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Status and publication details of the Laboratory of the Government Chemist
research into the allegations made by Mr Richardson
¥

The BPF has been advised to liaise direetly with Dr Raymond Cooke of the LGC
every 2 months (links have already been established) and it is anticipated that
the LGC work will take approximately 4 months to complete.

It is likely that the research will be described in an article in Chase Bulletin
however, no conclusions will be drawn. Conclusions will only be made available
to the DTI's CSU directly and will not be made public. The CSU may well retain
a statement in its files which could, for instance, be used to respond to
Parliamentary questions.

Details of the research may also appear in the house journal of the LGC,
published quarterly. This information is then passed on to the DTI, the
Government Research Establishment and other academic/research bodies.

If an industry has been closely involved in a particular issue being researched
by the LGC then it is usual for them to be consulted befors details of the
report are finalised. It is therefore probable that the BPF will have sight of
the LGC's draft report.

It is the current view of the CSU and Department of Health that Mr Richards
reports is very much a 'dead-letter' with little, if any, foundation on fact.

Jacky Freer
Group Executive
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The British Plastics Federation 13 awars of the
research report that hu been produced which 1inks the
incidence of Sudden Infant Death Syndrome ("cot

deaths") with certain additivesiappifed to PVC ysed in
the manurgceyre of chilgren'g detiging,

The BPF 1s obviously concerned and has requested in
{ndependent sssessment of the report’s findings as well

40 obtaining tts own experts’ epinion,

After initin) reading, the report appears not to
invoive PVC directly with thase tragedies.

An {mmadiste appradeal of the materials used f¢ being
carried out with the manyfacturers.

In the mesantime concarned parents should follow the
quite normal hygiene pracedures when dealing with
{nfants and f {n any doubt seek medicel advics.

3
For mers {nformationt 3&’
Philip Law @
!rmsh Pmtm Federation b
elgrave Square o
lE.ovu‘lon WX IPH @
n
Tel! (01)235 9403
-/

: .
Diractor - O A Jones T >K
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cot deaths
dismissed

By Pearce Wright
ence Editor

A theory that cot deaths are
linked to poisonous fumecs
released from PVC plastic cot
mattresses has been widely
dismissed by experts.
The Department of Health
says there is “no adequate
validation” for the ides, which
has caused alarm among
many parents. .
The scientific advisory co-
mmittee to the Foundation for
the Study of Infant Deaths,
which has spent £4 million in
the past 17 years on research,
says the hypothesis contra-
«dicts the findings of psinstak-
,in; investigations into factors
that may trigger the deaths.
}3; British {l:ediml Journal
:also rejected the theory.
+ DrJohn Grange, consultant
[bacteriologist at the Brompton

Hospital, west London, said in
's devasting assessment of
ithe report for The Times,
‘which was circulated this
'week, that more detailed stud-
:les were needed 10 provide a
‘more definitive answer.

The controversy cenires on
the details of a report by Mr
Barry Richardson, director of
a scientific consuitancy ser
vice, which describes the lab-

Dr Grange described the ex-
perimental methods as “using
crude equipment, lacking an
obvious control experimens
that would reveal flaws and
irrelevant a3 a representation
of a cot mattress™,

Mr Richardson maintains
that a particular type of micro-

| organism common in homes

can react with traces of chemi-
cais used in the manufacture
of PVC 10 generate poisonous
fumes.

A key to the process is
mastiresses must 28lso have a
protein content on which the
microarg:{nns thrive.

The laboratory experiments
involved placing stripsof PYC
and organisms on a rich
nutrient mixture of soya flour
and mait. Dr Grange said that
that bore no relation to mat-
tress conditions and traces of
protein it might contain.

Moreover, advanced in-
struments would be needed to
identify the type and amount
of gases generated. The report

contains no figures of the
quantity of gases which came
from heating those cultures.’
Dr Graage said they could
have been generated from the
nutrient mixture rather than
the PVC. He suggested that
Mr Richardson had con-
ducted for the best of motives
a completely irrelevant

-

12th June 1989
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. H.M, Clayton, Hydro Polymers
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PVC - LINKS WITH COT DEATHS
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HARALD FUCHS:

PVC mattresses could be the cause of cot d?aths, according
to a British research company. Penarth Research Laboratory
tested twenty one mattresses, including some from Shropshire,
on which~cot deaths occurred.  Jonathan Beale asked the Tech-
nical Director of the company, Barry Richardson, what his
investigations had revealed.

BARRY RICHARDSON:

-

H
i

AT M BN R

Our research was part’éf a programme of investigating
deterioration of PVC fabric and we became aware that a particular
i furigus might infect fabrie énd might -attack some of the additives
; : " .that are commonly put into the fabric,as preservatives and fire
retardents (sic). And this fungus would then cause toxic gases
to be produced from the fabric.
JONATHAN BEALE:

So what would actually happen to the baby then’lying on
the bed?

B.R:

Well in the case of the cot mattresses investigations that
we did we found that the infection is always naturally present
-underneath the baby. It develops after a few months. The...
depending upon how long a baby is left on the mattresses actually,
and it only develops just beneath the baby where the mattress
is warm and moist from perspiration. The gas, we find, is
always produced from the in...from infected mattresses. Every-
one that we have examined is producing this gas when we
incubate it. That means we put it in conditions that are
similar to cot conditions. The gas is producéd, the main one
is called dibean* and it's exceedingiy toxic., A thousand times
more toxic than carbon monoxide. So I'm afraid I'm not talking
about anything that is mildly toxic or anything like that.
We're talking about one of the most toxic gases we know. What
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we actually have is the babies who are dying are generally
sleeping apparently in the face down position, and they're
generally quite heavily wrapped during cool weather.
" Jd.B:
(Phrase inaudible)...to the incidence of cot death,
particularly in relation to Shropshire?

e 3 w——p g e,

COTOsHzZy

*Phonetic spelling
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When deaths have occurred some of the coroners offices
who have heard of our work have asked the pareﬁts whether they
could provide us with the mattresses on which the infants were

lying. We've received mattresses, including mattresses from
Shropshire. —

What's your reaction to peoplée who've actually disclaimed

this theory? For ‘example, the Foundation for the Study of

Infant Deaths says that your work is unproven.. What's your
reaction to that?

