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INTRODUCTION

Thepratood for theprevention of pallution of the Meditaraneen Seaby dumping from dipsand araret
(UNEP, 1978) adopted by the Meditaranean coeddl Satesin 1976, indudesin annex | thereto "Organasilioon
compoundsand compaundswhich mey farm suich subgtanossiinthe marineenviromant, exduding thosewhich
aenorvaxic or which arergaidy convated inthe saainto Subdanceswhich aehidogicaly hanmless provided
thet they do nat mekeedlemainearganismsunpdaaile’. Under thetamsof Artide4 of theppratood, the
dumpinginto theMeditaranean SeaAreadf wedtesor ather mtter liged inannex | isprohibited.

Inthepratocd for the pratedtion of the Meditaranean Seaiagaing pallution from LandHoesad Sources (UNER,
1980), adopted by Meditaranean Statesin 1980, " Organoslicon compounds and subgtanceswhich mey fom
such compoundsinthemaineenvironmant, exduding thosewhich arehidogically hermless ar arergadly
convatedinto hidogcaly harmless suogiances', gopear inanex || therdio, therey, under thetams of Artide 6 of
the pratoad, reguiring an autharization fram compatant retiondl autharitiesfor indusoninefiuent dsdhargesinothe
S3z)

Reoatinformation onthe gatus of arganasilicon compounds ass maiine palluianishesled to reviews of their
postionwithintheanmexesdf rdevant gaod and regond marine paluion conventions resLiting inthe adogption of
lessqringant Satutory messuresregarding these compounds

In confarmity with the prindiple of updeting the annexesto pratoodls adopted under thetems of the 1976
Convarion for the pratedtion of the Meditarranesn Seaiagaingt pallution as and when necessaty, and & therequest
of ane Contradting Party to the Convertion and bath pratocdls; the pasition regarding argenasilioon in bath the
pratocdlsmentioned above hesbem reviewed. The presant document condlitutesthe saentific review carmed ou,
andindudes onthebedsaf such review, gopropriate propossd meearesto the Contradting Partieswith regard to
eech protoodl.

EXECUTIVESUMMARY

Organasilicon compoundsindudetwo groups: anegroup congssdf theslicon daivaivesof argenic
compounds Thisgroupisopen eded because by siylation (the rglacament of hydrogen atomsby arganosilyg
(R:S) graups) ar by slasuiditution (therglacement of carbon by glicon) infinitenumber of compoundscanbe
gnthessad Slylation and slasuiodituionsdo nat dangethe besc daradaidics o the perent compound and
therdfare regulaions on dumping, or discherge from lancHoesad sources must bebesed onthetoxiaity and
behaviour of the perent compound.

Thessoond group consgsof slaxanes and thar precursrs Slenesand slands Slanesand slandsareundaile
Ther taxiaty isinversdy rdated to thar 32hllity, andisthe consaguence of hydrdysisto hydrodiaricaad
(arcslaney or argenic adds (dkaxyslanes). Diluionlimitstheeffet of addsbathintimeand soece: Dilution
d9 prevanisthe condensation of theather hydralytic produdt, sland, to slaxane: When condensgtionis
prevarted, slandsare moregable then slanes though dony decomposeto catbon diaxideand slidc add
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Asaconsguencedf ther demicd inertness slaxanesare pargtent and havefarly low taxiaty. Other
daradaidicsarelow weater dluhality, high visoosity and low bicconoantration and biomegrification patentid. The
vaility of digomeasprevaseqpoareto adeedy concatraion, whilehidogicd memranesareimpamesieto
paymeswithamaecuda weaght of @@600. Low weter saluhallity, low biceocumulaion potentid and lowv
toxiaty eqdanwhy dosaved conoatraionsinthe aguetic evironmant aesevard adasbdow thetoxic
conoatraion for dgee, themod sasiivegpades Low taxiaty to themainebidaisminrared by low taxiaty to
men. Theued dliconesin medidne arthopadic and pladic Surgary and coamics and theuseof FDMSasan
anifoaming agart inthefood indLdry tesiify to thelow toxiaty of slaxanepdymas  Rolyether copdymars which
arecomposed from hydrgphilic polyakylene graups o locks and lipophilic sloxane dlodks canbewater sdludle,
but their 9ze prevenishiooonoaniration or gedraintesting aosarption.

Theavaladedetadsoindcatethet in qatedf thelarge scdle usedf argancsilicon compoundsover thelad forty
yeas thepressnce df arganodliconsislimited to vary sl areesof diredt input. Thehighest levdswearemesared
natinthewater cdunn, but intamparary surfacefilms (40 pab) aorinsedmeants( 30ppm). Thoughssdimat
contaned 40 pominthecantred theNew Y ark Bight dudgedumping Ste, near to Lang Idand no sllicone
palluion could beogected

Insummary, compounds dheraderised by the presance of S-O- dainhavevay low taxiaty and
hiceccumulaion patentid. Thar sdluhlity isseverd ardarsbdow thetoxic concantration and thesamecauld be
sad about thar concantration in Surfacefilms and the upper ssdimantd layer. Thusarganaosiliconshbuilt upfrom
Sloxarewnitsand dso thear precursarsdo nat pdllue the marineenvironmant to the extat which cenendanger bidta
aramaities Sloxenesfamawel defined entity inthelarger groypsar argencosiliconecompounds: Sylaed o sla
Ubdituted organic compounds do nat erethe dneradteridics of Slaxanes but the draredeidics of theparant
(organic) compounds: If and when such acompound becomesamaine pdlutant, pratocdscovering syrnthetic
arganic compoundsand pediddeswill gveadsnuete pratedtion againd ther dumping and rdesseinto themaine
emronmat

1 BACKGROUND

Devdgomatsin arganaslicon demidry andinceeesein thecommadd usedf arganaslioons menly pdymas
and the posshility of perdld agustic behaviour with argenchel ogen compounds resLited inlegd redridionsonthe
dumping of argenagliconsinio themaineevironmat. Theasaced comprenasveknoMedgeanthe
behaviour and taxiaty of these compoundswiesreflected by the nontunifamity of dedsons: Thusthefirg two
convatiorswhich dedt with the proldlem, the Odo (1972) and the London (1972) Dumping Conventions though
bath hddinthesameyerr, recommended differant restridivepractioss. The Odo Convention listed orgenasilicons
inAmex | (the"dladk” lig), therdy prahibaiting ther dumping (exogat far those compoundswhich arenorHoxic, o
whichaergady convated inthe seainto subdianoeswhich aebidogically harmless); whilethe London
Convention (LDC, 1972) liged argancsiliconsin Annex 1 (the""grey ligY), therdoy pamitting digposal under pedid
licence). ThePaisConvention (1974) fdlowed theline of the Landon Convertion, whilethe Baradone
Convartion anditsrdated protocols (UNER, 1982) ket argenasilicon compoundsonthe"bladk lig” with
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theexdudon of thosewhich arenorHaxic ar rgady conveated into bidagicaly hermlessfomand do nat taint
edblemainearganiam. In 1980, the Odo Commission agyead thet palydimethyisloxanes (FDMS) could be
entaed onaregder asbang arganoslicon compoundswhichare"nontoxic’ andin 1985 reamoved dl rferanceto
arganasilioon compoundsfrom Amnex | tothe Conveantion and reiained in Armmex | anly "parsdent taxic
arganasilicon compounds'. Inthesameyear the Pais Commisson deaded thet theliging or argenasilioon
compoundsinthegrey lig shoud remain and thet no dhange should bemedieto thetamindogy ussd inarder to
harmonizeit with the Odo Convation. Bath Commissons adknomMediged thet no arganosilicon compounds
commaadly producsd & presant arebath pargdient and taxic, and thet palydimeathyislaxenes which cordlitute
about two-third of the orgenosilicon compounds"merket”, do nat fdl withinthe ddfiniion of aparsdant, taxic
arganasilicon compounds: Thelatest London Convention (LDC, 1986) wert onedep further. Based ontheview
exressd by the Saentific Graup on Dumping (LDC/SG.9, 1986) thet "dl avalable saentific evidence supparted
theremovd”, it removed arganasliconsframthegrey lis. Honvever, inthedrdt repart, theddegetionsof Bdgium,
Damak, Fnand and the Netherlands exaressed their gpinion thet the retention of oartain argenasilioon
compoundsin Anmnex || mey beprudert, dueto thar syrnthetic neture, their extrame perssience and doulat about
trequentiiesrdessad into themaineemiranmat’”.

