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1. TH SYMPOSIUM

The Symposium on Forensic Toxioology was hold at the Chemioal
defence 3stablishmant , Porton Down , Salisbury , Wiltshire
England , on Thursday and Friday , 29 and 30 June, 1972. I am

* indebted to Dr. B.Ballantyne of the Patholo•r Section, Medical
Division, ODE , for the invitation to attend. I was present only
on the seoond day and can only offer my own version of the papers

*i 'on that part of the Irogramme, omitting Professor Camp's remarks
on the future of Torensio toxioolo6W and Dr Beewiok's summing-up.
Details of the symposium• are reproduoed in the Annex. There were
no preoiroulated abstracts. The Proceedings are to be published
very promptly, probably as early as September of this year.
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1.1. Paraguat Poisoning

Dr C•- Fletcher gave an interesting account of the fatalities
that have resulted from drinking these unusual substances, either
accidentally from beer bottles placed in the fridge or deliberately
with suicidal intent. Even more interesting are the factors
responsible for their unique properties as herbicides and for their
remarkable toxioity, still imperfectly understood.

The: value of paraquat and other members of the series such as
diquat and morfamquat as herbicides resides in the speed with which
they are made nmn-toxic by the soil, so that seed can be planted
immediately after spraying of weedsi This is attributed to the entry
of these flat bipyridyl molecules, e.g.

CH3 - Pyr-, Pyr _ACH3  .0. .. 2 017

into the clay lattice and their extremely strong attachment by ionic
and van der Waals forces. They become biologically inert and are said
to be inaccessible to chemical agents and bacteria - to such an extent
that they can be unveiled only by destroing the lattice with concen-
trated sulfuric acid. Perhaps it ought not to be surprising, there-
fore, that thitr toxicity for man is such as to suggest prolonged
persistence in the body in some cryptic state. The initial action
after ingestion is irritation, with gastrointestinal and renal
symptoms and no apparent action on the central nervous system.
However, from one to three weeks after these unpleasant effects have
subsided, signs of progressive lung damage appear. Gas exohange.:,
becomes impeded, leading to oyanosis and death in about a month. The
lungs have become edematous; there is thickening of the alveolar walls,
intense leucooytic infiltration, tulminating fibrosis and eventually
complete alveolar occlusion. The piotureiin its less extreme forms
resembles the effects of oxygen at high partial pressures; indeed
Dr Fletcher said privately that he has done experiments along these
lines, finding that oxygen does exacerbate the toxicity of paraquat
and that paraquat, like oxygen, retards wound healing. On the other :,-7
hand, there is no ap~parent effect on the lung lipids, although this
was challenged by a person on the basis of the "bubble" test for
surfaotant - surely not to be taken too seriously. But why the pul-
monary pathology ? There seems to be little information beyond the
fact that paraquat binds to muoopolysaooharides and nucleic acids,
though rather loosely. Its persistence in the body is shown by the
urinary excretion, which declines rapidly for the first two days
followed by a "tail" lasting for 20 to 30 days. The tissues at post-
mortem contain about one to five parts permillion. The LD50 for
man may be around 30 me/kg or I to 2 grams. For the hen it is ten
times greater per kg. - why ? The remaining evidence is of a bgative
kind. Paraquat oan be reduced to a free superoxide radical with
NADPH (half life about a microsecond) but hydrogen peroxide is not
likely to be involved in the toxic action. Paraquat is not immuno-
suppressive; carcinogenic; teratogenio! mutagenio. One wnuld
imagine that the two best leads for further work would be first to
look for an analogy between the binding in the clay lattice and to
biological components; second, the reciprocal potentiation of
paraquat and oxygen toxicity. This might be of interest to contractors
working on wound healing.
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.1.2. 11al11uai n oC-e n s

Dr. R.W. Brimbleoombe classified the -h~lluoinogens and gave a

brief rundown of their characteristics, defining them as substances
which specifically alter mood and thought patterns r>ther than acting
on the autonomic nervous system or other identifiable elements.
The- ditinction is not always easy to sustain because the hallucinogensSoften.do -exhibit other modes of activity.