. B.R:

- : The work that I have done on thetgeneration of the gas
—_ from plastic is quite fiimlj proven. What 1s unproven isg the
significance that this-w0tk may have, or this poisoning may have
in relation to actual dot deaths. That's not my job. I'm
afraid the medical people must take my work into acceunt and ~
T - see whether it does relate to the cot deaths that they're
investigating.

J.B: ~ : -

What precautions cam parents take?
- B.R: -

Well I think in the long term, of course, parents will have

to réplace mattresses with safe mattresses. There's no objection:

to PVC, I'must emphasise that. The problem lies with the

additives that are used in current PVC. So obviously the

mattress manufacturers will producing safe mattresses I imagine
quite shortly.

H.F:

Barry Richardson of Penarth Research Laboratory talking
about his investigations into cot deaths.

* k * %
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COT MATTRESS BIODETERIORATION
AND
SUDDEN INFANT DEATH

N - Barry A. Richardson -

__ Introduction

Sudden infant desthi commonly described as cot death, sccounts for 8 significant
propertion of postnecnstal mortalities, ususlly involving  infents which sre not
observably i1l prior_to death. The ceuses ramain unexpleined despite extensive
resesrch,—many recent studies— concantrating on statistical interpretetions of

the circumetances of desth as obvious explanstions ssem to heve been
eliminated.

It has baen gsnerally aestablished that sudden infent dasth syndrome is the
<omaonest cause of -desth between 1 and 12 months, snd accounts for about 2
deaths par 1,000 live births in the United Kingdom, 2 to 4 psr 1,000 generally
i western countries, and about & per 1,000 in New Zesalend, but only ebout 0.3
per 1,000 In Hong Kong, and very low incidence in Russis, Chine, India and
- Africe, and amongst infante of Africen—or “Asian origin in England and
Wales(172,3,4,5,8), The vary- high desth rete in New Zassland is due to
snceptional Tates of asbout 11.5 per 1,000 amongst Msori infants, the rata for
— — Coucasian infants st-about 1.6 par 1,000 being lower then most westarn

countries (7). Dasthe occur unexpsctedly during elesp, 80% of the deaths
affecting infante batwsen ! and 5 months. There are proportionslly more deathe
in the winter and mors ot weekands, with boys mers at risk in countries where
high death rstes occur. The risk_is higher with premeture births st low birth
weighte, tuwins, smoking mothers, unemployed fathers, single mothars and poor
housing conditions, perhaps bacause all these factors tend to result in infante
with lower weights than normel for their asge. Deathe sometimes follow

cbsarvaticns of general mslaime when infants havn digestive disordere, refuss to
feed or are difficult to weke.

Recent hypotheses heve concentrated on the upper respiratory tract. It has baen
noted that there hes bean » thraefold incresse in eudden infant deatha in Tha
Netherlande from 0.46 par 1,000 for 1988-71 to aebout 1,31 per 1,000 since
1978¢8). The obvious explanation for this increses is that audden infant death
eyndrome is. now recognised statistically, but this increass has been stiridbuted
instead to the genarsl adoption of a prone or face-down slesping position
following recommendations that it waes preferable at 8 paadietric confersnce in
1871, It has been suggested that slesping in the prone position presanis more
risk of obstruction of the upper respiratory tract(§,i0). Virel snd bacterial
infections have slso bean reported, and may be assoclated with the prons
slesping position (11,12). In s recent review it wes pointed out that sleeping
in the eupins position mey evoid thess problems but create others(i3). It hes
alao bean suggested that the prona position might result in hyparthermia as the
face ia the nmost importent cooling aurface and temperature control element,
psrticulerly in infants protactad in tha winter by extra coveringe(14,15),

P. R.I'L. Technisal Bervicer Pus‘ |
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Another posstbility with heavy bed coverings snd cots with high impermesble
sides is that the infant ie affected by accumulations of an hesvier-than-sir
gas, the prons positicn esggravating exposure. The most cbvious gas is carben
dioxide generated by the infant iiself. High carbon dioxide concentrations
would normally stimuiste hyperventilation, although infants et risk mey suffar
longar attacks of apnosa snd may not bs sble to hyperventilate to e sufficient
extent to clesr the sccumulating ges from e cot and bedclothes reservoir<16,17).
In such circumstances the carbon dioxide would be convartad eventuaslly to toxic
carbon monoxide, such s conversion parheps explsining why sudden infent daaths
are particularly sssocisted with weak-ends when sn infent may remsin unchecked
in tha cot for a longer period(8).: Cerben monoxide poisoning has not been
reported and ia unlikely as this ges is lighter than air and likely to disperae,
but esuch an explanstion would bs consistent with the slow releses or fermstion
of a toxic heavier-than-air gss. Recent investigations by Penarth Resesrch
Internationel Limited into biodeterioraticn of the plesticisers in polyvinyl
chloride indicated that thres extremely toxic hesvier~than-eir gesae phosphine,
arejne and stibine might ba generated, and this report therefore considers the
possibility thet thess toxic geses from mattress covers, cot sides snd nappy
pents might be s csuss of sudden infant desth,

Phosphine, srsine and stibine

Group V/Vb elements form geseous trihydrides. Nitrogen trihydride is best
known es ammonia, but phosphorus, srsenic and antimeny eimilerly form phosphine,
ersine and stidbine geass which ere 1.17, 2.88 end 4.29 times hesvier then air
respectively., The threshold limit veluss for phosphine, areine and stibine ere
ususlly quoted as 0.3, 0,08 and 0.1ppm respectively, about 300, 2000 and 1000
times more toxic then carbon monoxide which hes e TLV of 100ppm. All ¢three
gases are colourless. Phosphine has & 'desd fish' cr ‘garlic’ odour, areine is
more dietinctly ‘gerlic’, and stibine odour is ususlly described only as ‘'very
unpleasant’] with arsine the gerlic odour, which may be sesocisted with the

formation of elkyl compounds, is enly detectsbla et concentraticns well in
excess of the TLV.

Arsine

The typical symptoms of acute sreina poisoning in adults, which usueslly develop
betwaan 2 and 24 hours after exposure, are hesdache and dizziness with general
weskness and mslaise, followed by thirst, nsuses, vomiting, diarrhcea and
sbdominal pein, often with a burning sensstion of tha fece and chest discomfort
accompanying dyspnes and pulmonery oedemali8). Red urine may develop ¢ to 6
hours after exposure, follawed by cliguria, anuris and snasmie. Hepatomegaly

end jsundice follow after 24 to 48 hourl Polyneurcpathy and encephalopathy
heve also besn reported.