Theaitidd commentsmede by ddeggtions represanting four Contradting Pattiesto the L.andon Dumping
Convention, and theexisting differencesin therecommendaions of vaious conveantions aeimportant becausethey
indicatethet the detete about theleve of ecdogical hezard presanted by orgenosiliconshesnat ended. Theresson
for the preperation of the presant documart isto duddete those dreradteridtics of argenodliconswhich arepatinart
tothisdeoete

2 ASESSVIENT OF THERATIONALE FORTHE LEGAL PROTECTION OF THE
MARINE ENVIRONMENT

Taoxiaty, parsgenceand biceccumulaion aethetihreemain daradaisicswhich deamineethe degree of
hezard to an enosydem. Howvever nonedf thesetamsimply asdf-eqdangiary and aosdutequdity. When
refening to asnge compound, thequesionsarehow taxic, parsdant ar accumulaive such acompound may be
Thesequdities can be quentitated and the possibleedagicdl impect predicted from comparing these vaues with
thetoxiaty, parsstence and biceccumulaion of ather compundswith known ecctoxicdogicl effeds: Judging from
the0.2 mgkg LD S0 far mice (thedosekilling 50% of expaimentd animelg) of ptaylsiarane slaranescanbe
exremdy toxic (Garson and Kirdner, 1971). Sliconedadomesand resnsarevay parsdeat (Hmin, 1982) and
when Seedly aquetic conoaniraion was maintained, odamethylcyd atetrasilaxane hed alioconoentration fector of
1200 for thefetheed minnow (Bimegahelesprameles) (Anndlin, 1984). Thus individuel mambasdf the
aganaslicongroyp of compundsshow & leesst onedf thethree dnaradiaidicswhich justify legd retridionsonthar
dumping or onthar input from lancHoesed sources: Such consdaraionsdeatly influenoad the
recommencetionsd the Convartionsto lig argenaslliconsinonedf theAmmexes. Theview thet advere dfedtsto
theeoosystam depand on the deyee of exposurewas d o aoogpted asshown eg. by therecommenddion of the
L.ondon Dumping Convartionin 1972 when arganosilicon concantrations fram landHoesad sources werejuoged
tobeinggnificat bdow 01%.
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Whensomedther queitiesof slaranes organasilioon destomarsar odamethyitetracydosloxeneare considerad,
quitedfferet condusonscanbedrawvn. Slaranespromisad to betheided rodentiades which kill theret but
because of rapid invivo decompasition, do nat cause sscondary paisoning (eg. inthecat which eststhe deed rat).
However, theusedf slaranesasrodentiades hed to be abendoned, partly becausethey dso decomposed in
dunmp bats(Ramison, 1974). Evenif they were usad and could reech the aquetic sydem, thair rgpid
deoomposition should render theminnocuous

Hagomasand rednsaevay pasdat bu doinofferave whichexdansthar useinmedidne They aedid
metaidsand anly thar useinthe paint indLery (sshardenarsand aooderators) can contributeto pallution fram
lancHoesad sources

Though thebicoonoariration potantid of odamethyloydaerasiaxeneishigh (Anndin, 1984), itssaluality in
purified weter islessthen 06 pom and marethen 15to 20fdd lessin ssaweter (Finmin, 1984). Mareove, when
06 ppmweas added to filtered weter, conoeaniration dedined 6fdd within 1. day and 16fddwithin 2 days
(Anndin, 1984). When added to dry food, Smilarly to ather oydic and lineer argenosiloxaneswith molecular
weght bdow 400, vdilizaion medkeit imposshbleto cary out iomegnification sudiesin guppies (Bruggamen g
d., 1934). Odamahylcydadrasioxanein awedeweter tresiment plant could be detected only intwo of thetiree
WWTPdudge cakesamples (lessthen 05% of thetatd Slicone) and therewasnong, or amountsbdow
ddsdionlimits in ather ssmples (digeter filter cekeor fird fluant). Orly onedf theSx freshweter sdimart
sampleshed dediableamounts (0.07 mgkg or 08% of tatd glicone) and nonewasfoundin 15 st weter
simat sampes though 9 of them hed amessradleamount of slicone (A Arbor Tednicd Savices 1985).

Oreagumat usad for theintrodudion or retention of resridions on matine pallution by arganosiliconsisloesad
ontheposshility of new usesfar exding fludslicones Anather argumant isthet new arganasilioon compounds
whichwill exosad the presantly used organasiliconsintaxiaty, parsdencear icecoumulaion patantid, or some
aher efedsoarimantd tothemaineamvironmat will bemaketed. Thus itissuggested thet thergdeaoameant of
paydhiaingted biphenyis (FCBS) fomulaionsin didedric fluidsby paydmehyisiaxane (FDMS fludshesthe
patentid toincreese maine pallution by thispaymer. Inview of low weater sdlubllity, low sufacetensaon, the
reenion with savege patidesin wedtewate trestmeant plantsand theeconomicinteret tolose asllittle and recover
asmuchaspossible thisnew usedf FDMS mey nat increeselandHoesad sources of arganosilicon pallution
sonificantly, and catanly nat beyond ssdimantsinthevidnity of input. Theaher conddaraion thet thehighly taxic
PCBswill bergalaoad by inet PDMSisbeyond the soope of thisdocumart.

Asfa astheposshility thet sofar unknoan ar & lesgt unussd compoundswill beinroducad ino themarket is
oonoamad, onemuet condder thet thesewould fal into onedf thefdloning two categories: Bither they would retain
theslaxanedrudurear will betheslicon andlogues of argenic compoundsinwhichanear morehydrogenis
realaoad by timethylslyl group (Slylation) or carbonlisrgalaoad by glicon (slasubditution). Inthecased new
slaxanes thenew digomer or paymer would arethebesc daradeidicsof onedf theexiding sloxenegroups
Contray toslaxanes theinrodudion o sliconinto an arganic compound by siylaion or slasubditutionwould
modify but not dengethe besic hidogicd dneradtaristics of the perent compound (Vameggt, 1977). It mey betret
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siylgionwoudinoreesethedility to pendratethrough liguid membranes moreessly, but repid desilylationwould
cancd eventhisdifferlance. Compounds datained by slasudtituiion areusLaly metabdlised fader then the perent
compound. Whether the slasubodtituted compound ismore or less adtivee then the cartoon perent compound
depandson therdationship batwean drudure, metabdism and bidogicd adion (Vamegat, 1977). Inany caseit
samsressnedleto uggest that the pratedtion of thematineevironmant againgt slylated or slasubstituted
procucds mugt depend onthe draredtgridics of the parant argenic compound and nat onthe presance df slicon

3. TOXICTY TOMARINE LIFEAND HUMANS

31 Gagd commais

Asaninrodudiontothetaxicdogy of helogeneted hydrocarbons Irish (1963) medesomeramarkswhich are
patinat to thetoxicdlogy of arganosilicons “Nat o many yearsago, waming labdssmply dated ‘contains
halogeneted hydrocarbons or ‘contains dlarineted hydrocarbons. The assumption gppeared to bethat they could
dl beconddaadinthesamedass Inexamining thephysdogica responseto different hdlogenated hydrocarbons
it becomes doviousthet they cannat belumped together in considaring thehezard, ether quentitatively o
quelitetivey’.