Thesympathomimeti_ drugs can either block of facilitate synaptic
transmission in the central nervous system. They may produce

elevated levels of 5-hydroxy tryptamine and depression of brain
noradrenalin.. TMre may be marked cross tolerance among members

of the group. Two strucaural subgroups exist; the N,NT-dialkyl
V tryptamines, including psilocin and LSD, and the phenyl ethyl.

amines with mescaline and some substituted amphetamines such as
the celebrated "Security, Tranquillity and Peace," STP.

The antioholinesterases, atropine, hyosoine, piperidyl benzoate.",
etc., act centrally by competitive antagonism of acetyloholine-
esterase and by other mechanisms. Unlike LSD they produce a true
toxic psychosis with amnesia.

The cannabinoids, with the 8-delta and 9-delta tetrahydrocannabinols
as the main active principles, produce central depression with the
cerebral cortices as probable sites of action - but little is known.

]3* aý osis of Acute-Qyanide Poisonin3

Dr. B. Ballantyne pointed out that since cyanide poisoning
cannot well be studied in man, diagnosis depends largely upon
what has been learned from animals - and, he might have added,
from classical studies of respiration in much more primitive
systems. Oyanide acts not only as an inhibitor of oytochrome
oxidase. It also inhibits glutamio deoarboxylase and so produces
convulsions. Respiratory depression prevents utilization of ozygen
so that the blood remains red - a characteristic post mortem sian.
Chemical tests for cyanide may mislead because of post mortem
formation of cyanide from thiocyanate even in sterile blood.
Cytoohrome oxidase activity in tissue sections can be determined
speotrophotometrioally by fonnation of a dye with a special
reagent.

1.4. Mleroury Poisoning

Dr. P.L. Bidstrup dealt with the comparative aspects of the
toxicity of mer-cury and its oompounds, drawing a distinction between
metallic aiercury, inorganic salts, and the al1rl and aryl compounds.
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Metallic and inorganic merou3gy are used in some 80 industries in
about 3000 different ways. The key fact that a patient works withmercury may be overlooked, sometimes with bizarre results, as Dr
Bidstrup showed by a series of anecdotes. One was about an electric

Smeter repair mana whose irritability, withdrawal and tremor wereS~first considered psychotio and then attributed to multiple scler-
osis. The patient eventunIly diagnosed his own complaint after
reading in the newspaper about mercury poisoning. The hazards fromI. metallic mercury are still insufficiently recoonized by teachezrs
and others although it is obvious that small amognts spilled may
remain in a finely divided state, with relatively enormous surfaceS....• •iarea for evaporation, in cracks and corners of the room or in rugs
or oarpet* where children may7 crawl. The danger is greater in warm
places& the vapour pressure having a temperature'ooefficient of 2: for 10 C. Further• mercury vapour ibeing soluble in fat, it reaches

the brain. Inorganic salts, on the other hand, produce kidney damage,
although the nephrotic syddrome is now rather rare. The usuali ~signlnowadays are erethism and tremor, the lhatter leading to
solitary habits because of fear that clumsiness caused by tremor
will be noticed. Pneumonitis is the usual cause of death.! Various sjpecial forms may be encountered - e.g., aller•r to

cinnabar and bypersentitivity causing "pink disease" in children.

The aryl mercury compounds mainly cause skin symptoms. They wereS~ not discussed in any detail, although their presence in food is a
cause of much current poisoning.

The alkyl mercury compounds are extremely dangerous, producing cere-bral cortical atrophy revealed at an early stage in narrowing of
the visual field through atrophy of the area striata. There is no
motor nerve involvement but there is degeneration of peripheralS~sensory nerves. According to Swedish investigators genetic effects
are suspected because chromosome breaks have been found in people
who have eaten fish containing high mercury levels. The fowestintake rate likely to produce symptoms has been estimated to b.

0.3 mg Rg/70 kg.x Day leading to a oonoentratiod in the blood of
about 0.2 miorog./g. This is an improbable but not impossible:rate of intake for people who •eat a lot of fish. As for fatal
cases, the most have been in Japan where the food chain resulted
in high mercury levels in fish in an area of industrial pollution,and in Ir~q where mercury treated grain intended for planting
was instead -baked an& eaten. During the dW cnpston of this paper
there was caustic comment on the folly of son..ig such grain to: underdeveloped coun~tries wvbhw its diversion from the farm to the
bakery would be very likely to happen.
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S1.5. A 1eld. Xit for QDug Deteotign