Chronic exposure is usually reported to have a cumulative effect. This is not
strictly correct as oareine ie eliminsted by conversicn and excretion in the
urine, but sneemis caused by chronic exposure obviously becomes progressively
more severe; at very low air concentrations poisoning is characterised by
shortneas of breath and general weskness resulting from this snaemia. The mode
of poisoning includes erythrocyte haemolysis through glutathione reduction which
continues after exposure csases, followed by haemorrhegic hepstitis and

P.R.T.L,. Teernical gervices P&é! 2
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nephritis with tubular nacrosis. Arsine is a deprassant of the centrel nervous
system, and prolonged exposure may sffect the bons marrow. Exposure to 10ppm
for | minute or 3ppm for 30 minutes is eufficient to causa fatal or severe
toxic reactions, and ippm for long pericds can be exceedingly dengerous.

Arsins poisoning is usually disgnosed through acute hsemolitic ansemia with
ghost erythrocytes and increased plasme haemoglobin.  Arsenic in the urine
usually exceeds 0.05mg/)l (n acute poisoning, slthough in chronic poisoning
continuous elimination usually means that the srsenic concentration does not
sxcasd normal ambient levela. It has long besen advised that ceses of ‘toxic
jsundice’ end ‘'hsemolytic sneemia’ should be investigated for possible arsine

poisoning (19). Mild chronic arsins poisoning mey bUs easily missed and
attributed to food poisoning(20),

This deseription of areine poisoning is basad on observations in adults. Young
infante can ba expscted to be mors susceptible bsceuse of their low body weight
but there mey be other physiological factors which may further incresse
susceptibly such as sluggish respirstion and bleod circulation in desply

sleeping infanta, and which mey csuse local rather than general anaemia in cases
of acute poisoning.

Fhosphine and stibine

Phosphorus trihydrids or phosphine end entimony trihydride or stibine ere not as '
well known as arsine, but they sre excesdingly poiscnous heavisr-then-esir gases :
with the same mode of action end symptoms ss ersine. The main differences are '
sssccistad only with differences in densily and toxicity.

Phesphine, arsine and stidbine frca plasticised polyvinyl chloride

Phosphine, arsina snd stibine can be gensrated by biodetericration of organic .
and inorgenic phosphorus, arsenic and entimony compounde; alkyl compounds msy !
also be produced which are alec excesdingly towic gases. Scopulariopsie fungi

sre usually involved but Pescilomyces speciss and some wood destroying fungl
such as Lentinue squamosus and some bacteris can also act in this way(32-52),
Published raports rafer only to arsine generstion but phoaphine and stibine can

ba similarly formed. Micro-orgenisms can only cenvert phosphorus, arsenic and
antimony compounds to hydrides if an adequate nutrient source ie also availsble
which will provide ths necessary energy.

Scopulariopsis drevicsulls, alsc known as Penicillium brevicaule, is tha fungus
species which is mest frequently reporied ss gesnerating arsine (n this wey in
domestic situations. It is usually described as protein tolerant but 1t ie
actually protein dependent, and was usually identified in the psst on silk, s
protein fibre. Several classicel cases of ersine poisoning hove been attributed
to this fungus causing biodetericration of old wellpaper printed with Scheele's
grean or Paris green srsenical pigments. Napoleon's death and a mystery illness
suffersd @ few years sgo by the US Ambassadress to Italy hsve both been
attributed to chronic srsine polsoning caused in this way, snd this could be an
axplanation feor some of tha unexplained sudden infant deaths reported in the
19th century. Although this fungus is usually associsted in reference baoks
with biodeterioration of eilk, it actuslly occurs in normal domestic eir and will
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develop on any suitable protein sourcs, such as wool in carpets on damp floars
or c¢lothing stered in damp wardrobes, ss well es on lasther<53-38).

Scopulariopsis brevicsulis csn develop on polyvinyl chloride cot mattress
coverings if adequata moistura and protein are present, perspirstion usually
providing thase requirsments. Other fungi snd bacteris con detericrate FVC
plasticisers, pesrticUlarly Aspergillus niger which ceuses grey discolourstion and
Streptomyces rubriretitull which cesusss bright pink staining; thesa organisme
heve no toxic affect but their presence indicates that conditions are suitable
for the development of S. brevicaulis snd other orgsnisms thet can generste
phosphine, arsine snd stibine23,24,25,26,27,31).

The arsenic source Ih— plasticiesd PVC die ueuslly 10,10'-oxybisphenoxyarsine
(OBPA), ® bilocide that —is dincorporatsd to prevent biodeteriorstion_of the
plesticiser in tentege snd—similar PVC febric expcsed to the westhar, although
1t is Wlso sometimes used—in PVC furniture ceverings for hospitals ae s
sanitizing egent. OBPA will control most organisms at normsl Dbiccidsl use
concentrations but it 4e slightly voletile end i! is olso degresded by ultrs-
violet light, concentreiions typically decressing prograssively until colonisation

by srsenic-resistant crganisme such as 5. brevicsulis becomes possible.

The antimony -source {a usually entimony trioxide, & white pigment which is
‘added to PVC to improve fire retardency es it scts with the chlorine in the PVC

es s flame suppressant by formetion of sntimon E chlorides, but it sppears thet
’ t

some manufacturers ere Now uding antimemy ide as s filler pigment at
concantrastione well sbove those required for fire reterdency. Antimeny trioxide
is Tot significantly biocidal and siibine cen be genersted if conditions ere
ctherwise suitable fof microbial dsvelopment. The phosphorus source is usually
s phosphate plesticieer, used in prefersnce to phthelsts end similar compounds
when firs -retardency-is required. Regulations introduced in the United Kingdom
in March 1988 require PVC for nurwery purposes to be fire retsrdent and this
mesns that all cot PVC contsine-sntimony trioxide end phosphate plasticisers;
this is an unfortunste respense to fire risk ss fire rarely initiates in PVC
items, and fire retardent PVC heated by-fire from another scurce wiil gcnnuto
much more toxic smoke than ordinary FVE.