Thiscommat iseven marevaid for arganosiliconsthen for helogeneted hydrocarbon. Theressnistiet
theordically morearganasilicons can be synthesisad then heloganeted hydrocarbons and duelly slylaionand sla
adituionscaninareese the numbar of arganosilicon compoundswall abovethe number or arganic compounds
However, besed on the congdaraions mantioned in the previous peragrgph, the presant discussionisrestricied to
Slanes dlandsand slaxanes

Dimethylddiaraslang and asland, dmethyislanedid, areinteme digtesof pdydmetihyisioxanesmthess In
slanesarganicradicds (akyl, dkaxy, ec) and hydrogen arand hdlogen are attached to sllicon, whilein slands
arganicand hydraxyl redicdsaren attached. When the compound hesmorethen anedllioon (eg. disilane), the
aosenoedf an axygen bridge betwean two sliconsdidriguishesthese compoundsfrom siloxenes: The
charadaidic of bath lineer and ¢y dic slaxanesisthedtaaion of S-O- units Withthenumber of S-O- units
Duhlity inweter decreeses whilelipophiliaty and visoosty inoresse. Falymerscontaining ypto 2000 S-O- units
remainfludwithinoressng visoosity. Thus kinametic visoosty (=@visoosity/dansity), Ledly gvenineSt
(centiSioke), howssome deyree of cordation with thenumber of S-O- units(Howvard et ., 1974).

32 Biooonoantration and gedraintanding sbsorption

Thetendency of achamicd to didribute betwean two separaile pheses, asbawemnwater andlipid or odand, is
meesred by theequlibrium condart inthetwo phesss Bath thelipidhweter and odiand-wiater partition
oodffidentsareindcatarsof theahlity of an arganic or organasilicon compound to pendrate call mambranes
induding thagedraintesting tract. Theliooconoan: tration fadior (concentraion intissue, usLAly flesh, per
conoantraion inwaeter) can be predidied from the octandl-wiater partition codffident (Kow) (Chiou, 1981).
Though the bicconoaniration fadior inaresses with the odandl-wter pattition codffiaan, thetimetoreech the
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predicted seedy date concantration inamaine organismisinareesed with decressing weter slublity. The
predicted conoantration cannat bereeched & dl when the aqueous concentration dedines (Chiou, 1981) by
hydrdyss(eg slanes), evgoaration (eg. Slaxanedigomers) or ssdmentaion (eg. PDMS). BEvenunder icked
conditions thecardationwarksonly upto acatain mdecular waght, whichinthe casedf theuptke of
cHaringted paretfinsby sdmonisabout 600 (Zitko, 1974). Thesgnificanced mdecuar weaghtisshoan by the
fad thet the gestraintestingl ebsorpiion of lineer Slaxanes dereeseswith molecular waght from the samllest
hexamethyldislaxane (mw. 162) to dodecamethyl pertasiiaxane (mw. 384) by 80%%.
Teradecamehtylhexasioxane (mw. 458) isnat ebsorbed at dl. Theabsorption of cydic pantasiloxane (mw. 370)
iIs3and thet of hexaslaxane (mw. 440) is 10% of the gedraintesting aosorption of
odamehylcydagrasloxane (mw. 296) (LeVie g d., 1977).

Theinfluenced mdeoular weight on bicoonoantration (and dso on biamegnification) = concatraionintissue per
conaartraionin food) exaanswhy thehigh bicconoantration factor of odamethyicydaterasiiaxane (Anndlin
1984) isnat dered by PDMSs  Bluggll sunfish exposad for 30 daysto 1 or 10 pom PDMSflud of 300cS
showed no acoumuaionintheflesh (Hobbset &, 1975). A smilar condusonwescrawn from expaimantsin
which black bluuhesos (Iddaus mdag) werefed with 50 ¢S PDMSflud (Anndlin, 1979). Wormsexposd to
200mgll 47 ¢ PDMSinthe presence df bedtariaand plankton, or fish and auttaoeafed on exposed andid
worms hed albioconoaniration factor of 005, Bath phytoplankton and plankton hed abioconoantration factor of
20, but malluscs (Mytilus eelis) and fish (Gresdus auretus) fed on plankton hed 0.24 and 0.1 bioconoarntration
fadtorsregpedtively (Aubat & d., 1985). Contrary to these dosarvaions Watanabe e d. (19844) found
sgnificantly higher bioconcantraion fadtarsin Siver capsexposad far 3daysto onedf for FDMSs Mdeodar
waghtsranged from 1,200t0 56,000. The bioconcentration factor increesed with molecular weight from 29to
1,250 and tissue concantration fram 4.1 to 75.3 pom. Suchlargemdecules could nat pessthroughbidogicd
membranes but the possihility of surface contaminetion inoresseswith visoosity. Thus tissueresduesedimetad by
treauthorsmod likdy gave concatrationsinwhdefish and nat inflesh and conssquantly wereuralitedefor the
cdladation of the bioconoantration fedtor.

Fromthepaint of view of biceccumulaion and gedraintengtingl absorption, palyether aopdymeasand
paymethyiphenyisloxarefiuidsberavelike FDMS Themdeoua weight of palyether aopdymer fiuidsistoohigh
to pamit absoption, whilelow mdeadar weight phynyimethylcydosiloxanes are eesily ebsorbed through the
gedrantestind tract.

33 Aquetic behaviour and toxiaty
331 Slaesadslads

Slanesundago rgad hydrdyssinwater. Degradation of dhlorasilanesdso producesHA whichisregponsle
for thar prompat taxic effets The 1 hr LC 50 of dHlarasilaneswias betwiean 180 and 300 ppb (ugl) inthebroan
drimp (Crangonarangon) and theamed bullheed (Agonus caliphradus). Theextansion of exposretimedid not
increesemartdity (Franklin, 1981). Different methaxyslanesin the 100 to 300 pom conoantration renge causd
Sirhibiioninagel growth (Vark g ., 1984). Alkaxysilanes induding vinyitriaosioxysilane, tested up to 100
ppm causad no martdity inaudaceans (Vork e dl., 1984). Intherainbow trout (Samo geirdnen) and dusgll
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aish (Lgoomis meaadhinus) the 96 hr LC S0 vauesweare 237 ppmand 275 ppm for
gyadaxypropyitimethoxysilane. Ranbow trout wessansitiverto vinytrimethaxysilane (LC 50= 191 ppm) while
buegll anfish tderated 1,000 ppmwithout any taxic effet. Decompoasition to aodic add ismodt likely
regponsblefor therdaively low (68 ppm) 96 hr LC S0 of vinyitriaogio- xysilanein lusgll sunfish (Fimin, 1984).

Under returd unlight, or whenirediated with uitravidet light, methyisland shoreek doaninwter to cabon
daxideanddliacadd (Frye, 1980). Fethesd minnows (Hmeaahelespramieles) exposad toamaximum of 10 pom
dmehyislanedid for 60to 90 daysdd nat how any Sgnsdf bicecoumulation (Anndinand Buch, 1978).
Expoaureto 1,000 to 2000 pom timehyisiland, dmethyislandid or methyislanetril did nat effect dgd growth
(Vork & d., 1984), whilethe 96 hr LC 50 of dmethyislanedid was 271 ppmin sharearab (Pedygraoas
aasgpes), and 604 pomin marh drimp (Pdaamongtesvugais) (Fimin, 1984). Intherainbow trout, dluegll
arfishandkillifish (Fundulus heteraditus) 96 hr exposureto 1,000 pom dimethylsila- nedidl caused anly 10%
degthinthefird gpoedesand nonintheather two (Fnmin, 1984).