Pr'ofessor 34.0o,1arke gavoawell staged demonstration of
'his box of tricks for the rapid determination of drugs in urine,
prefacing the show by the remark that mass spectrometers and skil-
led operators are not always available when and where they are most
needed. The box contains, essentially, a few small bottles, a
number of reagents, strips of filter paper and small tiles*. The
original procedure, published in the British Medioal Journal, has
now been extended. I do not revall all the steps but the follow6ng
will give some idea. The urine sample is extracted with ohloro-
form in presence of solid sodium sulfate and the extract spotted
in several places on a strip of filter paper. Iodoplatinate given
a oolour test for morphine and nisotine, distinguished from metha-
done and some others by adding sodium sulfite and noting the
oolour shangs. Paraldebydo in concentrated sulfurio acid is
used for morphine and other substances and mixtures are resolved
by ten minute paper ohromatographyo. The bensodiasepin drugs -
librium, etc., -are done either by diauotisation and coupling or
(in the case of librium) by laotam formation followed by hydrol-
yuis to give a common end product. The full description will be
given in the published proceedings, possibly amplified by inclusion

• of the barbiturates.

1.6. Antioholinesteraso Poisoning

It was unfortunate that the *nly paper of the day that placed
any significant mental demands on the audienoi "yas that of
Dr ;J.LX rnes, read in his absence by Dr Beswiok immediately
after the luncheon break, when the effects of an early start from
London began to make themselves felt. Dr Earnes began by saying
(by proxy) that the field of the antioholinesterases is full of
riddles and that it is of little use to oling to oversimplifications

r ant preconceptions when some honest intellectual effort is what we
need. All to no avail; the only thing that vin be reported about
this excellent paper is that it stressed the delicate balance between
acetyloholine and oholinesterase levels, regulated both in terms of
rates of change as well an steady state degrees of inhibition, and
the importance of adaptative reactions which can lead to more or
less normal functioning even when blood AoOh levels are permanent-
17 elevated, on the one hand, or when blood esterase is mero, on
the other, as may occur in myathenia gravis (proeumably during
anticholinesterase therapy). In the ensuing discussion it was
queetioned whether acetyloholinesterase is really essential to the
functioning of the central nervous system since life can continue

i. 5



in its absence while antiesterases can lead to death even when the
esterase level romaint high. There Wa• s..m discussion of the
"specific, non-specific and pseudo cholinesterases, the last oftj
jkoh are not. true esterases;....

. 7. Organophosphate Residues
.In Soil and Vegetation

In this paper Dr. T.D. Inch dealt mainly with analytic pr&-..
cedures without.-going into their application in the s*W1r of'the"
mobility of insecticides in, soil and. the persistanbe of break-. .
down products in vegetation, except to say that they are in fact
extremely long-lived. He added that experiments on uptake from
the vapour phase encourage the belief that plants may prove use-
ful in pollution assay, . -

The methods in use are. mainly gas chromatography with or
without mass spectrometry. ' Tha thermionioc detector for phosphorus-
is extremely sensitive' (one part P in 109 parts soil- far less
sensitive in vegetable matter). but there is a need for other
selective detectors. Thin layer chromatography has been developed
in a very clever way using TLC plates forned from films of finely
divided soil. The bands are assayed either using labelled oom1"
pounds or by ,ellting slices for gas chromatography.

1.8. Proof of Teratocenicitz

In his ezcellent paper, Dr. Sullivan was at pains to show
that in the slippery field of teratogonics there are few conclusive
proofs; for every bit of seemingly watertight argument an exception
can be found in practice.

There are two aspects of *he problems one is the testing of a
drug for possible teratogenic effects; the other, determining the
I- use of an actual malformation. Dr. Sullivan dealt mostly with
situati~ns in which both aspects are presented: the ocourrenco of
malformations for which one or more candidate drugs enter the
picture.