Investigetions

Phosphine, ersine end stidins generstion by Scopulariopsis brevicaulis can be
demonstreted in ths laberstory. This fungus {s protein depesndent and will not
develop strongly in the sbsence of a protein nutrient source. A convenient
culture medium cen be prepared by stirring 5% soya flour into 5% malt agar,
although the soys flour cen be repleced by other nitrogen sourcas such as
ammonium citrate. Incubstion should be et about 23°C., If e phosphorus, sreenic
or sntimony source {8 added to the medium or ss a patch of material such es
impregnated filter peper or fabric, generation of phosphine, srsins or stidine
will occur. These gases are reducing agents and can be detected by derkening
of silver nitrate; phosphine initially forms a lemon yellow complex, snd ersine
snd atibine form brown complexes before bleck silver depesits asre formed st
higher concentrations. If greatsr sensitivity is required ths culture air cen be
circulsted through silver disthyldithiocarbamate resgent, producing a brown: or
orenge colour for phosphine and red colours for ereine and atibina(21).
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Mercuric chlorida or bromide will react with ereine to produce yellow to red
complexes, depending on concentration, but phosphine and stibine do not produce
coloured products with these resgents. The most convenient method of dataction
of these gassa from Petri dish culturea is to usa two small strips of dstection
paper tucked over tha adge of each dish after tha growth has become strongly
established, a silver nitrate peper which will turn initially yellow with
- phosphine and brown with arsine or stibine and eventually black with all three
! gases, ond a- mercuric chlorida or bromide pepsr which will turn yellow or red if
" ersine is present. Silver nitrate psper is prepered by soaking filter psper in
s 5% aqueous solution snd marcuric chlorida or’ bromide papsr is preperad by

| . acaking filter paper in s 5% elechol solutien.

e 1 s W—

PVC is often neturally infected and detariorated by orgenisms, particularly

— Aspergillus niger end Streptomyces rubrireticull, and laberstory experiments

- have demonstrated that thsee infections csn develop if the srsenicsl biocide
OBPA is presant at an inedequate concantration and -even if sntimony trioxide is

present at high concentrastions, provided that s suitable nutriant source is

svailable externally or within tha PVC as plasticiser. It hes also been
demonsirated in lsboratory experiments that the fungus Scopulariopsis

L . _brevicaulis can develop on tha esms PVC semples in similar conditions, & high
protein nutrient source being necasssry, a soys/melt agar medium being the moet

convanient way to intreduce en externsl protein source in routine leboratery
- -~ experiments. ; .

_ ; Exposing smsll disce of FVC fabric to S breviceulis Patri dish cultures on
soye/malt ager with silver nitrate and mercuric chloride psper detection is »

- _ simple means for checking whether samples contsin phosphorus, arsenic or
- antimony eourcas which might cause- towic hydride gse generation under

_ appropriste biodeterioration conditions. Checking PVC involvad in sudden infant
desth to Tenfirm whether toxic gee generation wae probsble can involve &

similar technique but without inoculation, relying upon the naturel infection on
the fsbric. -

Initial cot investigetions ware on PVC fabric from a new mattress which did not
contain any biocide, according to the manufacturer. Semples were 1inoculated
with S, brevicoulis end genersted gaw gave a brown colour with silver nitrate
end a faint yellow colour with mercuric chleride, indicating s reducing gee,
probably stibine from entimony trioxide, with soms arsine, probably from the
argenic contamination thst is usuelly present in antimony trioxide. A doctor
who hed lest an infent then provided the mattress on which it had died. The
mettress was a Visivent carry cot type mattress comprising foam with the lower
two-thirds covered with PVC snd the upper third covered only with & net. The
metiress had been used for a previous infant but wes in aexcellent clssn
condition, The PVC fabric was sampled and placed on soya/malt plates, producing
the normel Penicillium, Aspergillus end other fungsl cultures that ere normal
from domestic articles, but heavy growth of Scopulariopsis bdrevicaulis slso
developed, generating gas causing brown or black colouration with silver nitrate
but no detectabls colouration with marcurie chloride, probably stibine from
sntimony trioxide. Foem was sampled under the net, that is under the head of
the infant, giving heevy S. brevicaulie infection but no colour change with
gilver nitrate; saversl othar micro-organisme were alsec found on the foem,
including Sireptomyces rubrireticull which ia s pink stsining orgsnism which is
often associsted with deteriorstion of plasticised PVC,

P.R.TI.L. Tetrateal servicas Page 5

BFG21146

LIVO8PZ2



’89-86-29 10:28 BRITISH PLASTICS FED 01-235-8045

P.8/14,
/12

Cat Mattreoesn Divuwteariaratian and sudden iLnfans wanth

The initisl investigstions included 21 mattresses from sudden infent death
incidents, including one cotton covered matiress but ell others involving PVC
snd some with expcsed fosm areas covered only by net. All PVC covers were
infected with 5. brevicaulls which wes particularly hesvy st stitching, although
slso always present in the PVC covering immedistely benesth the infant; ell
samples infected with S. brevicsulie slso genersted gas which caused brown or
black colourstion with silver nitrate, probably stibine from entimony trioxida.
Ecme ssmples ware also infected by 5. rubrireticuli, although the cheracteristic
pink stain was not always visible; in one cese on a matiress only 2 yesrs 0ld
the pink sisin had clearly formed under the infent and followed the body shape.
Foam samples from earess coversd only by net were hesvily iInfected with e
number of fungi, including S brevicsulis slthough gas generstion wss not
detected; the fosm doss not contain suitable sources of phosphorus, arsenic or
antimony. It was observed that some of the fungi{ on the foam produce spores
which are well known as causes of sllergic resciions and which might cause
fatal sathmetic attecks in sensitized infents(53,57,59~64).

