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1 IHTRODUCT IO

Unwanted chlorinateq aliphatic hydrocorbons (c-C1) are forned as brw

i
products in for exanple vinyl chloride vroduction. Reporss in hay 1970

on d“”ﬂi"' of larse guoant and the lack of
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knowledge as to pocsivle effects on warine orzanisng, initiated a joint
Horviegian/Swedisn research programme, Shis includes field studies and
laboratory experinisnts,

The first report Iron one of the research vessels eng aged, "Johan

Hjort", indicat ed that C-Cl is an even nore serious vroblen than origin~
ally assuneq, The report stated (truus?ate&}:”ng.. high densities of paY—

ticles were cbserved, and within Soke areas the sea was coloured red-

.

vhite by the particles,

C!)

= ’ . 0 .
dnples were taken Froi station 7120 (57700 us,
o h ] . - . st :
47181 LL). Fish in bag conalulon Were observed in the surface water ang

the pazticles could be seen down to a depth o about 2.3 m, They loolked

Jlike deag plankton, The weather conditions were good during the two days
the particles woere o*served" (cruise distance 70 nauti nile S, indicated

by the arrow in fige 1), Subsequent analysis have veriiried the assunp tion
that the p”“+1018o Werc dead plankion (uaitl* Calanus finnaxiicus, stage

IV and V), and has algo shown that the plaxict ton, fish(cod of 3 cn length)

5¢ o2 the presen paper iz bo draw attention %o the pollu--
tien provlen arisen fron chlozfzated conpounds other than DT and PpcB by

Eiving short descripitions 07 the resvitg obtained so rar,
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Sea water ana violoxien] naterizal have been saopled at stations CO~
b Aas R S0

vering a large part of the Horth Atlantic waters {fiz, 1) Gurin: the pew
riod Junc 18+h o Septe 23th 1970, Tmis wue nade Possible
kind Cooperaticn of the leaders of already sehoedules croises For R/V Yo

J % PRy » n /s tr ; TN p -
hen Hjort® apg R/V "0, Sarg" apea 2lse by spec

©

Vith $he wwa A e e Peder DErmmeedass s 2 o : (331 3
Witn She smaller veus els "Peder homnestad™, "C.1, Danne: vig" and "Gunpar

Xnudsen®, Iost of the biclogicnl 2aterinl, howsver, was sanpled by cther
neans along the dorwesian congt, vater was collected by neans of conven-
ticnal Iansen Yottlies, topped and storeq 12 slass bottles stoprered with
ECXOV caps (Jug‘l ted Lroa the water by a double Yayer of ALl~T0il) until

analyser,’Fifty Speeies of auninals have been collected (invertebratcs,
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elasiiobranchs, teleosys, birds and groy seel). Samples of about 10 £ we-

o P o ; ; o
re collected, wrapped im Al-foil, quieckly acep frozen and stored 2t — 40°.
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)
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9133
So far mainly Fish (epaxial nuuc*e) heve been analysede
tests, The prinary production nras been measured at room ien-

P 14 ..
perature accoerding to the nethod by Steeman ¥ielsen (19)2) using € ~bi-

O

ctr

Poxicity

carbonate ("Isctone Laboratory™, Charlotienlund Slot, Demmark, i § UCL/QN—
pulla), Agueous solutions of the btyproducts (U~Cl) were prepared by mixin
the tar with synthetic sea water (Andersen ond Foyn, 1969) for 3 hr. This
solution (80 ul/1 S.W.) was added to the reaction vessels (125 a1) in o
mounts giving the desired Ffinal concentration, One ml of an 2lgae suspen—
sion 1 ampulla Ci4»bicarbonate was added to each vessel. These were sha-—
ken, well illuminated, for the whole period, i.e. preincubation + 3 hr
reaction tine, A pure'culturo of Dunaliella sp, has been used in most of

the experiments, whereas in othersy; the algac (CLloreWIa stignatonhora

iatons) present in surface water
: 0 ’ T s .
(Sz 22,22lo/bo, t= 17,8 C.) collected 2t the nouth of +the Oslo fjoxrd we

and Porphyridiw: violoceun + sone dead d

re used,

~

Tests on the acute toxicity were perforned on cod (Gadus nozrhwa),

e
plaice (Pleuroncctes vlatessa) and the invertebrates Leander adsvercus

(Lrchaoea), b

tilus edulis (Mollusca) and Ophiura texturatz (Echiunoder-
Dnata according to methods described by Titchfield and Wilcoxon (1949).
The test populations were also nalysed foxr hetcrogenity regarding sensi-

billity %o C~Cl by X (chi~square)«temt in accordnnce with the obsexved
values-fo straignt dose/efrecﬁ line. The tests were done in 60 1 glass
aquaria at a teuwnerature of 13-18 C, and o solirity of 30 —55 o/oo. The - -
LC,Ohvalues obtained were plotied against tine (fig. 3). The common nussel
exhibited a proncunced letent period before reacting upon C~Cl, They were
GXPOb\d durirg o nmaxinua of 96 nr and therealtor transferred to pure s22a
water and obscrved Ffor 1l days.

