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wuhlorninated hvdrocarbons
and the environment

G. McConunell, D. M. Ferguson, and C. R. Pearson .

In recent years there has been concern about the potential toxic hazards of chlorinated organic
compounds used as insecticides. It has come to be assumed that similar hazards are presenied
by chlorinated hvdrocarbuns generally, many of which are manufoctured and used in larze
quintities. The evidence reviewed in this articleindicates that while anumberof C, and C, chiori-
nated aliphatic compounds are widely distributed, theyv do not accumulate to the same exteny
as the chlorinated insecticides nor do they have their extreme persistence in the environment.

In recent years concern has heen shown over the
environmental efiec:s. on both wildlife and man himself,
of the organo-chiorine imsecticides 1of which DDT is a
familiar example) and the poivchilnrinated biphenvls
{PCH). This concern has extended o all ‘chlorinated
hydrocarbons’: consequently they have heen included in
‘the class of chemicals banned by the Oslo arnd Paris
Conventions to regulate the discharge of waste into the
sca. We have made a study of the potential environ-
mental impact of those chlorinated aliphatic hydro-
carbons that are manufiactured on a large scale. Several
surveys relevant to such a study have been published
recently, either as review artcles or in government or
intergovernmental reporis: a useful discussion has been
presented by G. T. Goouman {1}, The following factors
must alf be considercd. /ai What quantities are produced;
how, v.here, and in whnat form the materials are reicased
to the cnvironment; \b; how they are distributed, and
in whar concentrations they occur in the atmosphere, in
fresh and miarine waters, and in soil sediments; (¢) at
what levels they exhibit toxic effects to man or wildlife;
(d) whether thev accumulate in living organisms, and,
in particular, become concentrated up food chains;
(e) how stable they are in the environment, and whether
any of the producus of degradation are themszlves likely
to have iil-effects.

Emission and distribution pathways

World production capacities for all the major chiorinated
hydrocarbons are shown in Table 1. Of the compounds
tn column (a) the fluorochloromethanes are extensively
used as aerosol propellanes, and are therefore almast
complctely lost to the atmosphere after use. The others
are employed principally as solvents in industrial or
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domestic applications. Although industrial solvents are
a large extent recovered, the production »f these soit anis
represents the need to replace the hand'ing lusses icur:«d
in their use. The quantities in column -a. therelure repre-
sent the annual losses tw the environment Tlus loss i
arise {rom a multiplicity of sources, correiated wuth i -al
factors such as population densitv and industrial acus -,

The products in column {b) serve primarily as cirer:
cal intermediates. The amount of them that enters the
environment is a very small fractinn of the total produc-
tion, aud is limited to relatively few chcinical manulac-,
turing sites. At these sites smaller amounts of by-produ.:s
will also be produced: these range from other chlorinazed
C, hvdrocarbons to chlorinated hvdrocarbons of hisar
molecular weight and tarry residues. Lhese residues have
in the past been dumped partly on land. but particula:is
at sea: A, Jernelov and co-workers [2) have descrit-d
the effects of ‘EDC tar’ dumped in the North Sea. The
residues are now cither incinerated under comrolicd
conditions, or returned where passible as raw mater:ial
to modified production plants, in particular for mana-
facture of carbon tetrachloride.

The products listed in Table @ are characterized bv
high volatility and low solubility in water: some of their
physical properties are shown in Table 2. They enter thie
environment primarily by evaporation to the atmnsphere.
Some chlorinated hydrocarbons will, iowever, be fourd
in aqueous cffluents from factories handling them, and
even in household sewage. and so will pass into mumcaipal
drainage systems and rivers. During the determination of
the partition coefficients shown in the last column of
Table 2, it was found that there is a rapid ransler of ¢ ¢
chlorinated compound both from air to water, and [rom
water to air. Irrespective of whether the ininal {oss ~f
chlorinated hvdrocarbon is to the atmusphkere oo tbe
hydrosphere, the transfer processes will lead 10 a wie
distribution of these compounds, with aerial transpurt
playing a major part. Such processes explain the occur-
rence of some chlorinated nvdrocarbon in rainfail und
upland waters.

