 

the PBT criteria the EC50 greater than 0,93 mg/ L (OECD, 2008) means acute toxicity (smaller 

than 1 mg/l). But regarding water solubility of DCDPS and EC50 above and not at 0,93 mg/ L 

may explain the conclusion of OECD, 2008 that DCDPS is not acute toxic to daphnia. 

Acute toxicity of DCDPS (48 hours exposure) was also tested in a screening procedure on DDT 

related substances. Aquatic insect larvae of malaria mosquitos revealed an effect concentration 

of LC50 ranging between 0,1 and 1 mg/ L (Deonier et al., 1946, in ECHA, 2017). Thus the T-

15 Konzentrationsberechnung, 2017 http://cactus2000.de/de/unit/masscon.shtml 
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criteria (smaller or equal to 1 mg/ L) for acute toxicity may be fulfilled, if the study was reliable. 

The toxic standard substance DDT (CAS 50 -29 -3) generated a LC100 (24-hours) of 0,01 mg/ L 

and LC95 (48-h) of 0,005 mg/ L, fulfilling the PBT criteria (LC50 < 0,1 mg/l) indeed. 

6.2.1.2.3 Summary short term toxicity to aquatic invertebratae 

All estimated EC50 results for daphnia and mysids are above the criteria for acute toxicity of 1 

mg/ L. This is confirmed by experimental results at and above the water solubility of DCDPS 

(0,86 mg/l, ECHA, 2017). A NOEC mortality above 0,93 mg/ L DCDPS may indicate a LC50 far 

above 1mg/ L. 

6.2.1.2.4 Conclusion short term toxicity to aquatic invertebratae 

DCDPS is not acute toxic to daphnia or aquatic insect larvae. 

          6.2.1.3 Short-term toxicity to aquatic plants, aquatic algae, cyanobacteria 

6.2.1.3.1 Estimated data 

ECSAR v 1.11. estimated an Ec50 for green algae of 4,83 after an exposure time of 96 hours. 

6.2.1.3.2 Experimental data 

The acute toxicity of DCDPS was tested on Selenastrum capricornutum (new name: 

Pseudokirchnerella subcapitata) regarding biomass integral and growth rate in reference to 

potassium dichromate (CAS 7778-50-9) and calculated on cell density (ECHA, 2017). Highest 

test concentration (0,80 mg/ L) was below the water solubility of DCDPS (0,86 mg/l, 

Boelhouwers 2004). Thus EC50 (72 hours) was extrapolated to EC50 0,93 mg/ L and may not be 

acute toxic due to toxicity level above the water solubility. 

The model calculated a total toxic effect of DCDPS of 46% (EC50) at environmental water 

solubility (0,86 mg/l) and thus DCDPS may not be acute toxic to aquatic plants. OECD, 2008 

confirmed the EC50 (72 h) result above 0,80 mg/l. 

Useful chronic results as for example the growth inhibition rate of 12% (ErC12), biomass and 

cell density reduction of 41,7 % (EbC42) and 43,4 % at 80 mg/ L confirmed the acute intoxicity. 

A NOEC of 0,28 mg/ L and a LOEC of 0,49 mg/ L for algae was established (at 0,80 mg/ L), 

based on biomass integral (ECHA, 2017) and classified DCDPS as chronic toxic 3 (NOEC > 

0,1 – < 1 mg/ L). 

OECD, 2008 confirmed a NOEC (72 hours) of 0,28 mg/l and a LOEC of 0,49 mg/both values 

and an inhibition of biomass growth to 18%. Thus DCDPS is not toxic to algae. 

6.2.1.3.3 Summary short-term toxicity to aquatic plants, aquatic algae, cyanobacteria 

The predicted intoxicity for green algae was confirmed by experimental results and thus 

DCDPS may not be acute toxic (CLP Annex I, 2006). 
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6.2.1.3.4  Conclusion  short-term  toxicity  to  aquatic  plants,  aquatic  algae,  cyanobacteria   

DCDPS  may  not  be  acute  toxic  (Ec50  >  4,8)  for  aquatic  plants  and  algae.  

 

      6.2.1.4 Short- term toxicity to microorganism 

6.2.1.4.1 Estimated data 

No data on this topic was found from ECHA, 2015 or any models. 

6.2.1.4.2 Experimental data 

The acute toxicity of DCDPS was tested on aerobic activated sludge microorganism from a 

Swiss wastewater treatment plant (ECHA, 2017). 1.000 mg/ L DCDPS had no significantly 

inhibitory effect on the respiration rate of microorganism. The NOEC and EC10 of DCDPS were 

higher than 1g/ L, showing no chronic toxic effects (experimental study, 2009 in ECHA, 2017). 

EC50 and EC80 could not be calculated but were clearly above 1.000 mg/ L. Thus DCDPS is not 

acute toxic to microorganism. 

The intoxicity of DCDPS was confirmed in a similar and valid experimental study, also 2009, in 

ECHA, 2017, on activated domestic sludge (from German municipal wastewater treatment 

plant). Endpoint NOEC/ EC10 was probably higher than highest test solution of 1.000 mg/ L. 

6.2.1.4.3 Summary short-term toxicity to microorganism 

Any ECx above 1g/ L in an experimental study leads to the conclusion, that DCDPS is not 

acute toxic to microorganisms. 

6.2.1.4.4 Conclusion short-term toxicity to microorganism 

DCDPS may not be acute toxic to aquatic microorganisms. 

        6.2.2 Summary aquatic short- term toxicity of DCDPS 

DCDPS is not acute toxic to the aquatic environment. All LC50 results are greater than 1 mg/ L. 

Thus DCDPS is not acute toxic to daphnia, mysids, aquatic insect larvae, greenalgae or 

microorganism. According to the CLP classification in table 32, a minority of 5 registrants 

categorizes DCDPS wrongly as acute aquatic toxic. 

       6.2.3 Conclusion aquatic short-term toxicity of DCDPS 

DCDPS may not be acute toxic to the aquatic fauna and flora. 
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       6.2.4 Chronic aquatic toxicity of DCDPS 

     6.2.4.1 Chronic toxicity to fish 

   

                 

             

                  

                  

                

                

                 

              

              

   

                

             

            

             

                     

               

                 

                   

                 

                

               

               

                

              

               

   

            

 

 

6.2.4.1.1 Estimated data 

In lack of chronic data, it is possible to identify a potential long- term toxicity of substances 

based on acute toxicity values. Therefore these substances have not to be readily 

biodegradable, must have a BCF about 500 or a log Kow equal or greater 4. Well, DCDPS is 

potentially persistent, has a BCF ranging between 172 – 1.500 and a log Kow of 3.9. So the 

estimated, unreliable LC50 (96 h) of 1,64 mg/ L for fathead minnow (VEGA, 2014 US EPA 

version 1.0.6) may classify DCDPS as chronic 2 (>1 - < 10 mg/l). Another chronic 2 

categorize was calculated by the Lc50 (96 h) prediction of 4,64 and 5,91 (SW) from ECSAR v 

1.11. The classification by LC50 from VEGA program, 2014 version 1.0.1-DEV as Chronic 3 , 

indicated a toxic effect between 10 and 100 mg/ L, but may be unreliable. 

6.2.4.1.2 Experimental data 

Chronic effects of DCDPS in fish were examined in a reliable and valid study according to 

OECD Guideline 204 (Fish, Prolonged Toxicity Test reported 2002, in ECHA, 2017). Carps 

(yearlings) were exposed to subtoxic concentrations of DCDPS for 35 days. Effect 

concentration was at least above chosen DCDPS levels in freshwater flow- through dosing 

system of 0,05 mg/ L (5 µg/ L) and 0,005 mg/ L (50 µg/ L). Thus no LOEC or lethal thresholds 

or other effects could have been determined. A NOEC for chronic exposure on DCDPS is 

determined with the EC0 of 0,05 mg/ L. Thus DCDPS may be classified as aquatic chronic 2 

(NOEC greater than 0,01 and 0,1 mg/ L). A NOEC above 0,1 mg/ L was unable to measure. 

Thus a classification as aquatic toxic chronic 3 (smaller than 0,1 mg/ L) cannot be confirmed. 