332 Rdydmetyisloae(FDMS fluids

Thereisno evidence df biodagyadetion, but vaaile mehtylslaxanes decompose under theinfluenceof UV light.
FDM Sundargosshydrdyssand rearangamant in contad with theday componantsof ol whenthewater
contantisnat morethen 3% (Frye, 1980). Thus sufacemambranesar typicd sedimentd layersdo nat havethe
conditionfor thisfam of degyradetion

Asthedadtiesaebdow 1, PDMSfludshavetheahlity to form sufecefilms but they arergody adsorbed
onto patidesand sk to the sedimentd layer wharemahllity islow (pdlenberg, 1979 b, Getingsand Lane,
1982). Asaxygenismoresdludlein PDMStheninweter (Clark and Gallan, 1966), FDM Slayerscannat
aphyxigethehica

Thesdublity of mythylslaxanesisvay poar. Inseawete thesrdler mdecda weght compoundshave
luhlitiesaround the 50 ppb range, and the sdluallity of larger palymersisbdow 20 ppb (Fimin, 1984), Vork &
d., 1934). Asmaod of theexpaimatswaredonea concantrationssavard ardarsabove luballity, asudantid
differencemay exig betwean the concaniration calaulated from theweight of sloxene added to theknoan vdume
o weater intheaguaium and theadud concatraion.

Expoareto oydic methylslocanes & leeet up to 100 pom conoantration for 96 hr, did nat effect dgd gromthar
themartdity of mersh drimp (Pdaemomongieswvugais). Tharewas 1026 martdity inbrineshrimp (Artamia
Sding) exposad to 500 ppm far 24 hr (Meurice, 19814). Zdrafish (Bradhydanio raio) talerated 96 hr expoare
to the same conoantration (Bessamans, 1981) or 106 daysexposreto 10 pom (Meurioe, 1981b).

Truesduionsaf dfferet PDM S5(100, 350 ow 12,000 cS) exarted no advaeredfedsduing a9 hr
expoaure paiod onawidevaidy of maineagansmsrangng from planktontofish Magg ad Alzeu, 1977).
Thecommunity druduredf amiarooosm, induding bedterna, dgee and pratazoawes nat ffected by 24 weeks
expoareto 144 ppb (median) 56 ¢ hydraxy enddlodked PDMS (Gettingsand Lang, 1982). Inthisexpaimart
the conoentration ranged fram 17 to 260 b, but an evenlarger fludtustion would be expected with higher
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conoantrationsbacause of thefammetion of surfacefilm, sedimentation, adsartion onto the surface df the aguarium,
and gaadly becauseof uneLd didribuionwithinthewater cdumn. Haboset . (1975) found the48hr LC 50
o anantifcamwith 30% FDMSemulson (350 ¢S) to be 244 pom (73 ppm PDMS) inwee flea(Depnia
mege). Theauthorsobosaved thet meny weter fleesbecame entrgpad inthe surfacefilm and ded there
Howeve, sstade 1 shows thelL C 50 vduesfor meny ather oedeswearemarethen 1,000 pom, andinsome
Cases morethan 10,000 ppm.

FDMS (80 ¢cS) mixed with battom ssdiment inafloa-through tes system did nat et theaunvive of themaine
palydhegtewom Neaes dvasadar up to 1,000 mgkg concartrationin 29 daysexpaimants Bah 100ad
1,000 ppom ddayed the burowing adtivity of thewormshby about 17 hours(Crag € &, 1984). Theeffedtsof
PDMS on ather perameters (growth and body burden) could nat bejudged because of thelaxity of presantation.

PDMSfamulaions can contain ather compounds eg emulsfies Mussasssamed to bemoresangtivetothe
emusfie thento FDMS(Aubat & d., 1985). Inanother expaiment shegpshesd minnow (Cyprinodon
vaiegetLs) embryosand lavae were exposed to aFDM Sfomulaion containing 60% weter, 3% FDMSof 50
S and Poanusfias Beddesthecontrd group tharewere Sx exposuregrouds fivegroupswereexposad to
thefomulation at 91, 200, 293, 606 and 671 pom and onegroup anly totheemulsfier presant intheweter of the
ssoond highest exposuregroup. Hatdhehlity and lenghwere significantly decressad inthe highest exqposLegroup,
but length was dso decressad by theemulsfier. Sunvivd was effedted by the seoond and fourth expoaurelevds
adby theamudfie, whilewagt anly by theemuigfier (Hill g d., 1984).

333 Sliconepdyethe copdyme fiuids

Aspdyether aopdymers(do cdled sliconedyads) arepayakylene (mogtly payoxyethyleneor
palyaxypropylene) blodks attached to lodks of sloxane polymarsar pdyaxyekylenesdedansgdted ona
polymethyl- Sloxanebeddoone Thechaeradtgridtics of these aopolymersdgpend on bath the polyether ad
paysiaxane cordituents Thus somed tham arewaa-sdude ahersmisaldear insdudeinwete. Uunlike
PDMS palyether aopolymersaresufadtants: Bathweter and solulallityand surfactart proparty vary with the
propartion of hydraphilic and lipophilic partsof themdecule (CIR BExpat Pand, 1980).

Thareareno detaon biodegradtility, but photodegradation may bepossble Astable1 ows greendgee
and ranbow trout waremore sangtiveto slicone palyether copdymer thento FDMS. Tade 1 dso sowsthe48
LD 50far Dadniamegnaas 311 ppm, though other reported vauesfar 48 h exposreare 486, 816and - 1,000
pom. Inaadatictes no efect wasreoorded efter 21 daysof expoareto 10 pom (Rmin g d., 1984).

334 RiymahyiprenyisioerefiLids

Raymahyiphenyislaxanefludsare equedtad to behavelike PDMS  Low mdecular weght compounds meinly
oydic anes aevddileand can pesstiroughhidogcd mambranes Themdeoular waght and visoosity of
palymarscan beashigh asthosed PDM S but ther density isnat bdow, but equd or above 1 and their water
sublity islow (howad et d., 1974). Table 1 fowsthe thetoxidty of RMIPhSTluidsto marineorganismsdoes
nat exosd thetoxidity of FDMS
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335 Organoslicondagomers(rubbay adresn

Theaasslinking of lineeu poymasthrough reedtive (eg. H, OH ar vinyl) radicdsreaitsin thefammetion of sdlid
metaidsinsdubdleinweter and nonthiodeyackeble It hesbean suggested thet Srgptomyces mey uilizeaodate
caaysator re3dues(Hmin, 1934).

34 Mammelian tadaty induding tadaty to humers
341 Hlaesadslads

Slaneswhich conian anly slicon and hydrogen areally sudanceswhich vary doMy decomposeinwete.
Hydraysisisinaressed with the redlacament of hydragen by dkaxy radicdsand becomesvenemat whenthe
suitvatischaide Chloraslanesaredo hydrdysed in contact with the humidity of mucousmambranesor kin
andat sslocd initents Theather hydrdlytic product of dloroelkylslanesisakylsland, which mey undergo
condensgtionto sllaxane (LeVier & d., 1977). However, theformeation of hydrochlaric adid condtitutesthe hazard
tohedth Inthelarges acddentd saill of slanes 1,200 glonslicon terechianidelesked fromatank inadhamicd
plantwithinssverd hours: The suostance promptly hydralysed onthemaist ground and with theevgporated sllicon
terachond, fomed alagegray-whitedoud of 150-200mheight. Sx warkescaught intheareadevd gped
neuses, runny eyesand nose, coughing and mildwheszing: Al thesesymptoms can beexlained by theeffedt of
hydrodaicadd (Kizer g d., 1984). Thetoxiceffedsaf dkyldlorodlanesisdn duetotheformetionaof HA.
Therdaivdy milder comrosvedfett of arganic addseqdanswhy dkoxyslanesarelesstaxic then dioroslanes In
therattheord LD 50 df dilorodlanesisabout 1. gkg or more whilethe LD S0 of tetragthoxyslaneis6.3 gkg
(Smythg d., 1949, 1954) and thet of  -glyddoxypropyitrimethaxysilaneis85 glkg (Sadiqu and Habols 1934).
Thelatter compound given to pregrant ratsby gavagein dally dosesof 1.0 gkg ondays6 through 15 of gedation
dd nat causeadvarsedfedsin themother or infoeiuses (Sadiqul and Hablos 1984).

