whlorinated n}fdrocarbons
and the environment

G. McConnell, D. M. Ferguson, and C. R. Pearson N

In recent years there has been concern about the potential toxic hazards of chlorinaed argamie
compounds used as insecticides. 1t has come to be assumed that siinilar hazards are preseniad
by chlorinated hvdrocarbune generally, many of which are manufzctured and used in large
quantities. The evidence reviewedin this article indicates that while a numberof C, and C, chiori-
nated aliphatic compounds are widely distributed, they do not accumulate to the same extent
as the chlorinated insecticides nor do they have their extreme persistence in the cnvironment.

In recent years concern has heen shown over the
envirorunental effec:s, on both wildlifc and man himself,
of the organu-chlorine irsecticides (of which DDT is a
familiar exampie) und the polvchlorinated biphenyls
{PCB). Tlis concern has extended to all ‘chlorinated
hydrocarbons': consequently they have heen included in
the class of chemicals banned by the Oslo ard Paris
Conventions 1o regulate the discharge of waste into the
wa. We have made a study of the potential environ-
mental impact of those chiorinated aliphatic hydro-
carbons that are manufactured an a large scale, Several
surveys relevant to such a study have been published
recently, cither as review articles or in government or
intergovernmental rcporzs a usclhl discussion has been

domestic applications. Although industrial solvents 2re i
a large extent recovered, the production ni tiese sois e-as
represents the need to replace the hand!ing lusses icur. +d
in their use. The quantities in column 2. therefure repre-
sent the annual losses o the environment. Tlus loss 1.1
arise from a multiplicity of sources, correiated with I, -ul
factors such as population densitv and industrial acus .

The products in column (b) serve primarily as checy:.
cal intermediates. The amount of ther that entery the
environment is a very small fraction of the total produc-
tion, and is limited to retatively few cuemical manufac-
turing sites. At these sites smalier amounts of by-produ. s
will also be produced: these range from otiier chlornatea
C, hvdrocarbons to chlorinated hvdrocarbons of hisi er

d by G. T. C L+ The following factors

must afl ke idered. a1 What g ities are p rod

how, where, and in what form the materials are relencd
to the environment; \b; how they are distributed, and
in what concentrations thev occur in the aunosphere, in

lecular weight and tarry residues. These residues nave
in the past been dumped partly on land. but particulasls
at sea; A, Jernclov and co-workers (2] have descrit-d
the effects of ‘EDC tar’ dumped in the Nosth Sea. The
residues are now either incinerated under controlicd

fresh and marine waters, and in il ; 1e) at
what levels they exhibit toxic effects to man or w:ldhl‘e;
(d) whetl\er they late in living i and,

. become d up food chains;
(e) how stable they are in the euwrunmem and whether

diti or returned ‘here possible as raw matersal

to modified production plants, in particular for manu-
facture of carbon tetrachloride.

The products listed in Table 1+ are characterized v

high volatility and low solubility in water: some of their

any of the products of degradation are : fves likely
to have iil-cfects.

and
World production capacities for all the major chiorinated
hydrocarbons are shown in Table 1. Of the compounds
in column (a) the fluorochloromethanes are extensively
used as aerosol propelianu, and are therefore almost
letely lost 10 the b after use. The others

are empioyed principaily as in industrial or
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physical properues are shown in Table 2. They enter the
environment primarily by evaporation to the atnospliere
Some chlorinated hydrocarbons will, houever, be fourd
in aqueous effluents from factories handling them, and
even in household sewage. and o will pass into mumicaipal
drainage systems and rivers. During the determination nf
the partition coefficients shown in the last column ot
Table 2, it was found that there is a rapid transier of ¢
chlorinated compound both from air to water, and {rom
water 1o air. Irrespective of whecher the inital loss »f
chlorinated hyvdrocarbon is to the atmusphicre uc ‘te
hydrosphere, the transfer processes will lead w a w:ze
distribution of these compounds, with aertal transpurt
playing a major part. Such rocesses e.piain the occur-
rence of some chlurinated hvdrocarbon in rainfail und
upland waters.