Discussion

Phosphine, srsine or stibine gas generation through bicdetaricration of plastiser
in polyvinyl chloride fabric is a possible explanstion for sudden infant death,
perticularly if infants ere in closad cote or heevily wrapped. Taxic poisening
in this way is consistent with the reported circumatances of sudden infant
desth syndrome. A prone slasping positicn, heavy coverings in cool weather; and
longer undisturbed periods in the cot et week—-ends all incresss the risk of
chronic poisoning from a heavier-then-air gme. The increasing incidence over
the last 20 to 30 yeers is consistent with the increasing use of plasticised
FVC in nursery products, and significantly lawer incidence in some countries
such ss Russis may be associsted with lack of uae of PVC products in this way.
The frequently reperied malaiee, digestive disorders end anorsxis pricr to desth
are consistent with chronic poisoning; it might te expected that some darkening
of the urine would be reported in such circumstances but it is possible that
death occurs before it develops. The risk {e least with new cote and
nattresses a8 they are less likely to be supporting infection.

The symptoms of phosphine, arsine end stibine poisoning have been generally
reported for adults with the cauticns that peisoning is not essily suspected or
diognosed(18,19). Infants are more susceptible because of their lower body
weight) in en asccident on the Thermopylis, a ship carrying grain fumigated with
phosphine, 28 crew and 2 children were affected but it wee a child that diad
(22),  Infants with low birth weighta might bs expected io be particularly
sueceptible, whetever the cause of their low birth weight, because of their
lower weight in relstion to age during subsequant development. The high
incidence at lese than 12 months. is probably sesocisted with low body weight
coupled with minimasl ventilation due to lack of body disturbsnce during sleep,
but the peak incidence between § end 5 months might be essocieted with
physiologicel blood or respirstion features associsted with that age group.

Hydride formation by micro~organisms {s well known. Sulphate reducing bacteria
such as Desulfovibris spacies csn convert sulphates to sulphur dihydride, nore
commonly known as hydrogen sulphide, but only ususlly in snserobic conditicns in
which the bacterie utilises sulphate ss a scurce of oxygen; hydrogen sulphide is
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generated in faeces in this way. Nitrogen trihydride or ammonia can be
genaratad from nitrogen sources such as niirates and urea by s variety of
bacteria such as 7hifobacrliue denitrificans, some acting in aserobic situations; X
smmonia is genersted in this way from urine sollage of nappies end clothing.
Some bacteria are cepsble of converting suitable arsenic sources into the
trihydride ersine(28,29,30). In all csses these bacteria alsc require s suitable ,
nutrient cerbon source. Fungi can also generste phosphine, sreine and stibine, 5
Paecilomyces and pertiicularly Scopulariopsis specias being the most likely cause
in domestic nursery situstions in which the protein-dependent S. brevicaulls is i
likely to be present as an infection of damp wool cerpeting or clothing. i
Infection of plasticised PVC is apparently depsndent con perspiration end .
develops mainly on the aras immedistely beneath the infent, infecticn being
followaed by toxic ges generation if suitable sources of phosphorus, arsenic or
antimony sre presant; stibine formed from antimony trioxide seems to be the
most commonly generated gas. The risk of infectien on FVC in this way is
higher on older materisls which are mors likely to be affected by established
infections, although an infection will only generste significant amounts of gas

when it 1w perticulerly active, perhaps not until seversl weaks after the
mattress is firet used.

Vented mattressee in which the fosm at the head end is coversd only with a
net support maesive mnixed fungal infections which produce sporss which can

cause allergic reactions, including sevare asthmatic ottacks in ssnsitized
infante.

Conclusions

Phosphine, arsine and stibine gee generation through bicdeterioration of ‘
plasticised PVC is s possible csuse of sudden infent death. Infants are more
susceptible than sdults becousa of their low body weight which mekes it ssster
to accumulate & lathal doss and particularly if sleeping in the prons position '
with the face close to the ges accumulating on the mattress. Foisoning is
difficult to detect ss the phosphorus, arsenic or antimony introduced into the

body through phosphine, arsine or stibine poisoning would net incresse lavels
besyond normel ranges.

Investigations should involve incubation of samples of PVC mattress coverings
at about 232C on high protein ager plates, such as 5% malt agar with tha
- sddition of 5% soya flour.  Poaitive identificetion of orgenisme is not
essential, but it is necesssry to confirm whether en infection is present which
may be genersting phosphine, arsine or stibine, most conveniently by incubating
tha samples on Patri dish plates with silver nitrste ond mercuric chloride or
bromide test paper strips tucked over the adgs of each dish when an active
infection hes developedisilver nitrate puper changes initielly to yellow with
phosphine and brown fer arsine and stibine, and subeequently to black with all

thres gasas, arsine also ceusing yellow or red colouration of mercuri¢ chloride
or bromide paper.

It should ba apprecisted that hsavy fungal infections on exposed foam in vented

mattrassas may produce spores that can causa allergic reactions, including
severe asthmatic attacks in sensitized infants. '
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Recomnendations

Sudden infent death investigatcrs should recognise phosphine, srsine and stibine__

poiscning from PVC biodeteriorstion, snd esthmatic resctions to fungel spores, ‘
as possible causes of death, FPVC mattress coverings should be checked for !
fungal infections —wnd ges generation, and exposed foem and porous metiress !
febrics should be checked for fungal infections. - :

PVC used in matiress coverings, cot sides snd nappy covers should be resistant

to fungal and bacterial infagiions. Resistance can bs achieved mcet reliably -
snd permanently by using resistant plasticisers, rather then by sdding biccides. !
Components containing —phosghorus, arssnic and antimony must not be used; the '
present limits for arsentc and entimony in British Standard BS 1877:Part 10:1382 :
Domestic bedding;—Pert 16 Specificstion for nsttresses for children's cots, i
perambulators and similar demestic articles sre too high end there ore no limite ‘
for phosphorus.

Exposed fosm mattresses should not be used.

~ Temporary protection agsinst gas and spere generstion can be achieved by.
wrapping mattresses in clesr polythens sheet, sacured on the underside using
Tadhesive tepe. Carry cot mettresses can be replaced with a folded large shaet.
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'T'oxic
theory on—
cot de

"THE mystery cotdesth
syndrome may be d

rung Jonddosd
gas™

aths

by Alan Massam-

by babies breathing toxic

Pses generated from
VC mattress coverings,

scientists now believe.

A team of resesrchers—down when

have come up with the ex-
planation jor sudden infant
death syndrome. which kills
2000 babdies each year in Bri-

The discovery was sn-
nounced y by Guarnsey-
based Penarth Research In-
ternational. But Britain's
leading research body into
the problem, The Founds-
tion for the Study of Infant

* Daaths, condemned it be-

csuse it was “only sn'un- .