Table 1
Estimaled world product,nn capacities (1973}
of major chiorinated hydrocarbons. in 10 lons year

(a) (b}

Trichloroathylene 1010 Vinyl chloride 10 502
Perchioroethiyene 1050 1.2-Dichioreerhane 13 570
1.1.4-Trichioroethane 480 Carbon tetrachiorids 1009
Mothylcne chlioride 400 Chloroform 248
Trichlorofluoromethane 435 Methyl chloride 350

Dichlorodifluoromethane 570
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Qccurrencein the environmaent

Technigueshor the tsalation, identification, and measure-
ment ol DD and PUB have been extensively studied and
descrthed. Almost all depend on solvent extraction,
carefub clean-up by eolumn chromatography, and
measurement by gas-liquid cheomatography  (GLCG)
uung an cleciron capture detector. Where  possible,
identnication is eonfivmed by a linked mass-spectrometer
Ms L Aldhaugh the same basic methads can be applicd
to the other induwsuialhy important chlorinated hivdro-
carbons, their hizh volatibty introduces considerable
duhculties at the samphng, extracuon, and GLC

Cseparatinn stazes. In addinon. the response of the electron

coapture detector varies widely according 1o the number
of chlorine atoms in the motecule. and this results in very
cinsiderable differences in the sensitivity and accuracy
of determinatinns af different compounds. But these
di:Acuities have been overcome. . .

Initial observations of the oceurrence of chlorinated
hvdracathons i the atinnsphere have been made by
J. P.Riley {3].J. E. Lovelock [4], P. E. Wilkniss (5], and
P. G. Simmonds {6]. Our own observations in the
atmosphere of north-western England. as well as a much
fuller range of measurernents in water. sediments, and
arine orzanisms 212 given elsewhere [7]. All the authors
arree that fuorochloromethane, tri- and perchloro-
ethvlene, chlorafarm, and czrhen tetrachloride are found
universally in the atmosphere at concentrations normaliy
in the range between 1 and 1o ng'l; we ourselves also
found 1.1 1-trichluroethane ar a similar concentration.

The diswribution of fluorochloromethanes and of tri-
chloroethn lene. perchloroethylene. and richloraethane,
which are major solvenis. is consistent with their usage.
The concentratons of chloroform and carbon terra-
chloride. vwhich are chemical intermediates with limited
lostes. s somewhat surprising, and led Lovelock to
suggest that they mav arise nawurally by reaction between
chlorine and methane in the atmosphere.

Analvses of rain-water, rivers, municipal water sup-
plies, and the sea ;] again show that tri- and per-
chloroethylene, trichloroethane, chlorolorm, and carbon

Table 2
Physical properties of some aliphatic chiorinated hydrocarbons

tetrachloride e widely distributed ar the pg/ke level or
lower. In addition some samples of sea water (rom
Liverpool Bav. which reccines larse volumes of mdusrrag
and domestic etflaents, contain traces (less than 1 ggrky)
of teuacklorncthane, pentachlocuethane, penta.  and
hexachlovobutadiene (HCBD,, hexachlorobenzene, and
y-benzence hexachloride.

Samples of marine sediment {rom Liverpool Bay con-
taincd the same componnds as the overhving waters, but
there was no correlation between the chlorn-orranie
content uf the sediment and thae of the mid-depth water
from the same point on the sampling grid. It appeacs that
coarse gravels have little adsorptive capacity for these
compounds, whereas sediments rich in organic detritus
have a much lugher adsorptive capacity. Averaged over
all samples, the concentrations of chlorinated C,/C,
cor:npnunds,in the sediments were similar to those in-the
water; lhexachlorobutadiene with its higher molecular
weight does, however, show concentration factors up to

a hundredfold.

Occurrence in animal tissue

Details of the distribution of chlorinated hydrocarbons
in the tissues of marine plants and animals are being
published [;}. The compounds found in sea water are
also found in marine animals. Concentrations vary from
1 1z kg or less in inveriebrates, 10 10 ug kg in the flesh
of fish. to a maximum of 50 pz kg in the eggs of sea birds
and the blubber of scals. Special attention was paid to
the fattyv ussues of sea hirds 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 sertes of food chains,
analvses of a wide range of frods, of both animal and
vegetable onigin. have been made: the results are shown
in Table 3. Finally, it has been possible to carry out
some analvses of post-mortem human tissue; results are
presented in Table 4. During the early stages af these
investigations it was not possible to distinguish analyti-
cally between carbon tetrachioride and trichloroethane,
but tmproved technique allowed this later.

