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T~ increasing  variety of plastic materials
.ced during the last few years is due mainly
-nz «biiity of the modern chemist to svnthesize the

. el compounds from which plastics are made.
. haas of most plastics today is the synthetic

.t and its introduction has madc available
_ substances hitherto unknown in industry.

“ oo plastics are manufactured to serve specific

~odws §0 that the synthetic polymers can no

.. be regarded as substitutes for those found

-~y as cellulose, rubber, and proteins. A wide

.20 of materials can be made from them and so

vae 2ed a@s to meet the actual properties required

.y particular apphcation.
addition to the polymer, synthetic plastic
*>1als contain varying amounts of other chemicals
-auilysts,  accelerators, stabilizers, hardeners,
" . ."is and so on, which are added to assist
“ceulate polymerization or to influence the

& coruies of the final material, such as colour and

. ~iits. Most polymers are chemically inert and
ordinary  circumsiances thz final plastic
. should be comparatively harmless. It is

"oy difficult. however, in practice to effect

-

v e polymerization and traces of free monomer

. chemicals may be present which can
“w» produce pathological conditions such as
Ve Tis,
" _maized chemicals may be broadly divided
» groups. condensation and addition poly-
They may alse be divided into thermoplastic
nosetling types depending upon whether the
.t s softened or hardened by heating. The

v 7. that takes place on heating the thermosetting

- is irreversible.

CONDUENSATION POLYMER PLASTICS
setsution polymers are usuain formed by the
ftolicudes with the eliminaton of waler o
L compounds,

Formaldehyde Products

The thermosetting types in this group are those
formed by the condensation of phenol, cresol, urea,
or melamine with forma!dzhyde. In the manufacture
and use of resins, ghies. and moulding powders of
this type free formaldeh.de may be liberated under
certain circumstances, the amount depending on
such factors as the ratio of the ingredients, the degree
of condensation, and the addition of other chemicals
such as hexamethylenetetramine. For the sake of
simplicity these products are discussed below in two
separate sections deperling upon whether they
mainly aflect the human body externally or internally.

Effects on the Skin,—F c;maldehyde and hexamine
are well known as priman irritants of the skin and
mucous membranes and many factories handling
resin glues have had cases of dermatitis at some
time or another (Faciory Department, 1943).
Schwartz, Peck, and Dunn (1943) mention a factory
of 8G0 employees where €00 cases of glue dermatitis
occurred during the first )\ months of operation. In
a small leather factory the incidence of dermatitis
was highest (289;) in the section where ** notorious
sensitisers such as formaldehyvde, lacquer and
Bismarck Brown were used 7 (Squire, Cruickshank,
and Topley. 1930). It kis been stated that the
actual substance responsible for hexamine and
formaldehsde dermatitis 15 formic acid (Schwartz,
Tulipan, and Peck, 1947,

There is another facior 133t should be considered
in assessing the predominant cause of denmatitis as
the result of handling some of these products.
In their usual commercia' form. for example, these
formualdehy de glues and resins will adhere 10 the skin
and rapidl; harden on contact with it, and Little
(1930) considers this to b2 the primary cause of the
Mmore serious outbreaks »7 dermatitis from them.

Mayers and Silverbu-g 11936) stress the great
variation in the length, ¢ ©ime ranging from a few
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-yems ond dora which reacted ey slowly 1o
cem aitheagh the cedema of the face subsided
. Jay or two. Shortly afterwards he took a
;2% '~ holnduy when the condition cleared entirely.

e third tvpe of lesion is one in which the
. umion may combine the clinical features of the
u. tvpes described above.