* proven hypotbesis™.

“We have been inundsted—
‘with cslls trom worrisd par-
ants ~T3pokeswoman said

Penarth claim that mat-
tresses tested included

" established,

ing by gas heavier than air |
sccumulsting in bedding.
Infants usually died face
they were
‘Teavily wrapped against the
cold P .

Deaths often occurred on ~
mattresses which were not -
new and in which fungi or- -
ganisms could have become

Mattresses supplied by
ranna who had recently
ost bables wers contami-

with the fungus sco-

PUlETIOpsis brevicsulis, par-
Ucularly in stitehing.

The researchers also con-
sidered thal.foam coverings

which could provoke sller-
gic reactions. -

thoss only half covered with" -

The F dstion for the '
Study of Infant Deaths:

_PVC. It was found that they™ - siressed that epidemiologt: -

‘wers liksly to harbour fungi
which were capable of giv-
Ing off gases like arsenic
trichloride when they re-
acted with the plasticisers —
used to make PVC fexidile.
+ The company .delieved -
that

cal evidencs did not support ¢
tbe Penarth claims becsusa-
cot deaths occurred jong be .
fore PVC was used on mat-a
tresses. . - -t et
The Penarth research is
by Dr Peter Flem--

TG
ths theory
will be examined -
By Our Nealth Servicss Staff
: Health officials are “'taking seri-
ously™ s theory that some cot
deaths may be caused by PVCin
mattresses emitting -heavier-

than-air noxi gases.’ .
The Departmient of Health
ssid yesterday that l!le claim, by

‘DT
Cot

a
‘would be evalusted sciestifi-
cully, but a spokesmsa added:
- "Curredt thinking is that cot
deaths are due to mere than one
. cause and the possible explana-
-tion that has been put forward is
just another possibility.” - :

P e
- - lor =e

the - ususl circum-.. jng of Bristol. Maternity

. stances of suddsn cot desths  Hospital's Department of
Heal

;wers consistefit with polson-

BRITISH - sci - . Devid -mn:n' thers was & stight Iniec.
claimed yosiorday to.-° : wake oo repularly Uon of the hang. - - 3
_have ‘traé down a that be wos am

major - cause ‘ol .gob
desth; which kllls more

than 1,000 batesh i sicpt. Thers bad &
esearchers i .
Chaanal islands hive die. doek Sue went

covered 8 fw
sitacks rvmnum
vars. oft » gock.

Laboralory Lests on
‘mattresses on which
babies died were carried
out by Penarth Nesenrch
Intérnational ,ln

NN
. nmm-: tnte
e | viewed on Radio Fu

f L2 .
..|. - The news dsused

o mher g

i

Sl

MY BABY DIED

i
{i
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|
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" By JANET

sosin \c 3 m.neunn than giris. a .
E wn i pogitiphs : . Rasearch has shown that 66 per
| where ‘mﬂg‘“w': .cant of all cot desths bhappen Sue Felowss . .. guilt aint®
- Apddiier RAadib .

sey. - . vl ur Iy
Twenly had PV Today p ot
ings nnd each ol these . Hum‘l':‘c l.c‘l';n}n:‘,.': .
. b ne o
had * [ungal. inlections Ption tor the Study. ot

which . wef

company d,u:“tor _l::«,r;z .

Richardson

gengrating .

Infant Desths pleading
for_help on how b pro-
tect their babics. Many
chllers were in Lears. - -

The Depariment of
1lealth promised .an °
investigation — and .

lulaly Y he
| causes of cot

has .-
discovered one ol the
ot derith.

f not to .
start ripping ot PVC
mallrass covers. -,




. Sy SUN REFPORTER -
s ‘P sclentist landed In a row last night
W.. .. he claimed to have discoversd one of
the main causes of cot deaths.

De Barry Richardson said maltresses
covered by PVC wers to Glame for many of
the.cot tragedies which have baffled research-
. ers for years. - .

But bosses of (he giant Mothercare store chain,
which swecks 8 range -

i PV - mat-

urieus.

A spokesman said: "We -
don't want parents te
waery about thing
that is not preven.”

H lresses, were

|Z
-]
»x
[ 3
-
-

The Litle Ones cot
desth charity said: “We
remaln acepticak™

| Mothercare rap boffin

SCIENTISTS faced an ‘angry
packlash:zyesterdayxafter
claiming_to-Have discovered:a~ @ ¢
major.cause.df. the' mysterious -
g

1 e

cot-death synq:-ome.:

paren

report that PVC-co

matiresses might be to blame. :
ey

was stapding > . “
ssibie breskthough im the: -, N NP 3
Palfling synaresme which Xils 008 heavier than air. oiuld Scummulste -

taby to every 500. - - | - 1A bedding. snd Wes PSre CNRENE
hlgm_mm 10 older mattromes.: .3, - -

a3 whep in contsct with elesants N . T - boys .
of the PVC.. .. - Bt the Poundstien for the Stedy .~ _thet Mr

‘ ;- whess - . ‘saseeptible and that the riak is Teal dlemmma- in whether ie &
The matiresses of. cob” death - ol Infant Destl . grestest Getwesn the sges &f twe  people. As & aclentist I weuld

:
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cot deaths
‘dismissed

;
i
J[
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I
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KR, l?rOr::‘édeﬁbdlhei_l-
) ree Wright . perimental inethods as “wsi
e e e o e e PlGemca Edlier . crude cavipment, lacking
s FTERESEARCH LINKING TOLL WITH/POISON-OAS MATTRESSES' i 1 " Ll it Somous. conttel,
d b-RESEARC - K il bl F—si—s . ﬁnm:hu- col da(hns"::o |'l:l‘lhm|d reveal flaws and
v . - s N K] .. . paisonous 1 iTclevant a3 »
+ . released l'rom_ PVC plastic cot ofa eo: mlud’:ﬁrm h\hn
. matiresses “has been widely | Mr Richardson mainging
dismissed by experts. - that a particular 1ype of micfo-
The Devlﬂ.m:ﬂl@f Health organism.common in homes
3373 there i3 “no adequaic can resct with traces of chemi-
validation™ for the idea, which cals used in the manufactere
has caused slerm among of PYC 10 gencrate poisonous
many parents. O fomes. i . e La e
. The scienlific advisory co- A key 0 the process.is

o for 5
:'h:' wsh‘;:y of I‘nlt'l‘li _mh.l. protein mr::'o:m"ﬂ;
s spent £4 mil in i i ive - .o %
M e, " e s
Aays the hypotheais conra- involved piacing siri
diciy the findings of painstak- '-':-:l ) om’n‘;:ﬂmns' ,";:a’;' :"':cf 1
ing itvestigations inlo (actors  nuirient mixtere of soya fovr .
ithat may triggor the deaths. and malt. Dr Gra. je said thai,
The British- Medicel Journal  that bore g relstion to mat.’