Trimethyisland and dmethyislandd arenealy compleidy sbsorbed from the gedrantestingl tract and rgpidy
exaded Themarepda dmehylslandd wasdmog exdusvely extreted in uring whileedrdatary losswes
responghblefor about 10-3%%6 of thetatd exardion of timethyl- Sland dosein monkeys(Benett and Sat, 1973).
Mdead ferderastdaaed dely dosssaf 100 mgkg dmethyislandd or timethyisland for 31 dayswithout
avaedfeds but twoweskstrestman, 5 daysawesk, with 500 mglkg timethyisland caused Sgnsof
neurataxiaty and redudioninweght gain (Fimin, 1984). Diphenyislanedid isexaeed intherat withahélf lifeof
72hrandhesanard LD S0 df 215 gkginthesamegpades (Frmin, 1984). Thiscompound, apladiazer in
slicondadomars hesan aticormvusant effet and in 50% of miceand ratsthe LD 50 (efedtivedose) wes 25
mgkg agang maximel dedroshodk-induoed sHzuresor corvusons provoked by srydnine(LeVier g d., 1977).
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342 Poydmehylsioene(FDMS) fllids
34.21 Gererd toxicity

Theabsoption and route df exagtion dgpendson maecuar Szeand exardion dso depandson valaility. Within
49hr of theard adminisraion of “Clabdled hexamethyldisloxaneprimetes exhdied 200 of theradicedtivity,
exaeead 78%in uineand 1%infesoes (Baet and Sat, 1974). After theadminidration of
odamathylcydatdrasloxane, the caresponding numberswere 202/, 63% and 5% (LeBeau and Garzingdi,
1973). Theuinaty exaeiond sliconeby humenvdunteasgven PDMSardly wes ndticesleanly whenthe
PDMS contained low mdlecular weaight slicones athawiseit weslessthen 0226 (FAOWHO, 1974, LeVier &
d., 1977). After theard adminidration of nonrabsarbde FDMS theanly routh of exardionisthefescd ane
(LeVierg d., 1977). Twenty-fivedaysdter theintrgpaitoned admindrationof PDMS 9%65% of thedosewes
recovared inraswithout any traceof damehylaion. Thelbulk of the doseweas degposted inthefat, and nonewes
foundinheatt or blood (FAOMVHO, 1974). Fromthe paritoned cavity (and probebly from suboutaneous
infedion Stes) lagemdecua waght pdymasmey betrangoarted by phegooytizng adis(Ressg d., 1967) ad
through thelympheticarauation

Theaouetaxiaty of vl maeoular waght dkylsloxenesislon. Retsor guineapigswarenat dfeded by asnge
dosedf D mikg hamamehyl- dslaxeneand the ssmedoseof dodecamethylpantasiloxane hes anly alaxative
effed. Only hexamehyldisiaxang but nat thelonger drains initated the mucous mamrane o paitoreumar
gedrantetindstrad (Roved d., 1949).

Shottem and longtem sudieshave d o indicated thet palyorgano- Slaxaneshavean edrady low toxiaty.
Micegvenfromweaning far 76 wesksasliconeantifoam (94% PDMSand 8%6findy dvided slicondiaxide) in
thede a levdsaf 0.25 and 25% shoved nether detedtable adverse dfets nor tisselevd s of sllicone (Cutler &
d., 1974). Nether thedely adminigraion of 20 dosssdf 20 gkg sliconefiuid (350 cS) over 28 deays(Rowveet
dl., 1984) nat 50, 350, 1,000, 10,000 or 60,000 c sliconefluidsfed for 0 daysa adiday levd of 1%
(McDordd g 4., 1960) caused any ddegriousdfedtinras Theautocomewassmilar whenthe S0 or 350cS
fludswerefed a thesamedetary levd for oneyesr (Carson & d., 1966) or anamulson containing 50% antifoem
A (350cS) & 2% levd for 260 days(FAOMWHO, 1974). Only onedudy reported adight depression of body
waghtinrashy 1%deay levd (FAOWHO, 1974). Inlongtem dudieslading two years03% sliconefiuid
proouced no hiochamicd or maphdogical adversedfeds and 0.1% fed to meeand ferderatsfor thesame
period did nat affect thefirs or ssoond generation (FAOMWHO, 1974).

Anunexplaned and sofar nat confimmed aosarvaionisthet dogs given 0, 300, 1,000 or 3000 mgkg DC
antifoam A (Which besdes 350 ¢ FDM S contains 12% low mdeoular weight cydic PDMSand 4% glica
aarogd) fivie days eech wiesk far ax months deve oped adose degpendant incresse of brovnHdlack iron freebile
depogtsinlivas(Childg d., 1951).

No adveredfetswearenoted infour humen vduntearsfed 7.1 g FDMSdally for tendays(Hovad g &,
1974) and 48 m PDM Sflud given dally in divided dosesfor 3-13 months caused nothing morethen oocesond
naussa(FAOWHO, 1974). PDMSwith andwithout 6% freeslicahes antiflatulent propertiesand can protect
the gedtric mucosafram theimitant effect of againin (Birtley, 1973).
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34.2.2 Rgorodudiion, mutageniaty and cardnoganiaity

A auvey o therdevart literauredid indicate thet PDM S hes no teraliogenic, mutagenic or caranogenic effeds
(GESAMP, 1986).

34.3 Sliconepdyehe copdyme fiuids

Themdeoua waght of commerdd palyether aogpdymarsistoo high to pamiit gestraintesting ebogpionand
thereisno detaon decompasition during thar pessegethrough thesomech o intetines: Ralyether copdymersare
natimtant toeyesar kin (CIR, 1982). Toxidty sudesaeretriced toanutetess Mod of thepolyether
oopadymeashaveard LD S0vduesabove 10ml ar 10 gkginrasand someabove b and 66 mikg (CIR,
1932).

344 RiymahyiphenyisioerefiLids

Thegedrantesting boaption of mahyiphanylslaxanesissmilar todmathylslaxanes Withind8hr of the
admingraionof “Clabeled 2,6-dsdiphenylihexamethylcydatetrasiloxaneto morkeys about 0% of thedose
wasreoonvaed inexaea inexhded dar, 24% infasoesand 63%in uine (Lebesu and Garzingi, 1974).
Thedearancedf-ifedf thisagpdymer wes 12 hr inmonkeys and 18 hr in humen vduntsas (Fllrant ad
Srindbag, 1975). Evenlow mdecua weght cydasloxenesare nat ebsorbed damelly (Pdazzdo g d., 1972).

Methyiphenylsloxanes have atracted widesoreed atention because some of them have an oesrogenic efect.
They incressethewd gt of the uterus and acoderate the pessege of theovum, but induceits desrudion, and
therdareinaferewith femdergrodudion. Inmeesthey causetestiauar arophy and dsyat pametogeness
(LeVierg d., 1977). Themod prominert arganasilicon oedrogenis 24-dsdphenyinexamehyiteredioxane (ot
nat thetransisomer), monophenyihgptiamethyiteirasloxaneislessedtive, whiletrelineer
dphenyitaramethyldsiaxaneand dphenyihexamdhyldisloxeneareahundred timeslessedive Benet g d., 1972).
With theexogation of thisvery goedfic cestroganic efedt, even thremod adive cydaierasiiaxaneladkstaxiaty. Its
LD 50vduecoud nat beetimated in themouseand therat, because the somechistoo Il totekealethd dose
(Albenusg d., 1975; LeVier et d., 1975).

Rdymeic methyiphanyisloxanessharethe lidogicd and toxicdlogical inertnessof PDMSs(Rimin, 1962).