Tabis 1

waorld product. (1973}
of major chiorinated hydrocarbons, in 10° fons year

it ! evaluaiion ol & wide 1ange ol industtial and
chamicals.
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Trichloroethylene 1010 Vinyl chloride 10969
Perchlorosthiyene 1050 1.2-Oichiorosihane 19 500
1.3.0-Trichioroethane 480 Carbon tetrachlonde 1000
Mothylone chloride 4«00 Chlarolorm us
Trichlorofluoromethane 435 Methyl chiande 0

Dichiorodifluoromethane 570
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Occurrence in the snviranment

Teehnicques fuf the wolation, identification, and measure-
ment of DD U and PCB have been extensis ely studied and
dreseribed. Abnost all depend on solvent extraction,
careful clean-up by enlumn chyomatography, and
measurement by cas-liquid chromatography (GLQC)
vung an electron capture detector. Where  possibie,
identitication is ennfirmed by a linked mass-spectrometer
MS L Althangh the same basie methnds can be applied
ter the other indusnially impaortant chlorinated hyvdro-
carbans. (heir hizh volaulity introduces considerable
dubiculties at ahe sampiing, extraction, and GLC
tion stazes, In addition. the response of the electron
capture detector vavies widely according 10 the number
of chlorine atoms in the molecule. and this results in very
considerable differences in the sensitivity and accuracy
of determinaunons of different compounds. But these
ditficulties have heen overcome, .

Iratial observations of the occurrence of chlormaled
hvdracarbons in the atnnsphere have been made by
J. P.Riley [3]. J. E. Lovelock 4], P. E. Wilkaiss (3], and
P. G. Simmonds [6]. Our own observations in the
atmosphere of north-western England. as well as a much
fuller range of measurcrments in water, sediments, and
marine nrzanisms are given elsewhere [7]. All the authon
atree that fluorochluromethane, tri- and perchloro-
ethviene, chlorofarm, and czrbon lelrachlonde are found
universally in the phere at il
in the range between | and 10 ng'l; we ourselves also
found 1.1.1-trichlorocthane at a similar concentration.

The distribution of fluerochloromethanes and of tri-
chloroethlene. perchloroethylene. and trichloroethane,
which are major solvents. is consistent with their usage.
The concentrations of chloroform and carbon tetra-
chloride. which are chemical intermediates with limited
losses. is somewhat surprising, and led Lovelock to
suggest that they mav arise naturally by reaction between
chlorine and methane in the atmosphere.

Analyses of rain-water, rivers, municipal water sup-
plies, and the sea [ ] aglm |hm\ that tri- and per-

chi viene, trichlor {orm, and carbon

Tabte 2
Physica! prooerties of some sliphatic chiorinated Nydrocardons

tetrachloride are widely distributed at the g kg level or
lower. In addinon some «amples of sea water from
Liverpoob Bay. which recen et targe volumes of industriat
and domestic eslluents, contain traces fless than + ug’ky)
of teuacllornethane, peatachlorocthane, penta. and
hexachiorobutadiene (HCBD,, hexachlorobenzene, and
y-benzene hexachioride.