(+. 4-.—A maintenance fitter. aged. 62, developed
cormatitis aftel working on machines contarninated by
oo furmaldehyde dust. This affected only the hands
.ad arms n the first place and he was removed from the
b and given work as a storekeeper following which the
.onditon healed.  While in the stores he was one day
.).u’ cetenthy handed a number of valves contaminated
sk urea formaldehyde powder and within a few hours
C+ had developed a sensitization eczema affecting the
.+ hands, forearms, axillae, scrotum, and groins, He
s Later off work altogether and only slowly responded
o pewmeant extending over a period of weeks. On his
.ufr 1o work he complained that he felt an immediate
i12hap of his eyes and face even when he entered the
“wion ior a few moments as he did contrary to instruc-
'~ on one or two occasions. He was finally given
Lo nas 3 commissionwre in a laboratory building far
. seed Trom the facton atself and he has had no further
ool during the last few years.
The problem of permanent alternative work for
denmatitis cases presents difficulties, and Squire
2. others (1930) have rightly stressed that each
iwdwidual case must be given serious consideration
s a decision is made one way or the other. It
hie been found that most cases of dermatitis
i*o . formaldehyde occurring in this group of
wiee beeome sensitized to it so that they seem
. ilabie to a skin eruption subsequently but a few
.'cw.' an immunity or possibly take greater care
~teturning to their work. This is in agreement with
Schwartz (1945) but contrary to his opinion urea
~ievildeks de resins seem to be as potent a cause of
+1.5 a3 phenol formaldehyde preparations.
= .oy be duie to the fact that 1n the cases described
the glues and resing were of that com-
Mot which rapidly hardenad on contuct with
B TR T
Foowe smail faetors. manufacturing urca and
v U armaldehyde resins, glues, and moulding
“vuo » the number of cases of dermatitis were
sty tew as can be seen in the accompany -
. This factery emploved an average of
© 130 and 250 men at any one time over a
el o yaurs but since the labour turnover was
oy mare individuals than the average number
ooed to risk during each year.
Yo table shows that the amount of time lost
Ctends o diminish in apite of the muarhed
« 1 prodaction. An interesting feature is the

Voo

Hoyry [ Tmc

Darmanis

. P- lactwn
Yeur Canes

thyet T
1944
1946
1947
194
194y
1950

large percentage of time Jost by a small number of
men.  Eighty per cent. of the total time lest was
caused by five men (more than half of this was due
to one man). Seventy-seven per cent. of the toral
number of cases of dermatitis lost no time and
were successfully treated while continuing to work—
occasionally at the same job. During the last two
years (1949-1950) only four men lost time and
between them accounted for less than 59, of the
total time lost through dermatitis.

Effects on Absorption.—The acute effects of
formaldehyde vapour on the eyes and respiratory
passages are well known; they are frequently
produced by vapour concentrations as low as 20
to 30 p.p.m. Lower concentrations may result in
watering of the eyes, irrptation of the throat and
upper tespiratory tract (Barnes and Speicher, 1942),
but these symptoms often disappear after a short
interval (10-30 minutes) as the worker gradually
becomes accustomed to the vapour, The inhalation
of high concentrations has been shown to produce
pulmonary oedema and haemorrhage but the
pungency of the vapour usually makes it impossible
to remain in atmospheres contaminated 1o such an
extent. The extensive literature on its toxicity is well
summarized by the U.S. Public Health Service (1945),
but in spite of the vast number of imvestigations
which have been undertaken there is a notable lach
of information and ¢onformity of opinion on the
possible chronic effects in man produced by the
repcated absorption of small quantitics over a long
period of ume.

Fischer (1905) asserts that the inhalation of the
gas exen in small quantitics is followed by bronchitis
and pneumocnia but few other imvestigators agrec
with this statement, A case is quoted by Lile 11910)
of a tuberculous patient who was kept in a room
saturated with formaldehyde gas for several weeks.
during which time the patient actually gauned
weight and his physical condition apparently
improved. These cffects are surprising even though
the actual zimospheric concentration of tormal-
dehyde in the room is not known. The term
*suturated  conveys vary little except thar the
concentration was presumably high, Tt is powhlc
for man w work withour embarrassres in
atmospheres contaminited with formaldchy e to an