The Lc50 (96 h) of 4,64 categorized DCDPS as aquatic chronic 2. This estimation could not 

have been confirmed in a prolonged fish toxicity test (study report 2002 in ECHA, 2017), 

because an effect concentration was not detectable. But the fact, that the NOEC lays above 

0,05 mg/ L allows at least an allocation of DCDPS to aquatic chronic 2. Regarding the 

persistent performance and the low water solubility of DCDPS, the category of aquatic chonic 

toxicity 2 for fish seems justified. The majority of CLP notifiers (71) registered DCDPS as 

aquatic chronic 2. 

      6.2.4.2 Summary chronic toxicity to fish 

      6.2.4.3 Conclusion chronic toxicity to fish 

DCDPS may be classified as aquatic chronic 2 for fish (Lc50 4,6). 
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      6.2.4.4 Chronic toxicity to aquatic invertebratae 

   

                

               

                 

               

                

                 

              

 

   

                  

                  

                 

                 

    

                  

             

                  

              

                 

       

             

               

              

               

             

       

           

 

 

   

                  

             

6.2.4.4.1 Estimated data 

No chronic toxicity data is reported. According to acute toxicity data Lc50 for daphnia of 3,14 

mg/ L (48 hours, calculated with ECSAR v 1.11) DCDPS may be categorized as aquatic 

chronic 2. VEGA, 2014 (US EPA version 1.0.6, QSAR model) predicted a reliable LC50 (48 h) of 

1,24 and an unreliable LC50 (48 h) of 1,80 (VEGA, 2014, DEMETRA version 1.0.3-DEV) for 

daphnia. Also acute toxicity for mysids allow a grading of DCDPS as aquatic chronic 2: The 

LC50 (96 hours) represents 1,21 mg/ L, clearly significant above 1 mg/ L, the threshold of acute 

toxicity. But the limited water solubility of DCDPS may inhibit measurements of these predicted 

results. 

6.2.4.4.2 Experimental data 

In a valid study, 2004, reported in ECHA, 2017 the non- toxicity of DCDPS was tested on water 

fleas reproduction for 21 days. A NOEC of 0,32 mg/ L DCDPS is evidence for non - toxicity 

according to REACH Annex XIII (0,1 – 1 mg/ L). Themeasured LOEC of 0,55 mg/ L DCDPS, 

based on saturated stock solutions (between 0 and 0,10 mg/ L) also indicates a toxicity level of 

aquatic chronic 3. 

A valid acute toxicity test was part of a chronic toxicity study and similar to OECD 202 (Daphnia 

sp. acute Immobilisation Test). These acute toxicity results permit a classification of DCDPS 

into aquatic chronic 3 due to an EC0 above 0,93 mg/ L DCDPS (study report, 2004 in ECHA, 

2015). No mortality or mobility effects have been observed at this effect concentration, which 

exceeded the water solubility. Thus the NOEC mortality has to be set equal to 0,86mg/ L. 

6.2.4.4.3 Summary chronic toxicity to aquatic invertebratae 

The estimated toxicity category of DCDPS “aquatic chronic 2” was not confirmed by 

experimental valid study results, because they revealed a result of “aquatic chronic 3”. Most of 

the CLP registrants (71, see table 31) classified DCDPS as aquatic chronic 2 , probably 

because the more severe criteria is counting and low water solubility and persistence of this 

sulfone may underline the potential for long- lasting harmful effects to aquatic environment. 

6.2.4.4.4 Conclusion chronic toxicity to aquatic invertebratae 

DCDPS may be classified as aquatic chronic 2 for aquatic invertebratae. 

          6.2.4.5 Chronic toxicity to aquatic plants, aquatic algae, cyanobacteria 

6.2.4.5.1 Estimated data 

Only acute toxicity data from ECSAR v 1.11 with Ec50 for green algae of 4,83 mg/ L (exposure 

time of 96 hours) permits an attribution of DCDPS as aquatic chronic 2 . 
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6.2.4.5.2 Experimental data 

The valid study on acute toxicity of DCDPS, reported 2004 in ECHA, 2017 represented 

additionally chronic results of low effect concentrations at 0,8 mg/ L. The inhibition of growth to 

12% (ErC12) and of biomass and cell density to around 42 % (EbC42) may classify DCDPS as 

aquatic chronic 2 , because an ErC50 may not be reached at 0,86 mg/ L DCDPS. 

A NOEC of 0,28 mg/ L at 0,80 mg/ L DCDPS for green algae and a LOEC of 0,49 mg/ L 

indicate a category for DCDPS as aquatic chronic toxicity 3 (NOEC > 0,1 – < 1 mg/ L). 

Chronic results from this study described an EC50 (72 h) between 0,80 mg/ L and 0,93 mg/ L, 

classifying DCDPS as aquatic chronic 3 ( 0,1 and 1 mg/ L). 

6.2.4.5.3 Summary chronic toxicity to aquatic plants, aquatic algae, cyanobacteria 

The estimated indication as aquatic chronic 2 for green algae (Ec50 4,83 mg/ L, ECSAR v 

1.11.) was confirmed by experimental results (study 2004, reported in ECHA, 2017). Most of 

the registrants classified DCDPS as aquatic chronic 2 (as seen in table 31). 

The measured NOEC (0,28 mg/ L) and LOEC (0,49 mg/ L) indicate DCDPS even as aquatic 

chronic 3 (REACH criteria 0,1 and 1 mg/ L). 

6.2.4.5.4 Conclusion chronic toxicity to aquatic plants, aquatic algae, cyanobacteria 

DCDPS may be classified as chronic 2 for the first aquatic trophic level. 

      6.2.4.6 Chronic toxicity to microorganism 

6.2.4.6.1 Estimated data 

No estimated results on chronic effects to aquatic microorganism were reported. 

6.2.4.6.2 Experimental data 

Since DCDPS had no significant inhibitory effect on respiration rate of microorganism and the 

NOEC and EC10 of DCDPS were higher than 1g/ L (chronic toxic category 3 ends up at 1 mg/ 

L) DCDPS has no chronic toxic effects (experimental study, 2009 in ECHA, 2017) to aquatic 

microorganism. 

Additionally acute toxicity data can also be used for declaring DCDPS as not toxic to 

microorganism (Activated Sludge test from 2009, reported in ECHA, 2017), because the EC50 

and EC80 (3hours) were clearly above 1.000 mg/ L (REACH chronic toxicity category 3 ends up 

at 100 mg/ L) and DCDPS water solubility, it may not be acute nor chronical toxic to 

microorganism under environmental conditions. 

6.2.4.6.3 Summary chronic toxicity to microorganism 

Experimental data on acute (EC50, EC80) and chronic toxicity (NOEC) are far above 1g/ L. 
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6.2.4.6.4 Conclusion chronic toxicity to microorganism 

DCDPS is not toxic to microorganisms, whether in a short- term period or in the long run. 

     6.2.5 Summary chronic aquatic toxicity 

                  

                    

               

     

 

                

           

 

 

 

                 

                 

           

               

               

   

 

                

             

             

          

      

   

   

   

   

DCDPS may be chr onic toxic (classification 2 due to REACH 0,1- 1mg/ L) for fish (LC50 of 4,6 

mg/ L and NOEC above 0,05 mg/ L), water fleas (0,55 mg/ L) and green algae (Ec50 4,8 mg/ L 

and NOEC (0,28 mg/ L). Experimental results categorize DCDPS as aquatic chronic 3, due to 

it’s limited water solubility. 

     6.2.6 Conclusion chronic aquatic toxicity 

DCDPS may be chronic toxic 2 to nearly all trophic levels in aquatic environment, except for 

aquatic microorganism (toxicity data far above 1g/ Laccording to REACH). 

   6.3 Sediment toxicity 

      6.3.1 Acute and chronic sedimental toxicity 

   6.3.1.1 Estimated data 

PNEC’s for sediment freshwater of 0,12 mg/ kg dw (dry weight) (AF 100) are reported in ECHA, 

2017, as also for sediment marine water of 0,012 mg/ kg d.w. (AF 1.000). According to REACH 

classification for not readily biodegradable substances, DCDPS may be chronic toxic 

category 2 for freshwater sediments (predicted NOEC of 0,12 mg/ kg) and even chronic toxic 

1 (0,012 mg/ kg). These calculations may show a higher sensibility in marine sediments water 

than in freshwaters. 