Samples of marine sediment from Liverpool Bay con-
taincd the same compounds as the overluing waters, but
therc was no correlation between the chloro-orgame
content of the sediment and that of the mid-depth water
from the same point on ¢he sampling grid, [t appears that
coarse gravels have little adsorpuive capacity for these
f whereas sed rich in organic detritus
have a much higher adsorptive capacity. Averaged over
all samples, the concentrations of chlorinated C,/C,
compounds.in the sediments were similar to those in-the
water; hexachlorobutadiene with its higher molecular
weight does, however, show concentration factors up to
a hundredfold.

c

Occurrence in animal tissue
Details of the distribution of chiorinated hydrocarbons
in the tissues of marine plants and animals are being
blished [7]. The T ds found in sea water are
also found in marine animals. Concentrations vary from
1 wg kg or less in invertebrates. to 10 ug, kg in the flesh
of fish. to a maximum of 30 uz kg in the eggs of sea birds
and the blubber of seals. Special attention was paid to
the fatty tissues of sea birds and mammals, as these
represent the highest trophic levels in which DDT and
PCB are found to accumulate. As man occupies a
similar position at the head of a series of food chains,
analyses of a wide range of foods, of both animal and
vegetable origin. have been made; the results are shown
in Table 3. Finally, it has been possible to carry out
some analyses of post.-mortem human tissue; results are
presented in Table 4. During the early stages of these
investigations it was not possible to distinguish analyti-
cally between carben tetrachioride and trichloroethane,
but improved technique atlowed this iater.

A summary of the results from this
and the previous section is presented
in Table 5. From these results we
draw two main conclusions: {a) The

B.P.(*C) Vapour Solubility in Panition
pressure - water at 20°C  coefficient
(mm HQ;20°C)  (parts/10° wiw)

concentrations of DDT and PCB in
fauty ussues are at least three orders
of magnitude greater than those of
the indusirial solvents. (b Chioro-
form and carbon tetrachloride are
very widely distributed, and at un.

expectedly high concentrations.

Methy! chioride 242 e T2%0° 23
::::,y;:,.mcm'"“ :'n; :;: :::o @'e :; Pessible hazard to v‘wm-n ﬁnl!ﬁ

Carbon tetrachloride %4 0o ™ 11 The ubiguitous distribution of the
Ethylene dichlonde Py o 800 24 chiorinated hydrocarbons means that
1,1,1. Trichloroethane T %0 ™) o a population may breathe air, drink
Vinyt ehloride 139 2320  (10°C)" 0@ (1I0C)  water, and consume food containing
Vinyligene chloride ne 4965 0 e16 trace quantitics of these material, In
:""":’"’"';"“"' :;;" :L: :: 3: many instances, the cooking of a

wrchioraethylene R K H ” H

Fluorotnchiorometnane 238 o814 1180 0w :"m::’?l‘. :_l::zd ""‘.:":::::r I?‘f:c:::l:
Oifluo: dict loromethane =298 4308 20 (757 008 for the ) N § thex N d
Hexacriotobutsoiene 213 013 ~2 oq7 presence of thete compruncy

in human tissue, again at extremely

* Uncar 76 mm piessuro of ofganachiarine esmpound

1 0

Jow concentrations (Table 4).
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Table 5, which summarizes all the analytical data,
demonstrates that there is no cvidence for significant
accumulation in human tissue of any of the materials
under discussion, Rather, they indicate a gencral back-
ground, at the parts in 10® level, which pervades the

whole ccu:pl:u:—mmmphzrc. fivdrosphere, and bio-
sphere. These resuhts are in sharp contrast to those

ing, we find frum tests on rats and mice [10-18) thac alt
five aliphatic compounds of Tubic 6 hate low wn,cities
with LD350 values varving between 2 and 1.7 &3 The
LDso value is the duse that will kill 50 per (!‘V‘t o a
group of experimental animals.) The curresponding
LDso value for DDT with rats was 013-0 = kg,
C)enrlv the presence of a few parts per 10? of these

in food or water will not give nse to acute

reponed for DDT or PCB, where ! in
tissues of several orders of magnitude has been observed  poisoning.
(8}

It is interesting ta compare in Table 6 the threshold

limit values (TLY) set by the American Conference of

Governmcnlal and Industrial Hygleuists with the maxi-
mum pheric ions d in our
survey [7].