UCC 083980
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CLINICAL DATA OF 25 MES EXFOSED TO FORMALDLHYDE \APOUR

Fmployed

Na, of

Years b Bivod

Pressure

, Summury of 1-Ray Rerort
of Chent

Complewe Blood
Count

Othet Find.- -

130 o0
110 65
120 65

119 70
120 70

126 80
110 70
120 80
145 90
130 80
140 70
4590
120,70
120,65

140 80
13080

120 70

15 85

170,100

180,75

Normal
MNormyl

Old bhealed  focus  right
upper zone

MNormal

Suggesuon of basal bronchi.
ectasis. Old healed focus
right upper zonc. ™o
evidence of actnin

Normal

MNormal

Normat

Normal

Normal

Normal

Mormal

MNormal

0Qld healed focus left upper
tone, Mo eudence of
activity

Cateitied hilar glunds

Cardiac enlargemeni—ens

tricular hypertrophs. No
pulmonary disease

Increased vaszular shadows

Mormal
Normal

Cardiae enlargement &oae
sistent with hyrertension,
Increased vascular sha-
dows  No  pultmonary
discase

Cardiac e=lyrpement  \ase
cular shudows ncreased,
No pulrionary disease

O!d  focus  right &
Shadow lefi apes  No
evidence of activin

Emphyaera Fibross buth
apices and upper zones,
robuably old infiltravon,

vo evidence of actioty

Normal

Slight  increased shadows
fowgr rones

Normal
White cells 10.500
White cells H.-SQO

Normal

White cells 13,900

White cells 4,100
Normal

Normal

Hb. 929,

White cells 13,250
White cells 12,600
MNormal P,

MNormal

White eells 11,700

MNormal

Normal

White cells 14,900

Normal
White cells 4,500
White eglly 11,800

White eclls 14,100

R B.C. 486000
Hb B/, Whie
cells 10.000

MNormal

Normal

Normal

Dermatits (lusted ~ « dyse—ro
time Juost)

Clinical  chronic  einphywera.
Changed his job, le*: the factory
shortly after exar-sation

Dermatitis—no time lost,  Chest
radiograph  two  sears  latet
showed no charge from his
previous feport

Cardiac  enlurgemer.—confined
clinigally. {Tr:7le  rhythm
aortic 2nd-t . Pu.senars bases
clear. Some eviderce of hyrer
tensive retinitis.  Lrine. albu-
min+ -+

“Arthritic”, left ¢l:. a and reht
¢

Dermatitin mildly L= 1w o0
stoms. No umz st Chest
radwograph one :¢.7 later—no
change from pres. us report

Mild dermatitis ¢ Dme o,
Keratosis palmas.
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cages ok Mallette and von Haarm: (1932)
. that Jdingtyl phthalate administered intra-
seally in comparatively large doses proved
. ¢+ animals, but no delayed effect or permanent
-+ was noied in sunviving animals.

TetrafluorcthyJene (CF,=CF,)

- =, ~abstitution of four fluorine for the hydrogen
< = of ethylene produces an unstable reactive gas
.-+ n as tetrafluorethylene. This and 1its poly-
.2t form have becn discussed in a previous
~ =~ which describes the toxic effects of the

.mar  under certain exceptional conditions
o, 1951).

vy Methaerylate (CH,: € [CH,] COOCH,)

\lcthy] methacrylate, B.P. 100°C, is a colourless
_'d with a sweetish, characteristic odour.

‘t ++ a mild irritant of the rnucous membranes and

. ‘ew instances has been known to produce

. rauits. Spealman, Main, Haag, and Larson

23y qiate that the instillation of three drops of

- rionomer into the eye of a rabbit produced

= radiate  imriiation  with  inflammation and

.Z2ma within a few hours. Complete recovery

.curred after three days. On the skin it produced

~eny mild irritation which was fleeting in its

“:::5. The writers also describe the toxicity

itz monomer when administered to various

- =1 subcmaneously, intraperitoneally, orally

by inhalation, and pathological changes

.~ found in thz livers and kidneys resembling

© o iosions produced by carbon terrachloride.

s Interesting 10 note that changes were
.rd in the lungs due to its irritant action
< oh in some instances were apparently reversible
co healmp subsequently occurred.