- sivo rejecied the theory. iress conditions and traces of
e "~ S metomez | Drlohn Grange, consultant  protein it might contain. . -

memant Woare 8 B0 Pes- laduot Wemth- W gves | riologist a1 L plo Moreover, sdvanced ~ In-
An;ﬁ__ ey . + g e e o 7ot Hospital, west London, sald in struments would be needed (o]
| J it o s wert ety betoe bvast |2 devastating aspessment of identify (he type and amount;

Bl T o rrrey  flhe report for The Times,  of gases pencrated. The report:
e — - [rerteed - ibomen e e So which! wis - dmhhd this conlaing RO figures of thet .
r“'}“"‘. 1 o s, " !weck, (hat more dewailed stud--  quanity of gases which came,

L “he ul:

™2oZ  jies were needed to provide a from hesting thase cultuces. |
= ‘more definitive answer, . ' Dr Grange said they covid

The controversy centres on have been ‘entnled from the
the’ details of & report by Mr  nutrienl mixture rather then
Barry Richardson, director of  the PVC. He suggested that!
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8_scientific consuitancy ser. Mr Richardson had com-’
vice, which describes the lab-  ducted (or the best of motives:
me;mm\:onwhuh a complelely. irrelevant
ihe suggcstions about cot experiment. :
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" by ANDREW YOUNG

HUNDREDS of panic-
stricken mothgrs
jammed s hotline yest-
erday after babics’
mattresses wero
biamed for cot d 3

‘L\

From Page 1

sided cot, the mastress
should be

ina
thene siwot and  ms
taped.”

Parents must aiwe ensure
that babies' rooms are well
ventilated.

But caution was urgod by
Peter Fleming of Briswol
Maternity Hospital, con-

one of the country's

{rom PVC col matiresses

under
condltions sad there is ne
hard evidence that this o
curs in the cot.

our Sciemilic Advisory Com-
mittee.

‘u‘:unmuw
ctny Wipruven b
csin whi

“Mothers panic over matiress fink to cot deaths

A SLEKPING hnky cuntd-,
e gmeaekt b denths by 8 N
husnobold f

conmen .-
Kue renct! with the PVE
on ot

Scientists W Pengpihs

Resewrch Internetional on
G vivmbled on the
breakt rough sceid-
entally. .

wir. Voungsiers ving tuv
dunn are winved of oas-

produrtion,
But this deterioraies with

The  ptemtial  dunges
hae grows simce March
when 8 fice-retardang

"W s afl matisesses
wen il ol b et sad
the huonews,

“SHBINe e 1,000 e
e deadly than catlnm
mononide and sitacks the
red blvad erils rendeving
them unable 16 whvork oy
YRem.

“The vt cause ot
desth would e unuemo.

“The rink (o infants o
very !\I.E. It s woiy a

T LU
lieve it tu e & great siep
furward in aced of

?:- the higNy.ln:k (]
stibine.

Revenrth huse divector
Barry Richardson said:

L resesrch.” M-
(resses with fonm milow
headpicces could nive
cause  saihaess  atluchs,
say doctors,
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Cot mattress bioduterioration and SIDS

Sir,—Jt1 1988, vartous Asngl were identtied in industrial plasticised
polyvinyl chloride (PVC) despite the presence of the preservetive
18, 10°uxybisphenoxyarsine (OBI?A). Wamings were given thst
the PVC might alsw become infected by asenic-rolerant organisms
which might conven OBPA o toxic arsine gas. Mr P, R. Mitchell, a
client of our company, inquired whether arsine genemtion through
biodeterioraden of wuch coverings might be 4 cause of sudden infant
death syndrane (SINS).

K aareRcy Usd in forty-tive SIS incidents were camined,
including | cottun cuvered, 26 PYC covered, 13 PVC sovered with
exposed foam & one or both ends, and 8 exposed foom; in five
incidents 3 mattresses had been used. All manrecess conuined
Scopulariops’s brevicaulis, bt only tn the ares beneath the infent
affected by warmith and passpination. Incubsted mmples of the
infeced marerisls All geoersied wxic trihydride gases. PVC
coverings usually generste stibine (SbH)) from s fire retardant
udditive, antimeay trioxdde, but al phosphine (PH,) from the
phosphate plasticisers that arc used wWhea fire rosistance is required,
Although OBPA i not generally used in <o muittress PVC, tests
indicated arsine (AsH,) generation when it was used; and small
amounts of arsine were somedmes idendfied when it was nox,
presumably frum aneniaal impurities in sndmony wioxide.
Mixtures of guser were aften detectod, Phiosphine generation (rom
FVC was sometimes associated with the development of & pink
stain, usually in the thape of the vieeping infant, spparently causest
by liveration of pheaul csmpuunds from decornposition of pheny!
phosphaws plistiisery, Only phosphine was genersted from
infectad cuttn und foum samples, aspparendy through
biodetetiorsion of phosphate fite-retardant weamments. Fodn
samples and the 1 conon sample ware also infected by various other
Amgi, cspecially in the area affacted by dribble; muny of these fungd
producs sschmade reactions.