1)\: threshold limit values define permissible atmo-
spheric concentrations applicable only to an 8-hour
working day and a 5-day weck. In the United Kingdom,
awximum allowable ground level concentrations to
which the public might continuously be exposed are set
in the range of 1/25th-1,40th of the TLV'. It can be seen
that the enviroumental concentrations are less Ly some
orders of magnitude.

The acceptable daily intakes + ADI} of substances 1
foodstufls are set by budies such as the FAO \Wal
Party of Experts :and the WHQ Expert Group na
Pesticide Residues. Tlhiey are generally caleuiated v
applying safety factors {of 100-2000) 10 the mavimum
no-eflect ievels observed in long-terin feeding swudies
animals, taking into account the absorpuon, metaoul.sm.
lnd excretion of the substance.

A i and

Published reports indicate that most of the chemicals are
moderately to el absorbed from the gmromresnr.\l
tract after oral administration (20, 21, 22]. Tvpically,
very large fraction of the administered dose is excreren

1f we examine the possibility of poisoning by swall 1 in the expired air. It has been established
Yable 3
[~ hydrocardons in '
{Cancentrations in ug,hg)
Fesdatuft Chigrgtorm Carten Trichlore-  Trichiores  Percniore. Owers
tetrachioride athane sthylane sthylene
L (2] * 03 HCBD 008 KCB 1
. » L s 2 ND
Engilish butter E "* 10 13 HC80 2
Hens eggs 14 o8 [ 2] ND NO
Moal
Engileh boef (s1eek) ¢ 7 3 " %9 ND
Engllsh beet (fat) 3 L] L} 12 18 NO
Pig’s livar LI L] 4 2 3 TCEOSPCEQ4
Olla and fats
Margarine 3 L] L] 1 PCEOS
Olive oil (Spaninh) " " ° ¢ 1 NO
Cod liver oil L] 1. 8 Al ? TCE2
Vegelable cooking ail 4 o7 T 001 HCBD g2 NCBOTY
Castor oil NA NA L} ND 3 NA
Boverages
Canned Irvit drink 2 os s 2 PCEQB
Light ale o4 o2 o7 ND HC80 02
Canned orange juice [ ] [ NO ND NO
Instant coftes ] s 4 3 NO
Toa (packet) 1 4 7 60 1 NO
Wine (Yugesiav) NA o3 o ND NA
Fruit and vegeiadies
Potatoss (3. Waies) AL 8 L} ND ND NL
Potatoes (N. W. England) 4 1 1 3 o7 TCEo?
Ap [ ] s 3 s NO
Pears 2 4 2 4 1 NO
Yematoes* ? 45 12 12 HCBD 04 HCB > 01
TCE o
Back grapes {imported) ¢ ND 17 {2 NO HCSD 3.7
Frosh bresd ] 2 1 1 ND
* Tomato plants were grown on a reciaimed lagoen st Runtuvn Works of ICl.
1 HCBO is still used in some Qs an for
1TCE, PCE = Totra-, i HCBOD =~ HCE =
NA « No Anglysis; NO = Not Detected
13
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Tasie s
Qccurrence of chiorinated hydrocerdons in Auman (issve.
Concentrations in ug. hg (wel tissue)

Carbon tetra-

Age ol Sex Tissue Chigrotorm chionde+ Trichloro~ Perchtorg. HCB80 Qthers.
subject trichlore- ethyiene ethyiens
ethane