345 Organoslicondadomers(rubbars) andredns

Bath dadomasand rednsaredlid, but dagomers cen beineded inthefluid fom (eg. to increesebreedt o hip)
and aured ingtuwithinthebody. Aslageamountscan beinjeded, eg. 1 litrein onestting, demegetolocd tisse
and blood vess=d may promate migration to ather tissuesbefore sdlidification (Editanid, 1983). Thus atranssexud
peliat ded of preumonitisdtar thegxth monthly inedion of 1 liresliconefiuid into hiship (Duod e & d., 1983).
Howeve, auchalehd outoome cannat be destribed astoxic damege: Organasllicon resnshavefound
gplicioninathropadic aurgay.
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346 Mahylsloxaredaiveives

Theredacemat of amethyl gaup by a  -mearcgaigaropy! group on o of the S-O- unitsinFDMSgvesa
rdesseapat for thefusing of xaogrgohictona:. A battery of aouteanimd taxiaty tets conading of 0 days
inhelation exposure, and long-tem damrdl expoare reveeled no significant responss, exogat for transient eye
imtation (GESAMP, 1986).

Trigtrifluoropropyltrimethyloydatrisloxeneisused ssaninemadiatefar pdymarswhen FDM S doesinat sy
thesdlvent/chemicd resgancenesdisd. Thedally goplication of 400 mgkg for 21 dayswes assodaed with the
degth of 5.f 12 rabhits 200 mg/kg reduced weight gained and 40 mg/kg heano advereeffect (sddiqui and
Holbs 1982).

4.,  ASSESSVIENT OF EHFECTSAND RISKSTOMARINEBIOTA

41 Rikasodaedwithslenesanddlands

Slicon compoundsdisoussad inthe presant documant canbedividd inotwo groups: Thefird group of Slanes
and slands theprecursarsof slaxanes: Themod taxic Slanesarenat arganasiliconsat dl and the hedth hezad
presanted by inorganic Slanesadudlly decresssswhen dkyl groups aresubstituted for hdlogens: Theenvironmentd
impett of slanesdgpends an thehydrdytic produdt, hydrodhlaic addinthecasedf dilarosllanesar arganic addin
thecasedf dkaxyslanes They aredmog exdusvey ussd for thesynthessdf slaxanes but svdller quantitiesare
usd ascoudling agatsin ranforced pladics inaosslinking payddins inthetrestmant of aufecestoadhieve
bound antimiaraid adivity andinthesynthesisof argeniccompounds: Theseusesarenat assodated with rdeese
into thremainreeMranmat and meke dumping ahighly uneconomicd and unlikdy exerdse Therdfarg matine
paluion canat beather thenaoadantdl. Incasedf aquatic pdllution, diuion of theadd limitstheevironmanta
effect bathin goecead ime Whiledilution of doroslanesinweter favourshydrdyssand sland formetion it
anaponisssthecondensttion o slandstoslaxanes: Slandsarenat parsdat, asthey undergo phatoaxidation to
slidcaddad cabondaxide Thetoxiaty of slands(seedatafar dmethyislenedd intedled) islow. Corddaing
bath the posshility of palluionand toxiaty, therisk thet marine iciawill bedfedied by slandsisinfintesmd.

42 Rk asndaadwithSloxaenes

Slanesand slandsaredsoussad under the heeding of argenosilicon compounds anly becausethey are
precursorsaf digomaric and pdymaicslaxanes Thedifference bewean precursorsand sloxanesisthet
condansation significantly decreesesweter slulality, valdtility and reedtivity, and increesesslipophiliaty, visoosity and
ressanceto dayecktion. Somed thesedaradaidicswould have vary Sgnificant eotaxiodlogica conssouences
if (8 pessegethrough hidogicd membraneswes nat limited by increesing mdecular weght, (D) monomarsand
digomasupto 5¢c3 waenat vdaile and (€) commaad sloxane compoundshed gpadfictoxiaty or bidogical
efeds Theanly sloxaneswith agpadfichidogicd effed, the cedrogenic phenyimehyiteracydosloxaneshave
been dimineted from phenyimathyl inemediates Another group of arganasiliconswhich heve some compounds
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withremakebletaxiaty aeslaranes Fromthepant of view of maine pdluion they areinggrificart for the
fdlonmingreesons: Frdly, though afew mambarsof thisgroup aretaxic to mammdls they arenat taxictoodld
blooded animds  Seoondly, dlaranesarergpidy detaxified inwater (Garson and Kirdner, 1971) and thirdly, the
U gdlaranesisredrided to smdl-scdeexpaimats(Vork g€ d., 1984).

All theather sloxaneshavevay low taxiaty, ssexardesintedle 1 damondrate, and with theexogaion of low
maecda waght slaxanes havelow bicoonoantration and biomegnification patantid. Hovever, eventhesdluality
o digomasisfarly low and gblearganic compoundsthat havelow water slukality usLelly reguireseverd weeks
to reech maximum conoantration in the arganiam (Chiau, 1981). Mareover, vdtility doesnat dlow prdongsd
exposureto ageedy conoantration of the dissolvied compound, while uptake of nonHreedtive compoundsis
fdlowed by argad desrance Fromfatheed minnow 75% of the body burden of odamethylcydatetresiiaxane
dexredwithahdf-ifedt 17 hr (Anrdin & d., 1984). Thus ingated favourademdenua waght andlipophiliaty,
thehioconoantration patentid of digomearsisppressad inthe nelurd matineenvironmant by ather physicd and
dhemicd propaties Therdiare, thedhenceto reech ataxic body burdenislow. Though thereisno detaonthe
input of odamethyicydagrasiaxanein the maineevironmat, it isrdevant to paint out again thet in upper layer
mainessdimat sarpes odlededinazoned high anthrapoganic paluion, no adameihylcydaierasioxanewes
found, though 60% of the sampleshed meesLrddeamount of slicone (Ann Arbar Tednicd Sevices 1985).

Deressein saluballity with mdeoular weght and theimpameghillity of idogicd membranestolargemdenues(
600) aetwo fadarswhich ait gaingt the upteke of PDMShy mainearganisms: Though somedf the pdlyether
aopdymashavefany good weter saluallity, thar mdecular weght preventshiooconcantration. Nevarthdess intake
isnat restricted to diffusion, but caninvaveincorparation of pariculaemetter a thelower end of thefood drain.
Theconssquencesof such abiceccumulaion prooessislimited asgpadesfed onthelower argenism canat
asorh PDMSfrom the gedrainteding tradt.

43 Rk assodated with produdtion, rangport and use

Thedayreed mainepdluionismeiny dpandat onthe physicd dateand theused argenoglicons Sdidsare
ather landfilled or indnerated and therdfiare do not count aspatartiad matinepdliutants: About 5010 68% of the
yealy produdion of 500,000 tons(metric) of arganosliconsaefluds(Vark g d., 1984; Howard et d., 1974).
Sliconefluids sslisted by Hovad & d. (1974), are usad as additives to waxes and palishes, as gressss Iubricants
painteble (PFDM'S) and nonHpeintable (polyether copalymers) rdesse (ebharert) agants water repdlentson textiles
dasandlegther, asantifoams (FDMS), asfaaming eganisin payurethene produdtion (polyether aopalymers),
ddedric codatts for impreyraing dedric goplicances (eg trandfamears cgpeditars €c), inghodk asorbas in
vaouum pumps andincosmeticsand talleries

Theoontribution of menufaduring gpaaionsto evironmentd paluionisnat sgnificant (Howad e ., 1974)
and any contamingtion assodaad with trangpart isaoddentd Fallege. Thus regular evironmantd palluion mugt be
assodasd with theusedf arganasilioons: Heet exchangeand didedric fluidsmay belesked aoadantdly or
inentiondlly into theevironmat, though economicinterestscl for recyding Treimant beth for codting texiles
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dassand lesther mey bethe source of environmentd contamingion. Other usesaretoo dipersed, andinmery
casssthesliconeisattached to dlid metaid, eg. when used asafcaming agat inthe palyuretheneindlgry or
ussd ssweter repdlat o rdesseagat. Oneregular sourced mainepalutionistheuse o liconeantifcamin
wedenvas restmat plants Thesouraed mainepaluionisnat thefind efluant, but thedgposa of dudge(Am
Arbor Tednicd Savices 1985, Rdlenbarg, 19799). IntheNew Y ok Bight whareuntil 1975 some 17 millions
mrictonsof sawvage dudge was dumpad, ssdmentswith the highet dosarved silicone concentration (40 pon;
dry weght) werefoundt the stedf dumping, whileslicone could nat be detected in ssdiment near to Long Idand
(Pdlenbarg, 1984h).