The gemerstiva of highly toxic aihydride gases from cos
MAlicessas is a serious threst to health, The gases are heaviag than
air, and infunts most at risk are those who remaln for long periceds in

“their cuts, slecp prone {n carvy-cots, of are heavily weappad such

that they are in long and close breathing contact with maumulstons
of gas. Heavy wrapping aleo induces hyperthermis, which prompts
30 incresss in gus generston. Some lnfants probsbly sunvive
because the fint symptom of polsoning is headache, which results in
irritability, dislodgment of bedding, and improved ventilation;
infants of low weight cannex dislodge bedding, SIDS occurs muinly
in infanta up 10 age § months who sleep prone with hesvy wrspping
and have indicadans of hyperthermia. SIDS is only reported in
westera-siyle communities where foamn and PVC covered ot
nuittrawes are used, snd has anly been recognited sincs about 1969,
following introduction of these macerials during the previous 1015

years,

Tt has been repoarred that SIDS is lets likely 10 occur in et born
children, perhaps bocause matizessos e new aad do not become
infected while the infunt i young and most at risk. 3 firsr children
wyre involved in the 49 incidents invesdgated. 2 died on previously
used muttresses; 1 of these 2 siept on 2 martress ipunediately aflor
uve by sn older child. 1 infant died on & now foam mattress thal was
stnerating phosphine and 2 died on ew FVC manresses which
were affected by excepelonally active Aingus and were gwenuting

™o cUME aew mittresses were implicated, both of
which were similarly uffected.

Infection by § brevicardic is not readily visible in PVC. Severe
deteriontion, usually associatad with phosphate piesticisers, results
in britdences snd splicing, In the home the fungus is usually found
in protein-containing substances such a3 cheese and maat, and in
damp wool and laather; however, ité extraceliular enaymes aan
convert 2 wide nmge of compounds conuining U elemencs
nivogem, phosphorus, arsenic, and satdmony inw the ulhydrid.u
smmonis, phosphine, srsine, aod wbine. The preferenual
development of this Aingug in coc mactresses should be attributed o
dnpmoftﬁmcompotm&inm?eﬂpkm'ﬂu
mmdonofmincindﬁgwnyhubmmmedfa.abom 100
yeas since Coxio! discovered that death in children and illnesses in

§ drevicdulis on aranical wallpaper pigments, slthough it i now
knowsy that arsing could be similarly genemated from wthe horse-poof
suse that was commaniy Used et that ime and which ovncained white
arsenic (o discoursge ndan dumage.!

Phusphine. urvine, and stbine tre exceedingdy toxic with
threshold limit valucr of 0-3, 05 and 0'1 ppm, respectively,
compered with 100 ppm foe carbon munoxide. Relasively high
ambient levels prevint the detection of phasphnrus, srsenic, and
antmony tesiducs at necropsy. kluwever, some pathologisces have
commanted that they usually anvociste S1DS wish abnormal lung
colour; this could be usacisted with local erythrocyte haemolysis
due tw exposure to these rlliydride gases.

Ponanh Aasesrch Intarnational,
PO Box 142 St Puaer Pon,

Guesntsy, Channe! (Yands B. A. RicHARDSON

x.(M:Muﬂ#wMﬂWMfMM(W«hlm
3 201-30, 26173,
2, Thum C, Raper KD. The arvansic fungl of Gouio. Saimecs 1912, e S48-90,

A Gaovenwnwnt inquiry, prompted by these finding, was
sanounced on March 9, The inquiry will be chaired by Prof
Puul Turmner.

Acute renal failure aftar coltoidat bismuth
subcitrate overdose )

SIR,—Nephroputhy due 1o scute and thronic use of hismurh salzs is
well recugnived,' but urel ingesdon of colloidal bismuth is said 1o be
wafe ¥inww it iv Jevy zeadily absorbed than other salis.? W°¢ report 2
ase of acute renal failure associsted with an overdose of colioidal
bismuth subcitrste.

A T6yorold nan who had bom uking tripoassium
dicirambitmuthate (De-Nol" fur four weeks for hacmerrhagic
gastritis and duvdenitis wus ydmitted having taken an overdose of 6
Deteclo’ (straeysline hydrochloride 1154 1ng, chlortetracyeline
hydrochloride 1154 mg, snd hydrochioride 692
Mg per Wbiet) and 90 de-nol tablers 4 b aarlicr. ‘The only other
precribed drug ingesied in the month Defore ainission way
fluoxetine. His pulte rare was 84 per min and blood pressure
was 170/90 mm Hg, He had mild cpigustric tendemess and was
m*muwm.nmaumm 145 pmod/l, serum sodhurn
137 menolfl, serwn potassiurn 3-4 mmol/l (hacmolysed tamplc),
heewoglobin 139 g/d!, white cell eotnt 22-8 x 10°/1, and plarcier
count 213 » 10%1. Bismuth was detectable in tha blood (1600 ug).
An shdaminal X-ray {iltm showed opacification of the cvloa by
ingested bismuth and a chest Xeray film showed no evidence of free
gas under the disphrugn. Since the patient had vomited profuscly
at horne wd in the sosident and emengency departnent, gastric
Tavege win nut dune, After admission to the ward he was noted v be
vligurie and four hours lster began passing bloody stools, but no
suirce was seen st sigmoidoscopy. He was stanted un ranitiding and
reguias antacid, and magnesivm sulphitts enemaey were preseribed
to purge his colon ol bissnuth. He hud o brief episode of hypotension

35 mun Hg luiing vbuut 3 min) 12 h afrer admission, but mean
blood pressure wa 149,80 mm 1 Ig with 1 venout central presure of
+ 10 n waler, 1 le was transfused with two units of blood though
his huenogiobin tever dropped below 113 gid), Afrer 48 h of
oligurin plasma creatinine was 516 ymol/) and serum potassivm wis
8-1 mmol/t snd he was dialysed for 3 deys, during which Ume he
cogrinued W puss blowdy mosls and needed Auther transfusion.
Acute abdominul pein then developed with sbsent bowel sounds
byt e was judged unfit for sucgery and died 4 days later. Necropey
revelod ¢ purforsted duodenal ulcer and “paie kidneys” which)
proved to contain bismuth (11 mg/g and 16 mg/g). _

This patent had toxic scrum bismuth concenurations € 1t Mfier il
ingwdon of 80 dendl ublew and bismuth proved W have(Y)
acoumulated in his remal Geswe. Bismuth nephropathy probebly &=
oatributed 10 weute renal fuilure, dthaugh thate was the eddidenal
{nsuls of gasuviniatina blecding. We wre awaze of only one
Wﬂymddnudmmﬂfmmommmdbwm
bismuth subditrate ingestion,’ in which & 27-yearold man

adults wers sornctones caused by arsine genersced by the scdon of

T d foliowing colonic purging and haemodialysis. Chrunic
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