7% F Body let 19 u 2 L] - -

Kidney 2 1 <1 <08 - -

Liver L3 1 3 <08 - -

Brain 4 <1 1 <03 - -
. F Baody fat ] 4 H 1 - -

Kidney 5 3 3 L} - -

Liver 1 4 2 2 - -

Brain 2 2 <t <$ - -
2 F Body fat o7 16 14 04 o8 -

Liver &7 35 32 2 124 -
@ M Body fat 7 21 84 (2] 18 -

. Liver s .38 38 o7 37 -

5 L Body tat L 1] 10 34 2 14 -

Liver a8 38 52 34 AR} TCE <03
% L Sody fat 1] 13 149 %2 o8

Liver 10-0 81 38 43 137 y=BHC 24
(1] M Body fat [} .8 48 o8 Ak y-—BHC 73
" F Rody fat a2 §2 4“9 4 4 y—8HC 22

that metabolisn results in '}’e formation of mc)\lnm-
acetic acid (from trichi ! and

residues, hn\\e\er. do refer to regular daily intake. To

ethiviene., trichloroethano) ifrom mch\uroelh\ iene),
chloroform {from carbon tetrachloride), and CO, (from
carbon teirachloride and chioroform) ['10-43]

Some of the pounds have dustrial uses and
it i3 possible 10 compare permitied use concentrations
with the maximum concentracions found in the survey
described above. The relevant data are summarized in

put the figures in perspective, some 500 kg
of cheese would have to be consumed to give an intake
of chloroform equivalent to one dose of the linctus
described.

Eftects on wildiite .

So far only a few results are available for the levels of the
C,/C, chlorinated hydrocarbons in land animals (other
than marine and avian species) or plants. The indica-
unm  are, ho\\e\ er, that the leveh in such species are not

from the general background con-

Table 7.
This table demanstrates xhn with one extepnon.
there are enormous diffe es p
nf the chemicais, admittedly in some
for d i use, and the i levels

found in food. The exception is cacbon tetrachluride,
where the suggested guidelines for grain residues are
similar to the amount of this material in food; the grain

Table 3
Qccurrance of b in the
rypml concaniraiions (w w) of the Ilvo major’ commndx

carbon
p-rchluoclny/mc. trichioroeihane)

" shown in Table 5. Hexachlorobenzene
(HCB)j and hexachlorobutadiene {HCBD), of which we
have found traces in fish and foodstuff samples, are used
on a ymall scale as pesticides. |. G. \los {24] showed that
toxic effects occur only in birds fed high dose ratey of
HCB, namely 20 mg.| over 3 months. At the end of the
trials, the average HCB cancentration found in the Liver
was 35 mg/l.

Our own study of effects on marive organisms has
been described {7]. Acute woxicity levels for marine fish,
barnacle nauplii, and a unicellular aiga are reproduced

Minimum  Maximum
Table
:";n water :::, ::_': Throshald limit velus compsred with mazimum observed
S:r(n:. water 10" 10 concentsations (my.1)
Patable water 0" 10-* TV Maz, observed
Ses water 7”0 "0 cancentration
Marine sediments | ad 10
Maring invertebrates [ - Trichloroathylens 050 000018
Flsh 1 104 Parchisrosthylens o487 0-0000%
Waterbirds " >10 Trichiorosihane 1490 9-00009*
WMarine mammale 1o st Carben tatrachloride o008 000008
Faity tooda (L ad ”»- CMorolorm 012 0-00004
Non-tatty food w w*
Nu“mm :,:;..‘ - 0 10 ¥ Rot d by anatysis. Hore, the
Human body fat 10-* 10- shawn |s the maxmum vaive, assuming tha GLC peak
whoity or terbon

"
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Tabie 7
c in feoe

of obscrved
and permitted use concenications

Chemical Uses Permutted Mas. cancn,
concantrations/dose mensured (g <)
Teichloroethylene Aasesthetic 10-25 mo/rg L
Extraction decoficinated coftee” (pachet cofter)
salvant
Petchicrosthylona Antiheiminthic 13-80980kg 13
(vaterinary and (therageutic dose) {buttar)
human medicine)
1,4,1-Trichiorosthane k4 ? 20

Carbon tetrachloride

Chioroform

Fuvowlno agent

(dleck grapes)
20

50 ug/vg
- (cooked cereal (blach grepes)
products):
18-30 mq,dose 1 =
(cough linctus) (chesse)