   6.3.1.2 Experimental data 

In a reliable and valid long- term sediment toxicity study (28 days according to OECD 218), 

publicated 2014, in ECHA, 2017, survival and development of Chironomus riparius was tested 

on DCDPS dosed (powder) sediment (artificial sediment, mostly sand and clay), in nominal 

concentrations ranging from 3,3 to 200 mg a.i./ kg. 

criterion mg/ kg sediment survival emergence 

NOEC 11,80 11,80 

LOEC 23,00 23,00 

EC10 15,10 14,90 

EC50 47,60 40,50 
Table  34:  Testing  most  sensitive  criterions  survival  and  emergence  of  DCDPS  on  Chironomus  riparius  in  

sediment   
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The most sensitive endpoints were survival and emergence (number of individuals). These both 

sublethal endpoints showed similar results, summarized in table 34. 

For endobenthic insects DCDPS may be categorized as not toxic due to REACH Annex XVI 

(NOEC > 1mg/ L, LOEC > 1mg/ L, EC10 > 1mg/ L, EC50 > 1mg/ L). Although an artificial 

sediment represents no authentic environmental, ecological standard and the Log Kow of 3,9 for 

DCDPS may indicate effects on sediments (ECHA, 2017), the clear results above the toxic 

threshold of 1 mg/ L definitely declares DCDPS as non- toxic. Thus, sediments may display a 

long term effect of aquatic contaminants. While no effect concentrations on water surface were 

measureable or supposed, the accumulation of toxic substances in sediments over time may 

harm pelagic and benthic aquatic communities. Long- term sediment tests studying toxic effects 

on bentic organism (sublethal endpoints) may give best information on risk assessment, 

regarding exposure and effects of contaminants on the complete aquatic food web as also the 

detrification process and thus the whole aquatic life cycle (ECHA, 2017). 

    6.3.2 Summary sedimental toxicity 

The predicted PNEC’s from ECHA, 2017 and chronic toxic 2 and 1 (marine sediments) 

classification may not be confirmed by valid and conclusive experimental studies reported in 

ECHA, 2017. The calculated non- toxicity for earthworms from sediment (due to REACH 

category LC50 > 100 mg/ L; LC50 of 317,2 mg/ L (ppm), exposure time of 14 days,) was 

confirmed by an experimental sediment study on benthic insect larvaes, with sublethal 

endpoints at concentrations far above the REACH toxicity threshold of 1 mg/ L. But this does 

not replace own testings on soil organisms according to REACH requirements. 

    6.3.3 Conclusion sedimental toxicity 

According to REACH criteria, DCDPS may not be toxic to aquatic sediments. 

6.4  Terrestrial  toxicity   

      6.4.1 Toxicity to soil macroorganisms 

   6.4.1.1 Estimated data 

ECOSAR v 1.11, 2015 calculated a LC50 for earthworms of 317,2 mg/ L (ppm) in an exposure 

time of 14 days. Although DCDPS may be mostly stored in sediments and is very persistent 

(Koc value of 3,5, see chapter 4.1.2.5), no toxicity effect concentration is expected, because 

LC50 lays far above the 100 mg/ L REACH criteria for the weakest toxicity class (chronic toxic 3) 

and the calculated effect concentration is ten times above the water solubility. 
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No data on this topic was found. ECHA, 2017 unjustifies an experimental study for soil 

macroorganisms due to no relevant soil exposure based on a valid (OECD TGD 308) type 

exposure scenario made by SIEF (ECHA, 2017). According to this DCDPS may only be 

relevant for water and sediments. Until now, no public data on possibles impacts and routes of 

DCDPS to the environment are reported in ECHA, 2017. 

Because DCDPS has been reported to be locally accumulated at industrial sites (Vertellus 

SFS, 2010) and this chemical is persistent in soil (Log Koc 3,5 and Log Kow 3,9), experimental 

studies would thus be needed for confirming intoxic effects of DCDPS to soil and at least 

having valid results for better treatment or restauration of contaminated soil, in my opinion. 

       6.4.1.3 Summary toxicity to soil macroorganisms 
Due to calculated effect concentrations DCDPS may not be toxic to soil macroorganism in spite 

of persistent characteristics and high terrestrial concentrations. 

       6.4.1.4 Conclusion toxicity to soil macroorganisms 
It is supposed, that DCDPS may not be toxic to soil organism. 

      6.4.2 Toxicity to terrestrial plants 

   6.4.2.1 Estimated data 

No data on this topic was found. ECHA, 2017 unjustifies an experimental study for terrestrial 

plants due to inrelevant exposure of DCDPS to soil (exposure scenario from SIEF, ECHA, 

2017). 

   6.4.2.2 Experimental data 

No data on this topic was found due to reasons mentioned above. 

      6.4.2.3 Summary toxicity to terrestrial plants 
As mentioned in chapter 4.2.4.1 “estimated data on exposure”, plants may take up DCDPS 

from soil. This should be considered if plants are growing on DCDPS contaminated soil. 

Although no sign of toxic degeneration is reported, the non- toxicity of DCDPS to terrestrial 

plants cannot be confirmed yet without any data. 

      6.4.2.4 Conclusion toxicity to terrestrial plants 
Further study is needed to confirm the assumed non- toxicity of DCDPS for terrestrial plants. 
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No data on this topic was found. ECHA, 2017 unjustifies a study for soil microorganisms due to 

unrelevant exposure of DCDPS. The PNEC for soil is extrapolated to be 0,355 mg/ kg soil dw 

(ECHA, 2017). 

   6.4.3.2 Experimental data 

No data on this topic was found. ECHA, 2017 unjustifies an experimental study for soil 

microorganism. 

      6.4.3.3 Summary toxicity to soil microorganisms 
The repudiation of experimental study implements no toxic suspicion of DCDPS to 

microorganism. Due to the low water solubility and the high affinity of DCDPS to organic 

particles, bioavailability of this chemical is limited to these soil- organisms. But to render a 

judgement or risk assessment without any results or impact on nitrification and carbon dioxid 

process of microorganism, is more than difficult. 

      6.4.3.4 Conclusion toxicity to soil microorganisms 
More data is needed for a decision on DCDPS toxicity to soil microorganism. Although DCDPS 

is very persistent in this environmental compartment, it may not be toxic to macro- or 

microorganism in soil. 

          6.4.4 Acute and chronic toxicity to birds, rats and mice 

6.4.4.1.1 Estimated data 

No literature on estimated toxicity for birds or mammals is reported. 

6.4.4.1.2 Experimental data 

DCDPS is not acute toxic in rats, due to a reported LD50 > 2.000 mg/ kg b.w. (OECD, 2008) 

and a LD50 > 3.000 mg/ kg b.w. from European Chemicals Bureau, 2005 in Toxnet, 2014 and 

Vertellus, SFS 2014. According to REACH criteria the limit of 1 mg/ L for acute toxicity is not 

reached. 

A study reported 1981 in ECHA, 2017 revealed an oral LD50 of 5.400 mg/ kg bw for male and 

4.810 mg/ kg bw for female rats after single dose of DCDPS. Thus this sulfone was classified 

as low acute oral toxic. 
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The LD50 for acute dermal toxicity in rats of about 10.000 mg/ kg bw classifies DCDPS as not 

acute toxic (but not reliable study report in ECHA, 2017). The LD50 for intraperitoneal 

administration was 2.448 mg/kg bw. and thus again may classify DCDPS as low acute toxic 

(valid study reported 1991 in ECHA, 2017). Sublethal signs occurred at 1.500 mg/ kg bw and 

higher. 

According to the results of a long- term exposure (time period of 14 weeks and 2 years) in rats, 

the no- observed- adverse- effect level (NOAEL) of 30 ppm (1,5 mg/ kg b.w.) claims for non-

toxicity in short- and long-term exposure (Chemical Safety Assessment, 2016). According to 

REACH criteria a NOEC above 1 mg/ L confirms the non-virulency of DCDPS. A cell- based 

androgen screening test with a hamster ovarian cell line (CHO K1) reported in ECHA, 2017, 

indicated no significant androgenic activity of DCDPS. The same with 4,4-DDE (CAS 72-55-9), 

a structural analogue to DCDPS. Cytotoxic effects occurred in only very high concentrations. 