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

concentrations of DDT and PCB in

8.p.Cc) :::T::. 3::?“.‘:2‘;% 5::;::"( fatey tissues are at least three orders
(mm H/20°C)  (parts/10° wiw) water-air of m.agniwc_ic greater than those of
at 20°C the industriat solvents. (h) Chloro-
) {wiv per form and carbon tetrachloride are
wiv) very widcly distributed, and at un-
Mathyl chioride 242 3758 72507 73 expectedly high concentrations.
g;:::;:::mchlm’d. ;?; :;: :o?o @0 :; Possible hazard to human heaith
Carbon tetrachloride 768 900 s 1.1 The ubiquitens distribution of the
Ethylene dichloride B3& 63-9 8200 264 chiorinated hydrocarbuns means that
1.1,1-Trichloroethane 744 960 40 e a papulation may breathe air, drink
Vinyl chioride —138 2320 % (16°0)° 002 (10°C) water, and consume food containing
Vinyhdens chioride e 4963 ad 016 trace quantitics of there materials, In
Trichloroethylens 870 519 1100 2 many instances, the twoking of a
Parchloroethylene 1212 140 150 122 foodstufT will reduce these levels still
oscolendnne | BE @4 e e Tiere o, idence
chaclr.‘;ovobumc‘ena 218 018 ~2 0.87 for the presence of there comprunds

in human tssue, again at extremely

* Uncer 700 mm pressure ol organocnhtorine campound

14 '

jow concentrations (Table §).

STLCOPCB4011978



028017

OSKW

Table 5, which summarizes all the analyvtical data,
demonstrates thac there is no evidence for sign:ficant
accumulation in human tissue of any of the materials
under discussion. Rather, they indicate a gerieral back-
ground, at the parts in 10* level, which pervades the
whole ecospherc—aunosphere, hvdrosphere, and bio-
sphere. These results are in sharp contrast o those
reported for DUT or PCB, where accumulation in
tissucs of several orders of magnitude has been observed
[8}.

It is interesting to comparc in Table 6 the threshold

limit values (TLV) sct by the American Conference of

Governmental and Industrial Hygienists with the maxi-
mum atmosphcric concentrations measured N our
survey [7].

The threshold limit values define permissible atmo-
spheric concentrations applicable only to an 8-hour
working day and a 5-day week, In the United Kingdom,
maximum allowable ground level concentrations to
which the public might continuously Le exposed are set
in the range of 1/25th~1/4oth of the TLV', It can be seen
that the environmental concentrations are less by some
orders of magnitude.

If we examine the possibility of poisoning by swaliow-

Table 3
Chiorina{ed hydrocarions in foodstuffs
(Concentralions in ug kg)

ing, we find frum tests on rats and mice [16-17] thar all
five altphatic compounds of Tabic 6 have low wi,ciies
with LDjO vilues varving between 2 and 127 Rz The
LD3o value is the dese that will kill 50 per cent of a
group of experimental anjmals.) The corresponding
LDso value for DDT with rats was o-13-0'4 = k=,
Clearly the presence of a few parts per 10? of these
substances in food or water will not give rise to acure
poisoning.

The acceptable daily intakes (ADI} of substances in
foodstufls are set by hodies such as the FAO Weglone
Party of Experts and the WHO Expert Group nna
Pesuicide Residues. They are generally caleulated v
applying safetv facturs (o 100-2000) to the masimum
no-effect levels observed in long-terin feeding studics «n
animals, taking into account the absorption, metapolsm,
and excretion of the substance.

Absorption, metaboelism, and excretion

Published reports indicate that most of the chemical, are
moderately to .vell absorbed {rom the gastrorntesural
tract after oral administration {20, 21, 22}. Tvpicallv, a
very large fraction of the administered dose is excreted
unchanged in the expired air. It has been established

Foodstuft Chloroform Carbon Trichtoro- Trichioro- Perchloro- Others
tetrachioride sthane sthylens ethylsne