Three questions must be asked#

a. Was the patient exposed to the suspected drug?
b. Did the exposure occur at the appropriate time?
c. Did the suspected agent actually produce the

observed effect?

a. Proof of oxposure, This can be considerod first by looking at
epidemiological data, and then by coans of personal intervievw.
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a
.,oth have their pitfalls. In the first epidemic in Hamburg, the inoi-

denos-of malformations between 1957 ,d n 962 QOo'elated be.utifully
vith',ths sales volume of the drug thalidomide, and,.&a similtr 1'elation-

ship, was later -found for the rest,'of Germany, awover, thes number. of
mothers with malformed babies who .deniedhaviM taken the-drug'like-
Vise was greatest when-sales and malfetmtions wei* most'-frequent.
"Theshortoomings of the inte~iswing-technique were apprehn' again
during the epidemio in 8terlinishiro when not only the mothers bit.
also their physicians denied, that lidoide had been used* Reoourse
to theoL•ationl cicalth Sorvioo: nd inspection of proscriptions filled
shovtd that these statements, with one exceptions veto uhtruthful'..

bs Im~sure. at. the ri ht time? The effsects of toxic sgont$ during
pr•~oO7 :ar critically dependent upon timing@ TAJ the souse it has

-been-shown that exposure to anoxia for one da, for example, produces
intrauterine death with major structural abnormalities if it ocours
durine the period of embryogenesis following implantations It imposed
during the later stages of footogenesis, intrauterine death still
occurs but the abnorm alities are funotional, not struotural, Thus
the suspeot drug can only be found guilty if the nature of the
abnormalities agrees with what would be predicted from the dates
upon which it was taken. Although this is a good rule, it is not
infallible. 8eoondwy rupture of a fused palate can occur and
nouvropore closure might also be reversed. Wn, saes defeats become
aopareat only after birth. This in true of heart defeats and of the
association between the much later development of leukemia and
infection of the mothbr with influsenzII9.uing preopaor, It is
especially important whore oaroinogoný are concerned. Cancee of
+the eontmal nervous system produced in rats by the nitrosaminesp
for example, show increasing frequency with increasing apg, linear
on,^ double log plot. Obviously it becomes very difficult in human
populations to prove the association between an agent encountered
prenatally and a disease which only appears later In life.

at Direct Droof of drug offect, This is often extremely difficult.
Dr .ullivan gave examples of apparent toratogonloity in which it
was unlikely that the drug would be able to cross the placenta, so
that anq effect on the foetus would have to be secondary. obr
example# smrotonin and trypan blue probably act either by reduoing
uterine blood flow or by inhibiting the trophoblast ensymes, A
striking demonstration of direct action# on the other hand# wsas
shown in the tooth of a child whos mother had been treated seovorv.1
tines during pregnancy with tetra•yoline. hose'trestrents could
be detected in tooth sections in the fo,.v of rings of decreased
deposition. %llivan also cautioned spinst false accusation of• ++ aveless drugs. It had been "sworted that progn•ts~no, given to

IpVrevent promatur* termination of prognancy led to anenoophalyq,
E* spins bifida and other abnormalitiesj but experimental studies

led to the conclusion that these were the consequences, not of
exces•ive dosage of progestorone, but of insufficient,

7
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d. Criteria ddire.ttestings Sullivan has computed the speoifio .

cations of a program for detecting teratogenicity in humans, 'If,
the normal incidence of malformations is one per thousand* heo al-
oulates that 23P000 wapen would haveto-take part in the experiment
in order to detect with acoeptable reliability a teratogenio effect
sufficient to double the frequency of defects. Even to identify.
active drugs with only 50% reliability the number of "subJeots'
required would be abOUt 8,000. Clearly there is little hope of

being able to do tests on such a soaler and no solution to the-*prob-
lam seems to be in sight. Mention was made of an NIH projeot 'for
recording all birth defects and other items considered relevant in a
large population, but the computer evidently has its own birth"
defects, having failed to notice an epidemic of rubella of which all
local physioians and most of the pregmant women were well aware.o
Dr Sullivan's conclusion was that there is still no substitute for
the alert individual observer.

2. SUMMARY

A symposium on Forensio Toz&oology wv nhol(l st the Chemical
Defence 3stabliehment, .Porton Down, on 29 - 30 June, 1972. In
this report eight of the verbal presentations given in the second
half of the program are summarised, dealing with (a) paraquat
poisoning, (b) hallucinogens, (c) oyanide poisoning, (4) inorganic
and organic merout" touicity, (e) antiobiinestorasen, (f) orgeano-
phosphate residues, (g) teratogeuicity. Special mention is mad* of
(6), Professor I.O.O.0larke's field kit for drug detection which is
remarkably- sensitive and selective and should be of interest in
the U.S. drug research prVeMm
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