Although a long- term study (Helander B. et al., 2002 in ECHA, 2017) on white- tail sea eagles 

reported no effect on avian reproduction, more avian information will be needed to explain the 

reported high levels (K. Nörstrom, 2004). If DCDPS bioaccumulation in birds leads to thinner 

egg shells, it indeed may have effects on reproduction. 

Risk characterization can be calculated with the ratio of PEC (fish) and PNEC (predator, in this 

case white- tail eagles) (ECHA, 20162). Results greater than 1 confirm a risk for predators and 

environment. PNEC oral for predators is 1mg/ kg food (AF 30, ECHA, 2017). Instead of the 

missing PEC the LC50 for fish is taken (see chapter 6.2.1.1.1). To find a range for the possible 

risk, calculations are made with both available LC50 values for marine and freshwater. 

PEC (fish marine water) / PNEC(oral) = 5,9 (LC50 saltwater, est.) / 1 = 5,9 

PEC (fish freshwater) / PNEC(oral) = 4,6 (LC50 fershwater, est.) / 1 = 4,6 

DCDPS may have a calculated risk of 5 in wildlife. This is similar to toxicity classification of 

aquatic chronic 2. This chemical is not acute toxic for wildlife predators. 

6.4.4.1.3 Summary acute and chronic toxicity to birds, rats and mice 

DCDPS may be low toxic to rats (LD50 > 2000 mg/ kg b.w. and LD50 > 3.000 mg/ kg oral) and 

mice (LD50 intraperitoneal 2.448 mg/ kg bw., NOEC < 30mg/ L), and not chronic toxic to rodents 

(NOAEL 30 ppm). Wildlife predators like eagles may not be affected from acute toxicity of 

DCDPS (NOEC < 0,6 mg/ L, REACH criteria 0,1 mg/ L). Further research on chronic toxicity 

will be needed. The risk characterization of 5 may illustrate at least a chronic and sublethal 

toxicity of DCDPS (thinner egg shells of birds as reported from K. Norström). 

6.4.4.1.4 Conclusion acute and chronic toxicity to birds, rats and mice 

DCDPS may not be oral toxic to rodents and birds, whether acute nor chronic. But further 

research on chronic toxicity is needed to define chronic effects of DCDPS to birds and wildlife. 
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6.4.5 Summary terrestrial toxicity 

DCDPS may not be toxic to soil macro- or microorganisms and terrestrial plants. For more 

conclusions further research and data will be needed. 

DCDPS is not active as androgen or anti- androgen endocrine disruptor. This halogenic 

substance may further show no significant toxic effects to wildlife animals so far. For final risk 

characterisation of DCDPS further research will be needed. 

6.4.6 Conclusion terrestrial toxicity 

DCDPS may not be toxic to rodents (studies on rats and mice), birds or wildlife. Sublethal 

chronic effects of DCDPS cannot be excluded. Although DCDPS is classified as vP in terrestrial 

compartments, DCDPS may not be toxic to soil organisms, rodents, birds or wildlife. But 

sublethal chronic effects of DCDPS cannot be excluded. 

6.4.7 Toxicokinetics (single dosed), metabolism and distribution 

6.4.7.1 Estimated data 

No data on this topic was found. 

6.4.7.2 Experimental data 
The experimental study on male rats (Fischer 344 animals, Matthews, M. et al. 1996, in ECHA, 

2017) reported a dose dependent adsorption, distribution, metabolism and excretion of DCDPS 

after single administration. Tissues and body fluids were sampled after 72 hours. The 

adsorption was returning with increasing doses: nearly complete at low levels (10 and 100mg/ 

kg bw. oral dosage) and less (50%) at high oral doses (1.000 mg/ kg b.w.). DCDPS distributed 

rapidly and mostly to tissue, first of all to adipose tissue (49%), continuing to skin and muscles 

(18%, 12%). 

DCDPS induced it’s own hepatic regulated metabolism and was biotransformed to more polar 

compunds, mainly to phenolic metabolite 3 -hydroxy-4,4'-dichlorodiphenyl sulfone and it’s 

glucuronudes and five more unidentified components to a minor quantity. Further hydroxylation 

is predicted by the OECD Toolbox v1.1 (Mekenyan et al 2004), but these methyl sulfone 

metabolites may have a longer presence than parent DCDPS (K. Nörstrom, 2006). 

The main excretion was via faeces and was dose- dependent. Recovery was increased with 

ascending dose concentration (ECHA, 2016). Unmetabolised DCDPS was excreted via feaces 

only at very high doses of DCDPS (1.000 mg/ kg b.w.). No specific organ toxicity (STOT) was 

reported after single dosing of DCDPS. The intoxicity in rats was confirmed by Chemical Safety 

Assessment, 2016. Further DCDPS may not be neurotoxic (experimental study in rats, 2001 in 

ECHA, 2017, NOAEL of 200 mg/ kg bw/ day) and may also have no effect on the endocrine 

system (in vitro study 2004, in ECHA, 2017). 
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6.4.7.2.1 Summary toxicokinetics, metabolism and distribution 

DCDPS showed a dose dependent adsorption, distribution, metabolism and excretion of 

DCDPS (Matthews, M. et al. 1996, in ECHA, 2017). The non- toxicity of DCDPS tested on rats 

is confirmed from the Chemical Safety Assessment, 2016, and OECD, 2008 (NOAEL of 50 mg/ 

kg b.w./ day). A NOAEL of 1,5 mg/ kg b.w. / day for rats is reported from Chhabra, R. et al., 

2000. DCDPS may not be neurotoxic nor modulate the endocrine system (ECHA, 2017). 

6.4.7.2.2 Conclusion toxicokinetics, metabolism and distribution 

Intoxic DCDPS is metabolized dose- dependent and excreted mainly via faeces in rat studies. 

The halogenic sulfone may not be toxic on CNS (central nervous system) nor modulate the 

endocrine system (ECHA, 2017). 

     6.4.8 Repeated dose toxicity 

6.4.8.1.1 Estimated data 

No data on this topic was found. 

6.4.8.1.2 Experimental data 

A NOAEL of 0,02 mg/ kg bw was found in a subchronic exposure study of DCDPS to rats. A 

daily dosage of 2 mg/ kg bw over 6 months lead to affections in liver, kidney and central 

nervous system (Sheftel, V.O., 2000, in PubChem, 2017). 

An experimental chronical toxcity study, reported 2001 in ECHA, 2017 tested 10 rats over 3,5 

months on DCDPS dosages of 0, 2, 6, 19, 65, 200 mg/kg bw/ day. The NOEL was 2 mg/ kg bw/ 

day. No mortality or clinical signs are reported. Male rats were more affected than females. 

Organ weight changes and total negative body weight gain, clinical chemistry and 

histopathology affections increased with dosages of 6 mg / kg bw (males) and 19 mg/ kg bw 

(females). Hypertrophy in liver and nephropathy were reported as non- adverse effects 

because seen as hepatic enzyme adaptions. Also the haematologically and clinical parameters 

are reported as not significant adverse, because all effects were within the biological variance 

parameters. Specific target organ toxicity was observed in liver of mice (Chhabra, R. et al., 

2000), seen in hypertrophy and cellular lesions. Together with nephropathy this occurred also 

in rats (study reported 2001 in ECHA, 2017) at 19 mg/ kg /bw (males) and 65 and 2.000 mg/ 

kg/ bw (females). ECHA, 2017 reported nephropathy occurring significantly often at highest 

dosing, but was not severe at the most. Data on inhalative and dermal uptake is missing on 

ECHA site with “other justification” (ECHA, 2017). 
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6.4.8.2 Summary repeated dose toxicity 
Repeated dose toxicity caused histological changes in liver and kidney of rats. In my opinion 

DCDPS may be classified as potentially toxic category 1 (STOT RE 1, H 372) according to 

Regulation EC No 1272/2008 (ECHA, 2014), because if hypertrophy in liver and nephropathy 

are adaptive consequences of DCDPS metabolism and elimination, it is an significant, adverse 

effect. At least organ damages were significantly higher in female rats than in control groups 

(Chhabra et al., 2001) and that liver was a target organ. 