It isexpactad thet heavily contamineted rivershave higher slicone conoanirationsthen ssaweter and mey indicate
theupper limit of palutionin heavily contamineted mainearees: Datatzbulated by Vark & d. (1984) indicate thet
theconoaration of digomearshathin Riineand theriver Leein GB. washbdow 1.0 ppb, and modly bdow 001
pb. Inaheavily indudtridised areain Jgpenfour of ninerver water samples hed slicone conoentrationsbdow the
0.1 ppb detedtion limit, four sampleshed 2 to 8 ppb and onesample 4 ppb (Wetarebe g d., 1984b).

44 Rk asoaaed with urfaceand ssdmentd layers

Thetwo layarswherethe concantration of slaxane pdymearscan bethe highest arethe surface and the ssdimentd
layas Theaufeoefilm o FDMSistranstary, whilethe FDMSin the sstimantd layer moveswith the sediment
(Fdlenbarg, 19790). Maines which concentratesdl boet adtivity, can saveasources of sliconesurfacefilm
Thus thesurfacelayer in the Chesgpeaie Beach and Ddaweare Bay contained 24-44 pob slicone whilesurfece
simatsinthe Ddavare Bay contained an average of 061 ppm argenic sliconeonthedry weight bedis
Compared with the Ddavere Bay, the average ssdimentd concantration of sliconewestwiceasmuch, witha
maximumad 307 ppminthe Ratomec River ner awedewate trestmant plant (Pdlenberg, 19799). IntheNew
Y ak Bigh, sgnificantly higher conoantrations up to 40 pam, werefound a and near to thedudge dumping ste
(Adlenberg, 1979%). InaJgoaneseriver with heavy exposuretoindudrid efluants only two of theninesedimant
sampleshed mesauradleamount, (0.3 and 5.8 pom dry weight) of slicone (Watanebeet dl., 1984b).

Expaimantd dudesindcatethe the desopiion of FDMSframthessdimat isnegighle (BEdesand Tayiar,
1984). Urfarturetdy theladk of longtem monitaring of sllicone concartraionsin thesedimentd layer doesnat
pamit thedranving of any conduson ontheexidencear dsanceof atrend. At presant thereisno knoan
mecheniamfar the dagracktion of FDMSin sediments and therefore oneexpedsa.continuousinareesein the
amount of sstimantd sllicone, though nat necessatily with aperdld incressein sedimentd sliconeconcaniration.
Harizontd and downward movemantsof sliconised partidesmay maintain asieedy date conoanirationinthe upper
layer. Maoreover the catdytic decomposiion of PDM Shy contact with dightly wet day (Frye, 1980) suggeststhet
PDMSisnat fully resgant to degraction
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45 Codusononriktomainebida

Based ontheabove consdarations it ssarsunlikdly thet even asuodtantid increesein the produdion of slaxene
bessd arganaslicoswill endenger themaineevironmat andbidia: Thevay low levd of toxiaty of bath
digomasand pdymears theusesand goplications of slaxenesand thar physcodhemicd propatiesaretheman
pansonwhichthiscondusonishbesad. Inthiscontext, it ispartinert to refer to the eoataxicdogicdl condusiansin
theraview of Frmin (1984). Accordingto him, inthelarge adlledtion of detaon theeffeds of argancsilicons
avaedfedsaeresrided tothelibaraion of raceaddsfrom chloraslanes theenrgoment of Dgghniamegralby
ufaceslicorelayasand theddayed burowing edivity of Neras diversadar into PDM Sppalluted ssdimert. In
theaosance of contradictory deta, thesecondusionsare besed onfirm grounds

5. ASSEESSMIENT OF EFFECTSAND RISK TOHUMAN HEALTH

GESAMP (1986) eqressed the view thet it isvary unlikdy thet argenosiliconsin mainefood produdspresant
any hezard to humen hedth. Hoveve, it must bepainted out thet in the absance of comprenesveandyticd daa
on slicon conoantrationsin unprocessad mainefood produds thisview ishessd on (8) expaimantd evidenceon
kiosooumulation or biomegrification, (1) the dependence of geetraintestinel absopion onmadenuar szeand (© on
pradicd eqaienceddanad framtheusedf arganosliconsinmedidneg'.

Themedidrd usedf aorganagliconsindudesdagomer dressing of granulating wounds sliconebethsfar the
trestmant of opanwounds laionsand antmentswith 10to 30% slicone content for the prevention of bedsores
theinedion df largeamount of fluid dagtomer mixed with curing agant for breet and hip augmentation, theard
admindraionof upto 2 g FDMSagairg flaulence and lessagaing abdoming disoomfort efter hysteredtony or
caesatian sdion (GESAMP, 1986). Evary mediand useindicatesvay low toxiaity, but from thevievpant of
humen eqpoaureto aganasliconsin mainefood, theard admindration of FDMSistherdevat one Toingest 2
g PDMSwith amed prepered from 200 g fish, theflesh hesto contain 10,000 pom (wet weight) slicone: Ina
nver aeawhareindudrid efluant and dudgewes somdimes heavily contamineted with arganosilicons theaverage
arganacslicon conoatrationintheflesh of 22 fishweas 061 pom and thehighest vdueweas 447 pom (Watanebe et
d., 1984b). However, according to aFAOMWHO Expat Committee (1975) the acogptable dally intskefor men
is0-15mgkg Assliconeconoatraionsinmainefish if any, areunlikdy to behigher thenvduesgven by
Watanebed d. (1984b) for fish caught inahighly palluted river, it would gopesr impossllefor mentoreech the
upper limit of the:aoogptakle clly inteke through esting unprocessad mainefood produds

Thepresancedf organasiliconsin unprocesssd matinefood isacadantd, but meny foodsare ddiberady
pdlementad with arganosiliconsin arder to avaid foeming duning processing.: The parmitted concantrationinfood
canbeashighas 10 pom (Damak, UK., USA)), thaughinthe U.SA. trelimitisnil for milk, in Sveden 02
pom far frut juiceand canned pees inthe FRG. 30 pom far frying all (Brinker e dl., 1984). Conddaingthe
presancedf argenasiliconsin evaryday food produdts the possihllity thet merinefood sold unprocessad can
conributesgrficanty tothecely slicoreintskeisneglighle



UNEP/WG.160/12
Page 16

6. THERATIONALEFORCHANGING THE STATUSOF ORGANOSLICONS

Theraiondefar dengng thedatusof orgenaslliconshuilt fram slaxane (S-O-) unitsisbessd onthar behaviour.,
Bath thetaxiaty and bicoonoantration of digomer and pdymer sloxanesarelow todlow intefeancewith the
mainebica Thus nether thetaxidty nor thelioconoaniration of FDM Sfludsjudtifiestheinduson of FDMS (or
aher sloxanes) ingreey andblack lids Theanly agumant egaing thismoveisthat though FDMSisnat parsdatin
0il, and vaddile methylsloxanes undergo photochamical dayrecition intheamosphare (Frye, 1980), thereisno
knoan madheniam for the degyadition of mahylisloxanesinweter. Thisparsdency immediady invokes
compaisonwith the parsgiant and toxic palydhlarneted biphanyis (FCBs). However, while PFCBsaredistributed
daadly and coour infish produdsfrom evirormants s dissmilar asthe Antardic Ooeen, Narth Seaand Alpine
lakes (BEsavich and Johnson, 1983), theervironmeantd didiribution of PDM Sdoes nat indude amospheric vgpour
trangpart, and thusiniake by aquetic sydasisresriced to diredt input. Low weter slulaility promates aurfacefilm
fametion and ssdimentation, and therdfarelimitsthe palluion of thebulk of theweter cdunn. AsFDMSiisa
better solveant far axygen thenweter, FDM S aurfacefilmswill nat intaferewith theaxygangtion of weter and, eter
sdimentation, will not agphyxictessdimenid bida

Rdluion o themaineavironmat, and pariculaly seaweter by arganasilicon compoundsisvay far fromthe
toxiclevd, ingated thar large scde produdion over thelegt farty years: Evenin pdlluted rivers matines estuaries
or even near towadewaer tresimant plants; theweater concentration of organosiliconsisaround 1 ppb, or bdow
detection limit (Pellenberg, 19795 Vark & d., 1984; Watanebe e d., 1984h). Thereisabout athousandfdd
difference betwean these conoantrations and the"no effect” conoantration of palyether copdymer indgeg i.e inthe
modt sensitivespedies: Based onaDow Goming report, Vork e dl. (1984) deduoed thet theno effect
conoatrationisabout 1.0 ppm for Sdenedrum caricomoium. Unlikethewatar-soludle palyether copolymer,
PDMSa aconcatration of 2,000 ppmwaspradicaly ataxic to the same gpedies (Hmin, 1984).