Tr:osarne vesticators submitied 30 volunteers

-.aoh tests with the result thar about one-third
ne wtal deveioped a mild ervthema in 48 hours,

Sout 207, showed evidence of having developed
~eetivity 1o tha monomer when tested ten days
o Polymerized methyl methacrylzte similarly
i produced no effects,
" teweits of the monomer when absorbed by
. onriental animals has been  described by
" nan (1941) who also mentioned its irritant
7.1 o1 the mucous membranes when inhaled. His
~oments show that when absorbed in toxic
utgs methy] methacrylate causes an increasing

“w weakness, dccreased respiration, dyspnoea,

2w of reflea activity 3 the animals finally died
© . as the result of respiratory failure.
"o amwspheric concentration of methyl metha-

" should be maintained below 1,000 parts par

million if working conditions are 1o be regarded as
satisfactory. Iis odour can be detected at far lower
concentrations.

Cases of dermatitis due to handling this monomer
are not common and the few that have occurred in
the present group of factories have been of a mild
nature, quickly responding to alternative work..

Case 6,—This man, aged 42, was cngaged in making
decorative plastic models. A great deal of the work was
done withr bare hands which involved fairly gross con-
tamination with the liquid monomer and compositions
containing it. He developed interdicital eczema of both
hands but failed to report the condition to the ambulance
room for a matter of four or five weeks. When first
seen he had a dry, scaling eczema between the fingers of
both hands and a papular erythema of the right forcarm.
This gradually cleared with local treatment and alterna-
tive work,

A few cases of dermatitis have been reported in
dental mechanics using polymethacrylate and its
monorner in the manufacture of dental prostheses.
In such instances working conditions are often
unsatisfactory so that it is very important to ¢stablish
the real cause of the skiff eruption and patch tests
may be of value in these cases. Dental mechanics
may be exposed to other irritants than methy!
methacrylate and in some instances the use of
abrasives (e.g. pumice powder) may have been the
cause of the skin eruption.

Polymethy] Methacrylate

Under certain circumstances methyl methacrylate
can be converted into a solid polymer that constitutes
the basis of many commercial preparations known
under the trade names * perspex”, * lucite ™,
** plexiglas *, “ diakon ", * kallodent ", etc. These
commercial preparations vary in composition and
may contain other chemicals besides the polymer.
A brief history of the monomer together with a
detailed description of the chemistry, the properties
and some of the applications of the polymer have
been given by Caress (1944),

The final polymer is like many others compar-
atively inert, e.g. it is used in the munufacture of
contact lenses, artificial teeth, splints, and surgical
instruments. Wilson (1946) has quoted 25 patients
who had extrapleural pricumolyses by means of
methyl methacrylate plombage. According to him
the material fulfills all the essential eriteria of an
ideal for plombage, and * it is non-irritating to the
human body . For this operation the * methsl
methacryvlate was moulded into solid and hollow
balls ** so that it is obvious the writer means the

polymerized form although he uses the term methy !

methacrylate (the monomer) throughout his paper.

»

UCC 083982 &

s

;

R

e o SRR, ©

.
1

> -
OrE

e




“a0 on

n 4 day
woroughly
apphca-
conform
bstances
Lanism of
the same
nty its

o of these

. Jesigned
stringent
accidents
with this
aits devel-
late pene-
ng of this
cie burned
which they
protective
" smarting
o blisters
@ for skin
Cpotassium

ad in poly-
«» a labora-
nd siated

¢ material

" ihe job he
‘swium per-
2o falt s
. i point
‘v day the
mgers felr
J£ANge room
“h hands as
These were
S vourse

2 making
~mer in a
g but

at work

when he
.2ht foot.
noe 1oom
- n of the
The blister
o remained
Juch ticwe

SJatures is
speaially
anded as<

HEALTH PROBLEMS I\ PLASTICS INDUSTRY ' 263

. -y become Jdangerous undzr compara-

¢ oal circumstances It also stresses the
- an pan.e of taking a full history and paying
rtention in this instance to the chemistry
sne rntetials involved.