6.4.8.3 Conclusio repeated dose toxicity 

The NOEL of 2 mg/ kg bw in repeated dosing of DCDPS may categorize it as intoxic. But liver 

being target tissue with subclinical toxicity signs at repeated and highest dosing seems to 

classify DCDPS as potentially toxic category 1. 

6.4.9 Carcinogenicity 

6.4.9.1 Estimated data 

A NOAEL of 1,5 mg/ kg body weight was estimated (Chhabra et al, 2001 in K. Nörstrom, 2006). 

According to the OECD toolbox, 2015, DCDPS could be nongenotox carcinogen, due to its 

affinity to halogenated substances like naphthalenes, biphenyls and diphenyls. 

Although DCDPS is a structural analogue of DDT (PBT), the sulfone in DCDPS seems to 

lessen the expected toxic effects (Chabbra et al., 2000). Kolaja, 1977 in Chabbra et al., 2000) 

confirmed, that sulfonated derivatives of DDT were much less toxic to Mallard ducks during egg 

production than DDT. Similar minimal liver effects are seen on the sulfonyl compound, 

tetradifon (2,4,5,4-tetrachlorodiphenyl sulfone), used as an acaricide (WHO, 1986, in Chabbra 

et al., 2000). 

6.4.9.2 Experimental data 
A valid and conclusive (OECD guideline 451) 2- years feed study in rats from 2001, in ECHA, 

2017 revealed no carcinogenic potential of DCDPS. 

The NOAEL in males represented more than 5 mg/ kg DCDPS b.w./ day, female rats showed 

concentrations < 17 mg/ kg b.w./ day. Test concentrations were 0,5, 1,5, and 5,0 mg/ kg b.w./ 

day for males and 1,6, 5,4 and 17 mg/ kg b.w./ day for females. No clinical signs of toxicity 

(neoplasms, lessions) and mortality, but significantly increased hepatic non- neoplastic lesions 

and centrilobular hepatocyte hypertrophy (from daily 5 mg DCDPS /kg b.w.) are reported. 

Females had slightly higher plasma concentrations and cytoplasmic vacuolisation in liver. 

DCDPS induced reversible enzymatic reactions and caused organ adaptions due to an 
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increased biotransformation of foreign and endogenous substances (Amacher et al., 1998, in 

R. S. Chhabra, et al., 2000). This should be seen as a physiological response. A carinogenicity 

study according to test guideline OECD 451 is required. 

Similar long- term studies of DCDPS in mice revealed similar results with species and gender-

specific capacities in metabolism on DCDPS (Parke and Ioannides, 1990, in Chabbra et al., 

2000). Mice were less sensitive to liver lesions than rats, showing no exposure- related 

neurotoxic effects too. Maybe mice metabolise DCDPS faster than rats. All in all this mice 

studies confirm the non- carcinogenicity of DCDPS in vivo (K. Nörstrom, 2006). 

A NOAEL of 10 mg/ kg bw/ day for female mice (2- years study in ECHA, 2017) supports non-

carcinogenity of DCDPS. No experimental carcinogenicity studies of DCDPS or epidemiology 

studies in humans were found in literature (Chabbra et al., 2001). 

     6.4.9.3 Summary carcinogenic toxicity 

The estimated NOAEL of 1,5 mg/kg body weight was confirmed in a valid and conclusive long-

time study with NOAEL of 5 mg for male rats and 17 mg/kg b.w./day for female rats (oral 

application). Also the NOAEL of 10 mg/kg bw/ day in mice confirm the non- carcinogenic 

potential of DCDPS. Because experimental LC50 were missing, DCDPS may be nongenotox 

carcinogen (OECD toolbox, 2015) and organ damages may lead to cancer after years. Further 

study on this topic is needed. 

     6.4.9.4 Conclusion carcinogenic toxicity 

DCDPS may be classified as non- carcinogenic. 

6.4.10  Reproductive  toxicity  

   6.4.10.1 Estimated data 
No topic on this data was found. 

   6.4.10.2 Experimental data 
DCDPS caused no mortality or any organic toxicity (subchronic study in rats in ECHA, 2017). 

DCDPS is reported to be potentially toxic to reproduction due to subtoxic marks at 19 mg/ kg 

bw/ day dosing as: increased testis weights, less mean body weights and gains due to 30% 

less feed consumption in the first week and minor thymus weights (males) at 19 mg/ kg bw/ day 

or greater occured; that may have influenced the growth and development of the hind limbs in 

male rats (Chhabra et al., 2001). Further increased liver (> 6 mg/ kg b.w.) and kidney weights 

(male rats at > 65 mg/ kg b.w.), mild hepatocytic hypertrophy (males > 6 mg/ kg b.w., females 

> 19 mg/ kg b.w.) and dose- dependent, mild nephropathy in males (> 19mg/ kg b.w.) and 

marked nephropathy at 200 mg/ kg b.w. are reported. Females showed “only minimal” 
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nephropathy. Chabbra et al., 2000 reported a NOAEL of 1,5 mg/ kg bw/ day for rats. But in the 

end a NOAEL of 200 mg/ kg bw/ day was received due to reversible organ adaptions. 

OECD, 2008 confirmed the non- virulency of DCDPS on development and fertility, even though 

a reduced bodyweight in baby rats was evident at 50mg/ kg bw/ day dose level (NOAEL). 

Further maternal toxicity was reported from OECD, 2008, but not in detail or degree of severity. 

The toxicity reproduction test on water fleas (study, 2004, in ECHA, 2014) reported a NOEC of 

0,32 mg/ L DCDPS and an EC50 of 0,61 mg/ L. Dosed animals (> 0,55 mg/ L) produced 

significantly less offsprings than the positive control. But due to the ECHA toxicity criteria, 

based on Annex XIII of REACH (NOEC > 1 mg/ L), this is no reason to classify as toxic for 

reproduction (category 1, 2 or 3) according to Directive 67/548/EEC (ECHA, 2014). 

DCDPS may not influence avian reproduction regarding the long- term study on white-tail sea 

eagles, life- time exposure for 5 years in the Swedish Baltic Coast (ECHA, 2017). Their 

reproduction was observed by sampling eggs from 1971 to 1991. The NOEC was between 2,4 

ng/ g and 610 ng/ g liquid weight (level of detection was LOD = 1 ng/ g l.w). 

The NOAEL for maternal toxicity in rats was 60 mg/ kg bw/ day (ECHA, 2017) and appeared in 

a significant decrease in growth of the hind limbs in rats (R. S. Chhabra, et al., 2000). Thus 

embryonal development is affected. NOAEL for prenatal developmental toxicity was equal or 

greater than 180 mg/ kg bw/ (ECHA, 2017) and 0,5 mg/ kg bw reported from a rat study (4 

weeks) in Sheftel, V.O., 2000 in PubChem, 2017. Further embryonal mortality was increased in 

the pre- and postimplantation of DCDPS. 

     6.4.10.3 Summary reproductive toxicity 

DCDPS may not be toxic for avian, mammalian nor aquatic fauna (NOEC 0,32 mg/l > 0,1 mg/l 

ECHA criteria; EC50 0,61 mg/l) reproduction, although water fleas produced significantly less 

offsprings at 55 mg/ L (ECHA, 2017). Subtoxic signs were reported. 

     6.4.10.4 Conclusion reproductive toxicity 

DCDPS may be intoxic for avian, mammalian and aquatic multiplication. Subtoxic signs like 

minor number of offsprings at waterfleas were reported. 

     6.4.11 Genetic and mutagenic toxicity 

   6.4.11.1 Estimated data 

No data on this topic was found. 

   6.4.11.2 Experimental data 

DCDPS was not mutagenic in Salmonella typhimurium (in vitro) and did not induce 

chromosomal aberrations in cultured ovary cells from Chinese hamster (in vitro) (Chabbra et 

al., 2001). 
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DCDPS is tested to be not mutagenic (experimental study 2001, in ECHA, 2017). DCDPS did 

not induce sister chromatide exchange (SCEs) in the in vitro test of Chinese hamster ovary, in 

the presence or absence of metabolic activation. High test doses were limited by toxicity. The 

concentration range of 20 to 200 µg/ml DCDPS lead to a significant, dose dependent increase 

of SCEs, but was below the criterion of 20% for mutagenic activity. Further higher 

concentrations (> 200 µg/ ml) reduced the SCEs rate. 