i of C-01., The follewing nethiod has been developcd

Tie isolation of (-Cl was achieved by neans of co~

7 and cyclohexane. The vrocedur b o

les wase Ten grans of honogenizad eninal tissue in 25
O

three ml cyclohexane and one m}

tillation in 2 one litre round botloncd Llask, The distillation was cn-
iree Nl oof cyclohoxane and 2) wl of waber had passed over

and into a 25 nl volunedric flaslk. The prccedure for sea water sanples was:
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ne litre unfiltered sea water vag distilled with three mi c¢yeclohexane, an~
tifoan azent not neededs Mie separation of the C~Cl conponents, now quan-
titatively dissolved in +the cyclchexane layer, waé achieved by means of.
'gas liquid chronatograrhy. Ten ul of tho cryclohexane distillate was injec—
ted on-a gas clivomatosraph fitted with an eleectron capture detector. The
chromatograns wefe refered to that obtained using a standard s solution nade
fron sanples of the cyproduct of the nroauctloq of vinyl chloride according
to the oxychlorination 1ethod. (The cempesition of the byproduct is given

in Table I). An analytical result (fige 2 B) is taken as a positive iden-

-

Table I

Cemposition of byvroducts fron vinyl chioride production using t@c
oxychlorination process. (Analysis nade by a petrechenical factory at La-
ke Charlesy U.S.4A,) ‘

_ Hv. - Dp. Weight %

l.2-Dichloroethane (£DC) oIL Cl—-sz 95.0  83%.6% 20
Irichloroethene © CHCl= CC1 131.4 87" &
Lels2~Trichloroethans CHCL -~CHCl2 13344 113.5 . 67
o 2~D1c]10robut ' Ch3~CJ2~Cnul~CH201 127.0 124 ’ 2
105~Dichlorobutane “3~LH01 0"2 H201 127.0 151 - 3
asyms Tetrachloroethane CLC,CH,C 167.9 130,5 1
. . 9 -
Yonochlorobenzene 06H5Cl : 112,.6 132
1.3—Dichloro—2~bﬂtene, HB~CCl=CHCH201 125 '. 128-30 S

¢is and trans
8yn, Tevsrachlorocthane CH Clchvﬁz 167,9 146.3

o4=Dichloro~2-butenc CT1,,C1CH=GIl-CH,, 01 125 152.5 2

cis and trangs i
X 4~uiﬁhlorooutuz - CH ClCJZCP2~CEZCl 127 161-63%
2.3.4-Trichloro~l~bu%ene CﬂzchﬁCle-=uu - 3159,.4 6020 & 0,2
l.1l.2~Trichlorobutane 0012~CH01C320H3 16245 . 0.3
bis (2~Cllloroe"b11ylether) (cix cw_cnz),,o 143 178 0.3
la3.4~Trichloro~l—hutcne, CH, CLCIICL CHi=Cri L 159.4

cis and trans , , 0.3
L.2,3~lirichlorobutanc CHﬂCHC? CIIC1CH, CL 161.5 16567

: [

Pentachloroethane 16 3 203.3 162 1
1.2, 4~%richlorohutanc d4010 ,CH CE?Cl 161.5 0.3
1.2.4~Trichloro~2~bubene ,H20101:ZC’—CT ClL 15%.4 6710 Lol
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3, 3)e In other cases {fig. 2 E)
ond .i h those of the standard

dicative and quantitation is in~-
s veaks appear vhich are absent

origins of these components

~oducts ootulned “during chlo-

carvouns, but as the electron

used is not specific Vo chlorinated hydrocarbons, they

appecar fron fig@'l that C~Cl has

the Barents Sca only sur-

n sone cas ‘Jees Skagerrak and

eS8,

bottoi water have alsc been taken,

the surface water only and
hanges somewhat with

11 wncertain, ?oséibly, C--C1l nay

rable to thogse experinentally

by

ipa

s together with changes caused

hove been analysed (about 80 sanp--

wlysed includes pelagic and
species, as well as zooplankton,

the biological material collec—

ted in the DBarents Sea, the orwesglian Seo and the Forth SeaQ Although G-CL
is abgent in some of the svecivcns beated, and zlso that wnfiltered water
sarnles nave been anzlyscd, the data (fige 1) scens to demonsirate that
these conpow: have & wide disiribusion in the sea. Obviously, the C~CL
in the sea is of different origin, “4%e the presence of C-CL in the water
nasges of the lorth Sea — Jlorwegian Sca and in that of the Irminger Cur-
rent, strongly indicate that C-CL in the seu originates from industries