¢avw 1—This laboratory worher, aged 24, was
oatnhing methyl 2 3 dichlorpropionate and spilled some
o the g3 on to'his left hard. He “gshed it oﬂ'm. the
sl way and thought no more of it since previous
cwerience had shown the chemical to be quite hatmless.
\hout three 10 four hours Jater he felt some irritation
nereath the watch strap on his left wrist and thinking it
wis chuliry hus skin he transferred the watch to the other
wrint.  Two hours later he noticed irritation of the right
srst. The following morning when he reporied to the
srbulunce soom there were erythematous areas on both
wrinis,  These were covered with tulle gras dressings.

fne following day he was away from the district in
e of the fact that the areas had now blistered and he
J.2 ot report to the ambulance room again until the
oyt dav, By this time he had large blisters on the
amenior suriaces of both wrists (Fig. 2). The one on the
o' wrist measured 3 in. 2in. -+ 3 in. They were
o wired. the fluid gently evaguated and the blistered skin
wosad to collapse.  Subsequent dressings with tulle gras
roduced rupid healing.

T U

¢u ar eruption from esposure 1o metha % chlaracry late.

F1G. 2.~Large blisters on both wrists following exposure to methy!
@ & dichlorpropionate.

Methyl « B dichlorpropionate readily loses
a molecule of HC1 to become the powerful \esicant
methyl & chloracrylate.

ClCl ’ H /Cl
H—JI:—(:.‘—COOCH. — (:2 = C\ + HCl
H H H COOCH,

This must have occurred on the skin beneath
the wrist-watch strap through which the original
substance had penetrated.

Effect of the Vapour on the Eyes.—The vapour of
methy! chloracrylate is markedly irritant even in low
concentrations (5 to 10 p.p.m.) so that symptoms of
eye irritation with photophobia and Jachrymation
occur at an early stage. These symptoms may
disappear without treatment and if the worker
remains in contaminated atmospheres he is verv
likely to develop a severe conjunctivitis often after
a latent interval of a few hours.

Case 11.—This man, aged 25, was emploved in a
laboratory where a borttle containing methyl 2 chlora-
crylate was accidentally broken on the floor. The
laboratory was cleared but the patienm proceeded 10 mop
up the liquid with the assistance of one other colizague.
He stated that afterwards he washed his hands thoroughly
and had his eyes irrigated before continuing to work in
the vicinity of the accident. Later that evening he
developed the typical eve symptoms described above and
the following morning he telephoned the medical depart-
ment to state that he could not open his evelids, He
was brought to the ambulance room and on examination
was found to have a severe hilateral conjunctivitis with
ozdema of the eyelds and intense blepharospasm.
Fotlowing prolonged irrigation which was continued in
the ambulance he was transferred to hospital where he
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I *—Facial oederna after the patient was splashed with chloracrylic acid. His normal features are shown for comparison.

Polymethy! Chloracrylate

\» .5 been stated above methyl chloracrylate
it v palymerized under certain circumstances to
¢ olno. a material resembling ¢ perspex . The
of free monomer or decomposition
~.lurs under particular conditions is suggested by
thas machining the polymer on a lathe has
7 she typical odour of the monomer and in

oo

‘w v two cases has produced eve symptoms. Local |

ventilation is  sufficient to remove this

Chloracrylic Acid

\ + ~uance resembling methy! chloracrylate in
i -o-ues is o chloracrylic acid, and experimental
Lo ofits effects is given in Appendix ¢,

f. . !+.- This man, aged 22, was employed in the
. osterifying ethylene glyco! with chloracrylic

“_- the contents of the flask suddenly splashed

v ae. He immediately irrigated himself with
sier ane subseqently with a dilute solution of potassium
nate before reporting to the ambulance room.
¥ v, - ration he was found to have first degree burns
w¢ and neck with a mild conjunctivitis of the