The valid Mammalian Erythrocyte Micronucleus Test on mice reported no chromosome 

aberration after single intraperitoneal injection (Experimental study 1991 in ECHA, 2017). Test 

levels were 196, 980 and 1.960 (calculated 80% of the LD50) mg/ kg bw. The investigated bone 

marrow cells showed no significant increases in micronucleated polychromatic erythrocytes. 

Clinical signs of toxicity occured at 1.960 mg/ kg bw (lethargy, piloerection, prostration), but 

were not lethal. Thus DCDPS is reported to be whether mutagenic nor genotoxic in vivo tests 

after single application. 

DCDPS showed positive results in a bone marrow micronucleus assay in mouse, after 

repeated dosing of 200 to 800 mg/kg bw intraperitoneal injections (Chabbra et al., 2001). 

Genetic recombination is slightly increased (3%) by 50g/ ml DCDPS levels in cultured V79 cell 

duplications of the HPRT gene (hamster), inducing a production of nonfunctional HGPRT 

protein (Helleday et al., 1999 in Chabbra et al., 2001). 

      6.4.11.3 Summary genetic and mutagenic toxicity 
DCDPS may not be biologically releveant for mutagenic or genetic toxicity. 

      6.4.11.4 Conclusion genetic and mutagenic toxicity 
DCDPS may be whether mutagenic or toxic for geneticy. 

      
 

6.4.12 Summary carcinogenicity, genetic and reproductive 
toxicity 

As evidenced by the toxicokinetic studies of Mathews et al (1996), DCDPS shows a dose 

dependent metabolism in rats. Indeed long- time applicaton or repeated dosing cause specific 

target organ toxicity in liver of rodents (STOT RE 1, H 372), but do not prove carcinogenicity or 

adverse effect levels (K. Nörstrom, 2006). DCDPS may not be toxic, neurotoxic, carcinogen or 

act as an endocrine disruptor (ECHA 2016). Further DCDPS may cause exposure- related 

sublethal effects regarding developmental toxicity, but not according mutageniticity or fertility. 

DCDPS may not be biologically releveant for genetic toxicity. 
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6.4.13  Conclusion car cinogenicity,  genetic  and r eproductive  
toxicity  

DCDPS is not acute toxic. But may have chronic effects to aquatic invertebratae, flora and 

fauna and is thus classified as aquatic chronic toxic 2. 

Although incidence of DCDPS levels about 30mg/ kg b.w. in ecosystems may damage 

individuals and species, this halogenic sulfone is concluded to be not significant toxic to 

mammals, wildlife or birds. Sublethal toxicity signs, reported high levels of DCDPS in some 

wildlife (K. Nörstrom, 2004 Jörundsdottir, H. et al., 2006) and a calculated risk for 

environment (5) call for more detailed information on the impact and fate of DCDPS in 

environmental compartments. 

Toxicity concentrations of DCDPS depend on different inter- and intraspecies sensibilities 

(NOAEL’s for rats 15 - 50 mg/ kg bw; birds > 30mg/ kg). Thus NOEC for DCDPS can stretch 

from 1 until 10 mg but may not be neurotoxic nor modulate the endocrine system (ECHA, 

2017). High, repeated dosing (rats) leads to significant liver degradation and thus DCDPS 

needs to be classified as toxic category 1 (ECHA Annex XV toxic, if STOT RE cat. 1 or 2). 

Although there are a lot of sublethal endpoints at high concentrated testings of DCDPS in 

rodents (weakly developed limbs) and water fleas (less reproduction), this chemical may not be 

categorized as mutagenic nor toxic for reproduction or geneticy. ECHA, 2017 does not classify 

DCDPS as toxic for reproduction due to missing data. In all other aspects of toxicity criteria, 

ECHA, 2017 refuses to classify DCDPS as toxic due to conclusive, but insufficient data. This 

illustrates the difficulty to make a clear statement regarding the study results of DCDPS. 

101 



 

    

     
           

                    

                   

                  

               

             

      

                

               

              

  

               

                 

    

               

              

               

               

               

               

              

             

            

              

  

                

           

               

                    

                 

               

                   

             

           

             

            

  

               

     

7 Conclusion on PBT criteria 
DCDPS is classified as P and vP, potentially B and T. 

This sulfone is vP in water (DT50 > 40 days in limnic water) and sediment (half- life > 180 days) 

and air (A.XIII REACH) DT50 > 2 days). DCDPS may be P in soil (DT50 of 120 days, REACH 

Annex XIII criteria DT50 >120 days), due to all calculation models (EPI Suite v. 3.2, EQC v. 2.02 

and PBT profiler). Direct impact of DCDPS to soil may only happen through direct release 

(sewage-sludge holding to fields) or wet and dry atmospheric deposition; diffusion of DCDPS 

from plastic polymers may not happen. 

The strong bonding to organic material (Log Kow 3,9 and Log Koc 3,5) makes DCDPS slightly 

immobile and thus persistent in a local (sediment, water) and temporal aspect, but is reversible. 

A particle- mediated long- range transport may take place on the deposition- impact- transport-

mechanism. 

DCDPS is classified as P because biotic (<1%) and abiotic (< 26%) biodegradation of DCDPS 

is low and slowly. Degradation is calculated to take 3 months 2 weeks and 4 days (REACH 

criteria < 2,2 months). 

DCDPS may not biomagnify along the aquatic food web according to the ECHA criteria BCF 

(BCF > 2.000), but at least accumulate temporarely in fish. DCDPS may bioaccumulate in 

terrestrial biota (Log Koa 9,2), especially in predators and birds, as high DCDPS levels in 

herring gull eggs (K. Nörstrom, 2004) and guillemot eggs from the Baltic Sea (Jörundsdottir, H. 

et al., 2006) support. Birds seem to have less efficient metabolic abilities for degradation of 

DCDPS compared to grey seals. Rat studies from Mathews et al., 1996 illustrated a dose-

dependent, slow metabolism and depuration rate of DCDPS (biological half- life of 12 days). 

Unmetabolised DCDPS (49%) is bioaccumulated in fat tissue and liver (target tissue) before 

eliminated finally and completely. DCDPS may be bioaccumulated temporarely in rodents and 

permanent in wildlife birds and grey seals. Thus DCDPS may be potentially B in air-breathing-

organism. 

DCDPS is not acute toxic but categorized as chronic toxic 2 to aquatic invertebratae, flora and 

fauna. Toxicity concentrations of DCDPS depend on different inter- and intraspecies 

sensibilities and range between 10 and 100 mg/ L for aquatic organism. Long- term toxocity 

criteria like EC10 or NOEC (> 0,01 mg/ L) may range between 1 until 10 mg/ L. In my opinion, 

low chronic toxicity of DCDPS has also to be expected in terrestrial biota and wildlife due to 

long- time effects in predators. I may classify DCDPS as potentially toxic category 1 (ECHA 

Annex XV (toxic, if STOT RE cat. 1 or 2) due to significant liver degradation at very high and 

repeated dosing. Although these organ changes are seen as normal adaptions and extreme 

testing conditions may not represent naturally environmental conditions, a severe classification 

may guarantee safety regulations. Further research on impact and fate of DCDPS in 

environmental compartments, species and wildlife are needed (no reported dada yet, ECHA, 

2017). 

DCDPS may not be neurotoxic, carcinogenic, mutagenic or toxic for genetics and does not act 

as an endocrine disruptor. 
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ECHA, 2017 does not classify DCDPS as toxic due to data lacking or conclusive, but 

insufficient data. This illustrates the difficulty to make a clear statement. 

Registrants assume DCDPS as persistent (P) and very persistent (vP) and not toxic (not T). 

I may classify DCDPS as persistent (P) and very persistent (vP), potentially bioaccumulating 

(B) in terrestrial biota and potentially toxic in aquatic and terrestrial biota (T) (NOEC 0,01 mg/ L 

and toxic STOT RE 1). 