4 both 2ides of the Atlantic Ocgan,
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Toxicity sestsa I3 will appvesr fron the diagrams in fig. 3 that. the

concentrations of C-Cl comnqt&ulc with the "indefinite survival tine! vo-
~. o

ry between about 2 and 20 ppm, The fish, ced and plaice,; being the nost

susceptible, followed by Ieander adsnercus and .Ovhiura tcxtur %2, Mo hete-

rogenlty vas obsexved din any of these populations., Due to the latent periw-

od between exposure and death in the common mussel, the complete toxicity
urve camnot be drawn, The concentration of C~Cl giving the Hindefinite
survival tine", however, appears to be within the magnitude of 20 ppn

oo

As regards C-Cl's effect on the photosynthetic dCtIVluy, it appcars
(£iz., 3) that a concentrotion of about 13 ppn (10 ul byproduct/l1 S.W.)
causes an lmnediate 50 pex cent reduction. It should, however;, be noted
that in sone cases the lowest concenirations tested gave rise to an appa-
rent activation of the photosynthetic activity of Dunaliella sps Other cz-
- perinents, using algae sempled in Cslo fjord,; gave results confirming -
these statenents,

The figures given above (fig. 3) have their significance when rcla-

h figures bave been

%)

ted to concentrations of C-Cl found in Hature., Su
consistently omitied in the present paper, but one exanple will be given

in ordexr to nake an assessment of the O-Cl risk possibles Thus the water
anple from station 710 ("Johan Ejort", June 1970, see Int:oauction) shows
the five main chromatographic peaks identical wiih the five moin peaks on

tion indicates that this
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that of the standard. Bvalust

particular water sauple contained about 0,2 ppn C~CL, which is just a mage

nitude of ten lower than the lowest concentre tion giving vise to an imnmg.
diate effect (Lig. 3)o It should be stres ad, howcvoz. that the enouvnd

found at station 710 is the highest obscrved so fars

Degradation and Accurnwulaiion. To one n of sea water sanmpled at

71 ¥, 20° L and held at 9 °C 1.4 ppm of (-Gl was added. The disappearance

of the main conporients (a - 6 in fig, 2 A) was followed during 9 days.
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Table IX The disappearance of C~Cl dimsolved in water,
Sl e

mpounds 2-6 (in pexr cent of thecoretical

N
N
o

5 6
32 96 95
' 94 86

54 82 75
7o 72 '« 855, "l 76
9 " 64 42 67 68

W o
=
()
D
Ul ~3
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N

On the second day a glass bottle was filled with one litre of vater

o A 8 N 3 (o]
and 70 ng of Calanus linnaricicus was addede ATter two days at 4 C the

)

plankton wag seporated in dead and live Specluens and analyszed, The accu-—

mlotion coefficicent Tor cotipenent 2, 3, 4, 5 and 6 in relation to the'

concentration in the woler was 23, 0; 102, 94 and 164 respecivively for li.

ving (alanus and 0, 0, 0, 18 2nd 24 for dead specinens,

4 CONCLUDILG REMARKS

The daté given in the present paper evidently demcnstrate the omni.
presence of C~CL in Ilorih Atlantic watcrs; and also, that €-01 nay eihi~
bit a danger to narine orgenisiaz. It should be recalled, however, that
the present vaper is basced on a very short period of researaoh (July to
Octs 29th 1970), “he kn wledge as to the oncunt of byproducts from this

rarticular industri, and olso that dunpinzg of these compounds iuto the.

Horth Sea occurs, made us feel that infornation on the probler: is desired,

On the other hund, this fact makes it clear that produets made fronm chlo-

rinated hydrocarbons are 80 widespread that it is possible that some sou
ces ol error have bLeen overlooked in sone cases, Therefore, sanples with
small peaks on e chromatograns corresponding to levels fron 0,1 to 0,6
During the degradation experinents T was noted that the -0l coi:no

t

i
faster or slower rates, bub the analytical method d

serived does not detectd these netabolites which night be as haraful as t
C-Cl conmponents thenselves to living orgoniss. It has also found that i

ct.

water with no biolozical ae ivity, C-Cl remained unchenged up to 27 days

at roon temperature,

Lo

C—
he
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