Dairy produce

Fresh milk L} 02 03 03 HCBD 008 KCB |

Cheshire cheese 33 5 3 2 ND

English butler .2 14 10 13 HCBD 2

Hans aggs 14 o5 12 ND ND

Meal

English beet (stesk) 4 7 3 18 o9 ND

English beel (fat) 3 a [} 12 . 1.0 ND

Pig's liver i, 9 4 2 $ TCEQSPCEOU

Olis and fats

Margarine 3 ) [] 7 PCE 08

Ollve oil (Spanish) 10 AL ] 10 ® 7 ND

Cod liver oil [ ] (] s 19 2 JYCE2

Vegetable cooking oil ? o7 ? .01 HCBD 02 HCB 07

Castor ol NA NA [ ] ND 3 NA

Beverages

Canned fruit drink 2 0§ 5 2 PCEQS

Light ale 04 02 [2} ND HCBD Q-2

Canned orange juice ? [ NO ND ND

instant coflee ] 4 3 ND

Tes (pachet) 18 4 7 80 3 ND

Wine (Yugasiav) NA 03 0-02 ND NA

Frult and vegelables

Potatoss (5. Wales) 18 ] 4 ND ND NL

Potatoes (N. W. England) 4 3 1 3 o7 TCE Q7

Appias 8 [ 3 S 2 ND

Peers 2 4 2 4 2 ND

Tomstoes® ] 4.8 37 12 RLBO GE HCB QY
TCE 0

Black grapes (imported) ¢ NO 197 28 ND HCBO 37

Fresh bread | s 2 7 1 ND

* Tomato plants were grown on a rectaimed lagoon &t Runcorn Works of 1CL.
1 HCBO is stifll used in some countrics as an insccticide for vineyards,
1 TCE, PCE = Tetra-, penlachioroethane: HCBD = Hexachlorobutadiane; HCB = Hexachlarobenzene

NA =« No Analysis; NO = Not Detected
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Tabie 4
Occurrence of chiorinated hydrocarbons in human tissve.
Cancentrations in ug kg {wel tissue)

Carbon tetra-

Age of Sex Tissue Chloroiorm chionde + Trichloro- Perchioro- HCBD Others
subjact trichloro- ethylane ethylens
“ethane

16 F Body fat 19 24 32 ¢ — -

Kidney 2 | <1 <05 - -

Liver 5 1 L) <0.8 —_ -

Brain 4 <1 % <05 - —_
76 F Body fat 3 I 2 1 - -

Kidney ] 3 3 [ - —_

Liver 1 4 ? -3 - —

Brain 2 4 <1 <5 -— —_
82 F Body fat 67 1-8 14 04 08 —_

Liver 87 3s 32 1.2 124 -
48 M Body fat 67 21 64 R ] 18 -

Liver 95 - 35 38 0.7 57 -
[-H M Sody fat 64 10 34 21 18 -

Liver 38 35 52 34 118 TCE <08
ki M Body fal 1] 136 1441 292 o8

Liver 10-0 $1 538 4.3 137 y—BKC 24
56 M Body fat 1] 1.6 46 03 12 y—8HC 15
74 F Body fat 52 52 49 4 4 y—BHC 22

that metabolisin results in the formation of trichloro-
acetic acid {(from trichloroethvlene and perchloro-
ethviene., trichloroethanol (from trichloroethviene),
chloroform [from carbon tetrachloride), and CO, (from
carbon tetrachloride and chloroform) {20-213).

Some of the compounds have non-industrial uses and
it is possible (0 compare permitted use concentrations
with the maximum concentrations found in the survey
described above. The relevant data are summarized in
Table 7.

This table demonstrates that, with one exception,
there are enormous diflerences betweea permitted-use
concentrations of the chernicals, admittedly in some
instances for discontinuous use, and the maximum levels
found in food. The exception is carbon tetrachloride,
where the suggested guidelines for grain residues are
similar to the amount of this material in food; the grain

Tabie

Occurrence of chiorinated hydrocarbons in the envirenment.
Typical concentralions (w w) of the five major compounds
{zhloroform, cardon teirachioride, trichioroethylene.
perchioroethylena, trichioroethane)

Mirimum Mazimum
Alr 10~ 10-4
Raln water 10-** w0
Surface water 10-" 10-*
Potabie water 19-** 10-°
Sea water 0" 10-*
Marine sediments 10 [/ d
Marine invertebrates 10-* 1
Fish 10-* 10
Waterbirds 10 >10-°
Marine mammals 10 >10-°
Fotly {oods 10 L od
Non-fatty toods A 0
Human organs ° 107 10-°
Human body fat 10-* 10

18

residues, however, do refer to regular daily intake. To
put the remaining figures in perspective, some 500 kg
of cheese would have to be consumed to give an intake
of chloroform equivalent 10 one dose of the linctus
described.