Further information is needed for severe definition and classification of B/ vB. 

Bioaccumulation cannot be assessed yet (details are listed in Sec 8.1 of the CSR, ECHA, May 

10th of 2017); a test proposal for bioaccumulation or very bioaccumulative properties (vB), 

especially in air-breathing animals, are needed to finanlise PBT assessment (ECHA, 2017). 

ECHA did meanwhile two compliance checks on the self-registered dossiers, one in 2013 and 

another in 2014 (ECHA’s decision (number TPE-D-0000002783-70-06/F) from the May 31th 

2013 and Decision number CCH-D-0000002783-70-11/F) from August 27th, 2014. 

Actually still lacking data is: 

• Long- term toxicity sediment test (Sediment-Water Chironomid Toxicity Test Using 

Spiked Sediment), which was realised insufficient 2014: soil data was used for sediment 

conclusion. ECHA insisted on this test due to DCDPS’ adsorptive property and 

persistence in aquatic life – still missing! 

• Prenatal developmental toxicity study in a second species (rats or rabbits): toxic for 

reproduction regarding development and breastfeed babies Category 1B: may damage 

the unborn child (H360D) – still missing! 

• two- generation reproductive toxicity study (Annex X, 8.7.3.) - still missing! 

• spectral data (Annex VI, 2.3.5.) on Ultra-Violet, Infra-Red and either a Nuclear Magnetic 

Resonance or a Mass Spectrum for identification - still missing! (data reported in 

PubChem, 2017). 

The latest update was on May 5th, 2015 announcing “Substance evaluation under 

development”. 

EPA developed the PBT- Profiler16 , using the programmes EPISUITE and ECOSAR to indicate 

and assess potentially toxical substances for environment. DCDPS is categorized as not B 

(BCF value 170), potentially chronic toxic to aquatic life (fish chronic value of 0,56 mg/ L; Fish 

ChV > 0,1 – 10 mg/ L), P in soil (half- life of 120 days) and water (half- life of 60 days), vP in 

sediment (half- life of 540 days) and air (half- life of 28 days). Soil may be no target 

compartment under environmental conditions (ECHA, 2017). 

Due to the security fact sheet PPSU Centroplast, from Engineering Plastics GmbH, 2013, 

DCDPS is corresponding to the guideline 1999/45/EG and it’s annexes and thus not classified 

as PBT or environmetal hazard. The security fact sheet of DCDPS is listed in Annex A. 

16 PBT calculation model, 2017 www.pbtprofiler.net 
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8 Conclusion on SVHC properties 

8.1  PBT  Criteria  and  alternates  
The report of high DCDPS levels in environment (K. Nörstrm, 2004) calls for further 

biomonitoring activities. The chemical intermediate is accurently not analyzed in monitoring or 

research programs, but analyzable by using neutrable POP’s or similar neutrals (Philip H. 

Howard* and Derek C. G. Muir, 2009). 

DCDPS may not be harmful to the ecosystem at present concentrations, but different species 

are differently susceptible to contaminants. This calls for caution since our present toxicological 

knowledge about this compound is still uncomplete. Furthermore, it is notably, that whereas 

concentrations of many other environmental pollutants decrease over time the concentrations 

of DCDPS seem almost stable since the early 1970s. Effects on ecosystems may also arise 

from a combination of chemicals, a potential “cocktail effect”. 

It is also important to emphasise the usefulness of analysing different species from all levels in 

the food chain and include both mammals and birds since they bioaccumulate and metabolise 

pollutants differently (K. Nörstrm, 2006). 

Possibly alternates for DCDPS are biopolymers made of cellulose or starch (corn, weat, 

potatoes) (Wikipedia, 201617). In addition with some natural emollients like glycerin or sorbit 

and biodegradable polymers like polyester, polyurethan or polyvinylalkohol, thermoplastical 

starch is reached. Celluloseacetat is not biodegradable but together with vulcanofiber, 

cellulosenitrat and cellulosepropionat a natural bioplastic. Polylactitacid is probably the most 

universal applicable, thermostable and biodegradable biopolymer. Polyhydroxybutteracid is a 

fermentatively produced biopolyester with properties similar to polypropylen. Other ressources 

like Lignin (used since 1998 as „Arboform“ for automobiles), Chitin (Chitosan is used in 

medicine products, foam plastics and laminations) Casein, Gelatine and plant oils are used for 

production of bioplastics. Biodegradable bioplastics like Ecovio (produced from BASF), 

Polytrimethylenterephthalat (manufactured from “DuPont”), Bio- PE und Bio- PP (based on 

sugarpolymers in Brasilia) get more and more important and common to replace petrochemical 

standard thermoplastics in the near future. „Biorefineries“ could provide biopolymers for 

chemical industry (white biotechnology). The international market for bioplastics may rise in the 

next years (today is 3%, Reset, 2016). Consume of Bioplastics will rise from below under 0,5% 

in 2009 to 1- 2% in 2015 in Austrian plastic market (UBA of Austria, 2016), and worldwide to 

18% per year (2016 Ceresana). 

Metallic glas (Zeit Online, 2014) and loam are further green alternates. Although loam does not 

substitute DCDPS in plastics, it is an important replacement for bromine (Pressetext, 2014). 

The US- Food and Drug Administration (FDA) registered natural loam in paintings, cosmetics 

and pharmaceuticals (FDA, 2016 in Pressetext, 2014). An use in drinking bottles as oxidation 

protection is possible. 

17 Wikipedia, 2016 https://de.wikipedia.org/wiki/Biokunststoff 
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ACD      Advanced Chemistry Development (Labs) 

 AF       assessment factor 

  ANSI/ NSF                   standard 61 certification for Drinking Water System Components water  

   C & L        Classification and Labelling  

 CLP         Classification, Labelling and Packaging 

 CTD        Characteristic Travel Distance 

 BOD        O2 consumption  

DCDPS        bis (4-chlorophenyl) sulphone 

 DSL         Canadian Domestic Substance List 

 DVWG          technical product sheet 

 EbC42          biomass productivity and cell density 

 EC              seven-digit identifier, assigned to substances for regulatory purposes 

   EQC v. 2.02       calculation software 

 ERC            environmental release category 

 ErC12          exponential growth of algae 

 EROD       O-deethylase 

 FCM          as food contact material  

 FDA          US-Food and Drug Administration 

 H       hours 

 IR        Infra- Red 

l.w.         liquid weight 

    mg/ kg bw/ day         miligram per kilogram bodyweight per day 

GC-MS        gas spectrometry 

HCB   Hexachlorbenzene  

HPVC     high volume chemicals 

 ICL    Indus Chemie Ltd 

 ITC    Interagency Testing Committee 

 Kp   dermal permeability coefficient     

 L  litre 

 LC50                           lethal concentration for 50% of test organism 



 

    

LOD  limit  of  detection  

LOEC  Low  Effect  Concentration  

Log  Kow  Octanol-Water-Coefficient  as  incidence  for  water  solubility  

LRTP  long-range-transport  

NSF  standard  51  international st andard  for  food  equipment  

ng/  g       nanogramm  per  gramm  

LRTP  long-range  transport  potential  

MS  Mass  Spectrum  

NMR  Nuclear  Magnetic  Resonance    

NOAEL  No  Adverse  Effect  Level  

NOEC  No  Effect  concentration  

OC  Organchlorids  (pesticides)  

P  &  B  persistent  and  bioaccumulative  

P  persistent  

PCBs                  Polychlorinated  biphenyls   

PCB  153  2,2',4,4',5,5'-hexachlorobiphenyl  

PCB  31      2,4',5-trichlorobiphenyl   

PES  polyethersulfone  

PFOA  Perfluorooctanoic  Acid  

PFOS   perfluorooctanyl su lphonic  acid  and  its  salts  

POV  overall e nvironmental p ersistence  

PROC  different  procedure  scenarios  

PSU  polysulfones  

QSAR     structure- activity  relationship              

R  risk  phrases  

S  safety  phrases  

STP  biological se wage  treatment  plants  

STOT  specific  organ  toxicity  

SVHC  Substances  of  Very  High  Concern  

SRC  PhysProp  Database  

SW  salt  water  

T/  y  tonnes  per  year  

T3_10;  T3_24  functional  grups  characteristic  for  toxic  effects  
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TE transfer efficiency 