“st 2., Prolonged irrigation of the eye and the
. of a bland cream to the face scemed 1o
B + considerable improvement but by the next

day the patient’s face had become ocdematous (Fig. 3).
He also had second degree burns of the interdigital areas
of the left hand and on both forearms. The right eve
was not inflamed but the cornea showed a central pin
head opacity and he was admitted to hospital for further
treatment. His condition improved sufficiently rapidiy
for him to be discharged within a few days. A fortnight
after the accident he was seen by an ophthalmologist who
reported as follows :

** The cornea shows a near central pin head leucoma
which has scarred the anterior epithelhium and Bowmans
membrane only. It has hcaled. Near it there are seven
or eight minute staining specks on the surface of the
antenor epithelium. This will heal without scarring.”

On his recommendation the patient continued to have
treatment in the form of sulphacetarmde drops three
tirmes daily for a furthe: brief period. The burns on the
hand and forearms were dressed daily until they had
healed. ‘

The illustration of this patient’s face might well
represent the acute effects of formaldchyde vapour with
the possible exception that in the lutter condition the
blisters tend to be smaller and. more like ecrematous
vesicles.

Lamirated Plastics

These are plastic materials made by impregnating
layers of fabric or paper with resins which are
subsequently polymerized by heat and pressure.
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.~z Wity 1o be given careful consideration.
. . . iher uses in surgery have already been
ot e g few examples are given below of the
. '»which they may come into contact with food
- drink. Plastics for this purpose may be used in
=¢ t. 1 of (@) cups, beakers, plates, trays. bowls and
C.he: wtenstls : () tubes for conveying consumable
sunds, 8.¢. water, beer, ete.: (¢) films for wrapping ;
nimings for food containers, refrigerators. conveyor
~cltv. antd machines used in the manufacture of food.
Pltics used for the above purposes therefore
.nould ideally contain no toxic substance of any
und although this may sometimes be difficult to
nie in practice. In all cases of doubt it is essential
-nat the plastic and its ingredients should be
wibiected to most rigid physical, cherical, and
=91 viological tests to ensure the absence of toxicity
n arplications of this kind.

SUMMARY

S.nthetic plastic materials are made from poly-
~erized chemicals with the addition of various
othe: compounds.

Polymers can be divided into condensation and
aieiion. or thermoplastic and thermosetting types.

The condensation polvmers are typically repre-
wnted by a group of formaldehyde products. The
offects of formaldehyde on the skin and after
absorpuion are discussed. Clinical examples and
:he incidence of dermatitis in one small factory are
cLated The result of an investigation on workers
nahing formaldehyde products is described to
sappoest tne contention that formaldehyde has little
v n~ chronic effects when repeatedly absorbed in
<miaii guantities.

The nylon polymers are briefly mentioned.

The pathological effects of some addition poly-
mers, their monomers and substances associated

“wity their manufacture are discussed. including

wiyihene. polyvinyl chloride, polymethacrylate.
n. polymethy] chloracrylate.
\ brief reference 1s made to laminated plastics,
The nportance of a full investiganon of plastic
~.tenals likely to be used for certain purposes is

srewead,

! .m ogratefu! to Dr. R. G. Heyes for his assistance
crocally on the chemistry of the polymers: to Dr.

HEALTH PROBLEAMS IN PLASTICS INDUSTRY

M. W, Goldblan for tonicological reports : 10 Dr. J. W,
Rammell and Dr. !. §. Gourlay for their ophthalmic
repors - to Dr, €. H, Hilliard and Dr. V. Magee for
their respective opinions on the results of the chest
radiographs and blood examinations in the investigation
on formaldehyde workers.
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APPENDIX

Ire following toxicological data were obtained from
-voonments carried out at the Industrial Hygicne
Y.:earch Laboratories of Imperial Chemical Indusiries

ed,

(a) Dinonyl
Dioctyl
separately gave the following results :—

b Oral Administration—No ill effects observed in

" Phthalates.—Each compound used
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