Effects on wildlife

So far only a few results are available for the levels of the
C,’C, chlorinated hvdrocarbons in land animals (other
than marine and avian species) or plants. The indica-
tions are, however, that the levels in such species are not
significantly different from the general background con-
centrations shown in Tabie 5. Hexachlorobenzene

- (HCB; and hexachlorobutadiene {HCBD), of which we

have found traces in fish and foodstuff samples, are used

" on a small scale as pesticides. J. G. Vos [24] showed that

toxic effects occur only in birds fed high dose rates of
HGBR, namely 20 mg'| over 3 months. At the end of the
trials, the average HCB concentration found in the liver
was 35 mg/l

Qur own study of effects on marine organisms has
been described {7]. Acute wxicity levels for marine fish,
barnacle nauplii, and a vnicellular aiga are reproduced

Table d
Threshold limil value compared wilh mazimum observed
concenlralions (mgl)

TLY Max. observed
concantration
Trichioroethylene 0-50 0-00018
Paeichioroethylens o-87 Q-00c09
Trichtoroethane 190 G-00008°
Carben tatrachloride 0-08 0.00009"
Chlorolorm 012 000004

® Not diflerertiaiad by analysts. thetefore, the concentration
shown i9 the maxumum saive, assuming the GLC peak
represents whotly trichioroetnans ar carbon tetrachlorige.
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Table 7
Comparison of cbserved concentrations in fcod
and permilled use concenirations

Chemical Uses Permitted Max. conen,
concentrations/dose measured (g «<3)
Ttiehiorovthyiene Anaesthetic 10-28 mg(¥g 80
Extraction decafleinatac coflee® (pachet coflee)
solvent
Perchioroethytens Antiheiminthic 1680 g, 60 kg t 13
* {veterinary and (tharageutic dose) (butter)
human medicine)
1,1,1-Trichloroethane ? ? 20
(black grapes)
Cacbon tetrachioride Grain 50 pg'kg 20
fumigant - {cooked cersal {black grapas)
products):
Chlaroform Anaesthetie 15-30 mg,dosa t 13
Flavauring agent (cough linctus) {cheese)

* US fFood and Drug Administration (1973 Food Chemical News Guide

1 Martindate 'The Extra Pharmacepoera’ 26th Ed. (1972)

t FAQ/WHO Expert Committaas, WHO Pasticide Residues Series {, 1971 (1972)

in Table 8; comparison with Table 5 shows that they are
at lcast three orders of magnitude higher than those
found in sea water. There is no evidence that the bio-
sccumulation up food chains, which is such a feature of
DDT and PCB, occurs to anv significant extent with the
commercial solvents. There is some indication that in
fish, by-product ‘heavies’ such as HCBD show some
bicaccumulation intermediate berween the two former
classes, but this does not tncrease in birds and mammals

feeding on fish.

Degradation in the eavironment

Biochemical degradation. \s the major chlorinated hydro-
carbons are so widely distributed in the environment,
they are exposed to a wide range of potential degradarion
routes. Although there is evidence that they can be
metaholized by mammalian tissues, we do not know how
many other phyvla have this ability, It is generally
accepted, however, that micro-organisms, whether
aerobic or anacrobic, do not have it. Microbiological
degradation, which is so important for the destruction of
many organic compounds, therefore probably does not
have any significant direct part 1o play in this case.

In mammals, the metabolic pathwavs of all the com-
pounds discussed so far lead to chlorinated aceuc acids,
either directly or via chlorethanols. Chiorinated acetic
acids have all been shown to be susceptible to further
degradation by micro-organisms in sea water [7].

Table &
Acute toricily of chiorinated Aydracerbons to marine arganisms
(Concentralions expressad as mg'/)

It has been suggested that low concentrations nf
chlorinated solvents could, however, inhibit mirrnbial
degradation processes generally, especiallv in anaernbic
environments. Particular concern has been expre.sad
over the eflects on sewage treatment. Qur observation;
show that concentrations in raw sewage are noiraliv
less than o1 ng,I; some of this is adsorbed on to pritnars
sludge, while most is lost to the atmosphere duning
biological oxidation, either by activated sludgs or
trickling filters.

QOur initial experiments shew that inhibition of aerohic
oxidation does not occur at concentrations belovw 1o mz |;
this concentration will not normally be found in anv
sewage works. A extensive investigation of the erfects
on anaerobic digestion in sewage works, particulariv by
chloroform, is given in {23].