Thehumentaxiaty of slaxanesisdso extramdy low, and theintake of arganosilicon compounds cannat reech
the upper limit of acogptable dally intake recommeanded by FAOMVYHO (1974) through the consumption of
unprocesssd maiinefood produdts

Though theargumant far ddeting slaxenesand thar precursarsfrom the black and grey ligtsisdrong, this
aguman naturdly becomeswesker, when under the heeding of arganosilicon compoundsdl theposshlesia
ubdituted and slylated produdsareinduded. Itistruethet presartly no known sllasubdtituted or silylated product
isapatentid merine pdlutant and slicone daivativesof arganic compoundsare uaLdly lessdeblethen the perart
compound. However, whilethebehaviour of slaxanesisdetemined by S-O- bonds thebidagical adtivity of sla
ubtitueed and slylated compoundsis domineted by the dreredieridics of the argenic parent compound.
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7. PROPOSALSCONCERNING STATUS

Daaacoumulaed onthetoxiaty and environmantd behaviour of slaxane precursars likedlaraslanesand of
digomaic or pdymaic arganaslicons indicatethet slicon compoundsbdonging to thiscategary do nat dere
taxiaty and pasgancy jantly. Thus taxic doraslanesin contedt with water areimmeadiatdy hydrdyssdand
diued Parsgat slaxaneshaveahigh deyeedf damicd inatnessand sliconelayersdo nat famaphysicd
bamer againg the diffusion of axygen. Bassd onthesecongdarations it isjproposed thet sloxanesand their
precursorsshould beddeed fromtreldladk and grey ligs

At presat, sdlid argenoslicon wedtes are ather digposad of inlandfills or areindnerated. Marecever, theitem
oovaing pasdat pladic and oher syrnthetic metaidswhichisinduded inamnex | (the"dlack lig”) to the Rratoodl
for the prevention of pallution of the Meditaraneen Seaby dumping from shipsand araret (UNER, 1978),
provides sstifactory pratedtion againd posshledumping:

Thoughthareisno guarantee againd the fuiLre produdion of taxic Siylated or slasuistituisd argenic compounds
(eg Slicoredaivaivesof petiddes), the presant residions on pestiddes and syrnthetic organic compaunds are
adequeteto ded with any such evaniudly. Consaouiently thereisno nead toindudeanew heeding for silylaied o
slasubdituted produdsin Anmnex | or Annex .

8. MEASURESPROPOSED FORADOPTION BY THE CONTRACTING PARTIES

Inthelight of theinformetion contained in the presant documant, it iscongdered thet no vlid reeson rameinsfor
retaining argenosiliocon compoundsasuchwithinannex | ar anex | of ether thedumping or the LancHoessd
SourossPraiood and thefdloming recommenctions are Lomitted far the consdaration of the Warking Group
withaview to thar ranamisson by the seordiatiat to the Contrading Patties

@ Memuresconcamningthedatusof argenosilicon compoundswithinthe Protood for the prevention of
pallution of theMediteranesn Seaby dumping from shipsand araret

- conddaing recant Saentific evidenceregarding thetaxiaty and pardgencedf arganosilioon compounds and
thar datusasadud or partentid mainepaluiants

- futhe congdaing thet any fuilre conird meeaLires beooming necessary can beadkenuietdy covered by the
provigonsdf Arnex |, item 5 and annex |1, item 1(iv) to the: bove-mentioned pratocd;

- armadarex| tothepratocd for the prevention of pallution of the Meditaraneen Sealby dumping fram
dhipsand aradt, by ddeting item 2 theredf - ""Organosilioon compoundsand compoundswhich may fam
such aibdancssinthe maineevironmant, exduding thosewhich aenontaxic ar which arergaidy
convatadintheseainto substanceswhich arebidogically hermless, provided thet they do nat mekeedible
maineagangmsupdasié’.
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®)

Meeares conoaming the Satus of arganosilicon compoundswithin the pratood for the pratedion of the
Meditaranesn Seaegaing jpdllution from L ancHoessd Sources

consdaing recant entific evidence regarding thetoxiaity, parsstence and biceccumulaion of argencsllicon
compounds and thar datusasadud or patentid mainepaluants

further conddaring thet any futre contral meesUres becoming necessary can be adeouietdy covered by
arex |, itam 7, anex 1, itam 10ad aex 1, itam 13 to the abovementioned protocd;

amandamex || tothe pratocd for the pratedtion of the Meditaraneen Seaagaing palution from
Land-besad Souraesby ddeting item 3 thereon - *Organosilicon compounds and subdanceswhich may
famsuch compoundsinthemaineeviranmatt, exduding thosewhich aehbidogicaly harmlessor are
rgady conveated into idogically hemless subdtances”.
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Tade1- Thecomperaiveaudtic taxicdlogy of dimethyldislanedid,

oydicsloxanes FDMS palyether aopdlymersand polymettyiphenyl (FMFRS)

fluds Adgpted from GESAMP (1986) and complled fromreviens

by Firmin (1984), Fimmin, Fryeand Raum (1984) and Vark et & (1984)

LC0inppmfor (X) hour exposre
dmehy- oydic PDMS Folyether PMPhS
Slanedid methy- a&=50cx ocopaymes fluds
dloxanes b=350cS
=30%50c
d=3000350cS
SHenedrum cgpricomutum >2,000 >100(96) >20007? 168 > 10,000
(Genégee)
JArebeenaflosaquee >2,000 >100(96) >2,000c 753 >10,000
(bluegreendgee)
Depiiamege >1000(72) | >100(%) 244(48)d 311(49) 500(24)
(weter fleer)
Priemiasing >500(9%) >20,000(24) a >500(9%) >500(96)
(brinegtrinp)
Padhygrgpas arasspes 471(9%) >1,000(%) >1,000(48) a
(dhoreaad)
Pdasmongeswlgais 604(%)
(mershshinp)

Contd
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Table 1 - Thecomparaiveaguatic taxiodogy of dimethyidisilanedid, oydic slaxanes PDMS palyether
oopolymersand polymethyiphenyl (FMIPhS) fiids Adspted from GESAMP(1986) and compiled from reviews
by Firmin (1984), Fimin, Fryeand Reum (1984) and Vark & &, (1984) (contd)

LCR0Inppmtar (X) hour expoaure
dmdhy- oydic PDMS Poyether PMPhS
Slanedd methy- a&=50cx oaopadymeas fluds
Sloxanes b=350cS
=30%50c
d=30%350cS
>1,000(48)d
>1,000(48)d
>10,000(%) a
>1,000(96) >1,000(96) >10,000(96) d > 245 (96) >1,000(96)

>1,000(%) >1,000(%) >10000(9%6) d

> 1,000 (%) > 1,000 (%) >1,000(48)d

>500(96) >500 (%) >300(%)

>10,000(%) a
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