* US Food and Drug Adminsstration (1973} Food Chemical News Guide

1 Martindate "The Extra Pharmacopoea’ "sm Ed Ul'm
t FAQ/WHNO Expert C WHQO P

in Table 8; comparison with Table 5 shows that they are
at least three orders of magnitude higher than those
found in sea water. There is no evidence that the bio-
accumulation up food chains, which is such a feature of
DDT and PCB, occurs to any significant extent with the
commercial soivents. There is some indication that in
fish, by-product ‘heavies' such as HCBD show some
bicaccumulation intermediate between the nwo former
classes, but this does not increasc in birds and

Series |, 1971 (1872)

It has been suggested that low concentrations of
chlorinated solvents could, however, inhibit micrnbual
degradation processes generally, especiallv in anaerobic
environments. Particular concern has been expre.sad
aver the effccts on sewage treaument. Qur observatior
show that concentrations in raw sewage are nens
less than o1 1ng,!; some of this is adsorbed on to pri
:ludge, wl’n]c most is lost to the almo!phere during

Ml

feeding on fish.

Degradation in the envirenmant

Bischemical degeadation. As the major chiorinated hydro-
carbons are so widely ibuted in the envi

they are exposed 10 a wide range of potential degradation
routes. Although there is evidence that they can be
metaholized by mammalian tissues, we do not know how

either by d siudgr or
mcklmg filcers.

Qur initial experiments show that inhibition of aerohic
axidation does not occur at concentrations below 10 mz |:
this concentration will not normally he found in anv
sewage works. An extensive investigation of the edecu
on anaerobic digesuon in sewage works, particulariv by
chlorolorm, is given in (23].

Ph)m»mvmml degradation. There is evidence for the

many mher phyla have tlu'l ability, h i i
., that

whether
bio

kdown of chiorinated hydrocarhors in
water, but in general these reactions are very siow: we

umbl: or lnlcmbxc' do not have u. Mi
degradation, which is vo important for lhe destnmmn of
many organic I: does not
have any sngmﬁcam dxm:t part 10 phv in this case.

n the vs of ail the com-
pounds discussed so far lead to chlmmked aauc acids,
cither directly or via chl h s, Chi d acetic

the ck | haiflife of perchl viene 1
water to be about six years. Exceptions 10 this arise tor
compounds which are casily debyvdrocilorinated: the
reaction rate in such cases depends on the pH. An
important example of this is the dehwdrochlorinatisn of
the solvent t,1,1-irichloroethane, which would have a

acids have all been shown 0 be tusceptible to (urther
degradation by micro-organisms in sea water [7].

h I half-life in sea water ;pH 8. 10°C} of ahout o
months. The decomposition product is vinshidene
chloride, with (at environmental temperatures. oniv a

minor amount of aceurc acid ansnr

Toble 8 by hydrolysis. Rapid degradatian :n
Acule toricily of fo marive aqueous sy stema does, haw ever, occur
(Concentrations expressed as mg:l) in the presence of metallic iron. .\t

®h “an EC aeto the present tme the resulting degra-

LCreto LC seto Uniceilular  dation products have not been iden-

Dabr {fut-Aeh) Barnagte nauplll algae ified, but this faster rate in the pre-
Trichiorosihyiens m ™y N sence of metals cquld be important.
Parchloroethylsne 38 108 The current implication of our
Trichlorostnane " [] work is that it is by tropospheric
Chiorotorm - - photo-oxidatinn thatthe environmen-
Carbon tetrachleride - - al aliphatic otgannschlorine com.
Hexachiorobutadiens uid pounds are principally desroved,
Ethytene dichioride 13 w o This will apply also to thrse com-
Prapylene dichlonde L] 3 »w