Physico-chemical degradation. There is evidence for the
chemical breakdown of chlorinated hvdrocarbons in
water, but in general these reactions are very slow: we
estimate the chemical hall:life of perchlornetinvlene in
water to be about six years. Exceptions n this ail» ior
compounds which are easilv dehvdrochlorinated: the
reaction rate in such cases depends on the pi{. An
important example of this is the dehvdiochlorination of
the solvent 1,1,1-trichloroethane, swhich would nave a
chemical half-life in sea water (pH 8. 10°C} of about n
months. The decompoesition product is vinilidene
chloride, with (at environmental temperatures. oniv 2

minor amount of acetic acid angnz

by hydrolysis. Rapid degradation :n

aqueous systerns does, however, occur

in the presence of metallic iron. At

DSWw 028019

% h an EC seto the present time the resulting degra-

LC seto LC s to Unicellular  dation products have not been iden-

Dab (flat-fsh) Barnscte nguplil algee tified, but this faster rate in the pre-
Trichiorosthylene 1 P P sence of metals cquld be important.
Perchioroethylons s ss 104 The current implication of our
Trichloroethane n % 5 work is that it is by tropnspheric
Chloroferm E - -— photo-oxidatinn that the envicnnimen-
Carbon tetrachioride ~50 - - ta! sliphatic organn-chlorine come
Hezachlorobutadiene 845 o7 pounds arc principally destroved.
Ethylenae dichlocida 113 bt 340 This will apply also to thase com-
Pronyiene dichioride L2 LS 80

pounds present in the hyvdrosphere,

"
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since transfer reactions between hydrosphere and atmo-
sphere oconr rapidly [ 26]. Oxidation can easily be demon-
strated by inwroducing a few mg/l of the nrganochtorine
compound into a scaled quartz Hask and cxposing the
latter out of dours. Monitoring the organic residue shows
that the mean half-lives of the chlorine-substituted ethy-
lenes lic in the range 6-12 weeks, and of the.chiorine-
substituted methanes and ethanes in the range 10-33
weeks. These experiments are naturally influenced by
diurnal and climatic variations of temperature and inci-
dent solur radiation, and the hall-lives are reproducible
only to within = 50 per cent. Nonetheless, they serve to
show that the simmpler aliphatic organochlorines do not
have the high persistence associated with the chlorinated
incecticides and PCB, nor on the other hand are they
suthiciently reactive to give rise to photo-chemical smog, a
view confirmed by the work of M. F. Brunelie ¢f af. {27].

Similar experiments have been carried out exposing

the flask to radiation from a xenon arc, suitably filtered

to remove radiation below 2q0 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
fractional, tending to zero at the higher (100 mg/l)
initial concertrations and 1o unity at the lower concen-
trations (o-1 mg/l). At the much lower concentrations
(ng 1) found in the troposphiere we can—at least to a
first approximation—assume a first-order reaction with
respect 1o the halo-organic compounds.

The kinetic pattern observed does not appear to arise
from heterogeneous reactions, since packing the reaction
vessel with quartz wool has a negligible eflect on half-
life. It can, however, be explained in terms of initial
attack on the halo-organic compounds by some transient
species present in the troposphere, possibly by active
photolysis products of such species as nitrogen peroxide,
ozone, or chlorine. known to be present in the tropo-
sphere at concentrations very similar to those of the
halo-organic compounds. Deliberate addition of these
inorganic species in the xenon arc-experimentt can
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accelerate the decay rate, even when the inorganic
material is present in much less than stoichiometrie
cquivalence. The implication is that, because of the
excess of halo-organic campounds over trace norg.:nic
specics present in the outdoor flask cxperiments, the
latter do nat represent a true microcosm of the tropo-
sphere. In that case, the half-lifc ranges quoted above are
probahly over-cstimated.

We have also identified the degradation products
arising from xenon arc exposnre. For the most part these
are simple inorganic specics (CO. CO,, 11,0, HCY
already present in the atmosphere: in some cases (CCI,,
CH;CCl,) molecular chlorine can also be formed, Only
tri- and perclloroethviene vicld relatively stable chloro-
orzanic interinediates, the di- and trichloroacetyl
chlorides, with minor amounts of phosgene. The latter
rapidly hvdrolyses to CO, and HCI, but the chloro-
acetvl chlorides will enter the hydrosphere as the di- and
trichloroacetate anions, which have very long chemical
half-lives at environmental temperaturcs. 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 chloroaliphatic compnunds not
particularly persistent, but their degradation products
are simple species commonly found in the environment.

Conclusion

From evidence so far available we conclude that several
chioroderivarivesnfmethane,ethane,and ethylenearevery
widely distributed in the environment at a level of concen-
tration of the order of 1 partin ia®, The particular com-
pounds are chlorofurm, carbon tetrachloride, trichiloro-
ethvlene, perchloroethylens, and trichloroethane. The as-
sumption 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 1o unidentified geochemical
processes. All these compounds are fairly rapidly degraded
in the environment to carbon dioxide, water, and chlor-
ide ion, and there is no cvidence for their significant bio-
accumulation, via the food chains, to higher trophic levels.
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