TSCA Toxic Substances Control Act 

UBA Umweltbundesamt 

UVBCs unknown composition complex reaction products and biological materials 

U.S. EPA Environmental Protection Agency 

UV Ultra- Violet 

WHO World health Organisation 

w.w. wet weight 

WWT biological wastewater treatment 
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Appendix A: EPISUITE (v4.10) results 

Epi Suite Results 

Number: 80-07-9 

SMILES : O=S(=O)(c(ccc(c1)CL)c1)c(ccc(c2)CL)c2 

CHEM : Benzene, 1,1'-sulfonylbis 4-chloro-

MOL FOR: C12 H8 CL2 O2 S1 

MOL WT : 287.16 

------------------------------ EPI SUMMARY (v4.10) --------------------------

Physical Property Inputs: 

Log Kow (octanol-water): 3,9 

Boiling Point (deg C) : 390,24 

Melting Point (deg C) : 145,54 

Vapor Pressure (mm Hg) : 0,000000809 

Water Solubility (mg/L): 0,861 

Henry LC (atm-m3/mole) : 0,0000000049 

Aquatic Bioaccumulation 

Log Octanol-Water Partition Coef (SRC): 

Log Kow (KOWWIN v1.68 estimate) = 3.90 

Boiling Pt, Melting Pt, Vapor Pressure Estimations (MPBPVP v1.43): 

Boiling Pt (deg C): 390.24 (Adapted Stein & Brown method) 

Melting Pt (deg C): 145.54 (Mean or Weighted MP) 

VP(mm Hg,25 deg C): 8.09E-007 (Modified Grain method) 

VP (Pa, 25 deg C) : 0.000108 (Modified Grain method) 

MP (exp database): 147.9 deg C 

Subcooled liquid VP: 1.43E-005 mm Hg (25 deg C, Mod-Grain method) 

: 0.00191 Pa (25 deg C, Mod-Grain method) 

physchem 

Water Solubility Estimate from Log Kow (WSKOW v1.42): 

Water Solubility at 25 deg C (mg/L): 6.861 

log Kow used: 3.90 (estimated) 

no-melting pt equation used 

Water Sol Estimate from Fragments: 

Wat Sol (v1.01 est) = 0.51209 mg/L 
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ECOSAR Class Program (ECOSAR v1.00): 

Class(es) found: 

Neutral Organics 

Henrys Law Constant (25 deg C) [HENRYWIN v3.20]: 

Bond Method : 1.37E-007 atm-m3/mole (1.39E-002 Pa-m3/mole) 

Group Method: Incomplete 

For Henry LC Comparison Purposes: 

User-Entered Henry LC: not entered 

Henrys LC [via VP/WSol estimate using User-Entered or Estimated values]: 

HLC: 4.455E-008 atm-m3/mole (4.514E-003 Pa-m3/mole) 

VP: 8.09E-007 mm Hg (source: MPBPVP) 

WS: 6.86 mg/L (source: WSKOWWIN) 

Terrestrial Bioaccumulation 

Log Octanol-Air Partition Coefficient (25 deg C) [KOAWIN v1.10]: 

Log Kow used: 3.90 (KowWin est) 

Log Kaw used: -5.252 (HenryWin est) 

Log Koa (KOAWIN v1.10 estimate): 9.152 

Log Koa (experimental database): None 

Persistence 

Probability of Rapid Biodegradation (BIOWIN v4.10): 

Biowin1 (Linear Model) : 0.2460 

Biowin2 (Non-Linear Model) : 0.0061 

Expert Survey Biodegradation Results: 

Biowin3 (Ultimate Survey Model): 2.1514 (months ) 

Biowin4 (Primary Survey Model) : 3.1028 (weeks ) 

MITI Biodegradation Probability: 

Biowin5 (MITI Linear Model) : -0.0641 

Biowin6 (MITI Non-Linear Model): 0.0053 

Anaerobic Biodegradation Probability: 

Biowin7 (Anaerobic Linear Model): -0.7319 

Ready Biodegradability Prediction: NO 

Hydrocarbon Biodegradation (BioHCwin v1.01): 

Structure incompatible with current estimation method! 

Sorption to aerosols (25 Dec C)[AEROWIN v1.00]: 

Vapor pressure (liquid/subcooled): 0.00191 Pa (1.43E-005 mm Hg) 

Log Koa (Koawin est ): 9.152 
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Kp (particle/gas partition coef. (m3/ug)): 

Mackay model : 0.00157 

Octanol/air (Koa) model: 0.000348 

Fraction sorbed to airborne particulates (phi): 

Junge-Pankow model : 0.0538 

Mackay model : 0.112 

Octanol/air (Koa) model: 0.0271 

Atmospheric Oxidation (25 deg C) [AopWin v1.92]: 

Hydroxyl Radicals Reaction: 

OVERALL OH Rate Constant = 0.5865 E-12 cm3/molecule-sec 

Half-Life = 9.118 Days (24-hr day; 1.5E6 OH/cm3) 

Half-Life = 218.843 Hrs 

Ozone Reaction: 

No Ozone Reaction Estimation 

Fraction sorbed to airborne particulates (phi): 

0.0828 (Junge-Pankow, Mackay avg) 

0.0271 (Koa method) 

Note: the sorbed fraction may be resistant to atmospheric oxidation 

Distribution 

Soil Adsorption Coefficient (KOCWIN v2.00): 

Koc : 2855 L/kg (MCI method) 

Log Koc: 3.456 (MCI method) 

Koc : 1277 L/kg (Kow method) 

Log Koc: 3.106 (Kow method) 

Aqueous Base/Acid-Catalyzed Hydrolysis (25 deg C) [HYDROWIN v2.00]: 

Rate constants can NOT be estimated for this structure! 

Aquatic Bioaccumulation 

Bioaccumulation Estimates (BCFBAF v3.01): 

Log BCF from regression-based method = 2.238 (BCF = 172.8 L/kg wet-wt) 

Log Biotransformation Half-life (HL) = 0.9552 days (HL = 9.02 days) 

Log BCF Arnot-Gobas method (upper trophic) = 2.829 (BCF = 675) 

Log BAF Arnot-Gobas method (upper trophic) = 2.840 (BAF = 692.3) 

log Kow used: 3.90 (estimated) 

Volatilization from Water: 

Henry LC: 1.37E-007 atm-m3/mole (estimated by Bond SAR Method) 

Half-Life from Model River: 7244 hours (301.8 days) 
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Half-Life from Model Lake : 7.916E+004 hours (3298 days) 

Removal In Wastewater Treatment: 

Total removal: 25.72 percent 

Total biodegradation: 0.29 percent 

Total sludge adsorption: 25.43 percent 

Total to Air: 0.01 percent 

(using 10000 hr Bio P,A,S) 

Level III Fugacity Model: 

Mass Amount Half-Life Emissions 

(percent) (hr) (kg/hr) 

Air 0.418 219 1000 

Water 10.2 1.44e+003 1000 

Soil 87.4 2.88e+003 1000 

Sediment 2.07 1.3e+004 0 

Persistence Time: 2.4e+003 hr 
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Appendix B: Safety fact sheet DCDPS 

Vertellus, 2014 Safety fact sheet18 

Environmental Chronic Category: 4 

Classification of the substance or mixture (According to Regulation (EC) No 1272/2008) 

Hazard Precautions: 

H413 - May cause long lasting harmful effects to aquatic life. 

Prevention Precautions: 

P273 - Avoid release to the environment. 

S29/56: Do not empty into drains, dispose of this material and its container to hazardous or 

special waste collection point. 

S36/37/39: Wear suitable protective clothing, gloves and eye/face protection. 

S57: Use appropriate containment to avoid environmental contamination. 

S61: Avoid release to the environment. Refer to special instructions/safety data sheet. 

Environmental precautions 

Prevent releases to soils, drains, sewers, and waterways. 

18 Vertellus, 2014 Security fact data sheets: http://en.wikipedia.org/wiki/4,4'-Dichlorodiphenyl_sulfone 
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