pounds present in the hydrosphere,

"
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since cransfer reactions between hydrosphere and atmo-
sphere aconr rapidly [ 26). Oxidarion can easily be demon-
strated by inwoducing a few mg/t of the organochlomne
compound intn a scaled quariz llask and exposing the
latter out of doors. Monitoring the organic residue shows
that the mean half-lives of the chiorine-substituted ethy-
lenes lic in the range 6~12 wecks, and of the-chlorine-
substituted methanes and ethanes in the range 10-33
weeks. These experiments are naturally influenced by
diurnal and climatic variations of temperature and inei-
dent solar radiation, and the half-lives are reproducible
only to within =30 per cent. Nonetheless, they serve to
show that tie simpler aliphatic organochlorines do not
have the high persistence associated with the chlorinated
intecticides and PCB, nor on the other hand are they
sulficienty reacuve to give rise to photo-chemical smog, 2
view confirmed by the work of M. F. Brunelie «f of. {27]).

Similar experiments have been carried aut exposing
the flask to radiation from a xenon are, suitably flicred
10 remove radiation below 200 nm, taken as the lower
limit of tropospheric solar radiation. Under these condi.
tions of constant radiation flux and temperature it has
been found in a number of cases that the order of the
reaction with respect to the halo-organic compounds is
iractional, tending to rero at the higher (100 mg/l)
initial concentrations and to unity at the lower concen-
trations (0'1r mg/1). At the much lower concentrations
fng.); found in the troposphere we can—at least to a
first approximauon—assume a fimt-order reaction with
respect to the halo-organic compounds.

The kinetic pattern olserved does not appear to arise
from heterogeneous reactions, since packing the reaction
vessel with quartz wool has a negiigible effect on half-
life. It can, however, be explained in terms of initial

d

accelerate the decay rate, even when the inorganie
material is present in much less than stoichiometric
equivalence. The implication is thar, brcause of the
excess of Imlo-mumt compoimnds over trace inorg.nic
species present in the outdoor flask experiments, the
latter do not represent a true microcosm of the tropo-
sphere. In that case, the hail-hfe ranges quoted above are
probahly over-cstimated.

\We have also identified the degradation products
arising from xenuo are exposure. For the most part these
are simple inorganic specics (CO. CO,, H,0O, HCl)
already present in the atmosphere: in some cases (CCl,,
CH;CCl,) melecnlar chiorine can also he formed. Only
1ri- and perchloroethvienc vield relatively stable chloro-
organic intermediates, the di- and 1trichloroacetyl
chiorides, with minor amouuts of phosgenc, The latter
rapidly hydrolises to CO, and HCI, but the chloro-
acetyl chlorides will enter the hydrosphere as the di- and
trichloroacetate anions, which have very long chemical
half-lives at environmental temperatures. However, we
have already noted the microbial breakdown in sea
water of both these anions, complete oxidation oceurring
during a 20-day incubation period. It thus appears that
not only are the simple chioroaliphatic compounds not
pnmcularlv ptmsxem I)ul their deqradalmu prod ucts
are simple species y found in the

Conclusion

From evidence so far available we conclude that several

chloroderivativesofmethane, ethane, andethylenearevery

widely distributed in the environment at a level of coneen-

tration of the order of 1 partin 1a®. The particular com-

pound: are chloml’urm carbon l:lr«:h)onde. trichloro-
hyiens, and trich 1 The as-

attack on the hal ¥ 30me

species present in lhc lropolph:re, pombly by active
photolysis products of such species as nitrogen peroxide,
oxone, or chlorine. known to be present in the tropo-
sphere at concentrations very similar to those of the

pti n that the last three occur as a resuit of chemical
manufacturing processes is tenable. but the occurrence of
the first two may also be due to unidentified geochemical
processes. All these compounds are fairly rapidly degraded
in the environment to carbon dioxide, water, and chlor-
ide ion, Ind there is no evidence for their significant bio-
ion, via the food chains, to higher trophic levels.

halo-organic Deliberate addition of these
inorganic species in the xenom arcexperi can
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